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Jeffrey w. Bralthwaite and Martin A. Molecke 
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ABSTRACT 

The compatibility of candidate high-level waste (HLW) canister 
materials with deep geologic isolation environments is addressed. 
Results are presented which are applicable to the following reposi
tories or test facilities: bedded and domed salt, sub-seabed sediment, 
and various types of hardrock. Such studies are an essential portion 
of the technological basis for terminal waste management. These 
studies will identify HLW canister or overpack materials satisfying 
appropriate requirements for barrier lifetime. Mechanical properties, 
as well as constraints on cost and consumption of critically limited 
materials, are also selection criteria. Lifetime objectives range 
from a minimum of several years for retrievability constraints up to 
several hundred years for retardation of near-field interactions 
(e.g., waste form leaching with potential radionuclide release to the 
geosphere) during the period of greatest HLW thermal output. A review 
of present and prior applicable corrosion results is presented. 
However, emphasis is on the results obtained from current laboratory 
and in situ HLW canister/corrosion programs at Sandia Laboratories. 
The effects of multiple variables on coreosion susceptibility and 
rates are briefly discussed and some applicable data given. It is 
possible to provide a canister/overpack barrier which can survive 
geologic isolation environments for periods of several hundred years. 

*Tiiis work is supported by the U. S. Department of Energy 
under Contract AT (29-1)789 

**A 0. S. Department of Energy facility 
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High-Level Waste Canister Corrosion Studies 

Pertinent to Geologic Isolation 

Jeffrey W. Braithwaite and Martin A. Molecke 
Sandia Laboratories 

Albuquerque, New Mexico 87185 

INTRODUCTION 

Disposal of high-level wastes (HLW) in stable, deep geologic formations 
is presently considered the most viable method for ensuring the isola
tion of radionuclides contained in the waste. The dispersal of radio
nuclides is blocked by many barriers which include the waste form, the 
canister, possible chemical or physical sorptive barriers, and the 
geologic environment. However, because all waste forms and canister 
materials have finite lifetimes in contact with ground water, the 
geologic formation itself must be the ultimate long-term barrier for 
all concepts of terminal geologic isolation. The geologic environ
ments being investigated for HLW isolation in the United States 
include bedded salt, domed salt, sediments beneath the deep ocean 
floor, and various hardrock formations. Sites receiving the most 
intensive evaluation recently are the bedded salt deposits in 
southeastern New Mexico (the site of the proposed Waste isolation 
Pilot Plant), the ocean sediments In a mid plate/gyre region of the 
deep North Pacific, basalt formations on the Banford reservation, and 
a number of hardrock formations at the Nevada Test Site. 

The primary focus of this paper is on the HLW canister barrier and its 
impact on the overall multi-barrier concept. 

Canister Lifetime Definitions 

Metallurgical compatibility studies are being conducted to evaluate 
the adequacy of materials for use as HLW canisters and/or canister 
overpacks under the environmental conditions which nay be encountered 
during geologic isolation. Adequacy of materials for HLW canisters 
must be assessed relative to the intended purpose of the canister. 
Such purposes and corresponding barrier lifetimes are as follows: 

1. reprocessing and interim storage; The waste canister is 
optimized for waste reprocessing requirements and temporary 
engineered storage (up to 10 years). Studies of corrosion 
during these stages of the finel cycle are not considered in 
detail in this report. 



2. 0 to S years after emplacement'. The waste canister can be 
optimized Cor transportation requirements and/or for 
mechanical properties during handling and emplacement opera
tions in a waste repository. Rapid canister corrosion 
resulting in compromise or loss of this engineered barrier is 
not considered of major impact for this defined lifetime. 
This may be the most desirable canister design philosophy 
from an economic point of view, but assumes the geologic 
medium will function as the only absolute barrier. 

3. 5 to approximately 25 years after emplacement: Materials may 
be selected to facilitate HLW canister retrieval in the event 
retrieval becomes necessary during the early operational 
phases of a geologic waste repository. Retrieval may be 
required as a safety guarantee to cover any unexpected condi
tions which may arise in a repository, or if waste buried on 
a terminal basis (e.g. spent-fuel assemblies in the "once-
through" fuel cycle) is later viewed as a resource. It must 
be emphasized that an intact, non-corroded HLW canister is 
not an absolute requirement for retrieval. Techniques are 
being developed-1- to retrieve degraded waste canisters in 
saltbed isolation by means of overcoring 

4. approximately 300 years: If a canister material can be 
selected that survives throughout the major heat generation 
phase of the HLHf it can provide a significant retarding 
acticn against thermally driven interactions, e.g. hydro-
thermal leaching. The physical breach of the canister and 
subsequent leaching of the waste form by any intruding 
leachant is the source for aqueous migration of radio
nuclides. The major heat producers in HIM consist of fission 
product 1 3 7 C s and 9 0Sr, both having a half-life of about 
30 years. If the waste canister remains unbreached for about 
10 half-lives, 300 years tor longer), the fission product 
concentration and thermal output of the waste is reduced by a 
factor of 1000 (or more). The thermal driving force for 
subsequent interactions is consequently also reduced. The 
canister also prevents the release of any radionuclides until 
the radiotoxic hazard measure2 of the ^°Sr and ^ 3 7cs is 
less than the radiotoxiclty of 2 4 1 A m remaining in the 
waste; this requires an intact canister barrier of 300 to 400 
years after emplacement. Essentially, the fission products 
would be partitioned in the canister. 

Westik and Turcotte^ found that high temperature, high pressure 
(hydrothermal) leaching of HLW glass and supercalcine quickly 
solubilizes a signficant amount of fission product Cs, Rb, and Mo into 
the aqueous phase. They recommended that hydrothernial (leaching) 
conditions be avoided for HLW forms if possible. An intact canister 



can prevent such conditions for the necessary time. Providing this 
canister lifetime option as part of the overall rauiti- barrier system 
must be viewed as a desirable goal. It is not an absolute require
ment, particularly if a waste Isolation site can be selected with a 
very low probability for water intrusion during the thermal period. 

Objectives: 

Th2 basic objectives of compatibility studies of candidate alloys for 
canisters are: 

1. To determine the extent of operational phase and long-term 
interactions between the waste canister, the surrounding 
geologic media/ and any intruding leachant or reactant. This 
includes an identification and modeling of compatibility 
interaction mechanisms and kinetics under geologic isolation 
conditions. 

To provide information which can be used for repository 
engineerinq design. engineering design 

i. To supply measured parameters for overall repository safety 
analysis studies. Experimental data and the formulated, 
predictive models should permit the assessment of conse
quences of all interactions. 

4. To select materials which have adequate mechanical strength 
for handling and emplacement operations in a particular 
repository. Material selection criteria should also consider 
material costs and consumption of critically limited mater
ials. It might be concluded that the high cost of sane 
materials is of secondary concern if the long-term benefits 
of such materials are substantial. The primary concern is 
the required/defined canister lifetime, in conjunction with 
the overall safety of terminal waste isolation. 

