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EVALUATION OF CORROSION DAMAGE TO MATERIALS AFTER 
THREE YEARS IN THE AVERY ISLAND SALT MINE 

J. C. Grless 

ABSTRACT 

The corrosion results obtained from two heated steel pipes 
that had been buried In a salt mine at Avery Island, Louisiana, 
for about three years are reported* In addition, weight losses 
of corrosion specimens of several alloys attached to the outer 
surfaces of the pipes were also obtained, and the maximum depths 
of penetration were measured. The greatest attack was noted on 
carbon steel, particularly when the water content of the salt 
was high. The maximum penetration rate observed was about 
1 mm/year. All other materials tested underwent much less 
attack than did carbon steel; titanium and Hastelloy C-276 were 
totally unaffected on both pipes. Minimal attack was also noted 
on Zircaloy-2 and type 304L stainless steel, whereas E-Brite 
26-1 experienced pitting, and, at high temperatures, a more 
general attack on some areas. 

INTRODUCTION 

Stable geologic formations are probable locations for permanent 
nuclear waste repositories. Radiological safety considerations require 
that wastes be enclosed in suitable containers, and the Nuclear Regulatory 
Commission may require that these containers remain unbreached in the 
repository for periods as long as 1000 years. Most current concepts 
envision that waste containers or canisters will be made from a metal or 
alloy and that the canisters will be protected from the environment by 
another barrier such as a metal sleeve. 

High on the list of preferred geologic formations for waste reposi-
tories are both bedded and domal salt formations. Tests conducted more 
than a decade ago provided data on the thermal-mechanical behavior of 
bedded salt as well as on the corrosion behavior of stainless steel and 
mild steel.1 In those tests both radionuclide decay and electrical 
heaters were used to heat metal containers buried in salt. To determine 
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the mechanical properties of domal salt, which contains less water than 
bedded salt, under similar thermal conditions (but in the absence of a 
radiation field), experiments began in April 1978 in a dome salt formation 
at the International Salt Company's mine on Avery Island, Louisiana. 

The primary objectives of the tests, as defined by Fairchild and 
Jenks2 and summarized by Van Sambeek,3 were 

• Establish the thermal conductivity and heat capacity of domal 
salt and provide data for verifying methods of calculating 
temperature and displacements in salt subject to overdrive 
heating; 

• Establish the thermal and mechanical properties and behavior 
of domal salt when heated to temperature of interest for a 
waste repository in salt and provide information on the 
closure of an open disposal borehole and/or degradation of 
the borehole surface during heating; 

• Establish the thermal and gas-atmosphere exposure conditions 
which simulate those expected for a sleeve/backfilled high-
level waste package and determine the corrosion charac-
teristics of the crushed salt backfill, and the amount of 
brine and certain gases that enter and are trapped in the 
backfill during the heating period. 

Although not listed as one of the major objectives of the tests, the 
corrosion of several potential canister materials was also measured, not 
only with crushed salt as backfill but also in the two cases without 
backfill. This report presents the corrosion data obtained in those cases 
without backfill; the experiment with the salt backfill is continuing. 

DESCRIPTION OF TESTS 

The test program consisted of three separate experiments, two of 
which were completed in the Avery Island salt mine and the third is still 
in progress at the mine. In each experiment a 0.324-m-diam pipe 5.5 m 
long was placed in a slightly larger hole drilled into the floor of the 
mine, which was 152 m below sea level. The pipes had a flat bottom and a 
flange welded to the top. Electrical heaters simulated decay heat, and 
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the pipes were placed in the mine such that the heat generated ln one had 
no effect on the others. In this report the pipes are referred to as 
sleeves and are designated A, B, and C. 

Figure 1 shows schematically the general manner ln which the sleeves 
were located in the salt. The relative elevation of the components in and 
on the sleeve Is correct, but the horizontal scale is exaggerated. A 
heater was centered in the bottom section of each sleeve and consisted of 
a 2.6-m length of 0.20-m-diam stainless steel pipe that had electrical 
resistance heaters placed inside. This pipe was then filled with aluminum 
to establish a uniform temperature on the heater wall. A can filled with 
vermiculite rested on supports above the heater. There were also ther-
mocouples attached to the heater and the inside of the pipe wall (not 
shown in Fig. 1), and these and the electrical heater leads passed through 
the flange at the top of the sleeve. 

