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This Staff' Esaluation Report has been prepared by the Office of Nuclear
Material Safety and Safeguards of the U.S. Nuclear Regulatory Commission for
the Topical Report filed by Nuclear Packaging, Inc. covering its FL-50/EA-50 ' :High Integrity Container. The container is proposed for use as a means of !
containing. low-level radioactive waste and meeting the structural stability
requirements for waste in 10 CFR Part 61. The sta'?f concludes that the
FL-50/EA-50 high integrity container. meets the structural stability
requirements of Part 61 and may be used for the disposal of low-level
radioactive waste that requires disposal .in a stable form. Limiting conditions,

I

for use .of the container may be specified by the regulating authority for a
particular disposal site.
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' 10 BACKGROUND

1.1 Regulations

By Federal Register Notice dated December 27, 1982 (47 FR 57446), the United
States Nuclear Regulatory Commission (NRC) amended it egulations to providespecific requirements for licensing of facilities fc the land disposal of
low-level radioactive waste. The majority of these "auirements are now j
contained in Part 61 to Title 10 of the Code of Federal Regulations (10 CFR 61)
entitled " Licensing Requirements for Land Disposal of Radioactive Waste" (Ref.
1). Minor modi fications , mostly of a procedural nature, have been made to
other parts of the Commission's regulations, such as 10 CFR 20 (" Standards for
Protection Against Radiation"). These regulations are the culmination of a set
of prescribed procedures for low-level radioactive waste disposal that were
proposed in the Federal Register on July 24, 1981.

The effective date for the implementation of 10 CFR 20.311, which requires
waste generators to meet the waste classification and waste form requirements
in 10 CFR 61, was December 27, 1983. As set forth in 10 CFR 61.55, Class 8 and
Class C waste must meet structural stability requirements that are established
under 10 CFR 61.56(b). In May 1983, the NRC provided additional guidance by
means of a Technical Position on Waste Form (Ref. 2) that indicated that
structural stability could be provided by processing (i.e. , solidification of)
the waste form itself (as with large activated steel components) or by
emplacing the waste in a container or structure that provides stability (that
is, a high integrity container (HIC)).

1.2 Topical Report Submittals
!

By letter, dated November 3, 1983 (Ref. 3) Nuclear Packaging, Inc. (NuPac) |

|

requested consideration by the State of Washington for approval of a Ferralium j
255 (F255) Liner System (the NuPac FL-501 high integrity container) for use in

ithe disposal of Class 8 and C filters from Arkansas Nuclear One to Hanford,
Washington at the U.S. Ecology low-level radioactive waste disposal site. At
the time, Arkansas Power and Light (AP&L) was contracting with NuPac for the

|supply of carbon steel liners for packaging these filters for burial at '

Hanford. With the imminent implementation (on December 27, 1983) of the !
requirements for HICs as specified in 10 CFR 61, as well as site specific
requirements dictated by the State of Washington, NuPac requested an early
review of the request for approval of their FL-50/EA-50 HIC, as described in
the topical report.

The State of Washington, in turn, requested assistance (Ref. 4) in the review

I During the course of this technical review, NuPac renamed the FL-50 HIC as
the Enviralloy 50 (EA-50) HIC. From this point on in this Topical Report
Evaluation the HIC is referred to as the FL-50/EA-50 HIC.

O I
v
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of the topical report through NRC's Of fice of State Programs. A preliminary
technical review, involving primarily members of (a) the Engineering Section of
NRC's Waste Management Engineering Branch, Division of Waste Management, (b)
Brookhaven National Laboratory, (c) the Waste Technology Section of NRC's Waste
Management Branch, Office of Research, and (d) the Transportation and
Certification Branch of NRC's Division of Fuel Cycle and Material Safety,
resulted in the generation of several comments (Ref. 5) on the AP&L related
FL-50/EA-50 report. These comments focussed principally on the need for
further information on the corrosion behavior of the Ferralium 255 alloy,
because corrosion was believed to be a controlling factor in the performance of
a metallic HIC.

At about the same time that the corrosion comments were being transmitted to
the State of Washington for consideration, NuPac submitted (Refs. 6 and 7) a
second topical report on the FL-50/EA-50 HIC. Whereas the first report had
dealt with a specific application of the HIC for AP&L filter cartridge waste to
be sent to Hanford, the second topical was intended to be generic, to apply to
a broad spectrum of waste streams, and to allow for disposal at Barnwell, South
Carolina as well as Hanford, Washington. Inasmuch as the generic report
encompassed and bounded the information contained within the AP&L-related
document, the review effort was consolidated, and further review activityfocussed on the generic topical. A request for further information (Ref. 8)
that incorporated relevant information on soil analyses by an NRC contractor
(Ref. 9) and which consolidated questions on the generic report was transmitted
to NuPac in October 1984.

1.3 FL-50/EA-50 HIC Description

The NuPac FL-50/EA-50 high integrity container is a simple right angle cylinder
with a flat top and bottom manufactured entirely of Ferralium 255. The HIC isapproximately 47 inches in diameter by 51 inches tall. The top, bottom, and
sides of the container are fabricated from 3/8 inch thick material. The top
head has a 24 inch diameter gasketed opening for loading. Closure of this
opening is accomplished with a 3/8 inch Ferralium Alloy 255 plate held in place

eight wedge shaped retainer blocks. Four internal L-shaped verticalby

supports, welded to the inside surfaces of the top and bottom olates, are
provided as stiffeners for the top and bottom plates. A seal is provided
between the lid and top of the HIC by a silicone rubber gasket (an optional
lead gasket is available for highly permeable wastes such as tritium gas). A
vent system is located in the lid and allows relief of internal pressure that
could result from gas generation caused by biodegradation or radiolytic decay,
while preventing significant groundwater movement into or out of the container.
The vented lid is not to be used with wastes that contain highly mobile or
transient gases such as tritium.

Lif ting of the container is accomplished using a cable sling that is provided.
The sling consists of a single 3/8 inch steel cable that is attached to two
lif ting eyes on the container with anchor shackles.

O
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2.0 SUMMARY OF TOPICAL REPORT-

The generic topical report on the NuPac FL-50/EA-50 high integrity container is
intended to demonstrate that the HIC meets (a) all the applicable stability
requirements and criteria of 10 CFR 61 (using guidance provided in the May 1983-
Technical Position on Waste Form), (b) 10 ' CFR 71 sections dealing with Type A
Packaging (as the Part 71 requirements apply to HICs), (c) 49 CFR 173 Type APackaging related areas, and '(d) special testing and design conditions
requested by the Agreement States.

The FL-50/EA-50 HIC was designed to be certified as a 00T Type A container that
would pass all U.S. 00T and U.S. NRC transportation' requirements for- a Type A
container. The HIC is intended to contain the following types of wastes from

|,
light water reactors: (1) dewatered bead resins, powdered resins and j

)

diatomaceous earth; (2) compressible solid waste; (3) non-compressible solid
1

'

waste; (4) filter elements and cartridges; (5) solidified resins, sludges, andliquid wastes.

The material from which the FL-50/EA-50' HIC is fabricated is Ferralium 255
(F.255), - which is a . patented ferritic-austentic, duplex stainless steel that

jreputedly combines high mechanical ' strength, hardness and ductility with |excellent cerrosion properties. As acknowledged in the report, "the most
]critical area associated with-long term isolation is considered to be corrosion
jresistence." A major portion of the report therefore, addresses, the predicted

external corrosion - behavior of the F255 HIC 'under expected disposal h!te
environments and an analysis of the internal corrosion of - the HIC, taking
dewatered bead resin as the e'oected worst case.

The rest of the report, as submitted, focussed on structural analyses
(including results of finite-element calculations using the ANSYS computer
code), analyses of closures and seals, analyses of internal gas generation and
associated gasketing requirements, analyses of radiation and ultra-violet
stability, prototype testing, Type A package testing, heat transfer,inspection, and quality assurance. Much of the information addressing thesesubjects is contained in several appendices. The final approved report will l

,

contain this technical evaluation along with additional information submitted
in 'esponse to NRC review comments and questinns. The additional informationwill be included in the revised report as a second volume. )

|

3.0 SUMMARY OF REGULATORY EVALUATION

3,1 Major Areas of Review i
'
-

The' basic objective of this staff technical evaluation of the topical report I

was to confirm that the NuPac FL-50/EA-50 HIC meets the structural stabilityrequirements of 10 CFR 61. The NRC's Technical Position on Waste Form (May-
| 1983), which addresses various- details including certain transportation and !testing requirements that are present<a f 1 10 CFR 71 and 49 CFR 173, provides

guidance on how to satisfy Part 61. Major areas uf review that are addressed

i

O 3
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in the Technical Position and which received particular ettention in this
review included the following:

1. Corrosion
2. Structural Analyses
3. Prototype Testing

i 4. Gas Generation and Internal Pressurization
5. Radiation and Ultra-violet Stability
6. Type A Packaging Requirements
7. Quality Assurance and Inspe: tion !

. 8. Remaining Technical Position and Other Considerations
1

3.2 Corrosion

3.2.1 Background

Because of its reputed high resistance to stress corrosion cracking, crevice
corrosion, and chloride-induced pitting, when compared with austenitic
stainless steels such as Types 304 and 316, Ferralium 255 is useo in marine
applications, the oil and gas (and petrochemical) industries, for pollution

( control equipment, and other applications where the combination of corrosion
resistance and high strength are especially needed. There is little field
experience, however, with F255 in long-term underground applications. Nur is
there much information available in the open literature regarding the corrosion
of F255 weldsents and the potential for long range pitting corrosion (for
welded, as well as base, material). Concern existed regarding the potentialO errect' or 'oc "' d c#rrosio" o" t" 'troctor ' 'at 9r'tv or *"e ''-so'e^-So
container and the corrosion effects of various waste stream products, including
sulfonated resins, organic liquids, and chlorides; though these matters were
addressed indirectly in the report through an analysis that was intended to be
bounding, that analysis did not provide adequate assurance that every possible
corrosive chemical was accounted for.

I Certain administrative procedures were to be implemer.ted to identify and
preclude incorporation of undesirable chemicals, but the procedural details I

were not provided. Substantive information on these matters was needed before
it could be confirmed that the NuPac FL-50/EA-50 HIC meets the 300 year
structural stability requirement. Accordingly, NuPac was asked (Ref. 8) for

1

considerably more informat;on concerning (a) the metallurgical aspects of F255 '

corrosion, as well as (b) waste stream or other environmentally related
effects. The following discussion of F255 corrosion addresses the review in
the context of these two groups of concerns,,

1

3.2.2 Corrosion-related Metallurgical Factors

3.2.2.1 Corrosion Performance of F255 Welds

In addressing the corrosion behavior of welded F255, NuPac (Ref.10) cited (a)
certain metallurgical characteristics of the alloy that rendertd it less

| susceptible than other stainless steels to intergranular and pitting attack and
|

! O 4
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O (b) welding procedures that would be followed to lessen the likelihood of
corrosion problems with weldments. With regard to advantageous metallurgical
characteristics, NuPac pointed out that the reason that austenitic stainless
steels are susceptible to heat-affected-zone (HAZ) stress / corrosion cracking
(SCC) is that chromium-rich carbides are formed at the grain boundaries during
welding.

Low-carbon versions of the austenitic stainless steels . (e.g. , 316L) have been
developed to lessen the HAZ problem in those alloys. Ferralium 255, however,

,

!

has a typical caroon content of only 0.02%, whicn is even lower than the caroon
content (0.03% max.) used in the low carbon version of austenitic steels such '

as 316L. According to NuPac, microstructural examinations of HAZs in Ferralium
ihave f ailed to reveal " sensitization" (i.e. , grain boundary carbide formation)

as encountered in 316 SS weldments. 1

I
It was also asserted by NuPac that the Electro Slag Remelting process, which is '

used to produce the Ferralium F255 alloy, greatly reduces or eliminates the
types of non-metallic inclusions that act as preferential sites for localized
attack in acid chloride solutions. Therefore, superior performance under
conditions conducive to localized corrosion would be expected. This would be
i. rue for weldments as well as parent material.

To provide assurance that the intrinsic corrosion-resistant nature of
as-manufactured F255 would be preserved in welded metal, NuPac af firmed that fall welding procedures utilized in the FL-50/EA-50 HIC fabrication would be
developed and qualified in strict accordance with ASME Section IX requirements.
Specific details regarding welding specifications, required tests, and
inspections were provided in the response (Ref. 10) to ' NRC staff comments.
Typical drawing, planning, and procurement documentation was also provided.

During the course of the review of the topical report it became apparent that i

there was some conflicting information in the literature regarding the
recommended welding parameters (e.g., heat input and rate of cooling) for F255.
As explained in NuPac's response (Ref. 10) to the staff's questions, the
apparent inconsistency stemmed from differences in the wrougnt versus cast
versions of F255. Recent work on welding parameters for F255 has been
documented (Refs. 11, 12, 13) by Cabot, and .NuPac will follow Cabot's
recommendations in welding F255 HICs,

i

Intercomparative data 2 on the Ferralium 255 duplex stainless steel and 316 {
austenitic stainless steel were also used as supporting evidence for the

a Austenitic stainless steels are a class of corrosion resistant alloys for
which there is a considerable body of test data and substantial experience

1(some of which involves underground applications). Hence, an intercomparison I
of the FL255 alloy (which is relatively new) with an established older alloy |
such as 316 stainless steel provides a measure of the relative merit of the j
newer material, '

,

1

O '

|
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. expected satisfactory service performance of F255 weldments. In laboratory
' tests involving the use of (a) potentio-dynamic polarization curves to
determine pitting potential in various environments and (b) chloride pitting
and crevice corrosion tests, it was shown that while there were instances where
the perfctmance of F255 and 316L SS was similar, there was no case where the

i performance of F255 was inferior to 316L. In 5% Nacl, 316L SS welded sarrples
| pitted in the weld, whereas no pitting was observed in F255 in the welded or

unwelded state. Hence,- the test results showed that F255 weldments generally,

were superior to 316L SS weldments. This demonstrates that F255 welds should
I

provide even greater assurance of structural integrity and a higher safety
margin regarding the required HIC design life of 300 years than would 316L
stainless steel.

The performance of austenitic stainless steels in soil environments isdiscussed in Section 3.2.2.3 of this evaluation report. Based upon tne
totality of evidence regarding the performance of F255 weldments and NuPac's
procedures for assuring satisfactory performance, the staff concludes that
there is reasonable assurance that welding of NuPac FL-50/EA-50 F255 HICs will
not impair the uniform or stress / corrosion cracking resistance of the HICs.

3.2.2.2 Pitting Corrosion Repassivation

As noted earlier, F255 corrosion test results reported in the open ' literature
suggested that uniform and pitting corrosion rates would both be low. F255microstructural considerations, discussed- in the previous section, also
suggested that F255 was quite resistant to pitting corrosion, even in the

O welded state. There was a concern, howeve r, about the potential for
non passivation of corrosion pits, should corrosion pits ever be initiated.
NuPac was, therefore, asked to perform cyclic voltammetry tests on F255 to j
assure that pitting corrosion, if initiated, would not progress to premature
loss of structural integrity of the HIC.

The cyclic polarization tests, which were performed (using simulated solutions) fon base metal as well as weldments of both the F255 and 316L SS, showed that
there was a lack of hysteresis in all the polarization curves obtained with
F255. This result, coupled with the lack of any visible pitting, confirmed the
expected high rr | stance to pitting in F255. In contrast, significant visible
pitting and significant hysteresis of welded 316L SS occurred, thereby
demonstrating both the superior pitting corrosion resistance of F255 as well as
the efficacy of the cyclic voltammetry test.

3.2.2.3 Field Experience with Comparative Alloys

Due to the relatively short time (less than 20 years) that duplex stainless
steels such as F255 have been in existence, there is limited field experience
with such alloys in soil environments. Some experience does exist, however,

;

with other more common corrosion resistant alloys such as the 300-series
austenitic stainless steels. NuPac was, there fore, asked to document such
field experience (in a variety of soils with the comparative alloys) that would
demonstrate reasonably satisfactory performance of the comparative alloys in

O '

__ _ - - _- _ - - _ _ _ .
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O taese anni 4 cat 4 ens. That experieece wouie serve es 4edirect ev4eence that the
F255 alloy would serve adequately in the proposed application inasmuch as the
F255 exhibits superior corrosion resistance to the austenitic alloys inlaboratory tests.

In response, NuPac pointed out that stainless steels have not gererally been
used in underground applications because of cost considerations and the
availability of other less expensive corrosion prevention techniques. Where
stainless steel pipelines _have been installed, there have been mixed results, |

primarily because pipelines cross a variety of soils with varying resistivities
that result in the creation of "long-line currents" that, in the absence of
cathodic protection,~ will cause corrosion. Pipelines installed a few feet
below the surface of the ground also are subject to corrosion associated with
bacterial decay of organic material. .

I
While pipeline experience with austenitic stainless steels has not been totally

|satisfactory, NuPac contends that such experience may not be completely
applicable to HIC burial because HIC's are buried deeper than normal pipelines
and are more isolated electrically. On the other hand; where stainless steels
have been used in small amounts for fasteners, hose clamps, couplings, and the
like in underground applications, the results reportedly (Ref. 10) have been'

excellent.

| Tests performed with 300-series stainless steels in soil environments have'

generally been good, although in some samples taken from the more acidic and
harsher soils, some pitting corrosion has been noted. These studies indicateA that the common stainless steels, while they show substantial resistance to

'

(/ corrosion in long-term burial applications, also have some weaknesses such as
pitting. For a given thickness of metal, they thus appear to have less margin

| to meet the 300 year service life required for HICs.

Inasmuch as F255 has been demonstrated to have significantly higher pitting
jresistance than the common 300-series stainless steels, particularly when

considering attack by chloride, (and taking into consideration the expected
chloride concentrations, ' moisture content, and pH levels at the Barnwell and

j
Hanford sites), the staff concludes that the F255 FL-50/EA-50 HICs will perform '

better than the 300-series stainless steels would be expected to at those
sites. i

'

3.2.2.4 Crevice Corrosion

i Hypothetically, there is a potential for crevice corrosion in the area of the i'

HIC between the container and the lid / gasket. As noted (Ref. 10) by NuPac, '

however, crevice corrosion testing performed with 10% ferric chloride and other
solutions has shown that the temperature required for crevice corrosion is much
higher than the temperatures that would be encountered at low level radioactiveI waste burial locations. The burial site chemical. environment would, of course,
be much less severe than the conditions imposed in laboratory corrosion
testing. The staff, therefore, concludes that there is reasonable assurance

,

!

'O
|
1
|
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that crevice corrosion will not be a significant problem with the NuPac
FL-50/EA-50 HIC.

3.2.2.5 Effects of Localized Corrosion on Structural Integrity

in the analysis nf the structural adequacy of the FL-50/EA-50 HIC (discussed in
more detail i t. Seccion 4 of this staff evaluation), a wastage allowance
approach is applied to account for uniform corrosion of the container. That
is, it is assumed that a portion of the total 3/8 inch thickness of the F255 SS
is corroded away by uniform corrosion, and the stresses developed in the HIC
due to burial loads are then compared to the allowable stresses. For reasons
discussed elsewhere in this Staff Evaluation, staff considers it unlikely that
uniform corrosion would result in this magnitude of HIC wall thickness loss;
rather, it appears more likely for the f255 container to be attacked by
localized corrosion. NuPac was, therefore, asked to provide a structural
analysis that would address the potential effects of localized corrosion on
structural integrity.

To calculate the minimum weld thickness (the welded areas would be most
susceptible to localized corrosion) required to prevent structural instability,
the highest stressed element was identified, and an estimate of the allowable
pitting damage was obtained by calculating the maximum allowable uniform weld
reduction. That value (based on a 80,000 psi y.s. for F255) is greater than
the wastage allowance for uniform corrosion of the HIC wall. The reduction in
weld thickness would reduce the welds' moment carrying . capability, but if a
weld were pitted, the remaining non pitted portion of the weld would still not

O be reduced in thickness (neglecting uniform corrosion) and would thus maintain
a moment carrying capability. It would, therefore, require a gross amount of
pitting to achieve a condition of structural instability.

Thus, in view of the inherent superior localized corrosion resistance of F255,
and taking into account the environmental conditions expected at the Hanford '

,

and Barnwell burial sites, staff concludes there is reasonable assurance that
localized external corrosion will not threaten the structural integ.ity of the
HIC over its 300 year design life. More information on environmental factors !is presented in the following subsection of this staff evaluation.

3.2.3 Environmentally-Related Corrosion Factors
|

|3.2.3.1 General

!The discussion presented in Section 3.2.2 of this Staff Evaluation centers
iprimarily on metallurgical factors that govern the corrosion resistance of the i

Ferralium HIC. In Section 3.2.3 the focus is on environmental factors
(internal as well as external) that were considered in assessing the 300 year
corrosion performance of the HIC.

i

As noted earlier, a wastage allowance (i.e. , thickness of material allocated
for corrosion) approach was used in the FL-50/EA-50 HIC design; that is, a 1portion of the total 3/8 inch wall thickness is' allocated for uniform

O *

4

|
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corrosion. In assuring that the allowable uniform corrosion rate would not De
exceeded, NuPac considered the possible external environments of the burial
trench as well as the internal environment that would be provided by various
waste streams.

