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ABSTRACT

As part of iits tectinical assiistance to the Nuciear Reguliatony, Commiissigni:
(NRC);, Brookhaven: Natienal Laboratovy, (BNL): develioped! a: bacKgroundi document fow
the cement stabilization appendiix, Appendiix A, to Rew. I of the Technical
Position on Waste form: (TP).. Here we present. am overview of this: background
document,, nhihhipwuvddés‘ﬁenhnﬁcaﬂijusﬂﬁﬁicaﬁﬂanzﬁdr the stabiiliity tests to be
perﬁcnmed3unecementrstahﬁﬂﬁzediwasﬁe*ﬁonmsaandiﬂon the criteria posed in: each
test, especialiy for ﬁhuse»ﬁesms‘whﬁmhshave’been!changediﬁnomaﬁheﬁM‘cnuntenpavts.
in: the May 1983 Rewv.. 0! TP We' address. guidellines. for procedures firom: Appendiiix
A which: are consideved in: Tess. detaili or not at alil in: the Rev. 0/ of the TP,
nameiwg.qua%iﬁicatﬁmn:specimenapnepanaminnlUmﬁuﬁhgh curiing,,. storage)), statiistical
samphing: and: analysis, process: controll program: specimen preparation: and
axamination, and surveillance specimens.. For each waste form qualliificaticn test,
criisrian: or pnocedhnaﬂiguﬂdﬁlﬁMe;.we‘consiﬁén the reason for itis incliusion: in
Appendix A, the changes: from Rev. 0 of the TP (iff appliicable), and a diiscussion
of the justification or rationalle for thesa changes.

INTRODUCTION

Over the past few yeanrs thene has Been: increasing intevest in: matters
dea@inggwiﬁh‘waste.ﬁowm:stabmvitm'andlﬁapimam report reviews. Several groups
have expressed concern about. these matters, including the Adviisory Committee for
Reactor Saﬁeguards,,whﬁChwhas‘1d9nt1ﬁiﬂdiavnaedeOwdéfinE‘beﬁten the scientiific
bases for some of the criteria and/ tests in the NRC TP (1)}, and: the Nuclear
UtiTities Management and' Resources Councill, which commissioned a study on: the
tachinical bases far meeting: the waste form stabiiliity requirements. of 10 CFR Part
61 {(2). Generatovs of Tow-level radiocactive waste (LLW);, vendovs. of sollidifica-
tion processes, statie reguillatory Bodies, and! LLW diisposali site opevatars. have
also voiced: concern.

The overall level of concern hias been increasing since the iissuance of the
TP in 1983 as a result of a growing body of evidence -- from test data as welll
as from field experience -- that some waste forms may not have the long-term
stability chawacteristics required by 10' CER: Part 61 even though they meet the
criteria of Rev. 0 of the TR. The Workshop on: Cement Stabilization of LLW held
May 31 through June 2, 1989, which we will refer to here simplly as the: Cement
Workshop, considered: this avidence in greater detail (3). Further NRC concerns
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were: expressed! in: a report By NRC staff tio the Director of the 0ffice of Nucllear
Materiial Safety and' Safeguanrds (4)..

As part of the BNL Technical Assiistance: Program to NRC, we developed' a
document (5) to provide technical Jjustification forn the tests and criteria
described in Appendix. A, Cement Stabiilization, to Rewision: 1 of the TP, dated
January 199%. In the present paper, we pvresent an: gverview of that report.

BACKGROUND:

The May 1983 TP provided guidance on: waste form test methods and resulits
whiich would be considered acceptablle in: demonstrating compliiance wiith the
raquinements of 10 CER Part 61 for structurall stabiility. For sollidiified waste
forms, the tests essentiallly involved subjecting the waste forms to standardized

 compression: testing before and affer irradiiation, tviodegradatian, immersion, and

thermal cycling. The TP aliso specified a: Teachiding: test. The tests were sellected
fov thedr relative simpilicity and reproducibiliity and/ mest of them: were basedi on:
tests which had beem develloped fon speciifiic appllications tor non-radicactive
materials. These test methods were intended! to provide confidence: that the waste
fovms. would pessess. the desired long-term (300-year) stabdiliity, although the
duration of the tests themselves were relatively short term, i.e., minutes to
weeks. These test condiitions did not match non were they intended: to: duplicate
exactly the conditions that might exist in a disposal facility. In some ways the
TP tests were accelerated tests, But in a move fundamental sense they were
screening tests to eliminate material fovmulations and’ designs. that did not.
axtiibit sufficient assurance of long-term stability. The introduction: to the
Cement Wovrkshop discusses this in more detail.