Corrosion specimens and thermocouples were attached to the outside of 
the sleeve. The locations and types of test specimens were the same on 
all three sleeves and are shown in Fig. 1. The center specimen in Fig. 2 
shows the shape and size of the before-test specimens; the slots in the 
top and bottom served to identify the specimen and its location on a given 
sleeve. Holes were drilled and tapped into the sleeve and the specimens 
were attached with stainless steel screws. No attempt was made to 
electrically insulate the specimens from the steel sleeve or the stainless 
steel screws. Before attachment to the sleeves the specimens were cleaned 
and weighed. At the time the specimens were mounted on the sleeves, the 
sleeves were free of ru3t and other deposits. 

The materials tested as corrosion specimens were carbon steel, 
commercially pure titanium, E-Brite 26-1, Hastelloy C-276, type 304L 
stainless steel, and Zircaloy-2. E-Brite 26-1 is a low-carbon ferritic 
stainless steel (0.01% C max) containing 26% Cr and 1% Mo. Zircaloy-2 
is a fuel element cladding alloy consisting of zirconium with very low 
levels of Fe, Cr, and Ni and 1.5% Sn. Hastelloy C-276 is a nickel alloy 
containing 16% Mo, 16% Cr, 6% Fe, 4% W, and 2.5% Co, and type 304L 
stainless steel is a standard austenitic stainless steel alloy containing 
0.03% maximum carbon. Chemical analyses of the materials used to make 
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Fig. 1. General arrangement of test sleeves in the Avery Island salt 
mine- The sleeves were 5.5 m long and 0.32 m in diameter. The location 
of specimens was the same on all sleeves. 



5 

Y-183264 

0 1 
* I 

< m 

Fig. 2. Most heavily corroded carbon steel specimens on Sleeve A. 
The carbon steel specimens originally had the same dimensions as the 
center unexposed specimen. 

the specimens were not available, but x-ray fluorescence analyses of the 
materials confirmed that all were within the specified compositional 
limits. Carbon was not determined. 

The locations of the specimens were the same for all sleeves as 
shown in Fig. 1, but the locations of thermocouples and the rock wool 
shown in Fig. 1 are specific to Sleeve A. Most of the other experimental 
parameters differed from test to test, and these are shown in Table 1. 
These data were obtained from Van Sambeek.3 Not shown ln the table is the 
fact that Sleeves A and C rested on layers of sand In the bottom of the 
hole, whereas Sleeve B rested directly on salt. Rock wool was stuffed in 
the annulus between Sleeve A and the salt to a depth of 1.5 m. For 
Sleeve B a butyl rubber ring between the floor of the mine and the sleeve 
sealed the annulus. 
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Table 1. Characteristics of individual tests in Avery Island salt mine 

Characteristic Sleeve A Sleeve B Sleeve C 

Heater power, kW 6 3 4 
Wall thickness, mm 17.4 9.4 9.4 
Sleeve OD, m 0,324 0.324 0.324 
Borehole diameter, m 0.438 0.413 0.413 
Borehole annulus 57.4 44.7 44.7 

(salt-sleeve), mm 
Backfill material Air Air Crushed salt 
Borehole annulus enclosure Rock wool Butyl rubber Crushed salt 

Before Sleeve A was installed in the borehole, brine was present in 
the bottom of the hole. As much brine as possible was pumped from the 
hole before the sleeve was inserted, but results to be reported later 
indicate that not all the water was removed. No sign of water was noted 
in the other boreholes. 

All three sleeves were placed in boreholes during April 1978, but the 
heaters were not all brought to full power at the same time. Sleeve B was 
removed from the mine in April 1981, and Sleeve A was removed in 
November 1981. Both Sleeves A and B were at nominal operating tempera-
tures for about 3 years. Sleeve C is still in the mine and will remain in 
test for an indefinite period. Temperatures recorded from the thermo-
couples attached to the outside surfaces of Sleeves A and B are given in 
Tables 2 and 3, respectively. Since many of the test specimens were 
located appreciable distances from the thermocouples, the actual tempera-
tures experienced by most of the individual specimens can only be roughly 
approximated. 