With regard to the external environment, NuPac asserted that data on soils and
their corrosive characteristics (Ref. 9) indicate that the soils in the currentdisposal sites are not necessarily more corrosive than otner soils where
austentic stainless steels have been tested and demonstrated to be highly

i
'

resistant to both pitting and general attack (Ref.14). While the possibility
exists that the burial trench groundwater could, in fact, be considerably moreagressive than would be encountered in native virgin soils (due to
contamination from chloride or organic compound-bearing chemicals), NuPac
contended that the expected soil contamination levels are well below those that
would affect the F255 alloy.

Based upon comparison of the burial site soil analyses with corrosion test
results and field experience with various stainless alloys, the staff would not
expect the external (soil) environment to pose a threat to the structural
integrity of the FL-50/EA-50 HIC. (See the following subsections for details.)

With regard to waste stream effects on ',he internal environment of the HIC, the
situation is considerably more complicated because it is a function of many
factors, including the type of waste, temperature, oxygen concentration, the
history of the waste stream, and the waste stream itself. It was acknowledgedby HuPac that some detrimental environments could exist. The analyses andO e 4 str t4 e aroceo#re- t" t were oeveiovea te eeares- tae aetemt4 1
environmental parameters are summarized in the following subsection, 3.2.3.2.
3.2.3.2 Review Areas Cancerning Environmentally Related Corrosion Factors

In the topical report, the analyses of environmentally related corrosion
factors focussed primarily on two major areas: (a) soil characteristics (e.g.,
pH, chloride concentration, water content, organics) and (b) a " worst case"
analysis of bead resin corrosion effects. A series of questions concerningthese subject areas were raised by the staff. The subject matter and the
rcsponses to the Staff's questions are too lengthy and complex to cover in
detail here, but the following points summarize the situation.

(1) Several pH ranges are addressed in the topical report. They deal with the
pH range for soils (4.0 to 11.0), the pH range for ion exchange resins
(taken as 0 to 14), the minimum pH for trench sump liquid (essumed to be
2.4) and a limiting pH of 3 on liquid bearing waste containing more than
2% free halogens. The latter is used to establish a so-called " corrosioncriterion" as follows: "The liquid portion of the waste must have a pH
greater than 3. If not, then the waste stream must have less than 2% byweight of ionic halogens."

This criterion was developed by considering (a) the maximum acceptable
(uniform and pitting) corrosion rate compatible with preserving structural

O *

- - -



v

WM-45 STAFF EVALUATION REPORT

O integrity; (b) the corrosion rates associated with possible waste-streams
and (c) practical limitations imposed on the container by the potential
waste forms.

(2) The practical application of the cerrosion limitations placed on the
container is provided in a section of the report that contains the
responses to Staff questions that deal with a proposed container operating

It is intended by NuPac that the procedure should b9 followedprecedure.

by all users of the FL-50/EA-50 HIC. Included with the operatingprocedure is a chemicai compatibility flow diagram and check off
procedure. Waste streams that would contain liquids with pH less than 3 {
or halides (chloride or fluoride) greater than 2% by weight would have to j

be neutralized, diluted or excluded from the container.
J

Otner provisions are raade for the use of a vent (to accomodate potential- jgas generation due. to biodegradation) and short-term temperature
excursions (to allow filling of the HIC with materials at greater than
ambient temperature), j

i

Users of the FL-50/EA-50 HIC will be required to certify that they have {complied with all the operating procedures and that the HICs do not !contain proscribed chemicals. A copy of the Operating Procedure required
for FL-50/EA-50 HIC users is provided as an appendix to this evaluation
report.

(3) Regarding the chemical compatibility of ion exchange resins with the HIC, !

a theoretical " worst case" analysis was presented in Appendix Q of theas-submitted report. Rather than rely solely on that analysis, the NRC
staff asked NuPac to (a) propose the waste streams that the FL-50/EA-50
HIC would see the products of, (b) examine the applicable test data,. and
(c) show by analysis that the environment that the HIC .will be subjected
to would not be unacceptable. In response, NuPac presented an analysis
that centered around data concerning the titration of ion exchange resins d

and the pH of contacting water. It was shown, that even with very low pHs
(simulating radiation damage effects), corrosion rates were well within
the uniform carrosion limit for the HIC.

i
<

A revised Appendix Q was submitted as a theoretical backup analysis for an
extreme analytical case. The results of the Appendix Q revision' indicated I

that dewatered resins could simulate 10-20% sulfuric acid, which while it
|was considered excessive for 316 stainless steel, would not result in !

violation of the uniform corrosion limit for F255.

(4) In addition to the above points, NuPac also addressed (a) the potential
need for organic solvents exclusion and pre-treatment. (b) the potential

i

for growth of micro-organisms, (c) effects of sulfur compounds, (d) trench
and organic liquid chemical corrosion resistance, (e) chloride content of
soils, and (f) effects of radiation on pH. In all cases,.the Ferralium
container was shown, on the basis of ana'yses coupled with applicable

10 i
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data, not to be significantly affected by the postulated plausible
environmental condition.

The staff concludes, on the basis of the analyses and data presented in the
FL-50/EA-50 aeport and responses to . Staff questions that there is reasonable
assurance that the FL-50/EA-50 HIC, if used within the bounds prescribed by the t

proposed operating procedures, will not suffer a loss of structural integrity '

over its 300 year design life due to corrosion effects.

Verification of acceptable performance can be provided by means of periodic
surveillance of archival specimens (see Section 3.9 of this Staff Evaluation
Report). It should. be noted that users of the FL-50/EA-50 HIC will have to
comply with all state requirements and criteria for a particular LLW burial
facility. For example, South Carolina requires waste forms to be within a pH ;i
range of 4 to 11. That requirement will thus apply to any FL-50/EA-50 HICs

]that are buried at Barnwell, regardless of the pH <3 " corrosion criterion"
iproposed by NuPac.

3.3 Structural Analyses

Burial depths at the Hanford, Washington site do not exceed 45 feet, which
corresponds to an external pressure of 37.5 psi on the container, while the 25
feet maximum burial depth at Barnwell, South Carolina corresponds to a
container external pressure of 20.8 psi. In the original design of the
FL-50/EA-50 HIC, the side walls were 1/4 inch Ferralium, and the HIC had only
two internal supports. Reanalyses by NuPac, however, led to two major design

O changes that were related to the structural analyses of other members of~
NuPac's Enviralloy HIC family: (1) an increase in the HIC wall thickness to 3/8
inch, and (2) the use of four internal supports. These changes were intended
to improve the structural design margin for the HICs.

In examining the February 1985 responses to NRC Staff questions, however, it
was discovered that there were some areas that required further clarification |and elaboration. These included, in addition to some aspects of the structural !
analysis, they included some aspects of the special vent design, proposed short

|term temperature limits for tha loaded Enviralloy (F255) HICs, and the need for
a clearer conmitment to provide surveillance specimens. These concerns were ;

transmitted to NuPac both orally and in writing (Ref. 15), and resulted in
substantial revisions to the topical report and in responses to questions that
were resubmitted (Ref. 16) in May 1985.

3.3.1 Burial Loads

One of the areas in the HIC structural analysis that required further attention
was the ef fects of burial loads. Basically, the Staff concluded that it had
not been adequately demonstrated that the HIC could withstand the predicted
burial loads. Spec i fically, additional information was required (Ref. 15) ;
concerning (a) the calculation of a critical M ckling stress, (b) applied loads' '

resulting from placement of the HIC in a non- vertical position in the burial
trench, (c) the determination of an allowable stress intensity value, and (d)

11
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various details of the structural analysis of the internal vertical angle
supports. In a telecopied response (Ref. 16(a)), which was later followed with I

a formal submittal (Ref. 16(b)), NuPac satisfactorily addressed the staf f's
concerns.

In brief, it was demonstrated that (1) the HIC did not have a stability problem
due to buckling (2) there was significant margin for loading due to side !burials of the HICs and (3) the stability of the internal vertical supports was I
adequate. While the staff did not accept NuPac's approach for deriving an
allowable stress intensity for the primary merrarane plus bending stress, the
difference of. opinion was moot inasmuch as none of the burial stresses in the

icontainer, whether in the as fabricated or " corroded" (minus the wastage '

allowance) state, exceeded the published yield stress of 80,000 psi for
Ferralium 255.

It.should be noted that NuPac analyzed the FL *0/EA-50 HIC for displacement and |stresses utilizing a general purpose finite eletaent code called ANSYS (Revision
3, Update 67L). ANSYS is a widely used and accepted finite-element analysis
tool that has undergone extensive benchmarking to demonstrate its reliability
for structural analysis. The assumptions used in applying the ANSYS model to
analyze the behavior of the FL-50/EA-50 HIC under various loadings are
described in the structural analysis section of the topical report. A
discussion of the elements used and the output generated by the code are
provided in various appendices of the topical report. The staff concludes, on
the basis of the information provided, that there is reasonable assurance that
the FL-50/EA-50 HIC is adequately designed for all conceivable burial loads.OO 3.3.2 Orop Test Load Analyses

In addition to the analyses of burial loads, NuPac attempted to estimate the
loads that would be incurred on various components of the HIC during the drop
testing of HIC prototypes. Those calculations, presented in Section 3 of the
topical report, addressed such things as the load on the lid during flat ended
and corner drop tests. Several questions were raised by the staff concerning
these analyses. Most of the questions dealt with the need for clarification of
portions of the report text. A couple of the questions concerned the values
used for the maximum payload and gross weight of the container.

In response, NuPac stated that the drop analyses were performed to provide an
approximation of the conditions that would be imposed on the HIC during the
drop tests and that the actual qualification of. the container was based on the
drop test results (see Section 3.4). Clarification of the report text was
provided where needed, and certain typographical errors were corrected. With
regard to the container gross weight, NuPac stated that the maximum gross
weight of the FL-50/EA-50 HIC is 4200 pounds and that the user will be required
to limit the HIC contents such that this gross weight is not exceeded. The
4200 pound limit meets shipping container licensing requirements.

12
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OO 3.3.3. Thermal Stresses

The HIC will be subjected to some thermal loads due to solar heating during |transportation. Differential thermal expansion between the container and the |
lifting straps, for example, could occur, and a " worst case" or bounding value
was calculated. A quantitative analysis of the resultant stresses in the
straps or surf ace of the HIC, requested by the staff, showed that there was a
significant safety factor, based on the difference between the maximum thermal
stress and the yield stress of the material.

!With regard to burial thermal loads, the relatively low burial temperature
{envelope at Barnwell .and Hanford (68*Ft18*F) would not be expected to be a
]factor. Mechanical strength properties of F255 decline gradually with

increasing temperature (e.g., strength properties at 200*F and 400*F are
reportedly 8.6% and 12.6% less, respectively, than room temperature-values).
Therefore, any increase in temperature of the HIC that might ensue due to soil j
insulating effects or the near proximity of other heat generating wastes would inot be expected to significantly affect the HIC. Likewise, tenporary storage !
above ground in a storage facility would not be expected to be a s1gnificant {factor,

j
|3.4 Prototype Testino
|

l
3.4.1 Orop Tests

The HIC should be capable of meeting the requirements for a Type A package as
O- specified in 49 CFR 173 and 10 CFR 71, as apolicable to metallic containers

(Ref. 2). With regard to drop test requirements, the applicable criteria are
provided in 10 CFR 71. 71. For the FL-50/EA-50 HIC, which will have a gross {

,

weight under 4250 pounds, free drop tests (with the HIC loaded to the maximum
|gross weight) onto an unyielding surface, from a variety of orientations (i.e.,

flat and corner drops) were performed. Except for a dent about 1/4 inch deep
in the side wall (of a HIC with the original 1/4 inch wall) after a corner drop
test, no visible damage ensued. Importantly, there was no loss of contents
from the container due to cracks or. rupture of the seal.

Similar.results were obtained from a full series of drop tests performed from
25 feet onto compacted sand. In this series of tests, the container included a
lead gasket. The lead gasket maintained a positive seal. The only visible
damage that ensued from the 25 foot drop test' consisted of a denting (about
5/8 inch maximum) of the impacted side betwee the two end plates following aside drop. There was no loss of contents resulting from any of tne 25. foot
drop tests, nor did A magnetic particle test performed on the closure welds
indicate any loss of structural integrity. Angles welded to the lid that serve
as handles were broken at the welds after the 25 foot top down drop test, but

|these are non-structural components of the container and their failure did not
affect container integrity. I

Af ter one drop test, which was an early test conducted on a container with a
gross weight of only 3000 pounds, a crack was detected in one of the weids.

13
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O
V That crack was determined to be due to a weld defect, however, and was not the

result of a design deficiency. NuPac has provided assurance that future
inspection procedures, to be used on production containers, will preclude the
presence of similar weld defects. The staf f concludes, on the basis of the
submitted information, that the FL-50/EA-50 HIC has satisfied the criteria for
free drop tests for high integrity containers specified by NRC staff and the
States.

3.4.2 Type A Package Criteria
q

IA high integrity container for low-level radioactive waste should be capable of {
meeting the " normal conditions of transport" criteria for Type A packages in 49 l

CFR 173 and 10 CFR 71, as applicable to metallic containers (Ref. 2). Criteria
used are those contained in Section 71.71(c),10 CFR Part 71. Of the Type A
package test criteria, the results of drop tests are addressed in Section 1
3.4.1, above. Other tests, or analyses performed in lieu of tests, are )addressed in the following sections, j

1 1

Penetration Test
{

A penetration test was performed using the criteria in 10 CFR 71.71(c)(10). In
this test a vertical steel cylinder 1-1/4 inch in diameter, weighing 13 pounds,
and with a hemispherical end, was dropped from a height of 40 inches onto an
exposed surface of the container with no measurable effect.

I Water Spray Test

to
Since the FL-50/EA-50 HIC is fabricated from a duplex alloy steel, the wateri

| spray test (which simulates exposure to rainfall) described in 10 CFR 71. 71
| (c)(6) was not performed. The staff concurs with NuPac's position that

metallic stainless steel packages will undergo no measurable physical change
when exposed to the equivalent of two inches of rainfall for one hour.

Vibration Testing
i

The test. criterion for vibration normally incident to transport is contained in {10 CFR 71.71(c)(5). Inasmuch as the FL-50/EA-50 HIC is a welded metallic )
structure with which closure is accomplished by 8 retaining blocks that lock I

positively into the structure of the container, there is no credible physical
way for shock and vibration normally incident to transportation to affect the
integrity of the HIC, Also, inasmuch as the F255 alloy exhibics low i

| temperature toughness characteristics similar to the commonly used ASTM A516
fine grain practice steels, vibration ef fects would not be expected to be a
problem even at low temperatures that might be encountered during winter '

transport. Consequently, staff concurs in NuPac's decision not. to conduct
vibration testing.

14
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k Compression Testing

Criteria for compression tests are addressed in 10 CFR 71.71(c)(9). The
compressive load to be applied to the HICs during 'these tests must be either
the equivalent of five times the weight of the package or 1.85 psi multiplied
by the vertically projected area of the packages, whichever is greater. As

~

noted in Section 3.3.1 of this staff evaluation, however, the FL-50/EA-50 HIC
is designed to withstand burial loads of at least 37.5 psi (corresponding tothe 45 foot burial depth at Hanford). This corresponds to a projected load
that is more than three times the 21,000 pound load that is obtained by
multiplying the 4200 pound gross weight of the container by a factor of' five.

. Therefore, the compression test was not conducted on the FL-50/EA-50 HIC. The
staff agrees with NuPac's contention that the test is not warranted for this

;particular HIC.

Pressure Testing

The criterion for a " reduced external pressure" test, corresponding to an
external pressure of 3.5 psia, is contained in 10 CFR . 71. 71(c)(3). This
corresponds to a pressure differential of 11.2 psi (that is, 14.7 psia internal
pressure at sea level atmosphere at time of lid closure, minus 3.5 psia). The
FL-50/EA-50 HIC was pressure tested with a silicone ruober gasket, using wateras the pressurization medium. Leakage past the gasket occurred at 75 psig. A
separate test with a lead gasket, following a drop test, resulted in a positive 3

!seal until 20 psig pressure was achieved. The FL-50/EA-50 HIC thus was
demonstrated to meet the reduced external pressure requirements. No increasedO external pressure tests were conducted, inasmuch as the HIC, as discussed in

!Section 3.3.1 of this report, was shown by analysis to be able to withstand the l37.5 psi burial loads with margin,
j

3.5 Gas Generation ;nd Internal Pressurization l

One of the desi n changes made to the Fi su/EA-50 HIC involves theC

incorporation of a passive vent system (to be used for non-tritium wastes) toallow relief of pressure generated by gases resulting from possiblebiodegradation or radiolytic decay. The concern about internal gas generation
originated from experience with a few polyethylene containers that exhibited
symptoms of excessive gas generation (for example, had become stuck in their
transportation casks due to the swelling resulting from generation and internal
pressurization). This had resulted in a request (Ref. 17) by the State of
South Carolina Department of Health and Environmental Control for
consideration of a passive ventilation system as a design feature that would
alleviate the problem.

After due deliberation, The NRC Staff concluded that the installation of vents,
in all HICs, not just polyethylene ones, would be a prudent way to address the
potential symptoms of the problem with gas generation. The approach thusprovides a means to minimize the effects of gas generation (e.g.,
over-pressurization of the HIC) on handling, personnel safety, and long-termintegrity of the container. The use of vents is intended to be an interim

O '
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OV measure, which would address the symptoms and preclude any serious effects of '

gas generation, while allowing a long-term solution to be arrived at via a
study that would identify the specific cause of the gas generation.

Accordingly, the passive vent system that NuPac currently proposes to use in
the FL-50/EA-50 HIC would be basically comprised of a permeable plug of
polymeric material placed in the lid of the container in a manner that will
minimize any ef fects on the structure of the container and the possibility of
damage from exterior objects. The vent material was chosen on the basis of its
radiation resistance, lack of influence on corrosion, chemical resistance and
hydrophobic nature. The vent will permit the relief of internal pressure by
allowing the passage of gas while still minimizing the ingress of water as
recommended by the Technical Position on Waste Form (Ref. 2). Samples of the
polymeric material have been tested (Ref.16(b)) for both air and water flow at
various pressures, and have demonstrated satisfactory performance. The staff
concludes that there is reasonable assurance that. the passive vent system
coupled with the back-up capability provided by the silicone rubber gasket, ,

will provide an adequate means to allow for the release of pressure due to gas
generation resulting from biodegradation or radiolytic decay.

It should be noted that the passive vent system, though it has been designated
" optional" by NePac, is in fact mandatory because it is the current primary
pressure relieving system for all the FL-50/EA-50 HICs except those that will
be used for tritium containing wastes. In the latter case the HIC will have alead gasket with no pastive vent. This lead gasket /no vent design provides

q reasonable assurance of the containment of the tritium gas.
D 3.6 Radiation and Ultra-Violet Stability

The radiation stability of proposed container materials as well as radiation
degradation effects of the waste itself, should be considered in the design of
the HIC. No significant changes in material design properties should result
following exposure to a total accumulated dose of 10s Rads. (Ref. 2)

For the FL-50/EA-50 HIC, the basic material of construction, Ferralium 255,
would not be expected to be affected by radiation from low-level wastes. This
is so betause radiation damage, in the form of swelling and embrittlement, is
caused in metals by neutron radiation, but thesa HICs will not contain
detectable levels of neutron radiation producing matericls.

The only components not made out of the F255 alloy are the gasket and the vent.
Neither one of these items affect the structural integrity or stability of the
container. However, because the topical report contained information
indicating that the silicone rubber gasket material had a 20% compression set
after exposure to 1 x 107 Rads, further infomation was requested regarding the
testing and capabilities of the gasket.

In response (Ref, 10), NuPac noted that information in the open literature
(Ref. 18) indicated that a compression capability of about 10% was obtained in
testing to radiation exposures of 10s Rads. Although this might not be

/7 16V
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considered sufficient for applications where the gasket might be subjected to
impact loading (as might be encountered during transportation), we agree with
NuPac's assertion that under burial conditions there is no mechanism for thegasket material to move. The staff concludes that there is reasonable
assurance that the silicone rubber gasket will perform as an effective barrier.
The optional lead gasket is not affected by gamma radiation at the .108 Rad
level and is thus also acceptable from a radiation :;tability standpoint. !

Another component of the HIC outer wall that is not constructed of metal is_th'epassive vent. The vent is basically comprised of a permeaole plug of polymeric
material, which reportedly (Ref. 19) has good resistance to gamma radiation in

{excess of 108 rads. Inasmuch as the vent does not carry any significant load, ,jany reduction in mechanical properties that might occur as a result of
{

.

radiation will not affect the performance of the HIC.
|
i

In regard to the effect of radiation on the contents of HICs, NuPac indicated-
(Ref.10) that only the demineralization resin media have the potential to be
af fected by radiation in 'such a manner that they may affect the container. The

,

resin media may undergo radiolysis to produce gas within the container. The
slow build up of gas could be a potential problem (with regard to over
pressurization effects) only if there were no provision for. pressure relief.

4Inasmuch as the passive vent will permit the alleviation of the pressure, {however, the radiolysis of wastes is not expected to result in over
Ipressurization of the HIC. The potential effect of ultra-violet (UV) radiation i

on the silicone rubber gasket should also be insignificant, in view of the fact
that most of the gasket is shiel6ed from such radiation by the metallic lid and jtop of the HIC during transportation; af ter the HIC i's buried, it will not, of
course, be subject to ultra-violet rayo. UV radiation effects on the vent fmaterial due to exposure during storage would be limited by covering the vent j
with UV opaque material (see the Operating Wocedure, Section 5.5). j

i|

The staff concludes that there is reasonable assurance that the effects of
radiation have been adequately considered ia the.de. sign of the FL-50/EA-50 HIC.

