
"
i

'

.o .: 7m.

g e, , .,,-
. . .- -

.I -.

( 'C:'

. - .

.~ & ,-
.

*11

l |c
- : .

'

f i._t.g
-

.

.n-
. .,

4. '. bt

u
n.

. 1

f :';
.

;.1-. ,

. .

1. .

1 e.
. u

DEVELO MENT OF FREE STANDING _ WATER (F5W) CRITERIA
.5

, 5,,q,,
-

- U.:-
..

'p

|w f. .,
. ,

~ nnd ,

>-, , .

y *-1

RATIONALE FOR REOUIRING THE SOLIDIFICATION Of f f. '''

-- y :
# -

' ION EXCHANGE RESINI AND SLUDGT'.... . R, 9
, .

1 .,
'

$r i *^ r

.1. - r.
-3; ,q ,

,
,

Y. A

. , t : . ._
. _'_<

at
.

. ,y;
. . ,

q ,-

..y.-

-i r.V
' y-

, ,

, . - , . J..
**

.

' q." ' ''
; c

. .y p.

Robert M. Neilson, Jr. and Peter Cc,lombo *! '
1

.i ; -. - i,,

t ,- p-

r .i -y
: ,j. !, y.

Jur,e 19,1979
- .4

; -[..

s,
7 -

g,

'

. r . !*

; r.
y {i>.

?. i.
...

. !, . ;[.

,
,t -

. ,.~
;, - ,.
t . . , . .

Et , 4p
,,),

.
.,n .t

,
.. e.
*^ f: - k .. {

*
f- _.

.t * n . ,

i d |' + 4...
;a ,v.i :

t
--a -. ,6

n'Nucl ear . Waste Mana ge-ten: Research Group 4 {i

De;;artment of Na:1 ear Energy . . t.
Brocknaven National Laboratory 1' |:

-

Assceiated Universities Inc. 3)? C .t
Upton, New York M 973 j |$-[ ' '. I.-t-

: 4 -
,

- :.
4 .;
<- .

:f * );,

.
-v. o

sf, '
-t, 4'. . .

,[*4:C f *

a -

;Qr: + ; , - [~

s -
?.

t ii

821i240137 790706
. - <- :

.' - *
DR ADOCK 05000 g

- -- w . . ;*(
.



., . . - - - - . .

. _7 ,t - - _ . _ . . z, . y 3
. , , , ,

.

.:. f>
1 s

, ,

i 3 1 I M i
y 4 % ., f .,

', _ ._
'

.
1;- i s..

.i - ,,I
i D' \ g

,
,

% $ I L
' '

/
/ ,,

'

./] d t', ,-J-

t ,

} j ; | 4 P'

'
: DEVEL0eMENT 0: FREE snXJING W:.TER IF5vi CT.:HRIA , .j

/ i| . , '<
| ) t1 ,

i c /f: q N- i.- n ij
g

-

c .3 l-

Rel'avant data cttained from the BNL prdgrad Urcperties of Radicettive Wastes h /
end Waste Centainers" _ i { @j " 3}'

,

., c,_ , J., , 4 i
'

,,

; m:' -; .c , a : n
BNL-NUREG 50571 (Apr-June'76) FSW noted in UF and cement formulations i
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ENL-NUREG 50554 (Oct-Cec 76) F5W in UF knd cement cuantified, F3V relatei ,t: 5 1
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' The etjective of solidification is tc :envert radioactive werte inte a i
.

stable monolithic for= which minimizes :ne potentia'. for radionu: lice re' esse to >
3ij' -

the environment dur,ing interim sto ace, transecrtation an Csocsal. 90w. . J .

reactor wastes in the United States are currently solidif'ed by techniqaes whb:n *[ j
: %

.

5 6-
employ hydraulic cement and urea-fc.- aldehyde. Wdile hydraulic cement anc ara.

.

for : aldehyde wasce forms have been :ne prirary focus dhnt work at BNL, other M.
7 ,, ; s ; ," ,

agents which are being actively marketed for reactor waste colidification havi , ;j '
)gl ,

.

ibeen studied.' These include bitumen ard vinyl ester-styrene.
1 -,g

,
. s ,a

.

