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ABSTRA’ T

This Staff Evaluation Report has been prepared by the Cffica 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/E£A=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
radicactive waste that requires disposal in a stable form. Limiting conditions
for use of the container may be specified by the regulating authority for a
particular disposal site.
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1 0 BACKGROUND

L.1 Regulations
By Federal Register Notice dated December 27, 1982 (7 FR 57446), the United

‘tates Nuclear Regulatory Commission (NRC) amended i: agulations to provide
specific requirements for licensing of facilities ¢ he land disposal of
low=level radiocactive waste. The majority of these auirements are now

contained in Part 61 to Title 10 of the Code of Federal kReyulations (10 CFR 61)
ertitied "Licensing Requirements for Land Disposal of Radioactive waste' (Ref.
1). Minor modifications, 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, 198].

The effective date for the implementation of 10 CFR 20.311, which reguires
waite 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 B 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
255 (F255) Liner System (the NuPac FL-50! high integrity container) for use in
the disposal of Class B and C filters from Arkansas Nuclear COne to Hanford,
washington at the U.S. Ecology low-level radiocactive 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 MICs 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

T 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.




§¢

f the topical report through NRC's Office 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 wWaste Techno ogy section of NRC's Waste
Management Branch, Office of Research, and (d) the Transportation a
.ertification Branch of NRC's Division of Fuel Cycle and Material Safeiy,
resuited 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 or
further information on the corrosion behavior of the Ferralium 255 alloy,
because corrosion was believed to be a ontroiling factor in the performance o
a metallic HIC

At about the same time that the corrosion comments were heing transmitted to
the State of Washington for consideration, NuPac submitted (Refs. 6 and 7) a
econd topical report on the FL-50/EA-50 HIC vhereas the first report had
lealt 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 t«
a Droad spectrum of waste streams, and to allow for disposal at Barnwell out

Carolina as well as Hanford, washington [nasmuch as the generic report
encompassed and bounded the information contained within the APAL-related
document, the review effort was consolidated. and further review activity
focussed on the generic topical A request for further information (Ref. 8)
that 1incorporated relevant information on soil anaiyses by an NRC contractor
(Ref. 9) and which consolidated questions on the generic report was transmitted
to NuPac in October 1984

.

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 Ferraiium 255 The HIC is
approximately 47 inches in diameter by 51 inches tall The top, bottom, anc
sides of the container are fabricated from 3/8 Inch thick material The t

nead has a 24 inch diameter gasketed opening for loading Closure of this
opening 1s accomplished with a 3/8 inch Ferralium Alloy 255 plate heid in place
Dy eight wedge shaped retainer blocks Four internal ~shaped vertica

supports, welded to the inside surfaces of the top and bottom plates, are
provided as stiffeners for the top and bottom plates A seai is provided
between the 1id and top of the HIC by a silicone rubber gasket (an optional
lead gasket is available for nighly permeable wastes such as tritium gas) .
vent system is located in the 1id and allows relief of internal pressure that
could result from gas generation caused by Diodegradat or radiolytic decay,
wnile preventing significant groundwater movement int ut of e container

The vented 1id is not to be used with wastes that contain highly mobile or
transient gases such as tritium

“
-

Lifting of the container is accomplished using a cable sling that is provided
The sling consists of a single 3/8 inch steel cable that 15 attached to two
lifting eyes on the container with anchor shackles
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2.0 SUMMARY OF TOPICAL REPORT

The generic topical roport on the NuPac FL-50/EA-50 high integrity container ‘s
intended to demonstrate that the HIC meets (a) all tre applicable stability
requirements and criteria of 10 CFR 51 (using guidance provided in the May 1983
Technical Position on wWaste Ferm), (b) 10 CFR 71 sections dealing with Type A
Packaging (as trne Part 71 requirements apply to HICs), (¢) 49 CFR 173 Type A
Packaging related areas, and (d) special testing and design conditions
requested by the Agreement States.

The FL=50/EA-50 HIC was desigred to be certified as a DOT Type A container that
would pass all U.S. DOT 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
diatomaceous earth; (2) compressible solid wiste;, (3) non-compressible solid

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

The material from which the FL=50/FEA-50 HIC is fabricated is Ferralium 255
(F255), which is a patented ferritic-austentic, duplex stainless steel that
reputediy combines high mechanical strength, hardness and ductility with
excellent cec-rosion properties. As acknowiedged in the report, "the most
critical area associated with long term isolation is considered to be corrosion
resistence." A major portion of the report therefore, addresses, the predicted
external corrosion benavior of the F255 HIC under expected disposal site

environments and an analysis of the internal corrosion of the HIC, taking
dewatered beud resin as the ¢ ‘pected 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 these
subjects is contained in several appendices. The finai approved report will
contain this technical evaluation along with additional information submitted
'n response to NRC review comments and questinns. The additional information
will be included in the revised report as a second volume.

3.0 SUMMARY OF REGULATORY EVALUATION

3.1 Major Areas of Review

The basic objective of this staff technical evaluation of the topical report
was to confirm that the NuPac FL-50/EA-50 HIC meets the structural stability
requirements of 10 CFR 61. The NRC's Technical Position on waste Form (May
1983), which addresses various details inciuding certain transportation and
testing requirements that are presenteu ‘1 10 CFR 71 and 49 CFR 173, provides
guidance on how to satisfy Part 61. Major areas oi review that are addressed
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‘ in the Technical Position and which received particular attention in this
review included the following:
| 1. Corrosion
> & Structural Analyses
3, Prototype Testing
4. Gas Generation and Internal Pressurization
5. Radiation and Ultra-violet Stability
6. Tyue A Packaging Reguirements
& Quality Assurance and [nspeztion
8 Remaining Technical Position and Other Considerations
3.2 Corrosion

3.2.1 Background

Because of its reputed high resistance to stress corrcsion cracking, crevice
corrosion, and chloride-induced pitting, when compared with austenitic
stainless steels such as Types 304 and 316, Ferralium 255 is usea in marine
applications, the oil and gas (and petrochemical) industries, for po)lution
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. No= is
there much information available in the open literature regarding the corrysion
of F255 weldments and the potential for long-range pitting corrosion (for
welded, as well as base, material). Concern existed regarding the potential

‘ effects of localized corrosion on the structural integrity of the FL-50/EA-50
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 chemizal was accounted for.

Certain administrative procedures were to be implemerted to identify and
preciude incorporation of undesirable chemicals, but the procedural details
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
considerably more informat.on concerning (a) the metallurgical aspects of F255
corraosion, as well as (b) waste st'eam or other environmentally-related
effects. The following discussion of F255 corrosion addresses the review in
the context of these two groups of concerns.

3.2.2 Corrosion-relatec 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 rendercd it less
susceptible than other stainless steels to intergranular and pittiag attack and
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(b) welding procedures that would be followed to lessen the likelihood of
corrosion protlems with weldments. With regard to advantageous metallurgical
characteristics, NuPac pointed out that the reason that austenitic stainiess
steels are susceptible to heat-affected-zone (HAZ) stress/corrosion cracking
(SCC) 1s that chromium-rich carbides are formed at the grain boundaries during
welding.

Low=carbon versions of the austenitic stainless steels (e.g., 316L) nave been
developed to lessen the HAZ problem in tho<e alloys, Ferralium 255, however.
"as a typical carpon content of only 0.02%, which is even jower than the cartan
content (0.C3% max. ) used in the low carbon version of austenitic steels such
as 316L. According to NuPac, microstructural examinations of HAZs in Ferralium
have failed %o reveal "sensitization" (i.e., grain boundary carbide formation)
as encountered in 316 S5 weldments.

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 tnat act as preferential sites for localized
attack in acid chleoride soiutions. Therefore, superior performance under
conditions conducive to iocalized corrosion would be expected. This would be
«rue for weldments as well as parent material.

To provide assurance that the intrinsic corrnsion-resistant nature of
as-manufactured F255 would be preserved in welded metal, NuPac affirmed that
all welding procedures utilized in the FL-50/EA=50 =IC 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
there was some conflicting information in the literature regarding the
recommerded 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.

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

T Rustenitic stainless steels are a class of corrosion resistant alloys for
which there is a considerable body of test data and substantia) experience
(some of which invoives underground applications). Hence, an intercomparison
of the FL255 alloy (which is relatively new) with an estab)ished older alloy
such as 316 stainless steel provides a measure of the relative merit of the
newer material.

o
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expected satisfactory service performance of F255 weldmen*s. In laboratory
tests involving the wuse 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 perfcrmance of F255 and 316L 5SS was similar, there was no case where the
performance of F255 was inferior to 316L. In 5% NaCl, 316L SS welded samples
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 S5 weldments. This demonstrates that F255 welds should
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 s
discussed 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 wil)
not impair the uniform or stress/corrosion cracking resistance of the HICs.

5.2.2:2 Pitting Corrosion Repassivation

As noted earlier, F255 corrosion tes’ results reported in the open literature
suggested that uniform and pitting corrosion rates would beth be low. F25%
microstructural considerations, discussed in the previous section, also
suggested that F255 was quite resistant to pitting corrosion, even in the
welded state. There was a concern, however, 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

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)
on 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 re' 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.

1,2.2.3 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, therefore, asked to document such
field experience (in a variety of soils with the comparative alloys) that wou'd
demonstrate reasonably satisfactory performance of the comparative alloys in
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those appiications. That experience would serve as indirect evidence that the
F255 alloy would serve adequately in the proposed application inasmuch as the
F255 exhibits superior corrosion resistance to the austenitic alloys fin
laboratory tests.

In response, NuPac pointed out that stainless steels have not gererally been
used in underground applications because of cost considerations and the
availapbility 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.

while pipeline experience with austenitic stainless steels has not been totallv
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 mere isolated electrically. On the other hand, where stainless steels
Nave 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 indicate
that the common stainless steels, while they show substantial recistance to
corrosion in long-term burial appiications, 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.

[nasmuch as F255 has been demonstrated to have significantly higher pitting
resistance 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
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.

3.2.2.4 Crevice Corrosion

Hypothetically, there is a potential for crevice corrosion in the area of the
HIC between the container and the lid/gasket. As noted (Ref. 10) by NuPac,
however, crevice corrosion testing performed with 10% ferric chioride 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 radioactive
waste burial locations. The burial site chemical environment would, of course,
be much less severe than the conditions impoused 1in laboratory corrosion
testing. The staff, therefore, concludes that there is reasonable assurance
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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 Intogritz

In the analysis of the structural adequacy of the FL-50/EA-50 MIC (discussed in
more detail ir Seccion 4 of this staff evaluation), a wastage allowance
approach 1s app'ied to account for uniform corrosion of the container. That
is, 1t is assumed that a portion of the total 3/8 inch thickness of the F255 S5
's corroded away by uniform corrosion, and the stresses developed in the WIC
due to burial Joads 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 1255 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 welided area:s would be most
susceptible to localized corrosion) reguired 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
be reduced in thickness (neglecting uniform corrosion) and would thus maintain
a moment carrying capability. It would, therefore, require a gross amount of
pitting te 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 "ty of the
HIC over its 300 year design life. More information on environmental factors
s presented in the following subsection of this staff evaluation.