3.7 Quality Assurance and Inspection
i

|High integrity container should be fabricated, tested, inspected, prepared for '

use, filled, stored, handled, transported and disposed of in accordance with a
quality assurance program (Ref. 2). Because the assurance of proper procedures
for container fabrication, testing, transportation, storage and use is. critical
in several areas, the NRC Staff issued (Ref. 8) several questions and commentsi

!

concerning this subject. NuPac's responses (Ref. 10) ca.7 be separated into two
general areas: (1) those matters having to do with f abrication, testing andi

inspection (i.e., operations performed by the ' vendor or which are directly
under the control of the vendor), and (2) items to be addressed by the user.

With regard to the first category of operations, NuPac presented a substantial
amount of information, including documentation on required inspections,
referenced procedures, and specifications and procurement. All the FL-50/EA-50

!

HICs will be fabricated and inspected in accordance with NuPac "QA Level 1"
,

J

f

O 7

f

u______.__.____. _ _ . . . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ . . . _ . _ _ _



..

I WM-45 STAFF EVALUATION REPORT

'

criteria. According to NuPac, the Level 1 inspection activity fully meets the !

requirements of (1) ANSI N 45.2, (2) 10 CFR 50, Appendix B, and (3) 10 CFR 71,
Subpart H. This level designation is established after Quality Engineering
review of the contract, regulatory, design and fabrication requirements.
Specifically required tests, inspections, material controls and data review
requirements are then delineated in the inspection planning, . drawings,
referenced procedures and specifications and ' related procurement documents.
NuPac's program for inspection to assure compliance with material and
construction specifications is delineated in a QA manual.

With regard to user QA requirements, .the Operating Procedure (Appendix of this
report) prescribes procedures to be adhered to by users of the FL-50/EA-50 HIC
to assure compliance with handling and material restrictions. HIC users will'
be required to certify that all required procedures and restrictions have been
satisfied. The staff concludes that there is reasonable assurance that quality
assurance requirements have been adequately addressed for the FL-50/EA-50 HIC.

3.8 Miscellaneous Requirements

The preceding sections of this Staff Evaluation Report address the technical
areas that received the most attention during the course of the review of the
FL-50/EA-50 HIC topical report. These items received the most attention-
because they.were deemed to be the most critical with regard to influencing the
structural integrity of the HIC. The subjects discussed in .the following
paragraphs of this subsection, though not trivial, were simpler in scope and in
most cases easier to resolve than those addressed earlier.

3.8.1 Free Liquid
|

| The FL-50/EA-50 HIC is designed for containing waste with less than 1% free
!liquid by volume. Because various types of waste are to be immobilized within '

these HICs, a variety of dewatering procedures could be used. NuPac has
submitted a topical report, No. TP-02, " Dewatering System," dated August 6,
1984 that contains information on the d? watering for these containers.

With regard to the potential effects of dewatering internals on the HIC, NuPac
has stated (Ref.10) that all internal protrusions will be made of a plastic
material. All metallic parts of a dewatering system would be restrained from
contacting the sides of the HIC by either non-metallic portions of the
dewatering structure or by the waste form. Therefore, the dewatering internals
should not pose a problem with regard to (a) forming a corrosion couple with
the Ferralium 255 HIC or (b) possibly penetrating the HIC during a drop event.

3.8.2 Creep

Design mechanical tests for polymeric material should be conservatively
extrapolated from creep test data (Ref. 2). However, inasmuch as the

i FL-50/EA-50 HICs are to be fabricated from a high strength stainless steel
'

(Ferralium alloy 255), creep of the stainless steel will be negligible under
| any conceivable condition that the HICs might have to endure. With regard to

O 18
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complicating effects of prolonged waste dewatering times, and a list of
the most common fatty acids were submitted as an attachment to the
response (Ref U. to Staf f. Questions. The Operating Procedure, to be
followed by HIC users, addresses the practical application of limitingorganics, the length of dewatering, and other appropriate related
concerns.

While staf f does not believe that NuPac's contention about the role of fattyacids 'n the biodegradation process is particularly persuasive, because there
is contrary evidence available from experience with operating reactor wastes,
the fact is that (a) Ferralium 255 is very resist =nt to corrosion, (b)
operating procedures (Appendix A) will preclude. the loading of the most
potentially troublesome waste materials, and (c) the passive vent will allow
for relief of any internal pressure generated by biodegradation of wastes
containing deleterious chemicals such as fatty acids.

Considering these factors, the staff concludes that there is reasonable
assurance that (a) biodegradation of the HIC material (Ferralium 255) is so
extremely unlikely that biodegradation testing of the alloy in accordance with
ASTM or other standardized tests is unnecessary, and (b) significant
biodegradation of wastes, leading to a loss of structural integrity of the HIC
(resulting from, for example, corrosion of the F255 alloy or extensive gas
generation that would not be alleviated by the passive vent) is also unlikely.
3.8.4 Top Surface Water Retention

/^ The HIC should be designed to avoid the collection or retention of water on its
top surfaces to minimize the accumulation of trench liquids that could result

-

in corrosive or degrading effects. NuPac has designed the HIC so -that the
retaining ring at the center of the upper head is slotted such that any water
entering the area can drain back out. - All areas at the top head are designedto be self e. raining. The staff concludes that there is reasonable assurance
that there will not be a corrosion problem with' the FL-50/EA-50 HIC due to
collection or retention of water on the top surface.

3.8.5 Cold Weather Testing

The test " criteria" for evaluating the container under normal conditions of
transport includes determination of the effect of ambient cold temperatures as
low as -40*F on the HIC design. Concerns about cold weather testing were
expressed by the State of South Carolina (Ref. 20), and a multi part question
(No. 16' ) regarding the impact resistance of Ferralium 255 at low temperatures
was generated by the NelC staff (Ref. 8).

In response, NuPac submitted (Refs. 10 and 16b) charpy impact data on welded
Ferralium at temperatures as low as -100 F. While the impact strength of F255
weld metal decreases substantially with temperature, the charpy impact values
for weldments, at 0 F for example, varied from greater than 10 ft. lbs. to
approximately 20 f t. Ibs. Even at -40 F, weld. metal charpy impact values were
equal to or greater than 8 ft. Ibs. (Ferralium 255 base metal exhibits much

p 20U
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( creep of the gasket, there is metal-to-metal contact between the lid and the
body of the HIC when the HIC is closed; therefore, the effects of gasket creep
on HIC integrity are expected to be insignificant. The vent also is designed
such that the creep load will be relatively low, end any effects of creep would
not impact the service of the vent or integrity of the HIC. Hence, creep
effects were not considered quantitatively in the review of the design of the
FL-50/EA-50 HIC.

3.8.3 Biodegradation

The biodegradation properties of the proposed HIC materials, wastes, and
disposal media should be considered in the HIC design (Ref. 2). Certain
standardized tests are called for in the NRC Staff Technical Position on Waste
Form (Ref. 2).

In the initial version (Ref. 6 and 7) of the FL-50/EA-50 generic topical
report, biodegradation is addressed (see Section 2.0, Qualification of
Container Material). As noted therein, biodegradation of a metal can be
defined as the deterioration of the metal by corrosion processes that occur
directly or indirectly as a result of the activity of living organisms.
Subsequent discussion then addressed various aspects involving the presence of
aerobic versus anaerobic bacteria. For clarification, the NRC Staff requested
(Ref. 8) additional information concerning (a) the effects of potential
sul fur-bearing compounds in the waste, (b) the magnitude of potential gas
generation, and (c) the potential effects of aerobic bacteria in anoxic
environments. NuPac's response (Ref. 10), which was quite comprehensive,

(v] basically can (along with the information in the original report) be summarized
as follows:

(1) Any gas generation that might occur within the container would be relieved
by the special vent, or if the vent were plugged by some unforeseen
process, by the lid gasket (which under test was detected to leak at about
20 to 75 psig for the lead and silicone rubber gaskets, respectively).

(2) Given the limited amount of oxygen and light within the interior of a HIC,
the only possible sustained growth of micro-organisms is through microbes
that metabolize fatty acids as a carbon source. The most c<vnmon fatty
acids are rarely used at commercial power plants, and if they were used,
they would, in most cases, be in low concentrations.

,

(3) If sulfate, sulfite, or other sulfur-bearing compounds were present in the
.

waste that is placed in the HIC, and/or should the growth of either |aerobic or anaerobic battria occur, the end products would be low
concentrations of sufuric acid and hydrogen sulfide. As described in the
report, however, Ferralium 255 has been shown to be very resistant to
corrosive attack by such chemicals. Therefore, the effect of their

;

I
potential presence on the performance of the FL-50/EA-50 HIC is expected
to be insignificant.

(4) An explanation of specific microbe metabolism methoris, possible
<

(n)
19

i

!
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higher toughness values than the welded material at low temperatures).
' Allowing for (a) the inherent- difficulty in performing drop tests on
fully-loaded FL-50/EA-50 HICs at temperatures as low as -40 F and (b) the fact
that the charpy impact tests on weld material demonstrate significant toughness
at low temperatures, the staff conclude that there is reasonable assurance that
cold weather will not present an undue hazard with the FL-50/EA-50 HIC and that i

further testing at low temperatures is not required.

3.9 Surveillance

Generally, demonstration of the adequacy of any HIC design would Involve three
things: (1) laboratory testing, (2) analytical predictions, and (3) field
experience. Because field experience with F255 in soil is sparse, there is
some uncertainty regarding the possibility for synergistic effects. or
environmental degradation phenomena whose magnitude it may not be oossible - to
predict or whose nature it may not even be possible to identify at this time.
Final confirmation of the adequacy of a new HIC design such as NuPac's
FL-50/EA-50 can, however, be provided over time through inspections of
surveillance specimens buried at eacn licensed disposal site.

NRC is considering a plan for establishment of surveillance protocols involving
" archival trench" burials of HIC specimens (and " mini samples" of HIC

1
-

materials) at LLW burial sites. NuPac was requested (Ref. 8) to agree in
principle to providin surveillance specimens for use in : a long-termsurveillance program, g F255with the understanding that the details of the program
can be established on'a schedule independent of and possibly subsequent to, the
approval-of the FL-50/EA-50 HIC design.

In response (Ref. 16b), NuPac expressed a positive interest in supporting a
surveillance program, centering around an " archival trench" concept in which
surveillance specimens (for example, corrosion coupons or an actual -HIC) could

ibe placed for subsequent periodic retrieval and inspection under an established |protocol. Until the specific details of such a program have been establishes,
it is not r.racticable to mandate particular requirements or to expect vendors,
burial site operators, stete agencies, etc., to make circumstantial
commitments. However, it should be noted that verification of the adequacy of
a HIC design and materials of fabrication can only be provided directly through
actual surveillance, which would involve periodic inspections over several
years.

4.0 3EGULATORY POSITION

NRC staf f has completed its review of the topical report that is intended. to
serve as the preferential document that describes the design of the NuPac

:FL-50/EA-50 high integrity container (HIC) for low-level radioactive waste and '

provides the besis for determining the adequacy of the HIC design. In its
evaluation staff primarily focussed on (1) applicable sections of 10 CFR 61, 10
CFR 71, and 49 CFR 173 and (2) additional requirements proposed by - state
agencies. Based on its evaluation of the information provided in (a) 'the
topical report (original submittal plus revisions), (b) written responses by

O '
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(A,/ NuPac to NRC Staff questions and comments, and (c) meetings and telephone
discussions with NuPac representatives and consultants, the staff conclude that
there is reasonaole assurance that, considering the proposed use of the NuPac
FL-50/UA-50 HIC, the HIC meets the structural stability requirements of Part 61
and is consistent with the guidance presented in the NRC staff Technical
Position of Waste Form.

This approval of the FL-50/EA-50 HIC and Topical Report is predicated on
completion and issuance of .the final Topical . Report (proprietary and
non proprietary versions) according to review agreements and the following
conditions:

(1) That the FL-50/EA-50 HIC shall be used in accordance with the Operating
Procedure restrictions outlined in the Appendix to this Technical
Evaluation and all additional restrictions and requirements specified by
the burial site operators and governing state agencies.

(2) Users uf the FL-50/EA-50 _ HIC , shall certify that all restrictions and
required procedures have been adhered to and that the HICs do not contain
proscribed chemicals or waste materials.

Based on responses (Ref. 16) to questions, staff understands that NuPac will
provide appropriate material specimens for a surveillance program where
corrosion samples are to be buried in an archival trench at each LLW burial
site and retrieved and inspected at periodic intervals.

O '

_ _ __ - _-
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ADDENDUM TO FL-50/EA-50 HIGH
INTEGRITY CONTAINER STAFF EVALUATION REPORT.

June 1987
'

Ouring the final review of the October 1985 Staff Evaluation, Report
concern was expressed by staff of the'Transportati_on and' Certification Branch
of NRC's Division of Fuel Cycle and Material Safety that the use of Service
Level C criteria of ASME Section III, Subsection NE was not appropriate. The
staff proposed the more conservative Service Level A criteria as more
appropriate considering the length of time and corresponding uncertainties
associated with the performance period. .The NRC' concerns are summarized .in a
letter to NuPac (Ref. 21) and an internal memorandum (Ref. 22). A series of

,

|

discussions between NuPac and NRC staff occurred between Oe'cember 1985-and''

February 1986, resulting in submittal by NuPac of several proposed design
criteria. Resolution was reached when NuPac indicated that Service Level A
criteria would be utilized. ,

On October 29, 1986, NuPac documented the strutural revision by submitting
a revised proprietary topical report for the FL-50/EA-50 High Integrity.
Container (Ref. 23). The more conservative' requirements of Service Level A
resulted in minor HIC redesign, mainly evident as an increased thickness to the

O lid. During January 1987, a non-proprietary. version of.the report was
delivered to the NRC. The revised reports presented the. analysis and redesign
resulting from the criteria of Service Level A as well as changes reflecting
NuPac responses to previous NRC comments.

|

I
Based on the review of the revised Topical Report the staff concludes'

that in addition to the requirements and recommendations of Part 61 and the
Technical Position on Waste Fonn, the conditions for' issuance of a final
proprietary Topical Report discussed in the October 1985 Staff Evaluation

,

| Report have been satisfied. Issuance of a final non-proprietary Topical
Report should incorporate the October 1985 Staff Evaluation Report and this
Addendum.

.

!
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ABSTRACT'

The Nuc l e a r Packaging Enviral l oy FL-50/EA-50 High Intedrity Containe r (IIIC)
has been designed to meet or exceed the criteria deitned 'in 10 CFR Part 61 end
the U.S. NRC Branch Technical. Position Paper on Waste Form (BTP). The addi-
tional requirements of the States of Washington and South Carolina have iti so

,

been addressed by the FL-50/EA-50 container.
1

At the heart of this design is the use of Enviralloy or FerraliumR. Alloy 255

| (UNS Designation S32550), _a ferritic-sustenitic duplex stainless steel. This
1

material combines high mechanical strength, ductility, and hardacss with high

corrosion and erosion resistance. The use of this duplex material, t oge the r

with design innovation and computerized stress analysis, has culminated in the

development. of a container with high strength, low weight, extreme durability,

and superior corrosion resistance.

The corrosion resistance of Enviralloy to waste stream and burial trench

O i e a * i i to ** * or **e < 11:n * itie 1 sc4 ano 2167

stainless steels. It'has excellent resistance to sulfuric, phosphoric, ni-

tric, and many other acids and salts as well as acetic, formic, and other

| organic acids and ccapounds. The material- is particularly . suitable for cor-

| rodant concentrations and temperatures where pitting and localized corrosion
1
i are common causer of failure with most conventional stainless steels in the

presence of chlorides and other impurities.

|

The container design has been adequately demonstrated to satisfy all struc-
'

tural, chemical, radiation, lifting, biodegradation, and transportation re-

quirements of the BTP and the appropriate states. This demonstration was

| accomplished through extensive research, conservative analysis, and prototypic
testing of a full-sized container' to provide adequate assurance for the 300 yr '
design life requirement.

This report contains the non proprietary information of the FL-50/EA-50

Proprietary Topical Report.

O

111
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)

1.0 INTRODUCTION
im ,

Nuc l ea r Packa ging, Inc. has developed a right cylindrical high integrity

container (HIC) to meet the nuclear industrie s needs, f or long-lived stabl e

disposable containers fitting the various transporta tion ca sks commonly used.

The container is compatible with the many dirrerent waste streams and the )
i

burial environments. The Enviralloy FL-50/EA-50 high integrity container has

been shown to meet the criteria of 10 CFR 61 f or stable radioactive waste
disposal packages. 3

j

l
l

The FL-50/EA-50 container is based on a common material which can accommodate ]

the varied waste streams produced by the nuclear industry. The Enviralloy

material is a duplex stainless steel manuf actured by Cabot Corporation as

Ferralium Alloy 255. This duplex stainless steel possesses superior corrosion

resistance and high mechanical strength compared to austenitic steel. The

duplex stainless contains both austenitic and ferritic phases in the matrix.

The duplex microstructure imparts unique corrosion resistance and strength

propertie s to this alloy. This alloy is superior to austenitic steel s in
O
\g pitting, crevice corrosion, and chloride stress corrosion cracking, typica l ly

the corrosion ' weak links' lb austenitic materials. These properties are

further aided by not only the high alloy composition of the chromium, nicke l

and molybdenum, but also close control of the austenitic and ferritic phases.

The high corrosion r esistance of the material allows it to be used with the

various waste stre l a s of the industry and the soil environments of both the |
'

|Hanford, Washington seid Barnwell, South Carolina sites.
1

J

The Enviralloy FL-50/EA-50 HIC has been de signed to contain the f ollowing
dewatered waste forms regardless of the source:

I
'

1

| a) Demineralization bead, powdered, and zeolite resins. I

l,

| \

b) Filtration material such as sand, activa ted charcoal,

and diatomaceous earth.

O
V c) Compressible solid wastes.

1 )1-1
|

'
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d) Non-compressible solid waste.

.

e) Filter elements and cartridges.

~

f) Both solidified and dewatered resins, sludges.

g) Absorbed liquid wastes.

b) Any radioactive waste meeting class B or C limits and the chemical

compatibility requirements of Section. 5.0 -

Regardless of waste form, Enviralloy is highly resistant to corrosion for a

wide assortment of chemical compositions. The corrosion resistance of En-

viralloy is described in Section 5.0. _ .)

The high strength properties of the. material allows for an efficient container j

maximizing transport cask cavity space utilization while simul t ane ou s l y

O )>> *> i r a 1 1 1a-

The Enviralloy FL-50/EA-50 container has a 24-inch opening which allows the
container to handle a variety of waste forms. Section 2.0 de sc ribe s this
container in detail. J

Sections 3.0 through 16.0 demonstrate the - Enviral loy FL-50/EA-50's capabili- |,

|

j. ties to meet the criteria of 10 CFR 61 for high integrity containers. The
;

demonstration of compliance with the criteria as set forth by USNRC's Final j
Waste Classification and Waste Form Technical Position Paners, dated May 11, |

i1983, clearly shows the versatility and acceptability of the Enviralloy FL-
50/EA-50 container to serve as a stable, durable high integrity container.

|
:

}

|

O ;
,

1

|
l
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1

2.0 'IIIE ENVIRALLOY FL-50/EA-50 HIGH INTEGRITY CONTAINER

O
For a container to qualify as a disposal package for radioactive material, it

must meet many different requirements. It must have a minimum weight impact

on the cask payload. It must allow for maximum utilization of space within

the cask cavity. It must be unaffected by either the.wasto-or the burial

environment. It must be easy to handle and adapt easily to remote. operations.

It must be of a material that can be easily manufactured to fit various

existing cask designs. The container must also be able to meet the require-

| monts of 10 CFR 61 for structural stability over e. 300 year life.

To meet these requirements, Nuclear Packaging, Inc. (NuPac) has developed a
container design using Enviralloy, or Ferrallum Alloy 255. Ferrallum Alloy

255 is a patented alloy manuf actured by Cabot Corporation under license from
Bonar Langley Alloys, Limited, U.K. This alloy is a duplex stainiers steel

that is highly corrosion resistant and has high strength values. This alloy

allows for easy f abrication of a light, high strength container. The high

strength of the material allows efficient and simple designs to meet the

structural stability criteria of US 10 CFR 61.

|

|

2.1 Design Criteria and Controlling Requirements

The NRC s t a f f po si t ion pape r ent i t l e d Fina l Fa s t e .C1juuti fic a t i on And East
1 EDIEL Tec hnica l Position faners dated May 11, 1983, presents a set of criteria
1
'

that aid in ensuring that structural stability per 10 CFR 61 is achieved .

