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ABSTRACT

The disposal of high-level nuclear waste in deep underground repositories
may require the development of waste packages that will keep the radioisotopes
contained for time periods up to 1000 years. The primary geologic media cur-
rently being considered in the United States for repository siting are salt,
basalt, tuff, and granite. A npumber of iron-base materiais are being con-
sidered for the structrual barrier members of waste packages. Their uniform
and nonuniform (pitting and jntergranular) corrosion behavior and their resis-
tance to stress-corrosion cracking in agueous environments relevant to salt
media are under study at Pacific Northwest Laboratory (PNL). The purpose of
the work is to provide data for a materials degradation model that can ulti-
mately be used to predict the effective lifetime of a waste package overpack in
the actual repository environment. This report summarizes the results of the
studies conducted at PNL during the FY 1983-FY 1984 time period in support of
the Salt Repository Project of the Department of Energy.

The corrosion hehavior of the candidate materials was investigated in
simulated intrusion brine (essentially NaCl) in flowing autoclave tests at
150°C, and in combinations of intrusion/inclusion (high-Mg) brine environments
in moist salt tests, also at 150°C, Studies utilizing a 60¢o irradiation
facility were performed to determine the corrosion resistance of the candidate
materials to products of brine radiolysis at dose rates of 2 x 103 and 1 x 10°
rad/h and a temperature of 150°C. These irradiation-corrosion tests were

"overtests," as the irradiation intensities employed were 10 to 1000 times as

high as those expected at the surface of a thick-walled waste package.

Stow-strain-rate (SSR) tests and corrosion fatique tests conducted in
intrusion brine environments at 150°C and, in the case of some SSR tests, with
a superimposed radiation field of 3 x 10° rad/h, were used to determine the
resistance of the candidate alloys to environmentally enhanced crack propagation.

With the exception of the high general corrosion rates found in the tests
using moist salt containing high-Mg brines, the ferrous materials exhibited a
degree of corrosion resistance that indicates a potentially satisfactory appli-
cation to waste package structural barrier members in a salt repository
environment.
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INTRODUCTION

The Geologic Repository Deployment (GRD) program of the U.S. Department of
Energy (DOE} is responsible for developing technology and providing facilities
for the safe, environmentally acceptable, permanent disposal of high-level
nuclear waste. The current program focuses on waste disposal in repositories
located in deep geologic formations of salt, tuff, basalt, and granite. In
each repository, the waste form, currently considered to be spent fuel, would
be enclosed in a waste package incorporating a primary corrosion barrier, or
overpack.(a) The overpack is expected to perform the principal waste contain-
nent function of the waste package and, as such, it could be required to remain
intact for time periods up to 1000 years.(b) The overpack must therefore be
designed to resist a number of corrosion-associated failure modes that could
compromise its effectiveness in its containment role, Some of the potentially
important degradation phenomena are uniform corrosion; nonuniform corrosion
(pitting, crevice corrosion}; irradiation-enhanced corrosion; stress-corrosion
cracking {SCC}; hydrogen embrittlement; aging reactions; bacterial corrosion;
and mechanical overload.

The Waste Package Program (WPP) sponsored by the Salt Repository Project
{SRP) of the DOE at Pacific Northwest Laboratory (PNL)(C) has as one of its
objectives the corrosion/environmental-mechanical characterization of candidate
iron-base waste package overpack materials in salt-repository-relevant environ-
nents. This report summarizes the results of the work performed toward these
objectives under the auspices of the WPP in the time period FY 1983 through
Y 1984, The testing addressed the characterization and quantification of
netal degradation that would occur under two conditions of brine formation and
subsequent contact of the brine with the waste package: the intrusion brine

scenario and the inclusion brine scenario. In the former, brine is assumed to

(a) The outer metallic engineered barrier of the waste package.

(b) "Containment of the high-level waste within the waste package must be
substantially complete during the period when radiation and thermal
conditions within the waste package are dominated by fission products
decay. Such time period would be between 300 and 100C years..." (Nuclear
Regulatory Commission Regulation 10 CFR Part 60).

¢} Operated for the DOE by Battelle Memorial Institute.



form through dissotution of salt resulting from the intrusion of large amounts
of water into the repository horizon from some outside source; for example, an
aquifer lying just above the repository horizon. Intrusion brines reflect the
gross salt composition of the repository horizon, and so are primarily halite-
saturated sodium chloride brines.

If the waste package is to be contacted by brine at all, however, it is
considered much more likely that the source of the brine will be brine-filled
inclusions present in the salt that migrate to the waste package under the
influence of the thermal gradient existing in the vicinity of the waste pack-
age, These "inclusion brines" can effectively concentrate certain more-soluble
species present in the normal repository horizon, such as magnesium, and
therefore exhibit compositions very different from those of intrusion hrines,

Roth the intrusion brine and inclusion brine scenarios were taken into
account in developing the testing approach utilized in the present study., It
is obviously impossible to simulate anticipated repository conditions in the
laboratory when the repository conditions are not known exactly. For this
reason, recourse is being made to testing over a wide range of each test vari-
able, in order to develop a mode! to be used to predict material behavior when
the repository conditions can be hetter defined.

The iron-base materials investigated consisted of two cast mild steels {a
cast mild steel corresponding to ASTM Casting Specification A216 Grade WCA is
currently considered to be the reference overpack material}; a low-alloy Cr-Mo
steel, nominally 2-1/2% Cr, 1% Mo; a wrought mild steel; a ductile (nodular)
cast iron; and a high-purity iron. Testing was not extended to weldments of
the ferrous materials. Statistical treatments of the data are included to
provide insights into data trends, comparison of materials performance, and
data variability; and a compilation of ail of the relevant data obtained under
the Structural Barrier Task of the WPP in the time period FY 1983 through FY
1984 can be found in the appendices to the report.



OBJECTIVE

The ultimate objective of the work presented here was to provide initial
data for a material degradation model that can ultimately be used to predict,
with the appropriate degree of confidence, the effective lifetime of a given
waste package overpack in the actual repository environment. The reported work
constitutes only a part of the data required for such a model, however, because
the ranges of important test parameters {(e.q., temperature, radiation inten-
sity, flow rate, material processing parameters, and composition of the test
environment)} have been too narrow to permit specific, quantitative assessment
«f even individually operative causalities. {Tests planned for FY 1985 and
beyond are directed toward providing data for development of the required
predictive model.}

The specific experimental objectives of the reported work consisted of
nwuantifying, to the degree possible, the susceptibilities of a number of iron-
hase alloys to uniform corrosion, nonuniform corrosion {e.g., pitting} and
» stress-corrosion cracking, These are the degradation modes judged potentially
most deleterious to an iron-base alloy exposed to a salt repository

environment.






APPROACH

The experimental approach used in the present study to determine the
susceptibility of candidate iron-base alloys to uniform corrosion, nonuniform
corrosion, and stress-corrosion cracking involved first estimating the environ-
mental conditions that would exist in an actual repository constructed in a
salt medium, then simulating these environmental conditions in laboratory test
systems. In general, tests were done under what were considered to be conser-
vative conditions, i.e., in an "overtest" mode, when anticipated repository
conditions (for example, brine flow rates) were considered to be difficult to
either predict or simulate. Overtests were also used when the intent was to
enhance the effect of a test variable on corrosion, in order to demonstrate
whether or not it was a significant corrosion-inducing factor {for example,
irradiation intensity).

A possible exception to the generality of conservative testing is the
temperature factor, which was held at 150°C throughout essentially all of the
test program. This was done in order to explore the numerous other factors
involved in materijals degradation.

The uniform and nonuniform corrosion tests were performed in both
refreshed autoclaves, where testing was intended to simutate intrusion-brine
conditions, and sealed gas-tight cans, where testing was primarily to simulate

inclusion-brine scenarios.

Stress-corrosion cracking was addressed by means of slow-strain-rate tests
and corrosion fatique tests. The stow-strain-rate tests were done in both
static and refreshed autoclaves. The corrosion fatigue studies were done under
refreshed autoclave conditions only.

The specific type of laboratory test used to investigate the susceptibil-
ity of the candidate barrier materials to the three principal corrosion modes
addressed in the present study, with the test variable controlled in each test,
is presented in the following table.



Degradation Mode

Controlled
Test Variable

Range

Uniform and non- )
uniform corrosion(?

Stress-corrosion
cracking

® Slow-strain-rate
tests

e (Corrosion fatigue
tests

Temperature

Brine composition

Dissolved oxygen
Radiation intensity
Pressure(b)

Flow rate

Temperature

Environments

Radiation intensity

Pressure

Brine flow rate

Strain rate

Temperature

Environment

Radiation intensity

Pressure

150°C

Pure NaCl to simulated high-Mg
"{nclusion” brine

0 to 1.5 wppm
0, 2 x 103, and 1 x 10° rad/n
12 MPa {1500 psig)

0 and 35 mL/h

150°C

Simulated intrusion brine; air;
deionized water

0 and 3 x 10° rad/h

Ambient to 1.7 MPa gage
(250 psig)

0 to 35 mL/h

2 x 1077 t0 1 x 10‘4/5

150°C

Simulated intrusion brine; air;
deionized water

0
0 to 2.1 MPa gage (200 psig)

{a) A1l tests for uniform corrosion were considered to be tests for some
aspect(s) (e.g., pitting) of nonuniform corrosion as well.

(b} Controlled only in autoclave tests.

Pressure was not controlled in tests

utilizing seal-welded, gas-tight cans ("moist salt" tests).



Degradation Mode

Controlled
Test Variable

Range

Corrosion fatigue
tests (cont'd)

Brine flow rate

Cyclic fregquency

R value (min. load
max, load

AK (stress intensity)

35 mL/h

0.1 to 10 Mz

0.1

20 to 57 MPay/m






MATERIALS

Prior investigations(l’z) using intrusion brine test environments, a con-
trolled dissolved-oxygen ingress, and irradiation-intensity levels near those
expected under actual repository conditions revealed the possibility of using
relatively inexpensive and abundant iron-base alloys in salt brines. Accord-
ingly, recent testing has continued to emphasize ferrous materials. The six
materials investigated, and their chemical compositions, are listed in Table 1.

The ASTM A216 Grade WCA material is currently considered to be the refer-
ence waste package overpack material by the Salt Repository Project {(SRP). The
ASTM specification technically calls for this material to be supplied in the
annealed, normalized, or normalized and tempered condition. However, in the
present study, the as-cast material was emphasized, as it is not certain that
the improvement in mechanical properties brought about by heat treatment would
be required in the final overpack design.

As in the case of the ASTM A216 material, the other cast ferrous materials
were generally tested in the as-cast condition. All cast-steel specimens were
obtained from castings weighing ~160 kg (352 1b}, with a minimum dimension of
~120 mm (4.7 in.}. All of the test specimens used in the present study were
obtained from one casting, hence one heat of steel.

Before corrosion testing, the cast steel specimens were ground with an
aluminum oxide wheel to produce a surface finish of 32 to 63 pm rms. The same
wheel produced a surface finish of 8 um rms on the ductile cast iron speci-
mens, The wrought steel sheet was surface ground with a 50-grit disc. The
high-purity iron specimens were cut from a forging, and tested in the surface-
ground condition. The surface pretreatments are of course arbitrary, without
some knowledge of how the actual overpack will be treated. The main concern is
to provide a surface on each specimen that is easy to duplicate, while not
deviating too far from anticipated waste package surface treatments consistent
with a casting operation followed by some form of surface cleanup. The most
1ikely cleanup is considered to be some mechanical operation, such as grinding,
machining, or grit-blasting.



TABLE 1. Compositions of Metallic Materials

Element, wt¥

Material C Mn S1 P 5 Mo Cr N1 Fe
Cast mild steel,(®) 0.225 0.71 0.45 0.018 0.018 0.05 0.41 0.23 bal.
ASTM A216
Grade WCA
Cast mild steel,(P) 0.245 0.69 0.59 0,016 0.018 0.04 0.43 0.20 bal.
ASTM A27,
Grade 60-30
Wrought steel sheet, 0.07(¢) 0,40 0,03 0.015 0,021 =--- --= -—= bal.
AIST 1025
2-1/2% Cr, 1% Mo 0,116 0.57 0.57 0.020 0.004 1,02 2.46 --- bal.
cast steel
Ductile cast iron, 3.53 0.3t 2.51 0.05 0.004 -~-- --= .o bhal.

ASTM A536-77,
Grade 60-40-18

High-purity iron 0.018 0.05 0.01 0.002 0.003 0.01 0.01 0.01 99,87

(a)
(b)
(c)

Used in the as-cast condition; in the normalized condition {930°C, 1 h,
air cool); and in the “homogenized" condition (930°C, 24 h, air cool).
Used in the as-cast condition and in the normalized condition (927°C,

5 h, air cool).

Spectrographic analysis. Low apparent carbon due to surface
decarburization,

Three brine compositions, designated Permian Basin Brine No. 1 {PBB1),

No. 2 (PBB2), and No. 3 (PBB3), have been used throughout the studies. The
recipe for PBBl, a simulated intrusion brine, was derived from dissclution of

salt cores from a Permian Basin salt horizon considered to be representative of
a bedded-salt-site repository.(a) The recipe for PBBZ was obtained by holding
PBB1 at 150°C in an autoclave for several days, then performing an analysis of
the supernatant fluid existing with the precipitated solids. PBB2 is expected

(a)

Cores were selected from the Texas Bureau of Economic Geology Core Library
on May 25, 1982, The cores were derived from the G. Friemel Hole No. 1 at
depths in the range of 2440.2 to 2575.5 ft (Cycle 4). Six-in.-long cores
were obtained at 15-ft intervals, One-eighth of each core was bhlended for
experimental use, and the remainder was archived.

10



to be representative of the brine composition that results when water intrudes
into the repository horizon, dissolves salt to saturation, then attains a
temperature of 150°C as it approaches the surface of the overpack., Addition-
ally, use of PRR2 mitigated precipitation of solids (primarily carbonates) due
to inverse solubility effects in the inlet Tines of the refreshed autoclave
systems. As mentioned in the introduction of this report, the more likely
overpack corrosion situation will be caused by migration of brine inclusions up
the thermal gradient toward the waste package. Such brines are expected to
contain higher levels of magnesium and calcium than the intrusion brines previ-
ously described. PBB3 is a simulated inclusion brine being used as an approxi-
mation to the inclusion brine expected to exist in a Permian Basin salt horizon.
The compositions of the brines are detailed in Table 2. All salts and brines
used in the studies were synthetic. The most significant difference among the
three brine formulations, from the standpoint of corrosion of ferrous materials,
is the high concentration of magnesium in PBB3,

In addition, a moist salt test was conducted that utilized an environment

consisting of high-purity (reagent grade) NaCl and deionized water.

