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SUBJECT: NUPAC TOPICAL REPORT ON FL-50/EA·SO HIGH INTEGRITY CONTAINER 

The Nuclear Regulatory Commission (NRC) has completed its review of the Nuclear 
Packaging, Inc. (NUPAC) topical report on the FL-SO/EA-50 High Integrity 
Container (HIC) for low-level radioactive waste. The technical review included 
information contained in the draft topical report as well as further 
information that was submitted as a result of the review. The evaluation 
report for this review is enclosed. 

We have concluded that the topical report. as supplemented by additional 
information that was provided in response to staff comments and questions. 
adequately describes the FL-50/EA-50 HIC and that. as described. the HIC meets 
the structural stability requirements of 10 CFR 61 for the disposal of Class B 

and Class C wastes. These conclusions are predicated on completion of the 
final revised topical report (proprietary and non-proprietary versions) to 
include all appropriate information that was developed during the course of 
the technical review and the following conditions: 

1. The FL-50/EA-50 HIC shall be used in accordance with the Operating 
Procedure restrictions outlined in the Appendix to this TER and all 
additional restrictions and requirements specified by the burial site 
operators and governing State agencies. 

2 .  Users of the Fl-50/EA-50 HIC shall certify that all restrictions and 
required procedures have been adhered to and that the HICs do not contain 
proscribed chemicals or waste materials. 

It is our understanding that NuPac will retain and provide upon request 
appropriate specimens of container construction material for use in possible 
future surveillance programs. For example, these specimens could be used as 
corrosion samples buried in an "archival trench" at a llW burial site and 
retrieved and inspected at periodic intervals. 

The enclosed evaluation report is being forwarded to the States of South 
Carolina and Washington for their information and use. 
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lf NRC criteria or regulations change such that the acceptability of the 
topical report is invalidated, NuPac or the applicants referencing the topical 
report will be expected to revise and resubmit their respective documentation 
or otherwise justify the continued use of the topical report without revised 
documentation. 

Enclosure: 
Evaluation Report for NuPac HIC 

Sincerely, 

Oritra.JIIfi!MI., 
Leo B. JLa;i nbcH.b.&m 

leo B. Higginbotham, Chief 
low-Level Waste and Uranium Recovery 

Projects Branch 
Division of Waste Management 
Office of Nuclear Material Safety 

and Safeguards 
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ABSTRACT 

Thi s Staff Evaluation Report ha s been prepared by the Office of Nuclear 
Material Safety and Safeguards of t he U . S. Nuclear Regulatory Comis sion for 
t he Topical Report filed by Nuclear Packaging, I nc. covering its F L-SO/EA-50 
H i gh Integrity Container . T he container is proposed for use as a Mans of 
containing low-level radioactive waste and •eeting the structural stability 
require111ents for waste in 10 CFR Part 61. The staff conclude s  t hat the 
F L- SO/EA-50 high integrity container •eets t he structural stability 
require�ents of Part 61 and may be used for t he disposal of low-level 
radioactive waste that requires disposal in a stable form . Limiting condition s 
for use of the container aay be specified by the regulating authority for a 
particular disposal site. 
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1.0 BACKGROUND 

1. 1 Regulations 

By Federal Register Notice dated December 27, 1982 {47 FR 57q6) , the United 
States N uclear Regulatory Commission {h�C) amended i ts regulations to provide 
specific requirements for licensing of facilities for the land disposa l  of 
low-level radioactive waste. The aajor i ty of these requirements are now 
contained in Part 61 to T i tle 10 of the Code of Federal Reg ulations { 10 CFR 61) 
entitled '' Licensing Requirements for land Dispos al of Radioactive Was te"  {Re f .  
1). Minor 11odif i cations, 11ostly of a procedural nature , have been 11ade to 
o ther parts of the C ommi ssio n ' s  regulations, such as 10 C FR 20  { " Standard s for 
Protection Against Radiation"). These regulations are the c ul�i nation of a set 
of pre s cribe d  procedures for low-level radioactive waste disposal that  were 
proposed in the Federal Register o n  July 24, 198 1 .  

The effective date for the i11plementation of 1 0  CFR 20. 311, which requ i re s  
waste generators to Meet the waste classi fication and waste form requirement s  
i n  1 0  CFR 61, was December 27 . 1983 . As set forth in  1 0  C FR 6 1. 55, Class B and 
Class C waste M ust aeet str uctural stability requirements that are established 
u nder 10 C FR 6l . S6(b). I n  May 1983, the NRC provided additional g uidance by 
11eans of a Technical Position on Waste Fonn {Ref . 2} that indicated that 
s tr uctural stability could be prov ided by process ing (i . e . ,  solidification of) 
the waste form itself (as with large activated steel components) or by 
emplacing the waste in a container or str ucture that provides stability ( that 
is, a high integr i ty container (HIC)). 

1 . 2  Topical Report Submittals 

By letter . dated November 3, 1983 (R,f. 3) N uclear Packaging , I nc .  (NuPac ) 
r equested consideration by the S tate of Washington for approval of  a Ferral i um 
255 ( F255) L iner System ( the N uPac FL- 501 high integrity container) for use i n  
the disposal of  Class B and C filters from Arkansas N uclear O ne to Hanford , 
Washington a t  the U . S. Ecology low-level radioactive waste disposal site. A t  
the time, Arkans as Power a nd Light (AP&L) was contracti ng with N uPac for the 
s upply of carbo n  steel liners for packaging these filters for b ur i al at 
Hanford . W i th the i11111inent h1plementation {on December 27 , 1983) of the 
requirements for HICs as specified in 10 CFR 6 1, as well as site spec ific 
requirements dictated by the S tate of Washington, N uPac requested a n  early 
review of the req uest for approval of their FL-SO/EA-50 HIC, as described in  
the topical report .  

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

1 During the course o f  this techn ical review, N uPac renamed the F L-SO HIC as 
the E nviral loy SO (EA-SO) HIC. From this point o n  in this Topical Report 
Eval uation the HIC is referred to as the FL-50/EA-SO HIC. 

1 
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of the topical report through NRC 's Office of State Programs . A prelim i nary 
technical review, involving primarily .embers of (a) the Engineering Section of  
NRC's Waste Ma nagement Engi neering Branch, Division of  Waste Management, (b) 
Brookhaven Na tional laboratory, (c) the Waste Technology Section of NRC's Waste 
Management Branch, Office of Research, a nd (d) the Transportation and 
Certificat ion Branch of NRC 's  D iv is ion of Fuel C..,cle and Material Sa1.:ty, 
res ulted in  the generation of several COIN!Ients (Ref. 5) on the AP&l related 
FL·SO/EA-50 report. These comments focussed pr incipally o n  the need for 
further tnforsation on the corrosion behav ior of the Ferralium 255 a l loy , 
because corrosion was bel ieved to be a controlling factor in the performance of 
a aet�:·ic HIC . 

At about the SUM! t i ae that the corrosion  co11111ents were being transmitted to 
the State of Washington for consideration, N uPac submitted (Refs . 6 and 7) a 
second topical report o n  the FL-50/EA-SO HIC. Whereas the first report had 
dealt wi th a specific application of the HIC for AP&L filter cartridge was te to 
be  sent to Hanford, the second topical was intended to be g eneric, to app l y  to 
a broad spectrum of waste streams, and to allow for disposal at Barnwel l, South 
Carolina as well as Hanford, Washington. Inasmuch as the generic report 
e ncompassed a nd bounded the information contained within the AP&L-re lated 
document, the rev iew effort was consolidated, and further review activity 
focussed on  the generic topical . A request for further infor111at ion (Ref. 8)  
that incorporated relevant infor��at ion on  so il analyses by  a n  NRC contractor 
(Ref . 9) and which consol idated questions o n  the generic report was transmitted 
to NuPac in October 1984. 

1 . 3  Fl-50/EA- 50 HIC Description 

The NuPac FL- 50/EA-SO high integrity container is a s i mple right angle cylinder 
with a flat top and bottom manufactur� e ntirely of Ferralium 255 .  The HIC is 
approximately 47 i nc hes in d iameter by 51  inches tall . The top, bottom, and 
sides of the container are fabricated from 3/8 inch thick aaterial. The top 
head has a 24 inch d iameter gasketed opening for l oading . Closure of this 
openi ng is accomplished with a 3/8 inch Ferralium Alloy 255 plate held in place 
by eight wedge shaped retainer blocks. Four internal L·shaped vertical 
supports, welded to the ins ide surfaces of the top a nd bottom p lates, are 
provided as stiffeners for the top and bottom plates . A seal is provided 
between the lid a nd top of the HIC by a sil icone rubber gasket (an optional 
lead gasket is available for h ighly permeable wastes such as tritium gas). A 
vent system is  located in the lid and allows relief of i nternal pressure that 
could resul t from gas generation caused by biodegradation or radiolytic decay , 
while preventing significant groundwater movement into or out of the container. 
The vented lid is not to be used with wastes that contain highly mobile or 
transient gases such as tr it i um .  

Lifting of the container is accomplished using a cable sling that is provided . 
The sling consists of a single 3/8 inch steel cable that i s  attached to two 
lifting eyes o n  the container with anchor shackles . 

2 
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2.0 SUMMARY OF TOPICA L REPORT 

The generic topical report o n  the NuPac FL-SO/EA-50 high i ntegrity conta ine r is 
i ntended to demonstrate that the HIC 11eets (a) a ll the app l icab le stabi 1 ity 
requirements a nd criteria of 10 CFR 6 1  (using g uidance provided i n  the May 1983 
Technical Position o n  Waste Form), (b) 10 CFR 71 sections dea.ing with Type A 
Packaging (as the Part 71 req uirements app ly to  HICs ), (c) 49 CFR 173 Type  A 
Packaging related areas, a nd (d) specia l  testing a nd design condi tions 
requested by the Agreement States. 

Th� fL·50/EA-50 HIC wa� designe1 to be certified as a DOT Type A c ontainer that 
would pass al l U.S. DOT and U.S. NRC transportation requireme nts for a Type A 
c ontainer. The HlC is i ntended to c ontain the fo l l owing types of wastes  from 
light water reactors: (1) dewatered bead resins, p owdered re sins and 
diatomaceous earth; (2) c ompressible s olid waste; (3) non-compre ssib le sol i d  
waste; (4) filter elements a nd cartridges; (5) so lidified resi ns, sludges , and 
liquid wastes. 

The •aterial from which the FL-50/EA-SO HIC i s  fabricated i s  Ferral ium 255 
( F255), which is  a patented ferritic-austentic, d up lex stainless steel  that 
reputed ly combines high 11echanical strength, h ardness a nd ductility with 
exce llent corrosion properties. As acknowledged i n  the report, 11the 11ost 
critica l  area associated with long te� iso lation is considered to be corrosion 
resistence. " A 11ajor portion of the report therefore, addresses . the predicted 
external  corrosion behavior of the F255 HIC u nder expected disposal site 
e nvironments a nd a n  a nalysis of the i nternal corrosio n  of the HIC, taking 
dewatered bead resin as the expected worst case. 

The rest of the report . as submitted, focussed o n  structural ana l yses 
(inc luding results of finite-eleme nt .,ca lculations using the ANSYS computer 
code) . a nalyses of closures a nd seals . a nalyses of i nternal gas generation and 
associated gasketing requirements, a nalyses of radiation a nd ultra-violet 
stability, prototype testing, Type A package testing, heat  transfer, 
i nspection, a nd q ua l ity assurance. Much of the i nformatio n  addressing these 
s ubjects is contained i n  several appendices. The fi nal approved report wi l l  
contai n this technical evaluation along with additiona l i nformation submitted 
in response to NRC review c011111ents a nd q uestions. The additional i nformation 
will be i nc luded i n  the revised report as a second vo lume. 