.13 Environmentally-Related Corrosion Factors

3.2.3.1 Genera)

The discussion presented in Section 3.2.2 of this Staff Evaluation centers
primarily on metallurgical factors that govern the corrosion resistance of the
Ferralium MIC, 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.

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
portion of the total 3/8 inch wall thickness is allocated for wuniform
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integrity; (b) the corrosion rates associated with possible waste streams

and (c) practical )limitations imposed on the container by the potential
waste forms,

The practical application of the ccrrosion 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
precedure. It is intended by NuPac that the procedure should be followed
by all wusers of the FL-50/EA=50 HIC. Included with the operatin

procedure is a4 chemica, 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
be neutralized, diluted or excluded from the container.

Otner provisions are made for the use of a vent (to accomodate potential
gas generation due to biodegradation) and short-term temperature

excursions (to allow filling of the HIC with materials at greater than
ambient temperature).

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 MWIC users is provided as an appendix to this evaluation
report,

Regarding the chemical compatibility of ion exchange resins with the HIC,
a4 theoreotical "worst case" analysis was presented in Appendix Q of the
assubmitted 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. I[n response, NuPac presented an analysis
that centered around data concerning the titration of ion exchange resins
and the pH of contacting water. It was shown, that even with very low pHs
(simulating radiation damage effects), corrosion rates were wel) within
the uniform corrosion limit for the WIC.

A revised Appendix Q was submitted as a theoretical backup analysis for an
extreme analytical case. The results of the Appendix Q revision indicated
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 1imit for F255.

In addition to the above points, NuPac also addressed (a) the potential
need for organic solvents exclusion and pre-treatment, (b) the potential
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
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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 ~eport and responses to Staff questions that there is reasonable
assurance that the FL-50/EA-50 HIC, 1f used within the bounds prescribed by the
propos~d 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
surveiliance 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
range of 4 to 1l. That requirement will thus apply to any FL-50/EA-50 HICs
that are buried at Barnwell, regardless of the pH <3 "“corrosion criterion"
proposed 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 2%
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
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.

[n 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 th: loaded Enviralloy (F255) HICs, and the need for
a clearer commitment to provide surveillance specimens. These concerns were
transmitted to NuPac both orally and in writing (Ref. 15), and resulited 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 effects of burial loads. Basically, the Staff concluded that it had
not been adequately demonstrated that the HIC could withstand the predicted
buridl loads. Specifically, additional information was required (Ref. 15)
concerning (a) the calculation of a critical “uckling 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 ingle
supports. In a telecopied response (Ref. l6(a)), which was later followed with
a formal submittal (Ref. 16(b)), NuPac satisfactorily addressed the staff'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
adequate. Wwhile the staff did not accept NuPac's approach for deriving an
allowable stress intensity for the primary memorane plus bending stress, the
difference of opinion was moot inasmuch as none of the burial stresses in the
container, whether in the as fabricated or "corroded" (minus tre wastage
allowance) state, exceeded the published yield stress of 80,000 psi for
Ferralium 255.

[t should be noted that NuPac analyzed the FL-©0/EA-50 HIC for displacement and
stresses utilizing a general purpose finite eieient 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.

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 guestions 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). C(larification 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 MIC contents such that this gross weight is not exceeded. The
4200 pound limit meets shipping container licensing requirements.

12
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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 surface 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
insulating effects or the near proximity of other heat-generating wastes would
not be expected to sianificantly affect the HIC. Likewise, tenporary storage
aoove ground in a storage facility would not be expected to be a significant
factor.

3.4 Prototype Testing

5.84.1 Orop Tests

The HIC should be capable of meeting the requirements for a Type A package as
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 ar 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 pasitive seal. The only visible
damage that ensued from the 25 foot drop test  consisted of a denting (about
/8 inch maximum) of the impacted side betwee the two end plates following a
side drop. There was no loss of contents resulting from any of the 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 1id 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.

After 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 we  ds .

13
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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 staff 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

A 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
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 resuits of drop tests are addressed in Section
3.4.1, above. Other tests, or analyses performed in lieu of tests, are
addressed in the following sections.

Penetration Test

A penetration test was performed using the criteria in 10 CFR 71.71(¢)(10). In
this test a vertical stee! 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.

Water Spray Test

Since the FL-50/EA-50 HIC is fabricated from a duplex alloy steel, the water
spray test (which simulates expcsure 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 equivaient of two inches of rainfall for one hour.

Vibration Testing

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 MIC is a welded metallic
structure with which closure is accomplished by 8 retaining blocks that lock
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 HMIC. Also, inasmuch as the F255 alloy exhibi.s low
temperature toughness characteristics similar to the commonly used ASTM A516
fine grain practice steels, vibration effects 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.




WM=45 STAFF EVALUATION REPORT

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
s designed to withstand burial loads of at least 37.5 psi (corresponding to
the 45 foot burial depth at Hanford). This corresponds to a projected loaag
that is more than three times the 21,000 pound load that is obtained by
muitiplying 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 30 CFR 71.71(cH¥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 rubber gasket, using water
as 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
seal wuntil 20 psig pressure was achieved. The FL-50/EA-50 HIC thus was
demonstrated to meet the reduced external pressure requirements. No increased
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
37.5 psi burial loads wit’i margin.

3.5 Gas Generation .nd Internal Pressurization

One of the desirn changes made to the * EA-50 HIC involves the
incorporatior of a passive vent system (to be . ed for non-tritium wastes) to
allow relief of pressure generated by gases resulting from possible
biodegradation or radiolyiic decay. The concern about internal gas generation
originated from experience with a few polyethelene 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 thus
provides a means to minimize the effects of gas generation (e.g.,
over-pressurization of the HIC) on handling, personnel safety, and long=term
integrity of the container. The use of vents is intended to be an interim
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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 1id of the container in a manner that will
minimize any effects on the structure of the container and the possibility of
damage frcm 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 stili 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 Nutac, is in fact mandatory because it is the current primary
pressure-relieving system for all the FL-50/EA-50 MICs except those that will
be used for tritium containing wastes. In the latter case the HIC will have a
lead gasket with no pascive vent. This lead gasket/no vent design provides
reasonable assurance of the containment of the tritium gas.

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 resuit
following exposure to a total accumulated dose of 108 Rads. (Ref. 2)

For the FL-50/EA-50 HIC, the basic materia) of construction, Ferralium 255,
would not be expected to be affected by radiation from low-level wastes. This
s so betause radiation damage, in the form of swelling and embrittlement, is
caused 1in metals by neutron radiation, but thes> 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, Dbecause 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 information 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 10® Rads. Although this might not be
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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 the
gasket 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 10® Rad
level and is thus also acceptable from a radiation stability standpoint.

Another component of the HIC outer wall that is not constructed of metal is the
passive vent. The vent is basically comurised of a permeaple plug of polymeric
material, which reportedly (Ref. 19) has good resistance to gamma radiation in
excess of 10% rads. [Inasmuch as the vent does not carry any significant load,
any reduction in mechanical properties that might occur as a result of
radiation will not affect the performance of the HIC.

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
affected 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) nnly if there were no provision for pressure relief.
Inasmuch as the passive vent will permit the alleviation of the pressure,
however, the radiolysis of wastes is not expected to result in over
pressurization of the HIC. The potential effect of ultra-violet (UV) radiation
on the silicone rubber gasket should also be insignificant, in view of the fact
that most of the gasket is shielued from such radiation by the metallic 1id and
top of the MIC during transportation; after the HIC is buried, it will not, of
course, be subject to ultra-violet ray.. UV radiation effects on the vent
material due to exposure during storage would be limited by covering the vent
with UV opaque material (see the Onerating ¥rucedure, Section 2.9),

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

3.7 Quality Assurance and Inspection

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 comments
concerning this subject. NuPac's responses (Ref. 10) cun be separated into two
general areas: (1) those matters having to do with fabrication, testing and
inspection (i.e., operations performed by the vendor or which are directly
under the control of the vendor), and (2) items to be acdressed by the user.

With regard to the first category of operations, NuPac presented a substantial
amount of information, including documentation on required inspectiuns,
referenced procedures, and specifications and procurement. All the FL-50/EA-50
HICs will de fabricated und inspected in accordznce with NuPac "QA Level 1"
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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 *o 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 dewatering for these containers.

With regard to the potential effects of dewatering internals on the MIC, NuPac
has stated (Ref. 10) that all internal protrusions will be made of a plastic
material. All metallic parts of a dewatering system weuld 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
FL-50/EA-50 MICs 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
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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 ~  to Staff questions. The Operating Procedure, to be
followed by HIC users, addresses the practical application of limiting
organics, the length of dewatering, and other appropriate related
concerns.

While staff does not believe that NuPac's contention about the role of fatty
acids 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 resistant 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 s 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,

3R 3 Top Surface Water Retention

The HIC should pe designed to avoid the collection or retention ur water on its
top surfaces to minimize the accumulation of trench liguids that could result
in corrosive or degrading effects. NuPac has designed the HIC so that the
retaining ring at the ~anter of the upper head is slotted such that any water
entering the area can drain back out. All areas at the top head are designed
to be seif craining. 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. 1€ ) regarding the impact resistance of Ferralium 255 at low temperatures
was generated by the NAC 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 cha py impact values
for weldments, at 0°F for example, varied from greater than 10 't. 1bs. to
approximately 20 ft. Ibs. Even at -40°F, weld metal charpy impact values were
equal to or greater than 8 ft. lbs. (Ferralium 255 base metal exhibits much
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creep of the gasket, there is metal-to-metal contact between the 1id and the
body of the HIC when the HIC is closed; therefore, the effects of gasket creep
on HIC integrity are expected to be insignificast. The vent also is designed
such that the creep load will be relatively low, «nd 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 HWIC 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, Dbiodegradation 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
sulfur-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,
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 1id gasket (which under test was detected to leak at about
20 to 75 psig for the lead and silicone rubber gaskels, raspectively).

(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 cnmmon 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, suifite, 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 bateria occur, the and 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
potential presence on the performance of the FL-50/EA-50 HIC is expected
to be insignificant.

(4) An explanation of specific microbe metabolism methods, possible
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nigher toughness values than the welded material at low temperatures).
Allowing for (a) the inherent difficuity 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 welu 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
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 possible 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 ‘nspections of
surveillance specimens buried at each licensed disposal site.

NRC 1s considering a plan for establishment of surveillance protoco's involving
‘archival trench” burials of HIC specimens .and "mini - samples" of HIC
materials) at L.LW burial sites. NuPac was requested (Ref. 8) to agree in
principle to providing F255 surveillance specimens for use in a long-term
surveillance program, with 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
be placed for subsequent periodic retrieval ana inspection under an established
protocol. Until the specific details of such a program have been :stablishe.,
it is not rracticable to mandate particular requirements or to expect vendors,
burial site operators, sicte 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 pariodic inspections over several
years.