TABLE 2. Brine Compositions

Concentration, mg/L

Ton PRR1 PBB?2 PBB3
Na*t 123,000 123,000 23,200
Calt 1,560 1,110 14,700
M$2+ 134 122 53,200

39 39 10,500
spet 35 35 ——
n2* 7.8 7.9 8
c1- 191,000 191,000 210,000
042" 3,200 1,910 160
HCO 4™ 30 23 -
Br~ 32 24 2,400
F- 1.1 1.0 ——
1 — — _—_—
B043" - - -

11




















































































































































































the crack, frustrating the search for a stress-intensity threshold. Further
testing, combined with a definition of the barrier material performance speci-
fications, will be required before a judgment of material adequacy can be made

on the basis of environmental-mechanical properties.
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CONCLUSIONS

The principal technical conclusions derived from the corrosion and envi-
ronmental -mechanical performance of iron-base alloys presented in the results
and discussion section of this report are summarized below.

e The reference cast steel, ASTM A216 grade WCA, was found to corrode
at a maximum rate of 3.2 cm {1.3 in.) per 1000 years in unirradiated
150°C PBB2 {Permian Basin intrusion brine), refreshed, and containing
1.5 ppm 02. It, along with high-purity iron, corroded at a higher
rate than any of the iron-base materials tested. The 2-1/2% Cr,

1% Mo steel showed the lowest corrosion rates.

e The imposition of a 1 x 10° rad/h 90Co radiation field on the 150°C
PBB2 environment increased the corrosion rates of all the ferrous
materials studied by a factor of ~4. An irradiation intensity of
2 x 103 rad/h, on the other hand, caused no increase in corrosion
rate over those found in the unirradiated study. Even the 2 x 103
rad/h test is considered to be an overtest, as the irradiation inten-
sity is expected to be no higher than 100 rad/h with a spent fuel

waste form.

e In both the 2 x 103 and the 1 x 10° rad/h irradiation-corrosion
studies, the specimens located in the upper regions of the test auto-
claves generally showed the highest corrosion rates. The reason for
this is not known; it could be related to the direction of flow of
incoming brine, bottom to top, or gravitational segregation of
radiolysis products,

e In general, pitting attack was not a serious problem in the intru-
sion-brine autoclave corrosion tests, irradiated or unirradiated, or
in the moist salt tests; but severe pitting attack was sometimes
ohserved on environmental-mechanical property test specimens,
especially in brine environments containing relatively high concen-
trations of oxygen (this observation is consistent with the generally
accepted theories of pit formation under conditions in which
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dissolved oxygen is available to the surface of corroding steel),
The corrosion product was always found to be Fe304 on specimens
tested in low-Mg intrusion brine.

Ferrous materials exposed to moist salt environments that contained
significant quantities of Mg2*

(for A216 cast steel, a factor of ~30) than those found in simulated
2+

exhibited corrosion rates much higher
intrusion brine autoclave studies or low-Mg®" moist salt test
studies. It is inferred from the limited evidence available that
MgZ+, when present at concentrations above some undefined critical
Tevel, appears to inhibit the normal formation of semiprotective
magnetite films from a ferrous hydroxide precursor, and thereby
permits high corrosion rates.

In slow-strain-rate studies, the ductility of 1025 wrought steel, AZ7
cast steel, and A216 cast steel was significantly lower in PBBZ than
in air at 150°C, This effect was not observed at the highest strain
rate used {1 x 10‘4}5).

The reduction of area and elongation of as-cast A216 steel were lower
in irradiated PBRZ at 30°C and 90°C than in unirradiated PBBZ at the
same temperatures, except for the reduction of area at 30°C.

There was no fractographic evidence found to indicate that stress-
corrosion cracking was associated with the reduced ductility in the
SSR tests.

Fatigue crack growth rates of as-cast A27 steel and A216 steel were
up to ten times higher in deionized water at 150°C than in air at the
same temperature.

Fatigue crack growth rates of A27 and A216 steels in PBBZ2 were less
than a tenth of those in air or deionized water at 150°C. The
reduced crack growth rates were probably caused by crack "wedging,"
resulting from the crystallization of anhydrite, or the formation of
corrosion products, on the fracture surfaces.
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Of all the tests performed to date that simulate expected repository
environments, only the moist salt general corrosion tests conducted
using environments containing significant amounts of M92+ are cause
for concern regarding the continuing consideration of mild steel for
waste package overpack applications. If mild steels are to continue
to be considered for waste package applications, the magnesium-rich,
moist salt environment must be shown to be nonrepresentative of con-
ditions expected in the repository; that is, it must be shown that
1) the concentration of water (or the reactant) expected in the salt
at the waste package surface is far Tower than the water (or other
reactant) concentrations found to result in rapid corrosion rates in
the present tests, and/or 2) the amount of reactant diffusing to the
surface of the overpack is far smalier than that required to react
with and perforate the overpack, or 3) either or both of these
considerations is amenable to a practical engineering solution, such
as use of impermeable, or highly absorbent, backfill materials., An
assessment of these considerations was beyond the scope of the
present study.
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COMPILATION OF DATA FROM GENERAL CORROSION TESTS




APPENDIX A.1

COMPILATION OF DATA FROM GENERAL CORROSION TESTS

Anoxic Intrusion Brine Environment

Brine: PRRZ

Oxygen Concentration: 0.05 ppm
Temperature: 150°C

Flow Rate: 35 mL/h

CALCULATION PROCEDURE

Penetration rate (um/yr) = E#ﬁ
where X = 8,76 x 10’
W = mass loss, g
A = specimen area
T = exposure time, hr
D = density of metal, QICm3

A.l






GENIRAL COHROSION, ANOXIC

SANPLE TINE DINENSIONS VEIGHTS CORROSION
et I SSRRTRILT IREITITETL] (EIR111 RATE
START END  TOTAL LENCTHK VIOTH HEIGHT KOLE DI ARER  INITIAL  [INAL treeesse
NUMBER MATER AL DATE DATE ¥R MM Nt NN MM ot oN G MICRON/YE
LS R R SRR R R R R R RN RS R N E A A PRI Rttt R a iR R a RN ta R aatd e aa s iadisbntssazintiizanisg]

N 71 AI7 CAST STEEL  11-Sep-32 29-Oct-02 710 3541 3675 2.41 .78 2690  13.4347 23594 1
76 A7 CAST STEEL  21-Sep-32 29-Oct-01 720 35.59 36.20 2.39 970 2840 22.953¢ 12.915t 15
74 A17 CAST STEEL  21-Sep-82 29-Oct-82 720 35.4¢ 35.5% 1.41 975 M0  12.4352 N N
T4 AT CAST STEEL  1d-Nov-82 22-Feb-83 2324 35 44 24,45 146 %.50 2090 23.98340 23.3504 5.1
$4 A27 CAST STEEL  14-Nov-82 22-Feb-B3 2334 3544 35.76 2.46 970 2030 22.7314 2.7 4.0
$7 A27 CAST STEEL  té-Nov-02 td-Jul-83 4260 34.55 3544 1.4 943 2890 213406 2331 3.
1 A1? CAST STEEL  11-Sep-82 10-Jui-03 5358 3550 3571 2.51 .46 830 22.M421 12431 1.9
75 K27 CAST STEEL  21-Sep-82 {3-Jul-03 5358 34 33 3559 2.41 970 130  23.0660 23.0371 3.}
9 A17 CAST STEEL  té-Nov-A2 25-Sep-84 14426 3¢ 58 35.¢4  3.46 .40 2090 23.473¢ 33 M51 3.4
73 A27 CAST STEEL  21-Sep-87 35-Sep-84 15414 24.58 35.9% 1.41 943 3080 23.3140 132610 1.4
{96 A7 CAST STEEL  71-Seg-82 25-Sep-84 15416 35.33 35.60  §.35 140 3470 SE.505% SE. 514 1§
05 A7 CAST STEEC  21-Sep-22 25-Sep-84 15436 35 33 35,48 .33 943  Mé0  SB.78%0 SH.T431 0. %
195 1015 VRAOUGHT STEEL 14-Nov-42 23-Feb-83 2334 50.7¢ 50.9% 1.35 .48  S400  28.4281 28 3534 13
"94 1025 VROUGNT STEEL 14-Nov-32 22-Teb-03 2334 50.70 50.90 140 .50 5418 28 3435 19 0930 13
‘%9 1019 VROUGHT STEEL ti-Nov-02 22-Feb-#3 2334 50 45 50.%%1 1.40 ¢.50 S48 28.50%0 NA N
03 1075 VROUGHT STEEL fé-Nov-01 12-Feb-B3 12334 56.75 SO.83 1. 42 .43  $410 20 474% 104061 4.1
T4 1025 VAOVGNT STEEL 1é-Nov-d2 t8-Jul-83 €368 50.57 SO.90 €35 .48 380 18.3440 I8.1342 9.9
105 1025 VEOUGHT STEEL 16-Nov-32 18-Jul-03 4348 S0.60 51.03 140 .45 5418 292503 281876 4.4
104 1025 VROUGHT STEEL 14-Nov-87 23-Det-33 4744 50.75 S0.93 1,45 .45 5430 28.5233 38.29%7  3.¢
197 1025 VROUCHT STEEC 14-Nov-32 23-Oct-831 4744 50.60 S50 88 135 .50  S380  283.3403 23.0990 7.4
101 1925 VAOUGHT STEEL 16-Nov-B2 25-Sep-8% 14426 S0.70 S6.80  §.40 4.4 5410 25.4209 280122 4.0
100 1935 VROUGHT STEEL $4-Nov-07 35-Sep-04 14436 SO.#5 S0.45 145 .13 S410 28 5273 281248 5.9
198 1025 VROUGHT STEEL 16-Mav-31 35-Sep-84 14426 50.75 $0.75 140 .45  S400  28.3617 37.982% 5.4
i02 1025 WROUGHT STEEL 16-Mov-02 25-Sep-84 14426 5040 50.95 f 42 .43 5410 28.3310 20.8737 3.7
{30 AZ16 CAST STEEL  29-Jan-44 19-Feb-84 4% 35.56 3553 147  ¥.80 2430 141405 14.12¢é 1
‘40 A714 CAST STEEL  29-Jam-B4 29-Feb-840 494 35 54 35.56 145 983 2430 4 1427 14 1114 L)
143 AI14 CAST STEEL  2%-Jan-#4 O1-Jun-84 2897 35.56 3556 145 .83 7630 13.0079 13 8190 1
©36  A2Lé CAST STEEL  I9-Jan-04 01-Jun-84 2897 35.56 3553 1.53 983 2440 141525 14.047% 13
41 A114 CAST STEEL  29-Jan-B4 75-Sep-04 5321 3550 235.5¢ 1.50 980 2440  14.31%4 13.9403 1
44 AZ14 CAST STEEL  19-Jam-04 25-Sep-04 S311 35.5¢ 35.56 1. 47  $.83 2430 141038 13.8457 19
42 A2té CAST STEEL  29-Jan-84 25-5ep-B4 §311 35.54 3553 1.50 ¥ 03 2400  14.209% t4.0452 13
539 AI16 CAST STEEL  19-Jan-84 25-Sep-24 $321 35.56 35.53 150 9.8 2440 141792 13 %%t 17
i37  AR1§ CAST STEEL  29-Jam-04 25-Sep-84 5321 35.56 35.56 147 #.40 2630 14 145% 13 994 17
138 A216 CAST STEEL  29-Jan-84 75-Sep-84 5321 35 56 35,83 1.50 9.81 2440  14.2216 14.817 1
731 AI16 CAST STEEL  2%-Jan-B4 35-Sep-84 5635 35.56 35.54 145 9. 00 2430 £4 1769 14.83IM 1
§32  ATt4 CAST STEEL  29-Jan-84 25-Sep-#4 5435 35.54 35.5¢ 1,47  9.80 2630 141350 13 N7 13
P3¢ A2i6 CAST STECL  29-Jan-04 25-Sep-84 5435 35.56 3556 (.47 .80 2630 101546 13.994d 12
$35  AZ16 CAST STEEL  29-Jan-34 25-Sep-84 S635 35.59 3556 150 9.80 2440 14.2159 14.0383 13
133 A114 CAST STEEL  29-Jan-04 25-Sep-8¢ $435 35.5¢ 35.83 1.50 9.4 3640 1€.(3F 13.9009 18
{31 7 SMCR,IAMO STEEL 121-Sep-H2 29-Oct-82 720 50.75 50.83 2.54 9 68 Si16 500453 4% 9922 15
(29 2.58CR, 1SN0 STEEL Z1-Sep-82 27-Qct-82 720 50.75 SO.85 2.57 9.45 5618 503413 $§6.3i7 1
134 7.5%CH,1MMO STEEL 21-Sep-07 19-Oct-82 730 50.75 $0.67 2.54 943 5§90 50071t 508248 12
45 2 SBCR,IMMO STEEL 2(-Sep-01 22-Teb-#3 3054 S0.75 §0.27 .30 0.4 4420 1223742 122.307% 3¢
131 2.5%CR,INMO STEEL 11-Sep-82 22-Feb-83 3054 50.75 S0.45 1.57 940 SS90 S50.2818 SO.2145 4.4
[0 7.SWCR,IWAC STEEL 21-Sep-82 14-Jul-83 5358 58.75 S0.85 2.54 $.40  Sé10 497053 49431 1%
133 1.5%CR,IMMD STEEL 21-Sep-82 15-Sep-$4 15414 50.72 S0.72 .49 940 5590 4P 4934 €9.409r 1.1
{46 7 SWCR,(WAD STEEL 21-Sep-42 23-Sep-34 15446 50.7% SO.04  £.96 158 4390 121.%614 121 8445 1.1
{ DUCTILE CAST IRON 2:-Sep-07 19-Oct-82 720 35.59 35.51 2.4% 943 1410 21 3383 21.3042 1
¢ DUCTILE CAST IRON 31-Sep-31 19-Dct-02 710 35.5¢ 35.48 .40 18.001 2000 231782 31 1432 15
{ DUCTILE CAST IRON 31-Sep-82 29-Oct-82 710 35.48 35.41 2.§7 10.03 2820  21.190% 121.1542 19
1 DUCTILE CAST IRON 21-Sep-§1 31-Feb-33 3054 35.40 35.70 2.4% 0.03 2000 21,3813 21.2603 5.3
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CEMERAL CORROSTON, AMOYIC

SAMPLE TINE DIMENSIONS VEIGHTS CORROSION
131333 RTTRIEETY trrstbaten tirgeet BATE

START END TOTAL LENGTH WIDTH HEIGNT HOLE DI ARER  IKITEAL FENAL senzemant

NUMBER MATERIAL DATE DATE HR M L) M M KM tNN 4, oM MICRONI TR

I T L T L L T T L R T L T R T R L T T T I T T L L
N % DUCTILE CAST IRON 21-Sep-81 22-Feb-23 3834 35 4% 25480 2 51 (0.0 e i1.10%0 Z1.1800 1