3.0 SUMMARY OF REGULATORY EVALUATION 

3.1 Major Areas of Review 

The basic objective of this staff technical evaluation of the t opical report 
w as to confirm that the N uPac FL-50/EA-50 HIC 11eets the structura l  stability 
requirements of 1 0  CFR 6 1. The NRC's Technical Posi tion o n  Waste Form (May 
1 983) . which addresses various details i ncluding certain transportatio n  and 
testing requirements that are presented i n  10 C FR 71  a nd 4 9  C FR 173, provides  
guidance o n  how to satisfy Part 61. Major areas of  review that are addressed  

3 
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in the Technical Pos ition and which rece i ved particular attention in th is 
review i ncluded the following : 

3 . 2  

3.2 . 1  

1. Corrosion 
2 .  Structural Analyses 
3 .  Prototype Testing 
4 .  Gas Generation and Internal Pressurization 
S. Radiation and Ultra-violet Stability 
6 .  Type A Packaging Requ irements 
7 .  Quality Assurance and Inspection 
8. Remaining Technical Position and Other Considerations 

Corrosion 

Background 

Because of its reputed h i gh resistance to stress corrosion cracking, cre vice 
corrosion, and chloride-induced pitting, when cocpared with austenitic 
stainleu steels such as Types 304 and 316, Ferrali1111 2SS is used in aarine 
appl ications, the oil and gas {and petrochemical ) industries, for pollution 
control equip111ent, and other applications where the c011bination of corros ion 
resistance and high strength are especially needed . There is l ittle field 
experience, however, w ith F2SS in long·term underground applications . Nor is 
there •uch information available in the open literature regarding the corros io n 
of F255  weldltents and the potential for long- range p itting corros ion (for 
welded, as well as base, aaterial ) .  Concern ex isted regarding the potent i al 
effects of localized corrosion on the structural integrity of the FL-SO/EA-50 
container and the corrosion effects of various waste stream products, including 
sulfonated res ins, organ ic liquids, and chlorides; though these utters were 
addressed indirectly i n  the report thr�ugh an analysis that was intended to be 
bounding, that analys is did not provide adequate assurance that every possible 
corrosive cheMical was accounted for.  

Certain administrative procedures were to be i�le-.nted to identify and 
preclude incorporation of undesirable chemicals, but the procedural details 
were not provided . S ubstantive i nformation on these •atters was needed before 
it could be confil"''led that the NuPac FL-SO/EA-SO H IC •eets the 300·year 
structural stability requirettent . Accordingly, NuPac was asked (Ref . 8) for 
consider ably �ore i nformat ion concerning (a) the metallurgical aspects of F255 
corrosion, as well as (b) waste stream or other enviro�ntally-related 
effects . The following discussion of F255 corrosion addresses the review i n  
the context of these two groups of concerns . 

3 . 2 . 2  Corros ion-related Metallurg ical Factors 

3 . 2 . 2 . 1  Corros ion Performance o f  F2SS Welds 

In address i ng the corrosion behavior of welded F255, NuPac (Ref . 1 0) cited (a) 
certain metallurgical characteristics of the alloy that rendered it less 
susceptible than other sta inless steels to intergranular and pitt ing attack and 

4 
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(b) welding procedures that would be followed to les se n  the 1 ike l ihood of 
corrosion problems with we ldments . With regard to advantageous Meta l lu rgical 
characteristics, NuPac poi nted out that the reason that austenitic stai nless 
steels are susceptib le to heat-affected- zone (HAZ) stress/corrosion cracki ng 
{SCC) is that chromium-rich carbides are formed at the grain boundarie s during 
welding. 

lew-carbon versions of the austenitic stainless steels (e.g . •  316L) have bee n 
deve loped to lessen the HAl prob l em in those alloy s .  Ferralium 255, howe ve r, 
ha s a typical carbon content of o n l y  0 . 02%, which is even lowe r than the ca rb on 
content (0.0� max.} used in the low carbon version of auste nitic stee ls suer. 
a s  316L. Accordi ng to NuPac, micro structural examinations  of HAl s in Fe rrai i um 
have failed to reveal "sensitization .. (i . e  . •  grain boundary c arbide fo rma t i o n) 
a s  e ncountered in 316 SS weldments . 

It was also asserted by NuPac that the Electro Slag Remelting process, which is  
u sed to  produce the Ferra lium F255 alloy, great ly  reduces or  e liminate s the 
type s of non·aetallic inclusion s  that act a s  preferential sites for loca li zed 
attack in acid chloride solutions. Therefore, superior performance u nde r 
conditions  conducive to loca lized corrosion would be expected . This wou ld be 
true for we ldment s  as  we l l  a s  parent material . 

To provide assurance that the intrinsic corrosion- resistant nature of 
a s-manufactured F255 would be preserved in welded metal , NuPac affirmed that 
a l l we lding procedures utilized i n  the FL-50/EA-50 HIC fabrication wou ld  be 
deve loped and qua lified in strict accordance with ASME Section IX requireme nt s. 
Specific details regarding welding specifications, required tests, and  
inspections  were provided in the response (Ref. 10) to NRC staff corrwne nts. 
Typica l drawing, planning, and procurement documentation was  also provided . 

.. 

During the course of the review o f  the topical report it became apparent that 
there was some conflicting information in the literature regarding the 
recommended welding parameters (e . g. ,  heat i nput and rate of coo ling) for F255. 
As exp lained in NuPac's response (Ref. 1 0) to the staff's questions, the 
appare nt inconsistency stenrned f rom differences in  the wrought versus ca st  
ver sio n s  of  F255 . Recent work on  welding parameters for F255 has  bee n 
documented (Re fs . 11, 12, 13} by Cabot , and NuPac wil l follow C abot's 
recommendations in welding F255 HlCs. 

Intercomparative data2 on the Ferralium 2 55 duplex stainle s s  stee l and  3 16 
au ste nitic stai nless stee l were also used a s  supporting evide nce for the 

2 Au ste nitic stainless  stee ls are a class o f  corrosion resi stant alloy s fo r 
which there is a considerable body of test data and substantial e xperience 
(some of which involves underground applications}. Hence , an intercomparison 
of the FL255 a l loy (which is relative ly  new ) with an established o lder a l loy 
such a s  3 16 stainle ss steel provides a Measure of the relative merit of the 
newer 11aterial. 

5 
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expected satisfactory service performance of F2SS we ldments . I n  labora tory 
tests involving the use o f  (a ) potentio-dynamic po larization curve s to 
determine pitting potential in  various e nvironments a n d  (b ) chloride p itting 
a nd c revice corrosion tests, it was shown that while there were instances where 
the performance of F255 a nd 3 16L SS was si�ilar. there was no case where the 
performance of F2SS was inferior to 316L . I n  S% NaC l, 3 16L SS we lded samples 
pitted i n  the weld , whereas no pitting was observed i n  F255 in  the we l de d  or 
u�e lded state. Hence, the test results showed that F2SS we ldme nts general ly  
were superior to  316L SS weldments . This demonstrates that F255 welds should 
provide even greater assurance of structura l integrity a nd a higher sa fety 
•argin regarding the required HIC design life of 300 years than w ould 316L 
stainless steel. 

The performance of austenitic stai nless stee ls i n  s oi l  environme nts is 
discussed in  Section 3.2 . 2 . 3  of this eva luation report. Based upon the 
tota lity of evidence regarding the performance of F2S5 we ldments a nd NuPac's 
procedures for assuring satisfactory performance, the staff conc ludes tha t  
there is reasonab le assurance that we ldi ng of NuPac FL-50/EA-50 F255 HICs wil l 
not i!llpair the u niform or stress/corrosion cracking resistance of the HICs . 

3 . 2 . 2 . 2  Pitting Corrosion Repassivation 

As noted earlier , F2SS corrosion test results reported in the open literature 
suggested that u niform a nd pitting corrosion rates would both be low .  F2SS 
•icrostructural considerations, discussed in  the previous section, a l s o  
suggested that f25S was quite resistant to pitting corrosion, eve n  i n  the 
we l ded state. There was a concern, however, about the potentia l f or 
non-passivation of corrosion pits, should corrosion pits ever be i nitiated .  
NuPac was, therefore, asked to perform cyclic voltamrnetry tests o n  F2SS to 
assure that pitting corrosion, if i nitiated, wou ld not progress to prema ture 
l oss of structural integrity of the HI(. 

The cyclic polarization tests, which were performed (using simulated so lutions ) 
o n  base �eta l as well as weldments of both the f255 a nd 316L SS, showed that 
there was a lack of hysteresis in  a ll the po larization curves obtained with 
F255 . This resu lt, coup led with the l ack o f  a ny visibl e  pitting, confirmed the 
expected high resista nce to pitting in F255. I n  contrast, significant visib le 
pit ting and sig nificant hysteresis of we lded 3 16L S S  occurred, thereby 
demonstrating both the superior pitting corrosion resistance of F255 as we l l  as 
the efficacy of the cyc lic voltammetry test. 

3 . 2 . 2 . 3  Field Experience with Comparative Al loys 

Due to the relatively short time (less than 20 years ) that dup lex stainless 
steels such as F255 have been in existence, there is limited fie ld experience 
with such a l loys in soil e nvironments. S01ne experience does exist, however, 
with other �ore common corrosion resistant alloys such as the 300-series 
austenitic stainless steels . NuPac was , therefore, asked to document such 
field experience (in a variety of soils with the comparative al loys ) that would 
demonstrate reasonabl y  satisfactory performance of the comparative alloys in 
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those applications. That experience would serve as indirect evidence that the 
F255 alloy would serve adequately in the proposed application inasmuch as the 
FZ55 exhibits superior corrosion resistance to the austenitic alloys i n  
laboratory tests. 

In response, NuPac pointed out that stainless steels have not generally been 
used i n  u nderground applications because of cost considerations a nd the 
availability of other less e xpensive corrosion prevention techniques . Where 
stainless steel pipelines have been i nstalled, there have bee n •ixed results , 
primarily because pipelines cross a variety of soils with varying resistivitie s 
that result i n  the creation of "long- Hne currents" that, i n  the absence of 
cathodic protection, will cause corrosion. Pipelines i nstalled a few feet 
below the surface of the ground also are subject to corrosion associated with 
bacterial decay of organic aaterial . 

While pipeline experience with austenit ic stainless steels has not been totally 
satisfactory, HuPac contends that such experience •ay not be completely 
applicable to HIC burial because HJC•s are buried deeper than normal pipeline s 
a nd are more isolated electrically. On the other hand, where stainless steels 
have bee n used i n  small amounts for fasteners, hose claMps, coupli ngs , a nd the 
like i n  underground applications, the results reportedly (Ref . 1 0) have bee n 
e xcellent. 

Tests performed with 300- series stainless steels in  soil e nvironments have 
generally been good, although in some samples taken from the •ore acidic a nd 
harsher soils, some pitting corrosion has been noted . These studies indicate 
that the common stainless steels , while they show substantial resistance to 
corrosion in long-term burial applicatio ns, also have so�e weaknesses such as 
pitting . For a given thickness of 8etal, they thus appear to have less .argin 
to meet the 300-year service life required for HICs. 

Inasmuch as FZ55 has been demonstrated to have significantly h i gher pitting 
resistance than the common  300-series stainless steels, particularly when 
considering attack by chloride, (and taking into consideration the expected 
chloride concentrations, 110isture content, a nd pH levels at the Barnwell a nd 
Hanford sites), the staff concludes that the F255 FL-SO/EA-50 HICs will perform 
better than the 300- series stainless steels would be expected to at those 
sites. 

3 . 2 . 2.4 Crevice Corrosion 

Hypothetically, there is a potential for crevice corrosion i n  the area of the 
HIC between the container a nd the lid/gask.et. As noted (Ref . 10) by HuPac, 
however, crevice corrosion testing performed with 10% ferric chloride and other 
solutions has show n that the temperature required for crevice corrosion is much 
higher than the temperatures that would be e ncountered at low level radioactive 
waste burial locations . The burial site che�ical e nvironment would, of course , 
be much l ess severe than the conditions imposed in  laboratory corrosion 
testing . The staff, therefore, concludes that there h reasonable assura nce 
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that c revice corrosion wi l l  not be 1 significant prob lem with the HuPac 
FL-SO/EA-SO HIC .  

3 . 2.2.5 Effects of loca lized Corrosion on Structura l Integrity 

In the analysis o f  the structural adequacy of the FL-50/EA-SO HIC (discu s sed in 
•ore detai l in Section 4 of this staf f eva luation), a wastage a l lowance 
approach 1s app lied to account for uni fonn corrosion of the container. That 
is, it is assumed that a portion of the total 3/8 inch thickness of the F255 SS 
i s  ccrrl)ded away by uni form corrosion, and the stresses deve loped in the HIC 
d�e to buria l loads are then compared to the a l lowab le stresse s .  For reasons 
d iscus sed e lsewhere in this Staff Eva luation, staff conside rs it un l ike ly that 
unifonn corrosion wou ld resu lt  in this 11ag nitude of HIC wa l l  thick nes s  loss; 
rather, it appears 11ore likely for the F2SS conta iner to be attacked by 
localized corrosion. HuPac wa s, therefore, a sked to provide a structural 
an alysis that wou ld address the potentia l effect s of localize d  corrosion on  
structura l integrity. 

