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ABSTRACT

The product qualification subtask of the West Valley Support Task (WVST)
at Pacific Northwest Laboratory (PNL) provides support for the waste form
qualification efforts at West Valley Nuclear Services Co. Testing is being
conducted to determine waste form chemical durability in support of these
efforts. The effects of composition, ferrous/ferric ratio (redox state),
thermal history, and groundwater are being investigated. Glasses were tested
using modified Materials Characterization Center {MCC) -3 and MCC-1 test
methods. Results obtained in fiscal years (FY) 1987 and 1988 are presented
here.






SUMMARY

The product qualification subtask of the West Valley Support Task (WVST)
at Pacific Northwest Laboratory (PNL) provides support for the waste form
qualification efforts at West Valley Nuclear Services Co. Testing is being
conducted to determine waste form chemical durability in support of these
efforts. The effects of composition, ferrous/ferric ratio (redox state),
thermal history, and groundwater are being investigated. Results obtained in
fiscal years (FY) 1987 and 1988 are presented here.

Glasses were tested using modified Materials Characterization Center
(MCC) -3 and MCC-1 test methods. Replicates were run for each glass compo-
sition. These 7- and 28-day tests are useful for initial studies, and
applicable to waste form qualification; however, tests of longer duration are
needed to determine the long-term durability of these glasses.

During FY 1987, two sets of compositional variation glasses were fabri-
cated and leach tested with the 7-day MCC-3 test to determine the effect of
composition on waste glass chemical durability. The first set of glasses
consisted of eight variations of West Valley Ceramic Melter reference glass
WVYCM-47, while the second set consisted of 16 variations of reference glass
WYCM-50. The set of eight glasses was selected to investigate the effects of
specific single-component and other variations (from WVCM-47) of interest.
The set of 16 glasses was selected using statistical experimental design
techniques so as to provide the most information about the effect of varying
composition within the specified compositional variation region. Boron
releases of the glasses ranged from 34% above to 29% below the WVCM-50 value.
A linear mixture model fit the data very well, and demonstrated that varying
composition has a statistically significant effect on chemical durability (as
guantified by boron release in the 7-day MCC-3 leach test). The fitted
Tinear mixture model can be used to predict the effects on durability of
varying the composition within the region investigated.

During FY 1988, sixteen glasses were fabricated based on statistically
selected compositional variations of the WV-B801 composition. The glasses
were examined for the presence of secondary {crystalline) phases, and the



glass compositions were analyzed. The glasses’ chemical durabilities were
characterized using 28-day MCC-1, and 7- and 28-day MCC-3 leach tests.

A1l of the glasses tested had observed normalized release rates below
the Waste Acceptance Preliminary Specifications (WAPS). The applicable
specification states that the normalized release rates of Na, Si, B, U, and
Cs must be below 1 g/mz-day or 28 g/m2 in a 28-day MCC-1 test in deionized
water at 90°C. However, the 95% upper confidence 1imit of the release over
the compositional region investigated is 29.3 g/mz, which accounts for short-
and long-term within-laboratory variability in the leach testing and chemical
analysis procedures. The 95% upper confidence 1imit increases to 41.1 g/m2
when including a 20% lab-to-lab variability. B8oth of these latter values are
above the proposed 1imit. Rather than ceoncluding that the compositional
region is too large, it may be that the 1imit needs to be reassessed. It is
not clear whether the 1imit was suggested with statistical characterization
of chemical durability in mind. Several options including a smaller composi-
tion region, need for statistical variability consideration, reduction in
analytical variability, investigation of an additional composition region, or
reassessment of the proposed 1imit should be further investigated. It is
clear that lab-to-lab and within-lab uncertainties should not be ignored,
either in characterizing the chemical durability of a region of glass compo-
sitions, or in the specification of an acceptance criterion.

The results of the microstructural characterization of the sixteen
WV-8801 glass variations indicate that the composition changes within the
region being characterized by PNL do not produce marked changes in the non-
glass phases to be found in these glasses. Though some glass-to-glass
variations occur, differences are subtle and the total amount of crystalline
material is quite small. The formation of these crystalline phases during
melter processing could cause sludge formation in the melter. Further study
of the formation of these crystals should be undertaken.

Four glasses with identical composition (WVCM-50) but with different
redox states were tested to determine the effect of redox state on the chemi-
cal durability of the reference glass. Analyses of the normalized elemental
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releases from the glasses indicate that redox state does not have a statis-
tically significant effect on the chemical durabjlity.

West Valley reference glass (WVCM-50)} was subjected to two types of heat
treatment, then leach tested to determine the effects of thermal history on
glass chemical durability. Two types of heat treatment were used: slow
cooling--simulating glass canister cooling, and isothermal. Cubic spinel-
type crystals [(Fe,Ni)(Cr,Fe)204] and ThOp crystals were observed in all
treated specimens. Hematite-type crystals [(Cr,Fe);03] and Ru inclusions
were observed in most of the specimens. Rapidly cooled glass specimens were
more chemically durable than the more slowly cooled specimens. Based on B
release, the slow-cool heat treatments caused a maximum decrease in durabil-
ity of 40%. The isothermal heat treatments caused a maximum decrease of
100%. Isothermal treatments at 725°C for > 12 h caused the most consistent
decrease in durability, at 44%.

West Valley reference glass (WVCM-50) was tested in four groundwaters to
determine the effect of groundwater on chemical durability. The four
groundwaters tested were PBB1 and PBB3 (bedded salt site groundwaters), J-13
well water (a tuff groundwater), and GR-4 (a basalt groundwater). Ground-
water type was found to have a definite effect on chemical durability, caus-
ing up to a factor of 5 increase in durability, based on B release, as
compared to durability in DIW. The 7-day B releases from the glass were
0.045 g/m? in PBB1, 0.060 g/m’ in PBB3, 0.076 g/m’ in J-13 water, 0.092 g/m’
in GR-4, and 0.209 g/m® in deionized water.
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1.0 INTRODUCTION

The Product Qualification Subtask of the West Valley Support Task {WVST)
at Pacific Northwest Laboratory (PNL) provides support for the waste form
qualification efforts for the West Valley Demonstration Project (WVDP) at
West Valley, New York. West Valley was the site of the Nuclear Fuel Services
commercial nuclear fuel reprocessing facility until operations terminated in
1972, The State of New York then assumed responsibility for the high-level
waste (HLW) stored in underground tanks at the site. The Department of
Energy (DOE) is assisting, through the WVDP, in retrieving and solidifying
these wastes. The site contractor for the WVDP is West Vailey Nuclear Serv-
ices Co., Inc. (WVNS).

The overall objective of PNL’s WVST is to provide the technical support
required by the WVDP, including the transfer of DOE-developed HLW treatment
technology. Specific objectives include 1) providing characterization data
that support the West Valley glass waste form acceptability and 2) assisting
WVNS with the technology and equipment required to successfully vitrify the
high-Tevel waste.

Testing is being conducted by PNL’s Product Qualification subtask to
determine waste form chemical durability in support of West Valley’s waste
form qualification efforts. The effects of composition, ferrous/ferric ratio
(redox state), heat treatment, and groundwater are being investigated. The
results of these studies will help determine the 1limits under which WYNS can
operate their melter system to produce glass that is durable enough to meet
repository acceptance specifications and provide data needed for demonstrat-
ing compliance with these specifications. The chemical durability of the
glass within specified composition variation regions was studied with the aid
of statistical techniques during FY 1987 and 1988. Studies to determine the
effects of redox state, thermal history, and groundwater were conducted dur-
ing FY 1987. Results obtained from studies conducted during FY 1987 and 1988
are presented here.

1.1
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2.0 CONCLUSIONS

Based on the results of the studies conducted during FY 1987 and 1988,
following conclusions were reached:

The Tinear mixture models developed in FY 1987 may be used to
predict how varying composition affects the durability of the
reference glasses (WVCM-47 and -50) within the defined composition
region,

Leach test results indicate that the addition of 0.1 wt% total
noble metal oxides does not significantly affect the reference
glass durability (FY 1987).

The linear mixture models developed during FY 1988 may be used to
predict how varying composition affects the durability of reference
glass WV-8801 within the defined composition region studied.

The chemical durability of the target composition (WVCM-50 with

1 wt% Tess By03 and 1 wt% more Ky0) was not strongly affected by
the variation of glass redox state over the Fe2+/Fe3+ range of 0.07
to 0.42. The pH of the leachate increased with increasing Fe2+/
Fe3+ ratio; however, this rise is probably due to Fe2+ oxidation in

the Teachate (FY 1987).