4.0 NTEGULATORY POSITION

NRC staff has completed its review of the topical report that is intended to
serve as ‘he referential document that describes the design of the NuPac
FL-50/EA-50 high integrity container (MIC) for low-level radicactive wasts and
provides the basis for determining the adequacy of the HIC design. In its
evaluation stafi primarily focussed on (1) appliczole sections of 10 CFR ol, 10
CFR 71, and 49 CFR 173 and (2) additional requirements proposed by state
agencies. Based on its evaluation cf the information provided in (a) the
topical report (original submittal plus revisions), (b) written -esponses by
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NuPac to NRC Staff questions and comments, and (c) meetings and telephone
discussions with NuPac representatives and consultants, the staff conclude that
there i1s reasonaple assurance that, considering the proposed use of the NuPac
FL=50/CA=5C HIC, the HIC meets the structural stability requirements of Part 6]
and 1is consistent with the guidance presented in the NRC staff Technical
Position of Waste Form.

This approval of the FL-50/EA-50 MIC and Topical Report is predicated on
completion and 1issuance of the final Topical Report (proprietary and

nen-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 of 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.
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ADDENDUM TO FL-50/EA-50 HIGH
INTEGRITY CONTAINER STAFF EVALUATION REPORT

June 1987

During the final review of the October 1985 Staff Evaluation Report
concern was expressed by staff of the Transportation and Certification Branch
of NRC's Division of Fuel Cycle and Material Safety that the use of Service
Level C criteria of ASME Section IIl, 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 December 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
11d. DOuring January 1987, a2 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.

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 Form, 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 Nuclear Packaging Enviralloy FL-50/EA-50 High Inteyrity Container (HIC)
has been designed to meet or exceed the criteria defined in 10 CFR Par¢ ol &nd
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 also
been addressed by the FL-50/EA-50 container.

At the heert of this design is the use of Enviralloy or Ferralium® Alloy 255
(UNS Designation 832550), a ferritic-austenitic duplex stainless steel. This
material combines high mechanical stremgth, ductility, and hardness with high
corrosion and erosion resistance. The use of this duplex material, together
with design innovation and computerized stress analysis, has culminated in the
development of a container with high strength, low weight, extreme durability,

and superior corrosionm resistance.

The corrosion resistance of Enviralloy to waste stream and burial trench
’ environments is superior to that of the full austenitic Types 3(4 and 316
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 compounds. The material is particularly suitable for cor~
rodant concentrations and temperatures where pitting and loc;lized corrosion
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 BIP 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,
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1.0 INTRODUCTION

Nuclear Packaging, Jnc. nhas ueveloped a right cylindrical high integrity
container (HIC) to meet the nuclear industries need: for long~lived stable
disposable containers fitting the various transportsztion casks commonly used.
The container is compatible with the many dirtferent waste streams and the
burial environments. The Enviralloy FL-50/EA-50 high integrity container has
been shown to meet the criteria of 10 CFR 61 for stable radioactive waste

disposal packages.

The FL-50/EA-50 container is based on a common material which cen accommodate
the varied waste streams produced by the nuclear industry. The Enviralloy
material is a duplex stainless steel manufactured 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 und ferritic phases in the matrix,
The duplex microstructure imparts unique corrosion resistance and strength
properties to this alloy., This alloy is superior to austenitic steels in
pitting, crevice corrosion, and chloride stress corrosion cracking, typically
the corrosion 'weak links' i. austenitic materials. These properties are
further aided by not only the bigh alloy composition of the chromium, nickel

and molybdenum, buv also close control of the austemitic and ferritic phases,
The high corrosion sesistance of the material allows it to be used with the
various waste strein’ of the industry and the soil enviromnments of both the

Hanford, Washington ead Barnwell, South Carolina sites.

The Enviralloy FL-50/EA-50 HIC has been designed to contain the following

dewatered waste forms regardless of the source:

a) Demineralization bead, powdered, and zeolite resins.

b) Filtration material such as sand, activated charcoal,

and diatomaceous earth,

¢) Compressible solid wastes,

i-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.

h) 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
maximizing transport cask cavity space utilization while simultaneously

supporting imposed burial 1loads.

The Eanviralloy FL-50/EA-50 container has & 24-inch opening which allows the

container to handle a variety of waste forms. Section 2.0 describes this

container in detail.

Sections 3.0 through 16.0 demonstrate the Enviralloy FL-50/EA-50's capabili-
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 Fipgl
Waste Classificatiop and Waste Form Technical Positiop Papers, dated May 11,
1983, clearly shows the versatility and acceptability of the Enviralloy FL-
SO/EA-50 container to serve as a stable, durable high integrity container.
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2,0 THE ENVIRALLOY FL-50/EA-50 HIGH INTEGRITY CONTAINER

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 cazk cavity., It must be unaffected by either the waste or the burial
environment. Jt 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 uble to meet the require-

ments of 10 CFR 61 for structural stability over ¢ 300 year life.

To meet these requirements, Nuclear Packaging, Inc. (NuPac) has developed o
container design using Enviralloy, or Ferralium Alloy 255. Ferralium Alloy
255 is a patented alloy manufactured by Cabot Corporation under license from
Bonar Langley Alloys, Limited, U.K. This alloy is a duplex stainless steel
that is highly corrosion resistant and has high strength values. This alloy
allows for easy fabrication of & 1ight, high strength container. The bigh
strength of the material allows efficient and simple designs to meet the
structural stability criteria of US 10 CFR 61,

2.1 Vesign Criteria and Controlling Requirements

The NRC staff position paper entitled Fipal Waste Classification and ¥aste
Form Technical Positiop Papers dated May 11, 1983, presents a set of criteria

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 Enviralloy FL-50/EA-50 High Integrity Container (HIC),

For reference, the criterias are listed below:

8. The maximum al lowable free liquid in a high integrity container
should be less than one percent of the waste volume as measured
using the method described in ANS 55,1, A process control program
should be developed and qualified to ensure that the free 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



NuPac Enviralloy FL-50/EA-50 HIC (Non-Proprietary) (A) Rev. 0, 12/86

program qualification should consider the effects of transportation
on the amount of drainable l1iquid whichmight be present (Section
3.0).

High integrity containers should have as a design goal 2 minimum
life of 300 years. The high integrity container should be designed

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

The high integrity container design should consider the corrosive
and chemicel effects of both the waste contents and the disposal
trench esviromnmenmt. Corrosion and chemical tests should be
performed to confirm the suitability of the proposed container

materials to meet the desiyn life goal (Section 5.0),

The high integrity container should be designed to have sufficient
mechanical strength to withstand horizontal and vertical loads on
the container equivalent to the depth of proposed burial, assuming &
cover material density of 120 lbs/fts. The high integrity container
should also be designed to withstand the routine loads and effects
from the waste contents, waste preparation, tramsportation, handling
and disposal site operations, such as trench compaction procedures.

This mechanical design strenmgth should be justified by conservative

design anslysis (Section 6.0).

For polymeric material, designm mechanical stremgths should be con-

servatively extrapolated from creep test data (Section 7.0).

The design should consider the thermal loads from processing,
storage, transportation and burial. Proposed container materials
shonld 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 (Sectiun R.0),
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The high integrity container design should consider the radiation
stability of the proposed container materials as well as the radia-

tion degradation effects of the wastes (Section 9.0),

Radiation degradation testing should be performed on proposed con~
tainer materials using a gammae irradiator or equivalent. No signi-
ficant changes in material design properties should result following
exposure to a total accumulated dose of 108 rads. If it is proposed
to design the high integrity container to greater accumulated doses,
testing should be performed to ronfirm the adequacy of the proposed
materials, Test specimens should be prepared using the proposed

fabrication 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
design properties occur following expected ultra~violet radiation

exposure.

The high integrity container design should comsider the biodegrade~
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 positicn may be performed where indications of visible
culture growth can be attributable to contamination, additives, or
biodegradable components on the specimen surface that to do not
affect the overall integrity of the substrate. It is also sccept~
able to determine biodegradation rates using the Bathta-Pramer
Method described in Sectiom C2 (d). The rate of biodegradation
should produce less than a 10 percent l1oss of the total carbon in
the container material after 300 years. Test specimens should be
prepared using the proposed material fabrication technmiques
(Section 10,0),
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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 free drop test way be performed in accordance with 10 CFR 71,
Appendix A, Section 6 (Section 11.0).

The high integrity container and the associated lifting devices
should be designed to withstand the forces applied durinmg lifting
operations, As & minimum, the container should be designed to

withstand a 3g vertical lifting load (Section 12.0),

The high integrity container should be designed to avoid the
collection or retention of water on its top surfaces in order to
minimize accumulgiinz of trench liquids which could result in

corrosive or degrading chemical effects (Section 13.0),

High integrity container closures should be designed to provide a
positive sesl for the design 1ife of the container, The closure
shou'd also be designed to allow inspections of the contents to be
conducted without damaging the integrity of the contaimer. 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
(Section 14.0).

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, tramsportation
and disposal (Section 15.0),

High integrity containers should be fabricated, tested, inspected,
prepared for use, filled, stored, handled, transported and disposed
of in accordance with a quelity assurance program. The quality
assurance program should also address how wastes which are
detrimental to bigh integrity conteiner materials will be precluded

from being placed into the container. Special emphasis should be

2-4



NoPac Enviralloy FL-50/EA-50 HIC (Non~Proprietary) (A) Rev, 0, 12/86
placed on fabricetion process control for those high integrity
containers which utilize fabrication techniques such as polymer

molding processes (Section 16.0),

2.2 Container Description

To meet thne various criteria listed above, Nuclear Packaging, Inc. (NuPac) has
developed the Enviralloy FL-5C/EA-50 container. The contaimer is a right
¢cylindrical configuration and is designed for both the burial loads at the
Henford, Washington burial site es well as the Barnwell, South Carolina burial

site.

The Nuclear Packaging, Inc. ’uPa.) Enviralloy FL-50/EA-50 OIC has been
designed to maximize th¢ internal cavity volume of the shipping cask by com—
pletely filling the cask cavity less necessary clcarance space. For this
reason, the FL-50/EA-50 HIC has been designated with the same nomenclature as

the corresponding NuPsc 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 dewatering 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.

Table 2.2~1
ENVIRALLOY FL~50/EA-50 HIC Dimensional Date

External Container Dimen. Weight (1bs) Volume (Cu. Ft.)
Dia (in) Height (in) Tare Net Internal Ext:rnal
46-1/2 50-3/4 1475 2725 44.9 49.9

Tere Weight: Empty Container Weight
Net Weight: Maximum Payloed
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The container is designed to a set of specifications t¢het ensure their ability
‘ to meet the design criteria.

a. Dimensions will be shown on the drawings (see Appendix A).
b, A corrosion allowance has been incorporated into container design.

O, The container lifting device has been designed to three times

maximum gross container weight (see Section 12.0).

d. The closure has been designed to maintain a positive seal under all
anticipated conditions of usage, including during impact after a

free drop of four feet (see Section 15.,0),

e. The container will be fabricated from Ferralium 255‘ as manufactured

by the Cabot Corporation.

f. The design had no identifiable parameters that would reduce the
‘ design life below J00 years.

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

for all handling, transportation and burial 1loads,

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

exposure.,

top. The 1id seal is maintained by eight evenly spaced Ferralium Alloy 255
l1id 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 X-201-015, Appendix A).

