SURVEY REPORT ON LOW-LEVEL :ASTE SOLIDIFICATION PROCESSES
ND
HIGH INTEGRITY CCONTAINERS (KICs)
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1. Introductian

The purpose of this report is to provide the subcommittee members with a

reference document that presents summary information on LLW solidification

processes and high-integrity containers used to dispose of B and  LLW. Only

processes and centainers that have been or are under active review by the NRC
Staff are included in this summary, Further, the trancportation of LLW and
burial ground prac.ices will not be addressed in this report. It {is planned
that separate reports on these two areas of LLW industry will be preparad in

the near term,

Some sections of the report are not yet available because those vendors have

not yet responded to inquiries for informetion. That information will
continue to be sought and when available will be provided for insertion by

the copyholders.

A detailed analysis of the regulations and staff guidance relating to the
disposal of LLW will not be provided. However, some general comments on them
follow. Part 61 and the Branch Techrical Positions (BTPs) of interest are

included in Appendix A.

Authorization to receive a specific type of waste form from any solidifica-
tion process or HIC at a disposal site is, and was, the responsibility of the
NRC or appropriate agreement state regulatory body. Since the promulgation
of Part 61, the BTPs and other guidance, the NRC staff h.s acted as the
states' technical review organization and has performed a coordinated review

of the proposed sclidification process or HIC designs. The general procedure
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is Lhat the prospective solidification process or HIC vendor submits to the
NRC a Topical Report which details the design of the process or HIC,

Included in the Topical Report are the results of nualification tests on
prototypical processes, materials or units and a justification of fully
meeting a1 regulatory requirements, Upon completion of the NRC staff's
technical evaluation report, with an scceptable finding, the individual
states issue a Certificate of Compliance and the waste form or HIC may be
used for disposal of LLW in 1icensed commercial facilities. In most cases in
the states have issued interim approvals for the use of the HICs and the

disposal of the solidified waste during the review process.

In NPC regulation 10 CFR 6, low level radioactive wastes (LLW) are clas-
sified by their radionuclide content., Sections 61.55(a)(2)(11)and (111)
require that the stability provisions of section 61,56 be applied to the
disposel of class B and C LWH respectively, Section 61.56(b) specifies that
the wastes, as stabilized, or their containers have structural stability to
withstand buria) conditions for land disposal. These regulutions are the
reasons that require either the use of solidification processes or high
integrity containers (MICs) for the disposal of LLW. Various braich
technica! position (BTP) papers and other NRC guidance have e»panded and
given further detai) to the general requirements in 10 CFR Part 61, These
detailed provisions are in large part & result of combining NRC requirements
with industry experience to provide explicit information to guide future
industry usage. For example, the BTP guidancc that solidified waste be able
to withstand a co pressive load »f criginally 50 psi, and now 60 psi, is
related to the industry practices of maximum burial depth at the Richland, WA
site of origi-ally 45 feet which has been changed to 55 feet.
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Some other specific requirements are a result of operational incidents. Most
notably an incident where a polyethylene (PE) HIC got jammed in {ts transpor-
tation rask, due to interna)l pressurization, resulted in the requirement that
211 HIC: have pessive venting :o prevent the build-up of gases which may

cause sw 111ng or distortion of the HIC.



11. Solidification Processes

A. Background Discussion

Approximately 15 topical reports on various solidification processes and the
resulting waste forms have been submitted to the NRC Staff for review and
approval over the past 5 years. Of these, only one, the AZTECH process,
developed by Gereral Electric, has recefved official NRC approval. Note:
Nuclear Packaging bought out all of G.E.'s activities in the low-level waste

area in mid 1987, including the AZTECH process.

The various solidification processes may be divided into two general
categories or classes. They are: 1) Solidification processes in which the
waste itself is chemically involved in the process, that is to say that the
waste 1tself forms a chemical bond with the solidification agent; and %)
Encapsulation techniques in which the waste {tself is not chemically active
in the process, but is, in fact, physically surrounded by the matrix
material. Tne Portland and gyrsum cement based processes are ripresentative
of the former group, while the bitumen and polymerization processes would be

included in the latter,

It may be seen that in the first case the waste materials themselves help
determine the physica) and chemical properties of the final waste form, On
the other hand, in the latter group, the waste materfals probably do not
materially affect the properties of the waste form, until very high waste

loadings are reached. It 1s also worthy of note that some of the



encapsulation processes either completely or largely drive orf any water
contained ir the waste stream and may physically fracture the individual
waste particles. Alternatively, the cement based processes must take into
account the pi :sence of variable fractions of water in the waste streams.
Realization of these intrinsic differences between thesc two types of pro-
cesses jeads to an understanding of some of the reasons for the variable
performance of the waste forms and processes themselves. It shculd be noted
that in either case the resultant solid, the waste form, 1s not homogenous.
The matrix or bonding phase surrounds discrete particles of waste which iay
er may not be chemically beund to the matrix, Thus in the case of the
cem~ntaceous processes the constitution and properties of the matrix may be
quite variable. On the other hand ir the encapculation processes the matrix,
and conseguently the snlidified mass, will tend to have reproducible and

predictable preperties, largely independent of the initial waste material.




B. Chemical Bonding Processes

As noted previously thase processes are largely based upon the use of
Portland cement. One process uses a gypsum cement, but the fundamental
approaches are similar for 211 of the processes. The following sections will
present significant aspects of several processes. All processes require
small scale testing of the specific batch of waste to be solidified, prior to
the start of the processing campaign. This procedure generally involves a
through mixing of the waste, to enhance uniformity, followed by sampling and
the preparation of laboratory scale samples of the ste form. Based upon
this laboratory scale testing, additives, such as iime for pH control, or
emulsifiers to break up of) contaminatfon, may be acced and re-testing
performed, Upon determination of a "suitable" formulation the process
campaign would then be initfated. It should be noted that the principal
criteria for "suitability" 1s whether or not the formulation sets within 24
hours or so, without free standing liquid. Thus, it may be seen that each
waste stream, during each solidification campaign, may produce a product that
nas no guaranteed simiiarity in either chemistry or physical properties o
that prepared during another campaign or in the orfginal testing program for

the topical report da‘a.



1. Westinghouce - Hittman (W-H)

Hittr an was the original organization that developed and m>rketed a solidi-
fication process based upon urea formaldehyde (UF) in the 1970's, This
process snd variants of it were abandrned in the late 70's when it was
discovered that a free 1iquid might result or be released from the solid upon
aging, Hittman ther shifted to a Portland cement based solidification
process. Westinchouse subsequently acquired Hittman and provides both the
solidification service and disposable cask liners or high-integrity contain-

ers HICs) which will be discussed later.

Westinghouse-Hittman will efther sell a utility a packaged solidification
factlity or provide a contract service upon request. In either~case the
process is a batch-type operation with mixing being performed in the final
disposal containers, The geieral size of containers used {s 100 cu ft in
capacity and two such containers can be processed per 8 hour day. The mixing
blades are left in the containers and are not reused. The basic formulation
fs determined as notzd above, but adjustments and/or special additions may be

sade during the fi11ing and mixing operations on an ad hoc basis,




2, LN Technologies Corporation

LN Technologies took over both tie solidification and higk integrity
container (HIC) activities of NUS in late 1987, Their solidification process
uses Portlend cement and will be discussed here. The HIC work will be

reviewed later in this report.

The manazement of LN were contacted directly, as were the other vendors'
managements, tc provide explicit information about their process. LN
provided a very thorough commentary on their process which also gave
sonsiderable insight into the chemically bonded p-ocesses in geneval. For

thet reason the LN discussion included in its entirety as attachment 2-1.

0f particular interest are the paragraphs 2.3 and 2.4 where the varfation in
waste properties anc the sca'e-up from labotatory sized samples to liners are
discussed. Table 2 which presents the waste loadings attained by both weight
and volume percentages is particularly interesting. The weight and volume
percent figures are not calcu..ted on the same basis for the several waste
ctreams considered, Consequently, it 1s not possible to compars the Yigures
directly, For example, the volume percent for 13% and 20% Sodfum Sulfete 1s
69 arc 68% respectively. This means that the final waste form from the 20%
waste stream actually contains some 50% mcre Sodiunm Sulfate. Obviously, then
the plants should evaporate the solutfons 1o maximize the solids loading.
Similar anbiguities exist in the data for the resins, since they are not

necessarily fully dried.



LN SOLIDIFICATION PROCESS

LN provides low-level waste solidification services to ten power
stations in the United States at the current time. A list of the
types and volumes of wastes processed by LN is presented in Table 1.
wWaste loadings for tne various waste formulations are summarized in
Table 2.

The LN solidification process uses Portland Type I cement as the
Linder in stabilizing the wastes. The characteristics and process
variables for the principal types of wastes solidified by LN are
described in Secton 1. Curing provedures and the variations in waste
characteristics are discussed in Section 2.

1. Waste Characteristics
1.1 Boric Acid Concentrates

Evaporator concentrates at PWRs generally contain boric acid in
concentrations varying form 10 to 30%. Other dissolved and suspended
solids are also generally present. LN has boric acid waste forms
qualified to 10 CFR 61 stability criteria in the concentration range
of 0 ¢co 20%, Wastes with higher concentratxions must be diluted down
to < 20% in order to use the LN formulations.

LN formulations for boric acid wastes use the folluwing
additives: hydrated lime, an absorbart, sodium metasilicate and
Portland Type I cement. The lime and metasilicate are used to
neutralize thc boric acid to raise the waste pH to > 10 prior to the
addition of cement. The absorbant s a zeolite which has been found
effective by LN ard others in absorhing cesium and strontium, thereby
increasing the leach indices for these radionuclides. Sodium
metasilicate is used in some wastes to partially neutralize the boric
acid and thereby reduce the amount of lime required. The metasilicate
is particularly useful where the total solids of the waste is high and
fewer solids can be added to the waste without adversely affecting
mixability.

1.2 Scdium Sulfate Concentrates

Evaporator concentration of ion exchange regenerative chemicals
results in sodium sulfate solutions ranging from approximately 15 to
35%, Other solids (primarily suspended matericls) may also be present
up to concentrations of up to 20%. LN has qualified sodium sulfate
waste forms in the range of 13 to 20% to 10 CFR 61 stability
requirements. At present, higher councentrations of sodium sulfates
must be diluted dowa to < 20% in order to use the LN formulation,
Testing to increase the range of sodium sulfate concentrations i
underway.

The following additives are used in the sodium sulfate waste
form: hvdrated lime, fly ash (Class F), and Portland Type 1 cement.
As with other wastes, the lime is used as a neutralization agent while
the fly ash is a pozzolan to decrease the permeability of the
resulting waste form. The lower permeability results in lower
leachability (higher leach indices).
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1.3 lon Exchange Resins

.  Bead-type ion exchange resins consist of cation, anion and mixed
resins with various ratios of the cation to anion components. The
greatest portion of resins used at power stations in contaminated
water systems are strong-acid cation resins in the H' form and
strong-pase anion resins in the OH™ form. During ion exchange
operatinns, the resins are loaded with the species removed from
solution, i.e., lithium and boron in PWRs and vario.s impurities. The
resins typically contain 33 to 40% voids but fines ancd suspended
materials may decrease the void space and the interstitial water.

During process control testing, LN filters resin samples to
determine the volume of interstitial water, then adds the volume of
"additional water" necessary to hydrate the cement used to solidify
the waste. The pE of the resin slurry is then adjusted with lime to a
pH of > 10 and the cement added.

1.4 Filter oSludges

Filter sludges are defined as powdered resins, fibrous material,
powdered activated carbon, etc., used to precoat filter septums. LN
has qualified a number of filter sludge waste forms, in which lime and
cement are used in the solidification process. As described above in
the section on resins, samples of the sludge are filtered to determine
the volume of interstitial water availahle to hydrate the cement
binder. "Additional water" is then added, as necessary, to provide
the required volume of water for hydration. Lime is added to a pH of
10 and then cement is added to complete the solidification.