N 1 DUCTILE CAST [RON 1)1-Sep-A7 (¥-Jul-83 53%8 25.54 3340 1. 89 0.0 1300 21 1044 111519 1.4
N 37 DUCTILE CAST IROR 11-Sep-81 15-Sep-d4 15414 33.51 35 41  §.17 10.08 INED 53 1463 33.0715 1.8
N 38 DUCTILE CAST [HON 121-5ep-82 25-Sep-84 15414 33 .53 35.51 4§27 0. % 3450 51.8823 51.750¢ 1.3
P 15 A17 NOAN. CAST  13-Apr-43 17-Jul-83 2471 3% .34 35 3% [ 31 A% 1630 13 9477 13.9440¢ LI
P 140 AZ7 NORM. CAST  !3-Apr-B3 27-Jul-83 1473 3. 3% 3534 1.37 9.37 1640 137401 13 .%G% LN
P 141 A17 KORM. CAST  t3-Apr-#3 27-Jul-81 7477 37 &% 33.51 1.§31 % @ 1430 13.1490 NA N
Pip A17 NORM. CAST  13-Apr-83 13-0ct-83 4437 3%.%6 3% 16 L. 31 %.09 1690 13 0480 NA NA
¢ téy Al7 NORM. CAST  13-Apr-03 23-Oct-81 4432 35.34 3551 (.51 9.3 40 13 01%% 13131 1.1
P 141 A27 NORM. CAST  [3-Apr-83 13-0ct-83 4437 33 46 3541 181 .07 1440 14 13é1 14 1807 30
P lad Al7 MORM. CAST  13-Apr-R3 25-Sep-84 11314 35 44 3531 151 t.89 50 14 0483 13.8945 3.0
Py A27 MORN. CAST  13-Apr-#43 75-Sep-04 12314 35.14 3544 155 % 09 1650 13.9798 13.8472 i3
P 1§l A17 MORN. CAST  13-Apr-83 25-Sep-2¢ 12314 35.5¢ 33 3% | 37 9.30 1430 141967 4.1 1.7
P 144 Al7 MORM. CAST  13-Apr-83 25-5ep-04 11314 35 .36 3371 152 .01 1640 14.0388 13.8¥02 it
P 143 Al7 NORK. CAST  13-Apr-#) 25-Sep-84 f1314 33 .48 33 31 135 ¢ 04 440 13.011% 13 N0 1.7
?1és A17 NORM. CAST  i3-Apr-83 23-Sep-84 12114 35 60 35 318 [ §1 %#.07 1630 13.9304 13 8534 1.4
EE 14 PURE IRON l3-ipr-33 17-Jul-03 2477 3171 1186 131 95D e 11,1004 110417 11
FE 17 PURE IRON 13-Apr-03 27-Jul-83 1471 3t1.47 31 70 145 9.%¢ 108 10 3843 NA NA
FL 13 PURE IRON 13-Apr-03 I7-Jol-83 1472 3 .73 31 7% 137 ¢.5% 1040 8142 P N i?
FE 18 PURE IROM 13-Apr-83 23-0ct-83 4432 31.8% 3173 140 9.90 130 11,7145 11 6385 L
FE 11 PURE [RON 13-Apr-83 13-Det-A) G432 31 73 N.78 1.5%  F.90 i 11.250 NA NA
FE Ld PURE IRON 13-Apr-03 13-0ct-83 4431 375 317§ (4) %.50 1130 6857 BLL6133 3.7
FE 21 PURE IRDN 13-Rpr-43 25-Sep-B4 11314 3172 172 1 60 .83 12 11 3481 111610 (]
FE 3! PURE TRON 13-Apr-83 15-Sep-84 17314 31,83 3173 157 % 90 1136 10 8924 10.7017 L
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APPENOIX A.2

COMPILATION OF DATA FROM GENERAL CORROSION STUDIES

Oxic Intrusion Brine Environment

Brine: PBB2

Oxygen Concentration: 1.5 ppm
Temperature: 150°C

Flow Rate: 35 ml/h
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GEMEHAL CORAOSION, OYIC

SANPLE TIME DIMENSIONS VEICHTS CORROSION
LY LRETTTITTY trEagetiag trRgee RATE
START END  TOTAL LENCTH WIDTH REIGHT MOLE OI AREL  INITIAL TINAL srtrrnats
NUNBER MATERIAL DATE DATE N M ] n M e CHs GHS MICHOMSYR
R R T R AN R A AT T AR R TR SRR R A A R AR A AN IR AR RE NS
LG 1 K17 CAST STEEL  I1¥-Nov-0] 04-Jan-83 833 35.40 .85 244 2 @3 W 13 3064 23 1478 1

K M A3? CAST STEEL  29-Nov-32 €4-Jan-83 33 34.50 35.44 2.4 9.45 W 274355 13.400¢4 14
N 102 A17 CAST STEEL  19-Now-82 84-Jam-83 B3] 3. 84 35.04 2.06 1.73 140 11 TiéT 11 1334 té
N 25 A17 CAST STEEL  29-Now-32 1!-Apr-03 2993 33.46 3430 2.48 9.43 W 231413 1315 4
N Bk A17 CAST STEEL  1t-hpr-83 15-Sep-84 12587 3% 46 36.30 2.46 9.43 W 1 n.an 1
N 10¢ AZ7 CAST STEEL  19-Nov-B7 11-Apr-83 1793 J4.02 3344 2.4¢ 9.7} 1830 I1.%319 11.03M 11
100N AZ7 CAST STEEL  11-Apr-83 213-Sep-84 12397 J4.02 3544 .44 9.72 FLET I IR E I B T 3 LT i3]
1l Al7 CAST STEEL  1%-Mov-01 27-Jyb-33 5173 235.44 34 45 1.4 9.43 W0 219511 1.1 13
H K A17 CAST STEEL  2%-Nav-87 23-Gep-B4 {3143 35.44 346.50 435 ' &3 3970 0. qe41 40 0033 £.3
1) A17 CAST STEEL  29-Nov-87 25-Sep-34 tS148 35 .48 35.44 §.35 9.43 W MM 5B SIM 7.4
2% 1013 VROUGKT STEEL 11-Jan-83 11-Apr-B3 1140 50.7¢ 50.75 1417 .40 S0 28 401 1] N
231 1029 VROUGHT STEEL 11-Jan-03 11-Apr-83 2140 35083 50.47 1.47 .38 00 283904 1 1751 i
13 A t015 WHOUGKT STEEL !1-Apr-03 15-Sep-4 12397 5083 S0.47 .42 4.3 480 181751 17.7¢14 13
131 1025 WROUGHT STEEL i1-Jan-83 11-Apr-83 21140 §0.77 30.78 143 4.3¢ 410 18 4651 15.7004 13
230N 1013 WHDUGHT STEEL ti-Apr-03 23-Sep-84 113%7 350.77 §0.75 {.4%F 4.3 410 82004 27.5411 ti
134 I015 WROUGHT STEEL 11-Jan-#3 17-Jul-83 4440 35047 50.00 1.45 4.30 10 283030 18 0103 14
13 1013 WROUCHT STEIL 11-Jan-B3 17-Jul-33 4040 3070 %0.82 1.92 4.38 3390 1 .HA L1} NA
134 1025 WVROUGKT STEEL 11-Jan-33 27-Jul-83 {440 50.4% §0.7% 1.45 ¢.40 400 18 1499 18 0148 i1
139 1013 WROUGHT STEEL 11-Jan-83 23-Sep-3% 14167 30.73 3047 141 .4 3400 ZR.G170 17.0805 1.3
137 1915 WROUGHT STEEL {1-Jam-33 25-Sep-84 14167 50.90 30 .45 140 4.5 400 18.D328 17 1541 i
133 1335 VROUCHT STEEL ti1-Jan-83 23-Sep-1¢ 14147 $0.57 50.77 t.4¢ 4.4 3390 103417 17410 il
$34  A214 CAST STEEL  10-Fed-34 12-Mar-04 734 35.53 35.33 145 .03 1820 141813 141187 H ]
$42  Al1§ CAST STEEL  10-Feb-84 13-Mar-34 734 35.54 35.54 L. 47 % .80 1630 14 067 14 0477 i
S47  A31é CAST STEEL  10-Fab-34% 12-Jum-84 2908 3534 3556 142 9.0 1630 13,9013 13 M1 ]
$501 Al14 CAST STREL  14-Feb-84 12-Jun-84 2908 35.54 35.33 1.43 ¢.80 1630 1431178 14611335 13-
$37  A214 CAST STEEL  f0-Feb-04 35-Sep-04 3304 25.5¢ 35.53 t.45 .00 1630 10362 13 T i1
$4%  A2%4 CAST STEEL  10-Teb-04 25-Sep-84 3304 3554 35.54 147 .80 1630 11001 137414 17
335 A2t§ CAST STEEL  10-Feb-b4 25-Sep-84 53M 35 .56 35.53 1.45 9783 1630 142005 11 904 13
$5¢  A214 CAST STEEL  10-Teb-0€ 25-Sep-84 3384 35.53 3553 1.47 .83 2630 14 1vEY 130U il
$30  A214 CAST STEEL  10-Feb-34 15-Sep-Bd 33M 35. %4 35.54 1.45 .00 1630 141494 13 Tedd 3
e A214 CAST STEEL  t0-Feb-B4 25-Sep-04 5384 35.54 35.%4 1.47 9.7B 1630 1.1t 13 147 il
343 A214 CAST STEEL  10-Teb-B4 25-Sep-24 5304 23759 35.5¢ 1.47 %08 1640 14 1978 13 8397 i7
337 Al14 CAST STEEL  10-Feb-84 25-Sep-3¢ 5384 35.54 3.8 1845 97.13 W3 el 13 e 1%
5. Al14 CAST STEEL  10-Feb-384 15-Sep-8#4 3384 33.%4 25 54 1. 47 ¢#.03 1630 143 13 it
130 1.5%CR, 1MM0 STEEL 1%-Nev-$2 B4-lan-53 833 50.80 50 8¢ 2.7 9.%4 Selt  30.3721 50.3043 14
134 3 SRCR,IMM0 STEEL 129-Now-82 04-Jan-83 333 50.45 S0. 80 2.57 ¢%.40 3600 4% ¥PIY A% %1l 14
20 2 JACR,IWM0 STEEL 1%-Nev-42 04-Jan-83 833 36.7¢ 50.75 7.5¢ ¢.80 Jfi0 S0 terd 0. 040¢ 1¢
125 7 S%CR,1RMO0 STEEL 29-Mov-81 ti-Apr-83 1992 5¢.24 50.77 1257 9.3% 3550 Ay M oy 11
1ivk T YRCE, 1%M0 STEEL 1!-Apr-83 25-Sep-04 13597 5024 50.77 1.37 9.§5% 550 4R 777Y 49 4048 i. 4
124 2. 9%CH, W0 STEEL 129-Nov-82 [l-Apr-831 1991 30.80 S§0.7% 2.97 9.40 5610 S 7094 501153 11
taih 2 3%CH, 1WM0 STEEL i11-Apr-83 23-Sep-4 11397 5080 SE. 75 137 ¢§.40 5610 SO 1153 M9 Y404 3.8
T TOVRCR,!WM0 STEXL 2%-Mov-3% 17-Jul-B3 3270 SH.41 SG.80 1.5 4.50 MM H0.M22 . MTV7 1.4
141 2 SMCR,{9MQ STEEL 29-Nov-07 15-Sep-Bd 15148 SG.04 30.77 £ 35 9.5 A1E 121 4027 121 1T il
185 1 3BCR,IWM0 STEEL 29-Now-51 15-Sep-B4 13143 5017 S$0.7% 4.35 945 6420 122.05%4 121 53%d §.¢
* DUCTILE CAST IRON 2%-Mov-82 04-Jap-03 833 33.54 35.51 2.4 (0. 000 21014y 10.9742 11
#3. DUCTILE CAST IACN 129-Nov-07 04-Jam-83 833 38.07 33.02 1.51 10.13 9 111089 110442 i
#5: DUCTILE CAST [RON I7-Nov-02 O04-Jaz-83 833 37.%% 3b.0%F 2.54 10.03 N i1 1R 21.13% "
Pil DUCTIEE CAST IRON 1%-Now-31 11-Apr-83 1993 3354 35.5t 2.4 10.11 1800 I1.134Y 1t.435¢ té
#9¢A DUCTILE CAST [RON 1f-Apr-43 23-Sep-34 11997 35 04 3%3.51 2.4 (i1t 1eE 11,035 0.4701 il
$5: DUCTILE CAST IROM 19-Mow-83 11-Apr-03 1993 35.8% 38.05 1.5¢ 10.03 o3t 11.5131 21 380D 17
994 DUCTILE CAST [RDN 11-Apr-43 15-Sep.04 11397 35.8Y 30.05 1.54 10.03% 630 113010 31 .93t i

- .
X X X X N X X N X x K ¥ X x & X X u ™ wm ™ g "™ m ™ na e m Y om R X K N X E X > E FE E & E x X

#C asidered tc be an outlier in statistical analysis.
A.7



GENERAL COBROSTON, OX1C

SANPLE TIHE DIMENSIONS ¥EIGHTS {ORRDSION
(11111 ERTTIRETY Y LLIESRETTE tRitidr RATE

START END TOTAL LENGTH WIDTH HEIGHT HOLE BI AREA  INITIAL FINAL trvsanan

NUMBER MATERIAL DATE DATE #R m 1| MN MM LLE GHS GHS  MICROM/YR

B R AR AR R A N R AR A AT N AR AR R RN e R AR TN AR AN AL AR R RN IR ATIERA
K $¥9 QGCTILE CAST IRON 29-Mov-42 17-Jul-2% §173 35,51 35.7¢ 96 10 oe 1810 11 3381 31.101% 14

-

N 34 DULTILE CAST IRON 19-Now-82 15-Sep-B4 (5148 35.974 35.48 4.17 10 03 MR §3.404y 53 4132

K 31 DUCTILE CAST IRON 19-Nov-31 73-Sep-84 15068 33.33 3540 46.317 ¢.§i 3660 3. 00016 51.%%34 L
P1m Al7 NORM. CAST  212-Apr-83 27-Jul-B3 1180 35 38 3549 1.55 9.®d 1640 147910 NA HA
P17 Al7 NORN. CAST  212-Apr-#3 37-Jul-03 2180 35.24 35.54 t. 31 t¢.02 Téd0 13,9371 138577 iy
P A17 NORM. CAST  23-Apr-83 27-Jal-81 2284 3% 3¢ 35.1% 131 +.@? 16440 13 9454 1% 8044 13
B I A17 NORM CAST  22-Ape-83 37-Oct-83 4438 3% 30 354t 131 Y MM 1650 140463 13 3448 18
B 126 A17 NORM. CAST  27-Apr-83 17-Oct-83 44P8 3510 33.33 1 3¢ 9.3% 2630 13.8010 NA L1
P17 A17 NORM CAST  22-Apr-¥3 17-Oct-A3 4408 35 3% 35 18 150 ¢ 58 1620 13 734e 13 0304 il
P17y Al7? NORM. CAST  212-Apr-83 25-Gep-84 11739 33 4% 35.3¢ 151 9 12 1830 13 9711 13 5473 13
P 178 A17 NOHM CAST  22-Apr-83 77-Sep-d4 1173% 35 24 3553 151 % @7 1440 13 Y045 13 9142 14
P 100 A17 WORM. CAST  32-Apr-83 15-Gep-B4 11739 3328 3553 1 50 9.07 1630 1% 74664 13 .303% 17
P 184 A17 NORM. CAST  Zi-Apr-43 I3-Sep-84 1173% 35 3} 33 14 157 9 07 440 13 %184 13 3521 {1
P77 A17 NORM. CAST  12-Apr-83 I5-Sep-6¢ 11739 33.3% 35469 : 52 9097 1450 13 89040 13 5187 13
P 182 A17 NORM CAST  21-Apr-83 23-Sep-34 10173% 3324 35 %4 131 9 31 1436 13 1774 13 4983 4
FE 14 PURE !RON 11-Apr-63 37-Jul-83 2280 31.80 31.8p 1.5F 950 R L S T ¥ S SR X id
FE 2% PURE IRON 11-Apr-03 27-Jul-81 2180 2 7 3L 73 1.%6 ¥ 53 11 107699 NA NA
FE 13 PURE IRON 12-Apr-33 17-Jul-33 2280 3172 31T 1St % Ak e 10,0118 10 4957 17
FE 27 PURE IRON 12-Apr-83 17-0ct-83 1480 310 N 45 1 A5 ¢ 50 1090 0. 142 L1} HA
FE 2% PURE IRON 12-hpr-83 17-0ct-83 4488 31 60 317D 1§ ¥ 82 e 10 34dé 10 308¢ 18
fE 30 PURE IRON 12-hpr-83 15-Sep-34 11739 3147 31.3§ 131 9 5% v 11,2721 10.804% i1
FE 1% PURE ITRON 21-Apr-83 iS-GSep-B4 11737 3f 4% 3t 70 1} 940 H il Y OBFTe ¥ 4633 L

