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2.1 IN SITU TESTING OF TITANIUM AND MILD STEEL NUCLEAR WASTE
CONTAINERS AT THE WIPP SITE

M.A. Molecke
Sandia National Laboratories

Albuquerque, New Mexico, U.S.A.

In this presentation, I would like to give you an overview of some of the
Waste Isolation Pilot Plant (WIPP) in situ tests on the corrosion of
materials for high-level-waste containers. Specifically, I would like to
discuss the materials titanium and mild steel. I am responsible for the
in situ testing program and for overseeing laboratory research on the waste
package program. The program is divided into two parts:

(i) A laboratory program on waste-package interactions and
technology;

(ii) An in situ program on corrosion, metallurgy, geochemistry and
related topics.

I will say very little about corrosion because Rob Sorensen will follow me
and give you a summary of our laboratory research on titanium alloys, in
particular on ASTM Grade-12. I'm going to spend most of the time talking
about the testing of simulated defense high-level-waste packages, which has
been going on since 1984 at the WIPP facility in southeastern New Mexico.
The WIPP facility will be the repository for defense transuranic waste.
Starting in about 1991, the site may be used as a test facility for actual
defense high-level wastes (DHLW), i.e., in the form of reprocessed waste,
not spent fuel.

I would like to begin with a brief description of the WIPP project and the
purpose behind it. The WIPP project was established for the express
purpose of providing a research and development facility to demonstrate the
safe disposal of radioactive wastes resulting from the defense activities
and programs of the United States. The project is exempted from regulation
by the Nuclear Regulatory Commission (NRC). The overall structure of the
WIPP experimental program is shown in Figure 1.

The WIPP facility is in the southeastern corner of the State of New Mexico,
about. 59 to 60 km east of Carlsbad, Figure 2. The underground facility is
shown in Figure 3. Note the dimensions of the facility. I will talk
primarily about the high-level-waste tests taking place in rooms Al and B.
Both of these rooms are approximately 100 m long by 5.5 m x 5.5 m.
Facility construction started in 1980. The surface construction is
essentially complete, including the waste-handling facility and the
transportation reception area. The facility is expected to begin accepting
transuranic waste this October. There will be a 5-year period of
retrievability. After 5 years we expect to have a full-scale transuranic
repository. As shown in Figure 3, we have four shafts down from the
surface. Three of them are shown in the figure. The last one is under
construction. The site is expected to accept waste for approximately 20 to
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FIGURE 1: Overall Structure of the WIPP Experimental Program
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FIGURE 2: General Location and Control Zones of the WIPP Site

25 years. The underground section is approximately 650 m below the
surface, but is still above sea level. It is in a fairly pure halite
deposit, as shown in Figure 4. The deposit is ~ 1000 m thick, starting at
about 300 m below the surface and penetrating down to about 1400 m. Most
of it is very pure sodium chloride (> 90%).
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The Sandia waste-package research programs and their interrelationships
with other testing programs are shown in Figure 5. The waste-package
performance program is described in Figure 6. In the past, our program has
been mainly laboratory research, starting in about 1976. However, over the
past several years, we have concentrated more on underground testing than
on laboratory experiments. We have progressed from laboratory tests, to
larger-scale tests conducted in cooperation with Battelle North West, to
underground tests in a potash mine in New Mexico in the early '80s. Since
1984 we have been working predominantly on this defense high-level-waste
test. By 1991 we expect to be performing our tests on actual defense high-
level wastes, in addition to those on transuranic wastes.

FIGURE 5:
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Sandia Waste-Package Research Programs: Time Progressions and
Interfaces

Our objective is to evaluate the performance of the waste-package material
in terms of its durability and integrity in an in situ repository which
closely resembles the proposed facility. The tests are being performed
under both near-reference and accelerated salt repository conditions. In
the salt bed we have a number of full-sized containers (~ 60 cm in diameter
and 3 m tall). Several of these are filled with defense high-level waste
glass (non-radioactive) supplied by the Savannah River Laboratory. We also
have some small glass pellets (~ 0.5 cm by 0.5 cm) outside the containers
in the buffer/backfill material. In our case, this backfill material is
either a bentonite/sand mixture or crushed salt. In other tests we have
metals and glasses directly exposed to brine. We are studying:
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the corrosion and metallurgy of the canister and overpack
materials;

(ii) the feasibility and performance of the backfill materials; and

(iii) the near-field effects such as brine migration.

