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Intenaity [counts]
o
2

w3 aas 193
excitotion wavelength {nrn]

Fig. 6. Fluorsicencs sxcitation spestrum of Cm' * in | M HCIO4

Medium {Cm(IID] Excitation (nm) Emisvion {(nm) Lifc time
(mat =Y (psec}
Z—-H {Z -G} Z-5 (A—2 A-2D

1M HCIO. 16x10™* 3754 3813 1965 238 63
iy {L‘J) (1.8) E3

107 M EDTA £7x10"* I76.7; 373.8 3843 399.4 595.3; 6033: 510 125

PH N @n .6 (30 - {sh} (4.0) (sh)

0.4 M NayCOy 6= 10"* s J34.1 3994 07.4 141
(5.6) {6.5) 3.8 {33)

0.4 M NaHCO, &Tx10-* T4 334.1 193.7 5043 k4
(5.8} (7.0} )] 32

Garleben 92x10™* 3760 381.6 hip g 939 93

groundwater (4.4} (6.0) (3.;) e

= Full width at hall mazimum (FWHM): *=; Measured at 5 nm spettral bandwidth of polych {sh): peak should:
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o] bt A, [On] = LT A, T = Lbal 0
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- |
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excitation wavevenqth {roj

Fig. 7. Fluoroscenex extitation soncuz of Cmuill) in dilferent
2quesussolutions: {Cm] = 6.6x 10~% mel§~* @ [0~3 M EDTA
(pH 3) ()i [Co] = L.6x 107" 2ol 1™ a0 02 M Na,COy (b)
and [Cm| = 6.8x 107" mel ' 0 0.1 M NaHCOy {c) For
comparison the spestrd drc s=icd 9 the mme amplituce.
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ZHoNd,

T T L) T
{a) {om] » 7.Ex108 mol L= Wn 1 W HEXT,
300 @) {om] = 845107 mot £ & 103 U EDTA

250 -

200.] (@ &) 3
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Fig. 8. Fluorescence smission spectra of Cm(lil} in 1 M HCIO,
(ayand in 107* M EDTA (pH 3) (b), Both spectra are scaled to
the same amplitude.
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544 | Speciation of Aquatie Actinede lons by Pulsed Laser Spectroscopy, Radiochem. | EF#H ; i
. P.Klenze, J.I.Kim, H.Wimmer (TUM),
Acta 52/53 (1991} ‘:
ErE L o o
FAEREIND 2 ~ 3D E— 7 &7 b2 70— FtE, LigenddfEhth§ i

SHTH L, EFERERARZ P
Tid, LigandDEEHRE W,

Fig. 8 i3, HC10, &b COln®*
0593.8nm D E— 7 A%, EDTAREHE
i, 603.8m Y7 FLTWAL
EERLTWS, FEHEoHERE,
NazCOs 3%, NaHCOaZEHEIC bRER S
§=ﬂ,"c:isb (Table. 1 M) , Ligand
&@%ﬁm@%ﬁﬁﬁiﬁx&ﬁ ¥
Mz L DEE(FERTHWA T &bthp

o

{[Co| = T6x 10~* mol i~*), compared with the absorp

(dotted line) in the same medium l[Cm! = 1.45 x_lO""

mol [™Y). The absarption specirurn is shown in an acbitrary
scaie.
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Acta 52/53 (1991)

#{ M | Speciation of Aquatie Actinede Ions by Pulsed Laser Spectroscopy, Radiochem.

P.Klenze, J.I1.Kim, H.Wimmer {TUM)

excitation wavelength [nm]

Fig. 9. Fluorescence excitation spectrum of (11} (9.2x 10~*

mol 17" in Gorleben groundwater with high salinity (I ~ 1 M

NaCl} and low concentration of organics (DOC = 1.24 mgC
17, compared with Cra(IIT) in { M HCIQ. (dotted line).

M b

DEHRRY b, ORBEEOR |
ARG PLTHBo BDRRY b

Wids bl QUFROARY bl bRE-THD, &I TOspeciationDiRiEE, < OH ;
R SHE T B ORERTS 5. LLEAS, ALETATOM (1) OSRERES |
Fithd, @O U, (0, BEsE, 73 VEEEOERSbE THES LT

ELAE
- B 28 T T T
: {a) [Cm]=9.2x10~3mol/L in groundwstar
] 2 =7.6530~Emoi/L. in
o] ] , - i . Gorlebeniy T 7K TOCRDEIEE X : o g =7l Oy .
{a) [em} = $.2x10~9 moi/L . _ :
in groudweter 7 b AAEFIg. Qlahcind, OB
400 ® om = 7.8030—8 moifL i
s BEALL L ] D4 LR BRI PV,
~ 0] DR BN (Fig. 9(b) &K 2
E ' o 8
3 EREFM, BIIHIT, Gorleben! >
1500+ ; q
: : HTFADBRE A 4 VBN | i
< 1000 1 &, RERBENENCLTH B, |
i, Fig. 10(ahe/Rd- D3, Gorlebentt :
500 ' :
! FTAFCOMDEFEZNY FUTH
] \ - sa0 380 : 1 620
O RTTae e Bo AEIICRLTWBOR, b | et [

emission wavelength [nm]

Fig. 10. Fluorescence emission spectrum of Cm(llE) (92 1077
mol I1) in Gorleben groundwater in comparison with the
spectra in 1 M HCIO, and 0.1 M NaHCO;. The spectrum in the
groundwater is broadened due to the 5 nm spectral resolution of
the polychromater. The refersnce specira shown arc not scaled.
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44 v | Speciation of Pu (VI) in Near-Neutral Solutions via Laser Photoacoustic

Spectroscopy, Radiochem. Acta, vol 52/53. {1991)

£

S.0kajima, D.T.Reed, J.V.Beitz, C.A.Sabau, D.L.Bowers {ANL)

FERE

I BE

A AL RS ONCIO S, pHE | D T 2 TEHLE # & 2 OPu (VD)
DIk, LPASREBEARS M AMIEAVTHRE LR bOTH B0
cOp HERTH, 4EORNAEEAE LBS T EEMEL, £ L

KAORBEESITOWT, B1,=-5.2 +0.2 L0 EREE KRR

2. pHE(EICHEASLPASAANS MLOZER

0.10 |-

Q.05

a

Ed

0.00
0I5 |-

0.0

0.05 |

o
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0.5

LPAS Intensity (relative units)

Q.10

0.05

0.00
§10

Fig. 4. LPAS spectra of Pu(VI) featuring the aquo 622 nm band
and the 632 nm band at (a) pH=4.6, (b) pH =4.9 and {c} pH=
5.1,

630 830
Wavelength (nm)

870

Fig. 4 B FFig. 5icp H%, 4.6, 4.9,
5.1, 5.3, 5.6, 6.0& Lfcd 2oPu (VI)

DLPASZRY PVERT, TRHAN
& MLOFLIP (V) Dspeciationd |
CEZDELELTVELOEEL SN

B

ABFETH, Pu (V) OBIBLEEET

Lo

0.2

.1

¢.0

0.2

o0.q

LPAS Inlensity {relalive uniis)
Q

0.2

0.0

|

510

Wavelangth (nm)

&0

Fig. 5. LPAS spectra of Pu(VI) in 0.1 3 sodium perchlerate at
(a) pH=>5.3, (b} pH=5.6, and (c) pH=4.0.

N5 ORUTEE & DHIGETable. 2D LS |
CEELTWE, CHICHAR, pHAL!

S4E DIk, Aquo fon (Pud?* )} —

1:1 Complex (Pu020H+) — Polymeric
{(Pubz )m(OHIn) & D EHE{EFIED
speciationZE{LAEERE S 11 B,

Table 2. Pu(V1) absorption bands and probable speciation

Spectral region

Speties

500—750nm 800--900mm  >900 nm
Aquo ion 622 333 952, 982
I:1 Compiex 632665 346 840— 1000°
Polymeric 633, 685 352 996
Unkgown 655, 715 §70 1020

* Broad multiple-band absorption.
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24 My | Speciation of Pu {VI} in Hear-Neutral Solutions. via Laser Photoacoustic

Spectroscopy, Radiochem. Acta, vol 52/53. (1991)

EE
S.0kajima, D.T.Reed, J.V.3eitz, C.A.Sabau, D.L.Bowers {ANL)

FHAE

3. Pu (VI) @l:1 complex

4.0
o | FEEHE, ROBHTH 5.
PuDz 2* +Hz0 & PulzOH *+H*

b
=3
t

{(Pu0.CH*I[H "]
Buou=—""—

a
T

[H']* 1073 {moles / Klar}
-

[Pu0z2+]

Z:U 4.0 5.0
{Pu03*] / 1 Pu03*]; — (Puod®] !

o

o
o
o

based on LPAS spectra obtained at [PugVD)| = 2.6 x 107 1.
B DRASTENTES (F1bb [Pul0H] = [Pu0zlo— [Pu0:2] ) EFHUL,
[H*] & [Pu0s®*] /([Pu0s* To— [PUOZZ*] ) & %lIT izt XOEBOEED B,
EELOEEALSA B

BMEEETOy FL, SN 2EERICEB T 1 v T4 YT ET-F2DHFI9. T TH B,
COEBROESMNS, 81.,=—52 £ 0.2LWIHIHEBTL S,

f&p HEERTH, Pu0z ** Aédon nant T35 ;
Fig. 7. Plot of [H '] against [Pu03*Ji{{Pu0}“ly — [Pu0i“]} D 1:) complex DA, THHIAREM

; 4. polymeric Pu (VI) DIFE
Pu (V1) @1:1 complex EROREREE |

(Pu0; Ym(OH)neDd k& 5 7ipolymeric species A%, pH< 6, [Puldimmol/1REEE D &M
FURELBACLE, KFETH, BELTWE, ZORBE LT, (VIROPEE
OE(LITfEL, speciationE T AT &, (20638mm IC¥— 7 2 H T H{LFEHE
(polymeric Pu (V) &HE5E) HUERY 5 &, ROTEREHEIEL 10D LS

STV B,
924
Fig- 6 {3pH=5.6 DL ED
020~
o 018} fa) WFeR~% bl ([Pul=0.0126M)
§ o2r (b} LPASZARZ il ([Pul=2.6x10"M)
3
< a0af- ZRLIEDOTH B, FTHAOPUEED B AT
“T 1%, B38BmaD & — 7 (polymeric) HEEETH S
0.001 -
e 0 DITH L, DHPUBEOEN BT, 6220 O
atef ° ©—4 (PuC2?*}, 632nmd & — 7 {Pul0H* )
2 o L3TH LTV B,
%i o.oaf ~w«‘]
0.04
0.00

G0 80 8% 6@ s = e70

: Wavelength (nm)

: Fig. 6. Comparison of absorption spectra obtained at pH = 5.6
- at different Pu concentrations. (a) Optical absororion spectrum

Dat [Pu] = 0.0126 M and (b) LPAS specirum at [Pul =
: 2.6x107% 3, :
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34}k | The Development of a Laser Induced Photoacoustic Facility for Actinide

Speciation, AERE-R 12875 (1988}

5E

F.T.Ewart, J.W.McMillan, H.P.Thomason (Harwell Lab., UKAEA)

ERAR

%ma1mmtrﬁménfméLPAs9i%A®ﬁﬁﬁ&%&§ﬂﬂ%ﬁLt%@f§

53, cOLPASVAFATORREERE, I QErEEXATYE,

ST AHOLPASYRFAMECRT 5K, ARELD, BE BEVRFL

T ARERRT S ELT B,
ICHER() : P.M.Po]lard,‘ et.al., Radiochem. Acta 44/45 (1988)

k) - J.E.Cross, et.al., DOE/RW/89. 001 (1989}

Power PP, 1
monitar N 1
1
1 g :
Excimer [ Dye | 1
laser laser 1 Beam
1 stops
1 T
[ R
]
Power E
menilor I’ S
5 sample pholoacausiie crll Controlied
R reference pholoocousiic cell almpsphere box
r
Oscllascope =1
Compuler canlrolled elegirdnics
Printer ==

FIG.4, SCHEMATIC DIAGRAM OF THE HMARWELL LIPAS FACILITY

@ Xenon ln{:ul : Ct
Excimer Laser

Heod @ Butter gas inpul

Yacuvum Holegen
pump, QP @ gas npu
i

Pressure
Iransducer

HC!

To vacuum
pump

» Pressure

readoul
1 titre |- Qf

mixing
vessel High pressure
He

FIG. 5. EXCIMER GAS HANDLING SYSTEM

Ta Excimer Iosu.—[—ﬁrlnq pulse
" 7 1 -
Lﬁ.'“ Switched] ~ | S+H

) rter—p
i - garn i
'"?f'n'lif ’ lamglifier -}
Lazef ijilcmd= 5
mamiar qain amii'l;ger - X
{samptel amoilifer . 4 3
3 12 bit 028
=z ADG  {microprogessor
P
PA. FET Switched Fast g
i = — a
detector preamp gain Seh 2
Iret} amotliler o ]
Variatle ¥ =
delay -
genemlnr""‘“—"l
RA. FET Switch Fast
detecior t—e— pregmp [~ gain 5,‘,}1 .
fsample) ampliller ompl

FIG 6. THE LIPAS DATA ACQUISITION SYSTEM
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FIG, 12, THE FAST SAMPLE + HOLDER AMPLIFIER AND DELAY GENERATQR
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2{My{ The Development of a Laser Induced Photoacoustic Facility for Actinide. EE
‘ F.T.Ewart, J.W.McMillan, H.P.Thomason (Harwell Lab., UKAEA)
Speciation, AERE-R 12875 (1988)
EHHE
15V Ouortz cuvette — 1 R
' i LI metel tia
Outout c L 7{
et 7 Piezoelectric
transducer
Piszo BFP 110PISH
signat L]
outpul Microscope
[ side
oV
Lr 1
- ‘T T
T Clamg [part ola
Holfman clip)
[ E—
FIG.7. THE LIPAS PREAMPLIFIER. !
FIG.10, THE LIPAS PHOTQACQUSTIC CELL JOETECTOR ARRANGEMENT.
|
\
+15¥ +5V Signat
inpul e
Joe el lowe %4
Hetd 3ig
From preamp G——— 22pF) | f 1t i suut to
@b ——7o sample and 3
M hold amplifier Laser
A Oduf {"1; . $HC 3320
L . rigge -s,v_] I:!"q““
1 ]
=5V Kn -5V /S #a I oF
33Ka 33Ka R . ‘tn.hd'
G.8Knl . 6.8Ka 7L Ls12) ._m
Ka 9Kn K 9.1Kn
2 o F telay ®
zoar | - F0ALT o ) Y ciner avtor
la second
o £ T e
F1G, 8 THE SWITCHED GAIN AMPLIFIER 9 Oviay @
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4/ My | Stability Constants Important total Understanding of Plutonium in

Environmental Water—Hydroxy and Carbonate Complexation of Pulz * ,LBL-28963(1990)

—— -

5E

D.A.Bermett (LBL)

ERAE

1. #=
=¥ D.A.Bemett®Ph.D. 3/ TH 5,

Pu (V) DIIKDR, RESEHEERCHRIBATERE, LPASERAVARCLDE

ﬁw‘:ﬁﬂ f:-a
2. LPASHES :
- EECHVWSNALPASOERE !
Phatodiode H
Nd: YAG . _ Fig.
Laser HEEFig. 3.4 I, HBEEAEFIg.
- Signal 3.6 |z, L ——[INd:YAGL — !
Electronics :
a SRR R & B Bl — Y~ L
Dy b S BRI > TED , P2 D
ye N N |- .| Power :
i aser ¥ - Sample. Meter PuD2 2*D565mm D — 7 A —F

Figure 3.4 Block Dlagram of our Laser Induced Photoacoustic Spectrometer
Syatam.