All solidification agents (with the possible exceptidn of ti:umr.T can ! / b::g.*
<

> :'.
exbibit free standing water (FSW). F3W 's Eater (o: waste licuic) wniih 15 ndt ' d ,) 'E<
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.< } I ds related,t: parar:eters inciu:3n; :ne eas:Ut' rte- retic (w/ts. -asti tyr e) .

1, 4
-

' . < . . ., ,
'

Md r6turc pH (f:- UF). While 'recuer.ily etse ve: at tne t:0 Of the wette"
,

.:.i; . ,

W f E, FL s'sc tends, *.O be pre:ent ir :: aces en: veic; alcq tne Eict of tne [
e-,

-

, . waste form anf tt' tne Det.sm of the COnttiner.
~,.

;
..

,

.

:

j* Fvdrauli: Cement . *+

-

Hydraulic cemen.' holds water both themically and physienlly. It can
'

,'

,

%.i
Chemically ccetir.e with appr:xir.ately 2Ei wa:cr ty wetgnt forming hydrated h

'

1

4 .-|

silicate and c.1::nine ts :mpounes . We:se 1: als: hel: physically in cement o'' |
*

- , . .
{.

'

,

;srosity. A e:cr layer is sometime: :: erved shortly af ter mixing due to cerent. >

,

t.
. , .,

s e ttl i ng . Tiis w:ter (if a proper watte/ binder rati is used) ty:1 ally is atter-p]~'
, ..r

bed (and ccmtinec shysically or themically with the cement) within twenty-four hours,,t , k
.

(alt'.cugh ir so-:s cases this may rt:vire 2-3 cay! esce:ially for nien w/b ratics). ..,
*

} .I
g

' Licuid presait af ter this time is F5W. The amount of F%' is not a function of '.1
. . . .

's .,
i;f

'

u ;i jl f ! '
- tice; it dses not increase or decrease (unless allowed tc evaporate). Thc F5',

e

fj when pre:ent, 1: n : ally al ktline (:+ . 5-12) . The ::rten:r::ier c 2::ivit,>I e

ir the init :1 verte es;ecially fer ruitivalen nuclices ,..
din F5W is 1:wer that

;
k[ ^

*f
5.* .i

'

e-ta i$--alcehyde,

t l'( brea-formldehyce (CF) : e: no; ::::tne themially wi t we :er in De wa:re;N
1

.. ( f . \;-

*> wa;.er is held physically within its core:1 y. UF aise produces water tinte 11 !
'

e-,

, ~ ;i. .
.

~:i.v erizes b.y a concense tien mechanism. Be:ause the condensation rea: tion j'#
,r

::ntinues (although at a ce:reasing rate) for a sut :On!I I CeriO Of time (d'
3. .

y least days), F L in Uf increa:e: with time. Increezes ir. FSW have been noted : 5
'

:4

dg_ over at least samt de.y:. Tne a=0unt of FSW is not a man::oni: fun:t1:n of the -] , I
.t.s
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waste /binter retic but a:; ears :: be related t: shrin % - in tne UF. I 1: alte s
.'.c

related : the pH cf the waste-UF cixture a f ter :s talyst acti tion. UF 1: .ght
p, y yo

polymerized by the addition of an acid catalyst. Suffi:1ent stalyst to give k yd* M. c;w, ,
'

mixture of pJi.cf 1.520.5 appears :c cinici:e F5W. Tne amount cf F5W is also " }g''; _ \
1

'

.j;
,

ds C.w%wp ;!i
, . -. .

i- rel.ated to the waste type (as in cement) with wa::es containing atscreant soli g, .

. ...

usually producing less FSW. Resultant F5W is acidi: with a pH Oimilar to that o f } rd,o..p--
: ?8

h.
,..., %...-,-

,, wy
, the waste-UF. mixture after catalys adei:1on. The concentration of activity in JF ? 4

;e. .
- -

. < > . ~ . .