After the container has been loaded, the 1id is placed over the container
openisg and the eight wedge shaped retaining blocks are driven into the ring

The FL-50/EA-50 HIC has a 24-inch 1id opening at the center of the container
' ‘ which surrounds the 1id. The wedges are designed such that they seat into
|
|

2-6
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this ring, forcing the 1id to deform the silicone rubber or lead seal and make
metal~-to-metal contact with the container. This forms a seal between the
container and 1id as will as securing the retaining blocks against removal
during transportation and handling. Should it become mnecessary, the container

contents may be inspected by driving the blocks out and lifting the 1id off.

The 1ifting device for this container consists of two to four lifting eyes,
depending on the user's requirements., These lifting eyes are atta hed to the

container top by an all-around fillet weld.

2,3 Material Description

The Enviralloy High Integrity Containers are fabricated from Ferralium® Alloy
255, Ferralium is a duplex ferritic-austenitic stainless steel which combines
high mechanical stremgth, ductility, and hardness with resistance to corrosion
and erosion, The duplex stainless steel structure comsists 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 Types
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,

The high strength of the material is such that it allows the utilization of
thinner sections for a more efficient container than if the container were
fabricated from more common austenitic stainless steels. The ASTM A240-~
82/A479-82 UNS Designation $32550 (Ferralium 255) standards specify the fol-

lowing minimum room temperature values for the material:
Yield Strength, Sy = B0 Ksi (550 MPa)
Ultimate Tensile Strength, Su = 110 Ksi (760 MPa)

Note that these are minimum values. Nominal strength values for yield and

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

3~7
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Table 2.3-1
. Percent! Chemical Composition of Ferral jum® Alloy 255
Fe Cr Mo Ni Si Mn C N Cu Other]
24,0- | 2.0- | 4.5- |1.02 | 1.5% |o0.04%2|0.10- | 1.5~ | P-0.043
27.0 | 4.0 6.5 0.25 | 2.5 §-0.034
——--JL—.‘—_--—A -------- J— e e o A . o e s . s i e e e > (e e S A o S U G - > - - - P R ——
NOTES: 3, The undiluted deposited chemical composition of covered

electrodes may vary beyond the limits shown.

: P Maximum amount.

Table 2.3-2
Comparative Typical Tensile Data at Room Temperature
............... T I
. Ultimate Tensile | Yield Strength | Elongation in
Alloy Strength at 0.2% offset, | 2 in. (50,8mm)
Ksi (MPa) Ksi (MPa) Percent

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

Type 304L Stainless 81 (58) 39 (269) 55

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

Type 317L Stainless 86 (593) 38 (262) §s
________ S PEp— S SP IS, i ol
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3.0 FREE LIQUID

The Nuclear Packaging Enviralloy FL-50/EA-50 HIC has been designed for con-
taining 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
devwatering equipment can be qualified in a separate document for each basic
type of waste form, Some types of dewatering equipment that cam 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 internals are made from
either plastics, carbon steel or stainless steel. The plastics are inert in
relation to the Enviralloy. Carbon steel and stainless steel dewatering
internals (300 series), when used, are sacrificial to the Enviralloy for

galvanic corrosion, as demonstrated by galvanic potential considerations (see
Section 5.3.2).

3~-1
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4.0 DESIGN LIFE

The Nuclear Packaging, Inc., Enviralloy FL-50/EA-50 High Integrity Container
(HIC) is designed for a minimum 1ife of 300 years. There is no known mecha~-
nism which will cause HIC failure, when handled properly, under the internal
and external environments of service. Al1l mechanisms that could affect the
structural stability of the containers have been examined and accommodated in
the design. Since a principle failure mochanism for the HIC is corrosion,
Section 5.0 examines the effects of the various environments imposed on the
HIC. A major result of this review is the selection of a corrosion thickness

assuring = 300 year design life.
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5.0 CORROSION BEHAVIOR

The corrosion resistance of Ferralium 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 resistant 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 Ferralium in many environments, as described in Cabot’s Booklet No. B-2005,

There are eight basic corrosion mechanisms: 1) uniform corrosion 2) gelvanic
corrosion, 3) crevice corrosion, 4) pitting, 5) intergranular corrosion, 6)
elloy parting, 7) erosion corrosion, and 8) stress corrosion. These eight
basic corrosion mechanisms are applicable to both internal and external

corrosion conditions.

This section discusses the corrosion resistance of the Envirallos 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 oi Ferralium Alloy
255 corrosion behavior (Section 5.2), & discussion of specific corrosion modes
for the material (Sectioms 5.3 through 5.11), end 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 liguids. Internel corrosionm is attributable
to waste contents, Fach environment will be discussed separately to describe

the potential corrosive agents that might affect the FL-50/EA-50 container.

$-1
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S3.1.1 Exsternsl Environmegts

(.. rently, there are two existing commercial shallow land disposal sites where
Enviralloy HIC's will be buried: Hanford, Washington end Barnwell, South
Carolina. The potential corrosive characteristics of the sites are discussed
on the basis of chemical and galvanic corrosiveness as well as potential

burial trench liquids.

3.1.1.1 S¢il Galvapig Action

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

slightly acidic soil, as shown in the Proprietary Report.

The Hanford site is situated in the Pasco Basin on the Columbia River
Platean. The burial trenches are located in the uppermost layer known as
the Hanford Formation. This layer consists most’+ of wind-blown (eolian)
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,

Both sites fall within the resistivity classification that are considered
'very mild’'. Therefore, the galvanic corrosive attack on the Enviralloy
HiC's is anticipated to be minimum,

3.1.1.2 Chemicals in Seils

The mejor chemical component in soils that is specifically aggressive to

metals is the chloride ion. Both the Barnwell and Hanford sites have low
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levels of chloride ions and hence, will not cause any significant aggres~

sive corrosion.

3.1.1.,3 Buzial Trepch Liguids

It is anticipated that there will not be any significant amount of 1lig~
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
regulations, burial trenches at previous burial sites were found to
contain ground water which was considerably more aggressive. An example
of this occurrence is that the water contained in the Maxxey Flats, Ken-
tucky trenches had fairly high chloride iom concentrations at a low pH

level.

The corrosive effects of the external environments that the Enviral loy HIC's
will be exposed to are discussed in subsequent sections as they relate to the

specific corrosion mode.

3.1.2 Interpal Environment

The Enviral loy FL-50/EA-50 container will be loaded with & variety of contents
ranging from dry sctivaeted waste (DAW), or trash, to demineralizer wastes. In
general, the DAW-type materials are chemically passive whereas the
demineralizer materials are chemically active by nature. It is these
chemically active demineralizer materials (or media) that pose the only
significant internal env.csonment worthy to note. Regulated process control
techniques a«ssure that the container will be essentially dry (1% maximum free

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

The demineralizer systems are designed to handle a variety of demineralizing
media, The media vtilized 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 fol lows.
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a) Zeolite
b) Sand
¢) Charcoal

d) Organic Jon-Exchange Rerins

The zeolite, sand, and activated charcoal are all a balanced media. The
zeolite consists of dry hydrous tectosilicate mineral, which captures large
cations and loosely holds water molecules. The sand is a ¢clean filter support
media. No substantial orgenics will be present in the sand. The charcoal
activation process insures that any free sulfates are driven off. If the
charcoal contains any sulfate compounds after drying, they would be in the
crystalline structure and &s such, would not be chemically leachable. The pH
levels of the media and waste stream are well above the critical! pl limit of
Ferralium 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,

Dewatered bead resin (organic ionm exchange resin) represents the worst poten
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 resic if the
resin is depleted and has a pH value greater thar & minimum value for the
contacting water. If the pH of the resin is greater thau this minimum, the

hydrogen affinity has been satisfied.

5.2 Geueral Corrosion Behavior of Ferralium 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 resistance to soil induced corrosion
compared to other highly alloyed stainless steels, The stainless steels with
high chromium content, with or without nickel, are consistently mure resistant

to soil induced corrosion than carbon steel. In several soils, Type 410 and

430 chromium steels demonstrated more rapid pitting than lover chromium con-
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tent steels., The chromium nickel steels (Types 302, 304, and 309) developed
shallow pits, but the molybdenam bearing steels, 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.

Ferralium Alloy 255 has excellent resistance to sulfuric, phosphoriv nitrie,
and many other acids and salt as well as acetic, formic, and orgaaic acids
and compounds, The alloy is ,articularly suitable for concentrations and
temperatures where pitting and localized corrosion is a commen cause of fuil~-
ure for most convsantional stainless steels. Corrosion tests have shown that
the duplex stain(ess steel base metal and weld material is superior to tle

austenitic stainless steels in all cases.

Although the nustenitic stainless steels (304, 316, and their low carbon
versions) have been successfully and widely used in many enviromments, they
ruffer from two main weaknesses: sensitivity to chloride stress corrosion
cracking and pitting corrosion., These weaknesses somcwhat limic their wse due
to economic and safety considerations, The deveiopment of ferritic stainless
steels solved the above weanknesses, but their intrinsic metallurgical char-
acteristics make them more difficult to fabricate and weld. In addition, the
ductile~brittle transition temperature is high, allowing 8 much greater risk

of brittle fracture doring service im cold temperatures,

A series of alloys with both corrosion resistance and stremgth (far superior
to Type 316L 8S) is the aduplex stainless steel family, whose structure basic~
ally consists of a mix“ure of austenice and ferrite. Some wrought duplex
#lloys were used in small quanti.ies in the sute 1950's with the next advance-
ment being the introduction of Ame:ican Casti.gs Institute CD4MCU alloy ap-
proximately 25 years ago. The next important advancement wa: the development
of Ferralium Alloy 255,

FYerraliom is produced by balancing critical eiements (including nitrogen) and
has a strecture consisting of approximately SU% ferrite and 50% austenite. The
austenitic phase is stable and does not transform into martensite upon quench~

ing from annealing temperature. Ferralium has *he highest strength and the

5~5
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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
characterizad 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 thicknmess utilized in the design of the FL-50/EA-50 container is
based on the known corrosion retes of various materials when in contact with
FR-255 apd the expected environment that the contsiner will actually experi-
ence im xts 300 year desi,n life. Bot  the external environment (soil) and
the internal environment (due to the waste stream) were considered in the

selection of the corrosion thickneus,

Even though all available data indica 2s Ferraliom 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.

interna! aund exterrel uniform corrosion envirr-ments are discussed separately
below. The ‘nternal environment proves to be the most severe exposure for the
material snd is used as u basis for derivation of the uniform corrosion
allowance. As indicated earlicr, the most severe internal environment was

found to be attributable to organic ion exchange resins.

3.3.1 Exterpal Enviropmcpt

Actual long~term field experience for Ferralium Alloy 255 and other duplex
stainless steels in soil envirornents is somewhat limited. This lack of

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

5-6



NoPac Enviralloy FL-50/EA-50 HIC (Non-Proprietary) (A) Rev, 0, 12/86

able (appsroximately 20 years), an .ne ecomomic considerations fer their use
in soil applications. In general, these materials have been restricted to
applications which have very harsh environments that made other less costly
materials totally unacceptable. This condition has also been the case for
austenitic stainless steels, in general, ever since they became & commercially
available matecrial in the early 1900's. Duplex stainless steels’ 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 receant 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.