Tif, 1,4-diazobicyclo (2.2.2)

i
N B
Civtte \ﬂ:?

o,

] — octanel A#y 1 g@MT B LKL
Quartz
= //// D, TOEEEEL LTS

] €

FIGURE 3,b Cell assembly of detection systam.

o ~<, 525 ~600mm BEOTERES |
IRA 3 ZConmarin S40-AL WS

FAHVORTVS, ABEFRIEDW

3, Pul:* @ik

kHMEDER R, Arick AREEFELAT (C0, H20pm) Ll T Tibhis, Bl
0.1M NaC10, TH D, pHIR7YE=TH AW MY REEHKICLD, 3.00~10.30 D
HETERE E, 15, ChoDp HRBEHIPW® LEER LN & RFIRREEL
T3,

PASRARNY b ADEEFIQ.5.3 IRT,

p HA43.00~8.002 T3, RRZ MzZ{Eid’ivWwA, pHA8EBX 5L, 565m
DPU0* D~ 7 hiEl Ligs, p H=10.00 T3 TR (Pud.*) =2.6 x10°°
mo1/1 (T ¢ 125 7o

:®zﬁﬁbw§ﬂb6.mmﬁﬁémwmodfhﬁWWWX%ﬁiLr.&@i
BERES . ’

Pud* +Ha0 & Pud, (QH)+H*

[PuB: {OH)I[H*]
8, (I=0.1)= —— =-9.7340.10
{Pudz*]
Ml 3 ta 5.00

850
9.00
9.50

ERHREHE~OIHEETS & .

*g8, (1=0) =-9.7320.10

SN

PiS {arbitrary units) |
L]

540 560 580
wavelength {nm)

Flgaee 5.3 Effact of hydrolysis on the PAS apmcsrum of Fuo;.
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#{M | Stability Comstants Important total Understanding of Plutonium in =k
D.A.Bennett (LBL)

Environmental Water-Hydroxy and Carbonate Complexation of Pu0: * ,LBL-28963(1990)

EREAE

4 PuO:* DHESELRAR |
RS DRI, O.SHONICI0NSRAT, OO HEEEEETHDNL,
Fig.6.1 ICHAAPUEEEE A | X107 °moi/1[C0:2 7] %3.18%107°, 4.18x 1075,

0.39X 1001/ LEAES A E EDLPAS AR FCEERT, SOZNT B

Tiens, 1 1 ORBBREREEELT, ROLKERERL, :

PuOz* +€0s2- & PuO, (C0s )~
[Pu02 (CO3 )1

A (1=0.5)= —————u =4.60£0.03
{Pu0z+] [{C03)%"]

WA TR~ ONFEEITD &
B, (I1=0) =5.12+0.07

PAS (acbltrary units)

540 560 580

Wavelenglh {nm)
Figure §.1 Zlfect of sartanats complexatlon on PAS speetrum of PW; {1 x 10'5 xh,
whare the €03 coneentration Lx 2=3.18 x 1075, bet.8t x 1075, & evtu3e x 1073 m,
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s{hk | Development of Analytical Technigue for Neptunium in the Purex Process

by Photoacoustic Spectroscopy (1991)

o

T.Kimura, et. al

SN E

L =

FAESEFC 50 3L P A SOSABITS 5. HHIEAHTTH, NOREOBRERES
EAE - TR 52 REETH 510, RIGREOWREES50, NPOWEREEY

BEEREERE TAET <L, LPASERAVAILEHAALDDOTH S,

2. LPASEEHR

Excitation Sean

VG Lasar Poaged \ Saun Splireer Betw Szap
per
— __} FA Ceil 1
Oye Laser
PA SEgnal

[ Prots Batactor Pra-Anplifiac
[Bazardar ]

Fig,5 Experimental Setup of PAS

Table 1 Parameters of PAS System

Patameters Yalues

Excitation Beam

Beam power 5.6+ 0.2nJ/pulse

Bean radius 2.0nm

Wavelength 616.7onm

Hodulation frequency 10Hz

Pulse width nsec
Pre-Anplifier

Gain 30
Boxcar Integrator

Av. times 512

Sample point 128

Tire window Ingec

Gate width 2 u sec

Fig. 5 icERICHVONALP |
f2 N (V) ~OLPASHA%

A SEBEOWMRETT,

$h, EASOMHEETDbe. |

ICEET 5,

BEICE, YAGU—¥—HE !

craeEL—Y¥—L—H—s1:
D HMOARNITI.8m QE—sHRATENRE (KL, JOBRRBEETR, KOBtb
WRFEERWT VS, Np (V) O _

kBN, IOKIKHTEATY, 107 BEE CHRE T X 36N S B,
616nm D E— 7 A —T B : :

ficid, Rhodanine 640 #XRIL: §

% £ ol

ISR EFg. 6 1TRT, HEINZ
Stziniess Steei Cover Electrode
/ PZT  Optical Window Atk Jb%ﬁﬁ& L—C%Eﬁﬁ%ﬁ"& (’&:
----- -7_
EB, EAEEERT L AHED:
NR—TEHIIELD, SAEISD/
1 Z (BHEL REE ZHELTY

Glass Cylinder

Fig.6 Longitudinal Cross Section of PA Cell %o

N HNOs M TONp (V) LT, BbXRT PASHROFLPAS 2T,
AR L ZRBRREEE L, TOBEER2IIRT,

616.7nm @ E—7 VIS, LPASTI, 0.014r9/1 (5.9X107*M)E TR
ETHD, AUBRRTORERRY FLORERAEN 3HTFE T35, TLRER

Table 2 Comparison of Detection Limit

Analytical Hethed Spectroscopy PAS
Wavelength (om) 979.8 616.7 §16.7
Holar Absocptivity g£* (f/mol « cm) 225.15 19.15 19.13
Slope of Calibration Curve 5 (f/mg) 9.31x10°* 8.25x10°® 1.12
Standard Deviation o 2,47%10°* 1.22x10°?  7.94x!0°°
Detection Limit Concentratiom GL (mg/{) 3.31 9.5 0.014
Detection Limit Absorptivity al (cm"'}) 5.06x10-% 2.39x10-? 1.15x10°*

* Calculated from absorption data
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444y | Development of Photoacoustic Spectroscopy for Speciation of Actinide ' =E i
; T.Kimura, S.Makayama (JAERI) !
Elements in Agueous Solution and in Solid Phase (1991) lt
ERRE
Fig. 34, H» OFBREHTTOU
1. #E
- (VD) OEEARL7 MHaARTPAS
H24 5 IHBHEOPAS YR F LT bBs, @OFourier Transform Laser induced Photo w
: < 2Ry R IUDERE L bDTHBo
Acoustic Spectroscopy (FT-LPAS), (@Ultraviolet, Uisible and Near-Infrared Photo : z
: g WU (VD BEE1 x1072M Ok
Acoustic Spectroscopy (UV-VIS-NIR PAS}, (@Fourier Transform Infraed Photo S
_ z ] ARG P LEME LR BT S ER
Acoustic Spectroscopy (FT-IR PAS} 2T 7 O - BHHEOSHE{T-7bOT ! .
55 : SRR, 227 P LOBE,
Yo W b @ 0 MERFEHEOTIT — 7 25T
Waveleogth |, nm :
2 NaHCOs /NaCl0, B TOU (VD OA4F ‘ i,
: %0
U (V) OBHE{E¥EOMTICE, Tt TR UFT-LPAS AV o1l FT-LPAS 03% _ {b) (i) UD2(COs})s*-
BEEF 9. | RS P2 (i) 102 (000
Phatoageystic Cell Nd:YAGb—"f—-ﬁf}Ei:ct 5&% g l(].li) (UOE )3 (DH)5+
et || S Vbl YT LYREAD & (iv) (U0z)2(OH)z2*
7 v | : . .
l\ tlrer.  alszante I # T LOEIERT 5, r"5540 404 428 457 76 %0 {(v) UD:%*
Jldf'rl: Laser rremrerrer Waovelength | nm
ide I || 2oDELDP ASESOEE | " LEAbNE, REL (i) RY

Qigitzl Delay/
Pulse Cenerstor

T
1
|

Printer

Percam|
Coapater

= B

| Schematic diagram of Fourier transforam
laser induced photoacoustic spectroscopy

{FT-LPAS).

Shgas| Proceszar
‘l
‘_\_LJ

Fig.

MET 5 EimkD, KOBINS |
RNy 2755y FOBBEMRS |

LTWwab,

EF N
ALE (2, Signal ProcessoriBic T
bt b,

7—Y TRk BT

. Pig. 3 Absorption and photorcoustic specira of
uranyl lon in WaHCO,/NaClO solgtlons

(a) Absorptien spec% ﬁxi

{i) 0.1 M N=sHCO., pH 9.36;

(i1) 0.05 K N

{1ii) 0.02 M WalC

{iv) 0.0T M NaHCO

{iv) ©4 -2 Tid, hD{tFEOF
ET 5 LB 5.
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MCC-1P Static Leach Test Method

MCC-1 STATIC LEACH TEST METHOD

1.0 SCOPE

The MCC. 7 Static Leach Test Metnod is intended principally
to cistinguisin ariierences in the jeaching benavior of candi-
dare waste iorms. Data obtained bv the test will also become
part of a much larger body of data that may be used in
renositorv licensing. The test methad is the basis for an
witial ranxing of the leach resistance of wasie forms.

The O D7 Stang Laach Yast Merhod (s one of a series of
standard methods designed to evaluate the chemical dura-
biiitv of nuciear waste forms. The testis anplicable ra mono-
fithic waste forms and the individuai components of
macroscale nhvsical composite wasta forms. Certain madi-
fications or the test method (shown in bold-face type) are
requirea with highly radioactive waste forms. Data from this
test are used to caiculate the normalized elemental mass loss
‘rom tpecimens axposed [0 agueous solutions at tempera-
tures <i00°C.

20 SUMMARY

Specimens of known volume and geomerricsuriace area are
sFMmersad i INE FRIErENCE (QACNENRI ~ILNOUL 3gIBNOR fOF
dafirgn tre nericds at defined jemperatures. The $A/V s
heid canstant witnin 0.0005 of 0.0100mm-". Three referenca
temparatures, 40°, 70%, and $0°C, and a number of specific
time periods are identified in a series of rest martrices estab-
lished to meet ohjectives that include rapid evajuation of
waste forms far comparative gurgoses and the attainment of
more comprehensive undersianding of their fong-term
‘eacting benavior. Inthetest method. threereference leach-
ants are used: pure water and two saiutions (silicatesbicar-
honate and briner that approximarte fluids thar the waste
roem may encounter in a gegiogic recository, In addition to
the reference ieachants, site-speciiic leachants or actuai
samples of repositorv water may be used. The test is for
ISoNEITAN CI o Lmwatad wgsta Hrms o ing 3 CaCinadhivs
specimens, When using Tetion# leach vessels. tne avseroed
dose mav not exceed 10% rad, Inert materials for the testing
oi radioactive specimens such as fused quartz and goid may
be used when the absorbed dose wiil exceed 10% rad. There
is no upper limit jor the use of Teflon leach vessels for
Hpha-amitting isotopes. However, when the specimen
activity times the test period exceeds 1.4 x 107 (Bq-h)/g, the
Teilon must remain at least T mm away from the specimen,

A senarate specimen, leach container, indleacnantvolume
are requirad for each data porat. The test results are based
on leachate znalvses in all cases and include examination of
the leached specimen surface arter iong-duration tests.

aTerlon 15 2 registereq tragemark of £, [. Du Pont deNemours
and Companv.
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Datacbtained by the MCC-1 Stauc Laacn Test Memog using
the reference leachants. the reference Temoeratures, ing
the reierence time pertods given in the test matrices will
qualifv ior entry in the Nuglear “Waste viaterals ~andZoox
after review by the MCC 3nd approval by the MRS nsome
casas it mav he <esirabie to ootain acciroN i cata. sarncu-

- lariv with other leachants and for itmes extenaing cevond

one vear. These data can also quaiifv {or entrvin the Hand-
book if the special requirements gefined in the rest method
are met to the satsfaction of the MCC ind the MRS,

3.0 USES AND LIMITATIONS

The MCC-1 Static Leach Test Merhod is intended arincioaily
to distinguish differences in the ieaching benavior of candi-
datewaste forms. Dara obtained by the test will also become
part of a3 much larger bodv of data inar may be usaq 0
repository licensing, The test method is the basis fer an
initiai ranking of the leach resistance of waste forms.

The MCC-1 Stauc Leach Test Merroc exciudes siugv 31
powdered or organic materials. «Refer to Section 6.2.2 on
how to handle macroscaie pnvsical composite waste forms..

The total absorbed dose for each Tefion leach container
mav not excead 104 rad during the lifetime of the conrainer.
Henca, a record of (ne iDsoroeq oose 2ach Condziner
-scaives must Be maintained, More radiation-resistant mate-
rials are used when testing in radiation fields witere the
accumuiated absorbed dose exceeds 104 rad.

The MCC is preparing reference materials for use with the
MCC-1 Static Leach Test Method. 8oth aerated and deaer-

ated solutiaons may be used in this metnod, But, when testing

highly radioactive specimens, tests with deaerated solutions
are mandatary, and tests with aerated solutions are optional.
However. conirol of the oxvgen fugacity is not required nor
is its measurement. For some eiements the lack of this meaz-
suremeant may lead to ambiguaus rasuits. When in doudt.
measure the Eh of the leachate and leachant using the best
walisbie rechneiogy. The MCOT wil ‘mvastigats "he various
£n measurement IBCNNICUES SRA JaY1E 15 {0 WNICh Sooear
to be best for different measurement conditions.

4.0 APPARATUS, EQUIPMENT, AND ANALYTICAL
REQUIREMENTS

Figure 1illustrates the basic features of the test method. The
specimen is held naar the centroid of the ieach volume. for
axampie with a manafifament or ov use of 3 coarselv wovan
support screen. The specimen suriace-irea-to-iRacnant-
volume (SA/VY ratio must be within 0.0005 of 0.0700 mm=".
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TEFLOM LEACH CONTAINER
TEFLON SPECIMEN SUPRORT

LEACHANT

ENVIARONMENTAL
CHAMBER

FIGURE1. Exampie Apparatusior MCC-1 Stane Leach Test Method
L

10# yool

The choice of material for construction of the leach con-
rainers, @il depend on the radiation field. When testing is
perigfmed in fields that vield an absorbed dose of less than
104 rad. use Tefion PFA containers. For fieids where the
ibsorbed dose exceeds 10* rad, use materials such as fused
quartz or goid. The materiai chosen must be demonstrated
to be inert under the radiation field of the test, Use of the
same size container throughout the test matrix will allow an
evaluation of the contribution to the ieachate by the con-
tainer, e.g., silicon from jused quartz. There is no practical
upper limit for the concentration of pure alpha-emitting
isotoves in the specimen. However, when the specimen has
an alpha activity times the test period of 1.4 x 107 8a°A/3 or
spechmen, Far such specimens use a wire of inert metal to
suspend or support the specimen.