A.8
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COMPILATION OF DATA FROM MOIST SALT STUDIES




APPENDIX B.l

COMPILATION OF DATA FROM MOIST SALT STUDIES

Moist Salt Test Number 2

Temperature: 150°C

Salt/brine combination: PBB1/PBB3

Magnesium concentrations reported on dry weight basis
Test start date: 3-5-84

Test end date: 6-4-84

Total time: 2178 hours

8.1
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Water Magnesium Total Coupon Caupon Caupon Coupan Initial Final Corrosion

Sampie Material 5alt/Brine Concentration  Concentration Time Length Width Thickness Ares Weight Weight Rate
Humber Type Combination [wik] [wi¥] {hr] [mm] _ [mm) Amm} {rm<} {gms) (gms] {mm/yr)
CANISTER A

N552 AISI 1025 PBE1/PBE3 5 Q.42 217g 15.494 15.367 1.397 562.42 2.5885 2.5220 0.0605
K561 " 15.494 15.463 1.422 567.41 2.8227 2.5453 0.0699
H5BE " 14,469 15.443 1.397 564,14 2.5408 2.4656 0.0682
NE45 Ouctile 15.545 15.342 1.499 569,58 2.4474 2.0973 0.315
NE4E Cast Iron 15,291 15.392 1.575 567,37 2.4594 2.1198 0.307
Nb64 " 15,265 15.316 1.524 5640.81 2.4567 2.1548 0.276
P50 £216 WCA 15.342 15.342 1.016 533.10 1.8408 1.3374 0.484
PB52 {25 cast) 15.21% 15.216 1.016 528.10 1.8566 1.4141 0.429
P653 " 15.240 15.316 1.016 5¢8.92 1.8463 i.3422 0.488
P655 " 15. 265 15. 240 1.016 527.26 1.8459 1.3323 0.49%
P70 " 15.316 15.342 1.016 532.25 1.8493 1.3614 0.470
PE74 " 15.316 15.316 1.016 531.40 1.8539 1.3952 0.442
CANISTER B

N547 Aisl 1025 PEB1/PEE3 10 0.81 2178 15.494 15.443 l.azz 566.53 2.5947 2.5084 0.0782
H548 ! 15.367 15.392 1.4z2 560.54 2.5656 2.45973 0.0625
N554 " 15.519 15,265 1.3%7 559.81 2.5737 2.4704 0.0945
N639 Ductile 15,342 15. 265 1.524 561.68 2.4548 2.1163 (.309
NG5O Cast Iron 15.240 15.443 1.524 564.22 2.4527 2.1322 0.291
NBB3 " 15,342 15,414 1.524 566.84 2.4563 2.1644 0.264
PB3Y A216 WCA 15.367 15.265 1.0l6 531.40 1.8626 1.3472 0.497
P646 {as cast) 15.265 15.367 1.081 532.93 1.8357 1.2472 0.566
P65E ! 15,265 15,392 1.016 s32.21 1.8634 1.3047 0.538
PB6Q " 15.387 15.318 1.016 533.07 1.8634 1.2503 0.589
P673 " 15.265 15,392 1.0l6 532.21 1.8427 1.3411 0.483
Pea? " 15.291 15.418 1.016 533.81 1.8419 1.2853 0.534




t°8

Water Magnes ium Total Coupon Coupon Coupon Coupon Initial Final Carrosion

Sample Material Salt/Bring Cancentration  Concentration Time Length Width Thickness fire Weight Weight Rate
Number Type Comhination {wtdl [wi¥] [hr) {mm} {mm} {mm] {mme ) {gms) {gms] {mm/yr)
CANLSTER C

h544 AISD 1025 PBE1/PBE3 20 1.7 2148 15.4ik 15.342 1.397 559.02 2.5742 2.462% 0.102
N550 " 15.418 15.316 1.422 559.65 2.5861 1.4975 0.0810
K570 " 15.418 15. 469 i.422 564,84 0.6024 2.5049 0.0885
K637 Ductile 15.367 15.316 1.524 564,24 2.4837 2.099%7 0.321
N64A3 Cast Iran 15.443 15,265 1.575 568.20 2.4557 2.1098 0.312
KB5E " . 15.291 15.367 1.575 566.53 2.4957 2.1042 0.318
P35 AZ16 WCA 15,265 15,392 1.016 532.21 1.8378 1.1237 0.687
P6ad (as cast} 15,291 15.418 1.0l6 533.91 L.8620 1.1883 0.646
P662 " 15.316 15.316 1.0616 531.40 1.8590 1.1781 0.656
PG66 " 15.088 16.418 1.016 527.24 1. 8065 1.11%6 D.669
P&6Y " 15. 367 15.342 l.ol6 533.92 1.8517 1.1632 D.661
Pe72 " 15.265 15.291 1.016 528.92 1.8493 1.1355 0.691
CANISTER D

NS51 A1S1 1025 PEB1/PEB3 25 2.2 2178 15.494 15.418 1.397 564.14 2. 6000 7.5201 0.0725
N553 " 15,519 15.443 1.422 567. 38 2.5874 2.4931 0.0851
N568 " 15.519 15.469 1.422 568.26 2.6309 2.5393 0.0826
NB40 Ductile 15.392 15.291 1.499 562.71 2.4414 2.0861 0.323
N644 Cast Iron 15.342 15.316 1.549 564. 93 2.4493 2.0832 D.332
NEE4 " 15. 265 15.392 1.524 563.36 2.4426 1.0742 0.335
reaz A 216 WCA 15.215 15,265 1.016 326.45 1.8205 1.1375 0.665
P645 {as cast) i 15.392 15,443 0.991 536.51 L.8477 1.0735 0.739
PE51 " 15.316 15.469 1.0l6 536.40 L. 8650 1.2208 0.615
P59 " 15.240 15.367 1.016 530.58 1.8508 1.3128 0.519
P&6S " 16.291 15.240 1.016 528.11 1.8218 1.1757 0.627
Peas " 15.418 15,281 1.016 533.91 1. 8450 1.1965 6.622




Y

Water Magnes ium Total Coupon Caupon Coupon Coupen Initial Final Corrosion

Sample Material Sabt/Brine Concentration  Concentration Time Length Width Thickness Arg Height Weight Rate
Kumber Type Combination [wt¥) {wit) (hr}) {mm] [mm) {mm) (mm<) [gms] {gms ) _{mm/yr}
CANISTER E '

W545 A1S1 102% PEBL/PER3 30 2.78 15.443 15.469 1.422 565.69 2.6155 2.5268 0.0803
N563 15.443 15,367 1.357 560,71 Z.6049 Z2.5271 0.6711
NG73 15.316 15,291 1.422 £55.44 Z.5695 2.4734 0.0887
NG49 Ductile : 15.342 15,367 1.549 566,66 2.4543 2.0733 0.339
NEE2 Cast lron 15.367 15,392 1.524 566.81 2.4606 2.0782 Q.346
NE&H " 15.215 15,342 1.524 559.99 2.4327 2.0m2 0,332
P&43 AZ16 WCA I 15.316 15,418 0,911 533.20 1.8563 1.2095 0.621
P&EE fas cast) 15,791 15.287 1.016 832,25 1.8460 1.0684 0.747
PE61 " 15.265 15.3242 1.016 630.58 1.8466 1.2289 0.596
P6&8 " 15,241 15.392 1.016 §33.07 1.8372 1.2244 0.589
P&79 " 15,342 15.316 1.016 532,28 1.8585 1.2186 0.616
PGS " 15,265 15.216 1.016 529.74 1. 8405 1.0064 Q. 806







APPENDIX R,2

COMPILATION OF DATA FROM MOIST SALT STUDIES

Moist Salt Test Number 3

Temperature: 150°C

Salt/brine combination: PBB1/PBR3
Magnesium concentrations reported on dry weight basis.
Test start date: 5-10-84
(Canister EE is an ongoing test.)
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Water Magnesium Total Coupon
Sample Material Salti@rine Concentration  Concentvation Time Lenglth
Number Type Combination [wi%) {wt%) {hr) {wrm)
CANISTER EE
558 ALST 1025 FBEL/PEE3 20 1.7 -- 15.39¢
NSED " -- 15.39¢
N565 " -- 15,392
NGI6 Ductiie - 15.342
R&38 Cast Iron .- 15,316
NGBS s -- 15.4649
P&37 A21E MCA -- 15.215
PR4Y {as cast) -- 15,265
P&54 b - 15,2658
P655 ! -- 15.291
PET1 " -- 15,318
PEYE " -~ 15. 265
CANISTER F
H543 #1571 1025 PER1/PAB] 30 .7 1659 15,441
562 " 15.443
H574 15,392
NE4T Ductile 15,342
NB4g Cast Iran 16.441
HEES " 15.291
P68 AZ216 WCA 15,240
P&4y {as tast) 15.34¢2
PRAA " 15.291
PE76 " 15,265
PHOE " 15,268
P&AG . 15,791

Coupon
Width

{om)

15.
15,
15,

15.
15.
15,

15,
15,
15.
15.
18,
15,

519
494
243

291
265
291

316
382
oz
342
291
34z

443
.519
.43

.519
L
Lila

342
.342
392
342
.34z
L291

Coupan Coupan Initial Final Corrasion
Thickness Are Weight Height Rate
{mm} {mme ) {gms} tgms} {mm/yr
1.397 564,10 2. 6004 - -
1.397 563.26 2.5732 -- -
1.397 561.55 2.6957 - -
1.49%9 561.03 2.4535 - -
1.499 555. 28 2.4473 -- -
1.473 563.69 2.44390 -- -
1.016 528,10 1.8429 . -
1.016 832.21 1.8510 .- -
1.016 £32.21 1.8374 “— -
0.991 £29.90 1.8325 -- -
1.016 530.59 1.8584 .- -
1.016 530.58 1.3359 -- -
1.397 5327 2.5855 2.5242 0.0731
1.397 562.46 Z2.6187 2.5598 0,0699
1,397 583.26 2.5732 2.5029 10,0839
1.473 567.10 Z2.4417 2.1564 0,338
1.499 966,15 2.4540 7.1680 0,339
1.499 560.15 2.4573 Z.1698 0.345
0.99) £28.24 1.8424 1.23148 0,177
1.0l&6 531110 1.8320 1.2029 0,793
0.9%1 531.53 1.83274 1.2844 0,700
0.889 §22.81 1.6211 1,1346 0.626
1.016 £30.58 1.8453 1.4064 0,556
1.016 529.77 1.8410 1.295% 0.692



01w

Water Magnesium Total Coupon Coupan Coupon Coupan Initial Final Corrosion

Sample Material Salt/Brine Concentration  Concentration Time Length Width Thickness Areg Meight Weight Rate
Number Type Combination (wt%) {wt%) {br) (o) {mm} {mm) {mm< ) {gms) {gms) {mm/ yr )
CANISTER G

N546 AISD 1425 PEB1/PEE3 20 1.7 76y 15.418 15,570 1.397 566.70 2.5992 2.5138 0.219
K558 " 15.392 15.570 1.397 565.81 2.5867 2.5249 0.159
K571 " 15.494 15.494 .39 566.71 2.5991 2.5286 0.181
N653 Ductile 15.291 15.342 1.439 561.03 2.4572 2.3282 0.334
NESE Cast Iron 15.3592 15.494 1.439 569,56 2.4545 2.3043 0.383
NEB1 " 15.443 15.291 1.439 564.42 2. 4587 2.3136 0.374
P636 A216 WCA 15.265 5. 342 1.016 530.58 1.8414 1.6437 0.542
Pa4g {as cast} 15.291 15.240 0.991 526.58 1.8275 1.5854 0.664
PB52 " 15,265 15,1342 1.016 530.58 1.8473 1.6399 0.568
PESA " 15,316 15.418 1.016 534,74 1.8558 1.5904 0.722
P68Q " 15.265 15,316 1.016 529.74 1.8615 1.6232 0.654
PB82 " 15. 342 15,318 0.824 5¢1.34 1.5017 1.3088 0.538
CANISTER H

N564 AIST 1025 PBE1/PBE] 30 2.7 767 15.418 15.443 1.357 562,43 2.6088 2.5736 0.0911
NEGY ! 15.469 15.443 1. 346 560, 99 2.5092 2.4716 0.0974
NEGS " 15.469 15,352 1.397 BR2. 42 2.5855 2.5371 0.125
NE41 Ductile 15.291 15.418 1.499 563.58 2.4503 2.3133 0.353
HE57 Cast Iranm 15,765 15,441 i.499 56354 2.4525 2.3297 0.317
HEB? " 15,342 15,1367 1.473 561, 9% 2.4488 2.3226 0.321
PE49 AZ16 WCA 15,291 15.291 0.991 528.24 1.8414 1.5430 0.821
PE75 {as cast) 15,342 15,392 0.991 533.20 1.8330 1.5932 0.654
P&77 " 15,265 15. 367 1.016 531.40 1.8574 1.6641 0.528
P83 " 15.291 15.316 1.016 530.59 1.8268 1.5319 0.808
P68 " 15.316 15.316 7.991 529.87 1.8340 1.6174 0.594
PEAD ¥ 15. 316 15.392 0.914 527.62 1.6681 1.4548 0.588




APPENDIX B.3

COMPILATION OF DATA FROM MOIST SALT STUDIES

Moist Salt Test Number 4

Temperature: 150°C

Material: A216 Grade WCA (various heat treatments)
Magnesium concentrations reported on dry weight basis.
Test start date: 8-16-84