The May 1983 TP, whiille dealiing: wiith. soliidiified LLW generically, provided no
guidancz an how a topicall report submitted by the vendor of a cement solidifica-
tion process shoulld: treat the detailis. of waste form preparation: (e.g., mixing,
cure time, cure temperatuve) appropriate flor speciific binder materials, nov did
it provide guidance on testing waste forms which: have been fabricated from binder
materialis which requive times. comparablie to: the duration of some of the more
time-consuming tests (i.e., severall weeks), iif not mich longer, to attain their
ultimate compressive stvength. Furthermore, the TP tests woulld not necessarily
screen out waste forms. which exhibit what we will term "atypical cement strength
befiavior® -- namely, a decrease in. compressive strength with: time. Also, except
ta state that waste specimen compositions should be "based on the range of waste
stream chemistries expected," no guidance was givens as to how closely the
chemical composition: of the surrogate waste used in: a vendor’s qualification
arogram had te correspond to that of the actuall waste encountered in the field.
During the NRC’s review of the cement solidifiication vendors’ topical reports,
these areas -- mixing, curing, atypical cement strength behavior, and composition
of surmogate waste used in gqualification testing -- would prove to be major
potential problem areas revealed as a resuit of Taboratory testing. Based on the
extensive experience af the concrete industry as summarized' in textbooks such as
Mindess and' Young (6) as well as. in the' Concrete Manual, 8th. Ed. (7), it is
almost a twivial statement to say that the preparation, especially: the mixing and
curing, of a waste form using a cementitious binder material, e.g., portland
cement, are crucial to the subsequent performance of the waste form.

During the past. several years, a nunber of solidifications. which were
perfovrmed’ at reactor sites did' not go as planned. These unsuccessful solidifica-
tions. fielll: into the: following categories: premature solidification (e.g., Quad
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Cities - Uhiit 2, incompliete sollidiifiication (e.g., J.A. FitzPatriick), postiponed
sollidification: (e.g., Reach Bottom), and Bullging: of Tiners (e.g., TMI-2Z,
MiTlistone-1).. These probillems widich accurred! in: the field with fulll-scalle "real-
1983 TP im the area of cement solidifiication of ULLW. For move detaills on: the
unsuccessfull solidificatians, we refer the reader fo. the: Working, Group: 1
discussions im the Cement Workshop proceediings (3).  The Working Group 1
particigants, however, believed that the vast majowiity of "sollidiifiications" (over
96%) have beem successfiull.

WASTE FORM. QUAL IF ICATION: TESTING
Campressien

According. ta 1@ CFR 61.56(b)\(1), "a structurally stablle waste form will
generally maintain its physical dimensions and its fiorm: under the expected
dfiisposal conditions such as weight of overburden and compactiion: equipment..."
[emphasis added]. Taking into considevation the potentiall additional Toads such:
as these from trench compaction eguipment and waste contents, the May 1983 TR set
the compressive strength criterion at 50 psi (345 RPa). This. criterion: was
raised hater fo 60 psi (414 KkPa) to reflect an iincrease in buriall depth: at
Hanfard to 55 feet (16.3 m).

Ta provide greater assuvance that there willl be sufficient cementitious
material present in the waste form not only to: withstand the Burial Toads but
also: to maiatain geneval “dimension: and' form! (i.e., not fiall apart or disin-
tegrate), Appendix A fo the TP recommends a compressive strength. criterion
“pegresentative of the values that are reasonably achievable with current cement
salidification processes." Appendix A aliso notes that portland cement movtars,
consisting of mixtures of cement, silica sand and watier, are readily capable of
achieving compressive strengths of 3000 to 6000 psi. (35 to 41 MPa), values whiich
are approximately two ovders of magnitude greater than the minimum. values
required to resist deformation under load in: a buriial twench. Appendix A then
notes that LUW comstituents "are not im most cases capable of providing the
physical and chemical functions of siliica sand in a cément movtar." As a result,
Appendix A recommends a mean compressive strength: of at Teast 500 psi for waste
form specimens. cured for a minimum of 28 days. Since data are lacking on the
actual stability of cement-solidified LLW for Tong time durations compared to the
laboratory qual ification tests, subsequent information may require revisions. to
the 500 psi compressive strength criterion.  This "provisional" compressive
strength criterion of 500 psi in a sense quantifies the May 1983 TP requirement
of "maximum practical compressive strength' cited in the previous section.

Unlike the May 1983 TP, Appendix A to the TP addresses scatter in: the
compressive strength data. Such scatter occurs Because cement is a brittle
ceramic which fails in tension ov shear rather than compression at regions of
Toraltzed stress concentration or microstructural flaws. Appendix A recommends
that sufficient specimens -- a minimum of ten -- should be tested to determine
the mean compressive strength and standard deviation.  Since data on the
variability in compressive strength values. of such waste forms are lacking, a
precision criterion in the form of an acceptablie variance ov standard deviation
must be deferred.

The May' 1983 TP, whille indicating that "maximum practical™ values should be
developed for the compressive strength, provided no guidance as tfio what these
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vailues might Be, edther flor indiividual waste florm reciipes or as a general goal.
Witihout. such: guidance,, a tendency evolived among; the vendors of cement (andiotifier)
LLW solidiifiicatiiion processes. to concentrate primarilly: on: meetiing the mimimum
compressive strength: value of 50 psii (Tater revised upwand tio 60 psii). I'n: addi-
tion, thiis was sometimes interpreted as a "mean" miinimum: compressave stirength,
which: meant that it was. possiblie to meet the criteriion: allthough: indiividuall test
sampilies. might. actually fiallll bellow: the minimum valiue.. These iinterpretations were
considered inappropriiate: not onlly Because tihere was. apparently Tiittie attempt to
optimize the progerties of the sollidiifiicatiions but aliso they jmpinged on the:
hasic engineering principlie of incliuding safety factors in desiigns. This was
particuliarly relevant as the TR speciifiicallly stated that the mechaniicall design
strength of a hdigh: integrity contaiiner (HIC) "should be justifiied by conservative
destgn: analyses™ (Section C.4.d' in the TPY).

