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DEVELOSMENT 0F FREE STANJING WATER /FSw CRITTRIA

Relevant gata cotained from the ENL

gnd Waste Containers®
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8ML-NUREG S0763 (ApreJune 77)
BNL-NUREG 50521 (Jan-Mar 78)
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The obiective of solidi®ication

»

stadble monglithic form which minimizes

the anvironment during interim

reactor wastes 1n the United States are cur-ently solidi®’er by

1Propertiss

orograe

A ——

[
xaC*

pective Wastes

-

- . raae Wt

noted In UF and cement

fo*mu?af1ons

FSW in UF guantified
FSk in UF bnd cement guantified, FSN relatec &
UF sivinkage anc wasie/tinder ratic, UF
daccntamination factors for FSW
CSW in UF formulation:
cenent Je tamination fagtiors for FS :
mile steel corrostion for contact with UF, :erl}t
wastes
BAZKCFROUND
fs tc sonvert -pafoactive wzete into 2
the sotent) for racionuliice €35€ 10
'
818 age, treonspurtation anc ¢ peiel ¥ oRer !
techniges which

employ hydraylic cement and ures-fc waldehvde., While hycraulic cement ans urgae
formaldenyde waste forms have been tne primary focus ¢’ \he work at BNL, Othe
agents which gre teing actively marketed for reactor waste solidification hav
ceen studiet. These inciude bituren ard viny! ester-styrene. l

* A1l solicification agents (with the possiile exceptiur of b iumer’ car
exhidit free standing weter (FSW). FSW “: water (or waste Tiauis whizch 15 ndt
combined chemically or held pnysically within e soligdifiec wast fo-n matrid




It As related to0 parameters inclucing trhe wm@ste binder v
, .
ahd #irture DH (%or UF). While frecuently obsemvec 3t the oo of the watile

form. S 475c tends ‘o b present ir spaces anc veids along the side of the

waste form 25 &% the pottom of the contiiner,

de?lgT iz Cement
' Hyﬂraé]1c camen. holds water both chemically and physically. It can

chemically combire with approximately IS5I waler Oy weight forming hydratec

siliz2te and zluminate compounds. Weter ‘5 alst heilg physicatly in cement

norosity. A sofor layer 1s sometimes coservec shortly after mixing due 0 CH®

settling, This water (if @ nroper waste/bincer ratio 1s used tyoical

bed (and comtinec physically or chemically with the cement) within twenty=fou

.- -

(21thgugh I some cases this may recutre I3 cays especiaily for nigh wio ra
i

Liguid preszt after this time is FSk. The amount cf FIW is not & function o

time; 1t dies not increase or cecrease (unless 21lowed to evaporate). The FS

* ;| 1 f - « b e o -~ -
when present, is no-mally; #lkaline (¢ Sail he corcentratien of astiviyy
14 FSH 1 Yower Shar ir the inftiz)] waste especially for multivaient nuclides

. - >
Urga-Formplicehyde
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Ureaeformaidehyse (UF) cces not comtine chemically with weler Lne weate
- ! i »

wiier is held physically within 1%s porosity., UF alsc produces waler cince
polymerizes by & conde:ntetion mechanism. Because the cundensation reaction

sontinges {althouch at 2 gecreasing rate) for @ substantis’ perioc of Lime

least days), F\ in UF increzses with time, Incresses ir FSW have been not
over at least saven days. The amsunt of FSK is net a monatomic functicn of
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waste/binger reatic byt appears oo
relates ¢ the Pk £f the westeeUr
poiymerized Dy the add.tion 2F an

gixture of ph of 1.820.5

related to the waste type (as fn cement) with wastes

q!u;1ly producing less FSK.

the waste-UF mixture a¥%er Ca%aiyvst ades

FSW is approximately ecua’ to that

g4 tumen
Bitumen wastes forms shouid not exhi

{99.52) evapor:

; { - " - - $ be res.,- '.‘

marketed by Werner and ¥ elgerer
cperating parameters or e

0f water contained in the weste. Ir %

appears o minimize Fiw

tec from the waste during mixing [This is n in

s
- e

ST fin.

satalyst add

g ».3‘-0‘2'._0

of FSW 1s 2l1s2

The smount

containing etscreant sol

Resultant FSW 45 acidic with 2 pH similar tc tha

The concertration of activity

-

TR

it FSW since water s aimost comple

an emul

the screw extrus process as

bitumen wouid be discharged from the extruder

conls but the water present woulc

;
arge

guantities of water were discharged.

should be eacily noted efther as & result of the cuant

through the i&st extruder stezm dome or

discharge and waste container.