Various segments of the canister corrosion studies involve laboratory 
testing primarily, plus bench-scale and in situ/field heater tests. 
Host studies are In progress now and will be described. 

Finally, confirmatory testing requires in situ emplacement of actual 
canisteced BUf into a geologic waste repository or test facility. 
Such testing is now in the planning stages at Sandia Laboratories (HLW 
in bedded salt), Rockwell Hanford Laboratory (spent fuel in basalt/ 
hardrock), and the Office of Nuclear Waste Isolation (BLW and/or spent 
fuel in various geologic formations). 



Effects of Environmental Parameters on Canister Cpijrva I on 

Environmental parametere acting upon HLW canisters vary with the 
geology of the repository and can have a major impact on resultant 
corrosion rates. Several isolation environment parameters for various 
repository geologies are summarized in Table 1. Further discussion as 
to the effect of these variables on resultant corrosion rates is as 
follows: 

Temperature: Increases in temperature generally increase the 
corrosion rates of metals.4f5 However, as Shannon** noted for 
steel in geothermal brines, the corrosion retarding passivating film 
sometimes becomes more protective as temperature is increased and the 
observed corrosion rates decrease. Also, increases in temperature in 
an open system will cause a depletion in dissolved oxygen in aqueous 
solutions. This will decrease the corrosion rate of metals whose rate 
is controlled by diffusion of oxygen (for example, 1019 mild steel). 

Pressure: The restraining pressure which an HLK canister is subjected 
to in a waste repository affects the corrosion rate primarily in that 
it influences the physical state of intruding water and the concen
tration of dissolved gaseous species. The lithostatic (rock overburden) 
pressure combined with the gas impermeability in a bedded salt reposi
tory or the hydrostatic pressure in the deep ocean sediment will 
prevent water vaporisation even at high waste temperatures. HLW 
emplaced in hardrock formations will not be exposed to liquid water 
because of the lack of a confining pressure. These arguments, of 
course, depend upon the sealing and reflux properties of the 
formations. 

Solution Chemistry: Waste canisters will be exposed to any thermal 
decomposition products of the geologic isolation formation (CO, S0 2, 
etc.} and any dissolved and gaseous species present (02* N 2/ HC1, 
H2» etc.). in general, species in solution which increase the 
oxidizing power of that solution {O2, ff4", H2S, NO3, etc.) 
will increase the corrosion rate. The exceptions are that some alloys 
will not support an oxygen current, form a stable sulfide, etc. 
Hydrogen ions can also reduce the thickness and therefore the effec
tiveness of a metal's passivating layer.4 Basic pB conditions can 
cause caustic stress corrosion cracking or even rapid dissolution if 
the metal is amphoteric.4 Chloride ion is potentially the most 
aggresive of the ions in that it promotes localized passive film break
down (which leads to pitting), and is a key constituent in causing 
stress corrosion cracking of many alloys. . Large concentrations of 
chloride can inhibit the corrosion rates of many alloys by salting out 
dissolved oxygen and/or by adsorbing and blocking many active surface 
sit<*6.4 

-4-



TABLE 1 

REPOSITORY ISOLATION ENVIRONMENTS 
Geologic Formation 

and 
Waste Type 

Maximum 
Interface 

Temperature 

70-100°C 

250°C 

Lithostatic/ 
Hydrostatic 
Pressure 

16MPa 

18HPa 

Chemistry 

Bedded Salt: 
spent Fuel 

Commercial HLW 

Maximum 
Interface 

Temperature 

70-100°C 

250°C 

Lithostatic/ 
Hydrostatic 
Pressure 

16MPa 

18HPa 

9BftNaCl, 1/24 u 20 

98%NaCl, 1/2% B 20 
with potential 
localized intrusion of 
Nacl-MgCl2 brine** 

Sub-seabed Sediments: 
Commercial HLW 

Hardrock, Shale, 
Tuff: 
Commercial HLW 

200°c S5MPa Seawater saturated 
sediments (40% solids) 

250-300°c Atmospheric Air and steam for about 
100 years, then 
possibly inundated with 
ground water 

* does not take radiolysis into account 
"due to thermally induced migration of brine inclusions 



Stress; The tensile stress present in the canister wall is one of the 
essential requirements for stress corrosion cracking.**5#7 j ^ a n 
alloys are susceptible to stress corrosion cracking in geologic isola
tion conditions. For the candidate alloys the environment-specific 
experimental study needs to be conducted. For susceptible alloys, the 
threshold tensile stress depends strongly on temperature, solution 
composition, and the presence of an aqueous phase. 

Sensitization and Welding: Alloys containing carbon and chromium can 
be susceptible to sensitization. For example* sensitization in 
stainless steels refers to the thermally induced formation of chromium 
carbide at or near grain boundaries. This increases the suscepti
bility of the alloy to intergranular attack and intergranular stress 
corrosion cracking.*r5 welding, because of the high temperatures 
involved, often leads to sensitization and tensile stress in welded 
regions, stainless steel 304r for example, undergoes sensitization at 
temperatures above 4O0^c. 

Radiolysis Products: A study of gamma-radiolysis and hydrolysis in 
bedded salt brines was conducted by G.H. Jenks.8 His conclusions 
included the following: (1) the principal corrodant is BC1 which 
forms from MgCl2 hydrolysis, (2) 2/3 of the MgCl2 present in the 
brine can hydolyze to produce HC1 (if the HC1 is removed or consumed 
as it is formed), (3) important radiolysis products may Include small 
amounts of CI2/ Br2r HN03* CIO.," and BrO,~* The chlorates 
and brontates will probably not r» stable at the high temperatures of 
high-level waste. The net effect of the radiolysis products would be 
to increase the oxidizing power of the brine to some degree. Similar 
studies on the radiolysis of ground water or seawater under repository 
conditions have not been performed. 

Water Intrusion 

There exist two major sources of waters/brines for the corrosion of 
HLW canisters in a geologic repository {excluding intervention by 
man): (1) intrusion or hydrologic flow into the repository; this is of 
extremely high probability for both seabed-sediment and hard rock 
repositories and of extremely low probability for a bedded (or domed) 
salt repository; and (2) for a bedded salt repository, migration of 
brine inclusions (micrometer to millimeter in diameter) up the thermal 
gradient, toward the HLH canister, has been identified9. Since this 
migration (rate) is a function of the thermal gradient, brine migra
tion into the canister vicinity would be most rapid for the first 
several years after emplacement. Flow would cease in less than 2D 
years as the thermal gradient between canisters in the repository 
decreases. The quantity of brine Inflow per canister has been 



calculated (for salt) to be less than 0.4 liters/year.-10 Further 
detetaination of the actual inflow quantity and development of tech
niques for eliminating any potential consequences of the inflow (via 
venting, sorption, pre-heating, etc.) at* in progress. 