The containers shall have a diameter-ro-heightratio berween
)2 ing L2 L2ich-coorainer .olumes wiil gmnariis e
between 30 mi and 1 liter. The containers shail be sufti-
ciently impervious and have a tight-fitting lid to limit [each-
ant loss during the test to less than 10% of the original
volume. The specimen supporr shail be constructed of the
same matertal a5 the container or of 2quaily inert marterial
and designed to maintain the specimen near the centroid of
the leach valume but must contact no more than 5% af the
soecimen surface area. New Teflon leach containers and
iuppoerts, 4xcen fine monorilaments. snail oe neatea in &
200°C oven 1or one week prior to clearung. Both new and
used Teflon containers and Teflon specimen supports.
excent tor fine filaments such as shown in Figure 1. mav be
reused and must be cleaned using therollowing procedure:

1. Soakior Thind M HNQ, - 0.2 M HF, -

l\l

Rinse with 3 conrainer volumes of high-ourity H.O isea
specification {or water. Seczian 5.2

3. Soak in 6 M HNO, for 4 h ar 30°C.

4, Scak for 30 min in >60°C, high-pur'iw H,0:

3. Soak for at least 8 h in fresh high-oun H,O at 30°C.
6. Boil for 30 min in fresh high-urity H-0.

7. Rinse with successive container voiumes of hign-puriy
‘H,0 until the pH of woe successive rinsa solutions 15
within 0.5 pH unit of the original tign-purity H,O. A
minimum of three rinses is required.

The above procedure is specifically for Teflon. When using
other inert containers such as fused quartz or goid, acid
mixtures such as HF/HNO,; would attack the container
material. When cleaning fused quartz containers, detete
Steps 1and L For goid, use the above cieaning procedure
.except use 1M HF alone in Step 1.

4.2 Environmental Chamber

The environmemal chamber must be canabie of conrrolling
the temperature of the leach containers (o within 1°C over
the range of 4Q° to 100°C. Determine the zone within the
loaded chamber that is constant within 1°C of the rarger
temgerature using at least 70 cotnts of 1amaerzture me:-
surement. A temoerature recorger or ather monionng
device musi De proviGea (o ensure that ise desireg temger-
ature has been maintained for the duration of the test
When radioactive specimens are used. ensure that self-
heating does not prevent the maintenance oi the desired
leaching temperature. Brief fluctuarions from the desired
temperature are allowable when specimens are niaced inte
orremoved from the oven or batn used s an environmertai
chamber, but the cumutative time of these fluctuations out-
side 1°C of the target temperature must not excead 5% of
the test period and, in no event, mav the fluguaton oe
more than 5°C above the targer temperature.

1,3 Balances

Balances shall provide the accuracies indicatad beiow.
depending on the matertals being weighed:

leachant « containers
chemicai reagents
specimens

within 0.25% of the leachant mass
within 1% Qf the reagent mass
within 0.5 mg

4.4 Volume Measurement

Measure [eachant volumes gravimetricaily ar with pipettes,
burettes. or ilasks calibrated as described in Tadle 1(Section
4.7 and accurate to within 1% ar betrer.
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TABLE 1. Required Calibration Schedule
Frequenc, Check
Vgasurement Device ind Merrods
Temperature  Thermocouple & mo
or thermometer N85 standard or icesboiling
water
Electromics of 6 o
temperature Against a calibrated rmiilivalt
prooe sOUrce
|w/O sensan)
Length Micrometer & mao
Standard folis, gauge blocks
Mass Balance Imo
- N85S standard masses
Chemical Analvrical 3mo
concentration method 85 standards. where gossible, 2

itrmes dauv (routine), Seconaary

standaras

oH oH meter Dailv with commercial buffer
soretrons, Artar svery 25tn
samople

Voalume volumetnc flasks  Use cerufied ilasks

3 mo bv measuring the mass of
pure water contained

Piperties 1 mo 9v Mmeasuring the mass ot
sure water (ranstarreq
Activiry Counting Twice a day
techmques NEBS or NBS-traceable standard

isotope source of interest

4.3 Solution Analysis

\ieasure soiufe concentrarions using eauipment standard-
1220 WA stanaards iraceabie to NBS. prereraoty, or otner
comopetant organizarions. such as EPA or USGS. Determine
imm cmmse oraceiga IRG igTraC. 3 l2fimed Tn MCT
Cuideiines ior ACCuracy and Praciyion of 2yt Jata. Althouen
anaivticai results should normailv be accurate within 10%.
this mav not be oossible when concentrations in the salu-
tion approach detection limits. The detection limits ior each
analvsis must 3ccampany the reported result. For guidance
on detectian limits see MCC Guideiines for Accuracy and
Precision of Tast Dara.

4.6 pH Measurement

Measure the pH 1o an accuracy of . Tunitusing a calibrated
metar Lse ASTM D 1293-78 “ethod A and commerciai
buiiars tg make this measurement. When measuring tne pH
of deaerared solutians, make the measurement under an
argan atmosonere. :
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4.7 Calibrations and Standards s

Caiibrate il nstruments ssea 'n chese “egs miniaily 3ro
perodicaily, (o mimimize possibie errors Sue to AnIvL Time 3
shows the methods and the minimum freguency oF Calibra-
on for the various devices used. Use standardizauon
procedures that are pubiished bv recognmized authorities
such as the NB8S or the ASTM. '

A reference giass called an Apgraovea Reference Mater:ai

‘|ARM) obtainable from the MCC must be used. Rerarence

leach data will be suppiied with each shipmentof the ARM.
A refarence simulated leachate must be preoared bv the
experimenter using MCC specifications. Lses of the ARM
and reference ieachartes are described in Sections 7 and 9.

5.0 LEACHANT PREPARATION AND STORAGE

-

5.1 General Chemicals and Procedures

Usa chemicals of reagent grade or better that conform o
the specifications of the Commuttee on Anaivicat Rezgents
of the American Chemical Society,

Waste forms having very iow teach rates may require theuse
of ultrapure chemicals in the makeup of reagents andinthe
cleaning of reagent storage containers, accompanied by
appropriate mogificaiions n aooraiony BEnnIGUe. ihe
resuits ‘or theieaching of 3 given siement are considerad :o
be adversely affected and wiil not quaiify for entry in the
Handbook if the amount of that element introduced to the
leachate by reagent impurities exceads 10% of the amount
of that element leached from the specimen.

When working with radioactive materials, radialvsis of the
leachant becomes an impartant iactor. To separate the
effect oi radiolysis oi the aqueous solution irom that of the
radiolysis of N, gas and dissolved N, and concomitant forma-
tion of HNQ,, both air-saturated and deaerated solutions
should be studied. At 3 minimum. use the deaerated
solutions.

To deaerate the soiutions. purze the doiiing water used (o
prepare the leachants ior 15 min with argon. Imrmediately
place the hot water ynder an argon atmosphere. Prepare
the leachants as described beiow using the cooled, deaer-
ated water in an argon atmosphere.

5.2 Water

The -water ratarred "o ‘n ‘his Jrocagure is air-sarurarad
|excent when deierated 3olulions ire reguIreal. "elgen
water Type | or Il in ASTM D 1193-77. witich has a tozal
imopuritv level. including orgamcs. of less than 0.1 me:liter.
Anaivze tnewatertoverv IMpurniy ievei by me(nogs given
in ASTM D 119377,
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5.3 Prenaration of Brine Leachant

Prapare rhe brine by dissolving 48.2 g KCI, 20,0 g NaCl. and
1163 2 Meci, 247 3 g MeCl . 1.0 in surficient water o
make ioout 900 mt of solution. Adiust the oH ro rail within
rnerange OF 6.4 10 6.6 Dy dropwise 3adition 0r 0.01 M NaOH
or 0.01 M HC). Then add water to make 1.00 liter of salution.
Analvze the leachant to verifv the composition and 10
derermine mmourity concentratton, Discard the leachant if
the concentration of any Consutuent s in error by more than
10%.

The densitv of the brine leachant 3t 23°C is within 0,005 of
1.170 gscm3. This vaiue may be used if the aliquots of brine
leachant for the individual leach tesis are measured by
weight rather than volume, '

TAUTION: When using brine in radiation fieids, hydrogen

s will be generated and may pressurize the leach con-
.ainer. Take precaution wnen making such studies. Use
sturdy Jeach containers and/or containers with gas vents.
Also. since chioride brines can become very corrosive
under high radiation fieids, use caution when selecting the
leach container material.

5.4 Preparation of Silicate Water Leachant

Prepare the siiicate warter leachant by dissoiving 0,179 g
NaHCO,and 0.038 g 5i0, as silicic acid in sufficient water to
make abour 200 ml of solution. Adjustthe pH to within 0.7 of
7 3wirn .01 M HCL Add water to make 1.00 liter of soiution.
Araivze the 'eacnant o verifv :he cemoosition and (o
determine impurity concentration, Discara the ieacnant if
the concentratian of any constituentis in error by more than
10%.

3.3 Repository Waters

"‘¥hen additional leachants. renresentative of specific repasi-

Jry waters, are used, the rigor with which the datz are
obtained must be the same as for the three reference
leachants. Recard the tvpe of repository water used, where
and wihen it was optained 1or now it was prepared if made
up in the laboratoryy, and its chemical analysis. For leach
13t 2n speaiic ~egosiory waiers ro be zligible for the
—=3MUD0OOK. «@1C 3312 MUST 3ISO S8 3UOMITEC [Or iedChIng
of the same wasie form in the three reference feachants by
the same MCC-1martrix {Section 7.3). in addition, sunply the
MCC with infermation rhat vertiias that the repository water
remained stable for the duration of the testand did nat react
wirth the leacn container, This inrarmation wiil include the
quanutv, comoosition, and identity of anv precipitate rhart
mav have been farmed in the blanks during the test,

3.6 Leachant Storage

Use polvethvlene or polvpropviene botties with tight-fitting
lids to store the leachants. Before use. rinse these botties
with three volumes af 6 M HNO,, each ninse equalta 0.2 of

the container voiume: three voiumes of waiar. 23cr 2oy i
to 0.2 of the container volume; and two voiumes of fresnly

prepared leachant, each equal to 0.1 of the conrainer
vaoiume, '

The leachants are suscepubie (o reaciton with atmosonenc
CQ, and loss of CQO,, as in the case of bane and silicate
leachants, respectiveiv. Use the leachant immediateiv or
stare In a seaied conrtainer unui beginning “ne resi. if the
leachant is nat used immediateiv, report :he storage ume,
Veriiv the comoosition by analvsis beiare use.

Store deaerated solutions in an argon atmasphere and for
no longer than one week.

6.0 TEST-SPECIMEN PREPARATION

The specimens may be either fabricated individually or cut
from larger samoles of the waste-form matertal, When cut-
ting specimens from larger.sampies. avoid the use of wax or
adhesives to hold the sample to be cut. If such materials
must be used. suoply proof that the mater:ais do not con-
taminaie the leach specimens and arfect tne test resuits, 1n
all cases, the test material must be characterized.

When performing experiments using deaerated soiutions.
the specimen clezning steps must be carried out under an
argon atmosphere using deaerated deionized water. Sawing
and cutting of the est spacimens need not be done in
argon.

6.1 Characterization of Test Material

Document the fabrication method and fabrication condi-
tions for the sample from which test specimens are pre-
pared. Provide information on how specimens were selected
frem the fabricated marerial. Include infgrmation on
chemical-composition variations within the fabricates
material, as well as within and between specimens. The
sample must be characterized by opticai microscopy. XRD.
SEM-EDX, and bulk chemical and radiochemical analvses.
For certain radioactive sampies, autoradiography may be
necessary to demanstrate homogeneity with respect to
alpha-emitting isotopes. Use these techniques to document
mecrocracking, sorosity. chase dertificanon, shices 2f
grans. refative CONCENIranon 9r phRases, ing omogenary
both within and between specimens. for specimens in
which an azs-fabricated surface is to be feached. analvses by
surface spectroscopy of a surface cross-section, SEM-EDX,
or other applicabie rtechniques are also required 1o deter-
mine whether'the surface composition differsiram tne buik
camgasition. If differences exist. discuss the effect in the
regort of test results, '

Yhen the waste form s heterogen@ous. 27, TuUIlonase. ine
test operator must ensure that the tast specimens contain a
renresentative distribution of the different pnases. as doc-
umented by aptical microscopy. $EM-£DX. or other lopii-
cabie technigues. Further. for some multionase wasre

-109-

| MRS apeaQyAL ]

wAd |

REVISION 1 3aGE
9-30-83 1-6




MO s
CHAR ACTERIZATION CENTER

MCC-1P Startic Leach Test Method

iorms. inaividual phase particles mav be quite large. To
ansurerhatine gresenceaf a iargeindividual phase sarticle
<oes mor 21as ine cagylt oDTAINEC WD AN singie ‘est sgect
men, tne toilowing requiFements must aiso oe mel ingivid-
gal test specimens shall be sized such that the largest
dimension of an¥ individual ohase particle does not exceed
one-raii the <mailest dimension of the rest specimen. slsa,
the furface arel ot anv individual gnase sarucie snall nort
excead 10% Of (ne rotal geomelnic curface area of the rest
specimen.

Guigelines fof specimen characierization will be provided
by the MCC.

2 Test Specimens

Waste forms currently being studied in the United States
range from Organics |e.g.. biumen ior certain defensé
wastes! through iow-ternperature cast caramics (cement} 10
‘hsgh-remoerature-formed glasses and ervsiailine materiais.
Composite wasie forms in which some of the inorganic
wasie forms are shaped into yarious configurations and
coated with an inert macerial are also being developed.
Tabie 2shows the waste iarms for which the test method is
sgoiicabie and divices ihem 1nto TWo general categories
nasec uscn \ast-spECIMEn-Qreparanan reaurements. Deralts
of -specimen preparation for each of thesa categories are
discussed individuaily in Sections 6.2.1and 6.2.2

e ———

TABLE 2. Waste Forms for Which the MCCA
Satic Leach Test is Applicable.

Category Specific Examoles

Inorganic mongiiths  Giasses. cements, cermets. crystai-
line cerarnics

Cpated giass shapes in meral
matrix, coated crystalline ceramic
peads in metal matrix, caicine paf-

ncias N snmerere THEOLX

PR

“iacroscale pnvsical
composites

e ——

Wwaste-form developers are studving various macroscale
phvsical comoosite v aste forms: 2iass narbles or crvstalline
particles, aiher coated of uncoated. embeddea in metal.
graphite. ceramic, cementitious of organic matrices. These
macrnscile p‘rwsic:.lcompositewasteiorms represent aspé-
cial case: Thev cannot be 'eached by ‘ha aresent MCC-
grafre 2ach Test vierhod on 1standard basisthatis uneguIv-
acaely comuparabie ~ich the other wasie iorms. Conse-
quentlv, special interpretation oi the results will be
racuired, The MCZin concertwiththe WiRE will adviseona
casa-v-casa Dasis concerning the obtaining of leach data
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on macroscaie pnysical composite Matrix wasié tarms :Of
inclusion in the Handbook. The test method & nofl
cansigerad 100iCatle "o Jrzanic Wwasie igrms at this BT e
pecause of insuticlent axperience NG sppucition "0
this category of waste forms.