To. alVeviate thiis potentiial probiliem, Appendiix A provides guidance as to what
would be considered a mean practiicall value fovr cement-solidiified LLW, namely, 500
psi for specimens: cured for at least 28 days. Appendfix A, recogniizing that the
technicall basiis for sellecting tihis value iis Timited at the moment, states that
thdis criteriion: may be subject to revdsion.. The 500 psil value is considered tio
Bbe indicative of fHe presence of sufificient cementitious material to ensure
typical cement-Tilke behaviov. FRurthermowe, it is. a strength lievell reasanabilly
achievable in. cemeni-solidified wastes, as. has been demonstrabed in: several
laboratiory-scale studiies. For examplie, Piciulio et al. (@) found that for cement-
salidified mixed-bed bead resins, a waste stream which cam be diifificulit to
solidiify  in cement, wean compressive strengths im excess. off 500 psi are
achievable for certain vendor formullations., even: after beding subjected to the 90-
day water immersion test. Iin addition, Boris (9) found that 500 psi was
achiievablie for a variety of waste streams solidified in cementi. Only one cement-
solidified waste stream, oil, did not attain: 300 psi while several others (bBoric
acid, Bead resins at highey loadings) attained 500' psi only afifer cure peviods
of greatey than 28 days (e.g., 56 to 84 days).

Thermal Cycling

Sectian 61.56(b)(1) of L0 CFR Part 61 addresses. “internal factors," which
include temperature and temperatuve effects. Also, an actual waste form will
experience temperature excursions, particularly during storage and transport
prior te disposali. Although: the speciifiic mimimum: and maximum temperatures (-40°C
and' 6Q"C, respectively) may nat actually be attained during: storage, transport,
ar dispasal of the waste fiovms, this test canm function as a screening test to
eViminate waste formuwlations with: poor stability.

The thermal cycling test in: TP Appendix A contains several modifications to
the May 1983 TR thermal degradation test. First, the specimens are to be alliowed
to. come to thermal equilibvium at the Hhigh and Tow temperature limits as
confirmed by the center temperature measurement of at least ane specimen. In.
addition, Appendix A requires the specimens: to be examined visually for evidence
of significant cracking, spalling, ov bulk disintegration after 30 thermal
cycles.. (Photographic evidence is requirved of defects judged to be
insignificant.) Finally, Appendix. A specifies compyession testing for waste
forms. free of significant defiects after 30 thevmal cycles; the compressive
strength shouwld be greater than 500 psi.

It iis generallly recognized that thermal cycling can cause progressive
deterioration in the mechanical properties of many materialls, including cements
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and concretes. The potentiall flor damage to structurai concrete from repeated
temperature variations Has Been a source of conceym in: the nucliear power iindustry:
fior many years: -- see, for examplle, Lankard et ali. (10). Im such: casas, one off
the: cantiriibuting factors to the: detevioration iis the lloss of moiisture' when: tifie
cycliing: invailves. elevatied temperatures. Af the other end of the temperature
spectrum, a diififerent. concern manidiflests iitself - that of the fireeziing of the pare
watier and the attendant valume increase. The "firost” damage sustaiined by highway
surfaces resultis: firom cycliing whiich: iinvolives allternatie freezing and thawiing, and
the probillams: and’ cures: are now well documented: iim the many textbooks avaiillablle;,,
&. g, Mindess and Young: (6) and Nevillle (I1). [t is the probllem of fireeze-thaw
damage that s particullarly rellevant to the thewmal cyclliing of cement-Based
Tlaw-lavel radiioactive waste fowms.

In: orcer to obtain a degree of consistency in test procedures, it is
desirable to assure that specimens become equilibrated thermally, at least at the
tigh and law points of the theymal cycle. The simpllest methed’ of ascertadiniing,
that this egquilibrium has been achieved iis by monitoring and compariing the
center’ine and the surface temperatures of the specimen.

&s with the basic compressive strength requivements. for pre-test materiali,
the criterign of 500 psi minimum ¥s based om values that are considered
reasonably achievable and gives some assuvance of adequatie structuval strengthu

TIirvadiat vion

There is a Varge body of evidence tihat exposure to radiatien can influence
the stability of various waste-stream/binder combdnations. [For a discussion of
some of this ewidence in relation to the May 1983 TP irradiation test, we refer
the reader to Bowerman at all. gyzwnl

The irradiation: test in Appendiix A for cement-solidified LLW incorporates
several modificatiions to the corresponding test in the May 1983 TP. One major
modification is that irradiation qualification testing need not be conducted
unless the cement waste forms contain ion-exchange resins. ov ather organic LUW
material. As in the May 1983 TP, if the maximum lievel of exposure iis expected
vo exceed 10% rad, testing stould be performed on specimens exposed to the
expected maximum dose. In addition, Appendix A reguires the specimens to be
aexamined visually after irvadiationm fov evidence of significant cracking,
spalling, or bulk disintegration and, as for the thermal cycling test, speciifies
comprassian testing for waste farms free of significant defects after irradia-
tiam; the compressive strength should be greater than 500 psi.