2. Miscellaneous Discussion
2.1 QOther Additives

Small amounts of a silicon-based antifoam and sodium
metasilicate, uned as a curing accelerator, are sometimes used for
treating troublesome wastes. Testing has been completed which shows
that these additives do not aaversely affect the stability of the
final waste form.

2.2 CQuring Procedures

Cement hydration is an exothermic reaction wihiich produces high
temperatures in full-scal: solidified billets. To approximate these
high “emperatures and accelerate the cure in small-scale samples, LN
places the process contro} test samples in an oven at 160°F for 24
hours. Mindess and Young have shown that curing samples at 140°F for
24 hours is equivalent *o a 28-day cure for normally cured concrete.

Because the small PCP samples of 150 to 250 ml have a much higher
surface-to-volume vatio than the full-scale billets, the samples are
capped to prevent water loss during the curing period. Full-scale
solidified billets are typically capped atter one to three days when
the exotherm has been completed and billet temperatures a-‘e
decreasing.

- concrete, S. Mindess, J.F. Youny, Prent-Hall, Inc., Chapter 11,
p. 312.



2.3 Vvarjation in Waste Characteristics

There is considerable variation in waste characteristics between
different plants. There is also significant varjation in wastes over
time with a specific plant. For example, bead resins from reactor
letdown o: waste processing ion exchangers and filter precoat
materials from condensate polishers are often discharged to a common
holdup tank. The ratio of bead to precoat materials, degree of
exhaustion, amount of suspended materials, etc., may vary widely from
week to week. The ingress of circulating water into contaminated
systems at sea or brackish water plants can also upset normal waste
stream characteristics.

ILN’s waste form gqualification program has been expanded
considerably to test waste formulations with broad variations in waste
solids, oil contamination, deviations in quantities of solidification
additives, etc. The result of this effort i. a comprehensive database
providing an improved understanding of the effects of variations in
waste characteristics on stability. This information is incorporated
in the Process Control Program (PCP) which controls actual waste
solidifications performed at plant sites.

At the present time, variations in waste pH, water content,
solids content and waste concentrations are measured and compensated
for in the PCP. ©0il is limited to a maximum of 1%, below which
stability is unaifected.

2.4 Scale-up to Full-Scale Billexs

The LN »rogram for qualifying waste forms includes a two-step
scale-up process: 1) first 55-gallon cdrums are solidified with a
scaled down mixer, then 2) a full-scale liner is solidified. Core
samples will be taken from the solidified billets after curing for 28
days then immersed for 90 days in demineralized or simulatec seawater
as specified in ANS Standard 16.1. The NRC has indicated that a
full-scale billet of the "worst case" waste form, considered to be
mixed ion exchange resins, is sufficient for the scale-up testing. LN
will likely test other waste forms, however, to better support the
scale-up of small samples to full-scale billets.

This portion of the LN waste form goalification program in
scheduled to be completed over the next four months.



Table 1.

Peactor

No. Iype
1 BWR
2 PWR
3 PWR
4 PWR
5 PWR
6 BWR
7 BWR
8 PWR
9 BWR
10 PWR
11 BWH
12 PWR

Volumes based upon wastes solidified in 1987 and

in 1988.

LN 8- ’:l:l:”:‘ n Vel *

-~ wa.t. -

type

Sodium Sulphates
Bead Resin
Filter S8'udge
Waste 0il

Bead Resin
Activated Carbon

Boric Acid Conc.

Bead Resin
Boric Acid Conc.

Boric Acid Conc.
Filter Sludge

Filter Sludge
Sodium Sulphates

Boric Acid Conc.

Filter Sludge
Sodium Sulfate

Boric Acid Conc.
Bead Resin

Bead Resin

Volume (ft3/yr)

2389
1433
664
242

1167
251

1440

774
1899

2167
514

187
178

8ES

1253
240

2393
120
1524

volumes expected



conc.
Waste Tvpe wt. %
Boric Acials? 10
10
Sodium Sultatcl'2 13
5 3 20
Cation Pesin“’

Anior Rosin2'3

Mixed Resin?’3

Powdex
Ecodex
Ecodex
Ecodex
Notes:
1

2
3

pcu2: 3

p202H% 3
P203K2 /3
§£022+3

Table 2.

Waste Loadlings

~-Loading(wt §)=--
Low

46
49

48
48
33
38
34
42
18
16

23

50
54

22
52
36
43
39
48
22
19

29

48
52

50
50
34
40
36
45
20
17

26

-=-Loading(vol %)=~

Low High
70 73
70 74
68 71
67 70
67 73
75 82
71 79
74 83
69 79
67 75
73 84

weight § = (wt. of waste/wt. of final product)*100

volume & = (vol. of waste/vol. of final product)*100
weight § = (wt. of moist resin/wt. of final producxt)+*100

Ave

71
72

69
6R
70
79
78
78
74
71

78



3. Chem-Muclear Services Inc., (CNSI)

CNS] hes provided a detailed statement of their activities and capabilities
which is attacheo as attachment 3-1, It Jescribes, in general terms, the
varfous formulations that they have developed to solidify the various LLW
streams coming from a nuclear power plant. In addition, they have talulated
some of the additives that they mey use. These additives were nct
specifically identified 2t my request ~ince 1 did nct wish to include

proprietary information in this report.

It snould be noted that where the term “certified" 1s used that it refers to
certification by CNS] that to the best of their knowledge the formuiation
meets the NRC specifications, It does not mean that the NRC staff,
specifically NMSS-DLLW, has certified the formulation.



CHEM-NUCLEAR SYSTEMS! INC.

. 220 Stonendge Drive ¢ Columbia, §auth Carolina 29210

January 20, 1988
RAPASS/5814r

Dr, Sidney J.S5, Parry

ACRS Senfor Fellow

United States Muclear Regulatory
Comission

Advisory Comittee on Reactcr Safeguards

Washington, DC 20555

Dear Dr, Parry:

1 appreciate the time you took the other day on the phone to explain the
reasons for and needs of your review of various practices in the management of
Tow level radioactive waste,

Chem-Nuclear Systems, Inc. (CNSI) 1is the largest single supplier of
low-level radicactive waste processing and tr:. sportatfon services ! the
nited States, (NS! provided full or partial waste processing services to
approximately 35 of the operating 52 commercial utility sites in 1986 and
1987, More specifically, CNS! provided complete “stabiliz-tfon" for aqueous
wastes of 140,000 cubic feet of estimated 250,000 cubic feet requiring
solidificatior. or stabilization in 1986, CNSI “stabilizes" wastes using
¢ross-11inked polyethylene High Integrity Containers or certified cement based
formulas, CNS! currently has 35 certified formulas certified to 10 CFR Part
61 Waste Form Branch Technical Position, Attachment #1, A varfety of
additives are used to meet the solidification stability requirements,
Additives such as boric acid are used to slow the hydration and reduce
exotherm which eliminates final product cracking and subsequent faflures,
Other additives are fdentified on the Attachment #2 with the specific purpose
for each, Cement or cement and 1ime combinatfons alone without additives,
have been proven fneffective in meeting the long term stability requirements
fn most waste forms uynless the waste loading efficiency is reduced to such an
extent as to render the process uneconomical, due to the extremely Tow waste

loadings.

CNS1 solidififes and stabilizes wastes with, Process Control Program and
Equipment approved by the USMC in Topical Report CNSI-2(P)4313-01354-01
Attachment #3, and operated by (NS! trained technicians,

Attachments #4 and #5 are the testing protocol and a generic drawing of
cur High Integrity Containers., For your informatfon we utilize approximately
650 MIC's of various sizes per year,

(5814r)

(B03) 256-0450 o Telex 216047



I hope that this information and the attachment: will be useful to you.
© If you have any questions or if I can be of any further assistance please feel
free to contact me,

As 1 mentioned during our conversatfon, I would also 1ike to take this
opportunity to invite you, other staff members and the ACRS to visit our site
and operations in Barnwe'l, South Carolina., We would be glad to show you 1n
detail both HIC and waste form testing, the operator training and maintenance
programs, as well as the other activities associated with the processing,
packaging, transportation and disposal of Tow Tevel radioactive waste.

S‘ncerely,

[ttt

David G. Ebenhack

Vice Presicent,
Regulatory Affairs and
Site Strategies

PGE/as

pttachment 1: (NSS! List of Waste Forms Meeting 1OCFRE] Stability Requirements
Attachment 2: CNS! Partia) List of Additives Used In Stabilizing
Aqueous Wastes With Cement To Meet 10 CFR Part

61 Waste Form Stabflity Requirements

Attachment 3: NRC Letter of Acceptance For Referencing of Licensing Topical
CNS1-2(P) Rev,2, CNS1-2 NP Rev, 2 (4373-01354-01)
Mob{le Cement Solidification Plant

Attachment 4: HIC Qualification Testing
Attachment 8: PBRlueprint (-900-D-0010 Revisfon A

(5814r)




Attachment 1

CHEM-NUCLEAR SYSTEMS, INC.
mmm&mumwmm

Mm

Waste Loading
Percent . Naste Binder

By Volume) _Composition Iype
YPRR-E6" 66 12% Boric Acid Cement
"PHR-66(P-20)" 66 12% Boric Acid P-20
"PHR-72J" 72 12% Roric Alld Cement
“30% Borate (PMC/A-27)" 74 30 weut. BA PMC
"50% Borate (N-24)" 85 £0% Neut. BA P-20
"12% Cold Borate (P-20)" 69 12% Neut. BA P-20
"12% Kot Boric (®.B.R.)" 73 12% Boric Acid Cement
gHR LQ';Q{NTRATES
'BHR-69" £9 25% Sodiun Svifate Cement
"BHR-74" 74 15% Sodium Sulfate P-20
RESIN BEADS
"Resin 'A'" s8 MR~3 Slurry Cement
"32% Resin 'A', 10% M-5" 72 MR-3 Slurry Cement
“32% Resin 'A', (P-20)" 72 MR-3 Slurry P-20
“80% Bsads (PMC)" 80 MR-3 Slurry PMC
"80% Beads/50% Charcoal” 78 Charcoal/Resin P-20

Bead Slurry

PARTICLE WASTES
"Powdex 'B'" 68 powdex Slurry Cement
"Charcoal, (P-2O)" 60 Charcoal Slurry P-20
"D.E./Fez03" 74 D.E. Slurry Cement
"Q0% fcodex, 10% Powdex™ 73 Ecodex/Powdex Slurry P=20
"§0% Powdex, 10% Ecodex” 73 Powdex/Ecodex Slurry P-20
"g0% D.E., 10% Ecodex"” 78 D.E./Ecodex Slurry p-20

NOTE: The waste loading values for resin bevad or particulate slurries
represent waste on a “"settled” basis. An{ water required above the
settled solid for mixing purposes is not in

¢cluded.




CHEM-NUCLEAR SYSTEMS, INC.

181! N
Haste Loading
Percent
SBy Volyme)
“100% RB/25S" 100
| \ Al s

*“100% NS-1" £s
“NT-75" 70
“AP On Beads" 74
"Citrox On Beads" 75
“LOM]I On Beads" 70
“Special EPR] Beads” 7%
11§ ANE O ODUCTY

“Lubricating 011 (Drums)" 40
"1n-Situ Cement (Boric/S-4)" N/A
“in-Situ PMC" N/A
“Concentrated Floor Drains” 75
“Special 1P-2 Sludge" €6
“33% West Valley 011" 33
“TMl Sludge, React. Bldg.” 74
“TMl Sludge, Aux. Bldg." 73

Waste
—Composition

Page 2
Attachment 1

Binder
Iype

MR-3 Slurry & 5-25%
Sodium Sulfate

100% NS-1 (Liquid)
NT-75 (Liquid)
“AP" On Beads
"Citrox" On Beads
"LOMI" On Beads
vVarious Chelates

Lube 011
N/A
N/A
Conc., Salts, Soap,
Dirt, Etc.
Dirt, Charcoal, Etc.
Fluid Organic 04
Blend
Metal salts, silica,
¢
Meta) salts, silica
etc.