In general, stainless steels have not been utilized in underground applica-
tions because of cost and the availability of othker less costly corrosion
prevention techniques. An example of the most common underground application
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, t;ose systems normally have an expected
economic life with no restrictions on replacement or abandonment at their end
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 totelly applicable for comparison to the
external environment that the HIC will experience, other appiications were
examined. Austenitic staeinless steels have been used in small amounts as
fasteners, hose clamps, couplings, etc. in underground applications. Tradi-
tionally, the results have been excellent. Inmany instances, it has been
difficult to discern if the results were due to the alloy or if it was due to

the fact that the coupled material was sacrificial to the stainless stee!
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component. Those components that have not been coupled » other conducting
material (e.g., stainless steel clamps on plastic pipe) have shown little

damage due to corrosion.

In an attempt to answer these and other questions concerning underground
corrosior 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, fortymiles south west of the Hanford
Reservation., The soil at this location is similar to the Hanford scil charac~
teristics. At the burial depth, both soils are composed of dry, loose sand

with a minimum of orgrnics,

From this location, 300 series stainless steel base metal, which had been
sensitized, 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 weld samples demonstrated similar absence of corrnsion
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.

For corrosion to initiate, a combination of soil conditions must be present.
Generally, the moisture content, galvanic characteristics, end 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 Barnwell site, @
slightly acidic environment was noted., As for the reosistivities of both
burial sites, they were noted to be only mildly corrosive to steels. The
amount of chloride ions reported at either site will not be chemically detri-

mental as compared to the capabilities of Ferralium Alloy 255
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These studies indica . that the common austenitic stainless steels do demon-
strate adequate r¢r . iince to corrosion for long term burial. However, they
still demonstrate ...e weaknesses such as pitting, The common stainless
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 scoil 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 soil tests., Tt
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 1ife.
The possibility of a slightly more corrosive environment is not restrictive
due to the greater corrosion resistance of Ferralium 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-
sarily more corrosive than the soils where the stainless steels were tested,
As noted in Section 5.1.1.3, liquids in the trenches at the Maxxey Flats site
had high chloride levels and a low pH value. These chloride levels, “owever,

are still below that which any effects are reported on Ferralium Al loy 255,

The acidity or alkalinity of the soil does not appear to be in the range where
it would detrim;ntally 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. Tt was determined that there is a very high probability that the

soil will not lead to any detectable corrosion of the container.

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 euviron-
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., Jt was intended to simulate the possible mixture of acids from a
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particular solidification process and ions in the soil. The resultant corro~
sion rate due to this acid mixture was less than the corrosion criteria

established for the alloy.

From the scil 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-
mium 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,

Additionaly, a corrosion thickness allowance was included in the design,

3.3.2 Interpal Envizropment

The exact corrosion behavior of the internel eanvironment of the container is
very difficult to judge. It is & function of the type of waste, the tempera-
ture, the oxygen contert, the history of the particonlar waste stream, and the
specific waste stream itself, Although they are very diverse, the waste
streams have, in general, the common trait of being very dilute. The nuclear
industry is based aronnd water as the primary medium and generutes the largest
portion of its waste in purifying thet medium, The ch=micals that s«re normal~-
ly found in these waste streams are very passive tovard metals vince whole
material control programs are based on protection of the plant. [owever, it
is recognized that some detrimental euvirooments could exist, The various
chemicals that could be disposed of in the centainer and the various mediums
(e.g., fon exchange resin) were revieved against the known corrosive data “or
Ferralium Alloy 255,
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At and below room temperature, none of the chemicals that would ncrmally 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 at all to Ferralium at room temperature were those that conteined
high amounts of chloride or fluoride in highly acidic solutions., Highly
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, However, 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, meny
combinations of acids were also found to be acceptable at slightly elevated

temperatures,

As noted in Section 5.,1,2, bead resins represent the greatest corrosion
potential for Ferralium. 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 groups within) are the
source of corrosion by the beads, The entrapped water in the beads can
actually be considered a chemical solution 1ike 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,

magnesium, etc.

« Negatively charged ions (anions) such as hydroxide, chloride,

sulfate, etc,

=11
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- The combination of positive and negative charged ions into a
neutral molecule, such as sodium chloride, hydrogen sulfate,

hydrogen chloride, etc.

Since the solvtion in the ion exchange beads behaves just like any other
chemical solution, the kmown corrosion rates of various acids and bases can be

correlated to the worst expected corrosion case for resins,

Other potentially corrosive materials are anion resins, The highly basic
nature of anion resins was also investigated. Corrosion data show no effects
of the equivalent amount of caustic. One set of data shows a very small
corrosion rate, This case is well above the maximum operating case of anion

resin equivalent at ambient temperatures.

The case where the resin is in point contact with the vessel wall was also
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 free water around the outside of the resin, 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,

Radiation effects are not considered a significant contribution to the lower—
ing the pH level in relation to the direct contact of dewatered resins with
the container, The question of ion exchange resin corrosion on the container
can be separated into three prcgressively more severe and less likely cases.
They are: 1) undamaged resins with the most severe corrosion capabilities; 2)
utilize the added corrosion potential due to reported reductions in the pH
level from radiation damage; and 3) a theoretical calculation that effectively

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

wall.
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5.4 Galvanic Corrosion

Ffalvanic corrosion is & corrosion mechanism where an electrical current is
established between two dissimilar metals, Corrosion of the less corrosion-
resistant metal is usuvally increased and attack of the more resistant material
is decreased, as compared with the behavior of the two metals when they are
not in contact, 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 oetween
the two metals, The potential differences between metals under reversible, or
noncorroding, conditions form the basis for predicting corrosion tendencies,
These corrosion tendencies have been tabulated into the stendard electromotive

force (emf) or galvanic eeries, 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] lifting hardware and the Ferralium 1ifting
lug, Ferralium being cathodic and the carbon steel being anodic, Therefore,
the steel 1lifting hardware and optional false bottom will probably undergo
galvanic corrosion over the 300 year design 1ife, 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 Ferralium contniner, 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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Table 5.4-1

Galvanic Series of Common Alloys.

\nodic Magnesium

) Magnesium alloys
Zine

\luminum, 28
Cadmium
‘ \luminum alloy 178-T
Carbon steel
Copper steel
Cust 1ron
4 to 69, Cr steel
i 12 to 149, Cr steel |
16 vo 189, Cr steel » Active
23 to 309 Cr steel |
Ni-regist
7% Ni, 177 Cr steel
R Ni, 189, Cr steel |
149 Ni, 239 Cr steel » Aetive
209 Ni, 259, Cr steel
12% Ni, 18% Cr, 3% Mo steel |
Lead-tin solder
Lead
| Tin
Nickel |
60% Ni, 18% Cr |
Ineonel
809% Ni, 20% Cr |
| i Brosses
' Copper
Bronzes
Nickel-silver
Copper-nickel
Monel metal
Nickel
60% Ni, 15% Cr
Inconel {
80% Ni, 209% Cr ‘
12 to 149, Cr steel
16 to 189, Cr steel
7% Ni, 17% Cr steel
89, Ni, I8% Cr steel
149, Ni, 239% Cr steel
23 to 309, Cr steel
207, Ni, 259 Cr steel
129% 'Ni, 189 Cr. 397 Mo steel
f Silver
Cathodic  Graphite

\

Active

Passive

Pussive

* C. A, Zapfle, Stainless Steels, Cleveland: American Society
for Metals.
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5.5 Crevice Corrosion

Crevice corrosion frequently occurs within crevices and other shielded areas
on metal surfaces exposed to corrosives, This type of attack is usually
associated with small volumes of stagmant solution caused by holes, gasket
surfaces, lap joints, surface deposits, and crevices under bolt and rivet
heads.

To function as a corrosion site, a crevice must be wide enough to permit
liquid entry, but sufficiently naryow to maintain a stagnant zone. For this
reason, crevice cosrosion usually occurs at openings a few thousandths of an
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 cvevice~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 1id/gasket interface. However, crevice corro~

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

1. Since the gasket materials utilized are not fibrous (silicone

rubber or lead), no wicking actiom will occur,

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,

Additionally, crevice corrosion tests performed on Ferralium have shown no
corrosion by this mechanism, Tests were performed in mggressive 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

austenitic steainless steels,
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A loose or intermittent contact between two surfaces (a rough surface-to~
surface contact), similar to a soil/metal contact, gives rise to a nonaggres—
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 1ife of the container, The ¢ ™ lete crevice corrosion evaluation is

provided in the proprietary report.

5.6 Pitting

Pitting of a material is defined as the preferential removal of material in a
localized aresa., Because of its extremely 'ocalized nature, pitting results in
holes in the metal, These holes may be small or large in diameter, but in
most cases they are relatively small, Pits are sometimes isolated or so close
together that they look like a rough surface., Generally, a pit may be de~-

scribed as @2 cavity or hole wiith the surface diameter about the same as or

less han the depth.

As in the area of uniform corrosion, Ferralium Alloy 255 is far superior to
asustenitic stainless steels and lower alloy duplex stainless steels in its
resistance to pitting in all predicted enviromments that the container wounld
experience. It is recognized that the quantity and rete of pitting for a
given material in any enviromment 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—
ments that the container will encounter. Tt is also interesting to note that
the pitting temperature, 2s 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, potemtiodynamic tests were performed on the alloy, both
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on base and welded samples in a theoretical worst case solution, The materiel
readily repassivated in this solution since there was no hysteresis loop

formed during the cyclic pitting polarization curve test,

The available test data provides a comparison of corrosion properties that are
anticipated to be in the worst environment for material survivability. Several
investigators have identified trends in material behavior. A quote from one
reference sums up the investigators philosophy: 'Generally, if a matericgl
performs well in service, any material performing equally or better in this
study is likely to also perform well in the same application’. By this
statement, Ferralium 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
years and provide a confined volume where low level waste can decay to normal
background levels, Tt is anticipated that pitting will not structurally
affect the integrity of the container in such a manner as to cauvse catastro~

phic weld failures.

To investigate the corrosion properties of the austenitic and duplex stainless
steels, aggressive chemical agents were used to screen materiais, Results
indicate that Ferralium has fewer initiation points with a shallower attack
depth than austenitic steinless steels. It is also interesting to mote the
time required to initiate pits in Ferrslium 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 improbable.

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

composition/material phase, but also its fabrication techniques.

Fven though the materinl gives all indications that pitting would not be a

problem, the usage of a corrosion thickness in the design provides additional
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conservatism, The corrosion thickness allows for additional metal to be
placed in the weld areas, which would be preferential pitting areas, PRy
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
elements in the grain-boundary areas. Depletion of chromium in the grain-

boundary regions results inm intergranular corrosion in austenitic stainless

steels. This condition results when chromium carbides (Cr,,C,) precipitate

during certain heat treatments and welding.

Comparative stress corrosion cracking data has been generated in sodium hy-
droxide and other environments for Ferralium, Tt is clear from this data that
the alloy has superior stress corrosion cracking resistance in many environ-

ments tested compared to Type 316L stainless steel.