To ca lculate the •ini11um weld thickness (the we lded areas wou ld be mo st 
susceptib l e  to localize d  corrosion) required to prevent structural instabi lity , 
the highest stressed e lement was identified, and an estimate of the al lowab le 
pitting damage was obtained by calcu lating the aaxi11um a l lowab le uni form we ld 
reduct ion. That value (based on a 80, 000 psi y.s. for F2SS) is greater than 
the wa stage a l l owance for unifonn corrosion of  the HIC wa l l .  The reduction in 
we 1 d thickness wou ld reduce the we 1 ds ' •oment carrying capability, but if a 
we ld were pitted, the remaining non-pitted portion of the we ld wou ld sti l l not 
be reduced in thickness (neg l ecting uniform corrosion) and would thus 11aintain 
a 11oment carrying capability.  It would, therefore, require a gross amount of  
pitting to achieve a condition of  structural instabi lity. 

Thus, in view of the inherent superior localized corrosion resistance of F2SS , 
and taking into account the environmenta l conditions expected at the Han ford 
and Barnwel l  burial sites, staff concludes there i s  reasonab l e  assurance that 
loca lized externa l corrosion wi l l  not threaten the structura l integrity of the 
HIC over its 300 year design l ife. More information on environmenta l factors  
is  pre sented in  the fol lowing subsection o f  this staff eva luation . 

3 . 2 . 3  Environmental ly-Re l ated Corrosion Factors 

3 . 2.3.1 General 

The discussion presented in Section 3 . 2 . 2  of this Staff Evaluation cente rs 
pri11arily on aetallurgica l factors that govern the corrosion resistance of the 
Ferralium HIC. In Section 3. 2.3 the focus is on environmental factor s 
(interna l as we ll  as external ) that were considered in assessing the 300 yea r 
corrosion performance of  the H I C. 

As noted ear lier, a wastage allowance (i . e. , thickness of 11ateria l a l located 
for corrosion) approach was used in the FL-50/EA-SO HIC design ; that is , a 
portion of the tota l 3/8 inch wa l l  thicknes s  is a llocated for un ifo rm 
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corrosion. In assuring that the a l lowable uniform corrosion rate would not be 
exceeded, NuPac considered the possible external environments of t he burial 
trench as we l l  as the internal environment that would be provided by various 
waste streams. 

Wi th regard to the external environment ,  NuPac asserted that data on soils and 
t heir corrosive characteristics (Re f .  9) indicate that the soi l s  in the curre nt  
disposal sites are no t necessari ly 11ore corrosive than o ther soi 1s w here 
austentic stainless s teels have been tested and demonstrated to be hi ghly  
resistant to both pitting and general attack (Re f .  14 ).  While the po s sibility 
ex)sts that the burial trench  groundwater could, in fact, be considerab ly  �ore 
agressive t han would be encountered in native virgin soi ls (due to 
contamin ation f ro� chloride or organic compound-bearing chemicals), NuPac 
contended that the expected soil contamination levels are well below those that 
would a f fect the F255 al loy. 

Based upon comparison o f  the burial site soil analyses with corrosion te st 
results and field experience with various stain less a l loys, the staff would not 
expect  the external (soi l) environment to pose a threat to the s tructural 
integrity of the F L-SO/EA-50 HIC . (See the fol lowing subsections for detai ls . )  

With regard to waste s tream effects on the interna l  environment of the HIC, the 
situation is considerably 110re complicated because it is a function o f  11any 
factors, including the type o f  waste, temperature, oxygen concentration , the 
history o f  the waste s tream, and the waste stream itself . I t  was acknowledged 
by NuPac that some detrimental environments could exist . The analyses and 
adminstrative procedures that were developed to address the potential 
environmental parameters are summarized in the fo l l owing subsection, 3.2 . 3 . 2. 

3.2 . 3.2 Review Areas Concerning Environmentally Related Corrosion Factors 

In the topica l  report, the analyses of environmentally related corrosion 
factors focussed primari ly on two aajor areas: ( a) soil characteristics (e . g., 
pH, chloride concentration, water content, organics) and (b) a .. worst case" 
analysis of bead resin corrosion effects . A series of questions concerning 
these subjec t  areas were raised by the staff .  The subjec t  11atter and the 
responses to the Sta f f ' s  questions are too lengthy and complex to cover in 
detai l  here, but the fo llowing points summarize the situation . 

(1) Severa l  pH  ranges are addressed in the topical repor t. They deal with  the 
pH range for soi ls (4 . 0  to 11 . 0) ,  the pH range for ion exchange resin s 
(taken as 0 to 14), the minimum pH for trench sump liquid (assumed to be 
2 . 4) and a limiting pH o f  3 on l iquid bearing waste containing more than 
� free halogens . The l atter is used to establish a so-cal led "corrosion 
criterion" as fo l lows: "The liquid portion o f  the waste 11ust  have a pH 
greater than 3 .  I f  not, then the waste stream mus t  have less than 2% by 
weight o f  ionic h alogens." 

This criterion was developed by considering (a) t he 11aximum acceptable 
(uniform and pitting) corrosion rate compatible with preserving struc tural 
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integr ity; (b ) the corros ion rates assoc iated w ith poss ible  waste streams 
and (c ) pract ica l  l iM itat ions i11posed o n  the container by the pote nt i al 
waste for11s .  

(2 ) The oract ical app l icat ion o f  the corros ion Hmitat ions p laced o n  the 
conta iner h prov ided i n  a sect ion of the report that conta ins the 
responses  to Staff quest ions that dea l  w ith 1 proposed container operat i ng 
procedure. It is intended by NuPac that the procedure shou ld be fo l lowed  
by  a l l  users of  the Fl-50/EA-50 HIC. Inc luded w ith the oper at i ng 
procedure is a cheM ical coapat ib i l ity f low d iagra� a nd check o f f  
procedure. Waste streams that wou ld co nta i n  l iqu ids w ith pH  less than  3 
or ha l ides (ch lor i de or f luor ide ) greater than  2% by we ight wou ld h ave to 
be ne utra l ized, d i luted or exc luded from the container. 

Other prov isions are aade for the use of a vent (to accomodate pote nt ial 
gas generat ion due to b iodegradat ion)  and short-teT'II tHtperatu re 
excurs ions (to a l l ow f i ll ing of the HIC w ith 11ater ials at greater than 
amb ient temperature). 

Users of the Fl-50/EA-50 HIC w i ll be requ ired to cert ify that they have 
comp l ied w ith a l l  the operat i ng procedures a nd that the HlCs do not 
conta in  proscr ibed chem ica ls .  A copy of the Operating Procedure requ ired 
for Fl-50/EA-50 HIC users h p rovided as an append ix to th h evaluation  
report. 

(3) Regard ing the chem ica l  eo��Pat i b i lity of ion exchange res i ns w ith the HIC, 
a theoreot ica l "worst case" analysis  was presented in Append ix Q of the 
as-subm itted report . Rather than re ly so l e ly on that ana l ys is . the NRC 
staff asked NuPac to (a ) p ropose the waste strea.ms that the Fl-50/EA-50 
HIC wou ld see the products of . (b) exam ine the app l icab l e  test data, a nd 
(c ) show by ana lys is that the env ironment that the HIC w i ll be subjected 
to wou l d  not be unacceptab l e . In response, NuPac p resented an analys is 
that centered around data concern ing the t itrat ion of ion exchange res i ns 
and the pH of contact i ng  water . It was shown, that even w ith very low pHs 
(s i 11u l at i ng rad iat io n  daaage effects ), corros ion  rates were we l l  w i th i n  
the u niform corros i on 1 1• it for the HIC .  

A rev ised Append ix Q was subm itted as a theoret ica l  backup analys is for an  
extre�e analyt ica l case. The resu lts of the Append ix Q revi s ion  i nd icated 
that dewatered res i ns could s i11u late 10·20% su lfur ic ac id , wh ich wh i le it  
was cons idered excess ive for 316 sta inless stee l,  wou ld  not resu lt in  
v io lation of the un iform corros ion l i11it for F255 . 

(4) In add it ion to the above po ints, NuPac a lso addressed (a ) the potent i a l  
need for organic solvents exclus ion and pre-treatment, (b ) the pote nt i a l  
for growth o f  •icro-organ is•s. (c ) effects of sulfu r  compounds, (d ) trench 
a nd organic l iqu id chem ical cor ros ion res istance, (e ) ch loride content of  
so i ls, and (f ) effects of rad iat io n  on  pH.  I n  a l l  cases, the Ferral ium 
conta iner was shown, on the bas is of ana lyses coup l ed w ith appl icab le 
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data, not to be significantly affected by t he postulated plausib le 
environ.enta l condition. 

The staff conc l udes, on t he basis of t he analyses and data presented in the 
Fl-50/EA-50 report ,..,d responses to Staff questions that there is reasonable 
assurance t hat t he fL-50/EA-50 HIC, if u sed within the bounds prescribed by t he 
proposed operating procedures, wi l l  not suffer a loss of structural integrity 
over its 300 year design life due to corrosion effects. 

Verificat ion of acceptable perfor��ance c an be provided by means of  J)tr1odic 
surveillance of archival specimens (see Section 3.9 of this St aff Evalu�L ion 
Report ) .  It should be noted t hat users of the Fl- SO/EA-50 HIC will ha·;e tc­
comply with all state requirements and criteria for a particular LLW bur ial 
facility. For example, South Carolina requires wa ste forms to be with in a pH 
range o f  4 to 11. That requirement wi 11 thus apply to any F L-50/EA-50 HICs 
that are buried at Barnwell, regardless of t he pH <3 11corrosion criter ion" 
proposed by NuPac. 

3 . 3  Structural Analyses 

Burial  depths at the Hanford, Washington site do not exceed 45 feet, which 
corresponds to an external pressure of 37.5 psi on t he container, whi l e  the 25 
feet m aximum burial depth at Barnwel l ,  South Caro l ina corresponds to a 
container external pressure of 20.8 psi. In the original d esign of the 
fL-50/EA-50 HIC, the side walls were 1/4 inch Ferraliu., and the HIC had only 
two internal supports. Reanalyses by NuPac, however, l ed to two 11ajor design 
changes t hat were related to t he structural analyses of other 11embers o f  
NuPac•s Enviralloy HIC family: (1) an increase in  the HIC wall thickness to 3/8 
inch, and (2) t he use of four internal supports. These changes were intended 
to improve the structural design aargin_for the HICs. 

In examining the February 1985 responses to NRC Staff questions, however, it 
was discovered that there were some areas that required further clarification 
and elaboration. T hese included, in addition to some aspects of the structural 
analysis, they included some aspects of the special vent design, proposed short 
term temperature l imits for the loaded Enviralloy (F25S) HICs, and the need for 
a clearer commitment to provide survei l lance speci1nens. These concerns were 
transmitted to NuPac both oral l y  and in writing (Ref . 15 ), and resulted in 
substantial revisions to the topical report and i n  responses to questions that 
were resubmitted (Ref. 16) in May 1985. 

3.3.1 Burial loads 

One of t he areas i n  the HIC structural ana lys is that required further attention 
was the effects of burial loads. Basicall y, t he Staff concluded t hat it had 
not b een adequately demonstrated that the HIC could withstand the pred i cted 
burial loads. Specifically, additiona l  information was required ( Ref. 15 ) 
concerning (a) t he calculation of a critical buckl ing stress, (b ) applied load s  
resulting from placement of t he HIC i n  a non- vertical  position i n  the burial 
trench, (c) the determination of an allowable stress intensity value , and (d ) 
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various detai l s  of the structural analysis of the internal ver tical angle 
supports. In a te lecopied response (Re f. 16(a ) ), which was l ater follo�e d �ith 
a fo nnal submitta l  (Ref. 16 ( b ) ), NuPac satisfactorily addressed the staff's 
concerns. 

In brief, it was demonstrated that (1 ) the HIC did not have a stabi l ity problem 
due to buckling (2 ) there was significant 11argin for l oading due to s i de 
burials of the HICs and (3) the stability of the internal vertical supports �as 
adequate. While the staf f did not accept NuPac ' s approach for deriv ing an 
�11o�ab1e stress intensity for the pri111ary 11embrane plus bending stress , the 
di ffert�ce of opinion was •oot inasmuch as none of the burial stresses in the 
container, whether in the as fabricated or "corroded" (minus the wastage 
allowance ) state, exceeded the published yield stress of 80,000 ps i for 
Ferralium 255 . 

It shou ld be noted that NuPac analyzed the F L-50/EA-50 HIC for displacement and 
stresses utilizing a general purpose finite e lement code cal l ed ANSYS (Revisio n 
3 ,  Update 67 L) . ANSYS is 1 widely used and accepted finite-element a nalysis 
tool that has undergone extensive benchmarking to demonstrate its reliability 
for structural ana lysis. The assumptions used in applying the ANSYS 110del to 
analyze the behavior of the F L-50/EA-50 HIC under various l oadings are 
described in the structura l  analysis section of the topica l  report. A 
discussion of the e lements used and the output generated by the code are 
provided in various appendices of the topica l  report. The staff concl udes , on 
the basis of the inforaation provided, that there i s  reasonab l e  assurance that 
the F L- 50/EA-50 HIC is adequately designed for all conceivab l e  burial loads. 