These changes are justified since cement and concrete exhibit excelllent
radiation resistance, even at doses of 107 ar 10'" rad. Organic materials, in
contrast, are generally susceptible to a variety of radiation efifects. Because
of the Tack of information on the effects af radiation on many organiic wastes and
the vesulting cement waste forms, the ivradiation testing of cement waste forms
incorparating arganic wastes should continue to be performed until am extensive
daba base has been compiled.

Biodegradation

Appendix A exempts firom biodegradation: testing cement waste forms. not
containing carbonaceous materials since such wastie fomms generally do not support
fiungal or bacteriall growth (3, 12,13). The absence of suchi growth resulits largely.
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firom: the Tack of a carbonaceous food! source flor the miicroovganidisms used im the
test protocolis. ‘

Leach: Testing

Appendlix. A. makes: two signiificant changes to the: leach test speciifijied iin:
Sectiiom €.2.e. of the May 1383 TP. Fiirst, the leach test periiod iis. reduced firom
90 days: to 5 days. Second, the builk of the lleach: testing may Be conducted' with
anlly ane leachant if sufficient prelliminary testing iis. peyformed to identify
whiich: of the: leachants, dedjonized watley or synthetic sea water, iis. the move
aggressive one. An acceptabille method! fow identiifying: the more: aggressive
Teachant s ta perform 24-Hour (ov Tengev) leachiing measurements. usiing both
leachants (separatiely) and to use the leachant wiitih the: hiigher Tleach: ratie fior the
remaining days of testing.

The leach testing identiified im the TP iis,  im effect, a quallity control
measure. The major concern iis that the: lleachabiiliiity index: shoulld be greateyw than
8.0. It cam be demonstrated By a simplle caliculation that thiis requiivementd cam
be checked in an abbreviaied (5-day) fest; for detaills, see the suppactiing
Background: document (5. Using; the appropriate curve: fivom ANST/ANS-16. 10 (14),, it
may be shown that for a cyliinder with a liengtih and! diiameter off 2.5 am (‘about I
iing: approximatally 92% af the speciies of intevest Have become leached firom the
waste fowm at 5 days. Similar calculations show that flor smalller specimens a
very high proportion of species with: Teachabiility index of 6.0 willl e relleased
im a 5-day leach: test and Tittlle addiitiionali meandngfull finflarmat ion willll probabilly
be gained from extending the test to 90 days. Specimens. used' in: 90-day: lieach
testing often fall inta this category.

Origimally, the reqwirement for a 90-day test rather than a S-day test
derived from the possibility that the lleachding process. might not be time-
indegendent, as fis assumed im the ANSI/ANS. procedure, andi that. theve miight be a
change from a diffusion-controlled mechanism between & and 90 days. This s a
valid concern when: using the infiermation: to implement a modeli flov prediictiing
Tong-teym leach ratas. However, as stated prevdiouslly, thiis was not the intent
of the 90-day test requwivement im TR Rev. 0. Rather, it sought only to:establiish
if such: a change existed. In the event that the leach-rate-contirolling mechanism
became something: other than diffusion (e.g., evosion, corvesion, dissolution),
tihe effects woulld probably be obsarved viisually or By mechanicall testiing.. This
was recognized in: the TP by the inclusiion of a 90-day immersiion: test which: coulid
be perfarmed in conjunciian with the leach testing. Thus, the presence of the
immersion test requirement assures that ani assessment wiilll be availablie of the
degradaticon causad by mechanisms otfier than dififlusiion-contvolled leaching:.

Immersion Testing

As im the case of several of the testis diiscussed above, Appendix A requiires
specimens of those waste forms subjected to the immersion testing to be examiined
viisually for evidence of significant cracking, spalliing, or bulk disintegration
and specifies compression testing for waste forms free of signifiicant deflects
after immersion testing; the compressive strengthi shoulld be either greater than
500 psii or not less. than 75 percent of the pre-immersion: compressive strength (as.
measured on specimens that fave been cured for a mindimum of 28 days). [f the
post - immeysiion: compressive strength: iis. greatier than 500 psi but less than 7%
pevcent of the as-cured, pre-immersion compressive stwength, the immersion
testing interval shoulid be extended to a mimimum of 180" days. For these cases,
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sufifiiicient. compressiive stivengthi tiestiing; shoulld! be conducted! (e.g:., at 120, 130,
and 180 days) tor estabylliish that. the: compressiive: stivengths. levell off and' do not
contiinue to decrease wiith time.

For cevtain waste streams, e.g., bead resiins, cHelating agents, that Have
been: found' Yo exhibit compllex relatiionshiips. Between cure time and' immersiiom
resistance, immersiion: festiing shoulld be performed an: specimens that have been
cured! for a mindmum of 180 days. The immersiion: periied' should be: for a: miinimum
af 7 days, folllowed by a dryding periiod! of 7 days: iim ambsiient aiv ad a mdindimumi
temperatiure off 207C. After the: specimens have: Been dwiiedi, they shouilld meet the:
post- immersion test critieria specified above for compressiive strength and! fiow
wisible defects.