Sections 3.0 through 16.0 of this report describe how each of these criteria

is met by the NuPac Envir:11oy FL-50/EA-50 High Integrity Container (HIC). !
|For reference, the criteria are listed below: I

The maximum allowable f ree liquid in a high integrity containera.

should be less than one percent of the waste volume as measured

using the method described in ANS 55.1. A proce ss control program
,

I should be developed and qualified to ensure that the f ree liquid
requirements in 10 CFR Part 61 will be met upon delivery of the wet
solid material to the disposal facility. This process control

2-1
| |
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program qualification should consider the effects of transportation

on the amount of drainable liquid which might be present (Section

3.0).

b. High integrity containers should have as a design goal a minimum

life of 300 years. The high integrity container should be designed

to maintain its structural integrity over this period (Section 4.0).

c. The high integrity container design should consider the corrosive

and chemical effects of both the waste contents and the disposal

trench environment. Corrosion and chemical tests should be

performed to confirm the suitability of the proposed container

materials to meet the desi'gn life goal (Section 5.0),

d. Ile high integrity container should be designed to have suf ficient

mechanical strength to withstand horizontal and vertical loads on

the container equivalent to the depth of proposed burial, assuming a
3cover material density of 120 lbs/f t . The high integrity container

should also be designed to withstand the routine loads and effects

from the waste content s, waste preparation, transporta tion, handling
and disposal site operations, such as trench compaction procedures.
This mechanical design strength should be justified by conservative
de sign analysis (Section 6.0).

1

e. For polymeric material, design mechanical strengths should be con-
servatively extrapolated from creep test data (Section 7.0).

f. The design should consider the thermal loads from processing,
storage, transportation and buri a l. Proposed container material s

should be tested in accordance with ASTM B553 in the manner des-
cribed in Section C2(g) of the NRC technical position. No signifi-

|

cant changes in material design properties should result from this

thermal cycling (Section 8.0).

2-2
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g. The high integrity container design should consider the radiation
rO
V stability of the proposed container materials as well as the radia-

tion degradation effects of the wastes (Sec tion 9.0).

Radiation degradation testing should be performed on proposed con-

tainer materials using a gamma irradiator or equivalent. No signi-

ficant changes in material design properties should result following

8exposure to a total accumulated dose of 10 rads. If it is proposed

to design the high integrity container to greater accumulated doses,

testing should be performed to c.onfirm the adequacy of the proposed

materials. Test specimens should be prepared using the proposed

f abrication techniques.

|
Polymeric high integrity container designs should also consider the

effects of ultra violet radiation. Testing should be performed on

proposed materials to show that no significant changes in material

I design properties occur following expected ul tra-viol e t radiation

| exposure.

h. The high integrity container design should consider the biodegrada-
tion properties of the proposed materials and any biodegradation of )
wastes and disposal media. Biodegradation testing should be per-

formed on proposed container materials in accordance with ASTM G21

and ASTM G22. No indication of culture growth should be visible.

The extraction procedure described in Section C2 (d) of the NRC

technical position may be performed where indications of visible

culture growth can be attributable to contamination, addit ive s, or

biodegradable component s on the specimen surface that to do not

affect the overall integrity of the substrate. It is al so accept-

abic to determine biodegradation rates using the Bathta-Pramer i

Method described in Section C2 (d). The rate of biodegradation

should produce less than a 10 percent loss of the total carbon in

the container material af ter 300 years. Test specimens should be
;

prepared using the proposed material fabrication techniques !

(Section 10.0).

,

2-3 |
!
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- l '. The high integrity container should be capable of meeting the re-

quirements for a Type A package as specified in 49 CFR 173.398(b).
The f ree drop te st may be perf ormed in accordance with 10 CFR 71,
Appendix A, Section 6 (Section 11.0).

J. The high integrity container and the associated lif ting devices

should be designed to withstand the forces applied during lifting

I operations. As a minimum, the container should be designed to

| withstand a 3g vertical lif ting load (Section 12.0).

k. The high integrity container should be designed to avoid the

collection or retention of water on its top surf aces in order to

minimize accumnistion of trench liquids which could result in

corrosive or degrading chemical ' effects (Section 13.0).

1. High integrity container closures should be designed to provide a

positive seal for the design life of the container. The closure

should also be designed to allow inspections of the contents to be

conducted without damaging the integrity of the container. Passive

vent designs may be utilized if needed to relieve internal pressure.

Passive vent systems should be designed to minimize the entry of
.

moisture and the passage of waste materials from the container

(Sec t ion 14.0).

m. Prototype testing should be performed on high integrity container

designs to demonstrate the container's ability to withstand the

proposed conditions of waste preparation, handling, transportation
and disposal (Sec tion 15.0).

n. High integrity containers should be f abricated, tested, inspected,
prepared for use, filled, stored, handled, transported and disposed
of in accordance with a quality assurance program. The quality

assurance program should also address how wastes which are

detrimental to high integrity container materials will be precluded

f rom being placed into the container. Special emphasis should be

2-4
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.

placed on fabrication process control for those high integrity

.

containers which utilize f abrication techniques such as polymer

molding processes (Sec tion 16.0).

2.2 Container Description

To meet the various criteria listed above, Nuclear Packaging, Inc. (NuPac) has

developed the Enviralloy FL-50/EA-50 container. The container is a right

cylindrical configuration and is designed for both the burial loads at the

Hanford, Washington burial site as well as the Barnwell, South Carolina burial

site.

The Nuclear Packaging, Inc. IfiuPac) Envir:11oy FL-50/EA-50 HIC has been
designed to maximize th< internal cavity volume of the shipping cask by com-

pletely filling the cask cavity less necessary clearance space. For this

reason, the FL-50/EA-50 HIC has been designated with the same nomenclature as

the corresponding NuPac cask (NuPac 50 Series cask is used for transporting
the FL-50/EA-50 HIC).

The FL-50/EA-50 HIC features an optional internal dowatering system. This
dewatering system has been described and approved under a separate topical
report. Refer to Table 2.2-1 for dimensional details of the container.

i
1

1

Table 2.2-1 ]
ENVIRALLOY FL-50/EA-50 HIC Dimensional Data I

External Container Dimen. Weight (1bs) _ Volume (Cu. Ft.) J

Dia (in) Height (in) Tare Net Internal External

46-1/2 50-3/4 1475 2725 44.9 49.9

Tare Weight: Empty Container Weight 1

Net Weight: Maximum Payload

O l

!
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The container is designed to a set of specifications that ensure their ability

to meet the design criteria,

s. Dimensions wil'1 be shown on the drawings (see Appendix A). )-

l

|

b. A corrosion allowance has been incorporated into container design.

c. The container _ lif ting device has been designed to three times
1

maximum gross container weight (see Section 12.0).
]

d. 11e closure has been designed to maintain a positive seal under all-
'

anticipated conditions of usage, including during impact af ter a

free drop of four feet (see Section 15.0).

1

Re. The container will be f abricated from Ferrallum 255 as manufactured
by the Cabot Corporation. j

i

f. The design had no identifiable parameters that would reduce the

O e ionlir sete 'ao7a .

g. The container is designed to maintain a positive Margin of Safety

for all handling, transportation and burial loads.
.

h. The closure is designed for ease of operation to reduce operator

exposure.
)

The FL-50/EA-50 HIC has a 24-inch lid opening at the center of the container
top. The lid seal is maintained by eight evenly spaced Ferralium Alloy 255

lid retaining lugs. The body incorporates four vertical supports, which are

attached to the top plate directly underneath the locking lug ring. The verti-

cal stiffeners.are attached to base plates welded on the bottom plate of the

container (see Drawing I-201-015, Appendix .A).

'

Af ter the container has been loaded, the lid is placed over the container

opening and the eight wedge shaped retaining blocks are driven into the. ring fh '

which surrounds the lid. The wedges are designed such that they seat into

<

2-6
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i

h

this ring, forcing the lid to deform the silicone rubber or lead seal and make !

/() met al-to metal contact with the containe r. This forms a seal between the

container and lid as well as securing the retaining blocks against removal

during transportation and handling. Should it become necessary, the container

contents may be inspected by driving the blocks out and lif ting the l id of f.

The lif ting device for this container consists of two to four lif ting eyes, !

depending on the user's requirements. These lif ting eyes are atta.:hed to the

container top by an all-around fillet weld.

l
.

2.3 Material Description

i

RThe Enviralloy High Integrity Containers are fabricated from Ferrallum Alloy

255. Ferrallum is a duplex ferritic-austenitic stainless steel which combines

high mechanical strength, ductility, and hardness with resistance to corrosion
i

and erosion. The duplex stainless steel structure consists of both austenite

and ferrite phases. The duplex stainless steel has superior corrosion resis-

() tance and strength as compared to austenitic stainless steels such as Type s
304 and 316. Much of the strength and corrosion resistance comes from the

relatively high content of chromium, molybdenum and nitrogen as seen in the
|

chemical composition in Table 2.3-1. ;
l

1

The high strength of the material is such that it allows the utilization of
,

thinner sections for a more ef ficient container than if the container were
f abricated f rom more common austenitic stainless steels. The ASTM A240- ^

82/A479-82 UNS Designation S32550 (Ferrallum 255) standards specify the fol-
lowing minimum room temperature values for the material:

Yield Strength, S = 80 Ksi (550 MPa)y

Ultimate Tensile Strength, S,= 110 Esi (760 MPa)

Not e tha t the se are minimum v al te s. Nominal strength values for yield and

ultimate tensile are much higher, as shown in Table 2.3-2.

O
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Table 2.3-1-
1 RPercent Chemical Composition of Ferr:11am Alloy 255

_ __ _ ______ . _ _ _

Fe Cr- No Ni Si' Mn C N Cu Others
- _-_ -- ._-- -- -

2 2 2 2BAL 24.0- 2.0- 4.5- 1.0 3,3 o,o4 0.10- 1.5- P-0.04
227.0 4.0 6.5 0.25 2.5 S-0.03

= _-_ .-_-_ - --..__ --- - _ _ - -

NOTES: 1. The undiluted deposited chemical composition of covered

electrodes may vary beyond the limits shown. j

2. Maximum amount.

|

Table 2.3-2
"

Comparative Typical Tensile Data at Room Temperature
--- --- ---- --_-____ _________.-__ -_________-.

Ultimate Tensile Yield Strength Elongation in

Alloy Strength at 0.2% offset, 2 in. (50. 8mm)
Esi (MPa) Esi (MPa) Percent

- . ____

Ferralium Alloy 255 126 (869) 98 (676) 30-

Type 304L Stainless 81 (558) 39 (269) 55

Type 316L Stainless 81 (558) 42 (290) 50

|

| Type 317L Stainless 86 (593) 38 (262) 55
(

1 --- - - --- - - - - - - - - - - - - - _--__.-- ._

i

!

|
i

O
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3.0 FREE LIQUID

O
The Nucient Packaging Enviralloy FL-bO/EA-50 HIC has been designed for con-
talning waste with less than 1% free standing water. Various types of waste

may be immobilized within the container, which leads to a variety of dewa-

tering procedures and apparatus used. The specific procedures and actual

dewatering equipment can be qual i fied in a separate document for each basic

type of waste form. Some types of dewatering equipment that can be utilized

are described in NuPac Topical Report No. TP-02-NP-A.

The different dewatering internals that will be used will not be detrimental

to the integrity of the container. Typically, the internal s are made f rom

either plastics, carbon steel or stainless steel. The plastics are inert in

relation to the Enviralloy. Carbon steel and stainless steel dewatering

internal s (300 series), when used, are sacrificial to the Enviralloy for

galvanic corrosion, as demonstrated by galvanic potential considerations (see

Sec tion 5.3.2).

Ov

DV
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4.0 DESIGN LIFE

.O
The Nuclear Packaging, Inc. Enviralloy FL-50/EA-50 High Integrity Container

(HIC) is designed for a minimum life of 300 years. There is no known mecha-

nism which w!!! cause HIC failure, when handled properly, under the internal

and external environments of service. All mechanisms that could affect the

structural stability of the containers have been examined and accommodated. In

the design. Since a principle f ailure mechanism for the HIC is corrosion,

Section 5.0 examines the ef fects of the various environments imposed on the

HIC. A major result of this review is the selection of a corrosion thickness

assuring r 300 year design life.

O

.

O

4-1
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5.0 (X)RROSION BEHAVIOR

The corrosion resistance of Ferrallum Alloy 255 under HIC service environments

is superior to that of all fully austenitic stainless steels such as 304, 316,

and 317L. Unlike the austenitic steels, Ferralium is highly re sistant to

chloride stress corrosion cracking, crevice corrosion, and pitting in burial

environments, including those exhibiting the presence of chlorides and fluor-

ides. The corrosion resistance capabilities have been documented by the use

of Ferrallum in many environments, as described in Cabot's Booklet No. B-2005.

There are eight basic corrosion mechanisms: 1) uniform corrosion 2) galvanic

corrosion, 3) crevice corrosion, 4) pitting, 5) intergranul ar corrosion, 6)

alloy parting, 7) erosion corrosion, and 8) stress corrosion. These eight

basic corrosion mechanisms are applicable to both internal and external

corrosion conditions.

A
V This section discusses the corrosion resistance of the Enviralloy FL-50/EA-50

,

HIC for the service life requirements under all corrosion modes and environ-

mental exposures. Subsequent sections discuss both external and internal

corrosion environments (Section 5.1), a general discussion of Ferralium Alloy '

255 corrosion behavior (Section 5.2), a discussion of specific corrosion modes
for the material (Sections 5.3 through 5.11), and finally, a summary classifi-
cation of chemicals suitable for disposal in the Enviralloy FL-50/EA-50 HIC.

|
The complete corrosion behavior of the material is provided in the Proprietary
Report. |

|

|

5.1 Corrosion Environments

|
A high integrity container is subjected to both external and internal corro-

sion agents. External corrosion is attributable to the surrounding burial

soils and possible burial trench liquids. Internal corrosion is attributable

to waste contents. Each environment will be discussed separately to describe
the potential corrosive agents that might affect the FL-50/EA-50 container.

5-1
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O 522 e t r 18 1 e *-

C,tarently, there are two existing commercial shallow land disposal sites where

Enviralloy HIC's will be buried: Hanford, Washington and Barnwell, South

Carolina. The potential corrosive characteristics of the sites are discussed j

on the basis of chemical and galvanic corrosiveness as well as potential

burial trench liquids. 1

i

i
|

5.1.1.1 Soil Galvanig Action ]
|
|

i
IThe Barnwell site is located in the Coastal Plain geologic province.

Waste trenches are excavated in the uppermost stratigraphic layer called

the Hawthorn Formation. This soil layer is composed of sandy dense clay

beneath a layer of silty coarse sand. The soil's corrosive effects due

to galvanic corrosion is considered mild. The soil pH values indicate a

slightly acidic soil, as shown in the Proprietary Report.

O
I The Hanford site is situated in the Pasco Basin on the Columbia River
1
1 Plateau. The burial trenches are located in the uppermost layer known as

the Hanford Formation. This layer consists mostly of wind-blown (colian)
*

sediments. The material is described as unconsolidated sands, silt, and

gravels whose deposition is attributed to glacial flood waters. The

galvanic corrosion at the site can be defined as very mild. Soil pH

! values indicate that the soil is considered acidic to neutral.

Doth sites f all within the resistivity classification that are considered

'v e ry m i l d'. Therefore, the galvanic corrosive attack on the Enviralloy
HIC's is anticipated to be minimum.

| 5.1.1.2 Chemicals in Soils
1

I

The major chemical component in soils that is specifically aggressive to j

metals is the chloride lon. Both the Barnwell and Hanford sites have low

5-2
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levels of chloride ions and hence, will not cause any significant aggres--
.

sive~ corrosion.

| 5.1.1.3 Byzh i Trench Liaulds ;

l

It is anticipated that there will not be any significant amount of. liq j

uids in the burial trenches since all waste (as well as the site) must |
)

meet the stability requirements of 10 CFR 61. However, prior to Part 61 4

regulations, burial trenches at previous burial sites were found to j

contain ground water which was considerably more aggressive. Am example I

of this occurrence is that the water contained in. the Mazzey Flats, Een-

tucky trenches had fairly high chloride ion concentrations at a low pH

level.

- l
IThe corrosive effects of the external environments that .the Enviralloy HIC's

will be exposed to are discussed in subsequent sections as they relate to the

specific corrosion mode.

5.1.2 Internal Environment
,

The Enviralloy FL-50/EA-50 container will be loaded with a variety of contents
|

ranging from dry activated waste (DAW), or trash, to domineralizer wastes. In

general, the DAW-type materials are chemically passive whereas the

demineralized materials are chemically active by nature. It is these

chemically active demineralized materials (or media) that pose the only

significant internal environment worthy to note. Regul a t ed - proce s s control

| techniques assure that the container will be essentially dry (1% maximum free

standing water) . However, a broad range'in pH values is still possible.

The domineralizer systems are designed to handle a variety. of demineralizing

media. Ite media utilized must filter the waste stream effectively as well as

provide a relatively non-aggressive environment with respect to the container.

Some of the media that are anticipated, but not limited to, are as follows;

5-3
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~

a) Zeolite-

.

b) Sand

c) Charcoal

d) Organic Ion-Exchange Rerins

The zeolite, sand, and' activated charcoal are all a balanced media. The

zeolite consists of dry hydrous tectosilicate mineral, which captures la rge

cations and loosely holds water molecules. The sand is a clean filter support

media. No substantial organics will-be present in the sand. The charcoal-

activation process insures that any free sulf ates are driven off. If the

charcoal contains any sulf ate compounds af ter drying, they would be in the

crystalline structure and ts such, would not be chemically leachable. The pH '

levels of the media and waste ' stream are well above the critical pH limit of

Ferrallum Alloy 255 (FR-255). Ferralium has been proven to have very low
corrosion rates to the extent of being inactive to substances with a pH value

above a certain level.

|

O a * a * a i- ( i- i i > < > < * * > * * =-
- tial corrosive internal environment. The corrosive effects of bead resins have

| been analyzed and an estimated corrosion rate has been' established. There does

not appear to be any significant corrosion possibility due .to the resin if the
resin is depleted and has a pH value greater than a minimum value for the

contac ting water. If the pH of the resin is greater than this minimum, the

hydrogen affinity.has been satisfied.

5.2 Geaeral Corrosion Behavior of Ferrallum Alloy ;

The corrosion of Ferralium to waste streame, and burial trench environments is

superior to that of full austenitic Type 304 and 316 stainless steels. Duplex
stainless steels demonstrate superior re sistance to soil induced corrosion

compared to other highly alloyed stainless steels. The stainless steels with

| high chromium content, with or without nickel, are consistently more resistant
to soil induced corrosion than carbon steel. In several soils, Type 410 and

.O 43o ar i * 1 a * * a >io rit*i - **1 *i -

1
i
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/~N l

( ,) tent steels. The chromium nickel steels (Types 302, 304, and 309) developed
shallow pits, but the molybdenam bearing steel s, such as Type 316, did not pit

significantly. Average weight losses were low for the 400 series and insig-

nificant for the 300 series steels.

Ferrallum Alloy 255 has excellent resistance to sulfuric, phosphorio ni t r ic ,

and many other acids an/ sal t. as well as acetic, formic, and orgaalc acids

and compounds. The alloy is particularly suit able for concent rations and

temperatures where pitting and localized corrosion is a commen cause of full-

ure for most conventional ttainless steels. Corrosion tests have shown that
the duplex stainiess steel base metal and weld material is superior to ti.e

austenitic stainless steels in all cases.

|

Al though the mus t eni tic st ainl e s s s t ee l s (304, 316, and their low carbon |
|

versions) have been successfully and widely used in many environments, t: hey I

ruf fer f rom two main weakne sses: sensitivity to chloride stress corrosion

cracking and pitting corrosion. These weaknesses somrwhat limic their use due I

if ) to economic and safety considerations. The < development of ferritic stainless
1

steels solved the above weaknesses, but their intrinsic metallurgical c h a r-,

acteristics make them more difficult to fabricate and weld. In addition, the
,

1

ductile-brittle transition temperature is high, allowing a, much greater risk j

cf brittle fracture during service in cold temperatures. !

A series of alloys with both corrosion resistance and strength (f ar superior
to Type 316L SS) is the duplex stainless steel family, whose structure basio-
ally consists of a mixture of austenite and ferrite. Some wrought dupler

al.loys were used in small quantitler in the late 1950's with the next advance-

eent being the introduction cf American Castlugs Institute CD4 MCU al loy ap-
proximately 25 years ago. The next important advancement war the development
of Ferralium Alloy 155.

Ferrallum is produced by balancing critical elements (including nitrogen) and
has a structure consisting of approximately 50% ferrite and 50% austenite. The
austenitic phase is stable and does not transform into martensite upon quench-

rx
(_) ing from annealing temperature. Ferrallum has the highest strength and the

$~5
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best localized corrosion resistance among the wrought duplex alloys. The

complete corrosion behavior is provided in the' Proprietary Report.

5.3 Uniform Corrosion

Uniform corrosion is the most common form of corrosion. It is normally

characterized by a chemical or electrochemical reaction which proceeds uni-

formly over the entire exposed surface or over a large area. The metal

becomes thinner and eventually fails.

The corrosion thickness utilized in the design of the Fle50/EA-50 container is

based on the known corrosion rates of various materials when in contact with

FR-255 and the expected environment that the container will actually experi-

ence in its 300 year design lif e. BotL the external environment (soil) and '
the internal environment (due to the waste stream) were considered in the
selection of the corrosion thickness.

O
. )

Even though all available data indica as Ferrallum Alloy 255 will suffer no

detrimental corrosion over the design life, a corrosion allowance has been

incorporated in all design calculations to assure no compromise of structural
]

integrity.