We will compare the results of these tests with the results of our
laboratory experiments in an attempt to model such processes and to make
predictions on long-term behaviour. In the light of these tests, we will
refine our procedure and our instrumentation systems, prior to starting a
further series of tests on actual defense high-level wastes.

WASTE PACKAGE INTERACTIONS
WASTE PACKAGE PERFORMANCE PROGRAM

P PHOJECTI

OMKMUCIIM

CMWCN

FIGURE 6: Waste-Package Performance Program

We have two separate types of waste-package design: one is a titanium
Grade-12 canister that we developed at Sandia in the early '80s; the other
was provided by the Office of Nuclear Waste Isolation (ONWI) also back in
the early '80s. We also have some other non-reference overpack designs.
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We are studying primarily the corrosion and metallurgical alteration of
these containers. We are looking at the backfill behaviour, geochemical
alterations, thermal conductivity, and the feasibility of using a specific
container design in our repository. We are also studying effects such as
brine inflow.

We have two separate test rooms, as shown in Figure 7. In room B we have
two rows of waste containers and in room A we have one row. The basic
geology of the site is also shown. The salt bed is basically sodium
chloride. The major impurities include polyhalite and anhydrite as well as
some magnesium-containing materials. In room B, Figure 8, there are 12
containers, indicated by the open squares- Containers 1 to 8 contain
1500-W electrical heaters. Containers 9 to 12 are filled with the non-
radioactive defense high-level-waste glass.
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FIGURE 8: Layout and Dimensions of Room B

Figure 9 shows the two basic types of container. The dimensions of the
Grade-12 titanium container are shown. The domed head is made 18 mm thick
to resist the lithostatic pressure expected as the salt creeps in and
begins impacting the containers. Eight Grade-12 titanium containers are
presently in place in the facility. Two of them contain glass, the others
contain the electrical heaters. The other test containers are the
commercial waste container design (Figure 9), composed of an internal
stainless steel container (provided by Savannah River), plus an 8.6 cm-
thick cast steel overpack. There axe four of these containers: two with
glass inside and two containing 1500-U electrical heaters. The backfill
used with the mild steel is crushed WIPP salt with no particles greater
than about 6 mm. Most are much smaller. The backfill used for the
titanium container is 70X bentonite clay mixed with 30% silica sand.
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Figure 10 shows a more detailed cross section of the titanium Grade-12
container, showing the positions of the thermocouples and pressure gauges.

The thermocouples are located on the salt wall, on the wall of the
container, and across the backfill layer, so that we can monitor the in
situ thermal conductivity and the temperatures for the one container. The
pressure gauges, on the container and on the wall, allow us to measure the
pressures exerted by the backfill onto the container. After about three
years of testing we have seen pressures of about 1000 to 1300 psi (3 to
4 MPa), which is about half of the rock-salt lithostatic pressure. The
pressure is still slowly rising. We also have some non-radioactive glass
pellets outside the container to be representative of the possible
situation where a container has cracked or corroded open after ~ 1000 a,
allowing direct contact with the backfill material at a relatively high
temperature. The temperatures on the surface of the test containers are in
the range of 150 to 190°C directly on the wall, and 130 to 150°C at a
distance of 15 cm, on the rock-salt surface. We emplaced these canisters
in 1984, and at the moment, are in the process of retrieving all of them.
We hope to have all twelve out of the ground by the end of this year. We
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FIGURE 10: A More Detailed Cross Section of the SNL Titanium Grade-12
Design

do not anticipate a lot of corrosion on the titanium. We have injected
100 L of a high magnesium-containing sodium chloride brine into the middle
50% of the canister region to accelerate the corrosion, and thereby
simulate a long exposure period by means of overtesting. This injection
took place after 6 months of heated testing.

The ONWI-design waste package is shown in more detail in Figure 11. The
instrumentation is similar to that used with the titanium-12 canister. In
order to measure pit growth, we have drilled holes in the containers. Some
of these holes go halfway through the steel; some go all the way through.
When we retrieve these canisters later this year, it will be interesting to
see how much they have grown. The overpack is constructed of an A216/WC
cast mild steel, fabricated in Ohio, and the can is made of a 304L
stainless steel, provided by Savannah River. The stainless steel can sits
inside the mild steel overpack with an electrical heater inside of it. Room
A, shown in Figure 12, actually consists of a series of rooms, Al, A2, A3.
Room Al is occupied by waste canisters. These are reference canisters with
a thermal output of 470 W each. These are the same size as in room B. The
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thermal output is what we expect from defense high-level waste. The
temperature at the surface of the canister is ~ 90°C. The rest of the
rooms are also occupied by electrically heated containers, for the sole
purpose of heating the surrounding salt to measure the effects of the heat
on rock geomechanics. A stainless steel tube was installed to help
retrieve the small glass pellets for examination. The stainless steel has
performed very poorly. It has stress corrosion cracked and fallen apart,
and it will be very difficult to retrieve the glass pellets. To retrieve
the pellets, we have had to overcore the stainless steel tubes.