611 lnarganic Monaliihs

The specimens mMuss be recresenrative of tme Dutk wasie
form. Either cut of as-prepared surraces must be leacned:
but if the latter are used. speciai characier:zafionis required

- —to demansiraté aquivalence with the bulk material.

When as-fabricated specimens are used in s test. surface
deoletion and enrichment of wasté alaments can compii-
cate interpreation of the leach resutts. als0. differances 0
surface microstructure. morpnaiogy, compositen, and
parosity reiative ta the spacimen inarior can causé the
surface to leach in a manner different fram the oulk of the
specimen. Therefgre. use SEM-EDX 1O demonsirare
hamogeneity Of heterogeneity. The guiding principies tnat
the material tested must berepresantative of the puik of the
proposed waste form to the extent that rasults show mini-
mum oias due 1o heterogeneity. 30th as-fabricated and cut
specimens must be tested if quesuons axist a5 {0 the cegres
of Dias resuiting from studving ss-iapricated specimens.

when specimens are prepared from a larger sample, use 3
saw or core drill with 200-grit, orf finer. diamong-
impregrated cutting suriaca. i@ waier 3 the cutung fluic
Thesizeqrshaceof:hesnecxr-"-eﬂ15 notc.“.ticai.butasurfac:

area of about 400 mm* 13 recommended.

Clean the specimens by the faollowing procedure:

e S-min ultrasonic wash in high-purity water.

« Three3-min ullrasonicwashes in fresh absolute erianol.

e Drv to constant masi and record mass. Lse a drang
technique tnat has heen demonstrated to be appricaoie
to the specific waste form being (ested. One hour 3t
1109C s suificient igr most NQNDOrous waste forms.
Parous wasie rorms mav sequire mgner temperatures
and longer times.

» ‘when periorming expuriments using deaerated solu-
tions. clean the specimen under an argen atmospnere
using deaerated water.

Calculate the surface area from overall dimensions.
Although a single specimen is preferred. up 10 four pieces
may be nciuded as one specimen if the 3A/Y ratio 3
defined in Step 2 of Section 7.21s achieved.

.11 Macroscale physical Composite Forms

Theleaching of these waste forms requmresspecmi interoe-
tanon. Inclusion af the leach data in the Handboock w
raquire spectal consultation withn the MCC and MR8, T
iotlowing specimen preparaton guideiines appiy.-
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for composite *wasle {orms tNat Consist of wasie-Ianiamning
cores of different configurations usually roughiy spherical
aeilars) coated with an inert material. two different sets of
specimens must De testec 10 2vaiuate the leaching of the

core and coating martertais senarateiv, One sarof specimens —

wiil consist of uncoated core matenal of a configuration that
is representative of the waste form. Another set of speci-
mens must be used to test the coaung material. Usually. the
leacheng characieristics of the coaung are a function of the
coating process; 2.g.. the coating is a refatively thin layer laid
down on the surface of smail peilets by chemical vapor
depositton, thus the second set of specimens will usuaily be
coaied core pellers. Alternatively, it may be monolithic
specimens of pure coanng material if these monoiithicspeci-
mens ¢an be shown to be representative of in situ coating.

Use enough peilets 10 yieid a specimen surface area of at
~ast 200 mmZ, Calculate the specimen surface area fromthe

wsutside dimensians of the individuai peilets, The SA/Vraua .

shall be within 0.0005 of 0.0700 mm-' in all cases. Suoportthe
specimen nearthe centroid of the leach volume on a coarse
Teflon screen. Individuai oeilets in the specimen mav bein
point-ta-goint contact, but thereshall not be more thanone
laver.

Other macroscaie physical composite waste forms (e.g.,
metal matrixy mav also be tested by separatelv resting the
components of the composite,

Since as-fabricated specimens mav be used in this tesz, sur-
face denletion or enrichment of waste eiements can occur
and should be investigated prior 1o tesung, using SEM-EDX
or other surface anaiviicai methoas.

Clean the specimens by the following procedure:
® 5-min ultrasonic wash in high-purity water,
e Three 3-minultrasonicwashes in fresh absolute ethanol.

e Drv to constant mass at 110°C to remaove residual
ethanoi.

* When performing axperiments using deaerated solu-
tions. clean the specimen undear an argon atmospnere.

6.3 Specimen Handling

Al nanaling or specimens afier Jregarauon ano cieaning
must be done with tongs. tweezers. or lint- and dust-iree
plastic or rubber gioves,

7.0 PROCEDURE

The procedure for the individual tests, including thase for
blanks. is given in Sectton 7.2 The procedure consists of
mmersing test specimens in leachant solutions under con-
aiions rthar vary depenaing on the purpose of the test, Test
matrices designed ror the different test purposes are
defined in Secnion 7.3. Select at least one martrix from Sec-
tion 7.3. The overall number of tests, including thase for

Ylanks, :hrat must be run will decend an ne :est matrix
salected. N

When radioactive specimens are being tested. the speci-
mens must be tested at least under deaerated conditions to
“avoid the misinterpretation of the data due to radicivsis of
the nitrogen. This will provide a logical link between the
testing done under nonradioactive conditions and the
radioactive conditions,

7.1 Quality Assurance Requirements

This procedure must confarm to all appiicanie quaiirv assur-
ance requirements of the laboratory performing the test,

7.2 Leaching an Individual Specimen

This procedure also appiies to blanks, except thatthe speci-
men s omitted. The volume of leachant used in the blanks
should be approximately the averagze of the leachan:
volumes for which it serves as a blank. When using deaer-
ated solutions carry out the procedure in an argon atmo-
sphere. Also see precaytionary note under Section 3.3 wnen
leaching with brine under high radiation fields.

1. Determine the pH of the leachant on an aliquot of the
leacnant and discard this aliquot.

2 Determine thevolume of theleachant to be used based
on the measured geometric surface area of the specj-
men. The SA/Y ratio must be within 0.0003 of
0.0100 moe=*. :

1. Plice the voiume of ieachant, Stey 2. into a clean teacs
container. Support the specimen near the centroid of
the leachant volume. When using a Teflon basker or
mesh specimen support, avoid trapping bubblesin the
mesh that could hinder the leaching of the specimen.
Completely -submerse the specimen in the leachant.
Weigh the leach container with contents: then within
30 min piace it into the environmentai chamber. whicn
has been preheated to the test temperature.

4. The tesung period starts when the 'each container is
placed into the enviranmentai chamoer. Recora that
date and time (d:h:mini.

3, iriner@3cn CONMaINer 733 & sCrmw-TT0 (C. TRngnen tTa
leach-container lids at 1 h and 24 k arter the startof tne
testta ensure a good seal. At each of these time periads,
swirl-the solution in the container ta dislodge any bub-
bles. Thereafter, avoid movement of the leach con-
tainer that couid disturd a surfaca flm. i such g fiim
forms on the test specimen.

" 6. Experience hasshown thataslow waterloss through the

raflon iaach container wailsis ingwirabie ragoroximareiv
0.01 mi. davi. Todetectiauity seaung or an off-staneara’
leach container. check the mass of the leach cantainer
and contents of a long-term test at least every three
months, tf the water loss is 10% or greater repeat the test
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~4

8.

10.

1.

starting at Steg 1. M the water ioss is greater than 5%and
less than 10%. open the leaen contaings and aad an
amount of deionized water equal in mass to the mea-
sured loss irom 1he leach container. Water additions are
Ymired fo 4 totat of 137 per vear.and 1o additions mav
be made anv cioser to the end of the test than
three months. Make the addition in an argon atma-
sphere when using deaerated solutions. Do not cool
the vessel and contents. Record ‘he date and tirme
{d:n:mim and the amount of water added. Return the
vessei to the environmental chamoer.

Control the testing period to within 2%. Record the
date and nme 1d:h:min) at which the test ended. Atthe
conclusion of the testing period, remove theieach con-
tainer from the environmentai-chamber and weigh the
leach container with leachant and specimen to deter-
mine ieacnant igss. If the amountof teacnantisiess than
a0% of the original leachant, repeat the test starting at
Sreo 1. If the voiume is greater than 20% of the original
volume, remove the specimen from the hot leachate:
renlace the container Jid immediately: and allow the
leachate to cool.

Rinse the specimen in high-purity water for approxi-
matelv 5 5. If the specimen is 3 monalithic specimen
prepared according to the instrucuons in Section 6.2.1.
drv o constant weight and record the weight. Weigh
and anaivze any material that sloughs off the surface
during rinsing and handling and report the results with
the leach test data.

Sieasure tne oH of an ailguot ot tma Ta0.2d leacnate,
DiIsCarc ine aliguot.

Remove aliquots for any special analyses, such as for
anians or colloids.

Inspect the leachate and container for residual solids
either precipitated from solution or sioughed from the
specimen and record observations. Filter all leachates
through a clean membrane fiiter with pore size of
0.45 um. Prepare filtering equipment by cleaning with
three rinses of 6 HNQ) and threerinses of high purity
water. jeparated solids must be weighed. analyzed, and
reported with the leach test data.

fararmne 0w

In some cases il May Se Jesrisie 3 g
amount of sorption on the walls of the leach container.
if separate sorption determinations are to be made.
proceed through Steps 13 and 14 for most sorbed mate-
rials or Steps 13, 14 and 15 for sorbed elements that

inciude actnides.

If sorption determinations are not made,
Step 12,

do oniy

If the amount ot materal sorbed on the walls of the
leach cantainer is not to be a separate determination.
return the clarified leachate to the leach cantainer far
acidificaton. ‘Add concentrated nitric acid {concen-
trated hvdrochloric acid far brine laachates) equal to
1%, of the present valume. Submit the acidified leach-
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14,

ates for analvsis as soon as possible afrer a 12 to 16-h
digesnon at 20°C, Send the teacnales n thewr origirai
containers. i pracucaie. Allerndtivety, ransigr "ne
leachates to new polvethyiene or polvpropylene bot-
ties :hat have been cleaned bv rinsing with three
voiumes of 6 M HNQ,, each eauai i 0.} 'ne bortiz
valume. and three rinses with nigh-purity water. Ana-
lyze the leachate and include determinations of wasie
components. such a5 fission-product eiements.

13. Prepare new poivpropviene Sotrles rnat have been
cleaned bv rinsing with three volumes of 6t HNO,,
each equal to 0.2 of the bottle volume. and three rinses
with high-purity water. Transier the clarified leachates
to the new bortties. Add concentrated nitric acid {hvdro-
chioric acid for brine leachates) ecual to 1% of the
present leachate volume. submur acidified leachates for
anaivsis as soon as possible.

Mast solids sorbed an the wall of the leach container
can be removed by efther mitric or -vdrachioric acic.
First, however, assure that no residua 'sachate remains
in the empty leach conainer hyv rinsing the coniainer
with high-purity water. Discard the rinse solution.
Then, place an amount of 1% nitric acid (1% hvdro-
chloric acid for brine jeachates) equal to the volume of
the onginai leachate in the emgti. ieach contairer.
Allow the container to stand ai least 12 h at 90°C and
submit the acid strip solution ior ansiyvsis.

15. Some actinide stements plate our on the walls of the
leach container. To remove these requires the use af an
sdditons: aggressiva acid comainal or.sugt 23 IM U
& %4 HNO,, This zcid combination snould be usaa ror
Teflen (1 to 2 b} and fused quariz leacn containers
{15 min). For metal containers such as gold, a brief but
thorough treatment with aqua regia will remove the
sorbed material by dissolving a surface fayer of the
metal. Check the walls of the container using the
aporopriate counting technigue [0 determine the
efiectveness of the acid trearment. Submit the piate-
out strip solutions for actinide analivsis. ’ :

7.3 Test Matrices

The MCC-15tatic Leach Test Method is divided into a series
S TAINCEs 0 IRat T Jan e LRl
Matrix A comprises the simpiest test matrix: eacn succe=a-
ing method includes additional test conditions, i.e.,
becomes mare comprehensive. To the degree possible, all
waste form specimens, ARMS, and blanks fram a test matrix
should be placed in the same =nvironmental chamber. If
several test matrices with one or more waste forms are
started simultaneously and are used with the same batch of
laachant, common bianks and ARMs may be used for each
leachant and specific rime perod. The rmatrices and their
purposes are descriped beiow:

aire e L]
Gffmract SUrToS2L

Matrix A - 7 d, 90°C
Purpose: This matrixis far waste-iorm-developmentscreen-
ing tests in an individual laboratory.
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1. Tast temperature is within 1° of 90°C.

2 Leach 3 separate specimens of each waste form for 7 d
in water,

3. Prenare and test 1 blank for 7 d for each group of
specimens tested simultaneously in the same environ-
mental test chamber. :

4. One out of every 21 specimens shall be an ARM.

Matrix B - 28 d, 90°C

Purpose: This matrix is for both intra- and inter-laboratory

preliminary comparisan of the chemical durability of waste

forms. Itis the basis for an initial ranking of the leach resis-
“tance of waste forms.

1. Test temperature is withtn 1° of 90°C.

2. Use the following matrix:

Number of Specimens

Leachant 3days 7days T4davs 28 days
Silicate water 3
water 1 1 1 3
Brine 3
Repository water 3

{not required)

3. Prepare and test for 28 d two blanks of each leachant
under identical test conditions but excluding a
specimen.

4. Test a singie specimen of an ARM in each of the refer-
ence leachants {ar 28d.

Matrix C - 28 d, 40°, 70°, 30°C
Purpose: This matrix is for a preliminary determination of
the effect of temperature on leaching.

1. The required test temperature is within 1° of 90°C. Also
use 40° and/or 70° within 1°C.

2 The procedure is otherwise identical to Marrix B.

Matrix D - Long-Term, 30°C
Purpose: This matrix 1s used to measure the kinetics of the

approach to the steady-state, “saturated’’ boundary condi-

rion in a closed leaching svstem at the reference tempera-
ture of 90°C.

1. The test temperature is within 1° of 80°C.

2 Use all or setected portions of the following matrix.
Selected portions means. for instance. that only one
leachant may be used beyond 28 d. Alse, it is per-
missible ta terminate the test at 56 d or at any longer
rima shown in the matrix. Butin no case shall the matrix
be 1bbreviated 1o less than Matrix 8. Suitable blanks and
ARMs must be carried through to the end of the test.

-113-

Leachant 3d 7d 14d 18d 3%6d 9d
Silicate water 3 1 ]
Water 1 9 1 3 T3
Brine 3 1 3
Repository water 3 1 3

(not required)

Optional 12-mo

Leachant 182d  384d Intervaistdl
Silicate water 1 3 3
Water H 3 3
‘Brine 1 3 3
Repository water i 3 3

{not required)

{a) In order for leach data bevond 364 d to be eligible for the
Handboox, it must be accompanied by evidence thatin theview
of the MCC substantiates the stability of the leachant through-
out the test and verifies that the leach container has not been
degraded. Suchsubstantiaung evidence shall include an analysis
of the blank leachate including total inorganic ifluoride and any
precipitates that are farmed. :

3. Prepare and test two blanks at 28, 91, and 364 d (and
yearly thereafter to the culmination of the test when it
extends beyond 364 d) in aach leachant under identicai
test conditions but excluding a specimen.

4, Asingle specimen of an ARM shall be run in each of the
leachants at 28,91, and 364 d (and yearly thereafterto the
cuimination of the test when it extends beyond
364 d.