rowevear, the

scteanm

nce of substantial we
ity cf water discharge?d

- . - .- . "
gnznaling from the extruger

of
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water 1n the waste s not chemica!ly combinec in The viny esxlers-siyrene|

precsss marketed by the Dow Chemice’ lompeny. Ratner, the water 15 encapsuylafed

zs spal) drantets in the polymer matrix 2¥%er solicificaticn. The process
relies on high shear mixing to form an emulsion between ihe 1iguid waste and
monomeric soligdification agent. The atility to form this emulsion 2lsc depen
upar the rate of waste addition, waste type, waste/binder ratic and waste pH,
The agert is claimed 25 form s2atle emuisions over & wice 2 range (2.5 » 11)1

Zince wetar 1s not miscible with the viny! gster-ztyrene monomer, 2 twy Dhase

Jiquid will form 1f 2 stable emulsion is not produced. The waste will then
largely present as FSW. ‘At least cne waste (boric acid at zoncentraticns abo
%) requires ¢ simple chemical pretreatment in Jrder to form 2 stadle emylsio
It is possible that some waste tyoes could interact chemically with the

promoter-cataiyst system used t0 polymeriZe the moncmer. Such an interaction

m2y regquire & change in the orcer of promoter and catalyst addition or an

increzse 17 gne or both constituents Since The po! merilatlion regction is
gxothermic, dnteractions which prevent poiymeriZalicn shoulc 2e r g Ause
incresse in waste form tempereivre .| gsuity. IT PO ywer . idal i vues ull O

2 s0)ig product will
CONSIDERATIONS INK CRITERIAL DEVELOPMENT

Free standing water has deen a3 particular problem with yres-formaldenyde
waste forms, FSW octcurs with some frecuency in gmounts ranging from small to

subs2antial. The FSW tends to occupy 217 voids irn the container and as such,

the acditicon of 8 bag of cement or str2ight UF to the top cf the watte fore mgy
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not e produced and the emylsion will eventua®’ly separaiy,
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slidify visually apoarent F3 DUt coes 1ittie to free liguids in otrer parts

the waste container. Alsg, singe the 2mount of FOW 1nCrezzes with time, such
|

*#ix” may not ever be sufficient for FSW 2t the top ¢f the waste form pver !cn*

seriogs of time. Similarly, 2 weste package crainec of free liguids from ine

botiom an the day after solidification will exnibit additional (although typle

cally smaller) gquantities of free Tiguid after several additionel days. This

su7ts from hydrostatic pressures in large waste packages anc the production ¥

additiona) guantities of water as the UF poiymerization continues. There 1s
Q

concern that the vitration occuring curing transportation may De sufficient t

remove 1{quids from the poresity in the UF and result in additional FSW. The

#rom UF will {as & resuls of 1ts Tow ph ~ 1.5) contain as high & concentratio
activity as the initisl waste and also tends t¢ oe highly corresive to its

container.

UF waste forms have been ngtec.

“a k
o o

FSW acoears

psually be eliminzced 5y the ssiecsion of proper

, the concentratior 0 muitiva ent

poours ras Onut:iLes FY e Jy ey -l
the inftia) waste since coment constityents exhibit fon exchange banavicr. ’L
pH of such FSK 1s 21s0 akaline (p¥ ~ 5-72] and 23 such 135 nenecorrosive towe

the mild steel packaging currentiy usec.
FSW has not Seen noted at BNL for solidified vinyl ester-styrens arodu:t1

when formulzted according to ingtructions from Dow. I€ 1t cccurs, the

row

FSW veleases from pinhole corrosion of mild steel containers noidipg

activity concentration and pH are expectec tc be simiiar to tnese ©f the fnitfal

wastie siream.
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Note that for the solidification ¢4 not [thermally,) evaporator cont

.

nifizart %8a% curing

ané for solidification nith agents that re pase §°

"wy

#ication (cement, vinyl ester-styrene,, eveporative waler concenring on

cpver surfaces of the solidification conteiner may be & socurce of Fla
A}

cement (with @ proper waste/binder ratic] will adsord this water, UF waste fcrfs
may net and vinyl ester-styrene waste forms will nct. As such, containers are

ofsan 1aft cpan to the atmesphere during solfd*®icetion to 2limimate sutt

densate a3 & source of FSK.