APPLICABLE CORROSION RESULTS PROM RELATED PROGRAMS 

A substantial quantity of high-temperature aqueous compatibility infor
mation has been accumulated. Such data serve as a basis for HIM canis
ter corrosion studies. Data are available from corrosion programs 
involving geothermal energy* seawat*r desalination,, waste isolation 
testing (Project Salt Vault)9, anH j.iht water nuclear reactor 
cooling cycles. 

Project Salt Vault 

A waste-isolation experiment in a salt nine which was conducted in the 
mid-1960*s by the Oak Ridge national Laboratory* Project Salt Vault, 
produced results oust relevant to bedded salt isolation. Conclusions 
from the corresponding laboratory segment of the Oak Ridge corrosion 
program10, indicated that the austenitic stainless steels were 
sufficiently resistant to relatively dry bedded salt at typical 
storage temperatures to enable all critical components to be con
structed Iran stainless steel (SS) 304U Typical maximum general 
corrosion rates at 200-300°C in synthetic salts with 1/2% water 
added were 0.02 na/yr for SS-3Q4L and 0-1 tm/yt for mild steels. Many 
expensive nickel-based alloys and titanium showed substantially better 
corrosion resistance than SS-304L. A oij-jr problem, however, was the 
observed susceptibility of the SS-304L to pitting and stress corrosion 
cracking in aqueous chloride environments*0. Results from Project 
Salt Vault in situ heater experiments conducted in a salt sine near 
Lyons, Kansas confirmed this problem. Significant stress corrosion 
cracking of SS-304L heaters and SS-304 thermocouples occurred in 
regions where water condensate was present {normally on the top 
unheated heater sections). Only moderate rusting of similar carbon 
steel heaters occurred with no apparent reduction in wall thickness. 
Kegley and Empson7 pointed out that four of the five necessary 
requirements for stress corrosion cracking (residual stress, elevated 
temperature, chloride ion, and parts per billion dissolved oxygen 
concentration) were present when the hot 5S-304L HLW canisters were 
placed In bedded salt. The fifth, the presence of an aqueous liquid 
phase, may or nay not be present In an actual repository because the 
canister thermal loading is not localized or cyclic as it was with the 
heaters. It was <rhserved that brine inflow was most significant 
immediately after the hotter was turned off and that this inflow was 
due to thermal shock tracturlng.9 A determination that prior 
exposure of the candidate metals to a 6 0Co gamma radiation field did 



not affect the corrosion rates of the metal; was another signficant 
finding of this study. 

Geothermal Brines and Seawater 

A significant number of studies have addressed rcetal compatibility in 
very corrosive hot geotherual brines because of the role such oateri-
als will have in tapping the vast energy source geothermal eneigy 
represents. The data collected in these studies are at least quali
tatively applicable to the worst-case inundated condition for bedded 
salt and sub-seabed sediments. Shannon6 has screened over 30 
different alloys for resistance to high temperature brines. This 
screening was conducted in a refreshed autoclave apparatus. The 
effects of the following variables on corrosion rates were investi
gated and reported: temperature* salinity, dissolved H 2S* and 
dissolved silica. Variables making the most signficant contribution 
to the corrosion rate of steels were pH, temperature, and film 
rxHQposition. The alloys which withstood 250°c oxygen free brine 
best were Ebrite 26-1, SS 446, high chromiim alloys, nickel alloys, 
titanium alloys, and zirconium. Chromium additions above 23» appear 
to notably improve corrosion resistance. Carter and McCawley11 were 
led to similar conclusions based on their results from in situ teste 
in the California Salton Sea area. Banning and Oden*< surveyed the 
literature and obtained a compilation of corrosion data for nost alloy 
systems in hot brines and seawater. This survey included most of data 
ivailatie at that time concerning both geothzrmal and 'Jesalinatlan 
corrosion programs. A brief summary of the major corrosion character
istics of the various candidate alloy families in hot brines and hot 
seawater taken from this survey plus a few related articles 
follow.12,13,14,15,16 

1. Aluminum alloys: susceptible to stress corrosion, galvanic, 
metal ion, and pitting attack. Oxygen must be supplied to 
passivate. 

2. Copper alloys: most alloys are immune to stress corrosion 
with good resistance to marine fouling and general cotnsion. 
Oxygen discharge usually controls the corrosion rate. 

3. Mild, low strength steels; hot brines are very corrosive 
with the corrosion rate increasing with increasing brine 
velocity, oxygen concentration, temperature, and other 
oxidants. These steels usually do not pit severely nor 
screes corrosion crack. 

4. Stainless steels: the overall general corrosion rate is much 
lower than for mild steels, but the austenitic types are 
susceptible to pitting and stress corrosion cracking. The 
pitting potential is reduced in many molybdenum stabilized 



stainless sieels such as Carpenter 2QCb3, Nitronic 50, 
SS-316, and Ebcite 26-1. 

5. Nickel based alloys: a few of the super alloys I Haste Hoy 
C-276, Inconel 625) are virtually immune to damage by hot 
brines. As the temperature is increased, some of the hijh 
nickel alloys become susceptible to stress corrosion and 
localized attack. However, most of the nickel based alloys 
have been shown to be very resistant to hot salt stress 
corrosion cracking. 

6. Titanium alloys: at ambient temperatures, these alloys are 
also immune to general corrosion, pitting and crevice attack. 
Pitting and crevice corrosion problems usually limit service 

temperature to below 250°c (above 250°c, titanium is not 
vastly superior ro stainless steels). Many titanium alloys, 
such as the TIMET alloy Ticode 12 and Ti-0.2% Pd, were de
veloped to increase the service temperature to abc.e 250°c. 

Galvanic couples can cause signficant corrosion problems. 
Southwell*7investigated this problem with long term (greater than 16 
yr) tests in tropical seawater and from these results made a compila
tion of bimetallic couple corrosion data. For example, carbon steel 
was shown to protect the mild steels, the stainless steels, and 
Monel. Incidentally, the excellent corrosion resistance of commer
cially pure lead was demonstrated during these tests. 

Archeological Data 

Archeological corrosion data are of interest when attempting to pre
dict the long-terra integrity of the canister (after the thermal output 
of the waste had diminished) in a seawater environment. R. F. 
Tylecote18 recently reported on the archeological metal corrosion 
evidence gained from exploring historical shipwrecks (dated 400 to 
2000+ years old). His conclusions include: (1) lead and copper or 
some copper-base alloys can last for over 1000 years in a submerged 
seawater environment; (2) a 5-10 cm casing of lead could be used for 
periods up to 2000 years; (3) a 1000-year lifetime could be provided 
with a 1- to 2 cm thick wrought copper shell, or alternately, a 14% 
tin bronze shell. This type of data must be used with a great deal of 
caution, however, because of differences in seawatec chemistry which 
occur on the ocean floor and in sediments which have been heated and 
irradiated. 