(Canisters F and G are ongoing tests.)
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Water Magnesium Tatal Coupon Coapon Coupan Coupon Imitial Final Corrosion
Sample Material SaltfHrine [ancentration  Concentration T ime Length Width Thickness Rreg Weight Weight Rate
Number Typc Combination  {wt%} {wt¥) {br) {mm] {mm} {rm) {mme ) {gms) {gms ] {mmsyr)
CANISTER B
Q366 As Cast HaCl/KaCl 0 i} 759.5 15,4569 15.443 1.499 570.45 2.7287 2.7210 0.00425
Q367 " 15.469 15.519 1.489 573.03 2.7439 2.7422 Q.00423
n428 15.570 15.418 1.49% 573.02 2.7015 2.6993 0.00538
nsvg 15.392 15.570 1.499 572.13 2.7282 2.7263 0.00488
ne2l Normalized 16.454 15.291 1.524 567.67 2. 7603 2.7585 0.00466
Q623 " 15.418 15,342 i.524 566. 84 2.7615 2.7590 D. 00661
0625 " 15.39¢ 15,418 1.524 568, 54 2.79860 2.7944 0. 00400
nee? " 15.469 15,316 1.524 567.68 2.7803 2.7787 0.00401
n7sa Homogen i zed 15,469 15.265 1,499 564.41 2.7a07 2.7385 0.00312
0760 " 15,392 15.291 1,499 562.71 2.7389 2.7376 0.00352
Q762 " 15,392 15.251 1.499 §62.71 2.7002 265977 0.00652
Q767 " 15.418 15.316 1.499 564.42 2.7012 2.6997 0.00390
CANISTER E
Q433 As Cast P8EL/PEE] 20 0.042 759.5 15.469 15.443 1.524 572.00 2.7670 2.7622 0.0121
0489 » 15.545 15.443 1.499 573,02 2,730 2.7311 0.0126
Q493 " 15.418 15.519 1.499 571.29 2.7411 2.7369 0.0108
Q505 " 15.443 15.494 1.493 571.30 Z.745¢ 2.7425 0.00835
Q611 Normalized 15.418 15.316 1.524 565.96 2.7495¢ z.1922 0,00934
Q617 . 15.392 15.316 1.524 565.09 2.7620 2.7584 0, 00949
Q518 15.418 15.291 1.524 565,11 2.7520 © 2,786 0.,012%
q622 - 15.418 15,315 1.524 565,96 2.7978 2.7948 0.00791
4742 Homogenized 15,469 15,291 1.499 565.29 2.7185 2.7147 0.00%87
R756 " 15.469 15,291 1.499 565.29 2.7140 2.7106 0,00896
0758 " 15.418 15.342 1.499 565.30 2.7345 Z2.7303 0.010%
0763 " 15,367 15,342 1.499 563.59 2.7302 2.7257 0,0117
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Water Magnes fum Tatal Coupan Coupen Coupaon Coupon Initial Final
Samgle Material 5altfBrine Concentration  Concentration Time Length Width Thickness nreg Weight Weight
Number Type Combination [wt%) [wt¥) {hr] [ mm) {rm ) [ mm) {mm? } {gms) [gms}
CARISTER F
0alg As Cast PEB1/PEB2 20 1.7 -- 15.519 15.494 1.4499 573.88 2.7285 -
Q549 " -- 15.443 15.494 1.499 571.30 2.7413 -
0553 " -- 15.418 15.519 1.49% 571.29 2.7410 --
0579 " -- 15.519 15.418 1.524 572.84 2.7535 --
Qelo Normalized -- 15.342 15.494 1.499 567.86 2.749% --
Q612 ‘ - -- 15.4148 15,291 1.524 565,11 2.7658 -
614 " -- 15.342 15. 342 1.524 564.28 2.7836 -
0620 " -- 15.418 15.367 1.524 567,69 2. 7874 -
G759 Homogen ized -- 15.570 15,291 l.524 570.23 2.7463 -
Q764 " .- 15.382 15.216 1.499 563.55 2.7l72 -
Q768 " -- 15.443 15.291 1.499 564,42 2.7305 --
0769 " -- 15.443 15.1316 1.499 £65.27 2.7254 -
CANISTER G
gacl As Cast PEBL/PHB] 20 0.0642 -- 15.519 15.869 1.499 573.03 2.7508 --
1424 " -- 15. 469 15. 494 1.459 572.18 2.7455 --
0477 " -- 15.519 15.570 i.499 576.47 2.7400 --
0569 - 15.494 15.418 1.499 570.45 2.7417 -
1616 Normalized - 15,367 15.367 1.524 565.97 2.7974 --
Q&9 " .- 15.392 15,342 1.524 565.97 2.7979 --
Q624 " - 15.418 15.316 1.524 565.96 2.7533
Q628 - -- 18,443 15.367 1.524 568.53 2.7925 -
G750 Homogenized -- 15.469 15.291 1.499 565.29 2.7369 --
Q755 " -- 15.443 15.291 1.499 Sh4. 47 2.7240 --
Q761 " -- 15.352 15.316 1.49% 563,55 2.7192 -
0766 " -- 15.469 15,265 1.49% 564,41 2.7301 --

Corrnsion
Rate

{mm/yr)



51°d

Water Magnesum Total Coupon Coupan Cowpon Covpen initial Final Corrosion

Sample Material Salt/Bring foncentration  Concentraticn Time Length Width Thickness Are Weight Neight Rate
Numher Type Combination Wtz iwtd) [hr) _ frm} [mm) {mm) '[ITIHS] {gms} {gms) _{mmiyr)
CANISTER H

Q369 As Cast PEB1/PEBS 20 1.7 759.5 15.570 15,469 1.499 574.76 2.7446 2.4599 0.728
Q526 b 15.469 15.545 1.45g 573.91 2.7407 2.5243 0,554
0598 " 15. 469 15.443 1.493 570.45 2.7538 2.5630 0.491
Q609 " 15.469 16.545 1.498 573.91 2. 7606 2.5510 0.536
Q613 Normalized 15.418 15.291 1.524 566.11 2.7870 2.5413 0.638
Q618 " : 15.418 15.316 1.524 565 .96 2.7928 2.5217 0.703
Q626 “ 15.494 15.291 1.524 567.67 2,7907 2.5133 0.717
n629 " 15.443 15.116 1.524 566. 80 2.7543 2.3666 1.004
Q751 Homogenized 15.469 15,316 1.499 56h.14 2.7380 2.3045 1.3l
0753 " 15.449 15.29] 1.499 565.29 2.7248 2.3899 0.870
Q757 " 15.494 15.316 1.499 5hf. 98 2.7253 2.4467 0.722
Q765 " 15,443 15.281 1.499 564.42 2.7408 2,3673 0.972







APPENDIX C
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APPENDIX C

COMPILATION OF DATA FROM TRRADIATION-CORROSION STUDIES

Irradiation intensities: 2 x 103 rad/h and 1 x 105 rad/h
Brine: PBR2

Oxygen concentration: 0,05 ppm

Temperature: 150°C

Flow rate: 35 mL/h
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TREI.DINTION CORROSION

X E X X XK XX XK ¥ X 0 < wm e s 't ra % "o o 0"\ M\ "W a9 oYatTeow oo Oom e Y ora Y X X X E X

SAMPLE TINE IRRADIATION DIMENSIONS VEICHTS CORROS 10
rrifiy [3ARREINE! EAEEREREEAA TI1RRRINAR AEREANE HATE
START END  TOTAL RATE LENGTH WIDTH HEIGHT HOLE DI AREA INITIAL FINAL #vararert
NUNEER  MATERIAL DATE DATE  HR ER/H MM MM MM WM MMM (N Gt MICROM/TR
1 333 !l!ll'Illlliii!llll!tttlli!l!ti'l'llll!!il!!ltl!l!lt!l'll'l!ii'l'l!ilﬂli'Iltiil!ltttl!l!!tliilll!ﬂt!l!ttllllllt'llll'lil!'ll!ll!l

N 703 1025 WROUCHT STEEL {9-May-83 NN D 3551 3559 162 94 2430 12.M02 0 N 1
700 1029 VROUCHT STEEL 19-May-83 17-Jun-43 840 @ 35.43 35,46 1.42 993 2600 11 9943 NA NA
7:1 1015 WROUGHT STEEL 19-May-83 27-Jun-83 840 3 35.4 35.43  1.40 % 8% 12600 125151 13 4498 23
705 1825 VROUGHT STEEL {7-May-03 27-Jun-83 840 3 35.43 3548 1.42 9.80 1410 13.0363 12.99%4 10
710 1025 WROUGHT STEEL {9-May-33 22-Aug-83 3140 7 35.51 35.51 1.42 9. &0 2620 13 0815 13 GL5S 13
7t 1025 WROUGNT STEEL 19-Nay-33 11-hug-83 1140 2 35.59 3559 141  9.0% 2430 13.7141 13.1483 13
706 1015 VROUGHT STEEL 19-May-83 22-Aug-$3 2140 1 35 54 35.53 142 .88 1420 t3 1970 13 (347 12
703 1025 WAOUGHT STEEL 19-May-83 12-Dec-83 4344 1 35.43 3543 1.37 9. B¢ 2600 12.6141 12 4047 1
701 1025 VROUGHT STEEL 19-May-83 12-Dec-83 4304 3 35.56 35.41 1.42 9.75 2630 13.1193 1 NA
707 1028 WAOUGHT STEEL 19-May-83 17-Sep-8% 9443 1 35.56 21559 1.42 943 1630 13.2114 129599 t
7t4 1325 VROUGKT STEEL 17-May-83 19-Sep-84 9443 2 35.44 3540 1.42  9.91 1610 13.0434 13.777% 13
706 1025 WROUGHT STEEL 19-May-03 19-Sep-84 9443 1 35.43 35 46 1.42 9. %1 3610 129912 12.7143 13
§:8 A214 CAST STEEL  13-Dec-83 NAONA 7 35054 3554 1.5% P TR 2450 14.0877 NA NA
$19 A2L4 CAST STEEL  23-Dec-03 24-Jan-84 768 1 35.54 35.5¢ 1.60 978 3440 141837 14 1547 1§
§1% A214 CAST STEEL  23-Dec-83 24-Jan-84 768 2 35.5¢ 35.56 1.55 978 2680 14.{937 14.13¥1 19
$i7 A2l CAST STEEL  33-Oec-83 13-Apr-84 2180 3 35 56 35.56 1.55 9.78 2650 14 0262 139405 13
14 AI14 CAST STEEL  23-Dec-33 13-Apr-04 3180 7 35.56 35.56 1.55 978 2650 14 1414 140771 14
118 K236 CAST STEEL  20-Rpr-04 (9-Sep-34 2919 2 35.59 35.5¢ €2.73 927  NA 117.910 117 4411 NA
£17 K216 CAST STEEL  20-Apr-B4 19-Sep-84 2919 2 3553 35.53 12.75 9 .37 WA 117 9316 117.5984 NA
357 AZ14 CAST STEEL  23-Dec-#3 04-Jol-M 197¢ 7 23554 35.54 .57  9.78 2650 14.0504 13 9143 i
521 A216 CAST STEEL  23-Dec-83 Qé-Jul-848 3974 1 35.5& 35.56 1.55 9.70 2450 14 1318 14.0%43 10
$28 AI1é CAST STEEL  23-Dec-#3 Mé-Jul-84 3974 1 35.56 35.56 160 9.70 2440 14.1335 14.1512 Bi
$23 A216 CAST STEEL  23-Dec-33 Oé-Jul-B4 3974 2 35.5¢ 35.54 £.57 .70 2650 14 1888 14.0914 10
10 AJ14 CAST STEEL  23-Dec-0) Dé-Jul-B4 3974 1 35.56 35.56 1.55 978 2450 141655 14.0%42 11
S11 AZ16 CAST STEEL  23-Dec-83 19-Sep-Bd 5099 2 35.53 35.56 £.55 9.78 2650 14 1345 13 9044 13
10 AIL4 CAST STEEL  23-Dec-#3 19-Sep-84 35099 2 35 56 35.56 1.55 9.78 2650 14.1310 13 9794 13
$19 A21¢ CAST STEEL  23-Dec-83 19-Sep-84 5009 1 35.54 35.56 1.52 9.70 2440 14 1540 13 9475 15
$i6 A4 CAST STEEL  23-Dec-33 19-Sep-84 SU9Y 2 35.53 35.54 1.40 9.78 2450 14.1513 139995 13
52¢ A206 CAST STEEL  13-Dec-03 19-Sep-M4 5099 3 35.5¢ 35.56 (.55 9.75 2650 14 0488 13 8854 "
313 A27 NORM. CAST  19-May-43 NA ONA 1 3556 35.53 (.47 955 2440 13 7415 XA NA
313 A27 NORM. CAST  19-May-03 27-Jun-33 840 1 25.53 35.56 1.47 9 53 2640 13 F145 13.787% 13
$05 AI7 NORM. CAST  19-May-83 37-Jun-03 40 1 35.43 35.40 1.50 9.55 2438 13.8482 13.M331 13
317 A17 NORM. CAST  19-May-43 27-Jun-83 840 1 35.53 35.46 1.5 9.55 2430 13.75 ) HA
308 A27 NORM. CAST  19-May-93 17-Jun-83 840 7 35.% 3581 1.50  9.55 2440 13.49358 oA [
304 A27 NORK CAST  19-May-83 21-Aug-83 3140 2 35.53 3556 1.50 .55 2440 13 7940 13 7345 12
306 K27 NORM. CAST  19-May-83 22-Aug-B2 2140 2 35 43 3553 150 .53 2430 13.7144 13 &407 1
3L K27 NORM. CAST  1%-May-83 27-Aug-83 2140 3 3551 35.56 1.47  %.S§ 2640 134500 12 7830 13
355 A7 NORM. CAST  17-May-83 £2-Dec-03 4344 1 3553 35.53 1,50 .55 2640 1(3.8815 13.7315 1
3.7 A27 NORM. CAST  #9-May-83 12-Dec-33 4344 2 35.51 3543 1.50 9.53 2430 13.8410 NA NA
30 AIT NORM. CAST  19-May-83 19-Sep-34 9443 1 35.56 35.53 147  9.58 2440 13.7044 134135 13
310 A27 NORM. CAST  1¥-May-83 17-Sep-B4 9443 2 3553 3551 .50 955 2640 13.0350 13 4958 15
30t A37 NORM. CAST  19-May-33 19-5ep-84 9443 1 35.53 3543 (.47 9.5% 1430 13.5507 13.284 1
i1 DUCTILE CAST {RON {9-May-#3 N Nk 1 35.6% 3540 151 Y53 2M10 21 4427 NA XA
P+ DUCTILE CAST IRON 19-May-03 37-Jun-83 M0 1 35.4 3546 I.50 10.13 2790 21.0555 20.9845 3
') DUCTILE CAST FRON 1¥-May-83 27-Jan-03 840 2 35.89 35.40 251 10.0¢ 1830 21.447¢ NA NA
‘4 CUCTILE CAST {RON 19-May-33 27-Jun-#3 M40 1 35.40 35.71 2.51 9.9 1020 31 4402 11.373% H
i1 DUCTILE CAST IRON 19-May-83 27-Jua-83 B0 7 35,81 35.4% 2.4% 1021 2810 31 1309 21 1481 M
¢ DUCTILE CAST IRON 19-May-#3 217-Jun-03 #8403 35.51 35.79 2.§1 10.03 2028 21.4703 1t 4181 1
't DUCTILE CAST IRON §9-May-43 22-Aug-#3 2160 1 35. 46 35.501 151 10.04 2800 21.225¢ 3t 1442 15
'3 DUCTILE CAST IRON 1(¥-May-83 22-Aug-83 2téd 2 35.4¢1 3548 2.51 10.06 3810 21.227% 21 134! 1%
)7 DUCTILE CAST IROK 19-May-33 22-Rog-83 2160 2 35.48 35.56 2.51 10.03 2800 20.3%04 11.1910 1
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IRRADIATION CORROSION