When the 5.5-m-long pipes were removed from the mine, they were cut 
into three equally long pieces for shipment to ORNL, where they were cut 
into shorter lengths to facilitate examination.* After visual examination 

*B. McNabb from ORNL, witnessed removal of both sleeves from the 
boreholes, assisted in cutting the sleeves* to size, and arranged transpor-
tation of the sleeves to ORNL. 



Table 2. Temperature on the outside of Sleeve A 
during exposure in Avery Island salt mine"2 

Temperature (°C) at each distance below mine floor in m 
(d) 0.05 0.05 1.6 1.6 3.1 4.2 4.2 5.3 

0 26 26 26 26 26 26 26 26 
1 35 36 49 49 108 115 126 91 
6 47 45 72 72 201 227 238 17/ 
16 44 45 67 68 218 249 258 192 
26 43 45 67 68 221 254 262 194 
51 44 45 68 68 224 261 267 198 
101 44 45 65 66 224 264 272 196 
301 44 44 62 63 216 264 272 187 
502 44 45 62 63 220 271 280 182 
750 44 45 61 62 221 283 184 
1000 39 39 56 57 220 277 184 
1011 37 38 54 54 194 136 164 
1026 33 33 46 47 84 112 79 
1041 28 28 32 33 46 13 
1104 27 27 27 27 46 22 
1134 27 27 27 27 46 44 

aData courtesy of R. G. Stickney, RE/SPEC Inc., Rapid City, S.D. 

Table 3. Temperature on the outside 
of Sleeve B during exposure in 

Avery Island salt minea 

Temperature (°C) at each 
distance below mine l line ,, . ^ floor in m 

3.1 4 .2 5 .3 

0 46 56 39 
1 109 134 90 
5 122 147 101 
15 132 156 107 
25 134 157 108 
50 134 158 109 
100 133 158 109 
300 133 158 109 
500 133 159 111 
751 133 158 110 
999 134 160 112 
1039 134 159 111 
1043 124 146 102 
1050 103 119 84 
1160 74 83 60 
1168 39 41 37 
1075 31 32 32 

aData courtesy of R. G. Stickney, 
RE/SPEC Inc., Rapid City, S.D. 
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of the sleeve, the specimens were removed, descaled, weighed, and in some 
cases sectioned, mounted, and polished for metallographic examination* 
Only the carbon steel specimens developed heavry corrosion product scales, 
and these were descaled by treatment with Clarke's solution1* (concentrated 
HC1 containing 20 g Sb203 and 50 g SnCl2 per liter of solution). Small 
amounts of adherent steel corrosion products on the other specimens origi-
nated from the sleeve and were removed by short treatments in appropriate 
acids. Dilute aqua regia was used for the titanium specimens, 50 vol % 
concd HC1 for Zircaloy-2, and 9 vol % concd HC1 for Hastelloy C-276. 
E-Brite 26-1 and type 304L stainless steel were quickly descaled by 
Clarke's Solution. These acids either loosened or dissolved most of the 
corrosion products without producing more than about a milligram weight 
loss on the base metal. 

RESULTS 

SLEEVE A 

The short length of the sleeve that extended above the mine floor was 
heavily rusted, but corrosion penetration was minor. Starting just below 
the floor and extending downward for about 1.5 m (region with rock wool 
packing), attack was relatively heavy although essentially uniform. The 
outer scale was rust colored, but where large pieces had become detached 
during handling a thinner black more adherent scale was visible. For the 
next 1.0 to 1.5 m down the sleeve, attack was still heavy but less severe 
than at higher elevations. Proceeding down the sleeve, corrosion became 
progressively less and the lowest part (~1 m) appeared to have undergone 
the least attack. The flat bottom, which rested on sand, looked almost 
like the sleeve wall and showed no evidence of localized attack. The 
appearance of the carbon steel specimens mounted along the sleeve and on 
the bottom matched closely the appearance of the sleeve itself. The test 
specimens of the other materials on the sleeve showed little corrosion, 
but crusted salt and steel corrosion products from the sleeve were noted 
on most of them, particularly in the identification slots. 