Retrievable Storage for H1W 

Mecham, Seefeldt, and Steindlerl9 oompre-irplively studied factors 
influencing the reliability of HLW canisters in retrievable storage 
configurations. Certainly, aany of the considerations explored in 



their study nay be applicable to waste isolation in deep geologic 
media. Some of these considerations include waste form characteri
zation and associated chemical effects on canister properties, 
fabrication and closure of canisters, conditions and methods of 
control of both external and internal attack, and reliability 
establishment methods. 

CURRENT CANISTER CORROSION PROGRAMS AND RESULTS 

Several DOE funded corrosion studies related to HIM isolation canisters 
are now in progress. Such studies include corrosion related to waste 
solidification processes (internal canister corrosion}, water basin 
storage, and compatibility of the candidate alloy with both the 
vitrified BLW and expected isolation environments.*^,20,21,22,23 

It has been found that corrosion effects in water basin storage are 
either insignificant or can be controlled by proper water process 
control.20''*1 However, a problem which transfers to the isolation 
site is the high tensile stress in the canister wall when results 
from glass solidification processes due to different coefficients of 
thermal expansion of the waste glasses and the metal canisters. 

A long-term (50,000 hour) compatibility study of candidate HLW glass-
metal -rock salt Interactions is being conducted at the Savannah River 
Laboratory.21»22 <jrj)iS study includes internal canister corrosion 
measurements (from in-can melting of glass) as well as long-term, dry 
salt interaction evaluations. Very few results from the long-term 
interactions segment are presently available. 

The compatibility of seven metals and eight alloys (Ta, H£, Au, Ag, 
Pb, Ti, Cu, 1016 wild steel, 316 stainless steel, Everdur bronze, 
Monel, Coron2e, Hastelloy C, Zircaloy-2, and alpha-brass) with 250°c 
concentrated brine is being studied at Pennsylvania State University 
to determine relative corrosion resistances.2^ The oniy result to 
date is that no catastrophic breakdown has been observed with any of 
the metals tested. 

The Swedish Nuclear Puel Safety Project task group has recommended the 
following canisters for disposal of spent fuel placed in hardrock 
formations:24 

(1J Reprocessed waste will be packaged in a 6mm-thlck titanium 
canister with a 100ao-thick lead lining. 

(2) Spent unreprocessed fuel will be encapsulated with a 200om-
thick copper canister. 

(3) Spent fuel assemblies might also be enclosed in ceramic 
alumina canisters produced by sintering under hot isostatic 
pressure. 

-10-



Sdndla HLW Metallurgy Program 

The emphasis of the remainder of this paper is on results obtained in 
a broad scope HLW metallurgy program being conducted at Sandla 
Laboratories. ThiB program addresses candidate canister and overpack 
metal corrosion In deep geologic isolation environments. It may be 
considered necessary to provide a corrosion resistant overpack in 
order to satisfy future lifetime design requirements. For exaaple, 
the susceptibility of a SS-304L canister to stress corrosion cracking 
and pitting makes It unacceptable for 20-year retrievable storage in 
sa.'t or sea-spdi'ients. 

The coirosion program at Sand:a consists of both laboratory and field 
testing chafes. Only the bedded salt and sub-seabed environments need 
to be simulated in the laboratory because the poor sealing properties 
of hardror.n coupled with the high operating temperature at the 
hardrocic-canlster interface (200-300°C> will ensure that extensively 
studied air and steam oxidation processes will be dominant. The field 
or in situ experimental results will be used to confirm the predictive 
analytical models based on laboratory data {bedded salt or sub-seabedj 
or the high-temperature oxidation data presented in the literature 
(hard rock]. The 70°c data presented in the Laboratory Rpsults 
Goction on ciushed nalt and weld effects ace also applicat <• to the 
case of spent Euel disposal in bedded salt, and to long tc- T, corrosion 
of the alloys after the thermal output of the waste has diminished. 

A wide range of metals representing many different alloy groups have 
been considered as candidate commercial HLW containment materials for 
this program. The alloy selection was based on published corrosion 
results in chloride media at both low and elevated temperatures. Some 
of the alloys, notably copper, lead, and cupronickel, must be con
sidered only as canister overpack materials because of their very low 
mechanical strength. A list of candidate metals and their chemical 
compositions are given in Table 2. 

Sandla Laboratory Results 

Host of the dati to be presented resulted from coupon weight loss 
experiments under static inundated solution conditions. These high-
temperature hydrothermal experiments were conducted for periods of two 
to eight weeks in SS-316 and Haste Hoy C-276 autoclaves. The coupons 
were machined from 0.62cm plate and were sealed in either pyrex or 
fused quartz tubes along with an aliquot of solution (s.̂ a-sediments 
and crushed bedded salt were added to seawater and brine experiments, 
respectively). The experiments with oxygen were conducted in open 
ended fused quartz tubes. At the completion of the experiment, 
corrosion products were removed by either vapor or low pressure glass 
bead surface honing. 

-11-



TABU: 2 

NOMINAL CUBICAL COMPOSITION OP C/R.OIDXVF. ALLOYS 

Alloy C Hn SI _Cr_ HI j:q_ _Fc_ Cu Otr.«-rc 

1018 Mild s t r e l . IS 0 .75 0.25 - - - Bal - -
4110 Carbon Ste*-I .3H* 0 . 5 .3 1.0 - .2 Bal - -
Cotter , k Steel* 1 . 1 0 .4 0 ,5 1.0 - - Bal - .0271 

2 1/4 Cc-1 H-3 .2 0.8 0 .3 2.2 - 1 Bal - " 
Naval Brass 60 39zn , lSn 

90-10 c u p t o n l c k e l - - - - 10 - 1.3 BB.7 " 
SS-304 .08K 2.OH 1.0K 19 10 - Bal - " 
SS-316 .Q8M 2.0M i.CH 17 12 2 .5 Bal - -
S s - N l t r o n l c 509 .06M 5 - 22 13 2.25 Bal - . 2Nb,.2V 

faS-20-cb3b . 0 7 * 2.0M 1.0H 20 34 2 .5 Dal 3 .5 -
SS-EbrttO 2 6 » l d .OIK 0.4K 0.4M 26 0.5H 1 Bal 0.2K -
Monti 4 0 0 a .2 1.0 0 .2 - 6 6 . 5 - 1.2 3 1 . 5 -
Inco lay 8 2 5 3 .03 0 . 5 0 .2 21 .5 42 3.0 30 2 .2 0.9T1 

Inconcl 6 0 0 a .04 0.20 0.20 15 .5 76 .0 - 8.0 - -
Inconel 6 2 S a .01 0.2 0 .2 21 .5 63 9 .0 2 . 5 - 4Mb; 0 .271 

B a s t e l l o y C-276 c - - - 15 59 . 7 5 - 4W 

Z i r c a l o y 2 .12 - - 0 .1 O.OS - - l . 5 S n , 9 8 . 2 Z r 

99.5T* 

T i r a d e 1 2 f .012 - - - 0 .84 0.34 .09 - 98.9T1 

HP35N . - . 20 35 10 - - 35CQ 

*H deno tes maximum 
Trademarks: ^Hunt ington A l l o y s : ^Carpenter Technology Corp! 
c Cabot Corp; ^Allegheny Ludlura I n d u s t r i e s ; ^U.S . S t e e l ; £TIMET; 
Sftrnoo Sc?el Corp 



'fiie inundated environment is extremely improbable r'or bedded salt and 
represents the worst-case condition of bone/water intrusion after 
repository closure. Sub-seabed sediments contain approximately 60% 
seawater; therefore, a highly corrosive Inundated situation Is more 
probable. Static conditions should prevail because large solution 
convections in either repository are very unlikely. Some corrosion 
results of both welded and unwelded coupons in more probable dry salt 
environments will also be presented. 