Certain isothermal heat treatments can cause up to a twofold
decrease in the chemical durability of the target composition.
However, heat treatments that simulate anticipated canister cooling
conditions have no substantial effects on the chemical durability
of this glass (FY 1987).

The target composition is more durable in groundwater than in
deionized water by up to a factor of 5 based on B release
(FY 1987).

A1l glasses tested during FY 1988 had observed normalized B release
rates below 1 g/mz-day or 28 g/m2 based on the 28-day MCC-1 tests.
However, the 95% upper confidence 1imit on maximum B release over
the composition region tested in FY 1988 is 29.3 g/m2 {28-day

2.1



MCC-1, 90°C, deaerated DIW) which accounts for short- and long-term
within-laboratory variability and 41.1 g/m2 when including 20% lab-
to-lab variability.

The normalized release limit of 1 g/mz-day (28-day MCC-1 90°C, DIW,
leach test conditions) suggested by the Nevada Nuclear Waste
Storage Investigations Propject needs to be assessed with the
statistical characterization of chemical durability in mind

(FY 1988).

Lab-to-1ab and within-Tab statistical uncertainties should not be
ignored, either in characterizing the chemical durability of a
glass composition region, or in selecting an acceptance criterion
(FY 1988).

Crystalline phases were noted in some of the glasses and are a
processing concern because of the potential for siudge buildup in
the melter. Further study of the formation of these crystalline
phases should be undertaken.
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The cooling scheme used to treat sample HT-S-3 simulates the temperature
readings observed approximately 20 in. from the top of canister TC-23. This
cooling scheme gives the fastest cooling of the six used. Cooling schemes
used for samples HT-S-4, 5, and & were simulated temperatures observed
approximately 30 in. from the bottom of canister TC-23.

Six samples of a 1.5 kg batch of West Valley reference waste glass were
heat treated. The composition of the glass is the same as that used in the
redox adjustment study. The target oxide and as-analyzed compositions of
these glass samples are given in Table 3.10. The glass was treated in the
following manner. A specified amount of crushed glass was placed in a fused
silica crucible and put in the furnace at 1200°C. When the glass was in a
molten state (after about 20 min), the furnace controller program was acti-
vated. The temperature of the furnace was monitored over time with a thermo-
couple with continuous strip chart read-out. The crucible was removed from
the furnace at a temperature of roughly 100°C, allowed to cool to room tem-
perature, then sectioned and a vertical slice removed and polished. The
slice was then examined and analyses taken with SEM/EDX and x-ray diffraction
{XRD). A portion of the remaining glass, not including glass comprising the
glass/crucible interface, was crushed and sieved in preparation for leach
testing.

3.7.2 Isothermal Heat Treatments

West Valley Nuclear Services (WVNS) specified the specific annealing
heat treatments to be used in this work. The specified heat treatment test
matrix is given in Table 3.11. The matrix consists of five different treat-
ment temperatures and holding times varying from 6 to 240 h. The selection
of this matrix was based on work performed at Alfred University.

A total of 15 samples from three 1.25 kg batches of West Valley refer-
ence glass (labeled DG-WV31A, B, and C) were heat treated. The composition
of the glass is the same as that used in the simulated canister cooling
treatments. Random samples of half of the treated specimens (8 samples) were
submitted for chemical analysis to determine their compositions. These
analyses were used to determine the average compositions of the three glass

3.21



TABLE 3.10. Compositions of Slow Cool Heat Treated Glasses, wt%

As-Analyzed'")
Oxide Terget  HI-S-1  H1:$-2  HT-5:3  KT-S-4  HI-S-5  HI-§:6
AL,y 9.99 10.60 10.32 10.41 10.37 10.33 10.35
B0y 10.69 10.81 10.93 10.82 10.87 10.96 10.90
Bed 0.05 0.04 0.05 0.04 0.05 0.05 0.05
ce0 0.60 0.64 0.64 0.66 0.62 0.6 0.63
tes, 0.07 0.07 0.07 0.07 0.07 0.07 0.07
cr,05 0.18 0.19 0.18 0.19 0.9 0.17 0.19
Cs,0 0.08 0.08 0.07 0.07 0.06 0.07 0.07
Fe,05 12.19 11.85 11.67 11.76 11.81 11.58 1.7
Ko0 2.44 2.30 2.3 2.42 2.20 2.43 2.21
Lagdy 0.03 0.04 0.04 0.03 0.03 0.04 0.04
Li,0 2.63 2.57 2.56 2.55 2.53 2.59 2.55
Mgo 1.3 1.29 1.29 1.30 1.30 1.28 1.30
Hro, 1.31 1.3 1.33 1.3 1.3 1,33 1.36
Mo0y 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ney0 9.58 9.06 9.23 9.15 9,26 9.19 9.13
Nd0y 0.12 0.11 0.13 0.11 0.13 0.11 0.13
Nio 0.28 0.29 0.27 0.9 0.28 0.29 0.28
P,Os 2.52 2.5 2.54 2.51 2.53 2.52 2.56
Pe, 0.0t 0.01 0.01 0.0t 0.01 0.01 0.01
Predy 1 0.03 0.03 0.03 0.03 0.03 0.03 0.03
RhO, 0.01 0.01 0.01 0.01 0.01 0.01 0.01
RWO, 0.08 0.12 0.13 0.12 0.13 0.1 0.13
810, 39.96 41.15 41.41 41.31 41.39 41,22 41.40
Sm,05 0.03 0.08 0.3 0.03 0.3 0.03 0.03
504 0.30 0.3 0.32 0.31 a.31 0.31 0.31
$ro 0.03 0.02 0.02 0.02 0.02 0.02 0.02
Tho, 3.61 2.51 2.48 2.49 2.52 2.62 2.56
Tio, 0.9 0.9 0.91 0.93 0.5 0.92 0.91
uo, 0.56 0.49 0.49 0.49 0.49 0.51 0.50
Yo0y 0.02 0.02 0.02 0.02 0.02 0.02 0.02
210, 0.29 0.52 0.46 0.47 0.43 0.50 0.49
TOTAL  100.02  100.00  100.00  100.00  100.00  100.00 100.00

(a) 1IcP, A, ard Laser fluorescence analyses, mormalized to 100%.
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TABLE 3.11. Isothermal Heat Treatment Test Matrix

Specimen # Temperature, °C Holding Time, h
HT-S-7 - 8 500 120, 240
HT-S-9 - 11 600 12, 48, 240
HT-S-12 - 16 725 6, 12, 48, 120, 240
HT-S-17 - 19 800 12, 48, 240
HT-S-20 - 21 300 120, 240
HT-S-22 (Test Standard) 500 2

batches. No volatility losses of the specimen glasses or other compositional
changes due to the heat treatments were observed. The target oxide and as-
analyzed compositions of these glass batches are given in Table 3.12.

The glass was treated in the following manner. A portion of crushed
glass was placed in a covered fused silica crucible and put in the furnace at
1200°C. When the glass was in a molten state {after about 20 minutes), the
crucible was removed and placed in a heat-treatment oven heated to the speci-
fied temperature. The oven temperature was monitored daily. The crucible
remained in the oven for a specified holding time, then was removed and
annealed for 2 h at 500°C in an annealing oven. After 2 h had passed, the
oven was turned off and allowed to cool over night. The c¢rucible was removed
from the oven, then sectioned and a vertical slice was removed and polished.
The slice was analyzed with XRD and SEM/EDX. A test standard, HT-S-22, was
prepared in the manner described above except that it was not heat treated
prior to the 500°C anneal.

A portion of each heat-treated glass, not including glass comprising the
glass/crucible interface, was crushed and sieved in preparation for 7-day,
MCC-3 leach testing.

3.8 GROUNDWATER LEACH TESTING

One West Valley reference glass was leach tested in four different
groundwaters. The groundwaters used represent repository groundwaters,
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TABLE 3.12. Compositions of DG-WV31 Batches, wt%
| As-Analyzed‘?)