3. 3. 2 Drop Test Load Analyses 

In add i t  ion to the ana lyses of buria l  .. l oads, NuPac attempted to estimate the 
loads that wou ld be incurred on various components of the HIC during the drop 
testing of HIC prototypes. Those calculations, presented in Section 3 of the 
topical report, addressed such things as the load on the lid during f l at-ended 
and corner drop tests . Severa l  questions were raised by the staff concerning 
these analyses. Most of the questions dealt with the need for c l arification o f  
portions of the report text. A coup l e  of the questions concerned the values 
used for the maximum pay load and gross weight of the container. 

In response, NuPac stated that the drop analyses were performed to provide an 
approximation of the conditions that wou ld be imposed on the HIC during the 
drop tests and that the actual qualification of the container was based on the 
drop test results (see Section 3.4 ). C l arification of the report text �as 
provided where needed, and certain typographica l  errors were corrected . With 
regard to the container gross weight, NuPac stated that the 111aximum gross 
weight of the F L-SO/EA-50 HIC i s  4200 pounds and that the user will be required 
to limit the HIC contents such that this gross weight i s  not exceeded. The 
4200 pound l imit •eets shipping container licensing requirements. 
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3 . 3 . 3 .  The�al Stresses 

The HIC wi l l  be subjected to some then��al loads due to solar heating duri ng 
transportation. Differential thenaal expansion between the conta i ner and the 
lift i ng straps, for exa11ple, could occur, and a "worst case" or be nding value 
was calculated. A quantitative analysh of the re5ultant stresses in the 
straps or surface of the HIC, requested by the staff, showed that there was a 
s ig n ificant safety factor, based on the d ifference between the •axi�um thermal 
stress and the y i eld stress of the aaterial . 

With regard to bur ial thersal loads, the relatively low burial temperature 
envelope at Barnwell and Hanford (68°Ftl8°F) would not be expected to be a 
factor. Mechanical strength properties of f2S5 decline gradually with 
increasing temperature (e . g . ,  strength properties at 200°f and 400°F are 
reportedly 8.6% and 12 .6% l ess, respectively, than roOflll temperature value s) . 
Therefore, a ny increase in temperature of the HIC that •ight ensue due to soil 
i nsulating effects or the near proximity of other heat-generating wastes would 
not be expected to s ign ificantly affect the HIC. Likewise, temporary storage 
above ground in a storage fac ility would not be expected to be a s ignificant 
factor. 

3 . 4  Prototype Test ing 

3.4 . 1 Drop Tests 

The HIC should be capable of eeeting the requ irements for a Type A package as  
spec ified in 49 CFR 173 and 10 CFR 71 , as appl icable to metallic contai ner s 
(Ref. 2). With regard to drop test requirements, the appl icable criteria are 
prov ided in 10  CFR 71. 71 . For the fl-SO/EA-SO HIC, which will have a gross 
weight under 4250 pounds, free drop tests (w ith the HIC loaded to the maximum 
gross weight) onto an uny i eld ing surface, from a variety of orientations {i.e., 
flat and corner drops ) w ere  perfor.ed. Except for a dent about 1/4 inch deep 
in the s ide wall (of a HIC w ith the original 1/4 inch wall) after a corner drop 
test, no v is ible d1111age ensued . I•portantly, there was no loss of contents 
from the container due to cracks or rupture of the seal . 

S i �ilar results were obta i ned fro. a full ser i es of drop tests performed from 
25 feet onto compacted sand . In this series of tests, the container included a 
lead gasket. The l ead gasket u inta ined a posit ive seal . The only v isible 
dl.ll\age that ensued fr011 the 2 5  foot drop tests consisted of a denting (about 
5/8 inch •ax iaum) of the iapacted side between the two end plates followi ng a 
side drop . There was no loss of contents result i ng from any of the 2 5  foot 
drop tests, nor did a eagnetic particl e  test performed on the closure weld s 
indicate any l oss of structural integr ity .  Angles welded to the lid that serve 
as handles were broken at the welds after the 2 5  foot top down drop test, but 
these are non-structural components of the conta iner and their f ailure did not 
affect conta iner i ntegr ity. 

After one drop test, which was an early test conducted on a container wi th a 
gross weight of only 3000 pounds, a crack was detected i n  one of the weld s .  
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That crack was determined to be due to 1 weld defect, however, and was not the 
result of 1 design deficiency. NuPac has provided assurance that future 
inspection procedures, to be used on production containers, will preclude the 
presence of silli lar weld defects. The staff concludes, on the basis of the 
submitted info�ation, that the Fl-SO/EA·SO HIC has satisfied the criteria for 
free drop tests for high integrity containers specified by NRC staff and the 
Statu. 

3.4.2 Type A Package Criteria 

A higr1 �t;tegrity container for low-level radioactive waste should be capable of 
111eeting the "normal conditions of transport" criteria for Type A packages in 49 
CFR 173 and 10 CFR 71, as applicable to •etallic containers (Ref. 2). Criteria 
used are those contained in Section 71.71(c), 10 CFR Part 71. Of the Type A 
package test criteria, the results of drop tests are addressed in Sect ion 
3.4.1, above. Other tests, or analyses perfon��ed in lieu of tests, are 
addressed in the following sections. 

Penetration Test 

A penetration test was performed using the criteria in 10 CFR 71.7l(c)(10). In 
this test 1 vertical steel cylinder 1-1/4 inch in diameter, weighing 13 pounds, 
and with 1 hemispherical end, was dropped from a height of 40 inches onto an 
exposed surface of the container with no Measurable effect. 

Water Spray Test 

Since the FL·SO/EA-SO HIC h fabricated from a duplex alloy steel, the water 
spray test (which simulates exposure to rainfall) described in 10 CFR 71.71 
(c)(6) was not performed. The staff concurs with NuPac's position that 
aetallic stainless steel packages will undergo no ��easurable physical change 
when exposed to the equivalent of two inches of rainfall for one hour. 

Vibration Testing 

The test criterion for vibration normally incident to transport is contained in 
10 CFR 71.7l(c)(S). Inasmuch as the Fl·SO/EA·SO HIC is a welded 111etallic 
structure with which closure is accomplished by 8 retaining blocks that lock 
positively into the structure of the container, there is no credible physical 
way for shock and vibration nor���ally incident to transportation to affect the 
integrity of the HIC. Also, inasmuch as the F255 alloy exhibits low 
temperature toughness characteristics similar to the commonly used ASTM A516 
fine grain practice steels, vibration effects would not be expected to be a 
prob 1 em even at 1 ow te111peratures that IIi ght be encountered during winter 
transport. Consequently, staff concurs in NuPac's decision not to conduct 
vibration testing. 
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Compression Testing 

Criteria for compression tests are addressed in 10 CFR 71. 7l(c )(9 ). The 
compress i ve load to be applied to the HICs dur ing these tests 11ust be  either 
the equivalent of five t i 11es the weight of t he package or 1 . 85 ps : 11ultipl i ed 
by the vertically projected area of the packages , whichever is greater. As 
noted in Section 3. 3 . 1 of this s taff evaluation , however , the F L - 50/EA- 50 HIC 
is des igned to w i thstand burial loads of at least  37. 5 psi (correspond ing  to 
the 45 foot b ur i al depth at Hanford) . Th is  corresponds to a projected load 
that is 11ore than three ti111es the 21 , 000 pound load that is obtained by 
llultip 1ying the 4200 pound gross we ight of the containe r  by a factor of f i v e .  
The refore , the compress ion test was not conducted on the F L- 50/EA- 50 HIC .  The 
s taff agrees w ith N uPac ' s  content ion that  the test is not warranted for this 
par t i c ular HIC . 

Pressure Testing 

The cri ter ion for a "reduced external pressure .. test, correspond ing to an  
external pressure of  3 . 5 psia , is  contained in  10 C F R  71. 7l(c)(3) . This 
corresponds to a press ure different i al of 11. 2  psi (that is , 14 . 7 ps i a  internal 
press ure at sea level atmosphere at t i 11e of l id clos ure , 11inus 3 . 5  psia). The 
FL-50/EA-50 HIC was pressure tested with a silicone rubber gasket, using water 
as the pressurization �dium. leakage past the gasket occurred at 75 psig. A 
separate test with a lead gasket ,  following a drop test, resulted in a pos i t ive 
seal unt i l  20 psig pressure was ach ieved. The FL-50/EA-50 HIC thus was 
demonstrated to •eet the reduced external pressure requirements. No increased 
external pressure tests were conducted , inasmuch as the HIC , as d iscussed in 
Section 3.3.1 of th is  report, was shown by analysis to be able to withstand the 
37 . 5  psi bur i al loads with aarg in. 

3. 5 Gas Generation and Internal Pressuri zation 

One of the design changes 81de to the Fl- 50/EA- 5 0  HIC involves the  
incorporation of a passive vent system (to be used for non- tr i t ium wastes ) to 
allow relief  of pressure generated by gases resulting from poss ible 
b iodegradation or radiolytic decay. The concern about internal gas generation 
or iginated from experience w ith a few polyethelene containers tha t  exhib i ted 
symptoms of excessive gas generati on (for example, had become stuck in t he i r  
transportation c asks due to the swelling resulting from generation and internal 
press urizati on ). Th is had res ulted in a request (Ref. 17) by the S tate of 
South Carol ina Department of Health and Environmental Control for 
cons i deration of a passive ventilation system as a design feature that would 
alleviate the problem. 

After due del iberation, The NRC Staff concluded that the installation of vents , 
in all HICs , not just polyethylene o nes, would be a prudent way to address the 
potent i al symptoms of the problem with  g as generation. The approach thus 
prov i des a 11eans to mini111i ze the effects of gas generati on (e . g . , 
over-pressurization of the HIC) on h andling , personnel safety , and long- term 
integ r i ty of the container. The use of vents is intended to be an inter i m  
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Measure, wh ich would address the symptoms and preclude any ser i ous effects o f  
gas generat ion, wh ile allow ing a l ong-te rm sol ut i on t o  b e  arr i ved at v i a  a 
study that would ident i fy the spec i f ic cause o f  the gas generat i on .  

Acc ord ingly, the pass i ve vent system t hat NuPac currently proposes to use i r 
the FL-50/EA-50 HIC would be bas ically compr ised o f  1 pert�ttable plug of 
poly.er ic aater ial placed in the l id o f  the container i n  a aanner that w i  1 1  
ain i a i ze any effects on the structure o f  the container and the poss i b il ity o f  
damage fro� exter i or objects . The vent aater ial was chosen o n  the bas is of  its 
rad iat i on res istance, lack of influence on c orros i on, chemical res istance and 
hydrophobic nature. The ve nt wi 11  pe rrdt the rel ief  of i nternal pressure by 
allowing the passage of gas while st ill min iali z ing the ingress o f  water as 
recomme nded by the Tech n ical Pos ition on Waste Fo� (Ref . 2) . S amples o f  the 
polymer ic aaterial have bee n  tested (Ref . 16 ( b ) )  for both a ir and water fl� at 
var ious pressures, and have demonstrated sat isfactory performance. The sta f f  
concludes that there is reasonable assurance that the pass i ve vent systell'l 
coupled w i th the back-up capab i Hty prov i ded by the sil icone rubber gas ket , 
w ill prov ide an adequate aeans to allow for the release o f  pressure due to gas 
generat i on resulti ng from b i odegradation or rad i olyt ic decay . 

It should be noted that the pass i ve vent system, though it h as been des ignated 
"opt i onal" by NuPac, i s  in  fact aandatory because it i s  the current pr i11ary 
pressure-rel ieving system for a l l  the FL-50/EA-50 HICs except those that will 
be used for tr it i ua  contain ing wastes . In the latter case the HIC w i ll have a 
lead gasket with n o  passive vent . Th is lead gasket/no vent des i gn prov ides 
reasonable assurance of the conta i naent o f  the trit i um  gas . 