A principal objective of the laboratory studies to date has been to 
provide preliminary scoping data and to select 6 to 8 metals for 
further comprehensive study from the previously mentioned list of over 
20 candidate metals; the selected alloys are presented In a later 
section. Data gathered from tests on all of the candidate metals are 
presented here. 

Effect of Solution Composition: The effect of two near-saturated 
brines along with seawater plus sea sediments on the corrosion rates 
of many alloys in 250°c, deoxygenated solutions is shown in Table 
3. The composition of the two brines and seawater is given in Table 
4 2 5* 2 f i. Brine *A* is a high Mg/K/Na chloride brine and is repre
sentative of water which might intrude into the proposed Waste 
Isolation Pilot Plant (WIPP) site by percolation through an overlying 
potash zonei it is also considered tentatively representative of minute 
bri.te inclusions found in bedded-salt formations. Brine "B" is a 
near-saturated, predominantly NaCl brine representative of dissolved, 
bedded salt at the BOOm horizon of the proposed WIPP site. 

The interesting observation from these data is that the solution 
corrosiveness increases in the order: Brine B < Seawater < Brine A. 
This result is due to the differences in pH of the hot solutions, as 
shown in Table 5. These reported pH values were measured at 25°c 
after heating the solutions to the Indicated temperature and quenching. 
These pB values are not to be taicen as the actual values at tempera
ture, but are indicative of an irreversible acid producing reaction 
which occurs in Brine A and seawater. This re? ":tion is the hydrolyses 
of MgCl2: 

MgCl2 + 2B 20 •*• Mg(OH) 2 + 2HC1 

The actual pH will be somewhat higher than the values in the table due 
to biaulfate and bicarbonate equilibria.** 

Localized Attack on mirror polished coupon surfaces was minimal for 
most of the candidate alloys studied In the three solutions. 
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TABLE 3 

CORROSION SATES OF CANDIDATE ALLOYS IN 
DEOXYGENATED SOLUTIONS (250°C, P • SMPa) 

Brine A Brine B Seawater 
Alloy. (nn/yr) (cffl/yr) i r a / y r ! 

1018 Mild S t e e l 1.7 0, .07 0 .4 
Corten A S t e e l 0.9 0. .05 0.2 
2 1/ . Cr-1 Ho S t e e l 1.0** 0. . 1 * * 0 .2 
Lead 0.5 0. .3 0 .3 
Copper 0.07 0. .05 0.05 
Naval Brass 1.0 - 1.0 
90-10 Cupronickel 0.14 - 0.07 
SS-304L 0.018 0. ,01 0.O06 
SS-316L 0.015 - 0.005 
SS-Nitronic 50 0.008 - 0.003 
SS-2DCb3 0.007 - 0.005 
SS-Ebrlte 26-1 0.016 - 0.005 
Monel 400 0.03 - 0.1 
Incoloy 825 0.006 - 0.004 
Inconel 600 0.009 0. 007 0.005 
Inconel 625 0.005 0. 001 0.012* 
Haste l loy C-276 0.007 - 0.0015 
z i t c a l o y - 2 0.001 - -Titanium C.P. 0.003 - 0.006 
Ticode 12 0.0006 - 0.005 

"pitting corrosion; *crevice corrosion 



REPRESENTATIVE SOLUTION COMPOSITIONS 
(major Ions) 

Ion 

Na + 

K + 

Mg« 
Ca+2 
Sr+2 

Cl" 
so 4 

B 0 3 

pH 

Seawater Brine A Brine B 
(ppm) (ppm) (ppm] 

10,651 42,000 115,000 
3a 0 30,000 15 

1,272 35,000 10 
400 600 900 
13 5 15 

l«,980 190,000 175,000 
831 3,500 3,500 
.OS 10 10 
146 700 10 
65 400 400 
- 1200 10 

Total Dissolved 
Solids: 35g/l 306g/l 297g/l 



Effect of Oxygen: The effect oE a substantial quantity of dissolved 
oxygen on the corrosion rates of selected alloys In Brine A and sea-
water is shown in Table 6. A constant .martial pressure of 1 MPa 
oxygen was used during the course of the experiment to maintain a high 
level of dissolved oxygen; this should represent an over test of the 
worst-case effects of oxidizing radiolysis products on corrosion. The 
effect of oxygen was greater in the case of seawater than Brine "A" 
because of greater oxygan solubilty in seawater than Brine "A". It is 
interesting to note that the oxygenated corrosion rates of all alloys 
studied (Table 6) increased over their corresponding deoxygenated 
rates (Table 3). Many of these metals have been shown not to support 
an oxygen current at 25°C"; this apparently is not the case at 
250°C. This effect and the unexpected discovery that Hastelloy 
C-276 pitted in these solutions will be investigated further using 
electrochemical techniques. 

Effect of Temperature: The effect of temper a tun* on the initial 
corrosion rate of 1018 mild steel in deoxygenated seawater and brine B 
was determined using linear and Tafel DC electrochemical polarization 
techniques. The temperature range considered was 25 to 2O0°c. 
These calculated rates were an order of magnitude higher than measured 
similar loicj-term weight loss results (Table 3). This difference 
resulted because the electrochemical derived value represents an 
instantaneous initial rate. However, useful quantities are the 
apparent activation energies which were calculated using these initial 
results. These values equaled 5 kcal/mole for Brine B and 4 kcal/mole 
for seawater. A more extensive study of temperature effects on the 
corrosion of selected candidate metals is presently in progress. 

Effect of Moisture Content (Dry, Moist): An experiment was conducted 
in which coupons were placed in crashed salt at 200°c with 100% 
relative humidity present. The following corrosion rates (mm/yr) were 
measured at the conclusion of this test: 1018 mild steel = 0.15; 
SS-304 «= 0.004; SS-20Cb3 = 0.004; Inconel 600 •= 0.004; and Ticode 12 = 
0.004. As expected, all of these rates were less than those under 
inundated Brine B conditions (Table 3), but still not insignificant. 