SANPLE TINE IRRADIATION DiMENSIONS VEIGHTS CORAGSION
b3 AR (335313448 11tk tinia tHidkERiAAL Atkeikt alTE
START EXD  TOTAL RATE LENGTH VIDTH KCIGHT HOLE DI ARER INITIAL  FINAL teaneeeee
NUNIER  MATIRIAL DATE DATE  HE XR/K MM MM MM MM MOMX CM GK  NICROM/YR
R e A N A R AR R R A R R AR A R A A AR RN RN SRR A N IR R A A A SRR SRR AN RAANE R AR R NN R R RN R AN
N 22 DUCTILE CAST IRON 19-May-33 12-Dec-#1 4344 7 35.5% 1531 1.4% 9.53 1790 1t.1442 11.0014 13
N 31 DUCTILE CAST IRON 19-May-83 12-Dec-83 4344 2 3548 3548 2.51 10.04 1880 21.125¢ 20.9304 0
K 15 DUCTILE CAST IRON 19-May-03 1%-Sep-84 443 7 3548 3574  21.501 10 01 1820 213277 20 9377 14
N 28 DUCTILE CAST IRON 19-May-83 19-Sep-8¢4 #4431 3548 35.56 2.5 1004 1800 21.1143 10.6044 1
N 31 DUCTIEE CAST IRON 1f-Ray-83 19-Sep-#4 443 3 35.50 3540 3 51 10.11 1800 31.1073 20 432 0
K 2% DUCTILE CAST IRON {%-May-83 19-Sep-84 $443 1 IS 48 3574 1.5t 10.83 12820 1I1.4648 11.01t4 19
P IS0 PURE IROK 19-Jun-43 MAONA 7 3T OB 34T (.83 Y Y 2140 13.0374 NA NA
P 347  PURL IRON 19-Jun-93 13-Aug-83 1320 1 3172 3100 1.7 945 l1éb 13 0277 NA 1)
P 352 PURE IRON 19-Jun-43 23-Aug-81 1320 3 IC.78 317D L.M1 B4R 2170 137406 13.4142 41
LT PURE IRON 19-Jun-03 I3-dug-83 1310 2 .55 3108 1.%6 9 45 2HM0 140906 t3.%47? T
P 151 PURE IRON 19-Jun-03 (2-Dec-d3 3584 1 305 31 67 145 142 2140 117003 11.5112 14
P 341 PURE IRON 19-Jun-03 12-Dec-43 3504 1 3045 3175 (%6 93T 1ted 14.0343 3.2434 27
P30 PURE IROK t-Jun-03 Oé-Jui-84 7478 T F1.7C 3118 1.55 9SS 140 1t M9 111057 19
P 345 PURE IRON 19-Jun-83 04-Jui-14 7470 1 370 3110 M1 947 1300 13 M4d6 13 5%40 17
P 34Y  PYRE IRON 19-Jon-03 Qé-Jul-04 ATE 1 BL.B0 3175 fof1 1035 :190 13.7183 13 4544 18
P 346  PURE IRON 19-Jun-83 Qé-Jul-B4 A0 1 310 310B L.BS 930 1180 13,1137 13.041 1)
P 343 PURE [RON 19-Jun-03 Qé-Jul-B4 7470 1 B &0 3195 LT 940 110 12 9896 12.4974 20
P 344  PURE IRON 19-Jon-83 19-Sep-34 M1 2 3190 3199 L%t 940 2200 (3.%444 134815 14
N 253 1025 VROUGHT STELL 15-Oct-431 NA O ONA 107 35030 3566 L 47 9. 6b 2630 13.320¢ MA NA
N 250 1025 VROUGHT STEEL 25-Oct-32 30-Nov-02 784 170 3543 35 66 1. 45 .50 2630 3. 0148 11.9319 T
N 151 1025 VROUGHT STEEL 2i-Oct-22 3-Nev-#2 784 177 15 74 3551 1 4%  #.43 1640 13.1756 t3.0134 140
N 256 1025 VROUGHT STEEL 24-Dct-82 H-Mov-02 78¢ 177 15.4F 3544 (45  §.70 21430 13.2462 11.973% 148
N 2é1 1025 VROUGHT STEZL 6t-Dec-32 03-Mar-31 2140 17~ I5.41 35.5¢ . 45  9.45 Ié20 13.2239 12.5704 13
N 262 1025 VROUGHT STEEL 0f-Oec-82 03-Mar-33 12160 117 3543 35.5¢ L. 40  9.40 2620 13.0250 12.3404 130
N 240 1025 VROUCHT STESL 01-Dec-32 83-Mar-83 2160 170 1546 3559 1 42 ¥ .43 2620 13.2004 12.410% 13
N 257 1025 VROUGHT STEEL 1¢-Oct-32 03-Mar-33 2944 170 3553 35,44 (.50 9 4B 2650 13.3747 12 8114 ’"
N 257 1025 VROUCHT STEEL 26-Oct-02 20-Jui-83 51%¢ 177 35,53 35.69 (47 9.3 2650 13 2404 11 8354 120
N 257 1015 VROVGHT STEEL 2¢-Dct-42 20-Juf-33 S$29¢ 17N 35.4% 35.54 (. 45  9.5F 2440 13.2503 12.3354 "
M 255 1025 VROUGNT STEEL 24-Oct-82 231-Nov-03 7574 1100 35.6% 355t 1 45 945 2440 12,174t 12.2153 59
N 248 1025 VROUGHT STEEL 26-Gct-82 22-Nov-33 7576 177 33,56 35,74 147  §.65 12650 13.15é 11.32131 110
N 254 1025 VROUGHT STEEL 24-Oct-82 33-Nev-03 7576 177 35 46 35.5% 1.45  9.50 2840 13 1803 ) MA
N 149 1025 VROUGHT STEEL 24-Oct-02 37-Fed-04 9200 170 35 &6 35.59 145 % 45 2440 132314 11 %401 59
M 758 1025 VROUGHT STEEL 24-Oct-#2 t7-Sep-04 (3245 177 3541 35 60 107 963 1640 13 2407 10 %057 73
N 175 1.58CR,1WMO0 STEEL 24-Dct-32 30-Nov-32 784 177 35 §3 3581 & 35 9 48 3440 58,5172 SB.283% T
N 174 2.5%CH,1WM0 STEEL 26-Oct-02 30-Kev-32 784 170 3559 35 86 435 9 58 3480 504257 S0 4049 74
N 176 1.5%CR,1WM0 STEEL 14-Dct-32 30-Nev-31 784 177 3553 35.53 .35 9.4 3478 30.534é 50.2331 120
M 148 1 5%CR,1WM0 STEEL 1-Dec-12 03-Mar-83 2140 170 35 54 3447 1.87  9.50 1740 23 202 21.8431 82
N 149 B.SACH,IWM0 STEEL O1-Dec-82 #3-Mar-83 2140 177 3543 35.51  1.59 9.0 1830 23.0301 13 3444 1
N 150 2.59CR,1WNO STEEL 01-Dec-82 03-Mar-83 2160 177 35 4é 35.51  2.59 9.50 1820 13.8214 13 dédd 84
N 155 2.5%CH,IWMD STEEL 24-O0ct-32 03-Mar-83 2940 177 35.7¢ IS 53 1.59 9.58 2840 24.037% 135748 i1
N 153 2.5%CR,1WM0 STEEL 24-Oct-327 20-Jul-#3 S§1%6 110 3553 3515 2.5%  9.55 2000 23 4058 21.8341 5
N 156 1.59CH, LMD STEEL 24-Oct-82 20-Jul-$3 5294 107 35.53 35 46 1.54 955 2020 33 4895 12 S04} 74
N 154 2 SACR,1WMD STEEL 14-Oct-42 32-Nev-#3 7576 107 35.53 35.49 3.57 0.55 1820 23 4938 11.1477 T
P 724 Al14 CAST STEEL  04-Mar-84 NA KA 10N 3541 ISSE 160 945 270 141118 M M
P 920 A204 CAST STEEL  O4-Mar-84 0f-Apr-84 #15 177 35,46 3550 1.55 £.73 1450 144975 14,1342 199
P 937 K214 CAST STEEL  Oé-Mar-#4 09-Apr-#4 855 170 3544 35,51 1.50  9.50 2450 144731 141843 #7
P 923 AL CAST STEEL  Qé-Nar-34 25-Jun-84 1393 107 2544 35,33 155 $.59 2460 143426 13.4209 130
P 930 AZ14 CAST STEEL  0é-Mar-84 25-Jun-B4 2393 109 35 56 3540 (.57  9.55 Zedb 14.5399 13 9459 1M
P 26 A216 CAST STEEL  Oé-Nar-84 25-Jun-84 1393 100 354t 3551 £.35  9.50 2650 £4.4750 13 8144 120
P 21 A214 CAST STEEL  Qd-Far-84 25-Jun-84 2393 10N 3553 3560 £.55  9.75 2650 164789 134414 40
@ 121 A4 CAST STEEL  20-Apr-84 17-Sep-84 3132 100 3541 3556 1275  1.40  NA £17.9500 11d 4884 A
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IRRADIATION CORROSION

SAMPLE TIME TRRADEATION OIMENSTONS VEIGHTS CORROSION
EERRT RETIA14RRT RERARRRARAY TIITYTITL 11Lrent AATE
START END TOTAL RATE LEMWCTH WIDTH HEIGHT HOLE DI AREA [NITIAL FINAL ttvinees
NUMBER WATERIAL DATE DATE HR ER/H MM 1| m MM MNHtHM  GH oN MICROM/YR
B R A AR Rt R R AR R AR R A A R RS EN T A RN A AR R R R AN RN AR
0 119 A31é CAST STEEL  20-hpr-84 17-Sep-84 3132 177 3541 35 5% 11.73 9.30 RA 117 9537 114 21481 NA
P 93 All4 CAST STEEL  Qd-Mar-24 17-Sep-84 347 177 35.56 35 40 .52 9.50 2460 14.4312 §3.7045 it
P %11 A214 CAST STEEL  Dé-Mar-34 17-Sep-04 J®47 171 353 54 3564 157 950 1440 14 4320 13 7130 ] |
P 920 AJ1& CAST STEEL  Od-Mar-04 £7-Sep-B4 3947 177 35 .55 35.44 1.2 %.60 2630 144920 13 4941 1R
P Y211 AIL4 CAST STEEL  04-Mar-&4 {7-Sep-84 3947 177 35.46 33.33 1,55 9. 58 1440 (47749 13.75N 118
P ®1Y A3i& CAST STEEL  Qé-Mar-BM 17-Sep-84 3947 177 35 44 35.83 1 51 9.50 1650 14.4251 (3 1012 14
P %20 A214 CAST STEEL  ¢-Mar-84 17-Sep-04 3947 177 3941 3§54 §.52 9. 80 1450 14.200i6 13 3098 1oe
P %31 A114 CAST STEEL  Qé-Mar-04 17-Sep-3d 3M7? 177 3546 35.53 152 9 43 2450 145440 11.741% §?
P ¥2% AI114 CAST STEEL  Oé-Mar-84 17-Sep-B4 3947 177 33 56 35.644 1.55 7.53 3460 14.501% 13.54%4 .
N 104  A17 CAST STEEL  24-Oct-81 NA | NURARARS T LI £ I S IO O T O - T 1 1] NA NA
N 83  A17 CAST STEEL  34-Oct-82 3G-Nev-B2 7H4 777 35 41 34.83 1.t %40 2900 23 4044 NA A
N 8 A17 CAST STEEL  24-Oct-B7 30-Now-233 784 117 35 41 35 04 1.44 % 40 1430 13 0058 11 80N 100
N 163 AI7 CAST STEEL  14-Cct-81 30-Nov-81 784 777 3546 35.41 4 35  #.55 3480 58.4%81 354 4599 130
N 6t A17 CAST STEEL  24-Oct-O7 03-Mar-83 1944 177 15 44 35.7% 240 %.41 11836 11 %468 11.9903 130
N 108 A27 CAST STEEL  24-Oct-02 03-Mar-43 3944 777 35 81 3561  §.35  9.40 3480 59 0103 57.7510 140
N &5 AZ7 CAST STEEL  24-Oct-31 03-War-83 21944 177 35 .41 38 43 1 48 9. 68 1890 133491 11 tM4S L
N 70  AI7 CAST STEEL  24-Oct-87 20-Jul-43 5296 77 34,01 35,41 1440 9 .43 1840 11 9904 NA NA
N &1 A27 CAST STEEL  24-Oct-32 I0-Jul-83 519 '77 35 40 35.&0  2.46 9 86 300D 371327 11.024% L}
N &7 A27 CAST STEEL  24-Oct-82 27-Nav-43 7574 1777 35.4¢ 24 .40 2. 44 9 .48 1870 13 1754 1f qQ70% 119
N é¢ A7 CAST STEEL  24-0ct-82 22-New-3) 7576 77 2440 3541 2. 46 9.70 2090 12.530% 1 493¢ 1A
N 187  A27 CAST STEEL  24-Oct-82 !7-Sep-34 13245 777 2546 3543 4.35  9.45 3480 589214 55 1143 ¥
P 15T X217 MORM. CAST 25-Mar-83 L1 ME T O354d 35 36 15D %27 1450 14.103¢ NA NA
P 147 A7 NORM. CAST 15-Nar-43 30-Jol-03 2351 "7 35053 3%.16 1.51 9025 1430 13.7584 11.9147 330
P 154 K17 NORM CAST I§-Mar-83 J0-Jui-83 23317 "7 3544 3500 150 8.9F 2450 139244 11 4947 n
P 151 A17 NORM CAST 15-Mar-03 22-Nov-83 4432 "77 3554 35.33  1.50  6.9% 2440 139311 13.4093 i
P 150 A7 NORM. CAST 15-Mat-33 12-Now-03 44323 ' "7 3874 3531 LLR2 BT 2440 14 (475 NA NA
P 154 AL7 NORM. CAST 15-Mar-43 22-Rev-§3 4432 7™ 15.54 3516 151 % B4 T640 13 8370 11 974 7
P i%1 A7 MORM. CAST 1%-Mar-03 17-Feb-04 7080 177 35 56 33.3F 1 S0 9 14 1440 13.8938 11 W02 1
P L4 A27 NORM CAST 15-Mar-33 09-dpr-84 7893 170 3534 3534 1517 9.2% 1640 141444 NA KA
P 131 A2V NORM. CAST 1%-Mar-83 17-Sep-84 11037 777 3T B 3R .6r 1 81 BB Ie0 14131 11 .M it
P 135 AI7 NORM. CAST 25-Nar-83 17-Sep-04 11037 *77 3554 3531 1051 V.17 1440 13 3T 11 8347 17
N i1 OUCTILE CAST IRON 01-Oec-BZ NA RE 177 35,74 39,81 1.5t 1003 1820 11.4442 NA NA
N % DUCTILE CAST IRON 01-Dec-32 03-Ma:-83 121060 77 35.8% 3351 1.5f 10.01 2000 21.12446 120 3470 12¢
N 17 DUCTILE CAST IRON ©!-Dec-32 03-Nar-23 1168 '7 7 33 68 3544 130 10.04 2810 31.134% 30.4070 130
N 18 DUCTILE CAST IRON O1-Dec-81 83-Mar-03 7140 777 3548 35 31 2.49 10 O¢ 2700 20.%734 20.4%01 L
N 17 DUCTILE CAST IRON &1-Dec-82 20-Jul-B3 4542 177 3876 3540 2.51 10.01 830 21.3837 (9.4661 130
N 14 DUCTILE CAST I[RON Q1-Oec-82 20-Jul-#3 4512 P77 357 35.51  1.51 16 11 2810 21 1602 LT NA
N 1) DUCTILE CAST IAON P1-Dec-82 27-Mov-33 47%1 77 33 .46 35.89 2.49 10.0¢ 2800 11.1424 NA NA
N 1! DUCTILE CAST IRON 01-Dec-87 22-Now-83 4792 177 35 48 35.43  1.50 10.93 1796 31 3153 11 9417 78
N 1! DUCTILE CAST IRON 0)-Dwc-21 12-Nov-31 4791 177 35. 48 3%.86 1.5t 10.01 2330 11 301 1+ 31N 120
N # DUCTILE CAST IRON @)1-Dec-82 17-Feb-84 $514 177 35,63 3951 246  9.%0 2790 11.0341 1Y .01MD 939
N 17 QUCTILE CAST IRON (0f-Dec-82 17-Sep-#4 12461 17~ 3551 3579  1.81  %.%4 1010 1i.3772% 1% 1147 1
X f4 OUCTILE CAST IRON 01-Dee-82 17-Sep-34 12461 17~ 35 40 35,70 251 9.38 1810 201.3841 10 5% L))
FE I3 PURE IRON 25-Mar-81 NA Nk (A0 3178 31075 1 40 9oAd 2130 116403 NA NA
FE PURE IRON 25-Mar-$3 10-Jel-03 2352 100 J1M 310 .57 1030 M0 11,4323 10 .t1ed "
FE 11 PURE 1EON 13-Mar-03 20-Jul-83 12351 170 387 3L4% EEF 0 9.41 L1011 10 Y 11
. FE 1! FURE {RON 25-Mar-83 ti1-Now-3 437 17N 3.7 31,47 .55 RoAT 1110 11 4532 NA 1}
FE ¢ BURE IRON 15-Mar-83 21-Mov-23 4431 170 L.TY 30.7F L300 940 Q116 £1.511Y f0.M2 [
FE 13 PURE IHON 15-Mar-43 12-Mev-81 4431 177 3.7 3170 1.48  *.37 QU280 11 4044 10 3833 130
FE PURE IRON 15-Mar-43 17-Feb-M4 7080 100 3070 HO7 137 Y.41 1OBD id.Léd% D.A731 7
FE 7 PURE 1ROM 15-Mar-43 §7-Sep-M 11827 177 H.M3 347 1§81 vAS L1210 11.3943F % 1410 1L