P-20

Cement
Cement
P-20
P-20
P-20
P-20

Cement
Cement

P-20

P-20
Cement

P-20
P-20



Attachment 2

CHEM-NUCLEAR SYSTEMS, INC.
PARTIAL L1ST OF ADDITIVES USED IN STABILIZING
ATUTTTUS WASTES WITH CEMENT TO MEET 10 CFR PART
61 WASTE FORM STABILITY REQUIREMENTS

Cement (Normally Portland 1)

Lime:

p-20:

M-5:

PMC

N-24:

B-30:

A-27:

§-3, S-7:

S-4:
pP-100:

(5814r)

Used to adjust pH (not always used)

Modified Portland Cement used for several reasons but needed to
prevent swelling of solidified resins beads whe- final product 1s
long term contact with water, Also reduces leaching.

Additives used with Portland Cement to accomplish same effect as
p-20, above, exhibits pozalonic activity.

Cementious formula used to stahilize very concentrated boric acid
waste loadings, Also useful with bear resin,

(Patented) Allows Figh waste loadings of boric acio waste,

Used for decontamnation solutfon acids to meet stability
requirements, fe phosphoric acids,

Used for EDTA (DECON) solutifons as a chelate treatment prior to
stabilization,

Used for waste oi) erulsification prior to stabilization,
Accelerator for normally slow setting wastes,

Pozalonic additive used to {improve +vinal cement product
properties,



l"P"

CHEM-NUCLEAR SYSTEMS, INC

C
‘gi. “‘0“
& K UNITED STATES , [AJ

) £ \ NUCLEAR REGULATORY COMMIS .., .
\ f.' ’/ WASHINGTON, D. C. 20858
e APR 77 183

Mr. James P, Staehr, Director
Chen-Kuclear Systems, nc.
P. 0. Box 1866

Bellevue, WA $5B0OS

Dear Mr, Staehr:
Subject: Acceptance for Referencing of Licensing Topical lcgort
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€. Encapsulation Processes

The encapsulation processes use organic binders rather than inorganic
materials zuch as Portland cement. At the present time there are four such
processe, in use or proposed for use in the reactors. Only one of these, the
AZTECN process, has been approved by the NRC Staff, There are two general
groupings of binders, the asphaltic or bitumenous materials and the
monomer/polymeric substances. In several of the processes the mixtures are
heated and 2 vacuum is applied thus efther wholly or largely removing the
water contained in the waste. In a1) cases the resulting solidified material
cortaining the waste consists of finely dispersed waste particles surrounded
by an inert binder which forms a continuous matrix. Thus, the binder or
matrix determines the general physical properties until very high loadings of
waste are reached. As a consequence the reproducibility and uniformity of
physical properties might be expected to be better than that of the
chemice)ly bonded raterials. Further, since the aqueous portion ot ihe waste
streams 15 eliminated ir several ~f these processes the volume of material

placed in the disposal site 1s generally less than the initial velume of the

waste,




1. Associated Technologies Inc. (ATL)

The Associated Technologies Inc. (ATi) process for solidifying low-level
radioactive waste was developed by SGN (Societe Generile pour les Techniques
Nouvelles), a French company. The process uses bitumen as the encapsulating
or Linder phase and¢ the processing {s performed in a vertical thin film
evaporator, The waste stream and the bitumen are separately introduced into
the evaporator, where the mixing occurs. The waste stream i3 homogenized and
pre-treated in separate tanks prior to the evaporator. The evaporator
operates at temperatures between 140° and 200°C., As a result all water and
volatile constituents of the waste are driven off 4nd the resultant waste
maierial corsist of a dry solid embedded in the bitumen, which so’idifies
upon cooling., A copy of descriptive 1iterature pruQided by ATI {s attached
for further details (attachmert 1-1). An alternative process using & screw

extruder is described therein,

AT has generally provided sclidification services to utilities cn a contract
basis, using robile equipment, but has a contract for the permanent installa-
tion of systems at Vepco's Surry and North Anna plants. It is worthy to note
that ATl is a subsidiary of Amcrican Ecology who also owns U.S. Ecology,

which operstes the Hanford and Beutty dispcsal sites.
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The embedaing into bitumen of sludges. The CEA Group haos developed a simple

concenr'‘rates, spent-ion-@xchange resins ond continuous one-siep process based on a thin-
ashes encountered in rodwaste treatment is film eveporator and using the "direct

one of the bes! methogs for final disposal of distiligtion ' bituman. it was first put into

woste Provided thot the chemical operation at Mar.oule (France) in 1967 and
composition of the salts hos been checked for has operated successfully since then in 7
sofe operation, the bitumen pProcess remains dif/erent plonts ; 3 more plants are being
relatively independent of the waste designed

composition
A new continuous two-step process under

The wa'a is evoporoied during the process so development in SGN labotatories operates
that high volume reduction and with mixers which accep! various types of
homogenecus dispersion of the solts in the coating agents, porticularly the harder
bitymen Ore oblained "blown” bl.umens generally chosen for the
Although using @ cheap moterigl tor the mote highly radiooctive wastes. It con be
immot ilizQtion of the rodicQctivity, the process instolled more eqsily 1or versatile mobile units

produces bIocks having exce «nt qualities in
terms of leochability and ogeing
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highly rel.Qble ou! yeQ equipment
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OPERATING PARAMETERS

&« Was.e origins ' various o Opecating temperature : < 160°C (320° F)
(nuclear power plants, enrichment and fuel on product for thir-film eveporation
reprocessing plants, research laboratories...) o Embedcing perforinance® .

o Effluen! types : miscel'aneous o, B, y emitters Jor concenirates : up 1o 30 % salts in weight
fup to some Ci/l) Jor ion-exchange resins ; | volume of

o Eveporaiion capacity : 30 10 25C !/hr embedded waste for | volume of 100 % settled

A

*Cor capacitie: can be designed —
a Drum fillig performane :
., beiter then 90 %

o Eguiv 'ent A 200 iamination factor > |O?
Jrom feoe w0 d stilicte)
' llare wsuolly needs secondary
treg/meni ¢r recycling * see embedded product quality on the last page
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The Dituminizohion Process shown obove |8
based on o vertical Luwo-type thin-film
evapoIate! especiolly adopted 10 the nuciec:
ingystry

WASTE FEEDING

Two 1anks ore insialied for resin ond
concentrale storoge. homogenization und
somiing . odation of reagents is possibie
wheneve' o pretreaim~ 1 is needed The
bead resins ore preferabiy Qround belore
being fed in1o the evoporatyr

The woste feewing rate is monitored bv @
metering system ond the bitumen feeaing rate
is fixed Qccorging o @ given ratio f dry
exirac! - 10 - bitumen

£ VAPORATION

The evanorator is heated by O Llosed ol
circul! for ease and versatility of operation
T™is oil is rormally heated electrically

The bitumen storage and melting tank May
be heoled by the same circuit or by steam

The evanorator consists mainly of 0 vertical
heated Jdinger fited with o areplet

centity: " separator on fop Rotor blodes
spread the midture of woste and bitumen onto
the heated waoll where it flows downwads in @
spiral path and undergoes O highly viQorous
mixing

The erbedded wo. e is discharged through ©
special valve into the grums ploced on 0
turntable The temperature of the product is
continuously monitored ot dischorge ¢nd is 0
nood means of control of the embeading
process

DRUMMING

The drums are normally filled in two steps with
on intermediote cooling stage 10 ensure Q
more complete use of the Jrum volume, the
block retracting 0s it cools The filling leve! s
outomatically controlied

The turntable system can be reploced by O
lineqr transport system it Jdesired

MSTILLATE RELEASE

The vapours are condensed and cortrolied
pefore discharge of recycling Residual ol
entrainments are kep! 10 0 minimum by
settling or \.Itrgtion

FIRE SAFETY

A fire protection system is inCl ) the
process

MAINTENANCE

Periodic cleaning of the @\ dporation system is
carried it by circulating pure biturren
Solvent cleaning is poss ble prior 1o
maintenance
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2. Pacific Nuclear

The AZTECH process was originaily develooed by the General Electric Co. They
submitted the original topical report on the prozess which has been approad
by the NRC Staff. This report is in fact the only topical report on a waste
solidification process which has received NRC Staff approval. Subsequent to
the approval of the report GE sold the process, with other LLW activities, to

Pecific Nuclear who now markets the process.

The process o~nsists of mixing a moncmer, vinyl toluene (VT), with the waste
and then heating the mixture and driving off the excess VT and contained
water under a vacuum, A polyester and promoter are mixed with the VT coated
waste and then a catelyst is added. Polymerization fs initiated and the

mixture is then pcured into & cisposal container to solidify.

i1-9



3. DOW Chemica)

The DOW process uses a vinyl ester mixed with a styrene monomer a:¢ the basic
binder. It 15 conventionally blended with the untrested waste in the dis-
posal container, Once the mixture is homogenized a suitable catalyst and
pronoter are added and stirring 1s continued until polymerization is
fnitiated. Then the stirrer {s either disengaged and left in the mixture or
1t s withdraws. The solidification proceeds and a monr*ithic solid results,
A ratio of 1.5/1, waste to binder, has been demonstrated, This “ncludes the
water contained in the initial waste. Apparently the mixing operation
requires visual observation and adjustment of the catalyst and promoter

sdditions.

The process is licensed to the individual utilities by DOW. DOW will provide
start-up essistance, but does not perform the solidification ftself. The
process ‘s in use, or has been used in some four or five plants, both PWR and
BWR, Waste loadings of 30 to 40% are normal, In several cases it 1s used in
corjunction with an incinerator, solidifying the resultant ash. Because of
the cost of the reacerts it 1s a relatively expensive process. Generally the
waste 1s cast into 55 gal drums but containers up to € high and 6' in
diameter have beer successfully used. The process 1s apparently

straightforwerd to use and flexib.e in application,
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4. Waste C'om
Attached 1s a schematic drawing of Waste Chem's process for solidifying LLW

in bitumen., It is based on German technology and uses an imported extruder.

It appears to be quite similar to the ATI alternative system described in

AT]'s 1{terature., Like that process 1t appears that the product will L~

water free, highly uniform with a relatively high loading of waste. Also

atteched 1s some Waste Cner literature which provides some details. (sce

attachment 4-1),

-1
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111, High Integrity Containers (HICs)

A. Background Discussion

There are six specific vendors either supplying or planning to supply HICs
who have formally interfaced with the NRC. Three vendors, Chem-Nuclear
Services, Inc. (CNSI), Westinghouse-Hittman and TFZ Nuclear Associates, Inc.
(TFC), produce polyethylene (PE) units of comparable size and design, which
ere believes to he fabricated by the same rotational molding fabricator. The
Nuclea~ Packaging (NUPAC) HIC 1s the only all metal unit in service and it is
mece of a special stainless steel. Nuclear Packaging also produces a PE HIC
that 1s only suitable for use at Barnwell, (This limitation applies to all
PE HIC's and will be discussed in dztail later). LN Industries and Chichibu

Cement produce composite HICs whose designs will be discussed below,

Only two of 2all of the above KICs have recefved formal KRC acceptance. They

3 capacity), and the

are one o/ Nuclear Packaging designs, the FL50 (5C ft
Chichibu designs for 200 anc 40C liter units made of 2 specisl concrete. The
LN comprsite design, a PE inner liner with a stainless steel nuter shell
recently was submitted to NRC for review. On tho other hand, all of the 2E
desigrs and the other Nuclear Packaging designs have Leen under review by

NRC for 2-3 years and stil] have not been formally accepted by the NRC,
However, the PE HI1Cs have been granted interim disposal juthorizetion by

3

Scith Carolina and NUPAC HICs other than the 50ft” size have received 2

similar dispensation from Washinaton state,

1=




The principal advantage of all the polyethylene HICs appears to be cost, when
compared to the metallic and conposite units, While they do demonstrate
excellent corrosfor characteristics with respect to groundwater and/or soil
cenditions, they do show sensitivity to varfous orjanic materials and cere

must be taken as to the composition of wastes put into polyethylene HICs.