3.6 Rad i at i on and U ltra-Vi olet Stability 

The rad i ation stability o f  proposed container aater i als as well as rad i ation 
degradati on effects of the waste i tsel f, should be c ons idered in the des ign of 
the HIC . No s ignif icant changes i n  aaterial design propert ies should res ult 
follow i ng exposure to a tot al accumulated dose of 108 Rads . (Ref .  2 )  

For the Fl-50/EA- 50 HIC, the b as i c  •ater ial of constructi on, Ferral i um 255 , 
would not be expected to be affected by rad i at i on from low-level wastes . Th is 
is  so because rad i at i on daaage, in the form of swell ing and embrittlement, is 
caused in  eetals by neutron rad i at i on, b ut these HICs w ill n ot contain 
detectable levels o f  neutron radiation produc i ng aater ials . 

The only c omponents not eade out o f  the F255 alloy are the g asket and the vent.  
Ne ither one of  these items affect the structural integr ity or stab ility of the 
con ta iner . H owever, because the top ical report conta ined informat ion 
indicating that the sil icone rubber gasket mater i al h ad a 20% compress ion set 
after exposure to 1 x 107 Rads, further informat i on was requested regarding the 
testing and capab il ities o f  the gasket . 

In response (Ref, 10), NuPac noted that i n for•at ion i n  the open 1i  terature 
(Ref .  18) indicated that a c ompress i on cap ab il ity o f  about 10% was obta i ned in 
test ing to rad iat i on exposures of 108 Rads. Although th is • i ght not be 
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considered sufficient for applications where the gasket •ight be subjected to 
i mpact loading (as eight be encountered during transportation ) .  we agree with 
NuPac ' s asse rtion that unde r burial conditions the re is no llltchanism for the 
gasket •aterial to •ove. The staff concludes that there i s  reasonable 
assurance that the silicone rubbe r gasket will perfo rm as an effective barrie r. 
The optional lead gasket is  not affected by gamma radiation at the 108 Rad 
level and is  thus also acceptable from a radiation stability standpoint. 

Another component of the HIC outer wall that i s  not constructed of •etal is t he 
pa ssive vent. The vent is  basically comprised of a permeable plug of polymeric 
�ate rial, which reportedly (Ref. 19) has good resistance to gamma radiation in 
excess of 108 rads. Inasmuch as the vent does not carry any significant loa d , 
any reduction in  aechanical properties that eight occur as a result o f  
radiation will not affect the perfo rmance of the HIC. 

In regard to the effect of radiation on the contents of HICs . NuPac indicated  
(Ref. 10) that only the demine ralization resin media have the potential to be 
affected by radiation in such a aanner that they •ay affect the containe r. The 
resin •edia •ay unde rgo radiolysis to produce gas within the container .  The 
slow build-up of gas could be a potential problem (with regard to ove r 
p ress uri zation effects) only if the re we re no provision for pressure relief. 
Inasm uch as the passive vent will pennit the alleviation of the pressu re . 
howeve r .  the radiolysis of wastes i s  not expected to result in over 
press urization of the HIC. The potential effect of ultra-violet (UV) radiation 
on the silicone rubber gasket should also be insignificant . in view of the fact 
that most of the gasket i s  shielded from such radiation by the .etallic lid and 
top of the HIC during transportation ; after the HIC is buried . it will not, of 
course, be subject to ultra-violet rays. UV radiation effects on the vent 
mate rial d ue to exposure during storage would be limited by covering the vent 
with UV opaque mate rial (see the OperatJng Procedure . Section 5 . 5). 

The staff concludes that there i s  reasonable assurance that the effects of 
radiation have been adequately considered in the design of the Fl-50/EA-50 HIC . 

3.7 Quality A ssurance and Inspection 

Hig h integrity container should be fabricated, tested, i nspected, prepared for 
use . filled, stored . handled, transported and disposed of in accordance with a 
quality assurance program (Ref. 2 ) .  Because the assurance of prope r proced u res 
for containe r  fabrication, testing, transpo rtation, storage and use is critical 
in several areas . the NRC Staff issued (Ref. 8)  several questions and comment s 
concerning this subject. NuPac ' s  responses (Ref. 10) can be separated into two 
general areas : ( l )  those 11atters having to do with fabrication . testing and 
inspection (i.e . , operations perfoMned by the vendor o r  which are directly 
unde r the cont rol of the vendor) . and (2) items to be addressed by the user. 

With rega rd to the first category of operations . NuPac presented a substantial 
amount of information, including documentation on required inspections, 
referenced p rocedures . and specifications and procurement. All the Fl-SO/EA-50 
HICs will be fabricated and inspected in accordance with NuPac "QA Level 1 11 
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criteria . According to NuPac, the Level 1 inspection activity fully meets  the 
requirements of (1 ) ANSI H 45 . 2, (2 ) 10 CFR SO, Append ix B, and ( 3 )  10 C FR 7 1 , 
Subpart H. Thi s l evel designation i s  established after Quality Engineering 
review of the contract, regulatory, design and fabrication requirements . 
Specifica l ly required tests, inspections, 11aterial controls and data re v iew 
requireme nts are the n delineated in the inspection planning , drawings ,  
referenced procedure s and specifications and related procurement docum e n t s . 
NuPac ' s  program for inspection to assure comp liance wi th •ateria l  a nd 
construction specification s  is delineated in a QA aanual. 

Wi th re�ard to user QA requirements, the Operating Procedure (Append i x  of th i s  
report )  prescribe s procedures to be adhered to by users of the FL-50/EA-50 HlC 
to as su re compliance with handling and 11aterial re striction s .  HIC u se r s  w i l l  
be required to certify that a l l  required procedure s a nd restrictions  h a ve bee n  
sati sfied . The staff conclude s that t here is rea sonab le a ssurance that qua l i ty 
assurance requireme nts have been adequate ly addressed for the F L-SO/EA-50 HI C .  

3 . 8 Miscellaneous Requirements 

The preceding sections of this Staff Evaluation Report addre ss the tech nica l  
areas that received the most attention during t he course of the review of the 
F L-50/EA-50 HIC topical report .  T hese items received the 11ost atte ntion 
because they were deemed to be the aost critical with regard to influencing the 
structural integrity of t he HIC . T he subjects discussed in the following 
p aragraphs of this subsection, though not trivial, were si11pler in scope a nd in 
11ost  c ases easier to resolve than those addressed earlier. 

3 . 8 . 1 Free liquid 

The F L-50/EA-50 HIC is designed for Cbntaining w aste with less tha n  U free 
liquid by volume. Because various types of waste are to be immobilized withi n 
the se HICs, a variety of dewatering procedures could be used . NuPac has 
submitted a topical report , No . TP-02, "Dewatering System," dated August  6 ,  
1984 that contains information on the dewatering for these containers . 

With regard to the potential effects of dewatering internals  on the HI C ,  NuPac 
has stated (Ref . 10 ) t hat  all internal protrusions will be m ade of a p l a s t ic 
•aterial. A ll  •etallic parts of a dewatering system would be re strained from 
contacting the sides of the HIC by either non-•eta l lic portion s of the 
dewatering structure or by t he waste form . Therefore . t he dewatering internal s 
shou ld  not pose a problem with regard to (a ) forming a corrosion coup le with 
the Ferralium 255 HIC or (b ) possibly penetrating the HIC during a drop eve nt. 

3 . 8. 2  

Design mechanical tes ts for polymeric •aterial should be conservative l y  
extrapolated from c reep test data (Ref . 2) .  However, inasmuch a s  the 
F L-50/EA-SO HICs are to be fabricated from a high strength stainles s  ste e l  
(Ferralium alloy 255), creep o f  the s tainless steel will be negligible und e r  
any conceivab l e  condi tion that t he HICs •ight h ave to endure. With regard to 
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creep of the gasket, there i s  •etal·to·aetal contact between the lid and the 
body of the HIC when the H lC is closed ; the refore, the effects of ga sket creep 
o n  HIC i ntegrity are expected to be i nsignificant . The vent also is des i gned 
such that the creep load will be relat i vely l ow ,  a nd any effects of creep wou l d  
not i�act the service of the vent o r  i ntegr ity of the HIC. Hence , creep 
� ffects were not cons i dered quant itat i vely i n  the review of the design of the 
Fl-50/EA-50 HIC .  

3.8.3 Biodegradat ion 

The biodeg radation properties of the proposed HIC •aterials, waste s ,  a nd 
disposal 11edia should be considered i n  the HIC desig n  (Ref . 2 ). Certa i n  
standard i zed  tests art called for i n  the NRC Staff Technical Position o n  Wa s te 
Fonn (Ref . 2 ). 

I n  the i nit ial vers ion (Ref. 6 and 7 )  of the F L·SO/EA- 50 ge ner ic top i ca l  
repo rt, biodegradat ion is  addressed (see Section 2. 0, Q ual ificat ion  of  
Conta i ner Material ) .  As noted therein, biodegradat ion of  a utal can be 
defined as the deterioration of the 11etal by corros ion p ro cesses that occur 
directly or i ndirectly as a result of the act i v ity of l i ving organ isms . 
Subseque nt discussion then addressed various aspects i nvolv i ng the p resence of 
ae rob ic versus anaerob ic bacteria .  For clarification, the NRC Staff requested 
{Ref. 8) add itiona l  f nforaation concerni ng ( a )  the effacts o f  potential 
sulfur-bea r i ng c011pounds f n  the waste, (b ) the •agnitude of potential gas 
gene ration, and (c ) the potential effects of eerob ic bacteria i n  anox i c  
e nv ironme nts . NuPac's response (Ref . 10), which was quite comprehens ive ,  
ba s i ca l ly can (along with the i nformation i n  the original report ) be s umma r i zed 
as follows : 

(1)  

(2)  

( 3 )  

Any gas generation that •ight occur w ithin the container would be relieved 
by the spec ial vent, o r  if the · vent were plugged by s011e u nforeseen 
process , by the l id gasket (wh ich u nder test wa s detected to leak at about 
20 to 75 ps 1 g  for the lead a nd s ilicone rubber gaskets, respect hel y ). 

Give n the l imited amount of oxygen a nd l i ght within the i nterior of a HIC, 
the o nly possible sustained growth of mi cro-orga n isms is through •icrobes 
that •etabol i ze fatty acids as 1 carbon  source . The IDOst commo n  fatty 
ac ids  are rarely used at coamercial power plants . a nd if they were �ed ,  
they would, i n  .est cases, be i n  low concentrations . 

If s ulfate, sulfite, o r  other sulfur-bearing compounds were present i n  the 
waste that 1 s  placed i n  the HIC . and/or should the growth of e ithe r 
aerobic or anaerobic bater f a  occur, the e nd p roducts would be low 
concentrations of sufuric a cid and hydrogen sulfide. As descr ibed i n  the 
report . however . Ferral h •  255 has been shown to be very res istant to 
co rros i ve attack by such chemicals .  Therefore . the effect of the i r  
potential presence o n  the perforaa nce of t he  Fl-50/EA-SO HIC i s  expected 
to be i ns i gnificant .  

(4) An e xplanat ion of spec ific •1crobe •etabol hlll llethods . possib le 

19 



WM-45 STAFF EVALUATION REPORT 

compl icating effect s of pro longed waste d�ater i ng t i mes, a nd a list of  
the •ost COII'IIIon fatty acid s were submitted a s  an  attachment to t he 
res ponse (Ref 10) to Staff que stio ns . The Operating Procedure, to be  
fo l l owed by HIC users, addresse s the pract ical appl icat ion  of  limiti ng 
organicr the length of de�atering , a nd other appropr iate related 
concerns . 

While staff does not believe that NuPac ' s  contention about the ro l e  of fatty 
acid s i n  the biodegradatio n proces s  is particular ly pers uasive, because t here 
i s  contrary evide nce available from experience with operati ng reactor w a ste s , 
the fac t h that (a) Ferralium 255 i s  very resistant to corro sio n ,  (b ) 
operating procedure s (Appe ndix A) w i l l  preclude the load i ng of t he m o s t  
potential ly troublesome waste 11ateria l s ,  a nd (c) the pa s s ive vent w i l l  al lo  ... 
for rel ief of any internal pre s sure ge nerated by b io degradation of �a st e s  
conta i ni ng deleterious chemicals such a s  fatty acid s .  

Consideri ng the se factors, the staff conc l udes that there i s  reasonable 
a ssurance that (a) biodegradat ion  of the HIC aaterial (Ferralium 255 ) is so 
extremely un like ly that biodegradation test i ng of the a l loy i n  accordance wit h  
ASTM or other standardized te sts is unneces sary, a nd (b) s ignif icant 
biodegradation of �astes , leading to a l o s s  of structura l i ntegrity of the HIC 
(resulti ng from, for example, corro s i on of the F255 a l loy or extensive g a s  
generation that would not b e  a l leviated b y  the pas sive vent) i s  a l so u nlikely . 