Oxide Target Batch AlP) Batch B{¢) Batch C
Al,05 9.99 11.10 10.99 11.14
B3 10.69 10.53 10.71 10.32
Ba0 0.05 ~0.05 0.05 0.05
Ca0 0.60 0.77 0.63 0.61
Ce0, 0.07 0.00 0.03 0.06
Cr03 0.18 0.18 0.18 0.17
Cs50 0.08 0.06 0.06 0.06
Cu 0.00 0.01 0.01 0.00
Fe,03 12.19 11.74 11.93 11.65
Ko 2.44 2.76 2.74 3.04
13,03 0.03 0.03 0.03 0.04
Lis0 2.63 2.55 2.56 2.50
Mg 1.33 1.25 1.25 1.29
Mn0, 1.31 1.28 1.31 1.28
Mo0 0.01 0.00 0.00 0.00
Nagd 9.58 9.55 q.47 9.24
Nd,03 0.12 0.12 0.12 0.14
Ni 0.28 0.31 0.34 0.32
Po0s 2.52 2.52 2.54 2.56
P30 0.01 0.01 0.01 0.01
Prbyy 0.03 0.03 0.03 0.03
RhS, 0.01 0.01 0.01 0.01
RUO, 0.08 0.08 0.08 0.08
$i0 39.96 39.89 40.39 39.77
SmyB3 0.03 0.03 0.03 0.03
50 0.30 0.30 0.30 0.31
Sr 0.03 0.03 0.03 0.03
Tho, 3.61 2.68 2.33 3.28
Ti0; 0.99 0.93 0.92 0.92
U0 0.56 0.51 0.45 0.51
Y03 0.02 0.02 0.02 0.02
770, 0.29 0.66 0.47 0.51
TOTAL 100.02 100.00 100.00 100.00

(a) ICP, AA, and laser fluorescence analyses, normalized to 100%.
(b) Average of 3 analyses
{c) Average of 4 analyses
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Leach testing was done to determine the effect of different types of reposi-
tory groundwaters on the reference glass durability.

3.8.1 Groundwater Descriptions

Four leachants representing repository groundwaters were used in this
study. Their compositions are given in Tables 3.13 through 3.16. 0One of
these, J-13, is actual groundwater recovered from a well at the Yucca
Mountain repository site selected by DDE for site characterization. The

TABLE 3.13. Composition of J-13 Well Water--Tuff Groundwater Used in
Groundwater Study

Concentration. ppm
As

As

Species Ana1zzed(a)‘ Ana]gzed(b) B]ank(c)
B 0.20 0.132 0.16*
Na 48.20 44.70 44 ,90*
K 6.64 5.11 4,80*
Ca 13.30 12.70 12.60
Si 32.60 27.10 27.60%*
Mg ' 2.17 1.92 1.33
F 2.30 2.20 2.50
Cl 7.09 0.21 7.10
SOa 17.20 18.70 17.00
NO? 7.64 9.6? 8.50
1ctd) 24.20 nale) NA
pH 8.12 8.20(f) 8.26{(9)

(a) ICP, IC and organic C analyses reported by material
custodian. o

(b) Averages, reported by Oversby, 1985.

(c}) ICP and IC analyses of test blank sample. Concentrations
marked with an asterisk were used for correction of test
results.

(d} Inorganic carbon.

(e) Not available.

{(f) pH measured immediately preceding test.

{g) pH measured at test termination.
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TABLE 3.14.

Composition of PBBl Brine Used in Groundwater Study

Concentration, ppm

Species Target As Ana]yzed(a)

Na 124000.0 124000.0

Ca 1600.0 1300.0

Mg 134.0 104.0

K 39.0 87.9

Sr 35.0 13.7

C1 192000.0 185000.0

S04 3840.0 3500.0

Br 32.0 42.0

HCO3 30.5 16.2

(a) ICP and jon chromatograph {IC) analyses.

TABLE 15. Composition of PBB3 Brine Used in Groundwater
Study
Concentration. ppm

Species Target As Analy;ed(a)
Na 25000 + 5000 22900
Ca 18700 + 2000 18500
Mg 62500 + 6000 56600
K 11000 + 2000 12100
C1 240000 + 20000 243000
SOa 250 + 150 209
Br 3400 + 700 3550
{a) ICP and IC analyses.

other three are synthetic groundwaters, prepared with specific compositions,
used in testing the effects of these repository groundwaters on the nuclear
Two of the synthetic groundwaters, PBB1 and PBB3, represent
groundwater generated by a bedded salt site. The other, GR-4, represents
basalt groundwater.

waste package.
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TABLE 3.16. Composition of GR-4 - Basait Groundwater Used in
Groundwater Study )

Concentration. ppm

Species Target As Ana]yzed(a) B]ank(b)
Na 334.0 364.5 349.5*%

K 13.8 14.15 13.8 *
Ca 2.2 2.22 2.2

Si 45.0 43.45 36.3 *
F 19.9 19.9 20.0

Cl 405.0 409,85 420.0

) 4.0 4.2 .8
Icfc) 18.1 19.25 NA(d?

pH 9.70 10.18(e) 9.66(f)

(a} ICP and IC analyses - information supplied by material
custodian.

{b) ICP and IC analyses of test blank sample. Concentrations
marked with an asterisk were used for correction of test
results.

{c} lnorganic carbon.

{d) Information not availabie.

(e) pH measured immediately preceding test.

(f}) pH measured at test termination at 25°C.

The J-13 water is obtained from the J-13 well located on the Yucca Moun-
tain site in Nevada. The reference repository horizon is a welded, devitri-
fied portion of the Topopah Spring Member of the Paintbrush Tuff. The water
from well J-13 has been adopted as a reference water chemistry for experimen-
tal work {Oversby 1985). The composition of J-13 water used in this study is
given in Table 3.13.

PBB1 and PBB3 are synthetic brines developed to support PNL laboratory
work performed to determine the general corrosion resistance of waste package
components in contact with Permian Basin salt and brine derived therefrom.
PBBI represents the brine resulting from dissolution of salt core samples
from a Permian Basin salt horizon considered representative of a bedded-salt-
site repository. The specific salt core sampies were obtained from
G. Friemel Hole No. 1 near Amarillo, Texas, and are representative of the
Cycle 4 salt horizon in that region. PBB3 represents an inclusion brine
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chemistry, i.e., a brine that exists in inclusions in a bedded salt as
opposed to brines resulting from a hypothetical water intrusion, such as
PBBl. The chemical composition of PBB3 was supplied to PNL by the Salt
Repository Project (SRP) in December 1983. The compositions of the PB81 and
PBB3 brines used in this study are given in Tables 3.14 and 3.15,
respectively.

GR-4 water is chemically representative of groundwater found in the
reference repository location (RRL) area of the Grande Ronde basalt formation
underlying the Hanford Site near Richland, Washington (Dill et al. 1985).
This reference synthetic groundwater was developed to be used in tests
including the interaction of groundwater with basalt rock, waste forms, and
engineered barriers. To evaluate the results of these tests, it is impera-
tive that the experiments be carried out using a common groundwater of known
stable constituents. Because of the instability of the water system and
logistical problems associated with collecting and shipping large volumes of
groundwater over long distances, it was deemed necessary to develop a
synthetic groundwater "recipe." The composition of this water is given in
TabTe 3.16.

3.8.2 Leach Testing and Blank Correction

Four samples of a batch of West Valley reference waste glass were leach
tested in the groundwaters. The composition of the glass is the same as that
used in the redox adjustment and heat treatment studies. The target oxide
and as-analyzed compositions of the glass are given in Table 3.17.

The concentrations of the leachates were corrected with test blanks.
This was done with the brine solutions (PBB1 and PBB3) by the analytical
laboratory with matrix matching. A sample of the clean brine was run with a
sample of the leachate brine for the solution matrix matching. The results
reported by the laboratory reflected only those elements which were higher in
concentration in the leachate than the clean brine. The concentrations of
the tuff and basalt groundwater leachates were corrected by subtracting the
concentration of elements found in the blank from the leachate concentra-
tions. This could not be done for Ca concentration in basalt groundwater nor
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TABLE 3.17. Composition of West Valley Reference Glass Used in
Groundwater Effects Study, wit%

As
Oxides Tarqget Ana]xzed(a)
Al,04 9.99 11.32
3263 10.69 10.72
Ba0 0.05 0.05
Cal 0.60 0.58
Ce0; 0.07 0.07
Cro03 0.18 0.00
Cso0 0.08 0.05
Cu 0.00 0.03
FesO3 12.19 11.52
Kzﬁ 2.44 2.79
Lag03 0.03 0.03
Lis0 2.63 2.61
Hgﬁ 1.33 1.26
Mn0> 1.31 1.21
MoO3 0.01 0.01
Nay0 9.58 8.99
Nd503 0.12 0.12
Ni 0.28 0.00
P20s 2.52 2.55
PEOZ 0.01 0.01
Prg0y1 0.03 0.03
RhO9 0.01 0.01
Ru0; 0.08 0.06
Si0 39.96 40.62
Sm263 0.03 0.03
SO 0.30 0.30
Sr 0.03 0.03
ThO2 3.61 3.04
Ti0 0.99 0.96
uo 0.56 0.52
Y253 0.02 0.02
Ir0, 0.29 0.47
TOTAL 100.02 100.00