The corrosion rates of 1018 mild steel and SS-304L in dry crushed 
bedded salt with 1/2% water added were not measurable at 25°c, 
70°c, or 200°c after 5 months of exposure. At 70°c and 200°C 
the steel samples showed only slight surface corrosion. The SS-304L 
samples were marked with a few small pits. Of course, experiments 
such as these only confirm veil known observations that relatively dry 
salt mines are not corrosive to even susceptible alloys like 1018 mild 
steel. 
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TABLE 5 

EFFECT OF TEMPERATURE ON QUENCHED SOL'JT ION pH 

Temperature 
(°C) 

Seawater 
25°C pn 

S.l 

Brine A 
25°C pH 

6.5 

Brine B 
25°C pH 

25 

Seawater 
25°C pn 

S.l 

Brine A 
25°C pH 

6.5 7.2 

100 8.6 7.1 7.6 

200 5.5 - 6.6 

250 3.9 3.4 -
270 3.3 - 6.3 

TABLE 6 

CORROSION RATES OF CANDIDATE ALLOYS 
IN OXYGENATED SOLUTIONS 

(250°C and p=7MPa) 
(O2)=3600 ppra in Brine A and 1750 ppra in Seawater. 

Brine A 
Alloy (cm/yr) 

101B Mild steel 7.0 
Copper 1.2 
Lead 1.2 
90-10 Cupronickel 0.4 
IS-Ebrite 26-1 0.24 
ss-20Cb3 0.1" 
Inconel 600 -Baatelloy c-276 0.06* 
Ticode 12 0.004 

Seawater 
Imm/yr) 
11.0 
5.0 
1.0 
0.7 

0.1 
0.2* 

* pitting and crevice corrosion 
••crevice corrosion 



Effect of Solution Volume and Hydrostatic Pressure: ftost of the 
coupon experiments were conducted with a solution volume/alloy surface 
area ratio of 2-3 ml/cm^ and a pressure of 5 MPa (700 psi). 
Lowering the solution volume/surface area ratio by a factor of 10 
doubled the corrosion rate of 1018 mild steel. This result was 
probably due to the lower observed pR of the small volume experiments 
(3.2 versus 4). while this effect on the more corrosion resistant 
alloys is unknown. It is not expected to be as great. The effect of 
increasing the hydrostatic pressure on a wide range of alloys under 
deoxygenated conditions was to increase slightly the corrosion rate. 
This increase( however, was within experimental error and, therefore, 
the determination of its signficance requires further investigation. 
This work is in progress. 

Effect of Welding and Crevices: Welded coupons with clamped crevices 
made from 1018 mild steel, SS-304L, and Haste Hoy C-276 were exposed 
to deaerated Brine B at 70 oc f and 200°C. Crevice corrosion 
problems were nonexistent in these deaerated solutions. The 1018 
steel samples exhibited general corrosion but no weld attack. The 
SS-304L specimens showed numerous pits around the welded areas at 
70°c only, whereas the Hastelloy C-27G samples were virtually immune 
from attack. Corrosion rates were again immeasurable at 70°C. 
Measured corrosion rates at 200°C are as follows: 1018 ~ 0.1 mm/yr; 
SS-304L = .005 mm/year; and Hastelloy C-276 - 0.0001 mm/yr. The 
surprising lack of pitting of S5-304L at 200°i_ must be due to a 
significant separation between the rest and pitting potentials in 
deoxygenated high temperature brine. This electrochemical effect will 
be explored in greater detail. 

Field Testing Results 

yull-sizrt heater experiments are being conducted or are scheduled at 
the following times and places: 

1. January 197B to August 1978, in the Conasauga formation in 
Tennessee 

2. June 1978 to December 1978, in the Eleana shale formation at 
the Nevada Test Site 

3. Summer 1979, in bedded salt in New Mexico 
4. Summer 19B1.- in the deep North Pacific Ocean (sub-seabed 

sediments) 

Conasauga Experiment: The Conasauga experiment has been completed. 
Galvanically isolated metal coupons were attached to the bottom of an 
electrical heater. The heater was placed into a forced dry hole in 
this hardrock formation. The following metals were evaluated; 
SS-Nltronlc 50, S5-20Cb3, zirconium, Rovar, Hastelloy C-276, 
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iiumimim 2024, 1016 milt! *teel, 4130 carbon steel, Inconel 600, KP35N, 
titanium C.P. and SS-304U The samples were held at about 200°C for 
180 days. Only Burface oxidation with superficial corrosion occurred 
durinq this test indicating that thermal decomposition products of the 
formation are not corrosive. However, another heater was placed in a 
very wet hole; the SS-304L heater shell tarnished, but corrosion was 
insignificant. A problem did occur near the top of the heater where 
condensed water existed. Here, all the thin SS-304 sheathed thermo
couples, which had been severely deformed to fit alongside the 
canister, stress corrosion cracked. In the future this thermocouple 
problem will be avoided by using Inconel sheathed thermocouples. 

Bench-Scale Salt Block Experiment 

In order to scale-up laboratory corrosion testing for the bedded-sal* 
(WIPP) corrosion study, an electrically heated bedded-salt block 
(a 1-meter cube) was utilized. The salt block {halite) was obtained 
from a southeastern New Mexico potash mine Jt approximately the 
300ra-deep horizon. Fourteen candidate corrosion coupons were picked 
to represent a wide range of classes, included were the following: 
(1) titanium C.P., (2) titanium-6V-4Al, (3) HasteLloy C-276, (4) 
Inconel 600, (5) zirconium, (6) Zircaloy-2r {7) Zircaloy-4, 
(8) SS-20Cb3, (9) SS-Nitronic 50, (10) SS-304, (11) 17-« pH stainless 
steel, (12) 70-30 brass, (13) aluminum 6061, and (14) 1018 mild 
steel. These alloys are listed in order of expected decreasing 
corrosion resistance. One surface of each coupon was mirror polished 
and photographed. This would enable a qualitative visual determina
tion of any corrosion to be made. Power was supplied to the heater 
for 99 days. The temperature at the bottvtn of the coupon hole was 
maintained tietween 100°c and 150°c for most of the duration of the 
experiment. Examination of all coupons confirmed what might have been 
expected, that is, nothing corroded. Most of the coupons and the 
plain carbon steel heater shell appeared exactly as they did four 
months earlier, except for the 70-30 brass, 1018 steel and 304 
stainless steel coupons. Each of these three had a thin, nonadherent 
oxide film on the polished surface. The weight change was below 
experimental detection limits. This indicated the presence of 
moisture at one time or another, but the absence of pitting on the 
SS-304 and aluminum sample snowed that the moisture was present only 
temporarily, most likPiy before Btartup. 

Selection of Candidate Metals for Further Study 

Eight candidate alloys have been selected for further comprehensive 
study. The selection criteria Included corrosion resistance under a 
variety of conditions, along with metal cost and availability. The 
selected prime candidate alleys ar.~ as follows (listed in order of 
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increasing corrosion resistance): 1018 mild steel, Corten A steel, 
lead, 90-10 cupronickel, SS-Ebrite 26-1, Monel 400,lnconel $00, and 
Tirade 12. 