The: extiended testing regime speciifiied im the event tHat tHe post-
immersiien: compressive: stivength iis. greateyr than 500 psii but. Tess tham 75 percent
of the pre-immersion value is. iintiended! o provide reasonatille assurance: that the
compressive strengtfit does not continue to decrease at a simillar rate during
subsequent. periods. of immersion, possibille evem reachiing zero. The immersiion
folTowed! by dirying: whiich Appendfix A speciifiies. fior certaiin: "protllem!" waste stireams
selidifiad in cement simullaties: o an extent wetting fiollllowed By diryiing: whiich:
caulld! occur under cevtaim storage and diisposall conditions..

Free-Standiing: Liguids:

As. in: Sectiion: C.2.h. of the May 1983 TR, tle firee Tliquiidi sHoulld not exceed
0.5 percent of the waste specimen voliume as measured usiing the method described
in Appendfix 2 of ANSI/ANS-85.1 (15). The mimimum phti off the firee liiquiid), However,
iis. increased to 9 from tike May 1983 TR valiue off 4. Since cement iis; an alRalline
perfarmance) not typical of cement and probably resulits firom: improper waste fiarm
preparalion o curing..

Ful'l-Scalie Testing

The requivements. of Sectiion 61,456 of 10 CAR Part 61 are flor fulli-size LLW
waste forms. It is, thevefore, necessary to establiish the appliiicatyility of the
Taboratory-scale testing discussed im the previious sections to the full-scale
product n the field By cowrelatiing the characteristics of fulli-scale products.
with those of laioratovy-scalie specimens.

The May 1983 TP addvressed thiis. need flor establiishing scale-up from:
Yaboratory bo fielld By specifying that test data shoulld be obtained for sections
or cores of anticipated fulll-scalle products and By setiting a Homogeneity
guideline far the compressive strength of samplies firem the flullli-scale specimen,
namelly, > 50 psi. Appendix A specifiies that. these coves or sectiions. shoulid meet
the compressive strength criterion called out im the section on compressiion
testing im Appendix A, namely, 500 psi (but sutject to. change in light. of
subsequent. infiormat ion:);.

QUAL IF ICATTON TEST SPECIMEN' PREPARATION
Mix iing

As. notied: in: Appendiix A, experience in preparation of lab-scale and fiwllli-
scalle cement -soliidiified wastie forms. has shown that the method emplioyed: in miixiing



the iingrediient's: can Hhave a dramadiic infiliuence: on the: propertiies. and characteriis-
fics: off the waste fowm. THerefore, Appendiix A vequiives fHatl the tiype of
equiipment. used, the mixiing time, the speed of the miixer, etic., will, fin
combdinatiien, impart the same: degree of mixing to the: laboratory qualifiicatiom
specimens: as the flwllli-scalle mixiing equiipmend wiillll fimpart. te the fiullll-scalle: waste:
forms. and! that the degree of miixiing s suffiiciient. o ensure productiion: of
Homogeneous: waste forms.

Curing:

As. diiscussed earlier, experiience in preparatiiom of lath-scalle specimens: off
cement - sol idiified wastie florms: Has. showni tihad. curiing time: andl curiing: condiit ilons
afiflect the shability of the waste form product. Thevefiore, the: curiing; condtitfions
for Tlaboratovy-scalle qualliification test specimens: shoulid, to the extent
practical, dupllicate the condiitions ottadined witih fulll-scalle products. The:
gualiification specimen: tempevature, inm particullar, sheulld dupliicate the waste
farm: centerline temperature profille as a functiom of time: for the largest fiulili-
scalle waste form: fo be qualified. Novmally, the compressiive strengtih at 28 days
approaches saventy-five pevcent or move of the "peak! vallue, but sufifiiicient test
specimens: should be prepared to detiermine: the compressiive stirength increase witih
fime to ensure that the specimens have atitained suffiicient (i.e., greaten tian
5% of peak) strength prien to subjecting the vemainiing speciimens. to qualiifiiica-
tiow testing. IH ¥s necessary to determine thati the: specimens are essendiallly
cured before subjecting them to quallification testing iim order to assure
"orototypic cement strengthi Behavdion;™ that iis, that the strength increases wiith
time.

Storage

Specimens. o be used for the qualiification: testing of Sectiion LT of Appendix
A should: be stored im sealled contiaiiners. fiollowing the peak head-of-hydvatien
peviod of curiing im arder to simuliate the envivonment. tihat woulld' be obtained iim
a typicall full-scalle waste florm Wineyr.. Storage in a sealled container wiilll allsa:
prevent boss of water that might afifect the performance of the waste fiorm
specimens duvriing subsequent. testiing,. Storage of the specimens in sealled
containens is in accord wiith: established! practice flor tiest specimens off
structural concrete (16).

STATISTICAL SAMPLING. AND' ANALYSIS

Materials with more av less Homogereous: microstructures. (such as metals)
will often show minimal variability within a specific batch of matevial and the
performance of two or three tests may be considered sufifiicient to ebtaim reliiable
infarmation. However, materials with heterogeneous structures, such as concrete
and: cement -based waste forms, willi provide data whiich have less reproducibillity.
This. probliem of variability is recognized in the concrete industry and is. treated
n detad ¥ i such tiexts. as Nevwilile (V1) and the Bureaw of Recliamatiion’s (oncrete
Manual (7). [t folllows that an adequate description of the propertiies of these
materialis. cam only be obtained by performing meve than two or three tests and
establiishing a reasonable statistical base.