Internal and extereal uniform corrosion envire ments are discussed separately
below. The '.nternal environment proves to be the most severe exposure for the

material s.nd is used as a basis for. derivation of the' uniform corrosion
allowance. As indicated earlier, the most severe internal environment was

found to be attributable to organic ion exchange resins.
I

|

I5.3.1 External Environment

Actual long-term field experience for Ferralium Alloy 255 and other duplex
f. stainless steel s in soil enviror..nents is somewha t limited. This - l ack of

information is due to the relatively short time these alloys have been avail-

:
i
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i
IQy able (approximately 20 years), an ;ne economic considerations for their use

Iin soil applications. In general, these materials have been restric ted to

applications which have very harsh environments that made other less costly
'mat erials totally unacceptable. This condition has also been the case for

austenitic stainless steels, in general, ever since they became a commercially

availabic material in the early 1900's. Duplex stainless stecis' primary use

has been in the process and the maritime industries where other forms of

corrosion prevention were unacceptable. Their use in the pulp and paper,

chemical, and oil industries, and in various maritime applications demonstrate {
this fact. Only in recent years have the duplex materials been utilized in

services such as drill pipe and other well applications. These uses were only ;

used in subsea applications where the seawater made an extremely harsh envi-

ronment for the more standard materials.
I
1

In general, stainless steels have not been utilized in underground applica-

tions because of cost and the availability of other less costly corrosion

prevention techniques. An example of the most common underground application l
i is pipelines. Pipelines can and are fairly easily protected by a variety of

means, such as protective coatings and cathodic protection, which are more

difficult to apply in maritime and dynamic applications. Typically, these

processes have been much less expensive than applying high alloy systems, such
as stainless steel. In addition, these systems normally have an expected

economic life with no restrictions on replacement or abandonment at their end k

of service. Some stainless steel pipelines have been installed with very
mixed service results. Pipelines in general, because of their length, cross a

variety of soils with varying resistivities. This condition results in the

pipeline carrying various currents.

Recognizing that pipeline data is not totally applicable for comparison to the
external environment that the ilIC will experience, other applications were

examined. Austenitic stainless steels have been used in small amounts as
fasteners, hose clamps, couplings, etc. in underground appl ic a tion s. Tradi-

tionally, the results have been excellent. In many instances, it has been

idifficult to discern if the results were due to the alloy or if it was due to
{p/ i

y the fact that the coupled material was sacrificial to the stainless steel
j

|
1
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component. Those components that have not been coupled a other conducting

ma t e ria l (e.g., stainless steel clamps on plastic pipe) have shown little I

dsmage due to corrosion.

iIn an attempt to answer these and other questions concerning underground

corrosf or of metals, the U.S. National Bureau of Standards has been testing

various metals by burying specimens on a long term basis at various sites !

around the country. Some of the stainless steel specimens have been exposed !

up to fourteen years. In one study, six test sites were chosen, with one site

located near Toppendish, Washington, forty miles south west of the Hanford
Reservation. The soil at this location is similar to the Hanford soil charac-

teristics. At the burial depth, both soils are composed of dry, loose sand
,

Iwith a minimum of orgtnics.

From this location, 300 series stainless steel base metal, which had been |
Isensitized, was analyzed after an exposure of eight years. The specimens were

found to have minimal uniform corrosive . weight losses and only a few corrosion

) or pitting sites. The veld samples demonstrated sicilar absence of corrosion

or pitting sites. The study continues to evaluate special alloys with high

| chromium and nickel content with the addition of molybdenum. The results of

| the tests indicate that high grade austenitic stainless steels faired well.

j For corrosion to initiate, a combination of soil conditions must be present.

Generally, the moisture content, galvanic characteristics, and soil acidity

must be relatively high for the commencement of corrosion.

One study indicates that the moisture content of the Hanford site is relative-

ly low. Although the Barnwell site has a higher moisture content than Han-

ford, the backfill material provides adequate drainage. The soil acidity at

the Hanford site was stated to be neutral while at the Ba rnwell site, a

slightly acidic environment was noted. As for the resistivities of both

burial sites, they were noted to be only mildly corrosive to 6teels. The
~

amount of chloride ions reported at either site will not be chemically detri-

mental as compared to the capabilities of Ferralium Alloy 255
,

| O
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These studies i ndic a 'a. that the common austenitic stainless steels do demon-

strate adequate roetAtonce to corrosion for long term burial. Fowever, they

stil1~ demonstrate w,e weaknes se s such a s pit ting. The c ommon st a inl e s s

steels also appear marginal when comparing their performance against the

unknown of the three hundred year design life.

The external corrosion of Ferralium Alloy 255 due to soil is judged not too

significant since Types 304 and 316 stainless steels have been demonstrated to
highly resistant to both pitting and general -attack in actual soll tests. It

is recognized that the soils the test specimens were buried in may not be the

most corrosive that the container may be exposed to during its design lif e.

The possibility of a slightly more corrosive environment is not restrictive

due to the greater corrosion resistance of Ferrallum as compared to the 300

series stainless steels. The known data on soils and their corrosive charac-
teristics indicate that the soils in the current disposal sites are not neces- j

i
sarily more' corrosive than the soils where the stainless steels were tested.

J
As noted in Sec tion 5.1.1.3, liquids in the trenches at the Marzey Flats site

had high chloride levels and a low pH value. These chloride levels, however,

still below that which any effects are reported on Ferralina Alloy 255.are

The acidity or alkalinity of the soil does not appear to be in the range where
*

,

it would detrimental 17 affect the containor material. In fact, when reviewing |

the soil chemistry of the various disposal sites against the chemistry which
has been found to be corrosive to the alloy, the soils are a very passive
environment. It was determined that there is a very high probability that the
soil will not lead to any detectable corrosion of 'the container.

1

In order for the chloride content to pose a significant corrosion potential,
the concentration must be at a very high level and in a very acidic environ-
ment. This chloride level is considerably ' higher than the maximum reported
trench liquid level. Clearly, the chloride level in the soil will not posc' a
corrosion problem for the Ferralium alloy containers.

Further, Cabot has simulated a worst case trench liquid for a corrosion coupon
test. It was intended to simulate the possible mixture of acids from a
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particular solidification process and ions in the .soll. The resultan't corro-
sion rate due to this acid mixture was ~1ess than the corrosion criteria !

established for the alloy.

I
From the soil corrosion studies performed on the 300 series stainless and

duplex stainless steels, it has been demonstrated that the duplex stainless

steels are superior. Studies have shown. that stainless steels with high chro-
4

mimn and nickel content are very resistant to pitting or crevice corrosion. In

soils that are adequately drained (i.e., low in chlorides and have a balance

of oxygen), the resistance to aggressive corrosion attack has been reported as !

outstanding for duplex stainless steels.

For these reasons and to ensure that the design life requirement is satisfied.

with an adequate margin of safety, Nuclear Packaging selected Ferralium Alloy

255, which provides a greater margin against pitting and uniform corrosion.

Additionally, a corrosion thickness allowance was included in the design.

O
LL1 Internal Environment

I

The exact corrosion behavior of the internel environment of the container is
very difficult to judge. It is a function of the type of waste, the tempera-

ture, the oxygen content, the history of the particular waste stream, and the

specific waste stream itsel f. Although they are very diverse, the waste

|streams have, in general, the common trait of being very dilute. The nuclear

Industry is based around water as the primary medium and generktes the largest !

portion of its waste in purifying that medium. The chamicalw that are normal-

ly found in these waste streams are very passive toward metals vince whole

material control programs are based on protection of the plant. However, it

is recognized that some detrimental environments could exist. The various

chemical s that could be disposed of in the container and the various mediums

(e.g., son exchange resin) were revieued against the 'known corrosive data for
Ferrallum Alloy 255.

O
l

5-10

t _ _ _ _ _ _ _ _ ________ _____ _ _



.__

NnPaa Enviralloy FL-50/EA-50 HIC (Non-Proprietary) (A) Rev. O, 12/86

'At.and below room' temperature, none of the chemicals that would normally be-

found in a radioactive waste stream demonstrated a corrosion rate in excess of
~

the limit utilized in the design. - The'only chemicals that were found _to be

aggressive' st'all to Ferrallum .at room temperature were those that contained

high amounts ~ of chloride or fluoride in highly acidic solutions. Ifighl y

acidic solutions by themselves are not a problem. Solutions containing a high -

percentage of chlorides are not a problem to the material as long as they are

not strongly acidic. It is recognized that for some of these solutions weld-

ments may have a slightly higher corrosion rate and susceptibility to pitting

than the base metal. Powever, although the rates are slightly higher, they are

still within the acceptable range.

Other chemicals that may be more common to the waste streams were reviewed

and found to have corrosion rates compatible with the selected corrosion-

thickness, even at elevated temperatures such as boiling. Additionally, many
>

combinations of acids were also found to be acceptable at slightly elevated

temperatures.

O
As noted in Section 5.1.2, bead resins represent-the' greatest corrosion

potential for Ferrallum. Essentially all (99.9%) of'the ion exchange resins

that originate from nuclear plants are styrene-based types.
,

.

The watery pores of the resin beads (and the functional group's within) are the
source of corrosion by the beads. The entrapped water in'the beads can

actually be considered a chemical solution like an acid, caustic, or other
_

salt solution. In a chemical solution, there is an equilibrium between the

following three constituents of the water:

Positively charged ions (cations) such as hydrogen, sodium,o

magnesium, etc.

i

e Negatively charged ions (anions) such as hydroxide, chloride, j

sulfate, etc.

O "

;
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e The combination of positive and negative charged ions into a
i

neutral molecule, such as sodium chloride, hydrogen snifate, '

hydrogen chloride, etc.

Since the solution in the son exchange beads behaves just like any other

chemical solution, the known corrosion rates of various acids and bases can be ]
correlated to the worst expected corrosion case for resins.

i

|

Other potentially corrosive materials are anion resins. The highly basic J
!

nature of anion resins was also investigated. Corrosion data .show no ef fects !
.

of the equivalent amount of caustic. One set of data shows a very small I

|corrosion rate. This case is well above the maximum operating case of anion
]

i resin equivalent at ambient temperatures. )
1 i

i
i

The case where the resin is in point contact with the vessel wall was al so-

considered. This condition is important in that ion exchange resins have a

high percentage water content with approximately 36 percent void space between !

the resin beads. Therefore, when the plastic portion of the resin is ignored

and there is not any f ree wa ter around the out side of the re sin, then the

water portion of the resin can have a larger acid concentration than calcula-

| tions performed on the gross resin volume. The results of this evaluation

| demonstrated negligible corrosion rates.

I
Radiation effects are not considered a significant contribution to the l owe r-

|
ing the pH level in relation to the direct contact of dewatered resins with

]1
the container. The question of ion exchange resin corrosion on the container

can be separated into three prc ressively more severe and less likely cases. "

a

They are: 1) undamaged resins with the most severe corrosion capabilities; 2)
utilize the added corrosion potential due to reported reductions in the pH

i

level from radiation damage; and 3) a theoretical calculation that effectivelyj

places all of the corrosive sites or acidity of the resin at the container

wall. 1

O|

|
| |

I

|5-12
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5.4 Galvanic Corrosion

Galvanic corrosion is a corrosion mechanism where an electrical current is

established between two dissimilar metals. Corrosion of- the less corrosion-

resistant metal is usually increased and attack of tbo more resistant material

is decreased, as compared with the behavior of the two metals when they are

not in contac t. The less resistant material becomes anodic while the more

resistant metal becomes cathodic. Usually, the cathode or cathodic metal

corrodes very little or not at all in this type of couple.

The drivin: force for current and corrosion is the potential developed .between

the two metals. The potential dif ferences between metals under reversible, or

noncorroding, conditions form the basis for predicting corrosion tendencies. q

These corrosion tendencies have been tabulated into the standard electromotive |
1

force (emf) or galvanic *eries. This tabulation is shown in Table 5.4-1.

By studying this information,. It was found that potential galvanic corrosion

exists between the carbon steel. lif ting hardware and the Ferralium lifting

lug, Ferrallum being cathodic and the carbon steel being anodic. Therefore,

the steel lifting hardware and optional false bottom will probably undergo

galvanic corrosion over the 300 year design life. The container material,

being cathodic, will not sustain any galvanic corrosion.
*

In reviewing the galvanic cell that would result in a duplex to austenitic

stainless steel interface, it was found that the Types 304 and 316 stainless

steels will be sacrificial to Ferralium. Therefore, Types 304 and 316 stain-

less steels are anticipated to undergo a certain degree of corrosion. However,
the Ferrallum container, being more noble, will not sustain any corrosion and
the life of the container will not be reduced due to this corrosion mechanism.
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s

i

b
%_J

Table 5.4-1
_

1

Galvanic Series of Common Alloys * |

.\ nodie Magnesium
4 Magnesium alloys

Zine
.\luminum 28
Cadmium
.\luminum alloy 17S-T |
Carbon steel
Copper steel
Cast iron ;

4 to ti7e Cr steel I
12 to 147o Cr steel j
16 to 187, Cr steel Active 1

23 to 307o Cr steel
Ni-resist

'

| 77, Ni,177o Cr steel !
87, Ni,187o Cr steel

147, Ni,237o Cr steel Active-

207o Ni,257o Cr steel
I 127o Ni,187o Cr,37o .\fo steel, j
| Lead tin solder

Lead I
(3 Tin 'l-

'Q Nickel
607o Ni,157c Cr

ActiveIneonel
80To 5i. 20To Cr, 1

Ilrasses |
Copper
Ilronzes |
Nickel-silver '

Copper-nickel
Monel metal
Nickel

607o Ni,157o Cr
f pg,,;yginconel

807o Ni,207o Cr J
12 to 147o Cr steel
16 to 187o Cr steel.
77o Ni,177o Cr steel
87o Ni,187, Cr steel .

"*"147o Ni,237o Cr steel
23 to 307, Cr steel
207 Ni,25To Cr steel

1 12c; Ni, Ise;. Cr. 31 Mo steel ,
t Silver j

Cathodic Graphite [
.

* C. A. Zaptie, Stainless Steels. Cleveland: American Society
for Aletals.

,

1

|

Dd
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1

i

() 5.5' Crevice Corrosion

Crevice corrosion frequently occurs within crevices and other shielded areas. 1

on metal surf aces exposed to corrosives. This type of attack is usually

associated with small volumes of stagnant solution caused by holes, gasket

surfaces, lap joint s, surf ace deposits, and crevices under bolt and rivet H
I

heads. )
!
j

To function as a corrosion site, a crevice must be wide enough to permit
Iliquid entry, but sufficiently narrow to maintain a stagnant zone. For this
4

reason, crevice corrosion usually occurs at openings a few thousandths of an j
'

inch or less in width. It rarely occurs within wide (e.g., 1/8-inch) grooves

or slots. Fibrous gaskets, which have a wick action, form a completely stag-

nant solution in contact with the gasket flange face; this condition _ forms an
!

almost ideal crevice-corrosion site.

In the Enviralloy container, all metal components are completely welded to

() eliminate any crevices. The only potential crevice corrosion site that exists

in the container design is the lid / gasket interface. However, crevice corro-

sion is not anticipated to occur at this interface for the following reasons:

1. Since the gasket materials utflized are not fibrous (silicone
i

rubber or lead), no wicking action will occur. 4

2. There is little or no corrosive liquids anticipated' in

sufficient quantities from either the burial environment or the

waste stream to initiate and maintain the crevice corrosion
,
,

mechanism should it occur. I

Additionally, crevice corrosion tests performed on Ferrallum have shown no
corrosion by this mechanism. Tests were performed in aggressive solutions at

room temperature for 10 days and at 113 'F for 100 hours. Both of these test
demonstrated Ferralium's superior resistance to crevice corrosion compared to j
austenitic stainless steels.

|

|
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O ^ 1ee e r inter ittent onta t eetween twe nrf ace <a ren>> n f -te-

surf ace contact), similar to a soil / metal contact, gives rise to a nonaEgres-

sive crevice geometry, which lessen the probability of crevice corrosion. As

most experiments are performed using tight fitting plastic washers to promote

pitting and crevice corrosion, the studies indicate a worst-case condition.

Another study performed polarization current tests with Ferralium. The tests

demonstrate that crevice corrosion was arrested. Based on these test results,

it is not anticipated that crevice corrosion will be a major concern in the

design life of the container. The c. m lete crevice corrosion evaluation is .,

provided in the proprietary report. |
|

1
1

5.6 Pitting

|
i

Pitting of a material is defined as the preferential' removal of material in a
s

localized area. Because of its extremely '.ocalized nature, pitting results in ]
O seie i *se et 1- rie e seie 7 *e i t or 1 se i di eter. 6 t i-

-

most cases they are relatively small. Pits are sometimes isolated or so close

together that they look like a rough surf ace. Generally, a pi t may be de-

scribed as a cavity or hole with the surface diameter about the same as or

less chan the depth.

As in the area of uniform corrosion, Ferralium Alloy 255 is far superior to ;

austenitic stainless steels and lower alloy duplex stainless steels in its I

resistance to pitting in all predicted environments that the container would
,

experience. It is recognized that the quantity and rate of pitting for a

given material in any environment is very difficult to predict. However, the '
!

|

| resistance a material demonstrates to pitting in very harsh environments, such
!

as ferric chloride, can be expected to carry over in other less harsh environ-
i

ments that the container will encounter. It is also. interesting to note.that-

the pitting temperature, as determined in basic-acidic solutions, was found . to
be considerably higher for Ferralium than for other stainless steels. This

temperature, in excess of 120 *F, is far above the container burial tempera-

ture. Additionally, potentiodynamic tests were performed on the alloy, both
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!

j^

U on base and welded samples in a theoretical worst case solution. The material |
|

readily repassivated in this solution since there was no hysteresis loop '

formed during the cyclic pit ting polarization curve test. I
l

The available test data provides a comparison of corrosion properties that are

anticipated to be in the worst environment for material survivability. Several
I

investigators have identified trends in material behavior. A quote from one j
|

reference sums up the investigators philosophy: ' Gene rally, if a ma t erici

performs well in service, any material performing equally or better in this

study is likely to also perform well in the same app l i c a t i on'. By this

statement, Ferrallum will perform better than Type 316 or Type 304 stainless

steel, which have been extensively used in burial environments. The basic

concern is that the container should structurally survive a minimum of 300 )
l

years and provide a confined volume where low level waste can decay to normal |

background levels. It is anticipated that pitting will not structurally

affect the integrity of the container in such a manner as to cause catastro-
i

phic weld failures. I

To investigate the corrosion properties of the austenitic and duplex stainless I

steels, aggressive chemical agent s were used to screen material s. Results

indicate that Ferrallum has fewer initiation points with a shallower a t t ac k
depth than austenitic stainless steels. It is also interesting to note the

time required to initiate pits in Ferrallum is approximately a factor of three
longer than Types 316 and 304 steels.

The probability of there being a sufficient density of through pits present to
cause structural failure of the container is improbab l e . I

NuPac has thoroughly investigated pitting and various mechanisms (as shown in
the Proprietary Report) and found that Ferrallum Alloy 255 was highly resist-
ant to this form of corrosion for several reasons: not only because of it s

composition / material phase, but also its fabrication techniques.

Even though the material gives all indications that pitting would not be a
O
V problem, the usage of a corrosion thickness in the design provides additional

5-17
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1

() conservatism. The corrosion thickness allows for additional metal- to be

placed in the wold areas, which would be preferential pit ting areas. By

designing without the material being present, the design assures that adequate

strength is present to ensure structural stability.

5.7 Intergranular Corrosion

Localized attack at and adjacent to grain boundaries, with relatively little

corrosion of the grains, is called intergranular corrosion. The alloy disin-

tegrates (grains fall out) and/or loses its strength.

Intergranular corrosion can be caused by impurities at the grain boundaries,

enrichment of one of the alloying elements, or depletion of one of these

e l ement s in the grain-bounda ry are a s. Depletion of chromium in the grain-

boundary regions results in : int e rgranul ar corrosion in austenitic stainless
.

steels. This condition results when chromium carbides (Cr :Cs) precipitates

() during certain heat treatments and welding.

|

|

| Comparative stress corrosion cracking data has been generated in sodium hy-

droxide and other environments for Ferrallum. It is clear from this data that

the alloy has superior stress corrosion cracking resistance in many env i ron-
'

ments tested compared to Type 316L stainless steel.

It is clear that the prerequisites for intergranular corrosion do not exist at

either existing burial site or any planned environments. The duplex structure

of Ferrallum, in conjunction with the added precautions NuPac is utilizing in I

the fabrication process, will prevent this type of corrosion mechanism from

occurring, as described in the Proprietary Report. >

5.8 Alloy Parting

Alloy parting (or selective leaching) is the removal of one element from a

) solid alloy by corrosion processes. The most common example is the selective

|
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/7 !

b; removal of zine in brass alloys (dezincification). Similar processes may

occur in ot her al l oy sys tems in which a l uminum, i ron, cobal t, chromium, and j

other elements are removed.
1

!

The only alloy parting process of potentiel concern for Ferralium is chromiom ;

leaching. However, this corrosion process only occurs at high temperatures

(1800 F) when stainless steels are exposed to a low-oxygen atmosphere. Since

Ferrallum is restricted to a maximum temperature of 500 F, chromium leaching |

|will not occur. ;
I

5.9 Erosion Corrosion

Erosion corrosion is the acceleration or increase in rate of deterioration or
|

| attack on a metal because of relative movement between a corrosive fluid and
the metal surface. Gene ra l l y, this movement is quite rapid, and mechanical

| wear effects or abrasion are inv o l v ed. Metal is removed from the surface as
dissolved ions, or it forms solid corrosion products which are mechanically

I swept from the metal surface.

|

| Some of the f actors pertinent to erosion corrosion are cavitation damage,
~

fretting corrosion, surf ace films, ve l ocity of environment, and galvanic

corrosion. Since none of these factors exist in the HIC environment (internal
or external), erosion corrosion will not occur for the Enviralloy container, j

5.10 Stress Corrosion

Stress corrosion cracking refers to cracking cause by the simultaneous pres- j
ence of tensile stress and a specific corrosion medium. One type of stress

| corrosion cracking is IGSCC, which was previously discussed (refer to Section i
5.7). Another type of stress corrosion cracking is transgranular, which

advances without apparent preference for grain boundaries. j

l

O {
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Factors which affect stress corrosion cracking in stainless steels include

temperature, chloride concentrations, stress level, metallurgical factors, and

the physical sta te of the environment (i.e., single phase aqueous versus

alternate wetting and drying conditions).