The screws holding the specimens in place were removed without 
difficulty, and the specimens were descaled and weighed. In all cases 
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considerably less corrosion was noted on the surfaces of the carbon steel 
specimens that were against the sleeve than on the exposed surfaces. The 
unit weight losses experienced by all specimens during the mine exposure 
are shown in Table 4, and average corrosion rates have been calculated by 
assuming a three-year period of heating. In a few cases where attack was 
slight, weight gains are shown, a fact that indicates that we could not 
remove all the corrosion products, most of which originated from the 
steel sleeve. 

The results In Table 4 show that only the carbon steel specimens 
experienced appreciable corrosion, although a few areas of shallow 
localized attack were noted on some of the other materials. The appear-
ance of the two steel specimens that experienced the greatest corrosion 
is contrasted with an unattacked specimen in Fig. 2 and illustrates the 
nature of the attack. The greatest localized penetration that we were 
able to measure was 3.05 mm, which corresponds to a penetration rate of 
about 1 mm per year. Also, corrosion of the carbon steel specimens in the 
cool region where the rock wool was present was considerably greater than 
in other regions, where the temperature was higher. 

Compared with carbon steel, the other materials underwent much less 
attack. No microscopic evidence of corrosion other than interference 
films was found on any of the titanium or Hastelloy C-276 specimens. The 
two Zircaloy-2 specimens on the vertical surfaces were also free of 
localized attack, but the specimen on the bottom showed one small area of 
light attack on the surface in contact with the sleeve. A cross section 
through this area is shown in Fig. 3. The deepest penetration was only 
25 ym. The oxide on the corroded area was light gray, presumably Zr02» 

All the E-Brite 26-1 specimens developed pits at the edge of the 
crevice between the stainless steel screw and the specimen. This is 
illustrated in Fig. 4, where two relatively large pits and a few-smaller 
ones can be seen. A cross section through the deepest pit, about 250 um, 
is shown in Fig. 5. In addition to pitting, the E-Brite 26-1 underwent 
another form of localized attack. Random roughened areas that contained 
black corrosion products occurred on the specimen on the bottom and on the 
one 4.6 m below the mine floor. This type of corrosion occurred on the 
freely exposed surfaces as well as on the crevice surfaces. Figure 6 
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Table 4. Corrosion of test specimens attached to Sleeve A. during an 
approximately three-year exposure in Avery Island salt mine 

Material 
Depth below 
mine floor 

(m) 

Descaled 
weight lossa 

(mg/cm2) 

Average corrosion 
rate& 

(lim/ye ar) 

Carbon steel 0.6 226.1 95.7 
Titanium 1.2 0.21 0.16 
Carbon steel 1.2 321.3 136.0 
Hastelloy C-276 1.5 0.15 0.06 
Carbon steel 1.5 208.9 88.4 
Carbon steel 1.8 a 
Zircaloy-2 1.8 0.20 0.10 
Carbon steel 2.1 97.8 41.4 
E-Brite 16-1 2.1 +0.05 
Cr.Son steel 2.4 64.9 27.5 
Type 306L 2.7 1.73 0.73 
Carbon steel 3.0 54.0 22.9 
Type 304L 3.7 +0.16 
Carbon steel 3.7 106.3 45.0 
Titanium 4.0 40.07 
Carbon steel 4.3 87.4 37.0 
Hastelloy C-276 4.3 0.04 0.01 
ZIrcaloy-2 4.6 +1.28 
E-Brite 26-1 4.6 6.32 2.68 
Carbon steel 4.9 71.7 30.4 
Carbon steel 5.2 149.9 63.4 
Titanium 5.5d +0.30 
Hastelloy C-276 5.5d 0.19 0.07 
Zircaloy-2 5.5d 0.18 0.09 
E-Brite 26-1 5.5d 3.82 1.62 
Type 304L 5.5d 2.98 1.26 
Carbon steel 5.5d 70.5 29.8 

aPlus sign indicates weight gain. 
^Based on three years. 
^Specimen was inadvertently not installed on sleeve. 
^Attached to bottom of sleeve and rested on sand. 
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Y-183410 

i 40 pm , 

Fig. 3. Cross section through attacked area on Zircaloy-2 specimen 
from the bottom of Sleeve A. 