Current 1ations require & sclic monglithic waste form with ne
_________q;ﬂﬁ, tior Q 2

S
cesid

while

nirates
o1idid

ConNe

4, standing unteé: While "ng FSW"™ s difficult to me;;;rt. it has tvpicelily been
£ ) 24 i
! understood to mean less than one percent. On a volume bas‘s, tnis means FSk ¥
acceptable on the order of 0.5 gallen/SS gallon drum or 7.5 gallons /100 cubic
foct Tiner, The FSW 1s a concern as it represents a pussibie mechanism “or
activity transport and may promcte container corrosion ieading
FSW and activity from the waste packige. I¥ the philosoohy wr
burial site geclogy a5 the ultimete harrier anc giving no cred:
i G S At e AT S
container in burial is accected. then F35W criteria shau'c De hase:
tation cans!dér&tfons. How mucCh activitly can be transpcried By means
For UF, the effective decontaminatior factor (DF] for FSW ‘: one,
A FSW by volume represents scmething grester than 1% of ihe sctivisly
the waste package. For example, 2t & packaging efficiency cf C. by §°
volume represents 25 of nitially contzined activity ant 22 of the input :
waste volume, Since the [F shouid aisc de one for #3w from vinyl elter-.iyremp,
similar activity Timits alsc apply. Cement towever hes 0F ~ 7 for cestium (41
valence) but DF ~ 10 for strontium (+2) ang OF » 200 for cobalt (<2, +2)
:
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i Sne waste forn, the Crilenmie

totz] activity contained

large number of 1imits gepencent wper the solilification sgent, : .‘fé
tyne ang total lctiii:y. Rather, 1t should be gevelcper for & type £ waste ¥ { __ﬁ;w
alene {which does c%nsi&or ﬁnd1cnu:11ue type anc guantity byt not sglidificat nl fzi
cgint type). Similarly the propesed 00T stancars elsc considers ectivity typs, 3 ;§;7
activity contert ih? presumably dose o man (or similar index) in setting its g “:'
Teachability Timit 3&.!&2!-90& i :

14 release of n:‘ivf' 1nt: the dizposal site 13 the basts for Fiw Critent

i
2. The

s = = 2
-

the minimum FSW rlltOﬂlbly detectia:e is sti1% of the oroer of C.2-0.
@ ¥ b |
maximur permissiple FSH smuld be relatec to the eni) ity ¢ the site neology

A

pede radicnuclide movcmnnt {by adsorpticn, etc.). The controlling factor is
dose to man limity 2% the site bouncary which would include zotal site activ
ant the ezse of.activity movement. 1€ radionuc!ide adscrpiion 15 large, as
15 usually assumed 2o be, the allowabie FSW would also be large, orodably
approaching 100%. This would ascume Tnstantanecus morilization of 217 FIW algh
ints the buria’ trench where 1% is acscriec oy The gevlogic siretz. fyicence
gests however thptiliguids present ir the trencher Doy fmpeds the adrsrprisn

atilities ¢f the surrounding stratz, in which ce2se zztivity trarspert by FSW

(2]
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By

4 - Y - -
b8 {magesant., in Tact, constitugnis

consricute to this d;crzasc fn focal zorotion. Trere is 2's¢c a2 cecirs to win

N

]
ize the guantity of FSH in the burta’ envirorment zs 1t can contribute to ieésn-
g

1"y

of cthar waste packages, containg~ corrosion and other chemical interactd
Some of these probiems, such gs those resulting from the removal complexing adents
or organic liguids from waste packages. 2re devencent upor leachability 2s well @s

FSW and may perhzps e best controlled by segreg

(3

ticn of wastes &t the buria) site.
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The presante ant chgracteristics ©f O {5 @ getermining falllr 1m waste gont
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tifetimes N 25 Such is Imporiant relgtive t $feztivenes: of the conta

25 & parrier.
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RECOMMENDATIOKS

The prezosed DOT leachapility standard appedrs to ba met by permitit
¥

v

S
“y
-~
e - L"-'t— ER

maximum of 2.8% #ree standing water ty voiume, The minimum FSh feasivly desed
title is of the order of 0.2-C.52 by volume. C=iterip for F5« D2seg or buris!

site considergtions would procebly germit more ctnan 2.%% FSW Dy volume 1€

adequate site adsorption and slow laters’ water movement exicte. The effects
FSW during transportation (and interim storage) appears to be contrpliing In
situation but there are arguments for recucing FSK below the 2.5% that 2ppear
conform with DOT activity removal recuirements, These include the effect of |
.

constituents on leachability, container cocrrosion, the sorptior ability of th
surrounding ceoligic media, an¢ activity tranegnort 4f adsorpticn and water me
ment characteristics are not oCtimum in the bHuriel environment. Propossd cri
»ouid be of the form:

1. Efforts should be taker in wasie fory formulatior i

of fres ctanding water to the minimum reazonably act

T

seiection of waste/binde= ratic and other relevant processing peramef

2. Ir no case should the total free standing water present in the waste
after solidificatior de greater than 0.85-1.0 percert by velume. Thig
guantity could be mezsures in & manner simiiar tc that suggested in

ANSI NISB in which both FSW visuzlly zoparent on the uster surface c4
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waste Containsers”

the BNL Program, "Proserties ¢f

dipeceive Wastes Jﬂd :
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ke o e

BNL-XURES 50577 (Rpr-June
ENL-KURES 5060

BNL-KURES 508392 (Jan-Mar
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BNL-NUREG 50527

in Press

in Press

£

yrez-formaldenyce (UF),
ifying resins and sludges.
cases that shouis be consideres
3 pH pretrestment for splicdificatic
wastes sclidified with

to poduce cement waste forms of relatively low strenglin, espec

{Topica®

spiidificatio

(J41 =52

Apr=June

8eport)

1¢ymen anc vinyd

cemans.

waste solid?¥ication using cement and UF

77) - compression str *c'*f of waste forms,

chngiogies currentiy availetie [(cement, modifie
~styrene .

Some chemical vitie: may exist in spec

$ovr soligificaticon.

P
.- - niAG

ticn with UF. §)

unna ZTT*BL
UU:! ‘-.“Q~

However,

Nave LEST

ially when

1e1diyg = *f}

-
-

are capable of soli

1ine sTudges may

gre among the €

76} - leachabiltty 0¥ Seac ant Jowlered iom nx.hanqq :
resing ("gole” s eng 5+ in gistilied wat i
itmpac: strengths o

P

77) - leschability ¢f bead and pawdered ion exchan -
resing (Ls-137, Sr-B% ir Zigtiiled, tap and 5. TN
séd’t waler i s

) ‘\l,%l..\.

characteristics, i¢ification using vﬁnv’ efter- 4 4
tyrene) =4

o e el

- - . "“1‘“""3
78) - leachability of vesd resin-UF, DE-UF, DE-cemept =8 i
- > 2 'a 4 -~ "_" [, .
) « dispersibi ity of Desd :fn-coment en¢ DE ce:gnt s
« swelling ir cement.jonr exchange resing -
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catign-znior) refing show le

secin is noz compiegely expencel.

this tendancy with cement golicificaticrn. fxpending =esin: ant @ PR acjustment

-

prise selidification are 21s0 helo%y). Intergctions ©

ene sromocer-catalyst system may Cause difficulzies with

This ‘s not meant t9 imply that any of these soligification agents are

unaccestable. Rl’h,r, uh11e each of these agents can be used to sclicify ign=

exchanze resins and sludge wesles, some Za7s mey be necessary In par cular capes . &

L
L4

b

i

¢ CONSEQUENCES OF SCLIDIFIZATIO ‘
Selidification produces benefits during interim stsrage,,XCZ;xac't::'C“ aiﬂ

¢isposal that may be useﬂ to justify the need 10 solid . ¥y. e glternative to

solidification is packlgiﬂg cf (unsolidified) dewilered resing and’ slucges.

surface greas thatl wqu

unsoiicifiec resins and slucdges have Targe effective

pe directly 1n contact with fiuies in Jeachins envircnaments. Scligifizatior

. Bpw= 1. Eong v ”~ :
€ 3 wes TTac one Hiy o1 ¥

generally resuits in lower Teach retes enc

per unit time in leaching due to Ihe cecresse sp gfiective surfece arci. Redufel &

e w8 e meemd g
s »!. - - - -w % - Ve

k% ¢

leacnz0iiity Cecreeses LtNE CTTERTL

- - f
srapsportation ans alse serves fc minimize long-temm enviranmentz}l impact

. .
- - ™ "L - e B
: e e=t spayvide the wiTimate

gphy, the feO.SF WES e

v

where, despite past philes

&n Zperos

.

activity transport, flor leaching of infinite media by diffusion,

ccale factor consisting of the retic of wacte form volume 0 surface ared

-
s £ -
L cre a5 £

wy

ne ysed, A 55 gallon grum siZe w2

for bead resin waste is of the grdes of 3x1077 om, 'unsol1dified
wuch larger surface arez per unis volume tnar the solid!fled product Tre rate i
. : v
lan drur 42 tren 0.003/1 enuals s &y

of frecticral activity release from 2 £% cél

=

o 1 : % !
310 ) times tnat for leaching & gimilar vol
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perticies. ‘As 2 perspective, the amount of activity rele2sed fror this woiyme P

-

f ungol {difiec Deac resins in one Gay wol'd reguire ten years for »zlease from @