Also in room Al we have a third design of waste container: a right-
circular cylinder overpack design, with a wall thickness of approximately
2.5 cm of mild steel. We have eight of these containers. Half of them
have a 2-mm overlayer of Grade-12 titanium sheet on them for enhanced
corrosion protection. This design is shown in Figure 13. The
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FIGURE 13: Cross Section of a Mild Steel Canister with a Titanium Grade-12
Overpack and Pintle
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instrumentation is very similar to the other two containers, the only
difference being that in this case we have the glass pellets directly on
the surface of the container. The temperature at the surface of the
container is about 90 to 100°C. The thermal output from these containers
is also 470 W each, about what we expect in a defense high-level waste
repository in rock salt.

Some of the design and cost details for these containers are summarised
below:

I. Sandia Titanium Grade-12 Canisters

Composition - Ti; 0.24-0.362 Mo; 0.7-0.92 Nij 0.07-0.122 Fe,
0.09-0.152 02. (It should be noted that titanium is not a
critical or limited metal).

The outside dimensions are identical to the DWPF SS-304L
Can (3.0 m x 0.61 m dia.).

The body is 6.4 mm thick with a 19-mm-thick hemispherical-head.

Weight - 2100 kg filled with glass, 230 kg empty.

Welded and inspected per ASME Code VIII, Div.l.

Cost - $11,000 each, fabricated and delivered (8; 8/84).

II. WIPP Room Al Test Canisters

A. Mild steel, schedule 60 pipe canisters (4)

Dimensions - 2.0 m x 0.61 m dia., 25-mm wall thickness;
flat top and bottom-

B. Same, with 2.2-mm titanium Grade-12 overwrap and pintle (4):

Canisters for materials testing only; not reference
design;

Potentially useful as overpacks for damaged cans;

Titanium grade-12 overwrapped version based on previous 0NWI
optional design;

Approximate cost - $4000 (A) and $8,000 (B).

III. ONWI Reference-Desig-n H984) Package

A. SRP/DWPF Glass-Pour Canister:

Stainless steel 304L; 9.5 mm thick, 3.0 m x 0.61 m dia;
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Weight - 1700 kg glass-filled, 500 kg empty;

Cost - $6,500 each (SRL).

B. ONUI Corrosion-Allowance Overpack:

Cast steel, A216/WCA, 8.6 cm thick;

Weight - 5600-7800 kg;

Cost - $23,000 each, fabricated and delivered (4; 8/84).

C. Total ONWT Package:

Cost - $29,000 each;

Weight - 7300-9500 kg total;

Requires repository remote welding assembly;

(WIPP handling difficulties).

The advantages of choosing titanium Grade-12 as the canister material are
many and are listed below:

(1) In our laboratory and previous field tests, titanium-12 has
generally shown superior uniform and localized corrosion
behaviour in salt and brine environments in both the presence and
absence of irradiation.

(2) We now have a large database from these tests, which supports our
300- to 1000-year barrier-integrity criteria. Over the last
eight to nine years we have published ~ 50 papers, listed in the
reference section (Section VII).

(3) The container possesses many assets: it can be glass-filled
easily; it can be used for temporary storage with little fear of
corrosion; it is easy to transport; no repository overpacking is
required.

(4) The container, fabricated and delivered, has a relatively low
cost ($11,000) compared to alternative designs with other
materials.

(5) The availability of titanium, and expertise in its fabrication,
are more than adequate.

(6) The container (glass-filled) is relatively light (titanium
Grade-12, 2100 kg; ONWI-design, 7300 to 9500 kg) and not bulky.

(7) The titanium Grade-12 containers were specifically developed for
salt environments, but could be used in tuff or granite, etc.
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(8) The titanium Grade-12 container has dimensions very close to
those of the DWPF stainless steel canister.

(9) For glass-filled containers, molten glass is poured through an
opening in the top of the canister. The canister is then easily
closed using the technique of Upset Welding developed at the
Savannah River Laboratory. This technique uses a very high
current and a large force to press an oversized plug into the
opening.