Y-170725 

Fig. 4-. Part of an E-Brite 26-1 specimen showing pits near stainless 
steel screw head. Diameter of hole is 3.2 mm. 
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Fig. 5. Cross section through deepest pit near stainless steel screw 
head In E-Brite 26-1. 

Y-183269 

m. 

6. Localized attach randomly found on E-Brite 26-1 specimens 
part of Sleeve A. Hole diameter is 3.2 mm. 
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shows one such area, and Fig. 7 shows a cross section through an area 
that appeared to be the most heavily attacked. The maximum penetration 
was 70 pm. 

Only very slight random attack occurred on the type 304L stainless 
steel. The deepest penetration was only slightly more than a micrometer, 
as illustrated in Fig. 8. 

One titanium and one Zircaloy-2 specimen were analyzed for hydrogen. 
Neither specimen contained more hydrogen than did the corresponding 
unexposed material. 

Y-183271 

. 40pm i 
Fig. 7. Cross section through an area of localized attack on 

E-Brite 26-1. 
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Fig. 8. Cross section through a type 304L stainless steel specimen 
attached to Sleeve A, illustrating the minor corrosion. 

SLEEVE B 

Sleeve B was covered with a rust-colored scale, which looked the same 
along the entire sleeve. The corrosion product scale was considerably 
thinner than that on Sleeve A. The bottom, which rested directly on salt, 
seemed to have a thinner scale than the rest of the sleeve, but there were 
a few areas of localized attack, one of which is shown In Fig. 9. 

Table 5 shows the weight losses and average corrosion rates for all 
test specimens. Only the carbon steel specimens showed significant weight 
losses, but these weight losses were much less than those for corre-
sponding specimens on Sleeve A. The carbon steel specimen on the bottom 
experienced the largest weight loss, and attack was not uniform, as shown 
In Fig. 10. A cross section through the region of heaviest attack showed 
that the maximum penetration was 250 ym. This is approximately equal to 
the localized penetration noted on the bottom of the sleeve. A cross 
section through the region of heaviest attack on the bottom (Fig. 9), 
shown in Fig. 11, indicates a penetration of 300 pm. The data in Table 5 
combined with the thermal data in Table 3 suggest that in this experiment 
(unlike in Sleeve A) corrosion of carbon steel was independent of 
temperature. 
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Table 5. Corrosion of test specimens attached to Sleeve B during an 
approximately three-year exposure in Avery Island salt mine 

Material 
Depth below 
mine floor 

(m) 

Descaled 
weight loss 
(mg/cm2) 

Average corrosion 
ratea 

(pm/year) 

Carbon steel 0.6 8.53 3.6 
Titanium 1.2 0.02 0 . 0 1 

E-Brite 1.2 0.04 0.02 
Hastelloy C-276 1.5 0 0 
Carbon steel 1.5 5.42 2.3 
Carbon steel 1.8 5.16 2.2 
Zircaloy-2 1.8 0.02 0 . 0 1 

Carbon steel 2.1 4.36 1.9 
E-Brite 26-1 2.1 0.03 0 . 0 1 

Carbon steel 2.4 5.21 2.2 
Type 306L 2.7 0.06 0.03 
Carbon steel 3.0 4.59 2.0 
Type 304L 3.7 0.05 0.02 
Carbon steel 3.7 4.68 2.0 
Titanium 4.0 0 . 0 1 <0.01 
Carbon steel 4.3 3.91 1.7 
Hastelloy C-276 4.3 0 0 
Zircaloy-2 4.6 0 . 0 1 0 . 0 1 

Carbon steel 4.6 6.42 2.7 
Carbon steel 4.9 8.55 3.7 
Carbon steel 5.2 3.97 1.7 
Titanium 5.5fc 0 0 
Hastelloy C-276 5.5b 0.04 0.02 
Zircaloy-2 5.5* 0.02 0 . 0 1 