ONGOING AND FUTURE RESEARCH 

The following studies are currently underway at Sandia Laboratories or 
are planned to commence by early FY. 1980: 

Bedded Salt and Sub-Seabed Compatibility Studies 

1. More sensitive corrosion measurement techniques for use on 
very corrosion resistant alloys are deeded. Techniques under 
consideration include ion implantation of markers, radio-
chemistry, and instrumenta 1 analytical chemistry methods. 

2. Further, comprehensive investigations on the effects of 
geologic isolation environment variables on the corrosion 
characteristics (tyue of corrosion) and corrosion rate are 
being conducted on the eight prime candidate alloys identi
fied. The types of investigations and variables studied are 
as follows: 

(a) temperature (25°c - 250°c) 
[b) dissolved O2 concentration {0 - 1000 ppm). 

Electrochemical methods will be used to determine 
whether metals will support an O2 current 

{cS welding and sensitization 
(d) solution composition (Brine A, Brine B, Seawater) 
(e) solution volume/surface area ratio 
If) hydrostatic pressure 
{g} flowing vs. static solution systems 
(h) prior radiation damage 
(l> intense gamma irradiation/radiolysis product effects 

on the canister-salt-brine system {at low and elevated 
temperatures) 

(j) stress corrosion cracking susceptibility at low and 
elevated temperature through use of slow strain rate 
technique 

(k) ^g-term ( greater than 1 year) 250°c exposure to 
urine and seawater. 

3. Long-terra compatibility studies of selected alloys wilz be 
conducted with the more probable dry bedded-salt condition. 
This part of the study will complement the similar ongoing 
program at the Savannah River Laboratory.21,22 
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An in situ heater/corrosion test In bedded r.dlt, in 
southeastern New Mexico {not the proposed WTPP site), 
will begin late in fiscal year 1979. This test wilJ 
complement the ongoing laboratory tests, but. on a 
larger scale. A similar heater experiment In the deep 
North Pacific win be conducted in late 1982. 
In situ demonstration testing with actual canisters of 
reprocessed, commercial BLW will commence at the 
bedded-salt WIPP facility when the first quantities of 
HLW are received for experimental purposes, in approxi
mately early 1986. Experimentation only, not terminal 
isolation, is scheduled for HLW in the WIPP Corrosion 
testing, overtesting, and demonstrations are but a 
small portion of the overall in situ experimental 
program perceived for the WIPP. Such testing and 
demonstrations will help conrirm previous laboratory, 
bench-scale, and in situ heatet testing results and 
further verify analytical model-? based on such data. 
In situ real-waste experiments provide a real- world 
final test, with no assumptions or simulations, and 
are considered an absolute necessity for a totally 
conclusive compatibility evaluation. 

Hardrocx Studies 

In situ heater experiments to verify expected environmental effects on 
corrosion and canister alloy recommendations will be continued. 

ECONOMIC IMPACT OF CANISTER MATERIAL 

Certainly, the cost of a HLW canister/overpack and the impact of that 
metal on available natural resources should be selection criteria. 
Por comparative purposes only, the proposed reference high-level waste 
canister for the WIPP program will be assumed to be a standard cani
ster design. This canister s a double-shell right circular cylinder 
with a 15-foot (4.6m) overall length and a 14-inch (0.36m) outside 
diameter. This canister allows for the accomodation of commercially 
reprocessed high-level wastes and/or spent-fuel assemblies. The 
selected diameter (along with the assumed vitrified HLW composition) 
limits the maximum canister-bedded salt interface temperature to 
approximately 250°C. An assumed overpack is made from schedule 10 
(0.25-inch wall) pipe. The inner-waste stainless steel canister is 
made from 12.75-inch O-D. schedule 40 (0.406-inch wall) pip1:. 
Obviously, these dimensions may be altered in the future, ta&ed on 
many dependencies or requirements. The inner canister provides the 
necessary mechanical strength Cor handling, emplacement, and for 
withstanding geologic overburden pressure. The effective volume of 
the canister is 295 liters. Kisner et al 2 7 projected that 



10,400 m 3 of commercial BLW glass will have been processed by the 
/e.»r 2010 (assuming HLK reprocessing). This waste will fill 35,200 
canisters, corresponding to the generation of 9X1013kwh of power. A 
stainless-steel inside canister will be assumed in order to meet the 
requirements of in-can me it reprocessing requirements. The remainder 
of this section will adoro3S candidate corrosion resistant qverpack 
metals. 

Comparative Reference Overpack Costs 

Comparative reference overpack costs for a varieLy of metals are shown 
in Table 7. Overpack fabrication charges are not included. The very 
high costs of the corrosion-resistant alloys can be quite misleading 
because most lifetime design requirements would not require a full 
quarter inch of these metals for corrosion protection. Utilizing data 
in Table 6 for the worst-case, brine inundated, 250°C, oxidizing 
environment, overpack material costs were recalculated for a "1-year 
{transportation, handling}," "25-year (retrievabiiity)," and "300-year 
lifetime" barrier. These costs, relative to the cost of a Ticode 12 
ovetpack, are shown in Table 8. 

Uniform corrosion rates generally decrease with time; this would make 
long-term extrapolations based on our short-term experiments somewhat 
conservative. However, this type of extrapolation is not we'i sub
stantiated and therefore the data presented in Table 8 should be taken 
as semi-quantitative for comparative purposes only. Thin coatings of 
the corrosion-resistant alloys can be very effectively submerged arc 
deposited or plasma sprayed onto less expensive substrates. Clearly 
future design requirements or lifetime options will eventually dictate 
which alloys and which methods of application arc most economical or 
desirable. 

Material Requirements vs. Resource Reserves 

Another important area which needs to be addressed is the impact of 
the materials selection on availability and total-world natural 
resource reserves. The annual raw material requirements for a number 
of alloys is shown in Table 9. These figures are based on a 20-year 
linear production schedule of the required 35,200 reference (1/4-inch 
thick) overpacks. The impact of this annual requirement on present 
0,S. availibility^B and the overall 20-year requirement on world 
reserves29 iB shown graphically in Figure 1. The large impact on 
annual consumption of tltantium is not as signficant as it appears. 
Titanium production facilities are currently not being run at full 
capacity because of low demand. Additionally, a full quarter inch of 
overpack may not be necessary, as mentioned previously. 
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COMPARATIVE REFERENCE OVERPACK ALLOY COSTS 
(all baaed on 1978 dollars, excluding final fabrication charges) 

Alloy 
S/Overpack Total Overpack Alloy Cost 

5/lb (0.25-lnch wall) by year 2010 (HlllionS) 

A36 Hild Steel 0.26 145 5 
Corten A Steel 0.31 167 6 
Lead 0.81 650 23 
Copper 1.88 1195 42 
90-10 Cupionickel 2.54 1614 57 
SS-Ebtlte 26-1 2.53 1394 49 
Honel 400 3.72 21B0 77 
SS-20Cb3 3.72 2050 72 
Incoloy 825 3.62 2041 72 
Inconel 600 4.11 2613 92 
Titanium C.P. 5.96 1917 67 
Ticode-12 7.15 2300 81 
Hastelloy C-276 7.55 4860 171 
SS-304L (Canister) 1.0 J 778 