(a) ICP, AA, and Taser fluorescence analyses,
normalized to 100%.
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Ca and Mg concentrations in tuff groundwater as these concentrations were
higher in the blanks than in the leachates. Both of these must have formed
compounds during the leaching process which precipitated from the leaching
solution. Tuff and basalt groundwater test blank compositions are given in
Tables 3.13 and 3.16, respectively.
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APPENDIX A

G SS RELEASES OF DG-WY
TABLE A.1. DG-WV1 Average Normalized Mass Releases and Corresponding
Uncertainties {7-day MCC-3, deaerated DIW, 90°C)
Normalized Mass Release, q/m2 Test
Standard
Element A(a) B(b) C(c) D(d) Deviation(f) % RSD(g)

Al 0.106 0.096 0.103 0.107 4 .94E-03 4.8
B 0.186 0.148 0.154 0.177 1.80E-02 10.8
Ba 0.000  0.000 0.000  0.001 (h) (h)
Ca 0.002 0.002 0.009 0.005 3.40E-03 76.4
Ce 0.000 0.000  0.000 0.000 0.00E+00 0.0
Cr 0.000 0.000 0.000 0.000 0.00E+00 0.0
Cs 0.104 0.107 0.073 0.108 1.81E-02 18.3
Fe 0.002 0.002 0.003 0.003 0.56E-03 23.6
K 0.021 0.081 0.082 0.045 3.06E-02 53.5
La 0.000 0,000 0.000 0.000 0.00E+00 0.0
Li 0.301 0.221 - 0.214 0.263 4.06E-02 16.2
Mg 0.000 0.003 0.007 0.000 3.40E-02 142.6
Mn 0.001 0.001 0.003 0.002 0.57E-03 31.2
Mo 0.181 0.082 0.149 0.149 5.16E-02 36.5
Na 0.158 0.134 0.139 0.156 1.22E-02 8.3
P 0,105 0.063 0.055 0.088 2.32E-02 29.9
Si 0.116 0.103 0.109 0.117 &.58E-03 5.9
Sr 0.000 0.000 0.000 0.000 0.00E+00 0.0
Th 0.001 0.002 0.003 0.002 0.8B3E-03 38.9
Ti 0.00] 0.001 0.002 0.002 0.35E-03 24.5
] 0.026 0.039 0.038 0.034 6.22E-03 18.0
ir 0.032 0.002 0.003 0.003 1.47E-02 145.0
oH{e)  g9.15 9,22 8.42 9.38

(a) Average of triplicate data, test run began 1-15-87.

(b} Average of triplicate data, test run began 4-13-87,

{c} Average of triplicate data, test run began 5-21-87.

{d) Average of triplicate data, test run began 6-3-87.

{e) pH at test termination at 25°C.

(f) Combined short- and long-term variation in the leach testing and
leachate analysis processes.

(9) The test standard deviation expressed as a percentage of the overall
mean release for each element. ’

{h) Not computed.
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APPENDIX B

MULAS FOR CONFIDENC D RANCE BAN

Formulas for (1-a}100% one-sided upper and two-sided confidence bands
and (1-a)100% / (1-v)100% one- and two-sided upper tolerance bands on a
fitted (least squares) model are presented here.

In general, let the model be represented in vector notation by

y=x'Db (B.1)
where y = normalized boron release (NBR)
b=apx1column vector of estimated parameters
X’ =a l x p row vector whose elements are functions of the oxide

component proportions.

For the Tinear mixture models given by Equations (4), (5), (6), and (7) in
this report, x is just the vector of the eleven oxide component weight frac-
tions, and p = 11.

Now Tet X represent the n x p matrix of x vectors for which we have
data, where n is the number of data points. The matrix X is sometimes refer-
red to as the design or test matrix. Then, for the design matrix X,

Eq. (B.1) can be written in the form

y=Xb

where x is an n x 1 column vector containing the NBR value for each data
point. The least squares estimate of the parameter vector is

b= ntwy (B.2)
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and the predicted NBR at any compesition x is given by
A A
y{x) = x" b (B.3)

The (1-a)100% one-sided upper and two-sided confidence bands on the fitted
models are given by Equations (B.4) and (B.5) respectively,

Y0+ \Jp Fy_pa(p) % (x'X) x o (8.4)

y{x) & \ﬁ; FiotP2 @) X' (x'X) " 'x o° (B.5)

A
where y(x)

the predicted value from the fitted model at composition x

X = a p x 1 vector of oxide component weight fractions corre-
sponding to any glass within the compositional region

F1-2a(p’q) = {1-2a)100th percentile of the central F-distribution with p
numerator and q denominator degrees of freedom

Fl-a(p’Q) = {1-a)100th percentile of the central F-distribution with p
numerator and q denominator degrees of freedom
p = the number of parameters in the model
q = the degrees of freedom associated with the estimate of o
32 = estimate of experimental error variance.

The {1-a)100% / {1-v)100% one-sided upper and two-sided tolerance bands on
the fitted models are given by Equations {B.6) and (B.7} respectively,

yix) + 3{ Jp Fl.afPsa) X’ (5’5)'15 t 7y [Zg-a)—]l/z } (B.6)
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y(x) 3{ P Flg2(Ped) X (XX x4z [L]”z } (8.7)
£/p (@

where 21—7 = the (1 - ¥)100th percentile of the standard normal

distribution
xi(q) = the (ath) percentile of the central chi-square distribution
with q degrees of freedom
21_7/2 = the (I - +4/2)100th percentile of the standard normal
distribution
xi/z(q) = the {a/2th) percentile of the central chi-square distribution

with q degrees of freedom.

Formulas (B.4) through (B.7) are extensions of the formulas given by Miller
{1981, p. 124).

For 95% one-sided upper and two-sided confidence bands and 95%/95% one-
sided upper and two-sided tolerance bands, @ = 0.05 and v = 0.05. The
quantity 3 in equations (B.4) through {B.7) used to produce the confidence
and tolerance band-based results given in Table 27 of this report were
obtained via

A A
g = y(x) * %RSD (B.8)

where %RSD is either the within-lab or within-l1ab and lab-ta-1ab %RSD from
Table 4.9 of this report.
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APPENDIX C

SHORT-TERM, LONG-TERM. AND LAB-TO-LAB VARIATIONS IN
GLASS ANALYS TING, AND LFACHATE ANALYSES

C.1 INTRODUCTION

In order to carry out the statistical approach for characterizing
normalized boron release over the WV¥-8801-based compositional region, it was
necessary to obtain estimates of the short-term within-lab, long-term within-
lab, and lab-to-lab standard deviations for the leach testing (including test
preparation), leachate analysis, and glass analysis processes. To ohtain
information on the three lab-to-1ab standard deviaticons and additional infor-
mation on the six short- and long-term within-lab standard deviations, a
limited "1iterature review" was performed. The results of the review are
summarized in this appendix and an evaluation made regarding the uncertainty
in normalized boron releases.

C.2 STANDARD DEVIATION OF NORMALIZED BORON RELEASE

The normalized boron releases (NBR) from the 7-day MCC-3 and 28-day
MCC-1 and tests were computed as per Equations (1) and (2}, respectively.
The basic formula is repeated here for convenience:

NBR = C / (F * (W * SA)/V) (C.1)

where NBR
C = concentration of boron in the leachate (ppm or g/m3)
F = fraction of boron in glass = (.311 g B/g Bo03) * wt% Bo03 in
glass)
W = weight of glass sample leached
SA = surface area of glass/g of glass (mz/g)
V = volume of leachant (m3).
Within the West Valley Support Task (WVST), it has been the practice to use
the nominal SA/V value selected for the tests (10 m-1 for MCC-1 tests and

normalized boron release (g/mz)
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2000 m'1 for MCC-3 tests). This is acceptable provided the actual SA/V
values vary randomly around the nominal value, in which case the variation in
SA/V in different tests will be observed as a variation in the elemental
release concentrations, C, and thus be accounted for in the standard devia-
tion formula below. However, the variability of NBR due to variations in
SA/V cannot be separately estimated.