Conversely, thase units have several disadvantages which have held up their
fornal NRC acceptance. These are the continuing concerns over the tenlercy
of polyethylene to deform or creep under 2applied stresses, causing buckling
fatlures and stress cracking, As noted previously, one of these characteris-
tics was first demons'rated wher 2 polyethylere HIC deformc ) in a transporta-
tion cask and became wedged in the cask. The internal pressurization was
caused by gas generated by either radiolysis or biological Jegradation., As a
result of this incident all MICs are now required to have passive vents that
will permit free movement of air or gases into and out o the KiCs, while
1imiting ingress of water and egress of wastes, This {is generally

accomplished by the provision of passive venty in the wall or top of the HIC,

Structural analyses have been made of the long-term performance of
polyethylene HICs. Appendix B is a Bruokhaven Nutional Laboratory (BNL)
draft study for NRC that concluded that polyethylene HICs are not suitable
for long-term dispose) by burial in their present design, that s, un-
stiffened. An earlier report (Appendix L) by the Engineering Design and
Testing Corp, for NUS Process Services, Inc. had previcusly reached the same
conclusion., The PE HIC vendors have strongly opposed these opinfons. For
e<ample, they have pointed out that the studies failed to take into account
the strengthening effect of the contents of the HICs, Regardless of the
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conciusion of *he analyses and presertations of the vendors considerable
uncertainty as to the s.itability of polyethylene as a materia) of con-
structfon sti1) exists at NRC, I* should be stressed that the concern is not
initia)ly over the expectation that the HICs would rupture and permit the
waste to b: leached by groundwater. The initia) concern 1s that 1f the HICs
reform, thun the backfil) above the HICs could settle and develop a "bathtub®
shape, thus anhancing the collection and retention of water in the trenches.
This, when coupled with failure of the HIC, wil) tend to enhance the movement

of radioruclides into the ground water.

The NRC Staff i¢ actively pursuing this matter and no: rrovided further
guidance on the use of PE KICs (see Appencix D). Further, the NRC has
requested the PE HIC vendors to perform additional analyses of their designs

and demorstrate that the HICs wil) perform properly (see Appendix E).

An important restriction on the design of MICs comes from the size and weight
Timitations of the transport casks used to contain the waste containers
during transportation. This will be noted in the comparable size of the HICs
from different vendors, A partial listing of the interior dimensions of

cormercial transportation casks 1s given in Table A-l,
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Table A-1 -- Date for Standarc Shipping Casks

Cask Inside Inside
Designation Dismeter, in, Height, in,

14-170 75.5 73
10-135 65.5 72
8-120 01 75

7100 75.%5 40.7%




B. H!C Vendors

1. Ches-Nuclear Systems, Inc, (CNSI)

Chem-Kuclear has a unfque position in the low-level radicactive waste dis-
posal industry, It is the only company that 1) prevides solidification
systems or services on 2 lerse or turn-key basis; 2) provides radwaste
handling and ¢isposal services: 3) markets MICs and other containers, and 4)
operates o disposal facility at Barnweli, South Carolina., The operation of
the Barnwell disposal facility 1s beyond the scope of this report.

Nominal wel) thickness for the containers is 1/2-inch with th: sxception of
the overpack 11d which 1s 1/4-inch. The containers are minufactured from
Phil1ips Chemica) Company Marlex CL-100 cross-linked polyethylene using @
rotatfional molding process. The shape of the HIC's 1s 2 right cylinder with
2 torospherical, or domed, heed. Depending on the waste placed in the
container the bottom may be flat or a 5§ degree cone, In addition to the
HIC's, Chem-Nuclear 21so offers liners made of polyethylene, Tables 1-1, 2,
3 presents a summary of the size and capacity dat: on the CNSI HiCs and

1iners.
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Table 1-1 -« CNSI HICs - Flat Bottom Size and Capacity

vor (1t%) Gross
Designation  Diameter(in.)  Height(in ) {nner outer  MWeight(lbs.)

PL 6-80 §7 56 73 83 5,000
PL 7-100 2.5 39 7 12 6,250
kL 8-120 60 73 108 120 7,500
PL 14-170 12.% 71 150 1N 10,800
PL 14.168 74 17.5 171 164 2,200
PL 21-300 80 107.5 285 34 16,750

Table 12 «« CNST WICs - Con“ca) Bottom Size and Capacity

vol (ft%)  Gross
Designation  Dismeter(in.;  Height(in.) {inrer outer Weight(1bs.)

PL 4-83R & oe 74 84 §,300
PL €-80R LY L1 70 83 5,000
PL 7-100R 72,5 8 69 94 6,250
PL 8-120R 60 72 103 120 7,500
PL 14-170R 72.% 70 143 17N 10,700
PL 14-195R 74 76.5 164 194 12,200

PL 21-300R 80 106.5 86 314 18,750




Table 1-3 -« CSNI Liners Size and Capacity

Vol (ft%) Gross
Designation  Diameter(in,)  Height(in,) inner outer Weight(1bs.)

Small 33 57 24 28 2,500
Mecium 33 78 34 38 «,500
Large 33 8% ? 42 3,500

L]

Three different closure designs are utilized., The 1/4-inch fine thread
closure consists of a 1/4-inch square thread, two threads per inch, with a
double lead in, Seeling 1s accomplished by & 11d 11p that fits into 2 groove
in the container throat, The groove 15 filled with 3M DS-800 duct sealer
which prevides an effective seal when cured, A second design, 3/4-inch
coar.e thread, employs 2 3/4-inch course, single lead in thread. Sealing is
accomplished by compressing a 1/2-inch polyethylene gasket, Gasket com-
pression 1s achieved by utilizirg polyethylene compression plates to transfer
pressure from the 1id to the gasket, The buttress thread design employs a
7-degree by 45-degree Fmerican National standard buttress thread. A double
jead 1n thread 1s used, Sealing 1s accomplished by compressing a "U shape"
EPOM gasket resting in a seal cup in the container throat, The 1/4-inch fine
thread, 3/4-inch coarse thread, and buttress thread are employed on the

standard containers, The overpack employs ‘b« buttress thread only,

The standard containers receive & polyurethene foamed flat top. This is
required in order to provide a meéthod of container stacking, The con-

fcal-bottomed vessels receive a foamed flat bottom equivalent to the foamed
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top. Lifting and handling of the vessels is -:complished by utilizing a
carbon steel T1ifting bask2t and 11fting cables. Passive venting 1s accom-

plished through the threaded plug.
In CNS1's recent submission, they noted that their annval use of HIC's is

approximetely 650 a year. In additlion they provided a “"testing protocol”
which 1s attached as attachment 1-1,
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3.

HIC QUALIFICATION TESTINC

Basic testing 1s required for Type "A* packages as given in 49 CFR
173,398(b).

Ma jor test elements consist of:

Reduced presswre of 0,25 atmosphere absolute (simulate by gnuwiung
the container to achieve the equivalent pressure differential),

Drop test from 4 feet, Later changed to 20' - 25' per SC DHEC
requirements, Containers are dropped flat bottom, flat top, side,
bottom corner, and top corner, No loss of contents s allowed,
Compression test, This test s not required on rdugo weighing more
than 10,000 pounds but we performed this testing lieu of a burfal test
requested by South Carolina DKEC.

Penetration test., Sta~dard drop of 40" by 1 1/2* diameter, 13 pound
hemispherical end steel rod.

Other testing:
Cold - 40° F,

Mot water test - Container filled with water at 185° F and loaded into
cask to deronstrate no slumping of container,

Lifting test - Abrupt 1ifting and free )ine fall with abrupt stop.

(5814r)




¢, Nestinghouse-Hittman Nuclear Inc, (W-H)

W-H produces the RADLOK 1ine of HICs., They are similar to the Chem-Nuclear
and TFC units in that they are right circular cylinders f*bricated from
rotationally molded polyethylene, Table 2-1 summarizes the sizes of the
available W-H units,

Table 21 -~ W-H RADLOK HICs - Sizes ard Specifications

Vol (ft%) Gross
Designation  Diameter(in.)  Height(in.) inner Weight{1bs,)
85 (1) a3 35.5 6 950
200 (2) 82 60 87 5,500
100 (2) 72 7 128 10,500

(1) stiffened ends

(2) dome head, flat or convex bottom

As noted above all HICs are subject to size 1imitations based on the capac-
fties of the existing approved shielded transportation casks, As a result,

there 1s a similarity between the W-H 100 and the CNSI PL 14-170 KICs., Alse

as with the other HIC suppliers the material of construction of the W-H HICs
fs Fai)Yips' Marlex CL-100,




3. TFC Nuclear Associates Irc, (TFC)

TFC merkets the NUKIC Vine of PE HiICs which have the shape of a right circu-
lar cylinder. The available dimensions are gi 'en in Tadle 3-1,

Table 3-1 -~ Size and Capacity of NUHIC HICs

External
Designation  Diameter(in.,) Height(in.)  Wall(in,) Volume (fg’]

NUKIC 8§ 23,75 3% 0.375 9
NUHIC 20 n/a n/a n/a 80
NUHIC 120 70 72 0.625 120

n/a - not evailable

Access to the HICs 1s through a cap in the top. Two cap diameters are
avilable, 8" ard 16", After filling, the caps are screwed into place and
sealed by varfous achesives. Venting is accomplished by 4-1/2" dismeter vent
plugs in the top of the HIC. The vent plugs use plastic milipore filter
material to allow the passece of guses and to minimize water entering the
HIC. Phillips' Marlex CL-100 1s 1isted as a material of construction of the
MIC., For this vendor, the size similarity between the NUHIC-120 and the W-H
100 and CNSI's PL 14-170 s also apparently based upon cask internal

111-10




dimensions., Lifting and handling o' the NUKIC units 1s accomplished by @
11fting ring and wire cables in a manner similar to that used by either CNSI
Or u'No
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4. LN Technologies Corporation (formerly NUS Services)

LN Technologies Corporation (LN) is the most recent entrant into the HIC
market. The predecessor of LN was NUS Process Services Corp. who developed a
cementacecus process for solidifying LIW and also fnvestigated the feasibil-
fty of using a polyethylene HIC. The KUS experience and LN position {is
sunmarized in letters of 3/20/87 and 9/16/87 (attachments 4-1 and 4-2), In
summary LN concluded that unreinforced polyethylene would be unsuitable for
HiCs (see Appondii B) and they indicated that they would no longer pursuc an
all PE MIC design. As a result they proceeded to work toward developing a
composite HIC consisting of » 316 stainless stee) (SS) outer casing, 1ined
with rotatfcnally molced polyethylene, These activities and the logic behind

the development effort are summarized in attachments 4.2 and 4.3,

The LN cesign 1s basically a right cylinder with domed top and bottom,

Access 1s through the top. Two 1ids, an inner one of polyethylene and an
outer one of 316 SS, provide closure, Venting of the interfor 1s accom-
plished through two plug vents using carbun filters. One vent is in the
pclyethylene 11d and the second is in the neck of the access hole in the SS
shell, The Yids are closed nechanically and no special sealing materials,
such as gaskets, are used. The specifications for the LN composite HIC's are

given ir Table 4.2,
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Table 4-2 -« LN Composite HICs - Dimensions and Capacities

Internal Disposal Max
HIC Height Diameter Volume, Yolume, Empty  Gross
pestg. i n. rt? £ Wi, 1b Nt b
LN=1. o 72,8 158.2 179.2 2230 14,00V
LN-131K  64.5 n 114.3 131.2 1880 10,000
LN-118H 60 74 100.4 11e.3 1840 9,500
LN-96H 74.5 36.75 72.% §5.8 1450 7,000

LN has submitted 1ts topical report on its compusite Hil to the NRC in
Septerber, 1987, It is urknown whether or not they will attempt to obtain
interim approva' for the use of their units at Barnwell and Richland, pending

KRC review, but 1t appears 1ikely that they may do so.
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RE. PBelveshviene Migh Integrity Containers

Dear Sir.