- -FSW is approximately ecual to that in the initial etste. 7GO^- Q t).gy:
'a<'.|. 7 /,'_..,:,.. ;;. -,

4. .,

_r: j t .t. qwys,

t+g, !q:;p >, e
,;; 'q Bitumen gg ;.t

g m.4 . .~.-

ely/, - ,b,d
,

. ib- ; Bitumen wastes forms should not axhibit F5W since water is almost complet
sa2

1 .+..,m"
(99.5%) evaccrated from the was*e during mixing. (This is nc: true in an emul. 4 i s'a -

,
~

4

sified bitumen pro:ess, which is not teing :ropcsed for co-nercial reat:cr usa inL dWS
M. . c.s. ,qm

the US. (Further remarks will be restricted t the screw extrusion process as "9, 01j.,

. .
, ;-. ,

It is ee: tris :nz: :.y neize e i ,cer :ct +t''carketed by Werner and Pfletcerer). e s
.

-
.

' operating parameters or equipment failure Osaic resul; in in cmplete emcrathn e k,
,

l

?,of water contained "in the wasts. Ir. :nis case, to:n water croplets and lic.ati
~

,
-4. 3

- -
.

. . .

'

. bit.umen would be discharged frcm the extruder. Tne bitu:en will solidify as i t 6,<

d,1'cools but the water presen: would largely oc: ce trac;et in tne matrix if lar; e,

. . ,-:|t:

.; quantities of water were discharged, however, the presence of suostantial wai er W149
-

v nM , --

t '

T19ML.
,

should be ea'sily noted either as a result cf the cuantity cf water discharged > f. ' l,
g .;wt

through the last extruder steam der.e er steam emenating f-em ne extrude- '
';a

>

, a. , ,
77

, . .
'

discharge and waste container. !i
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Vinly E::er-5tvyene. {
5
'Water in the wa:te is not themically com:ine: in :nc vinyl ester-styrene
.

tec:E:s cariteted by the Dow Chemi:al : mp;ny. D.tner, the water is encapsulated
,

.,
'

s srall drSclets in the polymer matrix after :olidification. The process ,. o
,

,
,

rslie: en high shear mixina> tc fom an emulsion between the licuid waste and he .( .
4

,

.

monoceri: solidifi:ation agent. The ability to for: this emulsion also depenr3 f1.

. 1
~

ep:n the rate Of waste addition, waste type, waste / binder ratio end waste pH.
'

<-.. .

a ,

Tne agent is clai ed to f t stacle emuisiens ever a wi:e ;e. range (0.5 - lib '

,
? ,

Cin:e water is not miscible with the vinyl ester-styrene conomer a two snase '

,.
,

liquid will for= if a stable emulsion is not produced. The wasta will then bi J
.

; i

;
- .

,

lar;ely pres'ent as F3'n'. 'At least =ne waste (boiic acid at cencentrations abet
~

e J- -

' ' u
,

4 ..e i i

8%) recuires e simple chemical pretrestment in order to form a staDie emulsioi .h ; ;.

It is ;cssible that :me waste types coule intera: chemically with tne
~ .

::r:mter-cetalyst syste= used te polymerire tne montmer. Such an interaction
b

may require a change in the order of promoter and catalyst addition er an

in:resse in :ne or both constituce::. S'nce the ::';re-i:ation eaction is

exothermi:, interactions which prevent poly eri:eticn sbculd te note:. beteu:,e ;no
,

in: ires.se in waste fer . tempera ture . i; r ax i t . I f pe l y t..e r . c. ; o.. . u .. t cE;ur, ,
a solid product will not be produced and thi emulsion will eventually I,e:artt u. - - -

,

.

gb

CONSIDERATIONS IN CRITEF,IAL DEVELOPMENT
.t'._...

|

+

Free standing water has been a particular problem with urce-for aidenyde

wasts forms, F5'' occurs with s me fre:;uency in amour.ts renging tror smali to
,

substantial. The F5W tends to otrupy all v: ids in the Ocntainer and as such, j -
the a dition of a bag of cement or straight Ur to tr.e top cf ne waste form m ,y . . .

s .