: solidified waste form, Such an anaiysis 15 Aowever TOC simplistic in that i

: not cgrsider the tct,l surface arss of the Solicdifiec weste forr [cue to poros

etz.}, otner releasckmnchanisms. the retention abilities of resins due %o ion
axchange anc the effect of chemical interacticons with the scligification agent pa
those retention abflities, However, on balancer solidification i1 excestes t0
consiceradly reduce the rate of activity relsase from resins and sluce

ing envirgnments,

Ion exchange resins {both beac anc powcer~s forms) have been Shown %6 hav
low reiezse rates for leaching in distilles water anc Tow dissoivec solids wat
In high dissolved selids water, the resins release activity rapidly. The 1igut

to which unsalidified resins might be excosed in burial (and pessibiy ir

™

relesse. High dissolved solids concentraticn: 25 we ¢ wige ranpes of oH an

0
1

trangportation angd storage; wou'd prodebliy aise elicit a rapid reze of e:::a‘:ﬂ

diverse chemical contents have been obierved in ourial trench waters.

Cimdtigety rhamiasl (etnpecsams =2 2 - 3 :
SiELITARLY, CRemICRT INtErIZiiini I Ton exchange resin with the solidifge
patde - Tem 1e = Fl 4sd -~ . .
cation agent may a1sSC result fn & T0ts oFf retzined activésy OF particular
F 4 - < - - pe p - Y
inLergess 18 Th¢ Interaction 2f the .

ow oW ([~ 7.5) 11quic presert 1n the r;':sT.y
of UF waste forms. Wnile this undoubtediy affects retention scility, exserie-

ments] work Indicates that some capability to retain activity remaing, as B
: | y r 3
evicdenced by the larger relesse rate:s copserved with UF waste forms for leachd
‘n S2lt waler @5 opoosed o ground water. In cement $Slidi€icition, multivaldnt v
§5 L
r, ‘2 ~‘: 3 .(‘,
cations 1n solution [Ce *, A } may 2150 exchange with the res »n tendine 2o - ¢
< e - -q
- - » . » ('
reiease lower valence activity, dut solidificationr is expectes o resuit 1n a"vet u ‘
"-Ff ":..‘
S




decrease in Tescnanility. Nate Inal g2t ¢

dered ion sxchange resing] wil® nave (5t
"/‘I"i " - .- . L .1

e muth of theactivity In these wastes wlii-

G thesp materials, solidifizzsion should

rite 21 which activity is relgasec in leaching.

e c—————

selidification also reduces the potential for Sispersion of activity gurd

storage, transportation and disoosal as

wiste contasrer. While transportation acc

cf the waste corteiner are easily envis

during burial operations frequently result

inciances, unsolidified resins and stucge

& presemT 1N U

in & dramstic decrease in tni 5
i
é

e A LT T

ties zﬂJ

hE 355;:‘61!G wate

- -

of ar actidental Drosch g€ th

a¥fect the inte

tne relcase of &

quentity of small discrete particulate matter that may te easily dispersed by

- *
Or wiis

ragovery ang removal of the waste. Scme
tne respirabie size range. While gn acCi:
' coulc @iso resuit in dispersitie particuy

wtew"

rance would be consigerabiy lower than for

conzainer f2flure. In these
cont te %o

. Such an gccyrrence could produce Cifficyl

waste particulate

probiems asspociat w!

conceivably could fi in
P g

"‘f:QC ‘a-oe -

i

~gn E 2 ” " -
get © Sut oltu
§
pdma sonmmalddd £bg '
¢ LUN35 ot .

- o

waste, In addition, the 1iquid associzted with & dewstared waste woulld De c‘:}crs-

weste Tiouids that may be relezsec from an

within a2 monolithig

clidiflec waste package mey alsof

V& Deen measyrec.

ibility of so?idif*td

provide & mean: fcr
!

ctivity transpors. fhe







BECCMMENDATIONS

.

substantial benefits accrue seam the solidification of

n

ytoe wasles.

dewsterel resin and

These include decrezsec leachads Tity of waste Datkages pa*t1:u

larly in Buri2l envirgnments, reduc sion in the potential for dispersien *esu.tir;

ifrom 2 1oss of westie &on
rigzes with the Cewsterer wastes. Whi

-

gchieve many of these hsenefits during transpertgticon, 570
v

should 2lso Se applied in disposal {purial). As such, gurrent

campe’ 2 recommendation thit cewal sered resin and slucge wastes De sotidified.
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milar

tziner integrity anc the immopilization of liouics as oi

1e High integrity cortainers can 06 used
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gris gerstion
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