Thig latter is intended to review the current status of
poivethviene HICs, as LN Technologies understends it, and tou aguaiit
you with our position regarding their use.

LN recognizes the conflicting opinions presentec by various
experts on the suitability of polyethylene as a HIC materisl. We
further reccgnize that detailed designs and asnalyses for polyethylene
hICs have been submitted. Unless it is determined that polyethylene
is unsuitable a5 material of construction for HIC's, LN preposes to
re-adopt the use of suitably licarsed polyethylene HICs as part of our
bugsiness.

Backgroung

if 198«. NUE Frocess Services Corp. (NUSFSC), # predecessor
companry of LN Technclcgies Corporation (LN), approached a leading
producer of high density polyethylene pipe regarding the fatirication
of HICs for use in low-level radicactive waste disposal. The producer
strongly indiceted that polyvethylene, in the thickness proposed, would
be inadeguate to survive burial under the conditions understood to be
present in the burial trench.

NUSPEC then engaged a consulting firm, Engineering Design and
Testing Corporation (EDAT), to analyze the NUSPSC HIT design for
coppliance wit. the disposal regulations requiiements. It was
expected that the analysis would, at worst, recommend minor design
podifications. However, that analysis concluded that polyethylene, in
the thickness proposed, is an unsuitable material for KICs becaust »f
the inadegquate resivtance of polyethylene containers to l teral forces
(assuring no credit for HIC contents). The analysis concluded that
the HICs woulc buckle in the burial trench.

Realizing the seriousness of this result, NUSPSC sought
additional independent opinicns from Mr. John O'Tocle, 8 recognized
expert on material properties of polyethylene and similar materials.
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LN TECHNDLOGIES

Mr. ©'Toole wrote the Dosign Cuide section of the Modern Plastics
Encyclopedia. NUSPSC also consulted Dr. John Dickerson, Professor of
Civil Engineering at the University of South Carclina. The opinions
of both Mr. O'Teole and Dr. Dickerson confirmed the snalysis of EDAT,
i.e , polyethylene is 2n unsui® ‘ble material for H!Cs.

Faced with the same expert cpinion from several sources, NUSPSC
felt it had no option but to present the evidence to the licensing
authorities, the Nuclear Regulatory Commission (NRC) and the South
Carclina Department of Health and Environmental Control (SCDHEC). We
also removed our Folyethylene "Barrier 55" HIC from the market, and
refrained from using other commercially licensed HICs until this issue
was clarified. NU3PSC did not have access to the analyses and
detailed designs of these other HICs, 80 could not compare these
designs and analyses with the one we had undertaken.

With our consent, SCDHEC passe.’ the report prepared by LN,
without the proprietary Appendix E, to the manufacturers of
polyethylene HICs. It is our understanding that each of the current
panufacturers subsequently submitted to SCDHEC their own analyses,
wihich used some different assumptions and came to different
conclusions than the EDAT analysis. We further understand that, after
review of the LN report (with the EDAT analysis), and the other
reports and analyses, SCDIEC has concluded that the current designs
are satisfactory from a licensing point of view. LN accepts tha’
conclusicn and, as stated above, will re-accopt the use of properly
licensed polvethylene HICs.

1 hope this letter clarifies our position regarding the use of
polvethvlene HICs. Flease contact us at LN Technologies if you have
any questicns on this matter.

Yours truly

fr

J.E. Le Surf
President & CEOQ
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Dr. Michael Tokar, Section lLeader
Office of Nuclear Material Safety & Safeguards

Division of Low-Level Waste Management and Decommissioning }';” L

Technical Branch oo -, P PE—
U.S. Nuclear Regulatory Commission mw.u “rp 4
washington, D.C. 2055% : Lol
Dear Dr. Tokar: b te W, 82233 _

As we discussed in our telephone conversation two weeks ago, I
have enclos’ i the feollowing report prepared for LI! Technologies
(formerly NUS Process Services) regarding the use of polyethylene in
HICs:

“An Assessment of Polyethylcne as a Material for
Use in High Integrity Containers", Engineering
Design & Testing Corporation, July 7, 1986,

The report, which was transmitted to T. Johnson at the NRC, in
October, 1586, indicates that HICs made of high density polyethylene
have insuf{ficient structural strength to withstand the stresses
associated with burial. 1In particular, concerns are reported
regarding buckling of the sides and top of the container at the time
of burial, and environmental stress cracking over time,

Ai.so included for your information is the following paper
presented by ED&T’s Dr. Tim Jur at Waste Management, ‘86, on the
subject of HIC materials:

"A Critical Review of Materials Selected for High
Integrity Zontainers", T.A. Jur, W.M. Poplin,
Engineering Design & Testing Corporation.

This paper was the first formal presentation of our concerns regarding
the stability of polyethylene HICs. .The recent Brookhaven work
appears to reinforce these concerns.

Finally, we have observed over the past several years several
items worthy of consideration regarding the burial of polyethylene
HIiCs:

1. Drum size HICs "falling" off drum pallets into horizontal
positions. This indicates that these small containers should be
analyzed in a horizontal position in addition to the upright

position,
709290 870916
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2. Severe bulging of HICs (even without an overburden), indicating a
very low structural strength of the container side wall,

3. Carbon steel containers are buried with poly HICs. xlglnqclont
of non~HIC, carbon steel containers on the sides of p ly HICs has
been observed. Such high loca'ized stresses could lezd to rapid
failure of the poly HIC.

4. Impingement of the carbon steel lifting rings around the top
circumference of poly HICs onto other ly HICs bas also been
observed, This can also result in high localized stresses and
subseguent failure.

In addition to these items, it is clear the method of backfill
(bulldozing dirt from the end of the trench) is not consistent with
rigerous embedment and compaction technigques normally employed for
polyethylene pipe and FRP tanks. Without proper installation
underground poly and FRP structures will fail.

For these and other reasons, LN elected to design a composite HIC
fabricated of stairless steel with a polyethylene lining. A topical
report for the container was transmitted last week to Dr. Knapp for
review by the NRC and we look forward to assisting the review by
providing any additional information required.

I hope that the enclosed information is helpful to you, and I
look forward to receiving the Brookhaver. report on the poly HICs.
Please contact me if you have any questions regarding this
transmittal.

Sincerely,

3‘&.@.‘\%‘(;.‘

Steven B. NcCo¥
Director, Developmental Engineering

cc: R. Veit

SBM:dab

A Memte: o The SNC Grour




ACHMMENT 4.3

AT



A CRICTICAL REVIEGN OF MATERIALS SELECTED
FOR NIGN INTEGRITY CONTAINERS

Yia A, Jr, M0, ML,
- Uo:tuv.:. Po lg. '."Ow
neer 140 sting Corp.
Olluao. South Caroling

ARSTRACT
Under consideration 45 the selection of saterials for the manc! cture o) Righ Integrity Contaisers (WICs),

A stody han been confucted fa this regerd, Including reviev of saterial propirties and structurs)l analysey,

result of this stedr, conclusions were resched recomarnding against the manuiacture and use of afther 41}
ﬁnuu or all metal NICs, WMICe manufecturef entirely from plastic have deisrstrated structursl itatitetions,

Al HICs ere svbject to corrosion and are mot expected to satisfy containm at requiresents, 48 a2 sltersative
design o KIC fo recommented which woes both satecfals, plastic for containmen: and eetal for atruciure,

INTRODUCTION

¢ _cengnized nethod for disposing of lov jevel
s_.iear waste 18 to place these mate lals in cpecial
containe s and then bury the containers wnderground ot
o0 approved disposal site, These contalners are kaown
o8 high integrity containers (MiCs)., This paper
sddresses the pelection of materiale used 20 the
sarufecture of NICs,

There are o nusber of goverasent 1r . atlans
concerning NICs, These regulstions ceatrel, within
certaln lisfte, what vaste material can be pleced into
s NIC end how burial 1s to be managed, Federal
regulations are cospiled in 10CFRE] “Licensing
Pequirenents for Land Disposal of Radfoactive Vaste" !
and 2 supplementary publication, the U, §, Wucleer
h.ul.;ﬂ' Coamission “Technical Porition on Waste
Fora” 7, There are alse edditional reguletions
proscigeted xy xuh of the states vhere burial sites
are Jocated v &, Together the regulations set

tformance criteria for ns”u’. handling and
Crul' Material selection for fadrication of & WIC
18 1.0t te the discretion of the design englneer, o0
long 89 complinnce with regulations cen be
desonstrated,

The primary concers of this paper {s the
selection of o ‘!C saterial to survive burisl
wndergros: . ‘o be scceptedle for buriel, o NIC sust
have & descantrated strecturel integrity and
containment fategrity su’‘icient for o year life
once 1t 49 buried, Many'acturers of NICs are required
to establish performance criteris concerning structure
and waste contalnment consistent with goveramest
regulations, The ebdjective {* te ensure that
contatners provide safe ond wecure disposal of nuclear
waste ro«cu. Manufacturers and uners of NICS sust
fdentify and sccount for all resscnadly foreseeable
waste fores and chesistries {n the burial eavironment,
T™hie reguires that carefyl sttention be given te both
the strectur | and environsentsl conditions ot the
burial sites,

Over the last three years the design requiresents
of RICs has been studied, In particylar, this etudy
has fnvolved the selection of candidate materials from
which NICs can be sanufectured, “aterial properties

ond structyrel requirensats have been revinwed,
Effort has alse gene into charscterizing the nature of

the waste products in teras of cheaistry ond fore, A9

& result, 1t has become arparent that many factors
which affect both structural (ntegrity and contsinment
integrity have not previously been fully and proserly
considered.