Appendix A does noti provide at thais time a precisiom criterion for an
acceptablle variance about the mean because insufficient data exist on cement-
solidiifiiied LLW to permiit such a formullation. We agree with: thiis. assessment,
WHhen sufifiiicient data have been: assemblled), the precision eriieriion coulld poss.ithlly
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Hake: a fiormat. simiillar to that. recommended by the ACT Commiittee 214! (17) relad.iive
to standards of contrall on concrete. Most wellevant to cement-sollidiified LLW
woulld appear to be ratings based on the coefificient. off vawiiatiion, a parameter
whitict novmaliiizes the standard deviiatiom witih respect to: the meam compressiive:
strength.

In: accord! with ANSI/ANS-16..1, Appendfix. A recommends. that the conflidence:
range and corveliation coefificient be reparted wiithi the leach index. Siince ne
preciisiem criterion has yet been establliished flor the ANSI/ANS-16.1 leach test,,
acceptance criteria for the confiidence: range: and! corvelation: coeffiicient willlll be:
deferred pending the colllectiiom and anallysiis: off suffiiciient. dada to estabilliish such
criternia. :

WASTE CHARACTERIZAVIGN

As. noted in Appendiix A, although seme: reactor waste streams: are rellatively
well charactierized and! firee of secondary ingrediientis, some, such as: jion exchange:
resins, filiter sludges and fillloor dradim liiquids, may contiaiin chemiicalis. thad. cam
signifiicantly retandi ar acceleratie the Hydratiion of cementi. ox otiherwiise: adverselly
affect cement waste fovm perflormance. The proceediings of he: Cement Workshop (31)
document such incidents. Hspecialllly neteworthy iis the efifect off a partis-pen-
mi ) Tiiien: concentration: of an organiic chellaltiing agent. en the setitiing of the: cement-
sollidified decontaminated supernatant im the veprocessiing waste tank at West
Vallley. Also: notiewerthy are the severall inciidents finvelviing protillems. witth cement
soliidification im Tiners contiaiiniing; fion-exchange resiim waste firom power-plant
cooling system decontamiinatiions; these protillems: were attributed o vawious
reactions. invelving picellinic acid, anm organtic chelate decontamiination reagend.

Radwastie system managers. and procesiors: shoeulld be cogniizanti of the tiypes of
chemicals. that may produce problems for solliidiifiicatifiom and: stabiilliizatiion of LLW
in: cement. The iintiroductiiom of such chemiicalis iintio cement. solliidiifiiicat iion systems
shoul'd be aveided or specifiicalllly compensatiedi for iim the cemendl solidifiicatiion
formullation fow that waste stream. Mixiing of dififierent wastes im Hoeldiing tanks
and transfer of liquid wastes without adequatier flushing off Tiines shoulld be
avoided. This section of Appendfix: A provides a Tist off chemdicalls. whiich may:
adversely affiect the setting andl stabilllity of cement.

PROCESS. CONTROL PROGRAW SRECIMEN! PREPARATION' AND' HXAMINATION
Generall

As Appendix A indficates, the purpose of the recipe portion off the nrocess,
contirol program: (PCRY is. to prowide assurance that. the flavmuliations useu m the
gualification testing program corvespond to these actuallly used i the fiielld.
Appendix. A specifies that the flolilowing, process variablies: which inflluence: the
saliidif ficatiiom of LLW in. cement be identifiied and constradfined wiithiin acceptiablie
Timditis.:

a. Type of waste (e.g., boric acid, powdered resim, bead resin -- incliuding type
where appliicatile, e.g., mixed bed, catiien strong acidl);

h. Other waste charactewiistics infiluencing the fiinall waste fowm (e.g., pHi, oill
contient, chelating agents, water content);
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; ¢.. Ingrediients: andl addfitives: (e.g., cement., watier, giilliica flume,, fly ash)) and
| tHedn ardey of addfit.iions;

| .

| d. Mysicall process: parameters: (@.g., temperature ranges, miixding, equriipment.,,
( cumiing times.).

f mguendWXcA.amsaanequesms,ﬁnmonmanmn4ﬂnnﬁhe>PEP‘onswepmesanMammva>sampMimg}uﬁ'ﬁhe

fead waste for verificationm specimens., typiical and maximum batdch: siizes:, numbey
o af BCR vewifiicationm specimens,, and! wheve adjustments could be: made: to: the fieed
' material in the event off out-efi-wange process: pawameters.

Preparatiom of FCR Specimens.

VMEfpuwpuse~0ﬁ’ﬂhe:Rﬁﬂ‘spacﬁmens:ﬁs;ﬁa’venﬁﬁyvcunwespmndence>beﬁw&enaUhe
actual ﬁuMﬁ-sname%wasmesﬁcnms;hemngjpwepamedlandlﬁhe\Habunaﬁowx«scaMetquaMﬂﬁﬂcaw
tien: test specimens. Therefare,, tHe preparatiiom procedures. and condfitiiions: of the:
Fﬁ?'speqﬁmens;shmuﬂmlcmwwesnondlaa;GMQsemM/ws.possmﬁMe'ﬁavﬁh@se‘oﬁ e qualiifiiicar-
tion test specimens while: at. the same time simullating to the extent. practiical
thase of the actual fulll-scale field waste florms.