E-Brite 26-1 5.5^ 0 . 0 1 <0.01 
Type 304L 5.5 b 1.12 0.45 
Carbon steel 5.5 b 43.23 18.5 

aBased on three years. 
^Attached to bottom sleeve and rested on salt. 
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Y-179769 

Fig. 9. Typical localized attack noted on the bottom of Sleeve B. 
The hole was one of the mounting holes for a test specimen. Diameter of 
hole is 3.2 mm. 

The E-Brite 26-1 specimens developed pits at the edge of the stainless 
steel screws as was also noted on Sleeve A. The deepest pit was 25 pm, 
considerably shallower than pits on the same alloy on Sleeve A. No other 
form of localized attack was noted on the E-Brite 26-1 specimens. 

No measurable corrosion was found on any of the titanium, Zircaloy-2, 
or Hastelloy C-276 specimens, and only one of the type 304L stainless 
steel specimens showed any form of attack. The crevice surface of the 
specimen on the bottom of the sleeve had one region that had a frosted 
appearance after cleaning. Figure 12 is a cross section through this 
region and shows that the attack was very shallow, penetrating no more 
than a few micrometers. 
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Y - 1 7 9 7 2 7 

Fig. 10. Part of the carbon steel specimen attached to the bottom of 
Sleeve 6, showing the nonuniform corrosion. Diameter of hole is 3.2 mm. 

Y - 1 7 9 7 3 5 

, 8 0 0 p n . 

Fig. 11. Cross section through the attacked area on the bottom of 
Sleeve B. 
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Fig. 12. Cro&s section through the only region of attack found on 
one type 304L stainless steel specimen on Sleeve B. 

DISCUSSION AND CONCLUSIONS 

Corrosion of Sleeve A and the steel specimens attached to it was 
substantially greater than that on Sleeve B, and it appears that most of 
the difference can be attributed to the presence of water in the borehole 
of Sleeve A. Although domal salt has Inherently less water than bedded 
salt, appreciable volumes of brine were on the 152-m level in the Avery 
Island mine, apparently from residual surface water that entered during 
excavation of the ventilation shaft as well as from condensation from ven-
tilation air. Such neutral brines ln the presence of air are highly 
corrosive to carbon steel. 

Although we recognized that a solution was present in the borehole 
before installation of Sleeve A, it appeared that most, If not all, of the 
solution had been pumped out before sleeve emplacement. However, one 
indication that some water remained in the hole or was later transported 
to it, ln addition to corrosion, was the formation of a salt bridge across 
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the annulus in the region immediately below the rock wool packing. Since 
the bottom of the sleeve contained the heating element and the top of the 
sleeve as well as the top of the salt were cool, water that vaporized in 
the bottom condensed on both the sleeve and the salt at the top. Dissolu-
tion of salt from the wall by the condensate and subsequent evaporation of 
water from the brine as it ran down the wall produced the salt bridge. In 
addition, the rock wool undoubtedly trap - brine, keeping specimens on 
that part of the sleeve bathed in brine. Because the rock wool packing 
was in the coolest part of the sleeve, the solution in that region 
probably persisted throughout the test. Until bridging occurred, water 
condensing on the upper part of the sleeve ran down the sleeve until the 
steel was hot enough to evaporate it. Although one might expect that the 
condensate on the sleeve would be pure water, handling of the sleeve in 
the mine undoubtedly contaminated the surface with salt so that initially, 
at least, salt solution existed on the sleeve. It is interesting to note 
in Table 4 that below the rock wool and the salt bridge (~1.5 m thick) 
attack of carbon steel was generally less. Kegley and Empson5 in their 
detailed examination of components from the test in bedded salt at Lyons, 
Kansas, (Project Salt Vault) also noted that carbon steel corroded sub-
stantially more in the cooler regions than on the hotter surfaces. Our 
results are substantially in agreement with theirs. 