3 . 8 . 4  Top Surface Water Retent ion  

The HIC shou l d  be des i gned to  avoid the co llection or retention of  water on its  
top surfaces to mi nimize the accumulation of  trench liquid s that could result 
i n  corrosive or degradi ng effects . NuPac has designed the HIC so that the 
retai ni ng ring  at the center of the upper head i s  slotted s uch that a ny �ater 
e ntering the area can drain back o ut .  A l l  areas at the top head are de s i gned 
to be self draining . The staff conc l udes that there i s  reasonable as surance 
that there w i l l  not be a corro s io n  prob lem w ith the Fl-50/EA-50 HIC due to 
collection or retention of water o n  the top surface. 

3 . 8. 5  Cold Weather Test i ng 

The test "criteria" for eva l uat i ng the contai ner under normal co nditions o f  
transport i nclude s dete rm i nation of the effect of ambient cold temperatures as 
lo� as  ·40°F on the HIC de s i gn .  Concerns about cold weather te sti ng �ere 
expressed by the State of South Carol i na (Ref . 20), a nd a mu lti-p art que stion 
(No. 16c) regird i ng the impact resistance of Ferralium 255 at low temperatures 
was generated by the NRC staff ( Ref . 8 ) . 

In  response, NuPac s ubmitted ( Refs . 10  a nd 16b) charpy i mp act d ata o n  welded 
Ferralium at temperatures as l ow as ·100°F. Whi le the impact strength of F 2 55 
weld 11etal decreases sub stant ia l ly w ith temperature, the charpy impact values 
for weldment s, at 0°F for example . var i ed from greater than 10 ft . l b s .  to 
approxi11ate ly 20 ft . lbs .  Even at · 40°F, weld meta l  charpy impact va lue s  �ere 
e qual to or greater than  8 ft. lb s .  (Ferralium 255 b a se metal exh i bits much 
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h igher toug hness values than the �lded •ater ial a t  low temperature s ) .  
Allowing for (a) the inherent d i ff iculty i n  per form ing drop tests on  
fully-loaded F l- 50/EA- 50 HICs a t  temperatures as  low as  ·40°F a nd (b) the fact 
tha t the charpy i•pact tests on weld aater ial demonstrate s ign i ficant toughnes s  
a t  low temperatures, tht staff conclude that there i s  r easonable as surance that 
'�ld weather w ill not present an undue hazard w i th the FL-SO/EA- 50 HIC and that 
further tes t i ng at  low temperatures i s  not requ ired . 

3 . 9  Surve illance 

Gen�ra lly, demon s trat ion  of  the adequacy o f  any HIC de s ign  would i nvo lve three 
thi ng s :  (1) laboratory testi ng, (2) a nalyt ical pred ict ions, a nd (3 ) field 
exper ience . Because field exper i e nce w i th F255 i n  so il  i s  sparse , there i s  
some u ncerta i nty regard i ng t he poss i b i l i ty for synerg i st ic dfects or 
env ironmental degradation  phenomena w hose magni tude it  •ay not be pos s i ble to 
pred ict or who se nature i t  may not even  be poss i ble to i de nt i fy a t  th i s  time . 
F i nal confi rmation  o f  the adequacy o f  a new HIC d es ign such as NuPac ' s  
FL- 50/EA-SO can, however, be prov ided over t i �  throug h inspections  o f  
surve illance spec i•ens bur i ed a t  each licensed d i sposal sit e .  

NRC is cons ider ing a plan for establ ishment o f  surve illance protoco l s  i nvolv ing 
"archival t rench" bu dals o f  HIC spec imens (and "• in i - s amples" o f  HIC 
mater ials) at  llW b ur ial s i tes . NuPac was requested (Re f .  8) to agree in  
pr inc iple to providing F2S5 surveillance spec imens for use in  a long- term 
surve illance program, w i th the understand ing that the deta ils of  the program 
can be establ ished on a schedule i ndependent o f  and poss i bly subsequent to, the 
approval o f  the FL- 50/EA- 50 HIC des i g n .  

In response (Ref.  l6b) . NuPac expressed a pos i tive  i nterest i n  support i ng a 
surve illance program ,  c en ter ing around .. an  "archival trench" concept in  which  
surve illance speci mens ( for example . corros ion coupons or an actual HIC) could 
be placed for subsequent per iod ic retr i eval a nd i nspection  under an establ ished 
protocol. Unt i l  the spec i fic deta i ls of  such a program have been establ ished , 
i t  is not pract i cable to mandate particular requ irement s  or to expect vendors , 
b ur i  a 1 s i te operators, s tate agenc i es .  etc .  • to 11ake c i rcum s tant i a 1 
comm i tments . However . i t  should be  noted tha t  ver i f ica tion o f  the adequacy of  
a HIC des ign  a nd mater ials o f  fabr icat ion can only be  prov i ded d irectly through 
act ual surve illance, wh i ch would i nvolve per iod i c  i nspections over several 
years . 

4.0 REGULATORY POSITION 

NRC s taff has completed its rev i ew o f  the top ical report that is intended to 
serve as the referent i a 1 document that descr ibes the des ign · of the N uPac 
FL- 50/EA-SO h ig h  integr i ty conta iner ( HIC) for low-level rad ioact ive waste and 
prov ide s the bas is  for determ ining the adequacy o f  the HIC des ign .  In i ts 
evaluat ion  sta f f  pr imar i ly focussed on (1) appl icable sect ions o f  10 CFR 61, 10 
CFR 71, and 4 9  CFR 173 a nd (2) add i tional requirements proposed by state 
agenc i e s .  Based o n  i ts evaluation o f  the i nfonna t i o n  prov ided in (a ) the 
top ical report (or ig i nal subm i ttal plus rev isions) , (b) wr itten  respon se s  by 
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N uPac to NRC Staff quest ions a nd co�����ents , and (c ) IH!etings a nd te lephone 
discussions with NuPac representat i ves and consultants , the staf f conclude that 
there is reasonable assurance that , considerin g  the proposed use of the NuPac 
fl-50/EA- 50 HIC , the HIC  -.ets the structural stability requ irements o f  Part 61 
a nd is  consir"'.ent with the guidan, t presented in the NRC staff Techn ical 
Position of Waste form . 

This approva l  o f  the FL-50/EA-SO HIC a nd Topica l  Report i s  pred icated on  
comp l et io n  a nd issuance of the fina l Top ical  Report (proprietary and 
non propr i etary vers ions }  accord i ng to rev ielli agreements a nd t he follo��ii ng 
cond it ions :  

( 1 }  That the FL·SO/EA- 50 HIC shall be used i n  accordance with the Operat i ng 
Procedure restrictions out lined in the Append ix to th is Technical 
Eva luat io n  a nd al l add itional restrictions and requirements spec i f i ed by 
the burial site operators a nd governing state agencies . 

(2) Users o f  the FL-50/EA- 50 HIC sha l l certify that al l restrict ions and 
requ ired procedures h ave been adhered to and that the HICs do not conta i n  
proscribed chemicals or waste materials . 

Based o n  responses (Re f. 16) to questions , staff understands that NuPac will 
provide appropriate •ateria l  speciaens for a survei l l a nce program where 
corros ion sup 1 es are to be buried 1 n an arc hi va 1 trench at e ach LLW bur i a 1 
site and retrieved a nd inspected at period ic intervals. 

22 



WM-45 STAFF EVALUATION REPORT 

S.O REFERENCES :  

1 .  1 0  CFR 61, licensing Requirements for land Disposa l of Radioactive Wa ste , 
U . S .  Government Printing Off ice, January 1, 1985. 

2 .  Technical Position on Waste Form, Rev. 0 ,  U. S. N uclear Regulatory 
Commission, May 1983. 

3. larry J .  Hanson (NuPac), l etter to Nancy Kirner (WA), File No. S8436 . JCR , 
N ovember 3 ,  1983 .  

4 .  T .  R. Stro ng (Departlllent of Social and Hea lth Services, WA), letter to 
Donald A.  Nussba�er (NRC ) , January S, 1984. 

5 .  leo B .  Higg i nbotham (NRC) . Mem orand um  for Dona ld A .  N ussbaumer, "Tec h n ic al 
Assistance to WasMngton State on the NuPac HIC, 11 February 16, 1984 . 

6. John D .  Simchuk (NuPac), l etter to Michae l Tokar (NRC), Subject : Affidav it 
to Withhold  from Public Disclosure N uPac Proprietary Information o n  t he 
Mode l FLSO Hig h Integrity Container, " File : FL50-G, February 1 3, 1984 . 

7. Joh n D .  Simchuk (NuPac), letter to Michael Tokar (NRC), Subject : NuPac 
Model Fl-50 High Integrity Co ntainer dated 1/30/84, File : FL50-793, March 
1, 1984. 

8 .  Michae l  Tokar (NRC), letter to Richard T .  Hae lsig (NuPac ), ''Request for 
Add itiona l  Infor111ation on N uPac's Generic FLSO HIC Report," October 25, 
1 984. 

9. P. l .  Piciulo, C . E. Shea, and �.E. Bar letta, uAna l yses of Soils at 
Low-leve l Radioactive Waste Disposal Sites," Draft Report, Brookhave n 
Nationa l laboratory, BNL-NUREG-31388, May 1982 . 

10 . C harles J .  Temus (NuPac), letter to Michae l Tokar (NRC), Subject : "NuPac 
FL- 50/EA- 50/EA-50, Response to NRC Questions, dated 2/85," File : 680-15, 
March 1, 1985. 

11. FERRALIUM Al l oy 255, Cabot Bulletin H-2005 .  

12. N .  Sridhar, l .  F lashe, J .  Kolts, Corrosion/84 , Paper 1244 , NACE Annual 
Conference, 1984. 

1 3. N. Sridhar, l .  Flashe, and J. Kolts, " Proceedings of ASM Conference on  
A dva nces in Stainless Stee l Technology, Detroit 1984 . 

14 . W. F .  Gerhold, E. Escalante, and B. T .  Sanderson, "The Corrosion Behavior 
of Se lected Stainless Stee ls  in  Soil Environments," NBS Publication NBSIR 
81-2228, February 1981. 

2 3  



WM-45 STAFF EVALUAT I ON RE �ORT 

15 . M. Tokar  (NR C ) ,  Te lecommu nications wi th C .  J .  Temus a nd S. 0 .  Goetch  
(NuPac) . Apr il/May 1985 . 

16 (a ) . 

16 (b ) .  

C .  J .  Temus (NuPac ) ,  Telecopy t o  Dan Huang (NRC ) ,  "NRC Structural 
Findings ." Ap ril 24, 1985 . 

C .  J .  Temus (NuPac ) . letter to M .  Tokar (NRC) . May 16, 1985 , wi th 
Revised Responses to NRC Staff Comme nts . 

17 Heyward G. Shealey { SC ), l etter to Stephen Goetsch (NuPac ) . Sep tembe r 27 , 
1984 . 

18 .  Robe rt Barbari n ,  " Selecti ng E l astome r Sea ls fo r Nuc l ea r  Se rvice ," P a r ke r 
Hanni fir  Co rporatio n/Seal Group . 

1 9 .  R .  EG .  Jaege r .  Compendium o n  Radiatio n  Shie ldi ng , Sp ringer-Ve r l ag ,  197 5 .  

20. Vi rgi l R. Autry ( SC ) .  l etter to Donald  A. Nussbaumer (NRC), Septemb e r  17 , 
1984 . 

24 



WM- 4 5  STAF F  EVALUATION RE PORT 

6 .  0 APPENDIX 

POl 

!NVtlW.t.Ol l)ISPOS.U. COHtA�S 

WITB SD!!S A MDCI: ) C"...OSUU 

OM-32 

ln . 1 

AUCiJS'T 29 • 1 985 
.. 

Dat •  

,u!zs 

Date 

-

Data 

9 · G·AS 
Dat •  



OH·32 , Re v .  l 

TABLE OF CONTENTS 

1 . 0 General  Scope 

1 . 1  Purpose 
1 .2  Content 
1 . 3 App l i cabi l i ty 

2 .  0 References 

3 . 0  De fi n i ti ons 

4.0 L i fti ng and  Hand l i ng P rocedure 

4 . 1  Empty Con ta i ne r  
4 .2 Loaded Conta i ner 

5.0 S torage Procedu re 

6.0 C l o s ure Procedure 

6 .  1 r�nua 1 C l o s ure 
6 .2 Remote Cl o s u re 

7. 0 Was te Compa t i b i l i ty Procedu re 

7 . 1  Scope 
7 .2 Prereo u i s i tes 
7 . 3  Chemi ca l  Compa t i b i l i ty Check Off P rocedure 
7.4 Chemi cal  Corros i on 

8 . 0  Tempera ture L imi ts for Wa s te �ed i a  

9 .0 Doc umenta t i on a nd Chec k  Off 

i 

8/85 

2 

2 

2 
2 

3 

3 

3 
4 

4 

4 
5 
8 
10  

1 1  

1 1  



- . . . . . .  