The standard deviation of a single normalized release value (i.e., the
value from a single analysis of leachate from a single leach test performed
at a singie lab) can be obtained via the general formula:

SD(NBR) = NBR {[SD(C)/C]% + [sD(W)/w1%30-5 (C.2)

The quantity SD{C) in {C.2} is given by the formula

SD(C) = (s + s2 + ... + 5503 (C.3)
1 2 6
where ] = short-term Teach test standard deviation
Sy = long-term leach test standard deviation
Sq = lab-to-lab leach test standard deviation
Sq = short-term leachate analysis standard deviation
Sg = long-term leachate analysis standard deviation
Sg = lab-to-1ab leachate analysis standard deviation.
and it is assumed that the short-term, long-term, and lab-to-lab random
errors in the leach testing (including sample preparation} and leachate
analysis processes are independent.
The quantity SD{W)} in {C.2) is given by the formula
_ 4.2 2 2,0.5
SO(W) = (s? + sg + sg) (C.4)

where s, = short-term glass analysis standard deviation for B03
in the glass

sg = long-term glass analysis standard deviation for B03
in the glass
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Sg = lab-to-1ab glass analysis standard deviation for By03
in the glass

and it is assumed that the short-term, long-term, and lab-to-lab random
errors in the glass analysis process are independent. Note that S7> Sg» and
sg have values for each oxide component in the glass, but only B303 is of
concern here relative to computing the uncertainty in normalized boron
releases.

In the following section, the results of the literature review to
collect information on previous estimates of 51 through Sg are given.

C.3 RESULTS OF LITERATURE REVIEW

Tables C.1 to C.7 contain the results of the literature review for
estimates of short-term within-Tab, long-term within-l1ab, and lab-to-Tab
standard deviations. Leach testing (including specimen preparation) and
leachate analysis standard deviations are given in Tables C.1 to C.4, while
glass analysis standard deviations are given in Tables C.5 to C.7. Results
in Tables C.1 to C.4 are given for "as-analyzed" concentrations and normal-
ized releases of boron. Because boron is the element of most interest,
literature review efforts focused on collecting B information. The
"as-analyzed" B concentration values are the ones directly applicable to
Equation (C.3), but the normalized release values can also be used when
working with % relative standard deviation {%RSD) versions of Equations (C.2)
and (C.3). Specific discussions of each table are given below.

Tables C.1 and C.2 summarize short-term within-lab standard deviations
for the leach testing and leachate analysis processes. Table C.1 presents
results for MCC-1 testing of several glasses, while Table C.2 presents
results for MCC-3 testing of several glasses. The "Proc. SD" and "Anal. SD"
columns in Tables C.1 and C.2 contain estimates of 51 and Sy respectively.

.3
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TABLE C.1.

Wv/MCC-1
W /MCC-1
WV /NCC-1

w/MCC-1
WY /MCC- 1
WY /MCC-1

NCC-D2
MCC-D2
MCC~D2
MCC-D2

NCC-D1
WCC-D1
MCC-D1
WCC-D1
MCC-D1

Averasge
Ralsass

LTl T

As Analyzed (mgjL)

2.832

#2.121
2.064
2.932

2.938
®.398
2.859

2.148

9.034
2.829
B.847

2.028
3.948
@.e32

=5H35% S50 »T0 L

SEhEN

5D

-162
.128

867
286
.1e1
.948
481
.e87

D42

Short-Term Procedural and Analytic Uncertainties in Boron Concentrations from MCC-1
Testing at 90°C in DIW

Blank Correacted snd Normalized (g/m~2)

Total Proc Anal . Total Totwel
% RSD 50 50 $D % RSD
2.108 Q.054 2.130 2.1
B3.249 2.226 2.268 3.9
4.9 - @.319 3.8
1.5 242 B.0492 2.267 2.4
2.9 12.6 8.384a 2.8+
1.5 11.8
1.3 12.8
2.1 11.8 —-— -— A.266 2.2
4.1 13.2 -— —— 9.552 4,2
1.8 13.4 B.164» 1.2=
7.4 16.8
1.4 13.8
13.8 a.89a 9.0E6 9.1156 a.8
2.8 16.4 -— -— 2.183 1.1
14.9 2,000 a.182 a.219 1.4
18.2 3,406 2.106 B5.437 2.7
18.86 2.193 a.280 B.344 2.1
9.2 12.8 -—- -—— 1.93 @.B
11.8 14.6 -~ -—— 1.73 11.8
13.9 17.3 -_—— - 2.28 13.3
3.2 18.6 —-—— —-—— 2,833 a.3
9.8 20.6 -— - 2.228 a.8
1.2 7.2 —— —_—— @8.373 1.4
1.7 11.1 -—- -—— #.293 2.8
a.1 14.6 —— - #.086 a.1
8.3 18.2 - - 1.38 8.4
1.9 3z2.4 -— -—— 1.18 3.8
3.7 81.2 —— -— 1.72 4.8
2.0 a6.7 -_— ~—— 2.33 2.7
3.9 119.98 —-— —_—— 4.98 4.2
19.7 48.7 -— -—— g.24 20.2
5.8 64.1 —— —-— 3.3l 8.1
23.3 85 .6 —_—— —_—— 0.8 23.4
2.6 188.7 —-—— —-—— 1.0 4.8
1.8 111.3 -— -—- 5.7 6.1

ATT entries (except those macrked “"«"} are sstimetes of shert-term

analysis of a single MCC-1 test at 92oC in DIW,

uncertainty in boron releass from = mingle

*Short-term”™ with respect to the Analytic 5D refers to the

fact that repeat ansiyses were usually performed within a few mintues, while with respact to the Frecedural SD

1t refers to the fact thet tha replicate WMCC-1 tests were conducted st the ssme time.

Where only one annlysis

per laachate was performed, ths snelyses for the replicete-test leschates ware anslyzed withln minutes of

Entries marked "«* gra basad on boron concantretions averaged over the repest leachate snulyses.

Hence,

they underestimate the uncartainty desired (the uncertsinty in a single analiysis vaive from s single test}.

Entries of "——-" jndicate that it wss not possible to sepsrste the procedural and snalytic scurces of varistion.

[ ] Date Teat
Gluss Days Bagsen
ARM-1 3 11716783
7 18/28/83
7 2/28/88
14 18/28/83
27 2/28/88
28 10/31/83
28 1/1/88
28 8/20/88
28 5/29/97
55 2/28/88
68  11/22/83
Ga T/1/86
21 18/28/83
81 5/29/87
182 1@/28/83
3184 128/28/03
548 11/22/83
CUA aka 28 6/2w/87
WYCM-50 58 6/29/97
o1 5/29/87
CTS 28 8/28/88
31 4711787
91 471187
ATW-19 28  11/18/68
67 11/18/86
21 11/1a/88
SRL-131 28 3/31/82
91 a/24/02
182 3/24/82
a8k aj24/02
PML 28 9/28/90
18-68 58  18/1E5/88
a1 19/16/8&
182 18/16/88
386 18/1E/8@
Notes: {1}
sach othar,
(2)
(3)
(4

Biank antries were not computed due to Isck of time or the required date.

given time and the asppropriste datas.

All such entries could be computed



§°2

TABLE C.2. Short-Term Procedural and Analytic Uncertainties in Boron Concentrations from MCC-3
Testing at 90°C in DIW

As Analyzad (wmg/L) Blank Corracted and Mormalized {(g/m"21)

Test &k # Date Test Avarage Proc. Anal. Totwl Total Froc. Anal. Total Total
Glesa Days Bagan Report Releosse 5D SD so % RsSD sD S0 50 % RSD
Modified MCC-3