L

. Solid-state analyses of at least one (et specimen irom
each leachant shall be done at 28, 21, and 364d, and of all
specimens thereafter. At the minimum, this will include
SEM-EDX analysis of the leached surface and in cross
saction (to estimate elamental depth profiles).

Matrix E - Long Term, 40°, 70°, 90°C

Purpose: This matrix is used to determine the effect of
temperature on the kinetics of the approach to the steady-
state, “saturated’’ boundary condition in & closed leaching
system,

1. Therequired test temperature is within 1° of 96° C, Also
use 40° and/or 70° within 1°C,

2. The procadure is otnerwise \denucal to Matrix O.

8.0 CALCULATIONS
8.1 Use of Blank Data

Correct the leachate concentrations by subtracting the cor-
responding blank concentration. Use the average of the
blank dara. in Matrices B through €. use the originai
leachant analyses as the dlank for 3-. ».. and 14-d data. In
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vtarrrees D and €, use 28-d blanks for 36-d data and 91-d
blanks for 182-d data. The blank serves as a controi. If large
changes in the blank concentrations relative to the leachant
roncentration are noserved, then an qut-of-controi condi-
rron mav exist, whnich could invalidate the data.

8.2 Normalized Elemental Mass Loss

Calculate *he normalized elemenral mass ioss (NL}j in g/m:¢
removed from the specimen using the following equation:
mi

{(NLl =

1.
fie SA M

mass of element i in the 0.45um filtered
leachate (g}

mass fraction of element i in the
unleached specimen

specimen surface area {m-).

when using radioactive specimens, use the following
equation:

lNL)I = . ‘VVO - ! le
dg SA
where a; = toralactivity ofisotopeiinthe 0.45um fiitered
leachate
ag = the original total activity of the isotope
inthe specimen
W, = originai mass ot the spec:men .g).

8.3 Normalized Depletion Depth and Molarity

Other rnformative calculations may be performed. These
include normalized depletion depth and molarity.

Since (NLY;is based on mass. it tends to bias the datain favor
of low-density wasie forms. This bias is abviated by calculat-
ing the normalized depletion depth using the following
equatton: ' ’

NLij e 10
Dy = ol SRE)
dg
wnere  (NDY; = normaiized deplenon deptn jams
dg = density af-the test specimen (kg/m).

Since the testis conducted in a closed system. the concen-
tration of some coastituents in the leachate wiil become
saturation limited with time, This behavior is sometimes
easily followed biy expressing the resuits of the test in terms
of molaritwv of the constituents in the leachate. Calculate the
molaritv. M; imaisliters, of the constituents removed from
the specimen using the following equation:

i = m; (4

Aje V
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where = atomtc werght of 2iemenr |

A
Vv = volume or leacnate (liters). N

9.0 PRECISION AND ACCURACLY

When triplicate specimens with blanks are run for a speci-
fied time in one leachant. the following solutions wiil he
available for analvsis tleachates from singie-specimen data
points must be anaivzed as soon as possible arter Stea 11 of
the procedure in 3ection 7.2):

Number of Solutions

Code Solution Type per Leachant Used
B Blank leachates 2
ARL Leachate from ARM 1
WF  Leachate from waste-iorm 3

test specimens.

In addition, samples of reference simulated leachare, SL.
must accompany submittal of the solutians to the analytical
laboratory. The solutions will be shaken, sampled, and ana-
Ivzed in the foilowing order:\3

There will be 3 analvses of WF

2 analyses of the SL

2 analyses of B

2 anaiyses of the ARL

9 analvses oer feachant svpe for each
appricante time neriog.

For a total of

Note: Inthe case where a common blank and ARM form
are used for each specific time and leachant, the analysis
scheme shown above would be modified to

SLARL B WF, WF, WF, ... WFn WF, WFq B ARL SL

9.1 Use of Reference Simulated Leachate

The SL will be used to estimate the bias and within-
laboratory precision of the anaiytical method used. Data
from the analyses of the $t, will also be used in control charrs
10 ornvide critaria for contrel of hias and orecision isea
ASTM E i77-77 tor guicance Cconcerning ine use or controt
chartsi.

To establish the analytical capability of the laboratory, two
aliquots will ba drawn from the SL every ather dav over a

- 28-d period and analyzed separately. Theresults wiil be used
to develop a control chart for each element thatisto be used
for calculating normalized elemental mass loss. During
analysis of leachates from the test matrix. the anaivses for
each leachate type wiil be bracketea bv analvses of 5L,
Instructions for preparation of control charts and details of
the statistical analysis to be used will be included with the
instructions for preparation of tha SL.

AEVISION 1
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9.7 Use oi Approved Reference Waste-Form
Specimen

The ARM provided bv the MCC will be used to estimate the
Hias resulting from the waste-iorm developer’s applicauon
ot the MCC-1procedureto the ARM. Analysis of an aliquot
from the ARL will sequentially bracket the B analyses and
WF analvses for each [eachant type, as shown in the analysis
order above.

If the results of the leaching of the ARM do not agree with
the cerufied value within the specified limits that are pro-
vided with the ARM, then all test results obtained since
conforming results were last obtained with an ARM will be
subjected 1o speciai scrutiny and may not qualify for entry
into the Nuclear Waste Materials Handbook. In other
words. leaching of the ARM is used as an indication of test
validity.

9.3 Waste-Form Replicates-

The three WF replicates for 28d (in Matrix B, also atlonger
timmes in Matrices D and E) will be used to provide estimates
of laboratorv experimental procedure variability, Averages
and standard deviation and relative standard deviation of
normalized elemental mass foss and molarity will be
tabulated.

9.4 Laboratory-Measurement-Control Information

slthough a considerable burden of measurement-control
procedures and analyses are built into :he MCC-1 test
metnad in the form of calibration reguirements, chamicals
usad, and SL, ARL, and B anaiyses, the degree of repiication
of specimens and analyses is minimal for demonstrating
statistical control. In the case of marginal results, as demon-
strated by the control criteria of Sections 9.1 and 9.2above,
more detailed information will be required on the quality-
control methods and resulting data used by the laboratory
in question. The types of infarmation that should be avail-
able at the laboratory would include procedures and recent
dara for:

¢ Calibration of chemical and isotope analysis methods.

e Calibration of weighing, volume, and surface-area mea-
surement instruments.

« Routine blind specimens or other quality-contral
methods.

9.5 Discussion of Deviations

Discuss any dewiations from ihe procedure specified in
MCC-1 and their expected effect on the resulits.

10.0 REPORTS

A standard format for reports appears below and is illus-
trated in the exampie report. Adhering to this format will
allow the MCC to =asily process the data submitted by the
various laboratories for inclusion in the Nuclear Waste
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Materals Handbook. Each page of the report must contain
the foilowing ntormation in the upper signe-nand corner:

e Material tested and its identification number. t
e MCC test number (e.g., MCC-1, Marrix 8.

e Name of investigator.

e Affiliation of investigator.

e Date report submitted to MCC.

Approved data from Sections 1.1,2.0.4.0.5.0.6.3and 7.0will
be inciuded in the Nuclear Waste Materials Handbook. The
other portions of the report are required sa that the MCC
and the MR8 Dara Panel can properly assess the results.

STANDARD FORMAT

1.0 TEST CONDITIONS, SPECIMEN PREPARATION, AND
DESCRIPTION

1.1 Material Tested - Preparation and Composition

¢ Detailed sampie preparation. Include starting materials.
manufacturing technique. and size, shape, and thermal
history of the prepared sample. Give the material a
unique identification number.

e Chemical composition—intended and as anaivzed. In-
clude., if available, quantitative information on the analyti-
cal errars. and errors associated with non-homogeneity
of specimens.

e Microstructural examination. Include description and
short discussion of resuits from all solid-state tech-
niques used.

1.2 Test Eguipment
e Environmental chamber—type, madei number, etc.

e Temperature distrioution and manitoring. Include defi-
nition of zone in which target temperature is maintained
{inciude sketch if necessary). Describe monitoring tech-
nique, equipment used. equipment model numper, 8.

e lLeach contaimer—model number and manufacturer.
'nciuge method of sudgofting szecimen in leach
container.

» Balances—madél number and manutacturer.

1.3 Analytical Techniques

e pH meter and probe—mode{ numbers and
manuiacturers.

e Solution and isotope anaivses. include brief description
of tachnique and equipment used.

e Other determinations, if any, e.g.. dissalved oxygen, bac-
teria, etc.

%vm.
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1.4 Calibrations and Reierence Materials
® List of equipment and method of calibration.

e Reierance simuiated leacnate—ource, identification
number. and analysis traceable (o a certified standard.

e Approved reference waste farm—source, identification
number. and certified leach values.

1.5 Leachant Preparation—Chemicals List

* Description of equioment used ta prepare deionized
water. Include manufacturer and madei number.

e \dentification of manufacturer, catalog number (and lot T

number. if available) of leachant makeup chemicals,
Inciude list of maior impurities in makeéup chemicals.

1.6 Specimen Preparation and Description

e Sampling procedure. (Use sketch if necessary to show
location of test specimens in original large sample.; De-
scribe equipment used to prepare specimens. Include
manufaciurer and model number of saw or core drili and
saw blade or core drill bit. Also include grit size of saw
blade ar core drill bit.

e Date of preparation and storage conditions.
e Description of technigue for measuring surface area.

e Tabulation of the identification number, weight, dimen-
ians. esicuiared suriice jreis, ind corresconding

volume =1 feachate usea for sach sgecimen.

2.0 LEACHANT ANALYSES

e |dentification number of each leachant batch. Give date
of makeup. date of analvsis, and date jeach testing began.

e Tabulation of analvtical results for all elements, isotopes,

ions. and organics analyzed in the ieachants, The detec-

“tion limits for each analysis must be given in parenthesis

when rhat result s less than a factor of 10 greater than the

detectuion limit. When the resuitis below aetection Hmits

it mav beleft blank or reporred as nat detected, ND, with
dgractian limit in 2arenthesis,

e |f the leachant is other than the rererence leachants,
report the chemical and isotopic composition, chemicals
and isotopes used in preparation, date of preparation,
and date of analysis. If the leachant is a natural aqueous
solunion, report the daie. place, and stratigrapnv from
which it was obtained. Report the chemical composition,
Eh (if measured), pH, and date of anaiysis. ’

3.0 LEACHATE AND BLANK ANALYSES
1,1 Raw Data Tabulation

e Specimen and blank identification.
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e Darte and time of start and 2nd of runs.

e Starting and ending mass of leacnants and.,percent
mass loss.

e General observations. Include presence of solias, solu-
tion discoloration, etc. !f soiids are present, include
method of rermoval and results of anaivses of solids.

e Final pH-of leachates and blanks. )

® Finai leachate and biank volumes.

" e Temperature of test.

e Final weight and weight loss of specimen. where
applicable.

e Tabulation of analytical results for all elements, isotapes,
ions. and organics analvzed in leachates. acid strips and
blanks. Also report detection limits for the analyses. as
described under “Leachant Analyses” above.

3.2 Treated Data Tabulation

e Blank corrected and averaged leachate analyses {where
applicable). !dentify leached ‘material, leachant, time.
and temperature.

3.0 TABULATED AND PLOTTED DATA
4.1 Normalized Flemental Mass Losses

o Tabulation and plot of narmalized elemental mass losses
versus time in dave fInclude actuai mass loss where
appiicapie.; ldentfy leachaa matenal, easnant, anc
temperaiure. Inciuge arrorcars in the oiots for the trioii-
cated data points that extend one standard deviation
above and below the average value. The standard devia-
tion af the normaiized mass-loss values is computed bya
propagation of errors method (see MCC Guidelines on
Accuracy and Precision of Test Datal to include the
uncertainty in both the cancentration values and the
mass fractuon vaiue fj,

4.2 Normalized Depletion Depth
The following information is stnctly optional;

a Tabulatinn of the calculated normalized denletion
deptns.

e Since the normalized depletion depth is directly rejated
ta the normalized elemental mass loss, include a scale of
the [ND); as a right-hand ordinate to the plot of (NDJ;j

‘versus lime.

4.3 Molarity
The followineg information is strictly ootional:

e Tabulation and plot of the molanty of all elements
reported in the raw darta tabulation versus time in davs.
Identify leached material, leachant. and temperature,
Include error bars in the piots for the triplicated dara

T
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noints that extend one standard deviation above and
below the average value,

5.0 POST-LEACH SPECIMEN ANALYSES

e Results and discussion of surface analvses such as SEM=— "

EDX [required for certain specimens identified in Matri-
ces D and £: apuonal for others). In particular. discuss
how surface analvses correlate with leachate anaiyses
and the implications concerning leaching mechanisms.
“While-pre-rest SEM-EDX profiles are not required in the
exarnple report. they would be useful for comparison.

6.0 PRECISION AND ACCURACY
6.1 Preparation of Control Chart

® Establish the analvtical capability of the labaratory for
each elemenc that is 1o be used for calculating normal-
ized elemental mass losses. - -

* Tahulate data and averages of pairs run in the 28-d preli-
minary analysis of the reference leachate for each ele-
ment that is (0 be used for calculating normalized
elemental mass losses.

* Estimate the within and between day components of
variance and obtain control-chart limits and relative bias
estimates for the dara.

* Include example controi charts that indicate upper and
lower control limits for selected elements.

6.2 Reference Leachate

s Tabulate and plot the reference leachate data obrained
during the analysis of the tast-matrix leachates on the
control chart.
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* Report any systematic pattern in the control chart that
may indicate an-out-oi-controi situauon qf cross-
contamination.

6.3 Approved Reierence Waste-Form Specimen Leachate
Analysis

® Tabulate the resuits for the pair of referenge waste-form
specimens run with each leachant used and compare
with the values provided bv MCC

6.4 Laboratory-Measurement-Control iniormation

e Maintain a file containing procedures used and data
resulting from calibrations and laboratory quality-
control practices for those measurement methads in-
volved in gathering data for the test matrix, This file will
then be available ro the MCC upan reguest.

e Report the calibration procedure and frequency of cali-
bration for the chemical analvsis methods used.

6.5 Summary Statement on Data Quality

e Give a conciuding estimate of the overall precision and
accuracy of the reported pHs and normalized elemental
mass losses. Factors such as sample innomogeneity, var-
jance in leachate analyses, and the author’s previous
experience with the test should be considered in arriving
at the summary estimate.

7.0 DISCUSSION
s Deviations from test procedure.

* Inadvertent happenings. e.g., power outages, power
fluctuations, artc. {for longer tests, in particulart.

* Significance of results.

REVISION 1 PAGE
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MCC-1P 5STATIC LEACH TEST METHQD
EXAMPLE REPORTI(a)

The purpose of this example regort is to illustrate what the
oificial renort af the MCC-1 results must contain. A full
ramort of *Ris tvoe must be nrasented to the Materials Char-
acterization Canter tor (neir review ana suosequent submis-
sion to the Materials Review Board Data Panel for approval
for pubiication in the Nuciear Waste \Materiais Handbook.
Only the information in Sections 1.1, 4.0 and 5.0will appear
i the Hapdbook. the remainder of the information will be
available in archives.