OM- 3 2', RI!V . 1 8 / 8 S  

� G£N:JAL ICOP! 

· 1..1 Purpo11 

Th i a  do cument de l i n e a t e • a e v e r a l p r o c e d u r e • t ha t a r e 
r e q u i r e d  f o r  p e r s o n n e l a n d  p r o p e r t y e a f _ t y a n d  
adh e r ence to the appl i ca � l e  regu l a t i on •  fo r c o n t a inmen t  
anc:S b u r i a l  o f  a n  tn v i r a l l oy I U ; h  I nt e g r i t y  C o n t a i n e r  
( R I C: ) . 

l..r.l Content 

Th i l  pr o ced u r e c:S e t e r ibaa tbe me thod • anc:S techn i q u e s  r e­
qu i r e d  to ope r a t e  any c on ta i ne r i n  the r a r ra l i � f am i l y  
of B i ;h Inte g r i�y Conta i n e r• f r om fa b r i c a t i on through 
b u r i a l . I t  1 1  a n  a l l e n c om p a a a i n ; g e n e r i c p r o c e d u r e  
u n l a 1 1  a pe c i f i e a i t e ,  e u l t om e r ,  o r  a p p l i ca t i o n  r • ­
q u i r e � e n t a  a r e i n d i ca t e d  b y  t h e  p r o c e d u r e c o v e r  pa g e  
and Sect i o n  1 . 3 ,  Appl i ca b i l ity. 

Adde nd�• may be a t t a ched ea n e c e a a a ry. Any adde nd um• 
a r e n o t e d in t h e  T a b l e of Co nt en t a  a n d  S e c t i o n 1 . 3 ,  
Appl i cab i l i ty .  

l.l Appl i sabil i�y 

Th i a  pr oced ur e appl i e a  t o  the r e l ated act i v i t i e a  of a l l 
Nuc l ea r  Pa c ka g i ng , I nc .  empl oye e a ,  the i r  contra ct pe:·  
aonne l , uti l i ty cuatome ra and the i r  cont r act pe r a on n el . 
Any a pp l i ca b l e pe r s o n n e l  t h a t  h a n d l e  l oa d ,  p r oc u r e ,  
t t o r e , c � o a e  a n d  a h i p t h e  c on t a i n e r  .a r e  bo u nd by t h i l  
p r oced ur e . 

1.1 Uni t ed Stat e a  Cod e  of Fede ra l Reg u l a ti o n •  Ti t l e 1 0  Pa r t  
6 l  

� On it ed l t at e a  Code o f  Fede r a l  Reg u l a t i on• T it l e 10  pa r t 
'7 1  

Nuc l ea r  Pa ck a g ing Caa k hand l ing pr oced u r e s  

lha c l e a r:  P a c k a g i n g  Q u a l i t y  Aa a u r a n c e P r o g r am ,  
Appr ova l  No . 011 2 

l 

Nl\C 
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1.1 Muc l ea r  Pa e ka g i� g ,  Inc.  !nv i r al l oy H i gh I n te g r i ty Con­
ta i n e r• 'opi ca l aepo r t  

� Mu Pa c P r o c e d u r e  CP- 0 5 , C l e a n i n g o f  En v 1 r a l l oy C o n ­
t a ine r •  

� N u Pa c P r o c e d u r e  J o .  L!- 1 7 ,  C e n t r a l  P r o c e d u r e  - S o a p  
B ub b l e (Low P r e a a u r e )  �eat f o r  !nv i r a l l oy Cont a i n e r s  

� Nu pa c P r o c e d u r e  RO. FS - 0 1 ,  S e e  fo r F a b / M a c h  o f  S t e e l  
Pa r t  a 

� Cr i t e r i a  f o r H i gh I n t e g r i t y  C on t a i n e r a , W a s h i n g t o n 
Sta t e  Ra d i at i on Con t r o l  P r o g r am ,  Aug u a t  2 5 ,  lt B 3 .  

l..a.lJ, u s  NRC F i n a l  Wa a t e  C l a a a i f i ca t i o n a n cS  W a a t e  P o rro 
Tec h n i cal Poa i t i on Pape r • ,  May 1 1 , lt 8 3  

� Q!PINITIONS 

B I C :  ligh I n t e g r ity Conta i n e r  

L i q u i d  F r e e Wa l t t t  n r y  Vl l t t I U C h  a a  d r i t c5  f i l t e r a ,  
DAW , ha rdwa re etc.  

l.l DAW I nry Act iYa ted. Wa a t t  

J.l £mpty Conta ine; .. 

T h e  empty c on t a i n e r •  ca n be l i f t ed by a ny o n e  o f  t h e  
n o rma l l i f t i n g  c o n n e c t i o n s  { l i f t i n g  a l i n g a ,  l i f t i n g  
pa d e y e  o r  l i f t i n g  ey e )  o r  b y  l i f t i n g  b e n e a t h  t h e  c o n ­
ta ine r w i th a f or k l ift o r  ot be r s u i t ab l e  d e v i ce a u e h  as 
a l i f t i n g  p l a t f o rm. C a r e  a h o u l d  be ta k e n net to d r o p o r  
d a ma g e  t he c o n t a i n e r .  The t a r e  v e i g h t a  o f  t he c o n­
ta in e r• are noted in Tab l e 4•1. 

!.1 Lpadtd Cpntaincr 

L i f t  t h e  l o a d e d c on t a i n e r  on l y  by t h e  l i f t i n g  a l i n g  
aa a emb l y  o r  t he ape cial l i f t i n g  l ug a  d e s i gned f o r  r e­
aote hand l ing eq u i pme n t  o r  f r om ben e a t h  the conta i n e r  
w i th a f o r k l i ft o r  l i f t i ng p l a t f o rm. The max imum g r o a s  
we i gh t  o f  each conta in e r  ia l i st ed i n  �abl e 4 -:. 

2 
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1...0. 

Koc!el 

IA-2 1 0 1  

f!A-2 1 08 

EA•lJ 08 

EA• l t OI 

IA-1 4 28 

!A-14 21 

EA•1 4 0 8 

EA· U OI 

!A- 7• 1 0 0 8  

EA-7·1 008 

EA-6• 1 0 0 8  

EA-6 - 1 0 08 

EA· 5 0B 

EA- 5 01 

tabl a 4-1 

Ta ra we i ght ( l bl . )  

l i' J O  

3.t 5 0  

l ot  5 5  

J O f O  

2 5 1 5  

2 5 4 !  

2 4 3 0 

2 1 8 5 

2 6 4 0  

25 4 5  

2 11 0 

2 0 6 0  

l C 3 5  

1 4 3 5  
# 

c���: !BQC:tlaB' 

Groll Weigbt ( l b l . )  

2 0 0 0 0  

2 0 0 0 0  

2 0 0 0 0  

2 0 0 0 0  

1 0 0 0 0  

1 0 0 0 0 

1 5 0 0 0 

1 5 0 0 0 

1 3 0 0 0  

1 3 0 0 0  

1 2 0 0 0  

1 2 0 0 0  

4 2 0 0 

4 2 0 0  

The conta in e r s  sha l l not be st o r ed wh e r e t h ey wi l l  come 
in c o n t a c t w i t h  a n  e n v i r o n m e n :  t h a t  v i o l a t e• t: h e 
requi r ement of 7.4 

St o r e  the cl o a u r e  g a 1 k e t  i n  a c o o l  d ry p l a c e  o u t  of 
d i r e ct s un l i g h t .  P r ot e c t  t he c l o a u r e ga 1 k e t a  f r om 
a b r a a i o n ,  c u t t i n g , h a r a h  c h e m i c a l •  a n d  f u m e • o r  
exceaaiva l oaded pr eaa u re during a t o raqe . 

Tak a  preca u t i o n •  t o  prevent the c ontaine r f r om f i l l ing 
with r a in wa t e r .  

St o r e  contain e rs i n  a n  area whe r e  they wi l l  n o t  auatain 
impa ct a ,  abra l i ona , voug ing , or othe r dama g e . 

Vent muat be covered dur ing s t o r ag e  w i t h  a ul t rav io l e t 
(OV) opaque cov e r  (i .e. , bl a ck po l ye t hy l ene ,  b l a c k po l y  
vinyl chl o r ide tape , e t c . ) .  

3 
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� �n ual Clgwurs 

1 . 1 . 1  

f . l .  2 

1 . 1 .  3 

f . 1 . 4 

f . ! . 5 

C l ean a e a l  a r ea bo th on con t a i n e r  and on t h e  
l i e! t o  r e m o v e  any c U r t ,  g r e a a e ,  o i l s , o r  
othe r c!ebr 1 1. 

I n 1 p e c t  ga a k e t  f o r  a n y  c u t a o r  d a ma g e .  P. e ­
p l ace i f  ne c e a a a ry .  

P l ac e  l i d on ga s k e t  an c! a l i gn hand l t t  1 0  they 
a c e b e twe e n  c l oa u re w e d g e  h o l tl on t he a e r i es 
A c o n t a i n t r a .  

P l a c e  wedge s ! n  h o l e t  a n d  d r i v e  unt i l s e c ur e .  
Th e  vs d g e a  a h ou l d b e  d r i v en un t i l  t h e  l i d 1 1  
me t a l  t o  � e t a l  o n  t he a t op l  u n d e r t h e  l i d .  
N � t t z  t h t  w e dg e a d o  n o t  no r ma l l y r eq Y i r e 
d r iv i n g  to th e i r  f u l l  r amp leng t h . 

Remove vent UV c ove r .  

� Bcnotw Cloayr• 

1 . 2 . 1  

f . 2 . 2  

1 . 2 . 3  

Pe r t o r JD 1 t epa f . l . 1  t h r o u gh 1 . 1 . 3  

Dr ive  we4g es i n  pl ace ua i ng a r emote c l o a u r e 
t ool . 

Remove vent OV c ov e r . 

NOT ! s �B l S  PRO C EDOl! S!C! I O N  AP PL I E S TO AL L  P E R S ONN E L  AS 
OUTL IN ED  IN S ECT ION 1 . 3 ,  AP PL ICAB IL ITY. �S I S  S ECTI ON MAY B E  
PART I CO LARL Y A P � L I CA B L E  T O  TH E PLANT CH E M I CAL MATE R ! AL S  
COO R D I N A T O R ,  AADWAS'r! O P ERATI O�!S S tJ P !R V I S O P. ,  RADW A S T f  
TlANSPORTATlON SO P!RV ISOR AND , S ECO�roARY , T O  TB O S !  WBO O S !  
THE CBE M C I ALS SOC! AS TB£ APPROPRIAT! OPERAT I ONS , CBE MI S!RY 
AND MAINT!MANC! ClOOPS . 

2...1 leppt 

2.1 .1 lurpowe 

Th e w a a t e  ma t e r i a l  p l a c ed i n  the c o n t a i n t r  
aua t  be c ompa t i b l e  with the ope r at i on ot the 
c on t a i ne r i n  ad d i t i o n  to the c o n t a i n e r ' •  
ma t e r i al c o r roa i on p rope rt i es .  v e r if i ca t i on 
o t  t h e  compa t i b i l i ty o f  t h e  v a a t e  a n d  t h e  
p r oc• • • •• pe r f o rmed o n  i t  i a  r equ i r •d t o  met t 
t h e  a pp l i ca b l e 1a f e t y ,  t r a n ap o r t a t i o n  a n d  
b u r i a l  requi r ement• of a B i gh I n te g r i t y  Con­
t a i n t  r ( B l C l  • 

• 
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The va 1 t e  compa t i bi l i ty proce � ur e i a  de s i gned 
t o  r eq u i re min imum a t e pa and no pl ant chem i •  
ca l a n a l y l i l . Tha p r oc e d u r e  r e q u i r e •  l e 1 1  
t h a n  ! 1 t epa . 

ApplieabU ity 

Wa ate compat ibi l ity v e r ifica t i on appl i e a  t o  
a l l va 1 t e  pl a c e d  i n  t h e  conta i n e r r e ga r d l e a a  
o f  t h e  nat u r e  o f  t h e  ma t e r i a l  o r  m i xt u r e .  I t  
i nc l ud e l , but i a  not l im i t ed t o :  

7 . 1 . 3 . 1  Ion e x chang e r e 1 1 n 1  

7 . 1 . 3 . 2  Ca r t r i dg e  f i l t e r •  

7 . 1 . 3 . 3  Cl oth .. te r ia l  

7 . 1 . 3 . 4  P a p e r  v a a t e l , o t h e r  a m a l l c o n ­
t a iner• an• the i r  conte n t s , 

7 . 1 . 3 . !  l a r dv a r e  a n d  the 1 1 q u i d a  c o a t i n g  
it 

7 . 1 . 3 . 6  Stabi l i z a t i on med i a  and the ch em i ­
ca l &  i nc or po rated i n  the at abi l i z a ­
t i o n  aed i a .  