Tt is clear that the prerequisites for intergranular corrosion do not exist et
either existing burial site or any planned environments, The duplex structure
of Ferralium, in conjunction with the added precauvtions NuPac is utilizing in
the fabrication process, will prevent this type of courrosion mechanism from

occurring, as described in the Proprietary Peport.

5.8 Alloy Parting

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

solid alloy by corrosion processes. The most commop example is the selective
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removal of zinc in brass alloys (dezincification). Similar processes may
occur in other alloy systems in which aluminum, iron, ¢cobalt, chromium, and

other elements are removed.

The only alloy parting process of potentiel concern for Ferralium is chromium
leaching, However, this corrosion process only occurs at high temperatures
(1800 °F) when stainless steels are exposed to a low-oxygen atmosphere., Since
Ferralium is restricted to a maximum temperature of 500 °F, chromium leaching

will not occour.

5.9 Erosion Corrosion

Erosion corrosion is the acceleration or increase in rate of deterioration or
attack on a metal becavse of relative movement between a corrosive fiunid and
the metal surface. Generally, this movement is quite rapid, and mechanical
wear effects or abrasion are imvolved. Metal is removed from the surface as
dissolved ions, or it forms solid corrosion products which are mechanicelly

swept from the metal surface.

fome of the factors pertinent tn erosion corrosion are cavitation damage,
fretting corrosion, surface films, velocity 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,

5.10 Stress Corrosion

Stress corrosion cracking refers to cracking cause by the simultaneous pres~
ence of tensile stress and a specific corrosion medium, One type of stress
corrosion cracking is IGSCC, which was previously discussed (refer to Section
5.7). Another type of stress corrosion cracking is transgranular, which

advances without apparent preference for grain boundaries.
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Factors which affect stress corrosion c¢racking in stainless steels include
temperature, chloride concentrations, stress level, metullurgical factors, and
the physical state of the environment (i.e., single~phase aqueons versus

alternate wetting and drying conditions),

As noted in Section 5.7, stress corrosion will not occur in the Enviralloy
container because of the fabrication methods uti)ized and the HIC service

environment .,

5.11 Weldment Corrosion Behavior of Ferralium

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. FHowever,

with proper controls, the differences are minimized.

Corrosion tests performed have demonstrated that Ferralium Alloy 255 weldments
are superior to Type 316l stainless steel weldments, as shown in the
Proprietary Report. In the simulated solution, even though 316L performed
well, Ferralium should provide a greater assurance and a much higlter safety

margin for the 300 year design 1life,

As far as the filler metals of different compositions are concerned, NuPac
utilizes the standard Ferralium Alloy 255 filler metal coupled with a standard

corrosion test as one of the quality assurance tests,

NuPac ha, carefully chosen the welding process to provide for sufficient heat
input and cooling rate to enmsure that weldments will perform similar to the

base material (refer to Section 16,0 for further details).
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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 potentinl
thermal effects. All of the combinations can be alleviated by one or &
combinugtion of operating methods, design factors, and edministrative proce~

dures.

The commonly occurring chemicvals at a nuclear 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 chemicals have
been properly screened, there will be neither a chemical or a temperature

problem,

The chemical can be in coatact with the vessel at higher than the appl ied
concentration, or pH level, by the concentrating effects of ion 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 extoent that the acid begins to genmerate heat as it
reacts with the resin i‘self. During that reaction, heat is genmerated and the
rising temperatu.e ~reates 1he corrosive condition of the chemical with the
vessel wall. This potential problem is of particular concern when the resin
has been dewatered, thereby removing tue heat sink. Therefore, oxidizing

chkemicals are noted as such in operating procedures.

After reviewing 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 contasiners. Only those waste
streams that present a potential problem to the container would have to be

neutralized, Jiluted, or excluded from the container. This requirement en-

$-21
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sures that any potential corrosive waste streams would be eliminated which
would exceed the allowable corrosion layer., The pH level less than 3.0 re~
quirement ensures a margin of safety against non~uniformity of the waste
stream, These limits are based on the design 1ife of the container and the
environment the container will experience during that design life, svch as
room temperature and below, Brief excursions above the 120 °r limit ere
permitted for the container, such as 180°F'durin3 filling for less than 12
hours, which asgein 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

houry,

These limits ere controlled by the metallurgy of the material and its corro-
sive resistance. The corrosion analysis performed in this report is based on
the contsiner 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 iucreased temperatures, this resis—
tance may not be sufficient to ensure survival of the container for its design
lifetime. PBased 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
design life,

The higher temperature limit of less than 500 °F for environments with a basic
pH level is related to the maximum temperature limit imposed on Ferralium
Alloy 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 s for the alloy is
baused 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 Al loy 255 begin to drop of f at 500 °F when exposed for
over 1000 hours. The 500 °F temperatvre limit for four hours was chosen to be

conservative,
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With the conservatism cited above, the corrosion allowance in the vessel and a
2 C - 3
allowable corrosion rate at temperatures less than 120 F, o Ferralium HAIC isg

very conservatively designed to last 300 years, as demonstrated in the

Proprietary Report.
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6.0 BURIAL STRENGTH

The NuPac Enviralloy FL-50/EA-50 High Integrity Container (HTC) 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:
Py = (55 £1)(120 1b/£¢")/(12 in/ft)”
= 45,83 psi

The burial depth at the Barnwell, South Carolina site is & maximum of 25 feet,
which results in an external hydrostatic pressure of 20,83 psi. For the
structural analysis, the Hanford burial pressure will be utilized as a wo-at-

case basis,

6.2 Design Criteria

The allowable component stresses and buckling criteria are derived from Sec-
tion TII of the ASME Boiler and Pressure Vessel Code for Metal Containment
structures and Code Case N-284, Additional guidance has been provided by the
USNRC., Margins of Safety (M.8.) are calculated based on the following
relationship:

M.S, = (s.llo'gble/slctﬂll) S

6-1
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6.3 Allowable Stresses

The physical properties of Ferralium Alloy 255 are given in Section 2.0, Per
the USNRC Staff, the meximum stress intensity should not exceed ASME III

Service Level A limits.

In the buried enviromment, there are two possible configurations of the con-
tainer: nominal and uniformly corroded. From a stress standpoint, the worst
condition is the uniformly corroded container. For either condition, the

allowable stress intensities are:

e General Membrane Stress: w5 S

Py £ 36.67 ksi (252 MPa)

e Local Membrane Stress: Py £ 1.584¢

P £ 55.0 ksi (378 MPa)

o Local Membrane plus Bending: (P + Py) S 1.58

(P, + Py) £ 55.0 ksi (378 MPa)

o S, = 1/3 8, - 36,67 ksi (252 MPa)

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 1oaded

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 plate elements,
ASME Code Case N-284 in conjunction with Subsection NE-3000 will be wvtilized.
For structural steel elements, the Americanm Institute of Steel Construction

(AISC) buckling al lowables will be utilized,

6.4 Analytic Model

The NuPac Enviralloy FL~50/EA-50 HIC was analyzed for displacemerts 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 1id plate, and the internal

vertical support angle.

6.5 Structural Analysis Results

Maximum stress intensities were determined for each component of the con-
tainer, The controlling stress intemsity is the combined bending plus local
membrane stress intensity. All membrane stress intensities were fonnd to be
very low (with subsequent high margins of safety) compared to the combined

membrane and bending stress intenmsities.

The combined local membrane and bending stress intensity (PL + Py) of each
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 margin of safety (M, S.) for the highest stressed

component is also provided for each case.
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Table 6.5.1-1

Container Component Stress Intensities (ksi)

Condition Bottom Side Top Lid Minimum
Nominal
Thickness ' 19.51 |15.21 | 18.45 25.43 +1.16
Corroded 43,90 34.22 41.52 45,20 +0.22
Thickness J J

* Ratioed from corroded thickness analysis.

Note that the requirements of 10 CFR 71.71(¢) for maximum compressive lcad is
less then 25% of the burial pressure that the container is designed and
analyzed to withstand over a 300 year design life. Therefore, this require~
ment is 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 intemsity at the outer shell-end plate joint was found to
be 35.94 ksi, This stress intensity is based . the container in the uni-

formly 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:

M, 8, = (55/19.72) - 1 = +1,79
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From the discussion in Section 5.0, it was determined that the weldments will
perform as well as the base metal, Thevefore, no weld structural problems are

anticipated due to these corrosion effects.

The structural stability of the FL-50/EA~50 has been conservatively demon-
strated for burial in both the vertical and horizontal or side orientations,
In the vertical orientation, the pressure from the soil overburden is reacted
through the internal angle supports and the container shell., The horizontal
orientation is reacted primarily through the container shell, Fach orienta-

tion is discussed separately.

Yertical Ozieptation

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

is assured as long as the stability of the angles i1s 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
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

= 77,830 1bs.

Total Force on Angles = 59,328 1bs.

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 alcone is:

M. 8. = 43,36

For combined axial and bending loading, the internal vertical sopports satisfy

AISC requirements for stability under the 45.83 psi loading.

Therefore, the internal angle supports remain ste»le 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/FA-50 skell is comservatively demon-

strated by assuming a simple cylinder with a uniform hydrostatic pressure

loading.

Horizontal Oxieptaticn

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 considered,

Analyzing for the critical buckling pressure yields 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 stebility has been conserva-

tively demonstrated in the horizontal orientation for both burial sites.

6-6
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Damaged Container Effects

I'he effects of damage on the structural integrity of the FL-50/EA-5(
is not expected to alter the preceding analyses. 'his conclusion is
the resultent container damage of several drop tests of a single

3

As noted in Section 15,0, the maximum deformation that resulted fr

tests was 5/8~inch., From these test observations, very little ¢

1

damage can be expected to occur from any mishandling., However, should ¢

container stein a large amount of damage during use, a separate evaluation
and any necessary repairs will be performed to assure that the structure!

integrity of the container is maintained.