TABLE 8 

27 

RELATIVE ECONOMIC OVERPACK DESIGN DATA, BASED ON CORROSION RATES 
IN WORST-CASE INUNDATED, OXIDIZING, 250°C BRINE 'A" ENVIRONMENT 

Relative Alloy cost for Overpack Required 
to Provide Stated Lifetime** 

Alloy 

A36 Mild steel 
Lead 
Copper 
90-10 Cupronickel 
SS-Ebrite 26-1 
Hastelloy C-276 
Inconel 600 
Ticode 12 

1 year 

0.3 
0.3* 
0.5* 
0.7« 
0.6* 
2.0* 
1.1* 
1.0* 

25 years 300 years 

7 83 
5 64 

10 117 
4 52 
3 28 
2 24 
1.2 14 
1.0* 1.0* 

* Minimum wall thickness 1.6mm (1/16-inch sheet) 
** wall thickness calculated from corrosion rate or taken as 

1.6mm, whichever is greater. Cost of 1.6 an Ticode 12 
overpack is $580 (1978). 



TABLE 9 

ANNUAL RAH MATERIAL REQUIREMENTS THROUGH YEAR 2010 
(20-YEAR OVERPACK PRODUCTION SCHEDULE) 

Critical Annual Tonnage (tons) 
Alloy Component 

Fe 

Required 

A36 Mild Steel 

Component 

Fe 490 

Lead Pb 710 

90-10 cupronlckel Cu 501 

SS-Ebrite 26-1 Cr 126 

Bastelloy c-276 Nl 330 
H 22 
Mo 95 



Figure i . Impact of Raw Material Requirements on Availability 
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It should be stressed that the most cost-ef feet i ve matt-rial CJI only 
be identified after a site-sp- fie environment- is fully defin-rl and 
lifetime design requirements _- chosen. Foi example, if bedded sa't 
repository conditions could be predicted to remain dry indefinitely, 
then a 1018 mild steel canister would provide a substantial period of 
isolation. 

SUMMARY 

Disposal of high-level waste in stable geologic formations is presently 
considered the most viable method for insuring the isolation of radio
nuclides contained in the waste. Although the waste canister is only 
one of several physical/geochemical barriers which block the dispersal 
of rac.onuclides towards the biosphere, it may play a significant role 
during the first several hundred years after emplacement. The compati
bility of candidate waste canister materials with deep geologic 
isolation environments is being investigated in a series of inter
related laboratory, bench-scale, and in situ experiments. Results 
presented are partially applicable to bedded and domed salt, sub-
seabed sediment, and various types of hardrock geologic waste reposi
tory or test facilities. Emphasis in this work is on bedded-salt and 
seabed environments. 

Candidate HLW canister and overpack metals which satisfy appropriate 
requirements for barrier lifetime, costs, and mechanical properties 
have been identified using data presented. Lifetime objectives 
generally range from 0-5 years for transportation and handling require
ments, to 5-2? years for waste retrievability constraints, and 
approximately 300 years for retardation of near-field, thermally 
driven Interactions such as wasteform leaching, followed by potential 
radionuclide migration. 

Objectives of metallurgical compatibility testing include: further 
defining interaction kinetics and mechanisms under appropriate condi
tions; providing data necessary for repository design and overall 
repository safety analysis studies; and, making and testing predictive 
analytical models based on such data. Corrosion data from the Project 
Salt Vault waste isolation test in bedded salt, data from geothermal 
brine testing, and other existing data are incorporated where 
applicable. The bulk of data (and emphasis) is on corrosion studies 
in progress at Sandia Laboratories. 

Several series of laboratory tests were conducted to evaluate the 
effects of environmental parameters on resultant corrosion rates. The 
parameters represent both optimized emplacement conditions and 
credible, worst-case (e.g., water intrusion) boundary conditions. 
Variables tested include: temperature (25-250°c), pressure, 
solution composition* oxygen concentrations, solution volume/surface 
area ratios, welding and crevice effects, and dry and moist salt 
effects. Several conclusions may be based on this data. 
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1. Solution corconivenesr. incr*?ar,er» in the ordf-r 

Brine B (NaCl) ** Seawater ' Brine A (Mg/K/Na chloride) 

These differences are probably due to a pH effect {conclusion 
12), 

2. The pH of sea-vater and Brine A decreases (from e.l and 6.5 at 
25°C] as the solution temperature is raised (quenched, 
250°c pH values are 3.9 and 3.4, respectively). Brine B pH 
values changed less than one unit. 

3. The presence of substantial amounts of oxygen increases the 
corrosion rate of all alloys in seawater and in brine. 

4. Localized attack (crevice corrosion and pitting) in deaerated 
200°c and 2S0°C seawater and brine has been minimal even 
for 304L SS. This is surely due to a signficant separation 
between the rest and pitting potentials of these alloys at 
the high temperatures investigated. The high temperature 
electrochemical properties of these alloys are presently 
being studied. In the presence of oxygen, however, signi
ficant localized attack has been observed even in the very 
corrosion resistant alloys such as Carpenter 20Cb3 and 
Hastelloy C-276. 

5. The effect of radiolysis products (due to high dosage gamma 
Irradiation) is an area that is still insufficiently quanti
fied. Hore investigation is planned. 

6. The economic impact of utilizing several candidate canister 
and canister overpack materials is also addressed. Overpack 
costs were calculated for possible 1-, 25-, and 330-year 
design lifetime requirements under worst-case, brine inun
dated, 250°c oxidizing environments. The most expensive 
(per unit weight) alloys appear to be cost-effective for both 
the 25- and 300-year lifetime alternatives. Alloy require
ments can be satisfied with present U.S. production capacity. 

7. A wide range of approximately 20 candidate metals was 
initially tested for corrosion rates under appropriate 
simulated HLK isolation conditions. Based on these initial 
results, published data, and alloy costs and availability, 
eight prime candidate alloys were selected for further 
comprehensive study: 1018 mild steel, Corten A steel, lead, 
90-10 Cupronickel, SS-Ebrite 26-1, Monel 400, Inconel 600, 
and Ticode-12. 
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In conclusion, it appears possible Co provide an HLW canister-ovt-rpack 
system which can survive the potentially corrosive environments of a 
terminal Isolation geologic facility for desired periods of tine, A 
canister/overpack can protect the HLW form from aqueous leaching 
(assuming an intruding leachantj during the period of greatest waste 
thermal output—and greatest reactivity. The canister/overpack system 
can thus be a valuable segment of the muitibarner concept for BLW 
Isolation. Studies are in progress to both further assess and then 
conclusively demonstrate the utility of this engineered, metallic 
barrier. 
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