4
%-

v%'
i !

J $'' 9 4

,1- s

> e

4

-4-

|
, C.'

!
'

1
1

!
l

I'
i ..



1q :- m, 7=

: r' ' i. .'
s - ..

. . , .

t.
- t

!
: a
e..

4

sclidify visually acLarent F3v' out Oce: little t: free li:uid: fr. Otrer par:3 af
'7 '

,

i .t,,
,

Otnt ws:te ccntainer. Also, sin:e t:E a"Du r.: Of F5W increEIe! Witn time, su:h 1 .y, *

*, .
.

.,? [4

"fix'' may not even be sufficient fer F5W at the to; c# :na weste 10r over Icn : i i.- - . ,. s
rg. -

I ea

pericts of tice. Similarly, a waste package crained of free liquies from the ,['
'

!

L

.

,

.c
q. .- t.

bottor, n the day after solidification will exhibit additicnal (although typi- ?! 1. 6

.t- m ;.;:o
4

cally smaller) quantities of free liquid after several additional days. This J, W
e .s . ..

e4 ' i - ;
*

Fre:ults from hydrostati: pressure: in large waste cackages and the production 4:f [ .

s .

:+ 3

.J . f .additional quantities of water as the UF peiyme-1:stion tor.tinues. There is

.. , r]';) '
.

concern that the vibration c curing during transper:stion may de suffit ent to
-

,

;
, . . ,

e 4

SWf).
w

'. .' |remove liquids from the scrc:ity in the UF and result in additienal F5W. The-

.

-p - ,

from UF will . (as a result of it: Icw pH N 1.5) contain as high a concentration ef j } }
.J; '.

activity as the initial waste and als tents t0 be highly c rrosive to its 1( -}
, ..

container. F5W releases from pinhole corrosien cf mild steel containert noldi n g < I.
i, * .

UF waste f rms have been noted. [
~

~

F5W ap: car te be less of a ;r:F e .1:r :c er,: we r te for-: . It or ;
3
e

usually be eliminate: ty the selec* ion of pr:cer was te/tincer ra:10, . It i t s,.
- .
,. .. .

'
-

[.cc:urs, the con:entraticr of mult va et , r=dicnucir_es is r.or,% 11;. .;. u- ;,n6 n r.
, j., ... ,

s.
.,

the initial waste since cement constituer.ts exhibit ion exchance baravier. The -1 ..
*

-
; ., ~

.

~

1:H cf tu:h F5W is aise alkaline (pH N 5-15| and e: tuch is r.cn-ccrrcsive :: wards ' / '

;<

*
.

t. . -
.

the mild steel packaging currently used,
. l' ' ' : ;t

>

F5W has not been nc:ed at ENL for solidified vinyl ester-styrene produ: i
'

}-
s.

1

wr.en fcrmulated a::Ording t0 instrut:1cns fro- Dow. If it cc ur:, the F5W -
+

~

activity con:entration and pH are ex;e :ed :: be siciiar to tnese of tne initial j -

. .,
~ *gg .

waste :tream. '3
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I '
:N:te that for the solidift:ation cf h:t (tnemally' eva:: crater concentrates (

and for solidification with agents that release signifi: ant heat caring solidi < . i, '

a .. i

. fication (cement, vinyl. ester-styrene), evecorative wat.er condensine cr. cold -|g *|'
'

- s V,

Iupper surfaces of the solidification container c:y be a source of F5W. Whil e +f ,

4 x g. ,

{cement (with a| proper waste / binder ratio) will ad: erb this water, UF waste ferns
,

". + ,, + _

As su:h, containers are _+; . .