6.6 Conclusion

It has been demonstrated that the NuPac Enviral loy 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 requirements of Section 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
R

of the container is provided in the Proprietary Regport,
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7.0 CREEP EFFECTS

The FL-50/EA-50 HIC is fabricated of high stremgth ferritic-austenitic steel.
Creep effects are negligible for metal lic materials except at extreme tempera-
tures above approximately B00°F, Al1 conditions of HIC usage involve tempera-
tures well below these levels. WHence, creep effects are not a comsideration
in the design of the FL-50/EA-50 HIC,

7-1
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8.0 THERMAL LOADS

Enviralloy FR 255, 1ike other metallic materials, is relatively insensitive to
temperature effects below approximately B00°F. From room temperatures up to
this value, mechanical properties experience gradual, gentle changes, In
general, as temperatures increase, rechanical strength properties reduce while
permissible strair values (elongation) increase. For example, strength pro-
perties at 200°F are 8.6% less than room temperature values and 12.6% less at
400°F, This section describes the thermal environment of the HIC under all
conditions and demonstrates that temperatures remain well below levels of
concern,

8.1 Processing

Loading operations, in general, impose po thermasl loads upon the HIC. One
advanced dewatering mode imposes modest thermal loads, In this mode (& pro~
prietary NiPac procedure) thermal energy is introduced, in sufficient quanti-
ty, tocoi)ensate for energy lost to phase change effects. JTn any case, the
maximum t mperature is well below the 500 °F operating limit which is required

to be obs . rved by the waste generator,
8.2 Storage
Enviralloy HIC's will, in general, be stored within covered radwaste facili-

ties. Occasionally, storage may occur outside, in resiricted and controlled

areas, Storage temperatures are always expected to remain below 180°F,

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, & worst case

conservative analysis has been performed,
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If the stress~free temperature of the container is assumed to he

the container shell would experience a maximum temperature change

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 shel]
wiil result in a plane-stress condition in the support engles., Tf the shell
is assumed to be at the cask temperature and the supports at the stress—free

temperature, the resultant strain, e, will be:

8.357x1074 in/in
converting this strain to a maximum axial stress yields:

25.49 ksi

This stress results in a M, 8, against yielding of:

(80/25,49) - 1
It should be noted that this result is extremely conservative, In actusal
practice, there will be little if any, differential thermal expansion between
any component of the container. Additionally, should any differentizal expan
sion occur, the flexibility of the top and hottom plates will allow for
unrestrained growth, TIn any case, any thermal expansion stresses inm the
container are considered secondary and thus, are self-limiting,

8.4 Burial

The burial temperature envelope at Burnwell and Hanford has been specified as
I P I

20°C + 10° (68°F + 18°F). At this temperature, the Ferralium Alloy 255

material is not affected in any detrimentel manner. The sealing gasket ma-

terial is slso unaffected.




NuPac Enviralloy FL~-50/EA-50 HIC (Mon-Proprietary) (A)

9.0 RADIATION AND ULTRA~VIOLET STABILITY

Ferralium Alloy 255, being a duplex stainless steel, is highly resistant
gamma and ulitraviolet radiation. No reduction in the life of the containes

due t exposure t ultraviolet radiation or to a totel accumulated radiat

dose of lUA rads is anticipated.

Gamma radiation is not known to cause degradation of metallic materials. The
radiation damege to metals which is normally a concern is due to exposure to
neutron radiation (i.e., radiation hardening, swelliprg and embrittlement),
These containers will not contain neutron radiation producing materiale of a
quantity which is detectable, Therefore, radiation res{stance is not a

concern for Ferralium Alloy 255 materials,

The Enviralloy FL-50/FA-50 container easily meets the requirements of
remaining stable when exposed to 108 rads. The actual curie loads carried in
this container will nominally produce a much lower dose rate. The total
radioactive material per container is controlled by USNRC and USDOF require-
ments for allowable radiation levels when transported in their respective

licensed casks.

The only materials that are not Ferralium are the gasket materials 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 gaskets proposed for the container pro=-

vide such a barrier. The lead gasket is totally unaffected by gamma radistion

in excess of 10" rads total accumulative level. The silicon rubber gasket

will suffer some degradation when exposed to an accumunlation of radiation,
However, information presented in literature has verified that at an exposure
dose of 108 rads, 10% compression capability will still remain. Since there
is no mechanism for the gasket material to move from its location when in the

buried state, the gasket will continue to perform as an effective barrier, and
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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 inmstallation

and yet provide a very effective seal,

The other component of the container that is not made from Ferralium is the
vent, The ven. is made from a permeable polymeric material which has very
good rediation resistance in excess of 10% rads. The material does not carry
any load when used as 2 vent in the container, Therefore, any reduction in
strength or elongation that mey occur due to radiation will not affect the

performance of the container,
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10.0 BIODEGRADATION

Biodegradation is not a problem for the Envirelloy FL-50/EA-50 container.
Biodegradation, or biological corrosion, is the deterioration of a metal
occurring directly or indirectly as s result of the activity of living
organisms. Tnese organisms include bacteria and micro forms such as mcld or

fungus,

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 anmerobic organism grows by

reducing sulfate to sulfide accordirg to the following chemical equation:
80,2 + 4H, —=> $72 + 4H,0

The source of hydrogen for this reaction could be cellulose, sugars or other

organic products.

Should the growth of either organism occur, the end-product of the chemical
reactions (i.e., low concentrations of sulfuric acid, ferric bydroxide,
thiosulfiate, sulfate, sulfur or hydrogen sulfide) 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 quantities present in the contaiver. The

generation of any gas, however, will be relieved through the vent (Refer to
Gection 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.
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11.0 TYPE A CRITERIA

Type A criteria requires that packages be capable of withstanding

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 FIC's is intended tc insure a robust, tough containe:

suitable for field use. The HiIC 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 demonstra~
tions. The order of presentation parallels the requirements as listed in 49

CFKR 173.465,

11.1 Vater Spray Test

Since the Envirelloy FL-50/EA~50 HIC is fabricated entirely from a duplex

alloy steel, the water spray/soak test (49 CFR 173.465(b)) is not gpplicable,

More specifically, metallic packages, of stainless steel or duplex 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

criteria (49 CFR 173.465(c)). Al1 drop tests are performed on unyielding

surfaces,

Package Weight (W) Drop Height
FRAERRIRE § | T R i ¢ T T S
W 11,000
11,000 < W < 22,000
22,000 ¢ W £ 33,000

33,000 W
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The FL-50/EA-50 HIC bhas been thoroughly tested to the 4 foot drop requirement
in a variety of critical attifudes or orientations, JIn addition, the con~
tainer has been tested to the special 25 foot drop (soil impact) requirements
of the States of Washington and Sovuth Carolina., Under all test conditions,
the FL-50/TA-50 sustained little damage or plastic deformatior. Essentially
all changes were ‘cosmetic’;, neither structural mnor mechanical, This testing

is described in Section 15.0,

11.3 Compression Test

The compression test consists of applying an opposing pressure to iwo faces of
the package equal to five times gross container weight for a period of 24
houre (49 CFR 173.465(d)). The MuPac Enviralloy FL-50/EA-50 HIC has been
designed fcor burial pressures of 45.83 psi, applied for a period of 300 years.
This pressure is 3.7 vimes greater than the compression test requirement (sce
Section 6.0, Burial Strength, for an svaluation of these far greater burial
pressures)., Thus, the compression test requirements ece satisfied with an

abupndant margin of comnservatism,

11.4 Penetration Test

The six kilogram (13 1b.) steel cylinder penmetration test (49 CFR 173.465(e))
has no effect on the FL-50/EA-50 container. The only indication of impact
with the container is a small scuff mark. This behavior has been demonstrated
by test (refer to Section 15.0),

11.5 Reduced Pressure Design Requirements

The reduced external pressure design requirements of 49 CFR 173.412(i) corres—
ponds to an internal pressure of 11.2 psig. Conformance of the Enviralloy FL-

S50/EA~50 HIC with these requirements is demonstrated by the following more

severe exposures:
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(1) External burial pressures as described in Section
Strength, total 45.83 psi; 4.09 times greater from a
point than this reduced pressure requirements, Fxterna
are more critical because they potentially can introduce comg
buckling or crippling stresses. Intermal pressure differentia
such as the reduced pressure condition, induce less critical ter
stresses. This fact was confirmed by performing a 11.2 psi analy

of the ANSYS Model,

The PIC 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 t«

11.71(¢) (3).
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' 12,0 LIFTING DEVICES

The Enviralloy FL-50/EA-50 Nigh Integrity Container employs either a two or
three point 1ifting fixture geometry. The two point geometry will be the

basis for a worst-case analysis,

The 1ifting lugs are fabricated from Ferralium plate. The attachment of the
lug to the container is achicved with an all-around fillet weld. The overall

lug configuration is shown in Figure 12-1,

1-% DIA

: |

Figure 12-1 Standard Lifting Lug Configuration

12
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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 localized yielding will redistribute the load and hence, will be self

limiting.

Per the NRC staff Branch Technical Position for Figh Integrity Containers,
lifting devices must be capable of withstanding a 3g vertical Joad. This
requirement means that each lifting lug must withstand a vertical load (Fy) of
6300 1bs, The resultant total lug load for a 1ift angle of 60° will then be:

2 = 7275 1bs.
This resultant load also produced & horizontal load of:

Fy = 3638 1bs

At the attachment point to the container (point A), the maximum lug stresscs
will occur due to bending, direct tension, and shear loading. The maximum
bending moment will be produced by the horizontal force component acting at a

distance equal to i(he hole offset plus a portion of shackle pin diameter,

Therefore, the maximum bending moment is:

Mpax = 5532 in.-1bs,

The maximum tensile stress is due to the bending stress plus the direct

tensile stress,
o = 9.73 ksi
The resultant lug shear stress will be

T, " 2.43 ksi
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The resultant margin of safety (M,S.) for these stresses against yield (with

shear yielding equal to 0.6 Sy) will be:
Tensile M.8, = +7.22
Shear M.S, = +18.75
The maximum shear tearout stress and resulatant minimum M.S, will be equal to

tpo = 10.89 ksi

M.S. = +¢3.41
The maximum weld stresc will be due to primary shear stress iu both the
horizontal and vertical directions plus secondary shear stress doe to the

bending moment, The maximum shear stress will then be the vectorial sum of

these shear stresses,

The primary shear stresses will be

: 4 = 4.46 ksi

T = 2.58 ksi

The secondary shear stress in the weld is determined by the torsion formula
and is equal to 4.66 ksi.

The resultant shear stress thenm becomes:
4 = 9,48 ksi
This stress resuolts in a minimum M.S8. of:

M.8. = +4,06
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All other stresses in the lug will lower than the stresses calculated above
M.S

and therefore will have higher M,8,, The shackle and 1ift cable

eesily be computed.

The 1ifting sling connector has a work load capacity of 4000 1bs. and a:

ultimate strength of 24,000 1bs, The M.S. then for the connector is:

+0.98

The aircraft cable has an ultimate stremgth of 14,400 1bs. Using the assumed
load of 7,275 1bs (3 times actual load) and the assumed yield strength for the

cable of 8,640 1bs, gives the minimum M.S, as:

+0.19

An optional lifting device that is designed to be utilized with remote lifting
equipment could be used as a single lifting device for righting containers,
such as in a storage facility., For this condition, the minimum M.S, against

yielding due to shear tearout will be:

Note that the minimum margin of safety occurs in shear tearout of the l1.fting

lug eye. Since this area will fail prior to any other lug area, there will be

n0 detrimental effects to the integrity of the containmer.

The optional 1lifting 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.
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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 surface. The 1id retaining |
ring, or stiffeners, at the center of the upper head, are slotted such that
any water entering this area will draiu back out., All areas of the top head

are designed to be self-draining.

Due to the extreme corrosion resistance of Ferralium Alloy 255 and the use of
a corrosion allowance, the retention of water, should it occur, is not deemed

to be a problem.
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14.0 CLOSURES, SEALS, AND VENTS

The FL-50/EA-50 High Integrity Container has a 24~inch 1id opening at the
center of the container top. The 1id seal is maintained by eight evenly
spaced retaining lugs. The wedged-shape retaining lugs are driven into the
ring which surrounds the 1id, forcing the 1id 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 1id. All closure mechanisms become passive when in the
burial environment; i.e., burial loads ensure that the container remains

sealed.