It &9 time to look 2o/q objectively ot the fssue
of what constitutes good NIC desigi. From the onset,
this has been the purpose of the study WAich wnderlies
this paper. This paper inciufes & reviev of wvariiws
factors, such s wasta characterizetion and strecturel
sodeling, which signtficaatly fafluence NIC deaign and
orteiial selection,

WASTL OXARACTERIZATION

Vaste materials which are burted fa "0y consimt
prisarily of fon exchange resins and filter medin, In
addition, snall amcunts of fiee water (wp te 1T of
contalner voluse) and sae)' emoynte of siscellencous
contaninants may be prosent with ¢ » waste,

son exchange resing used in AT power
stations say be either bead-type ¢ powdered resing,
typically styrene divingl benzene based resins, Bead
or gel type resing are produced (o ssall spheres
approninately 0.5 ma (n dianeter (20-40 mesh) and
contaln appronisately 50T water, Povdered resing ¢-2
produced by grinding bead resing into fine particles
typically 3545 sicrons in size, which conatain
spproninately 608 water by weight, This contained
water may form “free™ or povrable water {f the resin
structure breaks down,

The resin types used in pover plants are searly
)l strong-azid cotion and strong-base snieoa or
sixtures of these resing, In genersl, larger
quantities of cation than anfen resing are weed dee W
fon exchange spstes design, resin capacity and
applications typical of pover staticas, Whes placed
into service, cation resing are typically fn the
hydrogren fon form vhile anion resing are tppically o
the hydroxide fore,

In processing the wastes, the resing are
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converted to the fonic forns removed from the vastes,
Although resing say be resoved from service based on
uuvu‘ or radiation levels, redionyclides consune an
insignificant portion of the resin capacity., As »
result, resing are exhausted by norsal water
constiteents such as sodive, sagnesiva, calclive,
chlorides, oulfates and carbonates.

constituents say be found (n the nrulonn’ or
service water which provides the heat sink for the
power cycle. The water leaks i(nte the plant, 1s
collected n o controlled draly systes and
consequently is ,uum‘ # "rodioactive” vaste, It
19 not unusual, “or exaaple, to  rocess wastes vith
Mgh concentrations of sodiun chlride ot plents

1oci (od on the seacoast, These fonic materials will
be resoved by the resing, then the resins are
eventually pleced tnte R.Cs end bur'ed,

When the resing are resoved fro service, 1t 1s
unlikely that all of the capacity Noa been exhausted,
Uneshausted cation resin §n the byircgen fore, for
exanple, will produce low pN, actafc conditions while
wnerhausted anfon will fore high pH, slkaline
conditions, For stairless steels, o hghly corrosive
enviernment will result whern unexhacsted cotion resing
in the hydrogen form 18 placed into o NIC with anion
resin sihausted to the chloride fore, Introduction of
vater to the resin during transfer to the NIC wil)
fors & dilute Nyfrochloric acid solution,

Trradiation of the resin results in resin
breskdown by the release of ‘uuuml groups end by
changes in mu-xmu' v &, The side offects of
this process are Sfentified as release of free liquid,
reduction 4n p¥ and gas generation, As oo exanple of
this behavior, irredincton of hydrogen fore cetion
resing to 7110’ reds ressited in :rnhn a8 lov as
1.5 vhen ;.O rass of this resin vere placed in 10 e
of water ', !l general, research has ahown that the
renge of refiation taduced chenical by-products 1s
varied and fnclodes many products whith would be
Aggressive Lo 8 container environment,

Charscterization of the conditions inside o NIC
i further complicated by “lodegradation, Becteris
grovth on the resing used 10 redioactive wvaste
treatsent Ls well documented byt the effect of
bodogradation products on RIC materials 1s uncleer,

In oumaary, the conditions (nside of o NIC camnot
be precisely defined, Conditions vary depending wpon
dennity of the waste vater processed, the type or
sinture of resing, redicectivity loading on the
resing, the amount of water avellable In the container
end the prevence of blodegredation, Selectios of the
WIC matertale sust connider all of these factors in
order to meet th odjectives of WIT design,

DESCRIPTION OF WICa IV USE TODAY

WICs tn general use today are fabricoves of
either polyethylene or ferralive stainless steel,
These costainers renge in sise from 208 Jiver (5%
gellon drum sine) containers up to relatively large
containers, 2 seters tall By 2 seters in dismeter, A
representative ronge of container slzes and capacities
is shown 1a Fig. 1,

The polyethylene containers are rotationally
solded with wall thickness ranging from 11 mm to 19
. The snaller containers are typlcally provided
w'th flat tops while the large WICs have elliptical
heads and flat or conical bottoms, No other
provisions to support the container under burial are
provided other than the polrethylene material ftself,
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Fig. 1 Range of container aines and capacities

A stainless steel contatner 18 nov being
sanufactured uning o specialty grade dupler saterial
and nplvlu"cnunuoul fabricotion and welding
sethods °, ¢ wall thickiens 19 6.4 mn, Information
concerning thickness of the top and bottos 18 not
availadle, There (s ne lining tnside the contatner to
protect against corresive 8l tack from the vaste
product within,

STRUCTURAL MODELING FOR UNDERCROUND BURIAL

Once redioactive waste profuct 1o plac:t "~ a
NIC, the NIC now sssuses the primary function of
separating the vaste from the surrounding eaviroame °,
The edility of o NIC to perfors this function te
referred to herein as 1te “containment integrity®,
The NIC design should be such that containment
integrity is insured during shipping, handling and
burial.

Eventually the WIC 1o buried, When this occurs,
it 19 now required to fuaction 89 8 structure,
supporting the pressures exerted upon it by the
surrounding seil, The abdility of the NIC to perfore
this function s referred to herein as 1t» “structure)
fategrity™, The properties of structursl integrivy
ond contalmment Integrity are related, As o
structure, & NIC s subject to fallure By o variety of
sechanisns which say coause cracking, repture or damage
resulting 1n o breach of containment, feportance
of the structural function of the container sust
therefore be recognized (n fts fullest entent,

In this favestigation, & RIC has been treated as
o "buriwd strecture®™, That fs, en overburden of sotl
acts to create loads and pressures on the container,
The contuiner, §7 turn sust be able to resist these
loads and, 10 so doing, meet cortaln strectursl
performasce veieria¥ 19 There are, hovever,
certaln consiocr.cions In the design of o buried
structure which are different from structures ia
general. The design should consider aot eal
perforasance of the contalner-structure but alse the
behavior of the soil around the container, The
intersction is known es soil-strecture iatersction,

Tvo models of burial conditions are defined,
Each of these burial conditions are described ia the
following sections, In addition, comment 19 elso sade
concerning burial techalque at o disposal site as it
relates to a0l compaction,




Cluster Burisl

A oketch depicting cluster burial {s shown in
Fig. 2. The model assuses that suitiple contalners
are placed ot the dotton of an excaveted site ot sude
repeated inter-container y acing, 4. The distance ¢
18 such that o sa onry arch develops over the soil
located between containers, As & result, the
container sees & vertical loaf due not only to o
cylindrical coluan of sotl over the container but also
shares o portion of the soll load over the sasonry
arches which develop between .toelf and fts neighbors,
This sodel resvlts 1a 9 verticel pressure on the
container greater than othervise developed by o
cplindrical column of sotl directly ever the
container, Nowever, laters) pressure on the walls of
the container would be non-existent, The following
expressions for vertical and horirontal pressure would

epply:

p. =« C. A0 ()
poeo
wvhere: p, o verticel pressure on the container
b, * lateral (horisontal) gressure on the
contaliner
3w soil density
h oo height of soll overburden
C, o fector greater than 1,0 which accounts
for increase loading due to developaent
of masonry arches between containers

Com Aylhg

where: A, » cross-sectional ares of container
A, = cross-sectional ares of slug of soil
supportad by contatner

T™he enact intercontainer spacing ¢ 1s outaide the
control of the designer. ldeally, the spacing would
be sintsized, Rowever, soil conditions can develop o
sasonry arch between containers should leas efficient
arrangesents be eaployed,

lacleted Beriel

It 1 conceivable that conditions at the disposal
site may result in the fsolated disposal of o single
container, Further, this sodel 18 considered herein
to offer interpretation of the locel conditions on o
container at the periphery of o cluster burial
arrangenent,
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Fig. 2 Cluster Purial of high Integrity containers

Analysis has been conducted wulch compares the
compressibility of o single fsolated vertical
container with the compressibility of the nrﬂl’
soil, The results indicate that, upon {aitial buris
& sasonry arch louin over the
container, Therefore the container sust carry the
burden of sol] overhead. For this 1304 condition, the -
expressions for wertical and lateral pressures are
written as follows:

) h )
Pt Ba(hen/d)
wvhere: ) = sol] densinty
hoe hetght of sotl overburden
1 o height of contatiner
[« factor, relating lateral pressure to verti-

cal pressure ond to & given overburden
height (1n this case & height egqual to
(h & ¢/2) which gives an average latersl
sruun on the contalner); K would be
.8 for soils that have not been pre-
loaded or precensolidated ! (uncompected,
a8 40 the case ot & dlsposal aite),

Soi) Centition Upon Buriel

Disposal techaiques ere such that burtel of NI
takes place vithout compaction, Under such
circunstances, an engineering definition >f poil
condition wpon disposal 1e difficult ot best, Variows
design paraneters upon wvhich an analysis of loading
due to soil-structure {ntersction 1a based cennot,
therefore, be evalusted accurately, The reliediliny
of the analys! i s therefore decreased, Under such
circumstances grecter sarging of safety are required
than would othervise be the case,

POLYETWYLENE KICa -~ PROBLIMS

Polyethylens (s o thermoplastic saterial commonly
esed (0 the shipping and storage of many chesicals,
Tt 19 also tnerpensive, Based on these criteria
alone, PE 19 o condidate for o WIC material, Nowever,
the structural properties of wnreinforced plastice,
specifically polyethylene, are sieply fnsufficient to
handle the high external loads associated with buriel,
There {8 no assurance that survival to 300 years can
be obtatned unless structural features are added which
sake the container wndesirably expensive and complen
relative to other alternatives,

A major part of the stedy favolved an attespt te
design ond Justify an all plestic cylindrical
container, This design woe papected from the start te
be sintler to other plasti. WICs in service. As @
basis for design, o container haviang the dimensions
198 cu tall by 188 cu (o diameter was selected, The
sttespt to design such & contatner proved unsuccesful,
Plastic NICs, 1t was found, proved to have
tasersountable structural lisitations. The primary
foctors controlling desige include environmestal
stress cracking, etress rupture and buckling of the
container wall,

Although o variety of sate. lals may be placed in
8 NIC, the predoninant weste product is spent loa
erchange resin,  This marcrial fe wet wheo 1t (s
rencved from oo vice. Evern though the resin {s
devatered »- or to placesent 1. the NIC, the product
is oot *.cally dry. The bottom ol *“+ _ontainer i
erpesced to collect vhat moisture s avallable due to
‘a) eventual settling out of resid ] sotsture left
pehind 1n the resin after devaterin, and (b)




irradiotion Induced breakdos of the resin, The
sakeup of thrie 1iquid con be expected to contain ESC
prosoters ov 5 o0 surfectants, Further, the container
15 placed on an earthen base forsed by sinply scraping
the bottom of the burial trench, Once duried, the
bottoa of the container will esbed fnto the earthen
trench thereby creating tensile stresses In the
container botton, Conditions for ESC are mov in place
due to the cosbination of tensile uron» oa! the
expected presence of haraful cheatcals!?s 13, Exact
predictions are not possible, In engineering design
situations, & lack of Information concerning en
expected fallure sechanion naturally Blases Judgnent
to the side of covtion, A recomrendation would
therefore be made against such o design,

Stress Poptere

Plastics are viscoelantic materinls and are
sudject to "} tise dependent effects of stress and
deformation '3, This factor wust be considered as
cn of the design, Once placed in the groend and

ried, the sidevalls of the container, the 114 and
the botton are now stressed due to soll-structure
interaction as described earlier {n this paper,

Due to pressures developed by the surrounding
0211 the contatner 114 and bottos are nov deforsed,
At the depths KICs are buried, the soi) loads end
pressures are trenendous considering the relative
strength and stiffness of polyethylene,

The best properties anong polyerhylene materials
ore obtalined using high density polyethylene,
Regardless of density, the material 19 classified as
viscoelastic, For such materials, wvher subject te o
state of stress over o long period of tise, the
eperopriate design criterion s stress rupture, Fig.
3 ehows stress rupture curves n generalized fors,

T™e ters “rupture” faplies Just vhat 1t says, o
tearing apart of saterial = @ structure! foilure,
The stress rupture curve provides information to the
dealign engineer concerning threshold levels of stress
corresponding te structural fetlure oo & function of
time in service. Referencing Fig, 3, Curve B
represents o saterial which exhibites & change in
fallure mechanisns during tts 1ifetine, The rescit of
0och & bedavior fs o lovered threshold estress leve!
for fatlure ot prolonged lifetine, Curve A represents
@ saterial which does not manifest this behavior,