(10) In cooperation with the Titanium Metals Corporation of America,
we have undertaken a chemical and a thermal/mechanical
optimization program. The results of the chemical optimization
study have been published, and the chosen composition (0.3 \it.Z
Mo, 0.8 Ni, 0.1 Fe, 0.14 02, balance Ti) is within the ASTM
specification for a Grade-12 material. The results of the
thermal/mechanical optimization program are about to be
published. The technique chosen, the alpha-beta cross-rolling of
plate, involves only a minor modification of the standard
process.

(11) The container is compatible, in terms of size and shielding, with
the proposed shipping and repository handling of the wastes.

Despite our enthusiasm for titanium Grade-12, there remain many unresolved
issues which must be addressed:

(1) The crevice corrosion results of Westerman (R.E. Westerman and
M.R. Telander, Hydrogen Absorption and Crevice Corrosion
Behaviour of Ti Grade-12 During Exposure to Irradiated Brine at
150°C; PNL/SRP-SA-U323) suggest a susceptibility to this form of
corrosion that we have not observed in similar tests at Sandia.
Our upcoming examinations of canisters from the WIPP site will
enable us to see whether the crevices formed with the salt or
bentonite/sand backfill have undergone any significant corrosion
over the three-year period of underground testing.

(2) We need to study the effects of hydrogen absorption in more
detail. So far, we have observed no damage due to hydrogen
absorption, since the process appears to be self-limiting.

(3) The question of smeared iron contamination was brought up by the
Titanium Metals Corporation of America. This is primarily a
concern with Grade-2 titanium. We have seen very little effect
with Grade-12, the measured increase in corrosion being
insignificant.

(4) Further comparative results on titanium alloys and alternative
corrosion-resistant materials, such as Inconel 625 and Hastelloy
C276, would be desirable. We have a substantial corrosion data-
base for titanium-12, but unfortunately, a similar comprehensive
database does not exist for the nickel-based alloys.
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(5) Our in situ tests at the WIPP site (with and without radiation)
are not yet complete.

(6) DUPF decontamination by frit blasting needs to be tested.

(7) Transportation drop-testing of titanium Grade-12 glass-filled
containers needs to be done.

(8) Titanium Grade-12 containers require more radiation shielding
than thick-walled, overpacked containers.

(9) Repository licensing and political impact concerns need to be
resolved. With stainless steel containers it would be the
repository's responsibility to license them. However, with the
titanium grade-12 design, the waste producer (i.e., Savannah
River) would be responsible for the licensing.

In conclusion, I would like to summarize the status of the WIPP program.

1. Room B Tests Turned On 4-22-85.

Eight 1500-W cans and 4 SRP glass-filled;

Brine-injections after 6 months;

3 DHLW container designs;

Test container retrievals in progress;

All tests retrieved in 1988.

2. Room Al Tests Turned On 10-1-85.

Six 470-W test containers;

2 overpack designs;

Backfill and glass retrievals;

Tests to continue till 10-90.

3. MIIT Experiments Turned On 7-22-86.

50 test and 3 "blank" holes in room J;

0.5-year sample retrievals in 2-87;

1-year sample retrievals in 8-87;

2-year sample retrievals in 8-88;

3-week brine-level maintenance;
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Periodic temperature monitoring;

Monthly solution sampling and pH;

Tests scheduled to continue to 8-91.

DISCUSSION

INTERRANTE Is the use of titanium with the Savannah River Defense
Waste a moot point now, since the U.S. has decided to go
with a tuff repository?

MOLECKE Thac may indeed be the case for the solid titanium
canister. The titanium overpack. design may have a better
chance to survive politically. Things change rapidly in the
U.S. nuclear waste program, as I'm sure you are aware.
The last time we had direct dealings with Savannah River
was late 1985 and they expressed a strong preference for
the stainless steel, as opposed to titanium, container.
The fact that we could demonstrate a saving to their
facility of M$100 by using the titanium canister did not
overcome their opposition.

INTERRANTE Are you suggesting that titanium, as an overpack material
is viable for the tuff repository?

MOLECKE Yes. However, given the current state of affairs you have
to assume that the chosen waste container will be stainless
steel, which is inferior to titanium in both tuff and salt
environments. In salt, stainless steel is a terrible
material. It will need an overpack and we are suggesting
that a titanium overpack is a very good idea. However, our
job is to provide data on all materials that are viable.
The political decisions will be made elsewhere.