1.0. TEST CONDITIONS, SPECIMEN PREPARATION,
AND DESCRIPTION

1.1 Material Composition

The materiat tested was PNL 76-53 (Batch 5-8) borosilicate
glass. The material wasorecared bv G. M. Mellinger. Pacific
Norihwesi Ligoratory, 315 8lG5.. sunag e weex o1 8,7 E0-
3,71, 30 as foilows:

a. The glass batch was mixed using the component oxides
and carbonates.

o

. The batch was ball milled dry for one hour using a mill
made of dense white chemicai porceiain ata charge ratio
of 200 Burundum cylinders (Norton Ca.11/22 120
per kilogram of giass powder.

n

It was heated to 1050°C in a stainless steei crucible.

o

It was heid at 1he melt temperature of 1050°C ior 2 h.

L

It was water quenched bv immersion.

f It was crushed (o a fine. unsieved powder using an agate
mortar and pestle,

g. The glass powder was remelted at 1050°C in a platinum
crucible for 2 h.

h. It was cast as rectangular bars 15 ¢ 120 mm using a steel
mold.

131 Since this renort 15 far 1llustrative purposes, enly enough
entries are shown to make the iormart clear. Manvy of the
entries and data are ficucious.

PNL 76-88 1Batch 3-ar Giass
MCC-TP. Matrix B

I. R. Doe

Pacific Northwest Laboratory
Date Suormteg 12, 3. 80

i, The bars wera anneaied at 300°C for ¥ 1,

j. The bars were allowed to cooi withun tne furmace aiter
the power was turned off.

The resulting material had the composition snown in Tabtie
1.1. This analvsi§ was obtained from the center of one of the
bars from which specimens were s@iecied. Also snown are
the elemental mass fractions for all elements.

Figure 1.1 shaws a portion of the x-rav powder ziffraction
pattern in which diffraction was obpserved, The aeaks are
attributable to traces of M,0. (Cr-fe spinely and MO,
{CeQ,-fluoriter Figure 1.2is a photomicrograph of a typecal
polished cross section of the glass. The inciusions as identi-
fied by SEM-EDX are Cr-Fe soinei. RuO.. C2Q. and Pd. The
amount of the inclusions was notdetermined quantitativ ely
but «vas astimated ta ze 1vai %. The distribution of ¢rvsials
was random throughout the samoie.

1.2 Tast Tguipment

s Enviconmentai chamecer - 3lue M Mecnanical Canvec-
tion Oven, Madel QV-430A-2, 8lue M Co., Blue Island, [L.

e Temperature uniformity within the snvironmental
chamber was verified in a prerun test using 11 thermo-
coupies. Thermocoupies were nositioned in the corners
of the chamber. olus the center of the chamoer. the
middle mi the back wall and on the backsige ar the
chamber door. None of the temperatures recorded aur-
ing a 24-h period deviated more than 19 from 90°C. A
Jonn Fluke Co. Madet 2190A-006 remperature srope,
pasitioned at the center of the chamber, was usaqa (o
monitor the temperature during the leach test. Tempera-

suree were cacornad tace 3ot

e Leach container - Teflon PFA, 50-mi capacuy, Saviilex
20102-53MOD. Savillex Corp.. Minnetanka. MN. Speci-

- mens were suspended from a rod that was maided into
the lid bv use of a Taflon FEP, 0.125-mm monofilament.

e Bailances- Mertler PC4400 Mettier H20T. Soth modeis are
accurate within 0.07 mg.

1.3 Anaivtical Techniques

® pH meter - Markson Model 88 with sMarkson Modei 8308
arcbe.
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TABLE 1.1 PNL 76-53 iBacch 3-5) Glass Composition

intended Chemical 9%, Relative

_ wt%  Analvsis.{3) Std. Dev.
Consttuent  oxide  wt% oxide _ D) of £;(0
Ag,0 0.03 0.03 0.0003
B:Os 9.47 8.89  0.026 3.54
BaO 0.59 0.43 0.0038
Cao 00 113 0.0154 2.64
40 0.04 0.02 0.0002

N 12 103 0.0084
Cr.Oy 0.44 0.30  0.0020-
Cs,0O 1.09 0.65 0.0065
Eus0,s 0.10 0.07  0.0006
fe,0, 10.34 10.26  0.0718 1.71
Gd.0, 0.05 0.05 0.0004
La:0: 0.56 0.50  0.0043
“ao, 2.24 181 00121 136
Na, O 1280 15.30 0.1135 3.81
Nd.O, 4.56 4.08 0.0350
NiQ 0.21 0.22 0.0017
P.0, 0.51 0.54  0.00z4 9.80
PcO 0.56 0.30 0.0049
Pr.O. 0.56 0.0046
RD:O, Q.13 0.0012
Rh,O, 0.18 018  0.0015
Ru(, 1.13 -0.37 0.0028
Si0n 39.80 41.50 0.194Q 1.44
sm,0, 0.35 0.0030
SrO 0.04 0.38 0.0032 .23
-e0, 0.28 0.0022
iQ, 197 2.88 0.0173
Y.O, 0.23 0.0078
ZnQ 197 176 0.0382 2.38
ZrO, 1.88 77 0.0131
100.00 100.30

1al KOH Fusion-ICP solution analysis: Cs by AA graphite
furnace.

{b) Elemantal mass fraction of the nonoxygen component.
D¢ 5D34
1€1 %RSD f = 100 (—5-715‘-) = 100 (—%-l) = %RSD 3

$D%; is computed using analysis af variance on data
from the buik analvsis of pretest specimens. The *RSD
115 3 sIgrificant component in Compunng the standard
deviatton of the normalized eiemental-mass-lass vaiues
bv a propagation-af-errars method.

» All canons excent for Cs were analyzed using a larreil-
Ash Mark 8 ICP spectromerer.
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e Cesium was analyzed using a Perkin Elmer Model 303
Atomic Absarption Spectrometer with a grapnite fur-
nace for nonbrine solutions and air acetviene flame for
brines.

» Total organic analyses were performed using a 8eckman
9158 instrument. The usual detection limitis 1.0 megy/ liter.

e lnorganic carbon analyses were performed using an
QOceanography International instrument. The usual de-
tection limit is 1.0 mg/liter.

e XRD patterns were obtained with a Dianbo Corp. Model
8535 fully automated. powder XRD emploving Cu x-rays
and powdered specimens in a glass noider.

e SEM analyses were performed on carbon-coated”
specimens using a JEOL Model |5M U3 with a TRA-
COR NORTHERN NS 880 energy-dispersive x-ray 550
spectrameter.

e £5CA analvses were performed on liquid-nitrogen-
cooied specimens in a Physical Electronics Corp. Model
550 spectrometer.

1.4 Calibrations and Rejerence Materials

Micrometer: '

o Moore and Wright (Sheffield) Ltd.. Micro 2000 standard
foil supplied by the manufacturer.

o After October 15, 1980, calibrated with a standard gauge
block set at the 3717-B Buiiding Standards Laboratory.
Hanford Engineering Development taboratory. Rici-
land. WA.12) :

e (6 mo frequency.

Thermocounles:
« T.pe X caromel-aumet.

e Calibrated against a platinum resistance thermometer
over the tamperature range of 257 t0 200°C atthe 3777-8
Building Standards Laboratory, Manford Engineering
Development Laboratory. Richland., WA. The olatinum
resistance thermometer was calibrated against freezing-
paint standards.

* A mo frequency.

Thermocouple Probe:
e John M. Fluke. Co., Model 2190A-006.

e Cerrified by the manuiacturer against NBS standard.
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FIGURE 1.1. XRD Paitern of PNL
76-68 iBatcn 3-8) Glass Showing
Spinel and Fluorite Phases

FIGURE 1.2. Microstructure of PNL 76-68
I1Batch 3-6% Giass. Bright inclusions inciude
Fe.Crispineir, ?d. RuQ:, and CeQ.:iluoriien.
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e After October 1, 1980, calibrated using a standard cell
and a K3 potentometer millivolt sourée aver the tem-
perature range of 35° 10 200°C at the 3717-8 Building
Standards Laboratory, Hanford Engineering Develop-
ment Laboratory, Richland, WA.

* 6 mo frequency.

Balance:
e Merttler Models H20T and PC3400.

e Calibrated against standard weights at the 3717-8 Build-
ing Standards Laboratory, Hanford Engineering Devel-
opment Laboratory. Richland. WA.

e §mo and 1 mo frequency for Models H20T and PC4400,
, respectively.

Volume:

e Cartified volumetric flasks and high-precision pipettes
calibrated at the 3717-B Building Standards Labaratory,
Haniord Engineering Development Laboratory, Rich-
land. WA, using the weight of distilied water contained in
the flasks or pipettes.

e« 3 mo freguency.

1CP-AA:

e Calibrated twice daily using single-element standards
obtained from Spex Industries, Inc., Metuchen, NIJ.
These standards are supplied as 1000-ppm solutions pre-
pared from >0.99999 pure metals and are accompanied
by a spectroscopic analysis. Multielement standards,
prepared in the analytical laboratory using Spex Indus-
tries single-element standards. are also used.

Reference Water Leachate:

e MCC RL $2/1, received 8/22/80 (expiration date =
10/10/89). Following constituents certified: 5i, 20 ppm; 8,
10gam: §r, 1oom: Cs. 3 pom: all other cations <0.01pom.

Reference Silicate Water Leachate:

e MCC QLO 4, received 8§/22/80 {expiration data =
9/25/801. Following constituents certified: 5i, 30 ppm; B,
10 ppm: 5r, 2 ppm; Cs, 8 ppm; Na, 60 ppm: all other
cations, <0.01 ppm.
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Reference Brine Leachate:

e MCC SL 65, received 8/22/60 (expiration date =
10/18/80). Following constituents certified: 5i, 20 pom: 8.
10 ppm; Sr, 2 ppm; Cs, 8 ppm; Na. 3.5x 10* ppm: K. 2.5 x
10* ppm; Mg, 2.8 x 104 ppm: all other cations. >1.0 ppm.

Reference Waste Form: )

e MCC N8, certified for use with MCC-1. Matrix B. Speci-
fiad limits when MCC N8 is used as an internal standard
for the MCC-1 Static Leach Test Method are given below:

Permissible Range of Normalized
Elemental Mass Loss at 28 d (g/m?)

Reference

Leachant S B Sr - Cs Wit Loss
Si water 20-55  55-102 0.1-5.0 53492 12+
Di water 21-57  54-110 0.1-5.0 63-108 12-25
Brine 40 - 3275 28-58 1924 619

1.3 Leachant Preparation—Chemicals List

Deionized
Water

Praduced by an RO—4/Milli Q System (Mitli-
pare Corp.).

Silicate
Water

NaHCO, and silicic acid from ). T. Baker
Chemical Co., Cataiog Nos. 3506 and 032+,
raspectively. Maximum limits for impurities
in NaHCO;shown in Table 1.2, {Impurities in
silicic acid unavailable.)

Brine Made from KC} (Chem West, MgCl, * 6H .0
(American Scientificand Cremical—M5-35),
and NacCl (Spectrum Chemical Manutactur-
ing Corp.). Maximum {imits for impurites in
KCi.MgCl,-6H,0. and NaCli shown in Tables
1.2and 1.3.

Repository  Taken from the 500-m depth of well O8—

VWater A3. This conrined squiier esin an imterbed
between the Umtanum and Pomona pasalt
flows of the Pasco Basin in Washington State.
The Eh was -0.42 V and was measured using a
platinum electrode. Bafore analysis, the
sampie of water used in this test was filtered
through a 0.22-um membrane filter.

REVISION 1 PAGE
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TABLE 1.2 Impurines in ¥aHCO, and XCl Leachant Preparation Chermicals
NaHCO, KCi
imourity “ax, Limit Imounty Mag. Limit
NH, 0.0005% _Ba To pass test
Ca. Mg, 0.020% 0.001%
and R,O, Ppt. Br To pass test
Ci 0.002% 0.07%
Heavy metais 1as Pb) 0.0005% Ca. Mg, 0.005%
and R,O, Rot.
insoluble matter 0.015% L
, Chlorare and nitrace 0.003%
Insolubie matter . 0.015% (as NOyj
Fe 0.001% Heavy metals (as Pb) 0.0005%
PO, 0.001% Insolubie marter 0.005%
- Suighur compounds 0.003% | 0.002% ;
(as £Q.,) -
) Fe 0.0003%
Assay INaHCO,y) 99.7-1C0.3% . ,
Nitrogen compgunds 0.001%

fas N
P2,
va
5Q.

1.0005%
9.005%

0.007%

TABLE 1.3 impurities in MgCly6H,0 and NaCl Laachant Preparation Chemicals

MgCl6H.0 Nacl
Impurity Max. Limit Impurity Max. Limit
NH, 0.002% Ba To pass test
Ba 0.005% Br Ta pass test
s 0Q1°s Ci. Mg, 0.005%
Heavy merals 1as Ph 0.0005% ana ®,0, PO, pot.
Insoluble matter 0.0052% Chiorate and nirrate 0.003%
F 0.0005% (38 NO '
2 . ¥
° Heavy metals fas Pb) 0.0002%
M 0.0005% -
o 001 Insoluole matter 0.005%
N Q. :
’ i l 0.002%
PO 0.0005%
' } Fe 0.0001%
X .005% - » o
Nitragen compauncs 0.001"%
Na 0.005% (as N}
5¢ 0.005% PO, 0.0005%
50, 0.002% K 0.005%
-122- ‘
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1.6 Specimen Preparation and Description o » These specimens were cut and cleaned on 6,10/80 and

o stared in a dessicator that contained Drverite,
e Starung with the annealed bars the specimens were cut

using a 200-grit diamond saw with kerosene as a coofant. e Prior to leaching, the specimen dimensions were
Specimens were seiected according to the iollowing . obtained using a Moore and Wright iSheffieid. LK
diagram: . Micro 2000. Each dimension was determined twice and

averaged (Table 1.4.

€ ' . WASTE
‘NASIE‘ P s L NN ey S

Tl
o

—_— -

- - | mr—
! L

QUTER SURFACES ARE DISCARDED AS WASTE

TABLE 1.4 Specimen Dimensions, Surface Area, Mass, and Required Leachant Volume

Specimen Leacnant
Number A, mm B. mm C.mm SA, mmi Mass. g vai.. ml
E-7 17.064 0.125 4.031 . - -
17.020 . 5.304 4.025 - - -
17.042 6.214 4,028 399.2 1.25878 39.92
£-8 - - — - —~
E-9 - - - - -
E-10 - - - - -
] -
-123-
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2.0 LEACHANT ANALYSIS

P~L “5-58 -Barcn -9 Ciass
MCC-1P, Mamx B

|. R. Doe

Paclc NOrTWwest LaDoriicry
Date Submittea 128,80

TABLE 2.1. Leachant Analvsis

Reference Reference Reference Repaository

Si Water D1 Water Brine Water
Batch No. RDF-6 - BC-112 Well 08-A%
Date-Makaup 716,80 8/22/80 3/9-80 8,72 30 tram weil
Date-Analvsis 9/9/80 9/9/80 9,9-80 . 99,80,
L]
Date-Test 9/11/80 9,11/80 9/11/80 911,80
oH 7.4 5.3 6.3 8.1
Temop. *C 23 23 i 23
Consttuent. ’

tirgrtdl Concentration. me/liter

o003 ~D'b NG 5.0 0.69
Na (0.005) 48.2 ND 35.200 11
Ca10.0M ND ND 271¢ 34
Pl e
Total Organic ND ND ND 10

Cargon (1Y

1d1Daraction limirs are in parentheses.
'\.D ndicates “not detactable.”
CThaese resyuils are xNOwN [0 D8 due [0 specral (nerrerencas -rom "N

was much lower.

e grire. The Jciual amounl srewant

-124-
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3.0 LEACHATE ANALYSIS

TABLE 3.1. Analvses of Blanks for 28-d Run

Reference Reference Reference Reposiiory
Si Water Ol Water Brine Water
lm_ 58-1 .8B-2 08-1 08-2 B8-1 88-2 wB-1 w38.2
Oate run began 9/11/80 9/11/80 - - - - -
Initial pH T3 7.3 - - . . R
@ Temp., °C 23 ‘2.3“\ - - - - - _
Final pH 7.9 8.0 - - - - .
' @ Temp..°C 23 23 - - - - .
Y. mm! 4x 10 . 4% 10 - - - - -
wt, leachant. g 40.0 40.0 - - _ - - -
Date run ended 10/9/80 10/9/80 - - - -
Exp. init. wt. g 260.3 2621 - - - - -
Exp. final wt, g 260.1 262.0 . . . . .
Exp. wij-exp. wtf, g ‘0.2 0.1 - - - - -
% Blank loss 0.5 0.25 . - . . .
Init. pH-final pH -0.6 0.7 - - - - -
Constituent
Analvsis, mgylitgrfd)
Al0.03) NDIb) ND ND ND . .
Na (0.005) 47.3 49.0 ND ND - -
Ca10.0Mm ND ND ND ND . - -
SO - - - . - R -
[3IDatection limits are in parentheses,
‘BIND indicates " aot detectabie.”
-125-
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TABLE 3.2, Leachate Analvsis for (DI Water) Leachant :Similar tabies. with 3- =
and 14-d specimens armirted, are required ior Si warer ang breine ieachants.