REQWESGnmaﬁiNEasampMes:oﬁ‘eachumHMGhumﬁ'ﬁhe‘acﬂuam fieed! waste required to
Be .falilized, not simullated waste,, shoulld be: used to prepare the FUR specimens..
The composition of the simullated waste cannot matich that of the actual waste,,
especﬁa&ﬂ@4wmnh»negard!ﬁmwﬂhe‘cmnamﬂﬂuenMS.pwesenm,am,smamﬂ concentivatiions,, say,,
in e parts-per-mililiion: range.. The fleed! waste matieriall shoulld be sollidiifiied!
using; the labevatory quailliifiication test. program recipe for the givem waste
sﬁneamh.mmxed!wmﬁhaﬁﬁa‘cemenm:andiaddmﬁﬂves;im»axmannen-dUthcaMﬂng.um)nHEvexnenm
practiicall fulll-scale miixing condiitiiions.,, and! cured under condiitions. simiillar to
these used iin the laboratory qualifiicatien tiest program.

PCR Specimen: Examinat fion and! Testing

At least 24 houvs. befove solidifiying actual fiulll-scale wastie forms, RCR
yerification specimens. shoulld be prepared. These shoulldi be examined fior (and
found! free of) viisiblle defects and at 24 houws: exhiit a compressive strength
witihin two standardl deviiat ions. of the meam compressive strength exfiibited by the
¥abnraﬂaryu&EHWE>quaMﬂﬁﬁqamﬂmniﬁesn.swecﬂmens.am;Zﬂthoumsn Penedrometer tiests
mam'be<usadi#ﬁ'curvehaﬂﬁens,beﬁween»tHGSE*ﬁesﬁS‘andlﬁhe~k5ﬂMl639)cmmpnessmve
shrengmﬁfﬁesﬁs:hawe‘ween»obtamnediﬁon‘ﬁhe~wasﬁessﬁneam|ﬁwnmuMaMMGnaﬂn\questionu

In additton, sufficiientt PCR specimens: shoulld! be: prepaved o permit the
petention, examination, and! testing of surveilllance specimens: as. per Sect iion VIT
oft Appendie M. The RER sunveillance specimens. shoulldl e stored iim sealled
containers at room temperature.

The 24-fKour PGP verifiication specimens. provide a “gignature of the
salidification aff the fullll-scale waste form as. well as. an iindiicattion as. whetiher
the waste fieed! iis sumﬂﬂamenmﬂyfsﬂmMHam-ﬂnucmmwosﬁﬁﬂ@n\ﬂwxhhexsumwogﬂﬁelwasng~used
i the labewatary-scalle qualification Hest specimens. so that the qualiifiiicaiion
testing program @ applicable. Siigniifificantt  deviagions firom the 24-Kour
quamhﬁﬂaaMiMn»specﬂmen;cmmpres&iN&»&ﬁnenth«wwﬂues.QQUMdlbe‘ﬂndmcamﬂveiaﬁ probl'em
const ituents ov a waste form formullatiom noti bracketied! by tille compesitiiion ranges:
ofl the qualiificatiom testing program.
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As stated in Appendfix A, ﬁhe>puwpo$e:0m'ﬁhefsummemuﬁancexspeaﬁmen& fig to
pwauﬁﬂéscunmﬁnmamﬁ@naﬁham.ﬁhe!wasﬁe=ﬁomms;pwepamedlﬁ0n<ﬁentamnnwnﬁﬂe:sﬁneams
(suct as bead resins, chelates, and fiTlloor dwaiim wastes) awe pewforming as
axpectedt. ﬂhe;Snwveﬁﬁﬁanﬁefsgeaﬂmens;shmumdihame?ahemmmaﬂlcmmpaamﬁmons:wenmeﬂenr
tative of that of the fullli-scalle waste: form im questiiom. Because ofi tiltiis:
simillarity as welll as the similamity between the pregaration condfiitifions, and!
pwunedbwes;aﬁ-ﬁthsuwweihﬂaneefspeaﬁmenszandlﬁhoﬁevam the: actuall fulll-scalle waste
forms,, any detewiiorat iom of the survedillance: specimens,, whether it be a
signidficant déﬁweasesﬁnaummpwessmwe»SMWengmh»ow'smgnMﬁﬁcanm:vmsﬁbﬂmsdégmadhmmanw
s; HﬂkemxsﬁnsDE\imdmuammve‘uﬂ a«stMHaW'dEm&wﬁawaMMGnyam'ﬁhesﬁuMH~s¢ame'wwsme
fiaym.,