[RNADIATION CORROSION

SANPLE TINE IRRADIATION DIMENSIONS VEIGHTS CORROSION
Tt TETIREREY  RAREREAMERD Iy RTINS AATE
START END  TOTAL RATE LENGTH WIDTH HEIGNT HOLE DI AREA INITIAL FINAL resseeens
NUNBER MATERIAL DATE OATE NR XR/H MM | M MM MM K GM  MICROM/YR
R R A R T AN A AR AN A AR RPN AR R A R T RN TR R R A AR ERAR R AR TNARNRR RN LI AN
FE 8 PURE IRON I5-Mar-03 17-Sep-84 11037 170 3070 317 1050 Y31 Q1110 1h.0087  8.7%5) 10@
EE U4 PURE TRON 15-Mar-B3 17-Sep-84 11027 177 3070 ML 47 1. 42 9.37 1100 10 9422 9.4477 61
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SUMMARY OF SLOW-STRAIN-RATE DATA
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£°0

Specinen

Strain
Hate,
s'?__

Aeference Cast Steel

Jéns
EEY:]

FEEL)

1260

ehl

12he
bl
J2eh
2bh

yie s

o

2w wd

1x 1wt

1x 1077

2 e w!

1x 107®

ix 1077

TI

=]

15

U

150

150

150

sl

Isu

150

130

1o

PRRZ

PEBZ

PHEZ

PHd 2
PEH2

PREBZ

PBE2

PEBZ

Air

PERZ

Air

Alr

PHE 2

Ajr

°C Solution _Sparge

Air
pxposed

Ar

Air
expgsed
Ar

Ar

Air
exposer

i M,
8% AF

w% U,
0% AT

2in. U?
Al Af

20% Uy
0% Ar

Reduct1an  Elon- Tield Ut imate
of Area, agation, Strength, 5Strength,
% ¥ MPa MPa
id 15 - -

20 113 41 446
1 13 - 27
14 14 24l 438
16 il 237 460
13 14 - -

26 1& 247 457
I i4 217 a4z
23 16 236 440
25 13 210 449
25 14 232 ahe
32 il 282 474
Fid:! 14 278 424
5 1? 257 496

Yield
Lean,

ky Load, kg

410

653

594

h94

SH7

571

&4R

567
ma
571

643

Initial Final
Initfal Infrial Hage Final Final Rage
Uitimate Width, Thickness, Length, Width, Thickness Length,

m mh (L mm mh mm

- 5,10 4,98 25,4 4,565 450 2,2

1122 5.01 4490 25.4 4,50 239 29,5
839 4.95 4,43 - 4,17 4.42 -
195 5.08 4,85 25.4 4,70 4.26 28,9

1149 4.98 4,93 26.4 4,44 4.h2 2
- 4,495 4,490 Snp 460 4,47 See
Lng Lag
1174 5.00 4,43 25.4 4,24 4.22 -
1062 4.93 4,75 25.4 4,52 4.1z 24,49
me7 4,97 4.7 5.4 4.42 4,12 -
1078 4,48 4.R3 504 4.12 1,14 n.n

1228 5,00 4.80 25,4 442 4,11 n.z

19z 5,01 4.90 25.4 4.06 4,04 8.7

1061 5.00 4,90 25.4 4,32 4.27 28.9

126D 5,00 4.98 25,4 450 4,7 2,7

Energy
Ta Max.
Loar,

kg-rm

al4

4545

149

1R

Total
Energy
Ahsorhed,

kg-n

4491

3A3

414

G64

755

521

mi



v a

Jtrain Reduetian  Elan- tield Uttimate
Rdti' of Area, gation, Strangth, Strength,
Specimen 5 T, °C Solutien _Sparge ;] ] MPa MP 2
geey 1k 0T 1% PBEZ 208 D, 14 13 241 440
0% AR
wery L a 1078 15p PBBZ 204 U 18 12 244 437
BUS AP
WL 1x WY g Air - 3 17 247 143
Pus 2 x 1077 30 PHEZ  Air 11 14 - -
exposed
Pusl  boa % 4w PBBZ Air 24 14 454 -
eipnsed
Paby 1« 7Y 50 Air - 40 22 - an?
Pawd 2w 1877 wp VBEZ  Air 15 - - 855
pobd 2 1970w PAEZ  Air 13 11 - a4
axpnsed
TR TP T N1 Bir - 24 20 . 504
Pa66 LU0 50 air - £ 22 - 465
TS R P U L PR Rie 13 14 - 426
expnsed
poby 2 a 1977 L hir - 22 - 254 513
oy 2x T PEBZ Air 16 16 245 465
pxposed
pole 2 & 137 nu vBaZ  20% O - 12 1 502

HUL Ar

Initial Final Energy Tntal

Yield Tnitial Infrial Rage Final Fina? fiage To Max, Energy
Load, Ultimate Width, Thickness, Length, Htdth, Thickness Length, lLoad, Absorhed,
kg Load, &g m mn Lyl e mn mm kg-m kq-m
612 1118 5.00 4_9H 25,4 4,70 4.57 - 518 543
635 1139 5.80 4.90 25,4 4,72 4,44 - 397 431
616 112G 5.N0 4,490 25.4 4,26 4.16 - w49} T

- - 5.03 5.03 - 4,47 4,712 - B -

- - 4.93 5.013 4.4 4,26 4,44 - - -

- - 4.490 h.031 5.4 - - - - -

- - 4,94 4,031 - 4,45 4.57 - - -

- ik 4,43 5.00 - 4.6% 4,62 - - -

- - 4,54 5.0n 5.4 - - - _ _

- - 4,85 5.3 - - - - - R

- - 4,98 5.03 - - - - - -

- - 5.03 5.NY BR_TE 4,457 4,32 73.23 687 744
630 1198 5.1H] 5.7% 254 4,15 4,44 - 554 A14
776 1295 5.00 5.0% ?5.4 4.6} 4,83 - 500 544



S ¢

iftrain Reduct ion Elon- field Uitimate Yield

) Hag?. ) ) ) of Area, gation, Strength, Strength, Load,
Specimen 8 T, * Solution Sparge b3 % MPa MPa kg
pe7l 1 x WY 150 Air - 40 20 723 453 571
pora 2w 077 15 PHE2 20z 0, 17 15 292 506 744

H0% Ar
pars 2k W7 I Air - 30 - - 449 -
pate 22 107w PRBZ 2us i, 23 16 223 445 562
HiE Ar
1U¥s Last Steel, Normalized

bewy ok Y 1ay suneled 13 4 2r5 446 -
weal 1x Wt 1w U2 - a4 21 - - -
Aae 2 T 1w LTy ar 12 15 130 519 -
fgds 1 x WY sy Air - 53 22 255 491 -
pzya 2 x W0*7 15U air - 4n 21 293 563 -
payn 1% 107% Lsu Air - 7 19 263 489 .
Peas 7 x 1077 s Air - 54 22 250 53 -
pewr om0t 10 PRAZ 0 - - . - _
pras 2 w07 1w Rz ar 1R 15 245 528 -
payy 2w T 1 PURZ 2 20 15 229 532 .
vl 2 1970 S0 P - 14 12 239 506 -
panl oz x 1wt sy FIEY - t 12 728 508 -
DT RPN TTLL S 1) pguzte! 19 5 215 457 -
P3d 1wt AR - 54 a2 274 a9y -

{a) Expnsed to PUEZ toar 2 weeks befare strainipg.

Mttmare
Enad, kg
1113

t2az

Initial Final Energy Total
Inftiat Tnitial frage Final Final hage To Max. Energy
Width, Thirkness, Length, Width, Thickness Length, Lnad,  Absnrhed,
i m Ll mm m e kg-m kg-m
5,00 5.03 25.4 3,93 EPLI - 601 810
4,95 5,05 25.4 4,54 4,54 - 511 £46
4.490 506 - 411 4,72 - 597 1204
4.90 515 25.4 419 4,52 - 539 Wt}
4.33 4.03 - - - - 629 919
5,00 5.105 fR_28 - - 74,18 7 1122
4,33 5,103 - - - - a4 a0
4,88 L] 25.1 - - 3,2 b7d 473
4,93 5.N4 9.4 - - n.7 11z 1184
4,95 5,08 5.4 - - in. 2 47 97
4_49R £,04 25.4 - - 31.n 642 7
4,62 5.13 - - - - - - -
4,50 5.1 - - - - 435 hil
4,77 5,08 - - - - 521 w07
3.4] 4,94 - - - - 493 EPE|
440 S0 - - - .z 15f 497
4.AR &, (1 - - - - 125 529
4.98 LI - - - 3.0 1 1NES



Initia! Final Energy Totat

Strain Reduction  Elon- Yield Uttimate  Yield Initial [nitial fiage Final Final Gage Ta Max. Energy
Rdti. of Area, gation, Strength, Strength, Load, ltimate Width,  Thickness, Length, Width, Thickness Length, Loard, Ahsorhed,
Specimen 5" T, °C Solution  Sparge ) _.1 MPa MPa kg Load, kg m ) o mrm mm mm kg=m kg-m

102y Wronght Steel, Transwerse Orientation

w36 2 x X7 Ian Air - 63 28 - - - - 4.91 6.37 25,4 . - 32,3 - -
yise 1w bt 5o PHB2 - 12 31 243 186 785 1247 498 6.35 25,4 2,12 133 111 - -
Nave Lo w180 Bir - &9 3l a7 317 453 1207 4.93 B.35 25.4 277 3.48 3.0 - -
Nisz 1w 107 1sy Air - 70 &1 25t 383 R 1234 1,93 6,35 25.4 217 3,45 3.0 - -
Nibs 2k W77 1au FHAZ - 21 s PLE 422 - - 4.95 6,35 2.4 - - 3,7 - -
T IS U (TR S PEBZ - it 3 243 408 844 1111 4,98 £.38 25.4 2.0 2.4 33.5 - -
TR SR ol Y Air - B 30 - - - . 1.95 6.35 25,4 - - 32.8 - -
& NIZL 0 2 x 1077 e PBaZ - 21 M 274 430 - - 4,88 6.34 25.4 - - 8.2 - -
7 LU2% Wruught Steel, longitudinal drientation
N7z 2w 7l 1m0 PREZ - 29 14 304 499 - - 4,90 5,30 25.4 - . 23,7 - -
Nitd 1 x Iﬂ'b 150 Bir - 53 22 - 433 - - 1,93 5.37 5.1 - - .y - -
N1EP L« 107t jaw PHBZ - 53 23 795 124 - - 4,85 6.35 5.4 - - 31,0 - -
w3 1w 10 s ABR7 - 50 2 797 441 - - 4,93 b0 5.1 . - n,» - -
NIBL ¢ w1077 ma PEBZ - 24 17 301 457 - - 4,95 6.27 5.4 - - 29.5 - -
nagz  rx 1070 150 PhE2 - 50 22 - - - - 4,93 A 30 5.4 - - 3.0 - -
nid Lx et 1m0 Arr - o 22 205 a0 955 1370 4,95 630 5.4 3.30 419 31.n - -
Nagy o2 x 1077 1en Air - 52 2 291 480 - - 4,95 5,32 25,1 - - i,z - -
AL 1wt sy Air - 55 72 29z 426 928 1354 4,43 6,32 5.4 3,30 4,22 3.0 - -



=
-
~d

Strain
. g
Spe rmen 5 I, °C
2 1/2% Ur, 1% Mg Steel
MEZ 1« WY 15U
MaTs 2 x W 180
Mt 1w w070 Lo
Mase 2 x 1077 s
Medl 2 x 7T 1ay
Mgy 1 a W07Y 180
Mgy 4 1« IU-4 1aU
Uuctite Cast lron
Mdgd 1 s Wt 1sp
Mgey 1« 107 180
w96 7% W7 bs0
M4l 2 x W77 150
Maws 1k 107% 1aw
Mayy 2 x 1077 150
#aul 2 x W7 Isu

Initial Final Energy

Reduet ton Elon- Field Uttimate fieln Initial Initial fage Final Final Hage To Max,

of Area, gation, Strength, Strength, Load, Mitimate Width, Thickness, Length, Width, Thickness Length, Load,

Solution  Sparge ] % MPa MRy kg Load, kg mm mm i mm mm ™ ky-m

Aair - a3 21 - - - - 4.98 5.08 25.4 - - 30,7 -
PHEZ - 37 16 - - - - 4,93 5,10 25,4 - - 29.2 -
Air - &4 18 - - - - 4,98 5.13 25,4 - - n.g -
PilR? - 2i 15 - - - - 4,88 5,10 25,4 - - 29,2 -
Air - 60 14 - - - - 4,93 L.10 24,4 - - 30,1 -
PREZ - ETH 19 - - - - 4.95 5.10 25.4 - - n.r -
PHB2 - 53 20 - - - - 1.38 5,08 25.4 - - 0.5 -
pER2 - iR 5.0 - - - - 4.93 .4 25.4 - - 2R -
PHEZ - 3.1 5.5 - - - - 4,88 5.08 25.4 - - 26.4 -
PERZ - 3.0 4.4 - - - - 4,93 5.08 26,4 - - 26.4 -
PARZ - 3.3 4.8 - - - - LI 5,08 29,4 - - 25.9 -
Air - 4.5 s - - - - 4,95 5.1R EE - - 26,7 -
PHEZ - 4.4 4.2 - - - - 4.90 5.05 25.4 4.R3 4.94 2h,4 -
Air - i.n 6.0 - - - - 4,83 5,04 25.4 - - 29.5 -

Taral
Energy
Absarhed,

_kgem






APPENDIX D.2

CORROSION FATIGUE TEST RESULTS

0.9






TABLE D.2. Corrosion Fatigue Test Results

Specimen No. N426 Material 1025 steel
Load 635/63.5 kg Frequency 10 Hz

Temperature 150°C

AK, MPar/m
20.03
20.55
21.34
22.61
23.93
25.33
27.87
30.49
32.72
35.76
39.64
47.25

W5.1cm B 1.3 cm
Environment Air

da/dn, m/cycle
3.6 x 10-8(a)
6.9 x 10-8
8.1 x 1078
7.1 x 10-8
7.6 x 10-8
1.3 x 10-7
9.7 x 10-8
8.9 x 10-8
1.2 x 1077
1.2 x 1077
1.3 x 10~7
2.7 x 1077

{a) This observation was deleted from
determination of the regression

line,

Specimen No. N438 Material 1025 steel
Load 635/63.5 kg Frequency 1 Hz

Temperature 150°C

AK, MPav/m

WE5.1lcm B1.3 cm
Environment PBB2

da/dn, m/cycle

27.6
30.7
32.5
36.0
40.0

42.1

2.8
8.1
1.2

2.5
1.0

7.4

D.11

x 1078
x 1079
x 10-8
10~8
10-8
x 10-9

X
X



Specimen No. N440

Load 635/63.5 kg
Temperature 150°C

Material 1025 steel

Frequency 1 Hz

AK, MPav/m

24,
25.
26.
.82
30.
31.