Analviical Results Correcieq ror 3lanx
Saeciman 10 No. £ E-3 E-9 E-10 E-11 E-12 E-7 E-3 E-9 £-30 E-31 .12
Run Durauagn. d ] h 14 28 28 28 ] p 14 23 23 23
Date ~un began 9-11.80 9/71,80 e/11/80 %/11/80 9/711/30 9/11/80
imnai pH 5.8 - - - - -
" ZTemp, *C 3 - - - - .
Oate run ended G/14/80 . . - - .
Spec. SA. mm: 3% - - . - -
v mm 3960 . . . . .
Wt faachanr g 9.6 - - ' . - -
Final pH 9.8 - . . . -
2Temo., *°C 24 o - . . .
Exp. init. wt, g 623 - - - . .
7xo. ‘inai vt 5T
ZXD. wEieueD. Wi 1.5
% Leachant loss 1.5 - - - - .
init. pH-final pH -4.0 - - - - -
Salidsial None . . - - R -
Soec. imit. wr. g 0.96321
Spec. finat wi, g 0.95324
Spec. wi loss. g 0.00497
Constiruent
Anaivsis, mgsliterib)
A.0.00 32 - [
Na 10,005 145 - . . - . 145 - - . - -
t.z 10,07 1.45 - - - - - 1.45 - - N . .
{ah§ <alids had baen present, method of removal. esnmate of amount, and results of analvses would be shown on separale pade.
"D'Deraction limits are in carentheses.
-126-
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4.0 TABULATED AND PLOTTED DATA

TABLE 4.1  Normalized Elemental Mass Losses {ML); and Normalized
Depietion Depths (NDy; for 1Bl Waten Leachant

Std. Ret.
Marl. Tast Materials
Specimen (D No.  §-2 £-7 E-3 £-9 E-10 £-11 £-12
Lengthofrun,d 28 3 7 14 28 28 28
Specimen dens., 33007 3200 - - - . -
kgsmatal ‘ ,
Final pH 9.4 9.8 . . - . .
' Init, pH-final pH 4.4 4.0 - - . -
% Leachant loss 20 25 - - _ - -
Spec-. wt. loss, g 0.0634 0.0497 - - - - -
Normaiized Elemental . 8-d
Mass Loss, g/mitD) Average s.d.
Wr. loss .5 21.0 - - - - - - -
Al {0.03) NV ND - - - - . . .
Na 7.0 7.3 - - - - - - -
Ca (0.01 ND ND . - . . . )
Normalized Depietion 28-d
Deoth, um - ‘ Average  s.d.
Wi, iass 8.3 6.5 - - - - - ‘ .
Al - - . - - - . . -
MNa 112 a.d - - - - - - -
Ca - - - - - - - - -

131Cslculated from werght and dimensions of specimen,
1Blparaction limus are in parentheses,
tCIND indicates "'not derectable.”
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PNL 76-83 (Batecn 3-9) Giass

. MCC-1P. Martrix B
] R.Dage :

Paciitc ~arthavest Laporator
Date 3ubmitea 12 8. 20

TABLE 4.2 Molariev tn 101 Waren Leachate

Test Materiai

Specimen ID N, E-F E-3 E-9 E-10 E-11 E-12
Length of run. d 3 7 14 28 28 28
SA/VY, mm*™ 0.010 0.010 0.070 0.010 0.010 0.010
Final pH 9.8 - - - - -
Init. pH-final oM -4.0 - - - . -
% Leachant loss 1.5 - - - - -
Spec. wi. loss. g 0.00497 - - - . -
28-a
Consiituent -Concanrration. moi/liter Averige  s.d.
Al 0.09 - - - - - - -
Na 5.3 - - - - - .
Cs n.73 . . . .
~128-
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FIGURE 4.1 Normalized Elemental Mass Lass Versus Time for Specimens Leached
in Water at 90°C. The error bars represent one standard deviation
above and below the individual NLi value.
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FIGURE 4.2 Molarity Versus Time for Specimens Leached in Water at gg°C. The
arror bars represent one standard deviation above and below the
individual NLi value.
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5.0 POST-LEACH SPECIMEN ANALYSIS

Figures 5.1t0 5.3 summarize the solid-state analysis done on
28-d leached specimens. Each specimen was first surface
profiled using an argon-ion beam coupled with ESCA.
Becausa theleached layer was quite thick enly the first 3.5 um
were profiled. The specimen was then carbon coated and
the surface examined with SEM-EDX. Finally, the specimen
was mounted in thermally set epoxy, sectioned, carbon
coated. and examined with SEM-EDX. Profile information

that was gathered by ESCA and SEM-EDX were qualitatively

the same.

These figures show the basic difference between the leach-
ing in dilute aqueous systems and thatin-the brine. Several
elements build up in a surface layer on the specimens
leached in dilute aqueous solutions, whereas these same
elements tend to be leached from the layer in brine-leached
specimens.

Microscopic examination of the water-leached specimen
{Figure 5.1 ESCA) showed that the transition elements of Fe,
Ni, and Zn accumulated at the surface as did 5i. Other
elements were depleted at the surface and gradually
increased with depth toward the unieached glass. The
observed penetration depth from the SEM photomicra-
graph (Figure 5.1) was about 18 gm. which corresponded to
an 18.5 um depletion depih calculated from the Naleachate
analysis (Table 3.2). Elements such as Cs, B, and Mo were
leached to a depth of about 23 um, based on the solution
concentrations.

The analyses of the silicate-water-leached specimens and
leachates showed similar data. iron was uniformiy enriched
in the leached layer and was not further enriched at the
immediate surface. (Compare Figures 5.1 and 5.3.) Also. the
penetration depth based on B, Cs, and Mo was the same as
that for water.

Although ESCA was only done to a depth of 3.5 u, this was
sufficient o corroborate the data from the SEM analvsis of
the specimen cross section. Of particular interest are the Na
and K proiiles from the specimens leached in brine {Figure
5.2). Despite the very high concentrations of these ions in
the brine, virtually no Na or K was found in the two gel layers
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adjacent to the leachates. While the next gel laver was
depieted in Na, K was found to be somewhat higher. One
would have expected the profiles for borth Na and K to be
similar to thar of Mg.

‘6.0 PRECISION AND ACCURACY
6.1 Preparation of Control Chart
The entries in Table 6.1 are defined as follows:

“DATE” Column. The calendar date on which the repli-.
cates(3} were run oppasite the ‘1" under “REP” and the
time, in minutes, between the completion of analysis oppo-
site the 2" under "“REP.”

“DATA” Columns. The data entered are

Yeij. the mg/liter resuits for the eth efement,e=1,2,3,0r4,
for four elements to be specified.

ith day,i=1,..., 14
jth replicate within day, j=1or 2 -

Average Columns. The arithmetic averages, yei_, are cal-

cuiated by
2
- 1 1
Yei.=EZ‘ Yeij =3 Yei.
j=

The dot notation means that the subscript replaced by the
dot has been summed over. A bar over the summed quantity
means an average. ‘

The results in rows 1-through 4 at the bottom of Table 6.1
were obtained from analysis-of-variance calculations
defined in the bottom part of Table 6.7a.

{a) Replicates were run by shaking the reference leachate con-
[aiAer, opening the i, pigetting ne Jiicuot requyreg "or Jne
analysis, closing the lid, and then anaivzing tnefirst aliquot. The
second aliquot was then drawn and analvzed. going through the
same steps as for the first. No analysis intervened between the
wo aliquots.
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A o erenzanion cenren MCC-1P Static Leach Test Method Example Report

PNL 76-68 (Batch 5-6) Glass
.o MCC-1P, Marrix B
). R. Doe .
Pacific Northwest Laboratory
Date Submitted 12/8/80

TABLE 6.1 Data from Reference Leachate Analysis

- Data Daily Averages (Yei.)
Observ. REP Date P Ca Ma 'Sl ] CA NA Sl
1 1 9/11/80 47.9 0.033 80.0 18.9 48.10 (.0300 81.0 19.05
2 23(a 48.3 0.027 82.0 19.2
2 1 912780 49.7 0.027 85.0 20.0 49.60 0.0265 84.0 19.90
2 5 49.5 0.026 83.0 19.8
3 1 9/15/80 48.4 0.029 84.0 19.6 48.50 0.0295 84.5 19.65
2 15 48.6 0.030 - -85.00 . 19.7 ' '
4 1 9/16/80 48.5 0.012 81.0 19.5 48.635 0.0105 81.0 19.53
2 10 48.8 0.009 81.0 19.6 - .
's 1 9/17/80 43.8 0.026 82.0 19.4 48.65 0.0255 82.0 18.35
2 12 48.5 0.025 82.1 19.3 :
6 1 9/18/80 48.4 0.026 82.0 19.5 48.40 0.0245 8.8 19.55
2 15 48.4 0.023 83.5 19.6
7 1 9/19/80 -49.5 0.026 82.0 19.6 49,35 0.0260 §1.8 19.55
2 15 49.2 0.026 81.6 19.5
8 1 9/22/80 48.6 0.031 84.0 19.4 - 4815 0.0310 82.0 19.20
2 20 47.7 0.031 80.0 19.0
9 1 9/23/80 48.4 0.027 79.0 19.2 48.70 0.0250 80.0 19.35
2 23 49.0 0.023 81.0 19.5
10 1 9/24/80 48.0 0.026 81.0 19.2 43.10 0.0250 81.5 19.30
2 10 48.2 0.024 8.0 19.4
11 1 9/25/80 49.1 0.018 82.0 18.7 49,15 0.07190 a1.0 19.75
2 15 49.2 0.020 80.0 19.8
12 1 9/26/80 49.6 0.014 81.0 20.0 49.40 0.0155 80.5 19.95
2 3 49,2 0.017 80.0 19.9 ’
13 1 9/29/80 49.2 0.014 80.0 19.9 49.25 0.0150 B0.0 19.90
2 15 49.3 0.016 80.0 19.9 -
14 1 9/30/80 49,7 0.017 82.0 19.8 49.35 0.0145 825 19.95
2 20 49.6 0.012 83.0 . 204
Standard Value Ze: 50.00 — 80.00 20.00
Average : ' ve..: 4881 = 00227 81.76 19.57
Between Days s.d. Sde: 0.491 0.00638 1.069 0.276
within Days s.d. Sre: 0.277  0.00206 1171 0.144
Single Determination Precision Spal 0.564 0.00670 1.586 0.3
% Relative spe 100 spe/Ye...- 1.16 29.51 1.94 1.59
Estimated Bias ye..~Ze: -1 - — 1.76 -0.43
% Relative Bias 100(Ye..-Ze)/Ze: -2.38 —_— 220 -415
Upper Control Chart Limit UCL =Je..+3spe:  50.50 0.0428 86.52 20.50
Lower Contral Chart Limit LCL =ye..-35pe: 47.12 60626 77.00 18.64

{a) Time in minutes between completion of analysis of REP 1 and REP 2.

REVISION 1 PAGE MAB APPROVAL
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MCC-1P Static Leach Test Method Exampie Report

PNL 76-A3 Batch 5-51 Class
MCC-TP. Matrix 8

].R. Doe

Pacific Nortmwest Liborator
Date Submittea 12,8, 30

TABLE 6.1a Worksheet for Table 6.1

2
SUMS =vey = 3 vejj
=1
i B Ca Na Si
1 96.2 0.060 162.0 38.1
2 99.2 0.053 168.0 : 39.8
3 97.0 0.059 169.0 39.3
4 97.3 0.021 162.0 9.1
5 97.3 0,051 164.1 38.7
6 96.8 0049 165.6 39.1
7 98.7 0.052 . 163.6 39.1
8 96.3 0.062 164.0 38.4
' 9 97.4 0.050 160.0 8.7
10 96.2 0.050 163.0 38.6
1 98.5 0.038 162.0 39.8
12 98.8 0029 161.0 32.9
13 98.5 0.030 160.0 39.8
14 98.7 0.029 165.0 39.9
14 ' .
va.= 3 Veil 1368.7 0.635 2289.2 548.0
i=1
Squared Sums _
(Ye.}?/28=CF= 66709.60321 0.07440089 187158.4514 10725.14286
D vei¥2=D= 66716.875 0.0155135 187206.0100 10727.39
1
> 4 =E= 66717.95 0.0753730 187225.22 10727.58

i

Sourca

Analysis of Variance for Each Element

Sums of ' Standard
df  Squares Mean Squares (MS)  Variance Comn.  Deviation

Davs
Within Days

Tortal

mean ¥a
UCL =¥g ~35pe

UCL= ?e__'}Spe

13 D-CF (D-CFii13=MSDe  1/2[MSDg-MSEa] ide
14 E-O {E-D)/14 2 MSEq  MSE, . Sra
b E-CF
Single Determination Precision 1/2[M3Dg » MSEa]  spe
8 Ca Na ]
48.81 0.0227 4178 19.57
50.30 0.0428 86.52 20.30
47.12 0.0026 77.00 18.64
_{3g | TEVIsION T sagz | “1p8 ameacvay |
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MCC-1P Static Laach Tast Mathod Exampie Report

Examples of the tvpe of control charts obrainad are given in
Figures 6.1-6.4. The data from Table 4.1 provides the dara for
the control-chart limits. The calculations based an these
statistics are :

Upper conrtral limit = mean + 3 (Standard Deviation)
UCL=¥a.. +3 (spe}
Lower control [imit = mean - 3 (Standard Deviation)

LCL =7e.. -3 (spe)

Exampie far Boron:

+ UCL = 48.81 +3 [.564) = 50.50
LCL = 48.81 -3 {.564) = 47.12

32
DATA USED TO DETEAMINE 5L DATA QURING
51 = ycL CONTROL LIMITS LEACH TEST
____________ s P
T 50 -
E] . a & & *
= agl_ Ve & & A oAb, . .
a’- A B A oa Ao 3
S 18'—5C a
LCL s
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FIGURE 6.1 Example Conrrol-Chart Plot of $tandard
Leachate for Boron
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QATA USED 7O DETEIMINE S JATA
ucL CONTROL LIMITS SURING TEST
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FIGURE 6.2 Example Cantrol-Chart Ploc of Standard
Leachate for Calcium

PNL 76-53 (Baich 3-8) Glass
MCC-TP, Marrix 8

l.R. Doe

Pacific Northwest Labaratory
Date Submirted 12/8/80

DATA USEU 10 OETEAMING i Sl Al
UCL CONTROL 'UMITS + OURING TEST I
[P A ¢ D) Al L = S _-F = -
85 — A & .
-\d - - Y A 01
-] Y= i N N A
i Qb a 4 [y : *ad a I . -’
2 LCL .
a —_— e e e e o e o e e e oy
7] !
0 75 - I -
70 ! | | | ) ! ! I ’

Q 2 4 [ 3 1o 12 id
QASEAVATION

FIGURE 6.2 Example Control-Chart Plot of Standard
Leachate for Sodium | ’
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DATA USED TO DETEAMINE SL DATA
2~ CONTROL LIMITS DURING TEST -
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2 W0y N » * —
= - o - L ] LY
Z 192t : N | e B
g —t e e e A e e Dt
= 18 -
v . . .