wy-1 7 1/8/87 ne 14.982 - —_— 9.199 2,71 -—— -— 2.8812 p.70
wy-1 7 4 6/87 fis 11.29 - -—= 2,100 2.09 - - #.6013 g.88
wy-1 7 B/14/87 ne 11.33 -_— —_— @2.23 2.04 - — -— 2.6031 2.93
wy-1 7 E/27/87 na 12.93 - —_—— 2.262 1.86 - -— a.0024 1.64
WyY-2 7 1/8/87 na 14.4@ -— -— a, 100 B.89 -—— -— 9.8013 9.88
wy¥-3 L 1/8/87 fnie 13.72 -—— -—= 9.0 2.0 - -— 2.8 2.0
WY-4 7 1/a/87 ne 17.43 -——— -— 9.280 1.88 - -— a.0039 1.86
wY-5 7 1/8/87 ne 17.63 -— - 9.116 f.88 -— - a.8M156 2.88
w-@ 7 1/8/87 na 14.17 - -—— 2.058 9.41 —— -— 2.0008 2.43
wy-7 7 1/8/87 na 14.29 -—= -—- 9.173 1.22 - -— 9.0922 1.22
wY-B 7 1/8/87 na 8.72 -— -— 2.020 n.23 -— - 2.0084 2.24
w156 7 B/14/87 na 20.83 —— -—= 2.163 B.74 - - -— 2.0019 e.74
w-18 7 6/14/87 na 14.17 -—- -— 3.208 1.47 -— -— 9.0027 1.68
w-1T T E/14/87 na 18 89 —_— -— 2.173 1.84 -— - 2.9028 1.04
wy-18 7 E/14/87 na 13.07 - -—= 2.0668 0.42 - —-—— a.0909 D.42
w19 7 E/14/87 na 12.93 -— -—- 2.321 2.48 -— -— @.0861 2.49
wy-20 7 6/14/87 ne 0.79 - -—- 2.2689 2.76 -— - 0.004] 2.76
wv-21 ? Bf14/B7 na 12.88 -— -— .08 2.34 -— —_— 2.0048 2.38
wyY-22 7 B/14/87 na 13.27 -— -— .a7%9 2.856 - -— @.9062 Z2.94
wy-23 7 E/27/87 na 18.80 -— —— 2,308 1.87 -——— - 2.00239 1.88
Wy -24 7 5/27/87 na 15.83 -— -—- 2.116 2.73 -—— —_— 2.0014 e8.72
WY_25 ¥ 5/27/87 na 12.19 -—— -— 2.190a 2.83 -—— —_— P.2A16 2.84
wY-28 7 B/21/87 na 14,20 -—— -—- 9.108 8.79 -— - p.ae12 ©.78
wy-27 ? k/2r/07 na 18.63 -—- -— 2,404 2.87 _—— —_— 0.9862 z2.88
wY-29 7 5/27/87 na 12.43 -— — 9,208 1.87 --- -—- [ -} 1.88
wy¥-29 7 5/27/87 na 14.79 ——— ——— 2.4 2.9 -_— -— 2.9 2.0
wy-aa 1 B/21/97 na 16.12 -——— -— a.173 1.16 - -—— P.9823 1.13

»>
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Taat &
Glass
WCC-3
& ARM-1

[
Cays
18
3D
58
122
182

TABLE C.2. {contd)

Ax Analyzed (mg/fL) Bisnk Correctad and Hormalized (g/m*2)

Date Test Avarage Proc. Ansl, Total Totsl Avarsge Proec. Anai.-_--;;;;T--_;;;;I

Bagan Report Relasse 5D b1 5D %X RSD Release 5D 50 ) % RSD
8/26/84  WCC-DB 12.8 -—- -— 8.188 1.3

a/26/84 MCC-D8 14.9 - -—— 8.132 9.9

1@/2/64  WCC-D8 17.1 a.oeee @.385 2.39) 2.2
18/19/84  MCC-D8 21.2 a.811 9.238 8.868 1.1

B/e/84 MCC-DA 21.4 1.1 9.088 1.3 8.1

B/28/8T Wy JuCC-3 12.1 - -—= 2.588 4.7 2.4E8 - -— 8.022 4.7
8/18/87  Wy/MCC-3 11.4 —-- ——- — - 0.432 - - --- ---
as18/87 Wy JuCC-3 16.3 - -— 2,959 a.5 - B.580 — —-_— 8.817 2.9
6/28/B7 WY MCC-2 11.8 -—- -— 2.118 1.1 8.491 —— - 9.211 2.8
ajiazaz? Wy /WCC-3 18.1 - -—— 2.0568 2.8 9.388 - -— 2.009 2.6
a/1a/87y wy SWCC-3 14,9 —-—— -—— 2.231 1.8 8.542 - ——— 2.216 2.8

2)
(3)

(0

{5}

All entries are estimates of short-term uncertainty in boron releass from » single snslysis of a single WCC-3
test at BPol in DIW. "Short-term® with respect to the Analytic SO refers to fact thst repeat analyses were
usualiy performad within s few mintues, while with respect to the Procedursl 50 it rafers to the fact that
replicete MCC-3 bests were conductead st the mame time. Where only one sanalysis per leachate was performed,
the ansiyses for the replicate-test leschates ware anslyzed within minutes of sach other.

Entries of "---* indicate that it was not possible to separste the procedurasl and snalytic sources of veristion.

Blank antries were not computed dus to lack of time or the required deta. AlJ such sntriss could be computad
given time and the sppropriaste dats.

The MWCC-3 test calls for continuous agitation, while the modified MCC-3 test (MCC-3M) involved agitation only
once a day.

For the WCC-35 resulits on ARM-1, the "As Analyzed” results are actually based on blank corrected and volume
normalized values.



L3

TABLE C.3.

Test & (]
Glmss
MCC-1 & 7
ARM-1 28
.1:]
91

(2)

(3)

(1)
()

(8)

Days

Long-Term Procedural Plus Analytic, Short-Term Procedural, and Short-Term Analytic

Uncertainties in Boron Concentrations from MCC-1 and MCC-3 Testing at 90°C in DIW

Avarage
Relense

As Anelyzad (mg/L)

Lang-Term ----Short-term----
5D Proc. 5D Anal. SD
a.178 2.8064 9.838
8.317 3,204 @.836
1.340 ———- ©8.185 --—-

Blank Corrected and NHormallzed {g/m"2)

Totwl " Long-Term --—-Short-term---- Total Total
X RSD gD Proc. SO Anal., SD sD % RSD
4.6
T.8
18.9 2.188 2.818 —-———— 3.0826 ----- a.018 1a.8

Long-term SDs are estimates of the uncartainty in boron relesse due to Lime-releted rendom variations in the

UCC-1 test procedure and in the leachate anaiysin procedura.
and the resulting leachate snalyzed once, the boron release is sti{l) subject to long-term variation.

Although s test may only be parformad once
Tha fact

that tests ware performed at several times on replicste spacimens with repsat leachate analysss allowad the
saparation of the long-term procedural plus snalytic, short-term procedursl, and short-term snalytic standerd
The short-term varistions are intarpratad ss explained in Mote (1) of Tabla 1.

daviations.

Resulte from
rasults from
other 28-day

Results from
results from
other E6-day

Rasulta from

five times wore used to develop the ARM-1, 28-day MCC-1 stenderd devistions above,

The 2T-day

2/28/98 (see Table 1) were treated as 28-day results, since they fall within the range of the

rasults.

thres times ware used to develep the ARM-1, EB-desy M{C~1 standard deavistions above.

Tha ES5-day

2/28/86 (ses Table 1) were treated as G8-day results, since thay fell within the range of the

results.

four Limes were used to develop the Wy-1, 7¥dty WCC-3 standard davistions abovae.

Entries marked by ®"---" indiceste that the short-term procedural and analytic standard devistions couid not
be separately sstimated becauase only one analysis per Isachate was performed.

Biank sntries wers not computed dus to lack of time or the required dets.

given time and the appropriste data.

Al) such entries could be computaed
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TABLE €.4. Lab-to-Lab Uncertainties in Boron Concentrations from 28-Day
MCC-1 Testing of NBS Glass, MCC 76-68 Glass, and UK209 Glass
at 90°C in DIW

Round Concentration Average Horm. Within-Lesb Batween-Labs Tetel

Robin (w) Rangs {ppm) Relesse (g/m~2) sD NRSD 1] XRSD sb

MCC 78-88 T.56 - 18.@ 38.8 a.97 8.4 11.2 -;i.ﬂ -;;-;- -;;_;-
MCC NBS 17.9 2.88 18.2 11.4 83.8 11.8 68.8
CEC X 2989 2.4 - 4.9 19.6 a.42 4.0 2.9 19.0 2.1 19.4
Mokes: (1) The concentration range and average relesse information is with respect to sl labs

participating in the round robin.