27

33
36
39
44
49

06
60
39

18
53

.48
.45
.55
.44
.b2
57.

04

{a) Observation deleted from

WE5.1cm B 1.3 cm
Environment DI water

da/dn, m/cycle

3.8 x 10-8(a}
2.1 x 10-7
2.4 x 1077
2.7 x 10-7
1.2 x 106
6.5 x 10-7
1.4 x 10-6
1.3 x 1D-6
1.1 x 107
2.4 x 1076
2.0 x 1076
8.3 x 10-6

of the regression line.

Specimen No. P623
Load 635/63.5 kg

Temperature 150°C

determination

Material A216 steel
Frequency 5 Hz

W5.1cm B1.3 cm
Environment Air

MK, Mpav/m da/dn, m/cycle
27.6 3.1 x 1-77
29.9 3.6 x 1077
32.2 4.2 x 1077
34,2 4.9 x 1077
37.0 6.2 x 10-7
43.7 1.1 x 1076

D.12



Specimen No. P630

Load 635/63.5 kg

Temperature 150°C

Material A216 steel
Frequency 0.1 Hz

W5.1cm B1.3 ¢cm
Environment DI water

AK, MPa/m da/dn, m/cycle
34.6 3.0 x 1070
35.9 3.5 x 10-6
37.0 3.9 x 10-8
38.5 3.9 x 10-6
40.0 8.2 x 1078
41.8 8.6 x 1076
43.5 1.3 x 1075
45.9 2.4 x 10-5

Specimen No. P626

Load 635/63.5 kg

Temperature 150°C

Material A216 steel
Frequency 1 Hz

AK, MPa/m

31.
33.
34,
36.
39.
41.
43.
46.
52,
57.

5

w O~ O

W5.1lcm B 1.3 cm
Environment D1 water

da/dn, m/cycle
6.4 x 1077
8.2 x 10-7
1.6 x 10-5(a)
1.2 x 10~/
6.5 x 1070
4.0 x 10-6
6.5 x 10-0
4.9 x 10-6
3.9 x 105
3.1 x 103

(a) Inadvertent overload.
the determination of the regression
line,

D.13

Deleted from



Specimen No. P625

Load 635/63.5 kg

Temperature 150°C

Material A216 steel

Frequency 0.1 Hz

A, MPavm

33

33.
35.
38.
40.
41.
43.
45.
a7,

IO

h NN NN 0 =~ 0 B

{a) Inadvertent overload.

da/dn,

W51cm B1.3 cm

Environment PBEZ

m/cycle

1.4
2.8
4.6
1.2
8.6
2.0
1.2
7.1
6.9

X
X
X

b T SR S S

1077
10-8
10-7
10-8
10-8
10-7
10-6
10-6
10-6

{a)

Data not used

in determination of the regression

1ine.
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APPENDIX E

COMPILATION OF STATISTICAL DATA

Statistical Assumptions, Cautions, and Minor Conclusions:

Most of the statistical analyses relied on the assumption of normally
distributed error structures. This assumption was checked by
performing the Shapiro-Wilk W test or the Kolomogorov D test for nor-
mality. Departures from normality were handled by data transforma-
tion; either taking the logarithm or ranking.

Homogeneity of variance was also assumed for most analyses. This
assumption implies that the underlying replicate variance is the same
for each treatment combination. Data transformations applied to cor-
rect normality departures also corrected homogeneity problems,

Some of the material differences in the experiments were somewhat
confounded with specimen dimension differences and beginning date or
ending date differences. Therefore, to conclude that differences
among materjals are due only to material differences, one must assume
no significant dimension or date effect. In the case of the cor-
rosion rate calculation, correction is made for the specimen
dimension, which makes the assumption of no significant dimension

effect very reasonable,

A1l confidence limits are limits on the population mean, not on the
individual values.

Confidence intervals plotted in Figure 7 were derived from an
analysis of AZ216 data only without assuming any log-linear trend over
time., These confidence intervals and averages were obtained indepen-
dently of the statistical analysis, including all materials for which
a log-linear trend over time was assumed,

im
-
[



e In the statistical analysis of the moist salt tests, the true repli-
cate error term that should be used to test material and water con-
tent differences is the container-to-container variability; not the
within-container specimen variability. In order to obtain a statis-
tical test for these differences one must assume no significant con-
tainer-to-container variability. This assumption was examined by
assuming a linear and quadratic trend only across water content and
pooling the lack of fit into a container-to-container term. This
term was not significant, which supports the assumption of no
significant container effect.

e No statistical analysis was performed on the energy-absorbed data of
the SSR tests.

® For completeness and possible future experimental design use,
Table E.5 is included. The standard deviations and relative standard
deviations are reported. The relative standard deviation is the
standard deviation divided by the overall average represented as a

percent.

TABLE E.1. Estimated Mean Rate (at time shown) and 95% Confidence
Intervals About the Mean for A216 Steel in Intrusion
Brine PBB2 at 150°C, Unirradiated

Estimated
Mean Standard Upper 95% Lower 95%
Experiment Hours  Rate, um/yr Error Conf. Limit Conf. Limit
A216-Anoxic test 696 19.8 1,18 22,4 17.2
2897 14.1 1.18 16.7 11,5
5321 16.7 0.68 18.2 15,2
5635 11.9 0.75 13.6 10.3
A216-0xic test 736 27.2 2.19 32,2 22,2
2908 27.6 2.10 32.3 22.8
5384 24,9 1.03 27.3 22,6

E.2



TABLE E.2. Statistical Treatment of Data from PBB1/PBB3 Moist Salt
Test--A216 Steel, 150°C

Upper 95% Lower 95%

Test Duration, H50, Estimated Mean Standard Conf. Conf.
h % Ma, 1(2)  Rate, mm/yr Error Limit Limit

767 20 1.7 0.615 0.031 0.696 0.535

767 30 2.7 0.665 0,050 0.794 0.537

1659 30 2.7 0.691 0.037 0.785 0.596

2178 5 0.42 0.469 0.011 0.497 0.440

2178 10 0.81 0.534 0.016 0.576 0.49?

2178 20 1.7 0.669 0.007 0.687 0.626

2178 25 2.2 0.631 0.029 0.706 0.556

2178 30 2.7 0.663 0.037 0.758 0.567

{a) Calculated on a dry-weight basis.

TABLE E.3, Statistical Treatment of Corrosion Rate Oata from
Moist Salt Test of A216 Steel Having Various Heat

Treatments
Estimated Upper 95% Lower 95%
Mean Standard Conf. Conf.
Environment Material Rate, um/yr Error Limit Limit
NaC1/NaCi A216 4,59 0,32 5.29 3.89
{al treatments)(a)
PBB1/PBB1 A216 10,5 0.51 11.6 9,34
(al treatments)(a)
PBR1/PBB3 A216-C 577 73.2 743 412
(as-cast)
PBB1/PBR3 A?16-H q19 73.2 1080 753
(homogenized)
PBB1/PBB3 A216-N 766 73.2 g3? 400

{normalized)

{a) There was no significant difference among the rates of the three
treatments of A216 in this environment; thus the data were combined
to estimate an overall mean rate.

E.3



TABLE E.3, (contd)
Environment
NaC1/NaCl PBB1/PBB1 PBB1/PBB3
Rate, Rate, Rate,
Material pm/yr Comparison(a) um/yr Comparison un/yr Comparison
A216-C 4,68 A 10,94 A 577.2 B
A216-H 4,27 A 10,37 A 918.9 A
A216-N 4,82 A 10.06 A 766.0 AB
Standard
Deviation: 1.18 1.90 146.4

(a) Shared letters indicate no significant difference at 95% confi-
dence level with respect to corrosion rates.

A statistical analysis of the data indicates that 1) the corrosion rates

are significantly different depending on environment; 2) there are no signifi-

cant differences among corrosion rates of the three types of A216 steel in the

NaCl and PBB1/PBBl environments; and 3) the A216-homogenized corrosion rate was
significantly higher than the A216 as-cast corrosion rate in the PBB1/PBB3

environment,

TABLE E.4, Estimated Mean Rate {at time shown) and 95% Confidence
Intervals About the Mean for AZ216 Steel 3” Intrusion

Brine PBB2 at 150°C Irradiated at 2 x 10¥ rad/h and
1 x 10¥ rad/h
Estimated Mean Standard Upper 95% Lower 95%
Hours Rate, pm/yr Error Conf, Limit Conf, Limit
A216, 2 x 103 rad/h 768 21.1 1.55 24,6 17.6
2180 13.9 1.56 17.4 10.4
3974 11,1 0.98 13.3 8.9
5099 13.7 0.98 15,9 11.4
A216, 1 x 10° rad/h 815 141 7.0 156 125
2393 116 5.0 127 105
3947 105 3.5 112 97

E.4



TABLE E.5. Variability Estimates for Each Experiment

Random Relative
Standard Standard
Experiment Deviation Deviation,%
General Corrosion--Anoxic 2.73 1.7
General Corrosion--Oxic 2.36 13.8
Irradiated at 2.3 kr/h 1.78 9.9
Irradiated at 50 kr/h 11.47 11.0
Moist Salt:
A216 at 767 h 101.9 15.9
A216 at 1659 h 89.9 13.0
A216 at 2178 h 57.9 9.8
Nuctile iron at 767 h 23.1 6.7
Ductile iron at 1659 h 3.69 1.1
Ductile iron at 2178 h 14.6 4,6
W1025 at 676 h 25.0 17.2
W1025 at 1659 h 7.32 9.7
W1025 at 2178 h 9,87 12,4
A216 in NaCl/NaCl 1.18 25.7
A?216 in PRB1/PBB1 1.90 18,1
A216 in PBB1/PBB3 146.4 19,4
Slow Strain Rate:
Reduction of area at 150° 4.42 11.2
Elongation at 150° 1.61 7.8
Reduction of area on 4.83 21.8
A216--3 temps.
ETongation on A216--3 temps. 1.76 11,2

E.5



Summary of Statistical Data from Corrosion Fatigue Tests

The predicted values are points on the regression line, The Tower 95%
means and upper 95% means are the lower and upper confidence bands about the
regression line. The values are Log(Rate} values.,

Summary of Statistical Data from Corrosion Fatigue Tests, Specimen Number N426

Ob;E;;g:ion He;sg ;;cLoweEa) Log of Uppefa)
R ycle Mean, m/cycle

1 -7.265 -7.0628
4 -7.2373 ~7.049

3 -7.1955 -7,02712
4 -7.1557 -7.0046
5 -7.1174 ~-6.9804
6 -7.0582 ~6,9345
7 -7.0099 -6.884

8 -6.9768 ~6.8395
9 -6.9396 ~6.7789
10 -6.9007 ~6.7045
11 -6.8394 ~6,5726

(a) Lower and upper confidence values ahout the
regression line, 95% confidence.
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Summary of Statistical Data from Corrosion Fatigue Tests, Specimen Number N44Q

Observation Log of Lower Log of Upper
Number Mean, m/cyc1e(a} Mean, m/cyc1e(a)
1 -6.7691 -6.3324
2 -6.7054 -6.2938
3 -6.,5962 -6.2254
4 -6.4324 -6.1157
5 -6.3477 -6,0527
6 -6.2366 -5.9619
7 -6.0913 -5,8211
8 -5,9656 -5.6722
9 -5.8038 -5.4417
10 -5.662 -5.2126
11 -5.4905 -4,9151

(a) Lower and upper confidence values about the
regression line, 95% confidence.

Summary of Statistical Data from Corrosion Fatigue Tests, Specimen Number P623

Observation Log of Lower Log of Upper
Number Mean, m/cycle(d) Mean, m/cycle!(@)
1 -6,5974 -6.4857
2 -6,4881 -6.4025
3 -6.3911 -6.3214
4 -6,3172 -6.2503
5 -6.2284 -6,1499
6 -6,0561 -5,9222

{a) Lower and upper confidence values about the
regression Tine, 95% confidence.

E.7



Summary of Statistical Data from Corrosion Fatigue Tests, Specimen Number P630

Observation Log of Lower Log of Upper
Number Mean, m/cyc1e(a) Mean, m/cxg!e(a)
1 -5,7313 -5.4731
2 -5.5908 -5.3787
3 -5.4788 -5.2985
4 -5.3383 -5,1859
5 -5,2146 -5.0662
) -5.0869 -4.9137
7 -4.9804 -4,7663
8 -4 ,8439 -4.5608

{a) Lower and upper confidence values about the
regression line, 95% confidence.

Summary of Statistical Data from Corrosion Fatigue Tests, Specimen Number P626

Observation Log of Lower Log of'Upper
Number Mean, m/g3c1e(a) Mean, m/cyc]e(a)
1 -6.4344 -5.8437
2 -6.2135 -5.7079
3 -6.1096 -5.6413
4 -5.6816 -5.3294
5 -5.4885 -5.1504
6 -5.3657 -5.0156
7 -5.1916 -4,7926
8 -4.9478 -4,4259
9 -4,7364 ~-4,0749

{a) Lower and upper confidence values about the
regression Tine, 95% confidence,

£.8
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