INTERRANTE Can your suggestion that a titanium overpack is viable be
taken to mean that you consider a titanium canister to be
the best option?

MCLECKE In our view, definitely yes. Both economically and on the
basis of corrosion performance, it has proven to be the
best overall system. Savannah River has taken a provincial
view on this matter. They only want the responsibility of
producing the glass, not the job of licensing the container
and putting it into the ground. Our view is that one
titanium container can do the whole job.

INTERRANTE Are you not disturbed by results which show titanium is
sensitive to localized attack?
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As I said in my talk, there are unresolved issues,
specifically the crevice corrosion data of Westerman (PKL).
We are continuing with our research on that subject, but
none of the results we have obtained at Sandia suggest that
titanium is unsuitable. So far, it has performed better
than any alternative alloy that has been tested. We have a
very large database and, while Ti-12 may not be impervious
to corrosion, it looks very good so far.

I would like to comment on your answer to the previous
question. We need to be a little careful in extrapolating
titanium data obtained in a salt repository to the
prediction of performance in a tuff environment. They are
totally different environments.

I agree that you need to do your own testing. We are
suggesting that titanium looks very good, but it is up to
you to prove that.

Your emplacement hole is vertical. Was the decision to go
horizontal based on mining considerations, or were there
also materials considerations?

The decision was based on mining considerations only.

How did you weld the 8.6-cm-thick carbon steel overpack?

It was a slow procedure using submerged arc welding. The
fabrication facility took 3 days to weld the seam on the
top and the bottom.

What general corrosion allowance do you need with the
carbon steel container?

We don't have any data yet from our in situ tests. The
corrosion allowance obtained from laboratory data has
proven suspect. The value was calculated assuming only
small amounts of brine would be present. That assumption
has proven incorrect. In some of our tests we have
obtained ~ 80 L of brine in 2 years, compared with the
~ 10 L over 1000 years assumed in calculating corrosion
allowances.

You mentioned that you worked with TIMET Corporation to
optimize your alloy composition. How sensitive, in terms
of corrosion and fabrication ease, is this optimized
composition? Can you allow significant deviations from
this composition?

The optimization involves only a very small change in
chemical properties and fabrication procedures from those
commonly used. It is within the allowable compositional
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range for titanium Grade-12 and does not change things very
much.

SHOESMITH Is the optimization predominantly because of fabrication
requirements, as opposed to corrosion requirements?

SORENSEN Yes, the corrosion behaviour really doesn't change. There
is a slight difference in mechanical properties.

BREHM What I really want to know is how sensitive are the
processing and compositional requirements? Will the
specifications have to be very exact?

SORENSEN We don't need to specify a new alloy. The commonly used
Grade-12 titanium is good enough.

MOLECKE In 1984, when we fabricated these containers, we were able
to obtain plate material that was in our optimized range
without any problem.

BREHM Will there be a supply problem when you wish to fabricate a
large number of containers?

MOLECKE No. Titanium suppliers assure us there will be no problem.

GARISTO Do you have any information on the expected frequency of
producing a faulty container?

MOLECKE No. We have looked for pitting, crevice corrosion and
stress corrosion cracking and seen none under reference
conditions.

SHOESMITH I think Garisto is referring to the possibility of
producing a faulty container in the first place-

GARISTO Yes.

MOLECKE I really can't answer that. We have specific inspection
procedures which haven't indicated any problems. When we
retrieve them, I may be able to answer your question.

CROSTHWAITE With your overpack container, do you just wrap the overpack
material around the inner can and seam weld it right over
the body of the inner container?

MOLECKE Yes. We had a prefabricated groove in the steel inner
canister, and we put a strip of titanium behind it so it
didn't affect the weld. There was a flow of inert gas
behind it as they welded.

CROSTHWAITE So you have little contact between the titanium and the
other material?
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They are probably in contact on the sides, but there
appears to be a space at the bottom.

Did you inspect these titanium welds after you made them?

Yes.

What technique did you use?

I'd have to look that up. It has been a while since we did
it.

Did you look, at inserting the steel within a titanium
container as an option to welding?

No.

When you retrieve these containers do you think you will
learn anything meaningful about crevice corrosion? Have
you not optimized the possibilities of crevice corrosion by
strapping it with instrumentation around the outside of the
container?

That is possible. Most of the instrumentation is Inconel
600 or 625. It was strapped on with nylon bands, which we
knew would disintegrate in the heat, but the backfill would
hold the instrumentation in place. The most likely crevice
is the backfill metal crevice, which is the relevant one.