As noted in Sec tion 5.7, stress corrosion will not occur in the Enviralloy I

container because of the f abrication methods utilized and the HIC service
environment. i

1

|5.11 Weldment Corrosion Behavior of Ferrallum

In general..weldments exhibit different corrosion qualities than the base

metal. These differences are due primarily to the localized heating and

cooling of the base metal during and following the welding process. However,

with proper controls, the differences are minimized.

IO cerre ie te t re rer e4 s ve ae e tr tea <> * rerr > i ^11er 255 e14 e t-

are superior to Type 316L. stainless steel weldments, as shown in the

Proprietary Report. In the simulated solution, even though 316L performed
]

~

well, Ferrallum should provide a greater assurance and a much higler safety

margin for the 300 year design life.

As far as the filler metals of different compositions are concerned, NuPac

utilizes the standard Ferrallum Alloy 255 filler metal coupled with a standard

corrosion test as one of the quality assurence tests.

NuPac hat, carefully chosen the welding process to provide for sufficient heat

input and cooling rate to ensure that weldments will perform similar to the

base material (refer to Section 16.0 for further details).
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f3
i ) 5.12 Waste Classifications for Enviralloy HIC's

There are a variety of ways a waste form could potentially be a corrosion

problem. These include various combinations of types of corrosion, the means

by which the material comes in contact with the container, and potential

thermal effects. All of the combinations can be alleviated by one or a

combination of operating methods, de sign factors, and administrative proco-

dures.

The commonly occurring chemicals at a nucicar facility are most corrosive when

mixed with water and at elevated temperatures. Direct chemical contact with

the vessel at, or less than, the chemical's usually known concentration occurs

when the chemical is disposed on a solid such as a cartridge filter, cloth

encapsulated with exposed areas, or on metal parts. If the chemical s have

been properly screened, there will be neither a chemical or a temperature

problem.

/T
(f The chemical can be in contact with the vessel at higher than the applied

concentration, or pH level, by the concentrating effects of lon exchange

resins or inorganic zeolites. Further complicating these higher than applied
chemical concentrations are oxidizing effects of organic ion exchange resins.
A low concentration of an oxidizing acid could be removed by the resin and

|

concentrated to such an extent that the acid begins to generate heat as it i

react s with the resin i*.sel f. During that reaction, heat is generated and the
i

rising temperature creates the corrosive condition of the chemical with the

vessel wall. This potential problem is of particular concern when the resin

has been dewatered, thereby removing the heat sink. Therefore, oxidiz ing
chemicals are noted as such in operating procedures.

Af ter revlewing all available data on both the base material and the weldments
of Ferralium Alloy 255 and the basic waste stream and their disposal environ-
ment, it was determined that very few waste streams are required to be treated
differently or excluded from disposal in the containers. Only those waste
streams that present a potential problem to the container wocid have to be

neutralized, diluted, or excluded from the container. This requirement en-

!

i
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V sures that any potential corrosive waste streams would be elin inated which |

would exceed the al lowable corrosion layer. The pH level less t han 3.0 r e- )
I

quirement ensures a margin of safety against non-uniformity of the waste i

l
stream. These limits are based on the design life of the container and the J

| environment the container will experience during that design life, such as

room temperature and be l ow. Brief excursions above the 120 F limit are
i

permitted for the container, such as 180 F during filling for less than 12 ]
hours, which again limits the total corrosion. Since basic solution environ- )'

ments are very non-corrosive to the alloy, temperatures up to the maximum

operating limit of the material (500 'F) is permitted for less than four
'

hourt.

These limits are controlled by the metallurgy of the material and its corro- J

sive resistance. The corrosion analysis performed in this report is based on

the container being at room temperature. Actually, in the buried condition,

the nominal temperature would be considerably below this temperature. It is

recognized that for some environment / waste streams, the corrosion rate of the !

metal would increase with increased temperature. However, while the corrosion

resistance of the material remains high at lucreased temperatures, this resis-

| tance may not be sufficient to ensure survival of the container for its design

l i fe t ime. Based on this fact, the temperature limitation of up to 180 'F for
less than 12 hours was imposed. Even if the corrosion rate increased greatly

for this period of time, it would have an insignificant effect on the 300 year i

I design life.
|

The higher temperature limit of less than 500 F for environments with a basic |
pH IcVel is related to the maximum temperature limit imposed on Ferrallum

All oy 255. By restricting the temperature excursions to only waste basic

streams, the corrosion rate increase effect is reduced to an insignificant

level. The normal recommended operating limit of 500 *F for the alloy is
based on the reduction of material impact resistance values when exposed to

high temperatures for extended periods of time. As noted by Cabot, the impact
values for Ferralium Alloy 255 begin to drop of f at 500 F when exposed for
over 1000 hours. The 500 F temperature limit for four hours was chosen to be

Oy conservative.
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| With the conservatism cited above, the corrosion allowance in the vessel and a

allowable corrosion rate at temperatures less than 120 'F, e Ferralium HIC is

very conservatively designed to last 300 years, as demonstrated in the

Proprieta ry Report.
|

|

's

|

Ov
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6.0 BURIAL STRENG711

O
GI

The NuPac Enviralloy FL-50/EA-50 High Integrity Container (HIC) has been

designed to meet all strength and structural stability requirements of 10 CFR

Part 61 for burial.

6.1 Burial Loads

The maximum burial depth at the Hanford, Washington site will be 55 feet.

Conservatively assuming hydrostatic pressure loading from the soil, this depth
corresponds to a container external pressure of: )

PH = (55 f t)(120 lb/f t')/(12 in/f t)*
l

)O - 4s 83 esi

The burial depth at the Barnwell, South Carolina site is a maximum of 25 feet, )
!which resul ts in an external hydrosta tic pressure of 20.83 psi. For the I

structural analysis, the Hanford burial pressure will be utilized as a wont-

case basis.
i

6,2 Design Criteria

The allowable component stresses and buckling criteria are derived from Sec-
tion III of the ASME Boller and Pressure Vessel Code for Metal Containment
structures and Code Case N-284. Additional guidance has been provided by the
USNRC. Margins of Saf e ty (M.S.) are calculated based on the following
relationship:

79Q M.S. = (Sa 11 owab l el8 actual) - 1

6-1
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- 6.3 Allowable Stresses
3

The physical properties of Ferrallum Alloy 255 are given in Section 2.0 Per l
l

the USNRC Staf f, the maximum stress intensity should not exceed ASME III

Service Level A limits.
'

I

In the-' buried environment, there are two possibic configurations of the con-
!

tainer: nominal and uniformly corroded. From a stress standpoint, the worst i

condition is the uniformly corroded container. For either condition, the

allowable stress intensities are:

e General Membrane Stress: P, 1 S,,
|

P,136.67 kai (252 MPa)

O
e Local Membrane Stress: PL i 1.5S ,

PL 1 55.0 kai (378 MPa)

e Local Membrane plus Bending: (Pt + P ) 1 1.55,,b

(Pg + P ) 155.0 ksi (378 MPa)b

S,, = 1/3 S,3, - 36.67 kai (252 MPa)e

Secondary stresses (thermal and peak stresses) are not evaluated 'for the

buried container since these stress types are only of concern for precluding
fatigue failures, which does not exist for HIC's. Note that the HIC is loaded
for only one-half of a cycle.

6-2
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( Components subjected to compressive loads shall be evaluated against buckling

limits set by the appropriate structural code. For shell and pla te element s,

ASME Code Case N-284 in conjunction with Subsection NE-3000 will be utilized.

For structural steel elements, the American Institute of Steel Construction

(AISC) buckling allowables will be utilized.

6.4 Analytic Model

The NuPac Enviralloy FL-50/EA-50 HIC was analyzed for displacement s and
stresses utilizing the general purpose finite element code ANSYS, Revision

4.2. Five distinct components were evaluated in this analysis: the bottom

plate, the side or shell, the top plate, the lid plate, and the internal

vertical support angle.

6.5 Structural Analysis Results

O
Maximum stress intensities were determined for each component of the con-
tainer. The controlling stress intensity is the combined bending plus local
membrane stress intensity. All membrane stress intensities were found to be
very low (with subsequent high margins of safety) compared to the combined
membrane and bending stress intensities.

The combined local membrane and bending stress intensity (Pg+p) f eachb
most highly stressed component is compared to the allowable stress intensity
as described in Section 6.3. A summary of the maximum stress intensities for

the maximum burial pressure in the nominal and uniformly corroded is shown in
Table 6.5.1-1. The minimum ma rgin of sa fety (M. S.) for the highe s t stre s sed
component is also provided for each case.

A
V
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Table 6.5.1-1

. () Container Component Stress Intensities (ksi)

__ _ _ -

Condition Bottom Side Top Lid Minimum

__ _ ___ ____ _ __ ____

Nominal

Thickne s s * 19.51 15.21 18.45 25.43 +1.16

Corroded 43.90 34.22 41.52 45.20 +0.22

Thickness
____ __ ___.______. __ __ ______.

; * Ratioed from corroded thickness analysis.
|
|

Note that the requirements of 10 CFR 71.71(c) for maximum compressive load is
less than 25% of the burial pressure that the container is designed and

() analyzed to withstand over a 300 year design life. Therefore, this require-

ment Js satisfied by the finite element analysis.

The adequacy of the end plate welds to the container shell wall were verified

with the container in the uniformly corroded burial condition.

| The maximum stress intensity at the outer shell-end plate joint was found to
be 35.94 ksi. This stress intensity is based su the container in the uni- |

fonnly corroded condition. The adjusted maximum stress intensity in the weld
joint then becomes: |

S,= 19.72 ksi (136 MPa)

The weld stress margin of safety, based on an allowable of 55.0 ksi, is:

| (I- M. S. = (55/19.72) - 1 = +1.79

6-4

L__- -_ _ - .-. _ _ _ _ _ .



m _
_

J
,

NsPr.s Enviralloy FL-50/EA-50 HIC (Non-Proprietary) (A) Rev. 0, 12/86

i

O l
From the discussion in Section 5.0, it was determined that the weldments will

'

perform as well as the base metal. Therefore, no weld structural problems are

.

anticipated due to these corrosion effects.
| 1

)
The structural stability of the FL-50/EA-50 has been conservatively demon- I

strated for burial in both the vertical and horizontal or side orientations.

In the vertical orientation, the pressure from the soil overburden is reacted I

through the internal angle supports and the container shell. The horizontal .

orientation is reacted primarily through the container shell. Each orienta-

tion is discussed' separately. j

|

Vertical Orientation

The structural stability of the container is maintained by the internal angle

supports and the container shell. The stability of the top and bottom plates 1

O i a nred a ion a tse stasilier or **e ansie i maintained.

|
| The maximum bending moment in the support angle occurs at the end and is

induced by the deflection of the top and bottom plates of the container due i

the applied pressure load (with the corrosion allowance applied). By-symme-

try, no bending about the radial axis occurs in the vertical support leg.

Therefore, all bending is about the tangential axis. The total load that each

of the axial members must carry (due to the applied hydrostatic pressure load
of 45.83 psi) is as follows: ;

Total Force on Container End = pA = (45.83) n (46.5)*/4 1

I

= 77,830 lbs. I
!

i
|

Total Force on Angles = 59,328 lbs.

|

|

The stability of the angle supports is based on AISC criteria.

6-5
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The margin of safety for axial compression of the angle supports alone is:
,

M. S. = +3.36

For combined axial and bending loading, the internal vertical support s satisfy

AISC requirements for stability under the 45.83 psi loading.-

Therefore, the internal angle support s remain stable in the corroded condi-
,

tion. Since the container experiences constant burial pressure and the sup-

ports would be larger in the non-corroded condition, the angle supports are

stable under all burial conditions.

The compressive stability of the FL-50/rA-50 shell is conservatively demon-

strated by assuming a simple cylinder with a uniform hydrostatic pressure

loading.

Forizontal Orientaticq

O
The container in the horizontal orientation can be treated as a buried conduit
or pipe. For this condition, the structural support from the end plates is

not c onsidered.

Analyzing for the critical buckling pressure yleids a pressure of 126.82 psi.
With the actual hydrostatic burial pressure at 45.83 psi, the margin of safety
against buckling in the horizontal, uniformly corroded orientation is:

M. S. = (126.82/45.83) - 1 = +1.77

Based on this analysis, the FL-50/EA .50 container stability has been conserva-
tively demonstrated in the horizontal orientation for both burial site's. )

i

O
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pagutg11 Cont ainer Ef f ec t s

O
Ile effects of damage on the structural integrity of the FL-50/EA-50 container

is not expected to niter the preceding analyses. This conclusion is based en

the resultant container damage of several drop tests of a single c on t a in e t.
As noted in Sec t i on 15.0, the maximum de f ormation that re sult ed from these

te s t s was 5/ 8-inc h. From the se te st observa tions, very little container

damage can be expected to occur from any mishandling. However, should a

container estain a large amount of damage during use, a separate evaluation

and any necessary repairs will be performed to assure that the structural

integrity of the container is maintained.

6.6 Conclusion

It has been demonstrated that the NuPac Enviralloy FL-50/EA-50 High Integrity
Container will be structurally sound, vith combined stresses not exceeding the

|| criteria of ASME and USNRC, delineated in Section 6.2, on burial to the depth
and pressure requirement s of Sec tion 6.1. In addition, structural stability

is assured with the application of conservative factors of safety and allow-
ances to the HIC geometry during analysis. The complete structural evaluation
of the container is provided in the Proprietary Report.

1

0
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!

7.0 CREEP EFFECIS

O
The FL-50/EA-50 HIC is fabricated of high strength ferritic austenitic steel.

_.

Creep effects are negligible for metallic materials except at extreme tempera-

tures_ above approximately 8000F. All conditions of HIC usage involve tempera-
tures well below these levels. Hence, creep effects are not a consideration

1
in the design of the fir 50/EA-50 HIC. 1

i

OI
1
|

|

|
.

O
|

<
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8.0 TRERNAL LOADS
OV

Enviralloy FR 255, like other metallic materials, is relatively insensitive to

temperature effects below approximately 800 F. From room tempera ture s up to.

this value, mechanical properties experience gradual, gentle changes. In

general, as temperatures increase, rechanical strength properties reduce while-

pe rmis sible strain values (elongation) increase. For example, strength pro-

0perties at 200 F are 8.16% less than room temperature values and 12.6% less at
0400 F. This section describes the the rma l environment of the HIC under all

conditions and demonstrates that temperatures remain well below level s of
!

concern.
l

8.1 Processing

Loading operations, in general, impose 22 thermal loads upon the HIC. One

advanced dewatering mode imposes modest the rma l loads. In this mode (a pro-

prietary N1 Pac procedure) thermal energy is introduced, in sufficient quanti-

ty, to co yensate for energy lost to phase change effects. In any case, the

maximum t operature is well below the 500 'F operating limit which is required

() to be observed by the waste generator.

1

l

I
8.2 Storage

Enviralloy HIC's will, in general, be stored within covered radwaste facili-
,

I

ties. Oc c a s iona l ly, storage may occur outside, in restricted and controlled )
areas. Storage temperatures are always expected to remain below 180 F.

]
0

8.3 Transportation

Temperature predictions for the transport mode do not differ greatly from the
storage estimates given in the preceding section.

The structural effects of the predicted cask temperatures on the FL-50/EA-50
HIC will be minimum. However, to demonstrate this conclusion, e worst case

,

() conservative analysis has been performed.

8-1 j

l
----_-__----



NuPeo Enviralloy FL-50/EA-50 HIC (Non-Proprie t ary) (A) Rev. O, 12/86

If the s t re s s-f ree t empe ra ture of the container is a s sumed to be 70 F, the n

the container shell would experience a maximum temperature change of:

207 - 70 = 137 F

Assuming a perfect rigidity between the outer shell and the internal supports,
a worst case differential thermal expansion between the supports and the shell

will result in a plane-stress condition in the support engles. If the shell

is assumed to be at the cask temperature and the supports at the stress-free
temperature, the resul tant strain, e, will be:

8.357x10-4 in/ine =

converting this strain to a maximum axial stress yields:

25.49 ksia =

h This stress results in a M. S. against yielding of:

(80/25.49) - 1 = +2.14M. S. =

It should be noted that this result is extremely conservative. In actual

practice, there will be little if any, differential thermal expansion between
any component of the container. Additionally, should any differential expan-
sion occur, the flexibility of the top and bottom plates will allow for

unrestrained growth. In any case, any thermal expansion stresses in the
container are considered secondary and thus, a re se l f-l imit ing.

8.4 Burial

The burial temperature envelope at Burnwell and Hanford has been specified as
0 0 0 020 C i 10 (68 F i 18 F). At this temperature, the Ferralium Alloy 255

material is not affected in any detrimental manner. The sealing gasket ma-

terial is also unaffected.

8-2
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9.0 RADIATION AND ULTRA-VIOLET STABILITY

Ferrallum Alloy 255, being a duplex stainless steel, is highly resistant to
gamma and ultraviolet radiation. No reduction in the life of the container
due to exposure to ultraviolet radiation or to a total accumul a t ed radia tion

8j dose of 10 rads is anticipated.

Gamma radiation is not known to cause degradation of metallic materials. The

radiation damage to metals which is normally a concern is due to exposure to
neutron radiation (i.e., radiation hardening, swelling and embrit tlement).
These containers will not contain neutron radiation producing materials of a
quantity which is detectable. Therefore, radiation resfstance is not a

concern for Ferralium Alloy 255 materials.

The Env i ra l l oy FL-50/EA-50 cont aine r easily meets the requirements of
8remaining stable when exposed to 10 rads. The actual curie loads carried in

this container will nominally produce a much lower dose rate. The t o t a l

radioactive material per container is controlled by USNRC and USDOE require-
ments for allowable radiation levels when transported in their respective
licensed casks.

The only materials that are not Ferralium are the gasket ma'terials and the
vent. Neither one of these items affect the structural integrity or stability
of the container.

The gasket is designed to provide a seal during transportation and provide a
positive closure or barrier to the migration of groundwater into and out of
the container. Both of the optional gaske t s proposed for the container pro-
vide such a barrier. The lead gasket is totally unaffected by gamma radiation
in excess of 108 rads total accumulative level. The silicon rubbe r gaske t
will suffer some degradation when exposed to an accumulation of radiation.
ITowe v e r, information presented in literature has verified that at an exposure

8dose of 10 rads, 10% compression capability will still remain. Since there
is no mechanism for the gasket niaterial to move from its location when in the
buried state, the gasket will continue to perform as an effective barrier, and

,

9-1
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I

therefore, the degradation in resilience that may have occurred will have been -

non-significant. This conclusion is demonstrated by an analogy to metal

| gaskets which take a more than 90% compression set upon initial in st a l la t ion

and yet provide a very effective seal.

The other component of the container that is not made from Ferralium is the

vent. The veni is made from a permeable polymeric material which has very
8good radiation resistance in excess of 10 rads. The material does not carry

any load when used as a vent in the container. Therefore, any reduc tion in

istrength or elongation that may occur due to radiation will not affect the

performance of the container.

4

0

.

4

|

O
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10.0 BI0 DEGRADATION

Biodegradation is not a problem for the Enviralloy FL-50/EA-50 container.
]

Biodegradation, or biological corrosion, is the deterioration of a metal

occurring directly or indirectly as a re sul t of the activity of living

Organisms. These organisms include bacteria and micro forms such as mold or

1fungus.

Microorganisms are classified according to their ability to grow in the
.

presence or absence of oxygen. Aerobic. organisms grow only in nutrient

|
mediums containing free dissolved oxygen. Anaerobic organisms grow in mediums

without free dissolved oxygen. One type'of anerobic organism grows by !

reducing sulfate to sulfide accordirg to the following chemical equation:

1

S0 2+4H2 - > S- + 4H O4 2

The source of hydrogen for this resotion could be cellulose, sugars or other

( organic product s.

Should the growth of. either organism occur, the end product of the chemical
reactions (i.e., low concentrations of sulfuric acid, ferric hydroxide,

thiosulfate, sulfate, sulfur or hydrogen sul fide) would not corrode

Ferralium. The generation of hydrogen sulfide gas within the container is not
possible since the organisms would require sulfur-compounds to produce it, and
there will not be measurable quantitles present in the container. Th e

generation of any gas, however, wil l be relieved through the vent (Refer to

Section 14.0).

A more thorough discussion of the corrosion resistance of Ferralium Alloy 255
and the growth of microorganism growth can be found in Section 5.0 and the

Proprietary Report.

1

i

O
3
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11.0 1TPE A CRITERIA

O
Type A criteria requires that packages be capable of withstanding ' Normal
Conditions of Transport', per 49 CFR 173.412, with qualification test criteria
given in 49 CFR 173.465, without ' loss or dispersal of contents'. Application

of these criteria to HIC's is in t ended to in sure a robus t, tough container

suitable for field use. The H1C is intended to be transported within a

licensed transportation container.