The closure capabilities to withstand the tranmsportation and handling loads
are described in Section 11,0, Built into the closure design are capabilities
that allow easy, rapid closure, which reduces operator exposurz, To further
reduce the exposure, Nuclear Packaging, Inc. has developed remote closure
equipment for this design. Should it become necessary, the container contents

mey be inspected by driving the retaining lugs out.

For non-tritium waste materials, a silicon rubber gasket is ntilized for the

container seal. The rubber gasket is designed to zllow 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
compression 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
quantities of tritiated waste material without the passive vent., The lead
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.,
Ferralium and lead), and the half-1life of tritium, it can be shown by calcula~
tion that far 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 gamme radiation will exceed 108 rads.
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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
growth per MIL-STD~810B method 508 test. Both of these materials are also

resistant to the chemicals generated by bacteria that may survive by feeding

on other nutrients.

Passive venting of any generuted gases is achkieved through a polymeric plug
(patent pendin,). The vent, shown in Figure 14-1, is installed in the 1id of
the container, minimizing the impact on the structure of the container and tke

possibility of damage from exterior objects. This vent allows the passage of
gases while minimizing the flow of water,

Cut Flush =4 Phillips
After Installation
\ /
\ /

»~ y o y, it il ? Py
///',', /// : o ‘ / A7 IS ]
/// S S S Pl /;, P F AT
x//v //‘/ A A 7y | # /,‘/ AA'I- / {

|
Container Wall - N— Vent

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 maintasin 80% of its strength in 109 rads.
In addition, another study reports only minor reduction in mechanical prope r~
ties. The major reduction occurs in the materials ability to tolerate defor—

mation, In the vent design, the material does not have to tolerate any
deformation.
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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
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 soil to demonstrate vent capabilities in the burial trench. Under
these conditions (soil and water), mo 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
water pressure the vent must resist is undetermined. 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, Wet sites, such as Barnwell, 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 water
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 utilizing a simple, flat seal
design acts as a pressure relief device, Venting via the 1id 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
1id 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

1id and container increases, thus relaxing the compressive force om the seal.

Whenr the gasket relaxes sufficiently and can no longer maintain a seal, the
pressure decreases as the gas leaks out., This reduction in pressure, oOr
burping, allows the 1id 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 1id have

demonstrated this 1id burping.
All closures, seals, and vents provide for a positive seal for all conditions

of use. The components do not impair or compromise the structural stability

of the container under any conditions of use.
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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 1bs., The performance tests included
drop, penetration, and leak tests. The tests were performed in accordance
#ith 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 foot drops on compacted sand. The compacted sand was

actually a surface of compacted sand over a roadbed of compacted gravel.

As part of the test program, a load test of each of the lugs was performed.
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 omne-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 qualified 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 uneble to follow any dynamic elastic deflection of the 1id 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 ~ustained wa- some slight denting of the side wall
after the four foot corner drop and after the twenty-five foot side drop. The
dent 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-
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tening of the impacted side between the two end plates. This denting was a
marimum of 5/8-inch. There was no loss of contents resulting from any of the
drop tests. The 1id maintained a positive closure. To ensure that there was
Do 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 1id that serve as handles were broken at the
welds from the twenty-five foot top down drop. These angles are nonstructural
components of the contaiver and their failure did uot affect the integrity of

the container. Photographs of the drop tests are shown in Appendix B.

The NuFac proprietary dewatering system that is designed for use in the FL-
50/EA-50 container was not installed in the test specimen. However, all
internal protrusions are made of a plastic material which is much softer than
the Ferralium HIC material. All metallic parts are restrained from impacting
the contsiner sides by other dewatering structure or actual dewatered 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.

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
free drop during cold weather, This conclusion is based on the fact that
Ferralium exhibits positive charpy impact valves at temperatures as low as
~400F, 1In 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 conteiner is minimal.
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16.0 QUALITY ASSURANCE PROGRAM

The Enviralloy FL-50/EA-50 container, manufactured by Nuclear Packaging, Inc.,
is controlled by a complete QA System meeting all major QA specifications and
requirements utilized in the United States and Canadian Nuclear Industry.

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

o CSA 7299.2

o CAS 7299.3

In addition, the NRC has issued approval No. 0192 to Muclesr Packaging, Inc.
attesting that the QA System meets the requirements of 10 CFK 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 fur all design, fabrication and operational
activities at NuPac,

The control of container fabrication, storage and use is particuviarly critical
in many areas. The NuPac QA System is designed to respond to all QA require-
ments for all fabrication activity from special ‘one time' projects to high
technology production runs. Therefore, it is well suited to control container
production, storage and use because fabricetion encompasses all facets of

menufacturing and QA expertise.
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The QA System is utilized to assure adherence to container design,

. fabrication, storage and use criteria in the following areas:

8. Inspection and certification of materials in accordance with design

criteria.

35 Raw materials will be inspected for adherence to chemical, physical

and configuration requirements prior to any processing.

- Samples will be taken from raw materials for alloy checks on &
rundom basis or if the available data is questionable., Based on

de ign and performance criteria, these tests will include:

. Physical Tests: These tests will include yield, ultimate and

elongation tests.

. Chemical Tests: Tests will be conducted to determine that

chemical composition adheres to specification,

s. Fandom tests described in item a.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. Poocess control for welding to comply with structural design criteria.

1., All welding procedures, welding personnel and equipment will be
developed and qualified in accordance with Section IX of the ASME
Code as follows:
A welding speciffcation is developed as specified in QW-201.1 of
Section IX. Special consideration is given to essential and non-

essential variables which affect corrosion performance so that

pitting in the heat affected zone cam be prevented. The
specification is prepared in the format specified by QW-482 of
Section IX,
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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 Sectiom IX., 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 required tescs are performed to qualify the weld
procedure and supporting weld specification design. In addition,
coupons welded at the same time are sobjected to s 5 day immersion
test in a 10% ferric chloride solution to verify the weld and heat
affected zones have similar resistance to pitting as does the base
material. The ferric chloride test will also detect sigma phase if

present in large amounts, which is undesirable for impact stremgth,

Upca successful completion of the described tests the weld specifi-

cation end procedure sare upproved and released for production use.

All welding personnel are then required to be tested and qualified
to the epproved welding procedure in sccordsnce with QW-301 of
Section IX of the ASME code prior to welding on any Eaviralloy
fabrication. Coupons are also prepared by each welder during his
qualification tests for immersion in a 10% ferric ckloride solution
for 5 days to assure absence of pitting im the welds and heat

affected zone.

During fabrication, 100% weld inspections are performed in accord-
ance with written, in-process inspection instructions. These 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,
Performence of the required inspection and complete documentation of

the inspectiop results assures that weld pitting or other weld

failure does not occur.
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c.

Inspection and control of fabrication to assure compliance with design

specification and acceptance criteria.

1.

The physical tests described in Sectiom 2.2 will also be utilized as
the first inspection hold point to assure material control during

fabrication.

Additionally, dimensional, configuration and functional checks will

be performed at appropriate points during container fabrication.

All inspection will be performed im accordance with written inspec~
tion planning., All planning will be prepared and approved in strict

accordance with NuPac QA systems procedures and criteria.

Performance control of Nondestructive Testing required to adhere to

design specifications.

ll

The same Inspectionm Planning discussed im ¢.3 will incorporate
requirements, procedures and acceptance criteria for NDT activities

during Enviralloy fabrication.

NDT will include, but not be limited to:

Liquid Penetrant to ASME criteria Section IJI und V of all

closure welds to assure weld integrity to design requirements.

. Magnetic Particle to ASME Criteria Section III and V of all
closure welds to assure weld integrity to design requirements

as .lternate to liquid penet 4at.

. Visuval weld inspection of all welds to ASME Section III and V

criteris.

. Soup bubble tests of all production units will be conducted to
assure configuration and menufacturing qualitv and leak tight-
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NuPac’'s entire program for inspection to assure compliance with material
and construction specifications is do»lineated 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
System and implementing Quality Procedures are designed and administered
to meet the 18 criteria of 10 CFR 71 Subpart H. A complete manual of
detailed provedures for each criteria is required to be utilized by

NuPac's suppliers.

Developmrnt, inspection and control of the handling and storage
environment to assure contiuuved adherence to design and performance

criteria after fabrication end prior to delivery for use.

B9 Damage prevention i.e., denting, gouging, puncture, deforming.

Maintenance of cleanliness.

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
section f.1 usage with appropriste waste streams and proper filling,

sealing, 1lifting, transportation and placement for long term

storage.
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APPENDIX A

Drawings for Enviralloy FL-50/EA-50 HIC
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Photographs of Drop Tests
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Figure B-4 4-Ft. Side Drop
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-Ft. Top Corner Down Drop
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Figure B-9

Bottam Drop

Figure B-8 25-Ft.
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Damage
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APPENDIX C

Quality Assurance Documents

NRC QA Program Approval Letter No., 0192,

NuPac Operating Procedure OM-32, Rev. 2,

NuPac Handling Procedure H-24, Rev. 0,
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71101 of 10 CFR Part 71 This approval 18 suDject 10 4! ap0iICADIe rules. reguiations. and orgers of the Nuciear Regulatory Commission
Now Or harsalie’ 'n e''ect and 10 any conaiions specilied DeOw

) EXPIRATION DATE
Pacific Nuclear Systems/Nuclear Packaging
STREET ADORESS i : December 31, 1990
1010 South 336th Street ¢ DOCKET NUMBER
2P COOE -9
& 71-0192
Federal Way 98003
QUALITY ASSURANCE PROGRAM APPLICATION DATE(S y
1
October 11, 1985
CONDITIONS -

-

Activities conducted under applicable criteria of Suboart H of 10 CF
Part 71 to be executed with regard to transportation packages.

7

A AN R RN R ENENAA A ANRNERNGNF R ENRNANERNA W & W NN WITENENANENREN TR ANENANENEY T ENaE

_AQR THE U.S. NUCLEAR REGULATORY COMMISSION

erW DEC2 § 1885

Charles £, MacDonald
CHIEF. TRAMSPORTATION CERTIFICATION BRANCH DATE
| DIVISION OF FUEL CYCLE AND MATERIAL SAFETY
OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS
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NePac Enviralloy FL-50/EA-50 BIC (Non-Proprietary) (A)

OPERATING PROCEDURE
FOR
ENVIRALLOY UISPOSAL CONTAINERS

WITH SERIES A (WEDGE) CLOSURE

Oi=32

Rev. 0, 12/86

NULCLEAR

& Paeihe Nucey Lomoen

r

ESSENTIAL RELATED NUPAC DOCUMENTS

The following related NuPac document(s) contain operations or
information essential to performance of instructions herein and
must be issued in conjunction with this document:

1. NONE 2.
3. 4.
5. 6.
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Quality Assurance
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Alngta:tuting/ZEfduc:ion
Other
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Document Control/Release

e & /8
Date
v /2 /rk
Date
4(919¢
Date e
o T A
Date
&5 8¢
Date
. 9..5%
Date

Nuciesr Peckaging inc. 1010 Sowth 336in Sreet  Federal Way Wasmingion 98003  (206) B74.2235 Teiex 15266 PNSIUD
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NuPac Enviralloy FL-50/EA-50 HIC (Non-Propri