(2) Tha within-iab SD snd %R5D sbove involves only short-term veristion to the sxtent Lhet
the replicate tests performad by a given lab were conducted and leachates snalyzed st the
same time. The round robin tast plan did not provide for estimating the long-term within-lab
variation. Thus, an unknown portion of the betwesn-labs 50 snd IRSS may be mttributable
to Jong-term within-lab variation.
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(b}

(<)

(d)
(®)

TABLE C.5. Short-Term Uncertainties in Boron Glass Analyses by ICP(a)

ARM-1 (b} ATM-18 (c) CTS (d) CUA (@)
idesn WEX  SD X RSD  Mean WX 5D X RSD X RSD
5.80 8.04 8.7 €.848 9.8209 0.3 a.7
11.8 8.86 0.6 9.186  2.882 0.9 1.8
2.686 8.68 .8 8,846 0.8013 2.9 6.3
2.28 2.81 2.4 2.804 8.036 5.8 5.3
1.7 8.8 8.7 9.972 ©.8813 1.8 4.8
— - --- 2,237 8,011 4.8 2.4
1.1 - -— 9.8472 6.901F 2.1 2.3
_——— ——— -— 11.527 8.21 1.8 8.9
-——— - -— 3,344 9.13 3.9 6.0
_—— — -—- ?.026 a. 082 5.9 11.1
6.08 2.80 1.2 2.881 2,828 1.9 1.7
———- —— -— 1.153 0.0208 2.8 0.8
-— 1.293 @.9219 1.7 1.2
1.88 .- - - —
®.92 10.526 8.50 4.8 a.p
—— 2.298 2.0136 4.8 1.5

6.83 2,149 2.0022 1.4

2.57 2.34¢  ©.258 11.8

—— 2.012 9.8018 16.98

S 2,081 2.8108 17.7

— a.307 #.08D6 29.2

48.1 45.838 2.39 5.2

8.47 . 8,826 0.0010 4.8

——-- -—- 3.200 ©.8336 1.8

3.43 2.8 0.858 @.9246 2.9 .
-l -- #.627 9.8171 3.2 ---
— —- —- 8.817 0.8008 4.T - — —
1.52 2.a1 0.7 — _— - -——— S ---
1.96 2,02 1.0 @.247 9.8218 9.7 2.97 8.07 2.4

Rasults in this table are based on as-snalyzed waight percent values, ocbtwined by ICP. In a few casas the
rasults were cobtained by AA or EDXRF.

Besed on duplicate analyses of thres samples (.:c.gt only one snalysls for Cs). The duplicate analysss may
have baen -vor.?.d bafore conputing SD end XRSD, which would laad to sn underestimate of bhe uncarteinty in
a single analysis of a single spscimen,.

Dased on duplicate snalyses of six ssmples. The duplicate snalyses msy have been averagsd before computin
SD and %RSD, which would lasad to an underestimate of the uncertalnty in s single snalyais of » ningle specimen,

Bassd on one analysis aach of thres samples.

Based on one analysiz sach of two samples.
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(b}

SRL~131 (b)
Mean WLXN 50
3.86 B.19
?.84 a.18
#.81 9.a9
1.04 3,84
.24 2.1
8.19 a.a4
2.30 #.01
14.28 @.84
B.12 ————
8.33 2.91
3.80 @.06
1.24 a.92
4.17 2.18
14.77 9.22
1.54 a.e7
9.456 2.81
2.18 9.81
36.a80 2.41
5,14 8.91
.76 @.91
1.02 9.04
2.31 2.a1

Results in this table are based on as-ansiyred weight percent values, obtained by ICP.

-
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TABLE C.5.

MCC 78-88 (b)

(contd)

4.87
1.76

resuits were obtained by AA or EDXRF.

f.32
2.81
9.82

2.83
o.a7

[N AR - N

1 oGhe 5 R QDD

Based on a single snalysis of each of three samples.

In 3 faw cases the



TABLE C.6. Combined Short- Plus Long-T?ET(a) Within Lab
Uncertainties in Normalized Glass Analyses
for Glasses WV-1, WV-2, and WV-15 to WV-30

WVCM-50/ Largest Pooled Largest Pooled

Oxide  WV-30 Wt% SD (c) SD %RSD (c)  %RSD (d)
A1203 10.265 0.438 0.196 3.6 1.8
B203 11.820 0.233 0.126 1.7 1.1
Bal 0.200 0.007 0.005 9.7 5.4
Ca0 0.825 0.177 0.049 21.2 6.7
Ce02 0.670 0.085 0.043 39.9 22.7
Cr203 0.145 0.035 0.012 20.2 8.0
Cs20 0.045 0.014 0.009 28.3 18.1
Fe203 11,470 0.375 0.159 3.1 1.4
K20 1.810 0.643 0.395 59.8 24.3
Li20 2.125 0.205 0.066 12.4 3.7
Mg0 0.945 0.106 0.053 13.8 6.3
Mn02 1,205 0.071 0.025 2.9 1.2
Na20 9.640 0.757 0.422 7.9 4.4
NiQ 0.340 0.240 0.055 68.7 16.1
p205 2.465 0.318 0.160 20.4 7.8
5102 40.040 0.566 0.282 1.5 0.7
Tho2 3.125 0.848 0.239 22.6 7.4
Ti02 0.820 0.049 0.024 7.1 2.6
uoz 0.620 0.134 0.047 22.3 8.7
irQ2 0.615 0.198 0.088 26.6 14.9

- —

(a) WV-1 (WVCM-47) was analyzed twice each on 1/2/87 and 6/3/87, and once
each on 6/11/87 and 7/7/87. WV-2 was analyzed twice on 1/2/87.
Glasses WV-15 to WV-22 were analyzed once each on 6/3/87 and 6/11/87,
Glasses WV-23 to WV-30 were analyzed once each on 6/3/87 and 7/7/87.
While it is possible to separately estimate short-term (i.e., within
day} uncertainty for WV-1 and WV-2, it is not possible to do so for
the other glasses. For simplicity, all analyses for each giass were
treated as if they incorporate both short- and long-term uncertainty.
This results in a combined estimate of short- plus long-term uncertainty
for each oxide component.

(b) Results in this table are based on normalized (to 100%) weight percent
values obtained from the as-anaiyzed weight percents. The results are
quite similar for the as-analyzed {(unnormalized) data.

(¢c) The largest values of SD and %RSD indicate the range of values for each
quantity over the 18 glasses considered. The %RSD values are relative to
the mean composition of each glass, not relative to the WVCM-50 (WV-30)
composition given above. The WVCM-50 (Wv-30) composition is listed as
representative of the region of compositions covered by these glasses.

(d}) The pooled SD and %RSD values are "combined" estimates over the
individual SDs and %RSDs for each glass.

C.11



TABLE C.7. Lab-to-Lab Uncertainties in ARM-1 Glass Analyses
at Three PNL Labs

SD %RSD SD %RSD Total Total
Oxide  Mean Wt% Labs Labs Days Days SD %RSD
A1203 5.89 0.128 2.2 0.102 1.7 0.164 2.8
B203 11.85 0.459 3.9 0.225 1.9 0.511 4.3
Ba0 0.66 0.013 2.0 0.009 1.4 0.016 2.4
Ca0 2.22 0.050 2.2 0.036 1.6 0.062 2.8
Ce02 1.27 0.0 0.0 0.121 9.5 0.121 9.5
Li20 4,95 0.237 4.8 0.074 1.5 0.248 5.0
Mo03 1.83 0.0 0.0 0.036 2.0 0.036 2.0
Na20 9.55 0.220 2.3 0.377 3.9 0.436 4.6
Nd203 5.80 0.064 1.1 0.074 1.3 0.098 1.7
P205 0.55 0.033 6.1 0.079 14.4 0.086 15.6
5102 43 .52 1.41 3.2 0.800 1.8 1.62 3.6
Sro 0.46 0.006 1.4 0.007 1.5 0.009 2.0
Ti02 3.36 0.095 2.8 0.054 1.6 0.109 3.3
Zn0 1.48 0.012 0.8 0.027 1.8 0.030 2.0
Zr02 1.99 0.093 4.7 0.048 2.4 0.105 5.3

- A

Note: Results in this table are based on as-analyzed (not normalized to 100)
weight percent values. Each lab analyzed ARM-1 glass several times a
day on four or five days over a two week period during April 1986.
The results were not previously published, and it is unclear whether
the "Days SD" includes within day uncertainty with respect to single
determinations, or with respect to the average for the day. Thus,
although ft is clear that the Total SD and Total %RSD contain
lab-to-l1ab and long-term (between days) uncertainty, it is not clear
whether the short-term (within day) uncertainty is fully represented.

Where it was not possibie to separately estimate | and 54 the "Total SD"

column contains combined estimates of (s% + 52)0’5.

Table C.3 contains estimates of long-term within-1ab standard deviations
for the leach testing and leachate analysis processes. It was not possible
to separately estimate the long-term standard deviations for these two pro-
cesses, so a combined estimate [i.e., (sg + sg)o’s] is given in the "Long-
Term SD" column. The "Short-Term” column contains pooled estimates of 51 and

Sy (over the multiple times a given glass was tested).

Table C.4 contains results on lab-to-lab standard deviations from 28-day
MCC-1 tests at 90°C in DIW {or the equivalent thereof in the case of the CEC

c.12



results). The results are for normalized releases, and do not separate out
the leach testing, leachate analysis, and glass analysis standard deviations.
Because each Tab only performed the leach testing (including specimen and
leachant preparation) and leachate analysis, the results in Table C.4 do not
include an estimate of glass analysis uncertainty. Roughly speaking then,
the "Between-Labs" columns in Table C.4 provide estimates of the contribu-
tions of Sq and Sg» However, it is not clear to what extent this lab-to-lab
variation {which is very large) is actually composed of long-term within-lab
variation. The "Within-Lab" columns only deal with short-term within-lab
variation.