By test and analysis, this report demonstrates compliance with each element of
these criteria. Subsections of this section describe applicable demons tra-
tions. The order of presentation parallels the requirements as listed in 49

CFR 173.465.

11.1 Water Spray Test

Since the Enviralloy FL-50/EA-50 HIC is f abricated entirely from a duplex
h alloy steel, the water spray / soak test (49 CFR 173.465(b)) is not applicable.

More specifically, metallic packages, of stainless steel or duples alloy
steel, undergo no physical change when exposed to moisture.

.

11.2 Free Drop Test

The NuPac Enviralloy FL-50/EA-50 HIC is evaluated against the following Type A
c riteria (49 CFR 173.465(c)). All drop tests are performed on unyielding
surfaces.

Package Weight (W) Drop Height
%L __ Lisan-- -

__

W I 11,000 4 j

11,000 < W I 22,000 3

22,000 ( W I 33,000 2

33,000 ( W 1

0

!11-1
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j
The FL-50/EA-50 IIIC has been thoroughly toested to the 4 foot drop requirement
in a variety of critical attitudes or orientations. In addition, the con-

tainer has been tested to the special 25, foot drop (soil impact) requirements

of the States of Washington and South Ca:olina. Under all test conditions,

the FL-50/EA-50 sustained little damage . or plastic de forma t f or. Essentially

all changes were ' cosmetic'; neither . structural nor mechanical . This testing

is described in. Section 15.0. j

i
5

l
!
1

11.3 Compression Test )

The compression test consists of applying an opposing pressure to two f aces of.

the package equal to five times gross container weight for a period of 24

hourt (49 CFR 173.465(d)). The HuPac Enviralloy FL-50/EA-50 HIC has been
designed for burial pressures of 45.83 psi, applied for a period of 300 years.

This pressure is 3.7 times greater than the compression test requirement (sce

Section 6.0, Burial Strength, for an avaluation of these f ar greater burial

pre s s u re s). Thus, the compression test requirements a re satisfied with an

abundant margin of conservatism. |

l
I

11.4 Penetration Test

The six kilogram (13 lb.) steel cylinder penetration test (49 CFR 173.465(e))
has no ef fect on the FL-50/EA-50 container. The only indication of impact

,

with the container is a small scoff mark. This behavior has been demonstrated
by te st (refe r to Sec tion 15.0).

11.5 Reduced Pressure Design Requirements

The reduced external pressure design requirements of 49 CFR 173.412(i) corres-

ponds to en internal pressure of 11.2 psig. Conformance of the Enviralloy FL-
4

50/EA-50 HIC with the se requirements is demonstrated by the following more
severe exposures:

Ov
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(1) External burial pressures as described in Section 6.0, Durial

h Strength, t ot a l 45.83 psi; 4.09 times greater from a s tress view

point than this reduced pressure requirements. External pressures

are more critical because they potentially can introduce compressive
buckling or crippling stressos. Internal pre ssure dif fe rentia l s,

such as the reduced pressure condition, induce less critical tensile

stresses. This fact was confirmed by performing a 11.2 psi analysis
of the ANSYS Model.

(2) The HIC has been tested to the 11.2 psig requirement without any
leakage. The pressure was then increased until leakage occurred.

At 75 psig, leakage commenced due to seal deformation. No other
observable damage was noted (refer to Section 15.0 for details).

Note that this reduced pressure requirement also corresponds to 10 CFR
71.71(c)(3).

\

O

,

O
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O(j 12.0 LIFTING DEVICES

The Enviralloy FL-50/EA-50 High Integrity Container employs either a two or

three point lif ting fixture geometry. The two point geome try will be the

basis for a worst-case analysis.

The lifting lugs are fabricated from Ferrallum plate. The attachment of the

lug to the container is achieved with an all-around fillet weld. The overall

lug configuration is shown in Figure 12-1.

|

|
,

O = ' =

N| R
1

| [ s0-

+y B 2-b
- - - - - - - - _-__.----

1 n

N
1-k DIA

A V

f
LID

Figure 12-1 Standard Lifting Lug Configuration
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Critical lug stresses during lifting include shear tearout, direct tensile,

bending, and weld stresses. Bearing stresses are not considered critical

since local.lzed yielding will redistribute the load and hence, will be self

limiting.

Per the NRC staf f Branch Technical Position for High Integrity Containers,

lif ting devices must be capable of withstanding a 3g vertical Jond. This

requirement means that each lif ting lug must withstand a vertical load (F ) ofy
06300 lbs. The resultant total lug load for a lif t angle of 60 will then be:

R 7275 lbs.=

This resultant load also produced a horizontal load of:

F, = 3638 lbs

At the attachment point to the container (point A), the maximum lug stresses
will occur due to bending, direct tension, and shear loading. The maximum

bending moment will be produced by the horizontal force component acting a t a

distance equal to the hole offset plus a portion of shackle pin diameter.
Therefore, the maximum bending moment is:

M 5532 in.-lbs.=
max

The maximum tensile stress is due to the bending stress plus the direct
tensile stress.

9.73 kaio =
max

The resultant lug shear stress will be

2.43 ksiT =1

r

12-2
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The resultant margin of safety (M.S.) for these stresses against yield (with i

shear yielding equal to 0.6 S ) will be:y

+7.22Ten sil e M.S. =

+18.75Shear M.S. =

The maximum shear tearout stress and resulatant minimum M.S. will be equal to:

10.89 ksiT =
TO

+3.41M.S. =

The maximum weld stress will be due to primary shear stress in both'the

horizontal and vertical directions plus secondary shear stress due to the

bending moment. The maximum shear stress will then be the vectorial sum of

these shear stresses.

O
The primary shear stresses will be

4.46 ksit =
y

2.5 8 ksiT =
x

The secondary shear stress in the weld is determined by the torsion formula

and is equal to 4.66 ksi. i

The resultant shear stress then becomes:

9.48 ksiT =

l

This stress results in a minimum M.S. of:

A +4.06 IV M.S. =

12-3 i
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All other stresses in the lug will be lower than the stresses calculated above

h and there fore will have higher M.S., The shackle and lif t cable M.S. can

easily be computed.

The lif ting sling connector has a work load capacity of 4000 lbs. and an

ult imate strength of 24,000 lbs. The M.S. then for the connector is:

M.S. +0.98=

Ile aircraft cable has an ultimate strength of 14,400 lbs. Using the assumed

load of 7,275 lbs (3 times actual load) and the assumed yield strength for the
i cable of 8,640 lbs, gives the minimum M.S. as:

M.S. +0.19=

An optional lif ting device that is designed to be utilized with remote lif ting
equipment could be used as a single lifting device for righting containers,
such as in a storage f acility. For this condition, the minimum M.S. against

h yielding due to shear tearout will be:

M.S. +1.20=

Note that the minimum margin of safety occurs in shear tearout of the lifting
lug eye. Since this area will fall prior to any other lug area, there will be
no detrimental effects to the integrity of the container.

Ile optional lifting lug designs have similar large margins of safety as the
standard lifting lug. Therefore, the qualification of these lugs is demon-
strated by comparison to the standard lug design.

1

I

O
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13.0 WATER RETENTION

The Enviralloy FL-50/EA-50 High Integrity Container has been designed to avoid
the collection or retention of water on its top surf ace. The lid retaining

ring, or stiffeners, at the center of the upper head, are slotted such that ;

)
any water entering this area will drain back out. All areas of the top head j
are designed to be self-draining.

Due to the extreme corrosion resistance of Ferrallum Alloy 255 and the use of

a corrosion allowance, the retention of water, should it occur, is not deemed

to be a problem.

,

,

O

.

1

1

,

O |

13-1

-- - _ _____ - __ _ _ O



. _ _ _ _ _

NuPas Envirc11oy Fle50/EA-50 HIC (Non-Proprietary) (A) Rey, 0, 12/86

14.0 CLOSURES, SEALS, AND VENTS

O
The FL-50/EA-50 High Integrity Container has a 24-inch lid opening at the
center of the container top. The lid seal is maintained by eight evenly

spaced retaining lugs. The wedged-shape retaining lugs are driven into the

ring which surrounds the lid, forcing the lid to deform the seal and make

metal-to-metal contact. The type of seal used on the container is dependent

on the waste form placed within the container. A passive vent is installed in

the center of the lid. All closure mechanisms become passive when in the

burial environment; i.e., buria l loads ensure that the container remains

sealed.

The closure capabilities to withstand the transportation and handling loads

are described in Section 11.0. Built into the closure design are capabilities
.

|that allow easy, rapid closure, which reduces operator exposura. To further '

reduce the exposure, Nuclear Packaging, Inc. has developed remote closure

equipment for this design. Should it become necessary, the container contents

| may be inspected by driving the retaining lugs out.

O For non-tritium waste materials, a silicon rubber gasket is utilized for the
container seal. The rubber gasket is designed to allow for any compression

set that may occur due to radiation exposure (refer to Section 9.0). The )
'

closure is designed so that any thickness reduction in the seal (due to -

compre ssion set) does not affect the structural stability of the container.
The silicone rubber seal has been shown by test to withstand a 60-80 psig

pressure differential.

A lead seal is utilized for those containers that contain greater than Class A
.

quantitles of tritiated waste material without the passive vent. The lead
1

gasket has been demonstrated by test to hold a gas pressure in excess of 20
psig. By considering the total amount of tritium that the regulations permit

to be shipped in a container, the diffusivity of the materials involved (i.e.,

Ferrallum and lead), and the half-life of tritium, it can be shown by calcula-
tion that f ar less than the Class A quantities of tritium will never be

released in the burial environment. The lead gasket is also utilized where

the accumulative gamma radiation will exceed 108 rads.

|

14-1
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The biodegradability of the seal materials is not a significant problem. The

silicone rubber and the lead do not contain compounds that support fungus

g rowth pe r MIL-STD-810B me thod 508 te s t. Both of these materials are also
.

I

resistant to the chemicals generated by bacteria that may survive by feeding

on other nutrients.

|
Passive venting of any generated gases is achieved through a polymeric plug 1

(patent pending). The vent, shown in Figure 14-1, is installed in the lid of

the container, minimizing the impact on the structure of the container and the

possibility of damage from exterior objects. This vent allows the passage of

gases while minimizing the flow of water.

J

Cut Flush #4 Phillips
After Installation [ l

\ /
''

\ /

O -

.
,

4

Container Wall
/ ( Vent

i
I

Figure 14-1 Nupac Passive Vent Design.
(Patent Pending)

The polymeric material was chosen for its radiation resistance, chemical

resistance, lack of influence on corrosion, and the hydrophobic nature of the
material.

This material has good radiation resistance for the 108 rad dose specified for
the containers and is reported to maintain 80% of its strength in 109 rads.

In addition, another study reports only minor reduction in mechanical proper-
ties. The major reduction occurs in the materials ability to tolerate defor-

nation. In the vent design, the material does not have to tolerate any

deformation.

14-2
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The chemical resistance of the material is very good for the environment that

the vent will normally see. The material is highly resistant to inorganic

materials. The vent will see very few organic materials in concentrations

that will cause any problems for the vent. Those organics that are known to

cause deterioration of the material do so by being absorbed into the material

and cause softening or weakening of the material. In the configuration of the

container, the vent material is not required to resist any substantial

loading, hence its long term strength is of only minor concern.

| It should be noted that should the vent material fail, the structure integri-
|

ty, as required by 10 CFR 61, of the container will not be impaired. The

ingress and egress of water will be increased, but the water would still have

to pass in and out of a small single opening.

Samples of this vent have been tested for both air and water flow under

j prototypic burial conditions at various pressures. The vent demonstrated zero

| pure water flow at pressure differentials up to a maximum value, as described

/ in the Proprietary Report. At pressures above this maximum pressure, pure
water flow was initiated, but at a very low rate.

| Vent flow rate tests were also performed with Hanford-type sand and Barnwell-
type clay soll to demonstrate vent capabilities in the burial trench. Under

j these conditions (soil and water), no significant degradation in the gas flow
| of the went was detected. However, decreased water flow rates were detected

| with a soil-water mixture.

Because the material is a porous material, no absolute guarantees can be made
that water will never pass through the material in the three hundred year

design life. However, the vent design will minimize any water flow. Because

the existing burial sites are basically dry environments, the magnitude of

wate r pre s sure the vent mus t re sis t is unde termined. Sites such as Hanford

are dry with the water table several hundred feet below and the waste actually

placed below the level at which ground water penetrates before being eva-
porated. Yet sites, such as Barnwe ll, are above the water table and the

trenches are capped to prevent the ingress of ground water. These conditions

,
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indicate that the containers would never. expect to see submergence in wa t e r

(} such that the vents would have to resist the water. If for some reason

submergence does occur, the vent, as indicated above, will reduce the inflow

of water to a rate at which the container would barely fill when submerged to

the greatest burial depth for the 300 year design life.

As a backup to the passive vent, the closure ut.ilizing a simple, flat seal

design acts as a pressure relief device. Venting via the lid utilizes the

same system that is common in all standard pressure relief devices: deflection

of a material when loaded under pressure. For the FL-50/EA-50 container, the

lid between the retaining lugs is not as stiff as the container lip. The

relative amount of stiffness is controlled by the material thickness and the

retaining lug spacing. As the pressure incresses, the separation between the
lid and container increases, thus relaxing the compressive force on the seal.

When the gasket relaxes sufficiently and can no longer maintain a seal, the

pressure decreases as the gas leaks out. This reduction in pressure, or

burping, allows the lid to reseal. The minute separation that allows pressure

[} reduction also ensures no dispersion of contents from the container. Pressure

tests performed on a production container with a corroded thickness lid have

demonstrated this lid burping.

All closures, seals, and vents provide for a positive seal for all conditions
of use. The components do not impair or compromise the s t ruc tura l stability
of the container under any conditions of use.

14-4
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15.0 PROTOTYPE TESTING

The original version of. the FL-50/EA-50 (thinner wall, two internal supports)'~

was tested with a gross weight of 4200 lbs. The performance tests includeda

. drop, pene tration, and le ak tests. The' tests were performed in accordance
'with the requirements of the NRC branch position on high integrity containers

and the states of Washington and South Carolina for burial at their respective

burial sites.

The container was dropped from both four foot orientations (as required by NRC
for a Type A package) and from from twenty-five foot orientations (as required
by the states). The four foot drops were performed on an unyielding surface

and the twenty-five ~ f oot drops on compacted sand. The compacted sand was

actually a surface of compacted sand over a roadbed of compacted gravel.'

i
l

As part of the test program, a load test of each of tha lugs was performed.

L This test was performed to 4200 pounds per lug or 200 percent of their maximum
|

| load. This load is in excess of the standard 150 percent load test required

for even critical lifting equipment. This test was not an attempt to qualify
[ the lug against the requirement of maintaining the lug stresses to one-third

of yield as this was achieved by analysis (see Section 12.0).
|

The configuration of the container tested included a . lead gasket. The lead

gasket with its reduced resiliency was qualified with these tests.~ Previous
tests had quallflod the silicone rubber gasket. The lead gasket would be more

likely to cause a loss of contents than the silicone rubber gasket since it
would be unable to follow any dynamic elastic deflection of the lid during the
drop event. The lead gasket was also tested for leakage and its ability to
maintain a positive seal. The lead gasket did not leak until the pressure was

raised to over 20 psig.

The only damage that was sustained was some slight denting of the side wall
after the four foot corner drop and after the twenty-five foot side drop. The

dont resulting from the corner drop was about 1/4-inch deep. The camage

() resulting from the twenty-five foot side drop consisted of a denting or flat-

15-1
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tening of the impacted side between the two end plates. This denting wa s a

() marimum of'5/8-inch. There was no loss of contents resulting from any of the

drop tests. The lid maintained a positive closure. To ensure that there was

no structural damage, a magnetic particle test was performed on all closure

welds after the drop tests were complete.. No damage to the welds were detect-

ed. The angles welded to the lid that serve as handles were broken at the

welds from the twenty-five foot top down drop. These angles are nonstructural

components of the container and their failure did not affect the integrity of

the container. Photographs of the drop tests are shown in' Appendix B.

The NuPac proprietary dewatering system that is designed for use in the FL-
50/EA-50 container was not installed in the test specimen. However, all

j internal protrusions are made of a plastic material which is much sof ter than
| the Ferralium HIC material. All metallic parts are restrained from impacting

the container sides by other dewatering structure or actual dewa t e red resin.
Furthermore, Ferralium is significantly stronger than any material placed

within the container, and therefore, penetration of the container by internals
| during a drop event is precluded.

O
A penetration test per 49 CFR 173.465 (e) was also performed. The 13 pound,
1-1/4 inch diameter rod did not cause any damage to the FL-50/EA-50 container.

Although the tests were performed at ambient temperatures of approximately
600F, similar performance would be expected should the container sustain a
f ree drop during cold weather. This conclusion is based on the f act that
Ferrallum exhibits positive charpy impact valves at temperatures as low as
-40oF. In addition, the nil-ductility-transition temperature (NDT) for

Ferralium weldments is well below any anticipated service temperatures.

As stated by Cabot, the impact properties of Ferralium are directional in
nature. However, as demonstrated by Charpy impact tests and the full-size

container drop tests, the overall effect of this difference on the integrity
of the container is minimal.

O
1
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16.0 QUALITY ASSURANCE PROGRAM

The Enviralloy Fle50/EA-50 container, manufactured by Nuclear Packaging, Inc.,
is controlled by a complete QA System meeting all major QA specifications and
requirement s utilized in the United' Sta t e s < and' Canadian Nuc le ar Indus try.
These include the following:

e RDT F2.4T
e RDT F2.2

e ANSI N45.2
e ASME Section III, Article NCA 4000

'
e ANSI /ASME NQA-1

e 10 CFR 71, Subpart H
e 10 CFR 50, Appendix B

e CSA Z299.2 i

e CAS Z299.3
l

In addition, the NRC has issued approval No. 0192 to Nuclear Packaging, Inc.
attesting that the QA System meets the requirements of 10 CFR 71, Subpart H.

This approval will be due for renewal by December 31, 1990. A copy of the NRC
approval letter is shown in Appendix C.

The QA System provides procedures and criteria for the preparation, use and
control of QA documentation for all design, fabrication and operational

activities at NuPac.

The control of container fabrication, storage and use is particularly critical
in many areas. The NuPac QA System is designed to respond to all! QA require-

1monts for all f abrication activity f rom special 'one time' projects to high ;

technology production runs. Therefore, it is well suited to control container
1

|
|

production, storage and use because f abrication encompasses all f acets of |
l

manufacturing and QA expertise.

i

.
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The.QA System is utilized to assure adherence to container design,

fabrication, storage and use criteria in the following areas:

a. Inspection and certification of materials in accordance with design ,

criteria.

|
1. Raw materials will be inspected for adherence to chemical, physical I

and configuration requirements prior to any processing.

2. Samples' will be taken from raw materials for alloy checks on a

r6 ados basis or if the available data is questionable. Based on

design and performance criteria, these tests will include:

o Physical Tests: These tests will . include yield, - ultimate and

elongation tests.

e Chemical Test s: Tests will be conducted to determine that

chemical composition adheres-to specification.

O
3. Random tests described in item s.2 and/or review and approval of

supplier provided tests data for each lot of raw materials will _ be

utilized to assure close adherence to design acceptance criteria.
.

b. Process control for welding to comply with structural. design criteria. 1

1. All welding procedures, welding personnel and equipment will be
developed and qualified in accordance with Section II of the ASME

Code as follows:

A welding specification is developed as specified in QW-201.1 of
Section II.-' Special consideration is given to essential and non-

essential variables which affect corrosion performance so that

pitting in the heat affected zone can be prevented. The

specification is prepared in the format specified by QW-482 of
Section II.

i

|

1

O i
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After review and approval of the welding specification by Engineer-

.

Ing and Quality Assurance, a Welding Procedure is prepared in ac-

cordance with QW-201.2 ' of Section II. The procedure format shown in
QW-483 of Section IX is utilized. -Test coupons are then prepared

for Tensile (QW-150), Guided Bend (QW-160), Toughness (QW-170) or

Filet Weld Tests (QW-180) as appropriate to the design weld config-

'uration.

All of Section IX requised tests are performed to qualify'the. weld.
procedure and supporting weld specification design. .In addition,-
coupons welded at the same time are subjected to a 5 day lasersion

-

test in a 10% ferric chloride solution to , verify the weld and beat

affected zones have similar resistance to pitting as does the base-

i
material. The ferric chloride test will also detect sigma phase if

present in large amounts, which is undesirable for impact strength.

1

Upon successful completion of the described tests the weld specifi-

cation and procedure are approved and released for production use.

O
All welding personnel are then required to be tested and qualified

to the approved welding procedure in accordance with QW-301 of

| Section II of the ASME code prior to welding on any Enviralloy

fabrication. Coupons are also prepared by each welder during his
]

.

lqualification tests for immersion in a 10% ferric chloride solution

for 5 days to assure absence of pitting in the welds and heat

affected zone. !
| 1

1 !

1 .|

| During fabrication, 100% weld inspections are performed in accord- I
t ]

ance with written, in process inspection instructions. The se in-

structions provide specific requirements for visual weld inspection,
non-destructive testing and liner assembly pressure tests ' designed. ]
to assure continued adherence to approved welding procedures. j

i

IPerformance of the required inspection and complete documentation of ,
i

the inspection results assures that weld pitting or other veld ,

failure does not occur.