Although corrosion of steel on Sleeve B was much less than on 
Sleeve A, it was still appreciable. The absence of salt bridging and the 
similar corrosion damage to all steel specimens, except the one on the 
bottom, as well as the sleeve itself indicate that much less water was in 
this borehole than in the one where Sleeve A was located. Had appreciable 
condensation occurred on the cooler region, greater attack of carbon steel 
would have been expected. How much of the observed attack took place 
during transport and handling of the sleeve and during time in the mine 
when the heater was not turned on cannot be determined, but undoubtedly 
some of the attack occurred during those periods. The greater localized 
attack on the bottom of Sleeve B than on the walls appears to be related 
to direct contact with the salt. Such attack was not noted on Sleeve A, 
which rested on sand. 
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Our data as well as those reported by Kegley and Gmpson Indicate that 
If steel surfaces remain dry, corrosion penetration Is minimal. Our 
results clearly show that corrosion of carbon steel in the Avery Island 
mine was not uniform, and the use of average corrosion rates for design 
can be grossly misleading. For example, one carbon steel specimen near 
the top of Sleeve A had an average corrosion rate of 0.136 mm/year, yet 
a reasonably large area on that tent specimen had a penetration rate of 
1 mm/year. Although results from Sleeve C should be obtained before we 
make final judgment, the nonuniform corrosion observed in these tests, as 
well as the results obtained in bedded salt,5 suggest that the use of steel 
containment vessels for long periods in salt mines would be quastionable 
unless conditions in the mine can be rigorously controlled. 

Of the other materials tested, both Hastelloy C-276 and titanium 
remained unaffected on both sleeves, and except for cost, either would be 
a good choice for vessels that must resist salt and neutral brines. 
Zircaloy-2 also demonstrated good corrosion resistance, but one small area 
on the bottom of Sleeve A showed slight attack. Although the corrosion 
occurred on the surface ln contact with steel, one would not expect that 
coupling of the two materials or the crevice between them was responsible 
for the slight attack. Why attack occurred is not understood at this 
time. It is significant that neither titanium nor Zircaloy-2 showed any 
tendency to absorb hydrogen. 

Very little attack was noted on type 304L specimens. Had these 
specimens been exposed to brine for some time, such as in the region 
covered with rock wool, pits probably would have developed.6 Exposure at 
Avery Island was only on heated surfaces. Stress corrosion cracking on 
these specimens was also not observed because of the absence of an aqueous 
phase and tensile stresses. During Project Salt Vault stress corrosion 
cracks were noted ln type 304L stainless steel piping where aqueous phases 
existed.5 Because of the tendency of austenitic stainless steels to both 
pitting and stress corrosion cracking in aqueous chloride environments, 
this class of materials would be a very poor choice for containers in salt 
mine repositories. 

Low-carbon ferritic stainless steels such as E-Brite 26-1 are con-
sidered to be much more resistant to pitting and stress corrosion cracking 
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than the austenitlc stainless steels. In view of this, the pits that 
developed on this alloy were unexpected. The pits developed only adjacent 
to the stainless steel screws but definitely not under the screw head. In 
addition to pitting, the localized attack found on relatively large areas 
of the two specimens on Sleeve A and the random nature of the attack are 
also not understood. Even though neither of these forms of attack 
penetrated excessively into the alloy, the long-term use of this alloy in 
salt cannot be recommended, at least until the cause for the attack is 
understood and longer tests have been completed. 

In summary, of the materials tested on the two unbackfilled sleeves 
that were buried in the Avery Island salt mine, carbon steel showed by far 
the greatest corrosion. In agreement with data obtained in Project Salt 
Vault, attack was greatest on the cooler steel surfaces where an aqueous 
phase could exist, and localized penetration rates as high as 1 mm/year 
were noted on such surfaces on one sleeve. Titanium and Hastelloy C-276 
remained free of corrosion in all cases, and only very little attack 
occurred on Zircaloy-2 and type 304L stainless steel. E-Brite 26-1 
developed pits as deep as 250 um during the three-year test and showed an 
additional form of localized attack that had not been seen before. A 
third sleeve containing corrosion specimens and backfilled with crushed 
salt is still in the mine. 
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