At 6 and 12 momths: afiter pweparation, thessunvemhﬂanceﬂspecﬁmena;shnumdlbe
examined and be free of siigniifiiicant. wiisiibile: degradation.  The: compressive
sﬁnengmhkﬂun’penetnumemEW‘waNUe» shmuMdl&esdéﬁenmmnadlHOW‘am‘heaam,ene~specﬂmen
am4ﬁhESE’ﬁimes;and\shuuMdlbe'n@»mmwezﬁhan‘ﬂwu)sﬁandamdidévmaMﬂmns.heMowinhesmeam
of ﬁheeaumpnessﬁwe\sﬂwengmhumﬂ’equﬁvaenMMywcumedlquaNﬂﬁﬁcaMﬁ@nyﬁesﬁ,specmmenﬂ”
At BZ’munmﬁsgonE*cn-muwe~suwwemﬂhancmrspecﬁmens;shouNdlh&»suﬂdpaﬁedlﬁm‘ﬂmmensmmn
ﬁOw‘at‘ﬁeasﬁ.n4zdhms;ﬁnnthrmmnesaggmes&ﬁvelﬂeachanm and then diiied im ambiient
aiir far at least 48 hours. ﬂhexspeﬁﬁmens;shoumdlmeeﬁ.nh@\cmmpnessmwe*sﬁnengmh

Cand wisible degradatien critienia for the 6- andi 12-montify uniimmevsedi test
specimens.. anﬁhe-avenm.ﬁhe'ﬁGR*speuMmens;ﬁamﬂ any of these tests, the: NRC and
diiispasal sjmm\negu&aﬁanm'auMhomﬁhﬂeszshuuMd\&esnGMﬂﬂﬂedh

RERORTING OF MISHARS

10: CFR' 201, 311 weunwes;wasﬁe~ggnenaansxandlpnocessmns;ﬁopcewhﬂﬁyfhham thedir
wasta florms. meet tfe requiremends. off Rart ﬁm,‘1mﬁﬂudmngsﬁhmse~ﬁon‘sﬁnuaﬁuwam
ghatiility. Wasﬁe‘ﬁenmxpwmcessﬂnggmmshaQSLmay/belﬂndmaamﬂvevmﬁ Tack off such: long-
term: stabiillity. HnﬁonmamiMn.onnﬁhe’condmﬁimns.andiabsenvadﬂonﬁ;sumwuundmng|ﬁhe
mishaps. are not onlly essent iiall ﬂmwensuwe«ﬁham.gnmgew;ﬁmnwucﬁﬂwe\acﬁmonacanxb@
takannandiﬁham‘hhe*possﬁbﬁﬂﬂﬂyfoﬁ ﬁuMume>mMshapsacan1be>mMnmmMZedL It wiililh aliso
ﬂnﬁneaBE*ﬁﬁe‘dhtabaaaﬂ0n1Uhe~ﬂﬂnkagg'hemween1SQMﬁdmﬁimaMﬂonuand!sﬁabMﬂﬁzaMimnuoﬂ
quamhﬂﬁcaﬁianaspecimens,and%acﬁuam waste flarms.

Wﬁenefure;,cemenm,waamesﬁmnm|pnm¢&ssﬂngimMshapsm fincludiing: butt. neti. Tiimiited
ﬂn>hnanmgmeﬁgxsoMidmﬁ%ﬁHMﬁmns,,swmhﬂenlon'whsﬂnMEgmaMEd!waSME~ﬁonms,ﬂwasﬁexﬁ@nms
nat prepared in accord witihe am agprovedt RCR, andl waste form preparations
accompaniied By unusual exothermiic weactions,, shoulld be reparted to the: NRL's
director of the Oivisien of Waste Management. andl Decommiissiieniing  andl the
designated disposal sﬂﬁe‘authonﬁmy/WMhHMnl301dhys;oﬂ the incident. These waste
farms should not be’shdmpedioﬁﬁ‘smﬁe«unMﬁh approval s obtained firom these
authorities.

CONCLUSIONS

We conglude that ﬁhene'hs,a:smundiﬁeahnmcaﬂ4baﬁim»ﬁOW the tests andl eriiiewiia
desmnﬂbad%ﬁnx@&menm,SMahMHﬂzaMﬁonu,whmahxconSMTMuMQs,Aggendmx-Axﬁo;REwhSMGn»h ofl
the NRC. Technicall Positiion on Waste form, datied January 1991.. We allsor cencliude
ﬁham‘ﬁhesayﬂesﬁs‘andicnﬁﬁen%a»meMmdé‘neasmnawme\aasumanae>ﬁhﬁm LLW shabiiliiized
hn\cemanm.ﬂnaaﬁcondhnae\WMthlUHQSR\ﬁesms‘andlcnﬂﬁawﬂa~wmnﬂ meet. the stabiillity
waqumnemenMS‘ﬂon-ﬁﬂw!ﬂnnﬂmlﬁﬁﬂ’meﬁ 61l furthermere, although disposal standards
fior unWJcan‘besmade~cmmpMeﬁeMy/ggnenﬂm, based am the experience with cement
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stalbiiliizatiom off LLW, diispesall acceptance: crwiteriia and the associiatied testiing
wiilll Have to be based anm he properties of the sollidificatiom medfium. For
example, we waulld expect that. the festing and criteria for Bitumen as a LW
sollidifiicat fiom medidiwm wiillll be dififerent. firom these flor cement..
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DISCLAIMER

This report was prepared as an account of work sponsored by an-agency of the United States
Government. Neither the United States Government nor-any agency thereof, nor any- of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility. for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not:infringe privately owned rights. Refer-
ence herein'to. any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its ¢ndorsement, recom-
mendation, or favoring by the United States (Government or any agency thereof, The views
and" opinions - of authors expressed: herein do not necessarily state or: reflect those of the
United Siates Government or any. agency thereof.
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