,

-1 may ret and vinyl ester-styrene waste forms wtil net. i
t

. r 3. .often left cpsn to the atmosphere during solidification :: elimi' ate su:h con- t
, .4'

densste as a source of FSW. p

Current reculations recuire a sclid menclithic waste for- u th ne free hM,

. , , - d._. ,.;; --

J M. 1F;

' M.' s. taridin'g' wa terr, While "no F5W" is difficult to measure, it has tvpically been : At.
4

.
2

*

d,6
- x,P-i. ,J' . , '

**
f' ,i
-

,h understood to mean less than one percent. On a volume basis, tnis mcans F5W 1 ;.p;. ',
,

.n; .f 4 --

5 .

sW
< . A

' acceptable on the ceder of 0.5 ga11cn/55 gall:n drum or 7.5 gallens/iOO cubica
3
3-

fact liner. The.F5W is a concern as it reoresents a possible trecnanism for tn
,

.

t. \ .x

j activity transport and may promote container ccrrestsn leading tc a release of' O'
7:;

c[M ) 3
ir

, .

F5W and activity frc:n the waste package. If the philosooby whicc regStds the' O
. . . . .__ - ~_ _.__

burial site genicgy as the ultimate barrier anc giving no credit :c :na weste 1
.

_ _ __

- __~ - |y .y.
''

container in burial is accectec. then :5W criteria shou'c ::e case: er trans::4
...,

' tation considerations. , H:w much activity can be transported by meens of F5W?
, Nf'f~ <49 p

h 4.i
, r-n, .

. .
r e

7 For_ UF, the ef fective de:Onta=inatice fact:r (DF) for F5W is ore, ta.erstre 1d ti
* soJ ,

,

./ $. p,./[.
/ d F5W by volume represents semething greater nan 11 of the activny cor4aine: 14*

L /-. ,; _ ,-
-

p .the waste package. For example, at a packaging efficiency of C.5,1% F5W dy ,gh'

- vclume represent 2% of initially contained ac:ivity and 2t of the input 8,
'

waste volume.: Since the f F should also be one for F5W frw vinyl ester-;tyrme, y p I.!
q - :

^

[;;
.

i ~ -similar activity limits aise apply. Cement bewever has ::F . 1 for cerium (+1
n >

,

j valence) but DF s 10 for strentium (-2) and DF % 200 fer ::balt (-2, +3).' -

, b 3. . ~a* -. c
3..~- I -

,
. ,.,2..^ ' .. .k

;, \ I[. *l s I;
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*t erefere it FSV ti volu-'e in a :crent cert.:;t wi t . a ;a a f 7 i''i:ient: Of I
f

C.E nay represent terreen D.Cli t: 20 Of int tully :xt:'' t: Gt'vit. ccren:1tf ,

f '

u::n :ne racier.uclides resert. ~._?.. <

y K e_9 . t
-
i

F W triteri snould be cent.i:::nt witn ; reposed DOT regul::ioni. -nith limi t 4 - i
,
t

the 100: cf activ11!y by leacnability to les: than 105 per week (a:tually 0.14 $
''

-

*ne-e A- e: ais the maximum containec a:tivity for a type A :::kage). Sin:E le

. (t"h 2.H
' .

-

a:tivity froe F5W is mobili:ed instar.:anecer.ly in ic:ching, this it ;11e: that H

.. r#p '

-

the appr:xtrate marin= allewabie FSW is en the order Of 50 of the ::nt:iner d)6 j :_ '

j 'pJ _ 7. . . !
%

v:1=r (f:r a packeging efficien:j % . 5 e n:. C F N 1). he-ev tr, e cri te-icr
.

*allowine 5% F3W would re:;cire a waste form 'ee:b ra*e of le:s than it pe- wsek..
0 _

# :'

to meet the DDT sti.ndard, since activity release includes to:n F5W and leach- : ,

(1 . .

abil i ty. Leachabil,ity, as observed in the NRC crocram at SNL, is depencent upr jn

_,* (s

tne isotope considered (at least with cement) where the hignest leatbaniitty it -! i '
...
- .

'generally fecnd f:r cerium. Applyin estinttet scale fe: :-s for diff :icnalt -
.