For sost viscoelestic saterials, including
polyethplens, streas rupture date is §n lislred
oupply. A required design 1ife of MO years further
aggravates this prodles, For exampls, 1t cannot be
known wvhether the se.erial will behave in o sanner
exhibited by Curve B, Recognining thet the container
ftoell 1o frradiated during service, & real
possibility exiot that o behavior change could eccur,

In the sbsence of linited dote or o dats ot all,
the developaent of o etress rupture curve or the
extrapolotion of existing date to longer service 1ife,
10 an enercise {n engineering Judgenent, The approach
eaployed here tavelved bringing together vhat 1s knowy
about the static properties of the materia), ovailalle
dota for creep and stress rupture of polyethylene,
otress rupture behavior for other viscoelastic
plastice and knovledge of viscovlastic materials in
general,

Froa & stendpoint of failure by stress rupture,
locations on the NICs sudject to tensile stress would
be the 114, the bdottoa, end locetions of secondary
stresses vhere the 114d and bDottom join to the
container sidevall, The unrealistic aature of such o

Sweess To

vog Timy i

Fig. 3 Schematig representation of stress ruptere
behavior

desi n becomes apparent when the stresses resvlting
fre. so1) loads on the 114 and bottow are compared
with the allovable stress, Flat 1ids and bottons wp
te 25 mm thick proved to be vnsatisfectory, Vartows
doae shaped lide were aloo exanined and proved
wnsatisfactory,

Buskling

A HIC designed as o cplfrdricel shell and pleced
Upright 1n & burial site experience pressure from the
surrounding sotl on the top and the botton. For the
case of an teclated container there exists horisontsl
pressure on the aides of the NIC as well., Usder this
condition of loading, the NIC 1 wodeled as an
externally pressurized cylinder. The sidevalls are
subject to buckling,

Procedures for oulnus'ouonll buckling of
exter oll{ pressurised cylinders are readil;
evailadlels, The procedures tavelve Cpecifying
wall thickness and then calculating the sotl
overburden required to buckle the conteiner, The
relationships between soll overburdes, p. and p
ere estadlished waing Bae. (1) for the clhse of '
cluster burial, end Eqe. (2) for the cuse of
isolated burial,

Figs. 4 and S represent, 1n part, the resslts of
this analysis for fsolated durial and cluster burial
respectively, A controlling fecter in resistence to
buckling 1s not only the thickness of the sidevall but
also the elastic properties (elastic modulus) of the
saterial of construction, Figs. & and § are plote of
the sidevall thickness required to resist buckling os
o function of soil overburden and elastic eodulus of
the HIC matertal. 1In both figures Curve A corresponds
te 8 MICT made '1 high density polyethylene (elastic
sodulus o 70l0" @aPa) burted (s o trench 8.2 seters
deep Coverburde of appronimately 6.2 seters for o
198 cm tall), -y

to 8 container wade of stainless steel (elastic
sodulus » 0l07 ePe), The difference tn wall
thickness required to resint buckling is very such o
function of the material from which the NIC 45 sade,
This feature Is strikingly avident 1n Figs, & ond 8,
It 1 also evident from these figures that the
critical condition for hchlu! of the sidevall 19 the
case of 1solated burial, Fig, &,

A wvord on factor of safety 19 appr priate ot this
point, Experisental results from tests on thin walled

s
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cylinders have shown that theoretical analyses
overstate the actual loads at which fal re occurs,
Fallure {0 expected at loads 4080 Lf s 2t 10

edicted, Furthermore, there are differencas batveen
aboratory test resvits and conditions as they exist
st the burfal site, It has already been noted that
the loads on the bottoa of a WIC would not be orm
to be wnifora, Also, the beckfil]l surrounding nc
18 not carefully compacted inte place, Varlations in
burial conditions tndicate & need to apply fecters of
safety 4n the ronge of 4.0 to 5,0 applied to
theoretically caleulated loading, Tt fs evideat that
the required wall thickness of an unreinformcec
plastiz contuainer would be wnacceptably high,

STAINLESS STEEL RICS — PROBLDG

a8 result of o study of plastic materials, in
particular polyethylens, the conclusion has been
reached that an unreinforced all plastic NIC would not
provide 1n all cases the required structural integrity
aecessary for burial, Various other possible
sateriales were exanined vith an esphasis on metals,
Fabricatisn of setal storage containers is estadlished
technale, Metale, of course, do not suffer froa the
strocturas prodleas of lov strength and lov stiffness
exhibited by plastice. A conventional fabricated
wets) vessel of relatively thin wall would resist eve
the soi) pressures developed upon burtal in 17 seter
trenches ot the Richland site,

For reasons of economy end practicality,
candidate metals vere restricted to stainless steels,
Other setals noted for corrosion resistance, such as
titaniue alloye and the nobdle metais vere rejected
outright on the basis of cost, Conventional
strectural steels were rejected due to an expected
leck of corrosion resistance ia the durial
environsent,

Considerations of Corresien from Within

The sost fmportant consideration In uai~g netals
for fabrication of & WIC fe corrosion, Corr mion may
occur from outeide the container dus to “he
surrounding eoil eavironment, Rowever, the sore
severe corrosive environment enists inside the
container, Corroston of an all setal container from
vithin 48 o serious prodles,

Vaste fore was discussed earlier in this paper,
For waste placed in a NIC, regulations limit total
trradiation prior to disposal, These sene
regulations, however, plece virtually o controls on
the chesistry of the contents, A typical waste
product is fon exchange resin, wsually o sixtere of
cation and anteon resing, The pH 18 often nevtral and
the quantity of potentially haraful cheaicals often
enall, Unfortunately, there can be no assurence that
this description of weste product 19 slvays going te
spply. The ronge of waste product cheaistry say sever
be known, Nowever, a9 already described, it 1o
prodatle and therefore foreseeadle that waste product
piaced 1a & NIC can have ¢ lov p¥ and can have
cheaica) contents, such as chlorine, ot levels
considered harafyl to stalnless steel, rogardless of
the grade of statnless steel fnvolved, It 49 alse
prodable that contents placed in o NIC will be sore
corrosive than surrounding sotls, The differeacs in
corrosiveness say be several orders of magnitude,

Stainless steel RICs in use o8 of this writing
have been eveluated for corrosion in e2ils, HRowever,
the availadle literature does not eddress corrosion
from within, Pecogaiting the {acreased potentisl from
gorrosior . <o the coatainer conteats, ettespts to



qualify an all setal stainless steel NIC as offering
contalnment integrity over & life of 300 years connot
be Justified,

Sensideration of Corrosion froe Without

Regarding t'e corrosion behavior of stainless
steel and solls reference 1s sade to tvo studles
condycted by the Natlonal Mureau of Standerds .
The earlter of these tvo references concern data and
conclunions availabie as o result of field tests
conducted by NBS from 1910 to 1955, Many differeat
saterials were tested incivding nine different
stainless steels exposed to different poils for 14
gears. The later of the two references specifically
concerned stalnless steels, A greater variety of
stat dess steel grades and o variety of specimen
treatment conditions were {nvolved, MResults of
erposures up to eight pears are reported. Together,
these two reports are the best Information svailadle
for assessing the corresion behavior in soile of o
stainless steel NIC,

For purposes ¢f comparisen, Table I has been
preparcd which liste the characteristics of test soils
in the sost recent of NBS studies. The tadle alse
includes corresponding characterintics of the bachfill
sands ot both the Yarnwvell ond Richland durie) sites,
An exanination of the Information 1n these tadles
revesls that the p¥ of wckfill sand 18 vithin the
range of p¥ of the t: et soi's, Perticylar attontion
is given to Tadle I where 1t is seen that the chloride
content of the Backfil] sands are noticeadly less than
the NBS test soils, in particeler soil types C, € and
€. Exenination of the NBS resclts indicates that the
sgiressiveness of the soll (s tndependent of pN in the
range reported, but ts dietinctly related te Lne
chloride concentration, In this sense, the sofls ot
both burial locstions ave considered to have o very
lov potential e corrosive environments,

The folloving observations are based upon &
congideration of all of the reported deta in both NS
studies:

(e)

)

(o)

(n

There are & variety of grades of stainless steels
for which very 1ittle corrosion vauld be expected
1n & beckfil] sand eavironmen:,

Sensitiration detracts from corraaion resistance'’.
In the W8S study, sensitisacion wvas produced by
specially heat treating the steels to L)
sensitizied microstrecture, Ordinary fabrication
of containars from these setals results in
sensitization due to o condition of inherent heat
treataent in the heat affected sone surreunding o
weld, For cosparison, the WBS study tested
welded sanples as well an senaitived sanples, Is
suzh casen, the corrosion behavior was sintler,
Nanufactyre of o NIC from stainless stee] would
necesarily fovelve welding. Today, grades of
stainless steel are availadle through alloying
which are rovlinely welded without sensitizatos,

There 10 o need to consider o 300 yoor Yife 1n
comparison with uhe eight year life test dats
evalladle. Fourteen year test date {s reported
18 the earlier NBS study., These data shov
discernably smal)l increases in weight loss and
ftting over the eight year data taken fros the
ater atudy, Further, the sarlier NAS atudy
desonstrates that corresion damrge (n metals
proceeds ot & decreasing rate a5 exposire time
{ncreases,

The date ovailadle from NBS and an sppliceticn of

eetallurgical principles of sntainless steels virtually

uarantees structrua

tategrity £ r the 1ifetine of o

1C manufictured from an appropriste grade of stainles

woeel,

Rowever, from the standpoint of containment

integrity, the date also shows that, regardless of the
grade of statnless steel {.volved, penetration of the

container wall 19 possible,

Corrosion of stainless

steel 1n sotls, when it occurs, 18 in the fors of

"pitting® end net o the fore of

®unifors sttack®,

In otner worde, although total corrcsion may de very
ainor, vhat does eccur wiil tend te conceatrat: ot

fsolatvd locations (n the fore of pite,

Depending

wpon the wall thickness, pitting evectually results in

(o) Corresion 1s not dependent on soil pR 4n the pR perforation, Such an evear 19 possible, gives vall
renge observed, thicknesses dictated by structural and economic
requiresents, Such an event axtends to even the
(d) Corrosion is M’My dependent ypon the presence expensive apecinley grades of stalnless ateels,
of chlorides and sulphates in the soil. On this
basis, existing sive Sackfil] sands, regardiess
of the grade of stainless steel fnvalved, would
a0t be considered aggressive environaents,
TAME )
COMPAPISON OF NBS TUEST SOULS (RET. 16) VITH SOILS AT BURIAL SITLS
® — e ddd «-MOSATION ~RAIBAGE A £ Ba. QCORIDES SULPRATES
Barvwell Bachfill Sand Barmwell, 8C - 5.6 - Woppe 5. 2ppe 135pe
A Sagemcor fandy Loss Teppentish, WA good " 108ppe ) x i
L} Ragerstwn Loas Loch Ravern, W ool 5.3 e .- - -—
C Clay Cope May, NJ poor L 30 LT A RSS 760
o Lakevood Sand Wildwood, K) govd 5 - - - --
] Cosstal Sand Vildvood, W) poor 7.1 »2 s 788 1
[ Tidal Marsh Patunert, KJ poor 6.0 140 16% 1 1709
Richland Bachfil]l Sand Richland, WA - .4 - - | waax 4