!
-l

i
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c. Inspection and control of f abrication to assure compliance with design
'

specification and acceptance criteria.

1. The physical tests described in Section' a.2 will also be utilized as

the first inspection hold point to assure material control during

fabrication.

2. Additionally, dimensional, configuration and functional checks will

be performed at appropriate points during container fabrication.

3. All inspection will be performed in accordance with written inspec-

tion planning. All planning will be prepared and approved in strict

accordance with NuPac QA systems procedures and criteria.

d. Performance control of Nondestructive Testing required to adhere to

design specifications.e

!

1. The same Inspection Planning discussed in c.3 will incorporate.

requirements, procedures and acceptance criteria for NDT activities

during Envir:11oy fabrication. !

2. NDT will include, but not be limited to:

e Liquid Penetrant to ASME criteria Section III and V of all

closure welds to assure weld integrity to design requirements.

e Magnetic Particle to ASME Criteria Section III and V of all

closure welds to assure weld integrity to design requirements I

as 61 ternate to liquid penet ent. i

|

e Visual weld inspection of all welds to ASME Section III and V

criteria.

e Soap bubble tests of all production units will be conducted to

assure configuration and manufacturing quality and leak tight -

ness.

16-4
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.

e. NuPac's entire program for inspection to assure compliance with material j

( and construction specifications is delineated in the NuPac QA manual.

This manual describes requirements and procedures necessary to exercise
control over design documentation, procurement, material, fabrication,

inspection inventory shipment and quality data retention. NuPac Quality

Systesa and implementing Quality Procedures are designed and administered
to meet the 18 criteria of 10 CFR 71 Subpart H. A complete manual of

detailed procedures for each criteria is required to be utilized by
.

NuPac's supp l i e r s. ;

)
1
I

f. Development, inspection and control of the handling and storage

environment to assure continued adherence to design and' performance

criteria after fabrication and prior to delivery for use.
1

l
1. Damage prevention i.e., denting, gouging, puncture, deforming.

2 Maintenance of cleanliness.

g. Review and approval of Operating Procedure OM-32 to assure that the
containers are utilized in accordance with design criteria.

1. Areas of concern during QA review will include those discussed in I
*section f.1 usage with appropriate waste streams and proper filling,

sealing, lifting, transportation and placement' for long term a

storage.

O
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O

APPENDIX A

Drawings for Envir:11oy FL-50/EA-50 HIC

O

O
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APPENDIX B

Photographs of Drop Tests >
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149 Gri,T?% SCQEE

A41 Eupose

This document delineates several procedures that are
required for personnel and property safety and |

adherence to the applicable regulations f or containment j
Iand burial of an Enviralloy High Integrity Container

(HIC).

1.2 CQntact
This procedure describes the methods and techniques re--
quired to operate any container in the Ferralium family
of High Integrity Containers f rom f abrication through !

burial. It is an all encompassing generic procedure |

unless specific site, customer, or application re-
quirements are indicated by the procedure cover page
and Section 1.3, Applicability.

Addendums may be attached as necessary. Any addendums 4

are noted in the Table of Contents and Section 1.3, |

Applicability.

142 69911Cabilit%
- This procedure applie$ to the related activities of all |

Nuclear Packaging, Inc. employees, their contract per-
sonnel, utility customers and their contract personnel.
Any applicable personnel that handle load, procure,
store, close and ship the container are bound by this
procedure.

249 EEEEBEUCES

241 United States Code of Federal Regulations Title 10 Part
61

242 United States Code of Federal Regulations Title 10 part
71

242 Nuclear Packaging Cask handling procedures

24f Nuclear Packaging Quality Assurance Program, NRC
Approval No. 0192

O

C-6
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i
'

.

241 Nuclear Packaging, Inc. Enviralloy High Integrity Con-
tainers Topical Report

2.s NuPac Procedure CP-05, Cleaning of Enviralloy Con-
tainers

242 NuPac Procedure No. LT-17, General Procedure - Soap
Bubble (Low Pressure) Test for Enviralloy Containers

2,H Nupac Procedure NO. FS-01, Sec f or Fab / Mach of Steel
| Parts

2.2 Criteria for High Integ rity Containe rs,. Washington
State Radiation Control Program, August 25, 1983.

2,lD US NRC Final Waste Classification and Waste Form
Technical Position Papers, May lle 1983

2.D DEEIUIIIQUE

241 BIC: Eigh Integrity Container
|

242 Liquid Free Waste: Dry waste such as dried filters, |

DAW, hardware etc. |

2,2 DAW: Dry Activated Waste

1.0 LIE;IUG BUR S5UDLING EBQCI2UEE

dal E; Gay CCataint:

The empty containers can be lif ted by any one of the
normal lif ting connections (lif ting slings, lifting
padeye or lif ting eye) or by lif ting beneath the con-
tainer with a forklif t or other suitable device such as
a lif ting platf orm. Care should be taken not to drop or
damage the container. The tare weights of the con-
tainers are noted in Table 4-1.

342 LQaded C2CtalD2

Lift the loaded container only by the lif ting sling
assembly or the special lifting lugs designed for re-
mote handling equipment or from beneath the container
with a forklift or lif ting platform. The naximum gross
weight of each container is listed in Table 4-1.

'
1
|

O

1 C-7
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- Table 4-1

Model Tare weight (1bs.) Gross Weight (1bs.)
-----------------------------------------------------------

EA-210B 3790 20000

EA-210B 3450 20000

EA-190B 3455 20000

EA-190B 3060 20000

EA-142B 2900 10000

EA-142B 2545 10000

EA-140B 2925 15000

EA-140B 2185 15000

EA-7-1008 2640 13000

EA-7-100B 2545 13000 j

EA-6-100E 2110 12000
|

| EA-6-100B 2060 12000

EA-50E 1475 4200

EA-50B 1475 4200
i

142 !!QBSGI 2BQCEDUEE'

i.1 The containers shall not be stored where they.will come
in contact with an environment that violates the
requirement of 7.4

i.i Store the closure gasket in a cool dry place out of
!

direct sunlight. Protect the clos'ure gaskets from
abrasion, cutting, harsh chemicals and fumes or
excessive loaded pressure during storage.

1,3 Take precautions ta ;cevent the container f rom filling
with rain water.

5.3 Store containers in an area where they will not sustain
impacts, abrasions, gouging, or other damage.

1.5 Vent must be covered during storage with a ultraviolet
(' V) opaque cover (i.e., black polyethylene, black polyU
vinyl chloride tape, etc.).

-

0
|
i
|

| C-8
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M CLOSURE PROCTSURE

M Manual closure
6.1.1 Clean seal area both on container and on the

lid to remove any dirt, grease, oils, or
other debris.

i

6.1.2 Inspect gasket f or any cuts or damage. Re-
place if necessary. Prior to placing lid on I

HIC, remove vent UV cover.

6.1.3 Place lid on gasket and align handles so they
are between closure wedge holes on the series
A containers.

6.1.4 Place wedges in holes and drive until secure. i

The wedges should be driven until the lid is |

metal to metal on the stops under the lid.
Note: the wedges do not normally require
driving to their full ramp length. -|

|

6.1.5 Verify removal of vent UV cover. .|
|

M Remote Closure
d

6.2.1 Perf o rm st eps 6.1.1 through 6.1.3

O s.2.2 orive "eeee i= v1 ce # 1=e =eme:e =1o =re 1

tool. (

6.2.3 verify removal of vent UV cover.
|

M b'ASTE COMPATIBILITY VERIFICATION PROCrDURE !

}
N OT E: THIS PROCEDURE SECTION APPLIES TO ALL PERSONNEL AS
OUTLIN ED IN SECTION 1.3, APPLICABILITY. THIS SECTION MAY BE
PARTICULARLY APPLICABLE TO Td E PLANT CH EMICAL MATERIALS
COORDINATOR, RADWASTE OPERATIONS SUPERVISOR, RADWAST E
TRANSPORTATION SUPERVISOR AND, S ECONDARY, TO Td OS E Ed o US E
T3 E C3 EMCI ALS SUG AS T3E APPROPRIATE OPERATIONS, C3EMISTRY
AMD MAINTENANCE GROUPS.

M E2PA
7.1.1 Purcose

The waste material placed in the container ,

must be compatible with the operation of the i

container in addition to the container's I

material corrosion properties. Verification i

of the compatibility of the waste and the
^

processes performed on it is required to meet
the applicable safety, transportation and

Oa

C-9
1

i

- _ - _ _ _ - _ _ _ _ _ _ _



., .

MuPsi Enviralloy FL-50/EA-50 HIC (Nrn-Proprietary) . A) Rev. 0,-12/86(

OM-32, Rev. 2 April 4,-1986

O' burial requirements of a High Integrity Con-
tainer (EIC).

7.1.2 centent

The waste compatibility procedure is designed
to require minimum steps and no plant chemi-
cal analysis. The procedure requires less
than 5 steps.

LL 3. Acolicability

Waste compatibility verification applies to
all waste placed in the container regardless
of the nature of the material or mixture. It

includes, but is not limited to:

7.1.3.1 Ion exchange resins

7.1.3.2 Cartridge filters
|

7.1.3.3 Cloth material

7.1.3.4 Paper wastes, other small con-
tainers and their contents,

7.1.3.5 3ardware and the liquids coating
it

7.1.3.6 Stabilization media and the chemi-
cals incorporat'd in the stabili:a-
tion media.

M Prerequisites
.

7.2.1 Utilities M Tools

No utilities or tools are required f or this
part of the procedure.

!
!

7.2.2 Other Procedures and checkiists

No other procedures are required. The check- y

list that is a duplicate of Figure 1 is I

required to complete this part of the chemi-
cal compatibility section of the container
procedure.

The flow diagram, Figure 2, is to be used in
conjunction with the chemical compatibility
procedure found in Section 7.3.

O
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FIGURE 1 - ENVIRALLOY CCICAINER PROCEDURE CH ECR OFF S3 EE*

A) CONTAIN ER PREREQUISITES PER ZiE PROCEDURE

1.0 User 'Date

2.0 Model Number Serial' Number

3.0' Waste Description (cation resin, ' anion resin, DAW, filters,
etc.)

Verification

4.0 Containers handled per 4.0 of procedure.

5.0 Container stored per 5.0 of procedure.

6.0 Chemical Compatibility per Section 7.0. I

m a
The waste is corrosive pe.
section 7.3.1 .I

Temperature limits met
per section 9.0O

E) USAGE VERIFICATION j

1.0 Container filled with dry waste or has
been dewatered per an approved ~ dewatering
procedure.

2.0 Closure

2.1 Seal area clean prior to closing.
4

2.2 Wedges secured per 6.1.4 or 6.2.2
of procedure.

2.3 UV vent cover removed per 6.1.5 or
6.2.3 of procedure.

NOTE: A COMPLETED COPY OF ZlIS FORM S9 ALL SE INCLUDED WITH
TH E SH I PM ENT OF EACH APPLICABLE LOADED CONTAINER. T9 E
ORIGINAL SH ALL BE RETAINED BY TH E USER IN ACCORDANCE WITH '
THEIR RECO RD EEEPING PROCEDURE.

Signature Title

O
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- -FIGURE 2 - CREMICAL COMPATIBILITY. PROCEDURE FLOW DIAGRAM *

Yes
i < ----------L i q u id F r e e Wa s t e (D A*n* ,- Dry Filters, Etc.)
I i

i No 1

i Yes \l/
Il<-------------pH Greater Than 3______________
! I I /l\
l I No | Neutralize i
| | \l/ Yes Dilute 1

I I Greater Than 2 wt.% Cl- Plus F---> WASTE IS CORROSIVE
1 l |

| 1 No I

| \l/ \l/ No
I |-------------> Water Treatment Media------>l-
1 I I

I Yes I .I

I \l/ 1

l Cautionary Phrase on oxidizers !

I I 1

| |<___________________|
| | \l/

I I

I I

I No I i
1

I \l/
|------> WASTE IS CHEMICALLY 0.F.. FOR THE CONTAINER

*Werk the flow diagram with the procedure found in Section 7.3.

|

;

|*

.

|

<

. O
|

i
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O i
L3 Checi;;l C:ci;a:ihill:2 Cbeck Off 2;;Ced'.: t

;

The following check of f procedure f or chemical compati-
bility does not require specific chemical analysis or a ,

plant wide chemical inventory. The check off procedure )
eliminates such analysis and inventories. The check |

'

off procedure considers the waste source and the
operating function before its. chemical composition.

7.3.1 Overall Chemical Compatibility ,

|a). Is the waste completely free of liquids? q

(dewatered resins and damp cloths are '

considered wet)

Yes - the waste is not corro'siv4, note l

on the check list and go to 7.3.2. )
i

No - continue. I

b). Does the waste liquid, or contact water,
have a pH greater than 3?

Yes - the waste is not corrosive, note
on the check list and go to 7.3.2.

Uo - continue.

c). Does the waste lig d , or contact water,
have greater than 2% by weight chloride
plus fluoride ions?

Yes - the waste is cerrosive,. note on
the check list and g o to 7.3.4.

No - there are no corrosives, note on
the check list and continue.

7.3.2 Water Treatment Media

a). Is the waste media ion exchange resins?

Yes - continue.

No - go to 7.3. 4.,

1

! 7.3.3 Oxidi::er Caution

NOTE: CXIDIZERS DO NOT POSE ANY PROBLEMS TO
THE CONTAINER ITSELF. AN OPERATIONAL CAUTION
IS INCLUDED IN THIS PROCEDURE APPLYING TO THE
WASTE HANDLING AND PROCESSING THAT MAY BE
PERFORMED IN CONJUNCTION WITH THE CONTAINER.

O
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CAUTION: ION EXCHANGE RESINS WHEN EXPOSED TO
.

SUFFICIENT QUANTIT!ES OF OXIDIZING CHEMICALS
(NITRIC ACID, ALKALINE PERMANGANATES,
PEROXIDES, SYPOCHLORITES, ETC.) CAN PRODUCE
REACTIONS RANGING FROM INCREASED TEMPERATURES
UP TO EXPLOSIONS. SMALL AMOUNTS OF CLEANERS.
AND DECONTAMINATION SOLUTIONS USED IN NORMAL
DAILY OPERATIONS WOULD NOT BE EXPECTED TO 3E
A PROBLEM. HOWEVER, L ARGE H ARDW ARE .
DECONTAMINATION OR LARGE AREA CLEANINGS
COULD POSE A PROBLEM. AN EXAMPLE WOULD BE
THE TREATM ENT . 0F THE RINSE WATER FROM A
RECIRC PIPE DECONTAMINATION PROCESS. THE ION
EXCHANGE RESIN VENDOR.SHOULD BE CONSULTED
WHEN THERE IS ANY POTENTIAL FOR LAODING OF
OXIDIZERS ON ION' EXCHANGE RESINS.

7.3.4 If the waste media is too corrosive f or the
container, the waste may be diluted, neu-
tralized or rinsed to meet the corrosion
criteria. Consult with NuPac personnel.
Restart the entire procedure When the corro-
sive nature of the waste is corrected.

1.3 Cht:ical CQIIQsic:
Chemicals on this list must not be_present in the
container in sufficient acidic concentrations to'cor-

O rode the container past acceptable limits f or a 300
year life. The use, or evolution of hydrochloric acid
above a 2 wt.% chloride concentration and less than a
pH of 3 is the situation to avoid (pH<3 and Cl + F-
>2%wt.).

.

O
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O
TABLE 7.1 CORROSIVE CHEMICAL LIST

Chemical Name ?ossible Sources

Ammonium Chienide

Anion Ion Exchange Resins Treating seawater with
~

the radwaste system

Carbon Tetrachloride Lab Wastes

Cation Ion Exchange Resins Unused ~or partially used
hydrogen form resin

Chloroform Lab Wastes
i

Degreasers See Freons, Trichlorethylene,
Trichloromethanej

Freons R-10, 11, 12,.13, Refrigerant systems, lab
14, 20, 21, 22, 23, 30, wastes, ultrasonic decon
40, 41, 113, 114, 115, 142,
152, 160, 216, 500's

I Halogenated Hydrocarbons

Hydrochloric Acid (Muriati:

O Acid)

Hydrofluoric Acid

Methylene Chloride Solvents, degreasing

Muriatic Acid
(Hydrochicric Acid)

Refrigerants - See Freens

Sea Water and' acids Sump intrusion + acid

Trichlorethylene solvents, degressing

Trichloromethane Solvents, degreasing

Trifluoroacetic Acid
1

Chlorides and Acids

{

O
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O B40 TEUEEEATUEE LIZIIS EQB ELS UE2I5

341 For media that have a ph less than 7.0, but not less
than 3.0, container-media contact temperature must be
less than 1800F.

342 For the med.ia container contact temperature to exceed
1800F and remain celeu 500 F the medium must have a ph0

27.0 and the medts container contact temperature must
0be cooled to less than 120 F within four hours.

.342 In no case shall the media-container contact tampera-
ture be above 120 F for greater than tweleve hours.0

240 QQC2EESIBI!QU AUQ CSECE QEE

The use of the Enviralloy containers shall be in accordance with
this procedure. Verification requires the use of the check of f
sheet provided in Figure 1. One sheet shall be filled out f or
each container. A copy of the sheet shall accompany the filled
container. the. original shall be retained by the user in accor-
dance with their record keeping procedure.

O

.

O
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|

M SCOPE |

)
This procedure delineates the requirements for |packaging, handling, and shipping of Enviralloy High ;
Integrity Containers prior to initial use. \

l

M REFERENCED DOCUMENTS _ I

2.1 NuPac Quality Procedure - 5, Quality Planning

NuPac Quality Procedure - 6, Inspection and Verification ,

j!2.2

2.3 NuPac Quality Procedure - 12, Material Control

|
M SRIPPING, R ANDf ING,_ gn PACEAGING MATERT AI S |

All materials utilized for sealing, packaging, cush-3.1
ioning, and/or securing shall not contaminate or
deteriorate any container they come in contact with.

These materials shall include but not be limited to the
~

A'

(,) following:

3.1.1 1" thick commercial grade pine or fir boards
of various widths.

3.1.2 2" x 4" minimum commercial grade pine or fir
studding.

3.1.3 1/2" thick minimum commercial grade plywood.

3.1.4 Commercial grade Styrofoam cast in cushioning |

forms or shapes.

3.1.5 Commercial grade 3/4" minimum width steel
banding with corner clips as required.

3.1.6 Commercial grade fit in shapes required f or i

cradling.

4 - 6 mil commercial grade polyethylene film.3.1.7

3.1.8 Commercial grade PVC clear sealing tape, 2"
width.

3.1.9 Standard 1" ID rubber water hose.

3.1.10 Commercial grade strapping tape, 1" width,
m
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M PACKACING

4.1 Series A Containers
1

.

standard wooden4.1.1 Place the container on a I
pallet. !

4.1.2 Ensure that the container interior, gasket
sealing surfaces, and lid are free of all- !

_

. contaminates, and foreign debris.
I

.

grease,

4.1.3 Place the silicone gasket in its normal
.

position in the container opening.
'

4.1.4 Place the lid on top of the gasket in its qt

normal position.
-,

4.1.5 Attach the appropriate sling and shackles to
the lifting eyes, if.specified.- Coil the j

!sling inside the top ring.

4.1.6 Utilizing a section of studding (Section
O 3.1.2) that will fit inside the top ring,

strap the eight locking wedges'to the stud
using strapping tape (Section 3.1.10).

]
4.1.7 Place the stud and the wedges on top of the

lid. Secure the-container to the pallet,
using steel banding (Section 3.1.5), by run- J

ining the banding through the container wedge '

holes over the top of the stud and through-
the pallet,

l 4.1.8 Repeat 4.1.7 for a second banding so that.the
container is crossbanded to the pallet.

~ 4.2 Series B Containers - TBD

4.3 Series C Containers
2

4.3.1 Place the container on a standard size wooden
pallet.

,j
|

4.3.2 Ennare that the container interior, gasket ;

sealing surfaces, and lid are. free from j

-

all. grease, contaminates, and foreign debris.

O :
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4.3.3 Apply RTV adhesive per manuf acturer's in-
structions to the gasket sealing area on the
container, if not previously installed.
Place the silicone gasket on the container4.3.4 with the largest dimension of the gasket
f acing the lid (up), if not previously in-
stalled.

4.3.5 Place the lid on the container using the 3/4
I inch locating pins to position the lid.

4.3.6 Start the sixteen 1-inch cap screws into
their respective holes. Tighten to a snug

i

tight condition.
.

I

4.3.7 Attach the appropriate sling and shackles to ithe container if specified. This step may be

perf ormed prior to step 4.3.5 to f acilitate
placement of the lid. Coil the sling on top
of the container as flat as possible. f

;

|

() 4.3.8 Seal the joint between the lid and container '

\/ body with PVC clear sealing tape (S ec ti ot" |

3 .1. 8 ) .

4.3.9 Cross tie the container to the pallet utili-
zing steel banding and corner clips.

.

L a RANDLTMG Ann snTPPTNG

5.1 Handling

The container / shipping pallet shall be handled in such
to minimize damage to the container.a manner so as

Lif ting the container shall only be performed using the
pallet. Any other proposed method of lif ting shall be
approved by NuPac Engineering prior to implementation.

5.2 Shipping

All containers shall be transported in a manner that
will minimize container exposure to dirt, grease,
water, acids, contaminates, and f oreign debris. All
containers transported on open vehicles shall be tar-
ped.

v
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