::siur releases Trer EE callon drum si:e UF waste forms, fraction activitv It
s ~

1

t

release rate estimates of accr ximately Et ter week are otta ine:. This -c;-e - -

3

o w s< c . , . , . . , . L.,. : e,e u., , - : ., ,,e.,,, , -,.,.. m ,x.<,.. c.v,e .c
u.

vi.,s .. *. -. - ~ . - , .e .a n.. p., -c. 4. - . . .

velu e woult' be rectired :: meet the DDT standard. (The activity rei nse from ;

2 '

a 230 ft* liner wouid be app-cxicately I .St per west aiicwin; % *. F5h :: mee ,

.

!. . . s .,. e .. . , . ,..a.~ .y..

A FIk re:uirement should als; consice- ne minimum F '. cete:t10ie. While '

.

thi: cuantity is dependent upon the measurerer,: tecnni:;ue erpicyed, it is
v. - '. - M.,eam.

pr:bably cf the order of 0.2-0.5% by volume u:ing reasonable means. v.wr.94 hcd
AVA%naup?

A c. re :sti:fying enchanism f:r ceveloping F;W :riteria < u ::n icer
r
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$:: tai activity ::ntained in tne wt.: e f0r >. th6 *1:eric Inculd not give a j ,
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laree number Of H eit cepen:ent ut:r InE s'i0i fiCatier a f eEt, "'J icnuclite ?

a ;- +,.
,

tyce and total actiyity. Eat.9er, it sh:uid bt cevelope: feraty:eAwestef:re[ 2.

s . e. .i ,

ei:nt (which does :ensider radienu: lice ty;t end quantity but not 5:31dif1:atian [ Q.,

s
,

.; ?
'

agenttype). Simi[arly the hrop: sed DDT stanc:rd also considers activity type
4

.

, ..

activity content an't presunably cose :: =an (er similar index) in se::ing its j- , .j>
3

u. g;
les:nability limit (0.l A / week). } ;

3 1 . m

If release of activity . int: !e disacsci ti:e i: Int oati: for F3k :ritenia,'
'

-

,I d, '
*

, q..

.

the minicum F3W reasonably detecticle is stili Of tne Orcer cf 0.2-0.51. Ine ' 's ["

t -,e
, ,

.h.y ~.n
.y.. .

maximum cermissible'FSWshould be relatet to tnc ability ef the site geology It .

. .

qQ M [*

pede radionuclide =cvement (by ad: rpti:n, etc.). The controlling factor is i nek ' ,
'

y-
d :e to man limits at the site beundary whi:n would include stal site a: tivi' y 1,

-

and the ease of.attivity move::ent. If radionuclice ecscrc icn is large, as d'
. m.,

.

-t f

usually as:umed ,to be, the all:wable FSR would else be large, ;-:: ably ,' -

13 _,
e,

i ! ?. I

approaching 100'.. Thi s woul d a s su E instac:a eeus mc fli:t:icn # al'. FIV a:f'vity 5.:

ints tr.e burial tren:h where it is adst.r:ed :" the geri pi :t r e .,t . Est:en:e. s u g'.
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atilities of the sdrrounding strata, in hich case activity tran: pert by F5k' :s |
I. -

:

Og ir.;;rta r.I, Ir.' fact, con:tituer.ts ;reren* ir T5W f-ce son weste ;ttiaces ty'7 ,
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0:ntri ute to this decrease in io:al :cr; tion. Trere is s':c a cesirt to rint. +
,
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""ri:e the cuantity of F5W in the burial environment as it : n centribute t Ictch.: .
.
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ing of other wasic packages, contair.e ::- Osion and other chemical interactidns[ -f
5 jSome of the:e problems.'such as those resulting fr m the re:roval complexing a; ents~

y
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.