Structura) integrity of & metal WIC 19 o
relatively easy schievement, There are & nusber of
chotces of stalaless steels, (ncluding relatively
common and {nerpensive g“« which can be used to
sccomplish this task, Conteinment tategrity, nowever,
is another matter, Regardless of the stainless steel
eaployed, & reviev of availarle data (or lack therest)
devonstrates that perforation of containers s
expected. For an a1l meta) NIC, structural tntegrity
vpon burial 13 o cortainty, Loss of containmeat
integrity due to corrosion 1s possible nad {9,
therefore, o prodles to be adéressed,

Sensiferation of Wydroges Releted Dusage

Slow general or localined corresion of setals as
well as the general breakdovs of fon exchange restne
fue to drradistion are mechanisns accompanied by
tentladle hydrogen ot enposed metal surfoces along the
inside of ar all metal NIC, For many setals,
incivfing many stainless steels, this situstion 1e
siconpaned by diffusion of hydrogen 1ote the metsl
ond 8 notential for hydrogen uht“hun. The
resclt could be premature failure '%,

The conclusion drawn from this fnvestigation {s
that there 15 o basis to expect, given the environsent
within o container, o reasonable prodedility of
hydrogen dasage over o 300 year 1ife 1n o stainless
steel container fadricated as o welded structure,

This erpected prodles of hydrogen denage is further
Feason to question the use of an all setal contatner,

DISCUSSION

An dnvestigetion of suitadle thersoplastic
eateriale has resulted 4n 8 conclusion that
wnreinfarced plactics are unadle to withgte ' potl
press res which develop vpon Burtal, On the otter
hand, polpethylens offers the necessary corrosion and
refiation resistence to conditions which are
foreseesdle 1n the vaste material ploaced tn e NIC. In
other words, polsethylone {9 adle %o satinfy the
requl esent of contalnment Integrity, but 18 not
expected to economically provide atructural fntegrity,

Trvestigacion of sultadle metals has reslted in

o concluston that setal WICs can be designed which
provides the required structursl tntegrity with o
confortatie fector of safety, Modest wa!l thickaesses
and conventions]l fadricetion technology would be
involved, To offer resistance to anticipated
corrosive environnents, eetal NICs would be expected
te be fabricated from stainless steels, Bowever,
salynis has also shown that & stalnless steel KIC
would not be expected to offer containment uu’rlu
in the long-ters burial eavironsent, ldentifie
roblens ere corronton and hpdrogren esbrittlonent,

rosive sttack s mont foreseeadle ot enposed metal
surfeces slong the inside of the container, Isolated
perforation of the container due to corronion frow the
surrounding soll environment Ls aleo & possibility,
In other words, on a1l metel RIC cas be designed to
satinfy the requiresert of structual fntegrity, but fo
Aot expected to provide the containment fntegrity
required,

Based on the soudy conducted, 1t has been
conclioded thyt netther polyethylene nor staisless
steel alone would be ouiteble for uo» a8 NIC
sateriale, Kowever, the potential exists for the oo
of these saterials together to take sdvantage of the
better propertiss of both, This sltersetive {»
currently under fovestigatioan,
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5. Nuclear Packaging Inc, (Nu Pac)

Nuclear Pachaging Inc. (Nu Pac) submitted 1ts initial topical report on a
stainless stee) 50 ft3 WIC in March of 1984, Interim approva) for the use of
this unit, FLSO, was granted within seven months by the state of Washington,
South Carolina issued a forma) certificate of compliance a year later n
October of 1584, The irftial approva) of the FLEO was mage by the NRC staff
in October of 1985 and the final approved Topical Report was sccepted by NRC
in June, 1987, An application for approval for generic class of similar NICs
over & range of sfzes 1s stil] pending in the NRC, Interim approval of some
of these units 1s being granted by the State of Washington on a calendar
querter by quarter basirs, While certain questions were raisec curing the
review process, the certification of this design by the states proceeded

quite rapidly.

But due to 1ts high cost, relative to the PE MICs, the use of the metallic

HIC cannot be justified at Barnwel) where the burfe) depth 1s only 25 feet

and PE HiCs are acceptzd by South Carolina. Thus use of these units 1s
inited to the Manford anc Peattie sites where the burial depth, 55 feet,

requires the additiora) strength of the Nu Pac metallfc WiCs,
The Nu Pac basic design is an all-metal right cylinder, Five basic sizes are

availeble. These sizes are comrsrable to those provided by other vendors and

are limited by the interna) dimensions of the available transport casks.

111-14



Table 5-1 -« Nu Pac M } \

Outer Overall Outer

Moge! fameter (in Hefght (fn.) Volume (ft%)
210 75,28 78.50 200
180 73.50 71.63 170
.40 64,00 71.28 134
142 64.00 70,00 128
50 46.50 50.7¢ 50

The naterial cf construction 1s Ferralium Alloy 255, a proprietary alloy
develooe~ in England and marketed by Cabot Corporation. This alley 1s classed
2s 2 duplex steinless stee), It is highly resistant to geners! corrosion,
but does not have the sersitivity to chloride induced stress corrosion
cracking of the 300 cerfes stafrless sveeis. A commercial brochure describ-

ing the materia) is provided as Attachmert 5.1,

As noti. .oove the basic shape of the MICs 1s a right cylinder., The larger
size units are internally stiffened by braces either from top to bettom r by
circumfeentia) rings welded to the walls, The top and bottom surfaces are
strengthened by external braces, Closure is provided by either a full
diameter 1id or & 24" diameter access 11d. Sealing is accomplished by the
use of flat gaskets and bolts or a serfes of tapered wedges., Lifting lugs
are welded to the side or top of the units,

111-18




Among the advantages that the Nu Pac HICs demonstrate are structural
strength, corrosion resistance and @ high ratfo of waste volume to tota)
container volume, While sirple 1n 1ts basic design 1t appears that
significent variations in design are not readily available. This appears to
be due to the 1imited range of structural shapes in which the Ferralium 255
W loy 1s aveilable and the leau time required in obtaining this special
alloy. As noted above the principal factor limiting the use of this 1ine of
MIC eppears to be its cost relative to other WiCs, particularly those fab-
ricated from polyethylene, Thus, this HIC {s only used at the Richland, WA

or Beatty, NV disposal facilities,
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1COMPARATIVE LOCALIZED CORROSION DATAIN OXIDIZING NaCH-HCI SOLUTION®

Peung Crevice-Corresion

Temperature, , Temperature,
Alloy g °F " °f
FERRALIUM a/i0y 255 L 122 35 95
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Test Temd FERRALIUM Tyoe 3161 Type 2171
Nezs f ” 3oy 288 Stavess Steel  Stanless Steel
e o o — e e
B¢ : Wal™ Saturate 30 143 NC NC NC
W ir “3:
70%: NaOm Sa'ursted 350 177 NC 200 648 10311031
witm NaC

NC NG f0owre A 1000 Aours AV 108" W ® “® 35 C 3 T4 308 Meng

Test Temp Type 316 FERRALIY
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SVELDING AN MACHINING:
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Shielded Metal Arc Welding
(SMAW)
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ety of :ss m a' COMBinalONS
Botm sta~ess 5': carhon stee
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Machining
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readily macrined 4sng conven-
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empCved R gh speed 100 are
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Room GTAW 124 6 (B59) 103 0 (710} 20 LX)
GMAW 125 0 (862) 104 0 (717) 25 58
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400 (204) TAW \c" 4727 78 9 544) 18 47
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" Yield
. Uttimate Strength Elongaton
Tensle 0t 02% n2mn Reduction
Test Temp Welding Strength Otiset, (50 8mm), of Area,
*f (°C) Process Ksi (IMPa) Ksi (MPa) percem percent
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) e e i 8 e A . P S
CTaN® None 13321918 08978 a2 51
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[ & 800 427 4000 1894 1306) 181 611045] 3 2

"WRget £ N pos e
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Bend Ductiinty
Type of Bend
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e e =
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1 190l s 1 |
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e e e e e e T
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$00 P Gui 10 DROI0G 057 0 ORGILE AR DENE 1081 4D0C men
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SEFFECT OFLONG TIME EXPOSURE ON AVERAGE IMPACTSTRENGTH,NOTCH IN WELD MI 1AL*

Exposure Average Charpy V-Notch
Welding Temperature Time, . impact Strength,
Process *F ‘€ hrs ftid J
GTAW As weigeo £9 80
400 204 1000 54 73 =
200 204 4000 a8 €5 -
( 800 260 1000 4?2 57
800 260 4000 22 30
600 316 1000 25 34
600 316 4000 2 27
g00 é27 1000 1 14
{ S 837 4000 07 08
SMAW As welded 26 35
400 204 1000 26 35
&o0 260 1090 20 27
600 316 000 17 23

"o 300 ~ )i pOS LOA

WERAGEAOUEDUS CORROSION RESISTANCE OF WELDMENTS £23 $ 3 S o mnsian s -

Average Corrosion Rate Per Year mils (mm)

( g TestTemp,  Base Ao (127mm)  An (32mm) % in (12.7mm)
(~ Media ‘B Metsl Piate SMAW Plate GTAW Plate, GTAW
78%¢ Accuc Acid Boiing 0'!i(<00 Nil 02(<001) 02(<001)
2 %% Mydroghione Acig Roo™ 01i<Q0Y) N 17 (<008 Nil
10% Fernc Chignde g6'F 30°C) 02(<001) 06i<002 07 (<002 —
6% Fernc Chionde Room N N Nil Nil
(With Crevice)
65% Nitric Acid Boing 71012 831021 76019 11 (0 28
‘ 10% Nitrig Acid = 3% Room 231008 -- 68017 —
' Mydrofivone Acid
§%% Phosphone Acig Boury 14004 16004 411010 1.3(<0 04)
10% Sulfunc Acid Q/hing 37 (094 73118 49112 661"
( 50 Sulfunc Agd « Bohin 13 0 33) 19048 18 (0 46) 23 (0 58)

42 g/l of Fernc Su'fate

SERRALUM Y gaey 284 0 et

FERRALIUM® Alloy 25518,
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6. Chichibu Cement Co., Ltd. (CCC)

The CCC design wes the first of what might be called the "composite" designs.
1{'s PE 1ined steel container is the second such design which takes advantage
of the structural support of a metallic outer casing during fabrication,
handling and burfal, which 1s 1ined with a chenically inert material that

resists internal corrosion.

In the case of CCC this inert material is a steel fiber reinforced polymer
impregnated concrete, labelled SFPIC. The initial sizes of this HIC are
nominally 200 and 400 liters (55 and 110 gal.) CCC s developing designs fer
larger size HICs. The HIC has a inner flat 14d of SFPIC which fits inside
the outer stee) shell and is sealed to the liner of SFPIC by an epoxy cement
after the waste {s loaded. P passive vent of a porous ceramic materfal is
provided in a plug in the SFPIC 1id. Closure of the outer steel drum for
hand)irg and transportation purposes is accomplished by using a standard drum

1id and hoop ring over the inner SFPIC 1id.

The effect of the CCC composite design is to permit the outer casing to be
included in analyses for the predisposal conditfons, such as handling and
transportation, while only the inner, SFPIC, 1iner 1s considered for the
disposal conditfons. 1In this manner the advantages of the individual parts

of the system can be applied to the greatest effect.

The key dimensions and capacities of the currently available CCC HICs are

given in Table 6-1.
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Table 6-1 -- Size and Capacity of CCC HICs

Item
Inside Diameter, in.
#all thickness, in.
side
11¢ and bottom
Overall height, in.
volume, (ft°)

inner

outer

The Topical Report (TR) for the 200 and 400 Vliter HICs was submitted to the
NRC in June of 1984, It was approved by NRC 1n June 1986 and the final
approved TR was accepted by NRC in July of 1986,

200 11,

19.8

1.1

1.5

32.3

3.1
8.8

111-18

400 114,

24.6

1.5

1.8

40.8

10.0
16.8