2.1 frtreguiaitta 

7 . 2 . 1  

1 . z . z  

ptil it i•• � :eel• 

N o  u t i l it i e l  o r  t o o l s a r e  r eq u i r e d  f o r  t h i a  
pa r t  of the p r oced u r e .  

Qthtr Zrestdurta � Cheekl iata 

No other pr ocedu r e• a r e  r equ i red. The check­
l i l t  t h a t  1 1  a d u p l i c a t e  of F i g u r e  1 i a  
r equi red t o  compl ete t h i a  pa rt of t he chem i ­
ca l c om pa t i b i l i t y  a e c t i o n  o f  t h e  c o n t a i n e r  
procedure . 

!' h t  f l ow d i a g r all ,  F i q u r t  2 ,  i l  t o  b t  U l e d i n  
conj u nct i on wi th tht chemi ca l compat i b i l ity 
p r ocedur e found i n  Sect i on 7.3.  

5 
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FI GVl! 1 • !NVl�LLOY CONTAI�ER PROCEDURE CMEC� OFF SH �t! 

A) CONTAI NER PRERtQO IS IT!S PER TH E  PROCEOORE 

1 .  0 O ae r ________ _ Da t e  ___ _ 

2 . 0  Mode l  N umbe r ------ Se r ial NWI\be r -------

3 . 0  Wa a t e  De a c r i pt i on ( ca t i on r e a � n ,  a n i on r e 1 1 n ,  �AW, f i l t e r • ,  
e tc . ) 

4 . 0  Cont a in e r •  handl •d pe r 4 . 0  of proced u r e . 

! . 0  Conta in e r  a t ored pe r ! . 0  o f  pr ocedur e . 

6 . 0 Ch em i cal C ompa t ib i l i ty pe r Sect i on 7 . 0 .  

8 )  

The v a a t e  1 1  co r rca ive pe r  
l e Ct i c n  1 , J , 1  

Tempe r a t u r e  l im it• ae t · 
pe r leCt i c n  1 . 0  

OSAGE V!R ! F I CA!ION 

- -

- -

1 . 0  Conta in e r  f i l l ed vith dry vaa t e  o r  hal 
bee n dewa t e r e d  per an a pp r o v ed d ewa t e r in9 
pr oced u r e. 

2 .  0 Cl o a u r e  

2.1  S e a l  area cl ean p r i o r  t o  cl o a i n 9 .  

2 . 2  Wed g e• a ec u r ed p e r  f . 1 . 4  of procedu r e .  

Ve r i f i ca t i on 

MO't'E r  A COMPL !'l'ED COPY OP TH I S  P'OM SHALL BE ntCLU'DEt) WI '!'! 
TS! SB I P M !NT OP EAC! APPL I CABLE LOAO!O CONTAI N ER .  T H E  
O R l G INAt S H ALL I !  RETA I N E D  BY TH E U S El IN AC CORDANCE W I TB 
T H ! I l  RECORD K E E P I NG PAOC E DUltE. 

S i gn a t u r e  -------------------- Titl e ________________ __ 
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Yel 
l < · · ·------·L 1q u 1 d  r r e e  w a a t t (DAW , D r y  F i l t e r s ,  Et c . )  
I I 
t No 1 
I tea \ 1 /  
I 1 < · - - - - - - - - - - - - p l  G r e a t e r  ! b a n  ' ----------�� 
I I I / 1 \  

I No I Meutral i z t  I 
I \ 1 /  Ytl Di lute I 

8/ B S  

I G r e a t e r  Than 2 wt . , Cl • Pl u a  F••• >WAST! IS CORROS IVE 

I 
I 
I 
I 

I I 
I lo I 

\ 1 /  \ 1 /  No 
1 ------------- >Wate r  Tr eat�e nt Mtd i a·----- > 1  

I I 
Yea I I 

\ ! /  I 
Ca u t i ona ry Phr a s e  on Oxi d i z e r •  I 

' ' 
. 1 <·---------------�- l 
\ I /  

' 
I 
I 

I 
1 ·----->WAST! 

\ I /  
IS CB�M I CALLt O . l .  FO� THE CONTAINER 

-w o r k  t he f l ov  dia g r am v i t� the p roced u r e f ound in Se ct i o n 7 . 3 .  

7 
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l.l Chemical Co;po ti�il�ty Cbees � P!occdure 

The fol l ow i ng che c k  of f p r c c t � u r e  f o r  ch em i ca l c ompa t i ·  
b i l 1 ty does net r eq u i r e  epe c i f i c  c hem i ca l  an a l y a i t  o r  a 
pl a n t  v i �e chemi ca l inv en tory.  The chec k  of f p r o c e d u r e  
e l i m i n a t e • 1 u ch a n a l v 1 1 1  a n d  i n v e n t o r i e l .  T h e c h e e k  
o f - p r o c e d u r e  c o n 1 1 c e r a  t h e  va a t t  1 o u r c 1  a n d  t h e  
ope r a t i ng f �nct i cn be f or e  i t a  chem i ca l  c cmpc a i t i on. 

7 . 3 . 1  

7 . 3 . 2 

7 . 3 . 3  

Ov e r al l Chem ical Compa t i bi l ity 

a ) . 1 1  t h e  va a t e  c omp l tt t lJ f r e e of l i q u i d s ?  
( � e w a t t r td r e t i n a  a n  d a mp c l o t h s  a r e  
c ona i d e red v e t )  

Y e a  • t h e  va a t e  i a  n o t  c c r r o a i v e ,  n o t e  
e n t he c he c k  l i a t  a nd g o t o  7 . 3 . 2 .  

No - conti n u e . 

b ) . Dotl the va a t e  l i qu i d ,  o r  contact wa t e r ,  
ha v e  a pS g r •a t e r  t h a n  3 ?  

Y e a  - t h e va 1 t 1  1 1  n e t  c c r r o a i v e ,  n o t e  
o n  t h e  c h e c k  l i l t  a n d  g o  t o  7 . 3 . 2 .  

Ro � cont i n ue . 

c ! . Dota the vaa t e  l iq ui d ,  o r  c ontact wa t e r , 

ha v e  g r e a t e r  tha n  2 t  by w e i ght c h l o r i d e  
pl u l  f l u o r i de i o n s ?  

Y e l  - t h e  wa a t e  1 1  c o r r c a i v e ,  n o t e  e n  
t he c h e c k  l i a t  a n d  g o  t o  7 . 3 . 4 .  

N o  - t h e r e  a r e n o  c o r r c a i v e a ,  n o t e  en 
the che c k  l i l t  and cont i n u e .  

Wa t e r  � r e a tment Med i a  

a ) . II the wa 1 t 1  med i a  i o n  e x change r e s i n a ?  

Yel - cont i nu e . 

Mo - g o  to 7 . 3 . 4 , 

Ox i d i ze r  Caut i on 

NOT!: a OXIDIZ!RS 1)0 ROT POSE ANY PROB LEMS '!'0 
T!! CONTA INER ITS ELF. AN OPERATIONAL CAUTION 
IS It:CLOD!D tN TH I S  PJilOCEDORE APPLY ING TO TB E  
WASTE HANDL I NG AND PRO C E S S ING TSAT M AY ! £  
PEUOR..M ED IN CONJ UNC"l' ION WI'l'B '1'11£ CON'I'AIN!R. 

• 
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CAUTION :  ION !X CBANQE l!S INS WBtN EXPOSE� TO 
SOFFI C I !NT OO��lTI!S Or OXI D I Z ING CH EM I CALS 
( M I Tl ! C  A C I D ,  AL I AL I N E P E R M A N G A N AT E S , 
P!ROX I D! S , H YPOCBL O R l T E S , ! T C . ) CAN PRO D U C !  
R%ACT1�NS lANQ ! NC FROM INClt!ASED 'ftMP!AA'l"J!'t!S 
U' TO EXPLOSI ONS. SMALL AJIIOUN'l'l OF C. EANERS 
ANr �!CONTAM I NATION se �oTIONS USED IN NOlKAL 
�AlLY OPE�TIONS WOULD ROT I! EXP!CT!D TO !£ 
A P R O I L ! M .  B O W ! V ! I ,  L A l Q ! I!I A R DW A R E  
D E CO N'l'AM I NAT I O N S  OR LAlQ ! U!A CL EAN ING S 

COULD POSE A PROBL E M . AN EXAM PLE WOO L D  I E  
T H E  'l'R!AT M ! NT O P  TH E J U N S !  WAT E R  FRO M A 
RECIRC P I P! D!CONTAM IKATION PROCESS.  TH! ION 
!X C!ANG ! R E S I N  V ENDOR SSOOLD I !  CON S U L T £ �  
W H !N 'l' B E l £  I S  ANY P O T !JT IAL P O R  LAO D ING o r  
OX!I)l ZtlS O N  ION EXCBAN Q £  l!SINS. 

1 �  t h t  v a a t e  m t d i a  i a  t oo c o r r o a 1 v t  f o r  � h t  
c o n t a i n e r ,  t h t  va a t t  may bt d i l Y t td ,  n t u •  
t : a l i & t d  o r  r i na t d  t o  m t t t  t he c o r r o a i on 
c r  i t t  r i a .  C o n a u l  t v i  t h N u Pa c pe r a o n n t l .  
�et t a rt the tn t i rt pr o c ed ure vhtn t ht c o r r o• 
a i v t natu r e  ot the vaa te i a  co r rect ed. 

� Chtmic•l Cerrgtion 

C h e m i ca l •  on t h 1 a  l i a t  m u a t  not be pr e a t n t  i n  t h e  
cont a i ne r  i n  a u f fi c ient a c i d i c  c oncen t r a t i on& t o  c o r ­
r od e  t h t  c o n t a i n e r  pa a t  a c c e pt a b l e l i m i t a  fo r a 3 0 0  
yea r l i f t .  The u t t , o r  t v o l Y t i on ot hyd r oc h l o r i c  a c i d  
a b o v e  a 2 v-: . ,  c h l o r i d e  c on c e n t r a t i o n a n d  l t l l  than a 
pH o f  3 i t  t h t  a i t Y .t i o n  t o  a v o i d . (p! < l  a n d  e 1 · + r· 
> 2 tvt . ) 

J 
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TABL E 1 . 1  CORROS IVE CHtM l CAL  L I ST 

Chem i ca l  Name Po a a i bl t  Sou r ce e  

Ammon i um  Cbl o r i � e  

An i o n  I on Ex change �ea i n a  

ca rbon Ttt r achl or i �t 

Ca t i on Ion Exchan g e  lt a i n t  

Chl o r of orm 

r>eg r ea a t r t  

F r t on a  �-1 0 , 1 1 , 1 2 , 1 3 , 
1 4 ,  2 0 , 2 1 , 2 2 ,  2 3 , 3 0 , 
4 0 f  4 1 , 1 1 3 , 1 1 4 , 1 1 5 , 1 4 2 , 
1 5 2 , 1'5 0 , 2 1 6 , 5 0 0 ' 1  

lal ogena tt� By� r oca rbona 

By�r och1 o r 1 c  A c i �  (Mur i a t i c  
Ac i � )  

Hydr o f l u o r i c  Ac i �  

Methy l e n e  Chl o r i � t  

Mur i at i c  Ac: 1 �  
( By � r oc h l o r ic Ac: 1 4 )  

le f r i g e r ant a - Sa t Pr e o n a  

S e a  Wa t e r  an� ' ac i � a  

Tr i chl o rce tby l ent 

Tr ichl c t oetha n e  

T r i f l uo roa ce t i c  A c: 1 4  

Chl o r idt a an� Ac i 4 t  

T r e a t ing a e aw a t e r w i th 
the r a � a t t e  ay a tam 

L&b Waa t t l  

Onu aed o r  pa r t i al l y  u atd 
hyd r ogen f o rm  r a a i n  

La b  Wa etes 

See r r e ont , T r i chl o r o e t hy l e n e , 
Tr ichl o ro e thane 

Re f rige r an t  a y t t ema , lab 
was t ea , ul t ra t on i c: �e con 

Solvent a , de g r e a t 1ng 

Sump i n t r u a i o n+ a c i d  

S ol vent a ,  4e g r e a a i ng 

S o l v e nt t , de g r ta a i n g  
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