17 = .

18 t ] ] 1 [ [ '

a 2 4 [ 8 19 12 1a

QBSERVATION

FIGURE 6.4 Example Control-Chart Plot of Standard
* Leachate for Silicon

6.2 Reference Leachate Analyses

Data from analysis of SL, performed before and after waste=
farm analysis. are tabulated in Table 6.2, The data fram Table
6.2 are included in the control charts Figures 6.1-6.4 above.
These data points fall within the limits defineq by the dashed
lines. Therefore. the piots inaicate no signiticant lack of
statistical controf in the measurements.

TABLE 6.2 Data from Reference Leachates, mgsliter

8 Ca Na Si
48.8 0.024 - 86.10 19.9
49.0 0.041 85,43 19.0
48.9 0.020 78.00 20.4
50.2 0.026 72.00 20.3
49.8 0.021 84.00 201
Standard '
Value 49.4 0.028 82.31 19.9

REVISION 1 PAGE
9-30-43 1-34
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MCC-1P Static Leach Test Method Example Report

6.3 Approved Reference Waste-Form Specimen
Leachate Analysis

.TABLE 6.3 Dara from Reference Specimen Leachates.

mg/liter
Si
Standard
Pre Past Value e=21 e=3 e=4

SW 63.96 75.66 70.81
Diw £35.96 7372 7178
Brine - e —
ALT-1 — - —

6.3 Laboratory-Measurement-Control Information

For further information on calibranon procedures and fre-
quency or calibrating contac:

. R. Doe

Pacific Northwest Laboraiory
Richland. WA 99352 ‘
{Teiephone 509-379-3332)

6.5 Summary Statement of Data Quality

The leachate pH data are believed to be accurate to within
0.2 5H unit. The normalized elementai mass loss data are
believed to be reproducible within this laboratory within
0% of the value given, except for elements such as stron-
tium. which are precipitating, The data for these elements
are helieved reproducible within tnis laboratary (o within a
factar of two. Until further testing is done with an ARM it1s
not gossible 1o make a statement concerning the accuracy
a1 "me Agrmaniad ALMental mass 933 Saia.

7.0 DISCUSSION

e Deviations from the Procedure:

Kerosene was used as a cutting fluid, Since glass is a fully
densa material, it is not anticipated that the use of kero-

-138-

PN, 75-58 1Batch 3-91 Glass
MCC-1P, Matrnx B

|. R. Doe

Pacific Nortinwest Laboratory
Date Submutted 128,80

-

sene as a cutting fluid had a major effect on the leaching.
Other experiments using a variety of cutung fluids have
not detected any differences in the leacnainiity. The
specimens were then cleaned in acgtone ‘oilowed bv the

_MCC-1 ethanol washes. This also was 1ot beiievec 10

have a significant effect on the feachabiiity of the waste
form,

Inadvertent Happenings:

On 6/25/80 the power was interrupted {or a period of 20
min. During that time, the temperature of the oven was
monitored continuously. The temperature decreasad
from 90.1°C to 85.6°C. After the power resumed, the
temperature was re-2stablished in 3 min.

Significance of Results:

Casium was the most leachable ion in both the water and
the silicate water. The presence af the -arge amount of
alkali in the brine ieachant perhaps depressed the cesium
leachability. In water, a decreasing amount of Ca™ and
S5r*: was found in the leachates with time., After 284. the
concentration of Ca™ and Sr7! in these ieachates was
approximateiv 0.01 that in brine. The caicium solusion
analvses were substantiated by the sciid-state anaivses
(Figures 3.1, 3.2, and 5.3). Calcium was depietedin the gel
layer of the brine-leached specimen and enhanced at the
surface of the water-leached and silicate-warer-leached
specimens. This is shown by the peak heights of caicium
and barium relative to silicon in the SEM-EDX specira of
the leached surface and the unleached buik giass .Fig-
ures 5.1 and 3.3).

Mass loss for the specimens leached for 28din brine was
less that that for the specimens leached in either water or
silicate water, The decreased mass loss was due to ihe
decreased loss of silicon and the replacement af some of
the leached ions by both Mg® and C=,

Itis clear from the elementai distmoutionsn (he1eiched
lavers of the specimens studied thatthe ieaching mecha-
nism is very complex. In some cases. the eiemental pro-
files might have been predicted. e.g., sodium in the
water-leached specimens, In ather cases. the oroiiles are
unexpected. e.g.. sodium and potassium in the bnne-
leached specimens.
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APPENDIX

FACTORS AFFECI'ING APPROVAL STATUS OF MCC-1
STATIC LEACH TEST METHQOD

This section identifies additional informatten that the MCC
wiil pravide the MRB before requesting tull approval of the
WCC-1 Static Leach Test Method. The date at which this
information is (o be avaiiable is shown in parenthesis after
each item.

A.1 Expected Precision and Accuracy (April 1984)

«n extensive interlabaoratory test program of the MCC-1
Staric Leach Test Method has been conducted. The prelimi-
nary results, which have been published, will document the
within and between laboratory precision obrained with
three test materials: an NBS borosilicate glass, a simulated
waste glass orovided by the MCC. and crystalline basalt. The
results and experiance gained during the interlaboratory
tests may suggest further improvements that can be madein
the MCC-1 test method.

A.2 . Long-Term Tests (April 1984)

One-vear tests will be conducted with the three referance
leacnants and at ieast ane waste form.

A.3 Teilon Cleaning Procedure (April 1984)

Even with the rigarous cleaning procedure required in the
oresent procedure, small amounts of fluoride ion are found
to leach from the Teflon containers used in the MCC-1 Static
Leach test Method. The MCC will continue to investigate
fluoride effects on leach testing results, in conjunction with
university experts.

A4 Lower Limits of the Test (April 1984)

imaroved definttion of the lawer limits of the test wiil be
soughtvia two avenues of investigation. One avenue will be
to attemot to define standard statistical methods for use
when the backgrounds irom the biank and specimen con-
centrations are cigse, The problem wich this approach is that
it will undoubtedly require the use of more than the
number ot blanks and test spacimens definadin the present
test. This may be warranted in some cases, but it is doubtful
shat it is warranted in all cases. The MCC wili attemat to
resolve this questian.

The ather avenue is to require the use of ultrapure chem-
icals throughout the test. The MCC will canduct tests (@

-140-

determine how much the limits of the test can be lowered
by this technique and what other ramifications 1t migne
have. i.a., what type of "clean-room” tecnniques would also

‘have to be emploved. The MCC will make approonate

recommendations.

A.3 Oxygen Fugacity {(April 1984)

The present version of the test specifies use of “air-
saturated” leachants. but does not require quantification ov
measurement of Eh or dissolved oxygen. The MCC wiil
study techniques for making these measurements and
define how the measurements should be made an MCC-13
leachant and leachate solutions.

For radioactive materials, the MCC will studv the use of both
air-saturated and deaerated solutions to separate the effec:
of radiolysis of the agueous solution from that of the radioi-

ysis of N, gas and dissaived N, and concommitant formation
of HNO].

In addition. methods will be investigated in conjunction
with angoing programs for controiling £ during leaching,
since the leaching behavior of same waste form constituents
that can exist in two or more valence siates may be affecied
by Eh. The goal of these investigations is tor the MCC to be
able to define a technique for performing leach tests at
contralled oxidizing and reducing conditions. However, it is
not yet clear that the MCC-1 Stanc Leach Test Method will
be amenable to such Eh control.

A.6 Relationship Between the MCC-1 Test Method
and Waste Acceptance Criteria

The MCC views this as a very important factor but one that s
difficult to address. particularly in terms of schedule. The
\CC-3 teach-tast data can soternally be verv significant
since advaniages are oeing ciaimea for severai orin@newer
waste forms in the area of nydrothermal stabiiity. The MCC
will work closely with NWTS and others as waste acceptance
criteria are developed. |f it becomes apparent that maodifica-
tion of MCC-1 is required to make the test resujts more
perunent to the criteria, such modificaten wiil be made
before the procedure is submitted to the MRB for {ull
approvai.

A.7 Consensus

Consensus on the practicality of the MCC-1 Static Leacn Test
Methad is being sought through round-robin testing, wark-

REVISION 1 aaGe | “JA8 APRROVAL
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shoos. and interactions with investigators using the test. This
information will be documented and given to the MRB.

A.B Referenca Materials (April 1984)

The MCC-1 Static Leach Test Method requires that refer-
ence materials be used as internai standards each time the
test iszrun. MCC-approved reference waste-form marerials
will be available and documentation of their use will be
provided before the MCC requests full appraoval status for
MCC-1.

A.9 Leachant Preparation (April 1984) .

“ame difficuities in the presaration of the silicate warter
2achant have been reported. These problems are being

investigated and will be resolved before full approval status

of MCC-1is sought.

A

A.10 Radiation-induced Leach Container Effects
(Aprii 1984)

There is evidence in the literature that gold and fused
guartz, the two preferred leach container materials for
intensely radioactive waste forms, may alter radioiysis chem-
istry. Also, radiation enhances the susceptibiiity of goid 10
corrosion by some leachants. The MCC wiil furnish evi-
dence to the MRB that either substantiates the use of these,
or ather, leach conrainer materials for intensely radicactive
waste forms, or defines limits on their applicabiiity.

A.11  Leachant Stability (April 1984)

Bacause brine and silicate leachants are susceptible to loss
of CO, and reaction with atmespheric CO,, leachant stabil-
ity is being investigated. The MCC is presentiv involved in
studies to establish guidelines for the method and storage
duration permissible for these leachantsinsealed containers.
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R E % &
B I % ¥r BE =4 53
AES |F -V zEFANRTFORX Y ~ PIXE |RFHBEXBERAANT FOX FY -
(Auger Electron Spectrometry) (Particle Induced X -ray Emission
. Spectrometry)
ATR |&RstmIRE (R) NRA | 2EIBA% R s 5 47
(Attenuated Total Refiection) {Resonant) Nuclear Reaction Analysis)
CEMS |EBIBEFAINTIF—IART rOA k1) - RBS |5H 74— RESFHELX~Y tOx p1)—
(Conversion Electron Mossbauer (Rutherford Backscattering Spectrometry)
Spectrometry)
CL |HY—IFILIzxytl ik RHEED | XSS R E THREH
(Cathode Luminescence) {Reflection High Energy Electron
Diffraction)
CPAA | FERFHEHES R SAM | EFXRF — U 1 BFEEMH
(Charged Particle Activation Analysis) (Scanning Auger Electron Microscope
- (Micro Auger Electron Spectrometry : 4
AES) - '
EELS |BFIRXNX—B%KANT bQApY— SERS |REEMES v > #1dl
(Electron Energy Loss Spectrometry) {(Surface Enhanced Raman Scattering)
EPMA [EF7O-Jv1oR7P+Y 2 SEM | EXRE FIEHH
(Electron Probe Microanalysis) (Scanning Electron Microscope)
ESR [BEFAE#i8 SEXAFS | 2RI I8 X 47 AR R 14 4018 35 o
(Surface Extended X -ray Absorption Fine
Structure)
FEM | & RS BEM SIMS~ | ZRA A HBARY b k1) —
(Field Emission Microscope) (Secondary:lon Mass Spectrometry)
FIM | E5R 1 5  BAMSR SNMS [ ZRPHHFERBIARY fOx kY —
{Field lon Microscope) (Sputtered (Secondary) Neutral Mass
Spectrometry)
IMMA | ~vroOo70-JERDR SSMS | AN—=FV—2BBA~7 pOA Y-
{lon Microprobe Mass Analysis) (Spark Source Mass Spectrometry)
1SS (A4 EEAZA~NT FOX R~ STEM |[EEXREAT FIEME
(lon Scattering Spectromety). (Scanning Transmission Electron
Microscope)
LAMMA | L —¥ -2 o070~ 7EB M TEM EBE T TIEME
(Laser Microprobe Mass Analysis) (Transmission Electron Microscope)
LEED |{EEE F428%4F UPS |8AXEBEFI~Z +OX R —
(Low Energy Electron Diffraction) (Ultraviolet Photoelectron Spectrometry)
MEED | iR 7@l XPS |XERABFANT bOX MY — (BRI~
00X R =)
— (X -ray Photoelectron Spectrometry
MOLE |S~¥ %19y 70-— 7% (Electron Spectrometry for Chemical
(Molecular Optical Laser Examiner) Analysis : ESCA
NMR |45 5 308 XRD | X#EiF%
_ (X -ray Diffractometry)
PAS (ABRANRT bOA LY~ XRF | BFEXEIA~T fOX p 1Y) —
{Photo Acoustic Spectrometry) (X -ray Fluorescent Spectrometry)
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[T R UB{LASEFHRBREMOBER | cBIS(RARENER (F15)

¥ B B i & #

1. Zu—-7Eys 2R 6m3 8,000, 000 48, 000, 000
(4r) |

2. KEELRBREE 1R - §0;000, 000
(Fo-TFEy 2 2EKL) | |

3. WAERSHEE R 120, 000, 000
(LPAS)

4 EREMSERE (BE1) 12 100, 000, 000
(XPS)

5. BESH@I e—TEysx 1R 150, 000, 000

478, 000, 000
5. LH#H ' RE:¢ ' 50, 000, 000

(ERRUS7 b2-742 ) F 2R, HEREST)

528, 000, 000
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[TRUB{L&BERERRREOMSRT ] CESCRFEBEHRR (28
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1. ye—-7#Hy 7% _ 6m3 8, 000, 000 48,000, 000
(4 R

2. KBAELEBREE 12 60, 000, 000
(Fa—TH s ZEEE) "

3. EMHEMSFEE 1 120, 000, 000
(LPAS)

4. EMHEAUSTEE (FE1) 13 300, 000, 000
(PIXE+RBS)

5. ERESHE#EI - TR, 2 R 15K ' 150, 000, 000

§78, 000, 000
6. L=HH 1= 50, 000, 000

EGRUS 7 ba—5 4 Y7 1 8. SFRREST)

728, 000, 000
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