: or organi: If:uids free waste ca:kages are tenender* M'

.
.

upon leechetility as well e.s.
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RECU'.MENDATIONS $
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The pre:: sed..,CCT leachability standard a;? cars t0 be me* ty.;c !tting a ". , D.' '.i ".
-

maximum Of 2.5% fr:s str.nding water by volu c. The minimum F5W feasibly dete:- ; h. [ ,'

,, . - . .<

title is of tne Order of C.2-0.5 ty volutt. ;-iteria fc r"W casec cn burial (p ,

r, e. , .
site :ensiderations would pre ably ce-it c: t : nan 2.St F5W b3 volume if i,&

"

. ,

f..
' adecuate site adsorption .and slow lateral wate- reevc ent exist:. Tne effects ::f t 30 ''_a'.

i f -

a; .
~

FSW during transportation (and interim storage) appears to be ::n rolling in thist 7 ,
*sav-; ,. -

,

situation but there are arguments f r re:ucing F5W telow the 2.5% that a:caars; tol| | 0
.,

k

Of FCW W' 4-

confor with D07 activity re:roval recu1-crents . Tnese in:lude tne effe::
.

-.r
c nstituents en lea:hatility, container terresion, ne sorptict ability of the v%.

~ .
..

surrounding ce011:i: media , int e:tivity : :ns: Ort if adsorption and water nea- ; i,,- -

| 2

ment characteristics are not 00:imarr in :ne ::grie.i envircr. ment. Prepo :cd cri teria [ . _

p'
. ald be of the fer=: 'l

- +i

I
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1. Efforts should be taker: in waste f:r- fermiatier :: reduce the cu:raityt lo 'Ia
> r. . -. . -i

%

of free standing water to the mir.imca -eaccaadly a:M e ud tn-cugr tu eful f
. .

selection of waste / tinder ratic an: ncr relevant pec essing ::racefars)w
~

i

:.4 ..t a .
2. In no case shcuid One total frec standing water present in the waste forin k #

.y. . v~~

|
after solidificatter. ie g-teter tha t C.5-1.0 per:ert by volume. Thit '

.

l :;uantity :uit be me::sure: in a manner similar :: tha: :ugeested in Y ;.
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ANSI N19E in nhich both F3W visor.lly esparent on tne er:er surface c: t h e. h.. .s. ..
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waste f rm and F5W drained frer ne b:.:::: ef the we ~.e ecntainer art. note'd.
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Relevan *ata Obtained in the BNL Pr: gram, "Prc:erties cf Radica::'ve Wastes a nd .
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Veste Centaine- ". .

.

SNL-NL' REG 5C571 (A[r-June 78) - wasts solidifica:1cn usin; cement and UF
-

ENL-N" REG 50617 (Jai-Sept 75) - l ea:n tili:3 c' tead ent :wcered icn exchangt j
' '

'

resin: (" 01:' C,: enc 5- in cistillec water). 4

m;:: strer.gtn:
.

BNL-NUREG 50592 (Jan "ar. 77) icachttility < teac ar.d ::weered ten ex:nangt
resir.s (Cs-137, Er-EE it distillet, ta; and <

sa:: nater.!.

< .

BNL-NUREG 50752 (Apr-June 77) - :::ression strengtnt of waste forms, snielding
encra:: eristic:. sciidification usin; vinyl ef ter-

. . pstyrene)
,

,

' M.vBNL-NUREG 505El (Jan War 78) - iesenability of read resin-UF, DE-UF, DE-ctment
*

.

e . .-

In Press (0:1-De: 7E'i - ci De-5it *tv e m c -u ',-ce en: and DE cecent 7r

c ne ?O- .:
..

In Press (Tc:1 a1 Report) - swelline ir trent-ior ex:nange resins ; ''

.
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:..n.. Ce .... ...
-.... ::. i n :. m .i
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All sciicif t:::ior ternnciogies :ur-ently natic 1c (recent, mcdifiac e .ent, ,
.,

; e
urea-for:naldehyce (UF), b'tumen and vinyl este -styrene) are capable of solid

. .

~

-- ~ . .

"

ifving resins and sludges. Some enemi:El sens;t4vitie: cay exist in :pecift: -?p:- i

e .

Casts :nat sneuld be cnsidere: h r solicif;;4:1:r. A14 aline sludges may reqJire s

a pH pretreatment for solidificati: witt UF, Siuage waster ere crong the ea;iest-

was e: sclidified witn ce ent. Mcwuer, ca:1ct ex:nengt resins nave been four.d %,,,
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