Table C.5 contains short-term glass analysis standard deviations (i.e.,
37) by oxide for six glasses. Although some of the glasses contain similar
weight percents of certain oxides, the standard deviations vary quite a bit
(e.g., the Si0p values range from approximately 39 to 46%, but have relative
standard deviations ranging from 0.5 to 5.2%).

Table C.6 contains combined estimates of short- and long-term glass
analysis standard deviations [i.e., (sg + sg)o’s]. Seventeen different
glasses were analyzed twice each at different times, and another glass was
analyzed six times. The maximum standard deviation (for each oxide compo-
nent} over the 18 glasses is Tisted (the minimum was nearly always zero).
The results were also "pooled" over the 18 glasses to give an idea of the
"average" standard deviation for each oxide.

Table €.7 contains estimates of lab-to-lab glass analysis standard
deviations (i.e., sg) by oxide. The estimates are based on analyses of ARM-1
glass by three different PNL labs. Because the three labs used similar pro-
cedures and performed the analyses in the same time frame, the variation
observed may be less than what would have been observed if the labs were not
“related" and the analyses were spread further apart in time.

C.4 EVALUATION OF LITERATURE REVIEW RESULTS

Table C.8 contains a summary of the standard deviations contained in
Tables C.1 through C.7, presented as %RSDs to simplify the presentation. The
results vary quite a bit from study to study and glass to glass, so ranges
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TABLE C.8. Summary of Relative Standard Deviations from Tables C.1-C.7
and Estimation of the Uncertainty in a Single Normalized
Boron Release Value

% Relative Standard Deviation

Process & Source of Uncertainty MCC-1, 28-day MCC-3, 7-day
Short-Term Within-Lab Leach 1 - 16% 0.7 - 4.7%
Testing and Leachate Analysis "Avg"= 2-3% "Avg"= 1.5-3%
Long-Term Within-Lab Leach 4 - 6% (a) 11% (a)

Testing and Leachate Analysis

Lab-to-Lab Leach Testing 19 - 64% (a),(c) (b)
and Leachate Analysis

Short-Term Within-Lab = «+seeane--- 0.5 = 2.5% ==-cmememen
Glass Analysis--8203

Long-Term Within-tab = =—=ccmeeee- 0.5 - 1.5% (a) -------
Glass Analysis--B203

Lab-to-Lab Glass 00 ee-memememooo- 5% (a),(c) --=-----
Analysis--B203

Total Standard Deviation 20 - 6b% 22 - 65%
of Normalized Boron Release

(a) These values are fairly uncertain as they are based on
limited data.

(b} No studies with multipie labs conducting MCC-3 tests have been
performed. For purposes of computing the normalized boron
release total standard deviation, the range of 19 - 64% from
the MCC-1 tests was used.

{c) The lab-to-tab variation may also include long-term within-lab
variation, It was not possible to separately estimate these
two sources of variation.

have been presented in Table C.8. It is clear that the total uncertainty
{including all short- and long-term within-lab and lab-to-l1ab variations) in
normalized boron release is probably at least 20% for both the 28-day MCC-1
and 7-day MCC-3 tests. The total uncertainty may be as high as 60 to 70%.
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Analyzing glasses more than once, performing leach tests on a glass more
than once, and performing more than one analysis per Teachate--and then aver-
aging the normalized releases--can be done to reduce the uncertainty. How-
ever, these repeated activities would have to be performed at different times
at different 1abs to reduce the long-term within-lab and lab-to-l1ab contribu-
tions to the total uncertainty. The usual practice of repeating leach tests
and leachate analyses at the same time at the same 1ab (and averaging the
results) only reduces short-term within-lab uncertainties, which appear to be
a small contributor to the total uncertainty. Lab-to-lab and Tong-term
within-lab varjations are the main contributors to the total uncertainty.
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APPENDIX D

STIMATES OF SHORT- AND LONG-TERM WITHIN-LAB UNCERTAINTIES
BASED ON REPEAT GLASS ANALYSES, REPEA CHAT SES

AND REPEAT LEACH TESTS

This appendix contains estimates of short- and long-term within-lab
percent relative standard deviations (%RSD) associated with the glass
analysis, leachate analysis, and leach testing processes. These results were
obtained from FY 1988 work in which certain glass analyses, leachate
analyses, and leach tests were repeated over time.

Tables D.1 through D.3 contain %RSDs from repeated compositional
analyses of three glasses: Corning-A, ARM-1, and NBS-SRM-1411. These
results are not of direct interest, but provide supporting information for
the %RSDs of the repeat analyses of three FY 1988 composition variation
glasses, DG-WV33, DG-WV34, and DG-Wv44. The %RSDs for these three glasses
are given in Table D.4. Details on the number of repeat analyses and the
interpretation of the %RSDs reported are given as footnotes in Tables D.1
through D.4.

Table D.5 contains the %RSDs from repeat analyses of leachates from
7-day MCC-3 and 28-day MCC-1 tests of glasses DG-WV33, DG-Wv34, and DG-WV44,
Note that aliquots of the same leachate for each glass were analyzed repeat-
edly, so that only leachate analysis uncertainty is estimated.

On the other hand, Table D.6 contains %RSDs from repeat 7-day MCC-3 and
28-day MCC-1 leach tests. Hence, these %RSDs include variations in the leach
testing procedures as well as in the leachate analysis procedure. It is
interesting to observe that the %RSDs in Table D.6 are of approximately the
same magnitude as those in Table D.5. This indicates that the variation in
results due to the leach testing process is very small compared to the varia-
tion in leachate analysis results.
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TABLE D.1. Short-Term, Long-Term, and Total Within-Lab %RSD in As-Analyzed

{(Unnormalized) ICP Analyses of Corning-A Glass

Short-Term Long-Term Total Total

Oxide Mean{3)  Within-Lab  Within-lLab  Within-Lab  Within-Lab
Component W% xrsntb) %rspc) yrsptd) srse(e)

Al,03 10,53 0.00 1.10 1.10
8203 8.77 0.14 1.33 1.34
Cal 0.48 0.84 14.31 14,33
Fes0s 12.75 0.32 2.17 2.20
K20

Lip0
Mg0

Mn0s
Nas0
P20s5
$i07 45.08
Ti0;
Zr0s 2.20

.64
7
27
.26
.08
.60
.26
.22
91
.25
.63
.54
.05

Lol = - T = R o |

.08
.01
.82
.30
.79
.35

[
o

.02
.61
.50
.31
.64
.88
.49
.13
.87

«w
(5]

.81
74
.64
.10
.90
.91
.03
.50
.99

P
o

.55
.80
.66
.13
A7
.26
.14
.24
.05

R =~ = O N
I
M

o

.81

o O~ O W= o O O
S O = PN DN
-~ = ;Mo N
OO W N~ W

(a)

{b)

(c)

{d)

The glass was analyzed for composition two times on each of three dates
(5/24/88, 7/15/88, and 8/15/88) for a total of six analyses. The mean
weight percent oxides are averages of the six values obtained for each
oxide.

The short-term within-1ab percent relative standard deviation quantifies
the variation in analyses performed on the same day. The standard
deviation of an individual analysis is reported, not the standard devia-
tion of the mean weight percent oxide. Also, note that the short-term
%RSDs are based on only three degrees of freedom (i.e., duplicate ana-
lyses were performed on only three days), and hence are uncertain.

The Tong-term within-1ab percent relative standard deviation quantifies
the variation in analyses performed over the space of a few months. The
standard deviation of an individual analysis is reported, not the stan-
dard deviation of the mean weight percent oxide. Also, note that the
long-term %RSDs are based on only two degrees of freedom (i.e., analyses
were only made on three different dates), and hence are guite uncertain.
The total within-lab percent relative standard deviation includes both
short- and long-term within-lab variation in glass analyses, and quanti-
fies the total within-lab uncertainty in a single ICP analysis.

The total within-lab percent relative standard error includes both
short- and long-term within-lab variation in glass analyses, and quanti-
fies the total within-tab uncertainty in the estimated Corning-A compo-
sition (obtained as an average of six analyses).
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TABLE D.2. Short-Term, Long-Term, and Total Within-Lab #%RSD in As-Analyzed
(Unnormalized) ICP Analyses of ARM-1 Glass

Oxide Mean(2) Short-Term(P) Long-Term(<) Total(d)
Component Wt% Within-Lab %RSD  Within-Lab %RSD  Within-Lab %RSD
Al503 5.68 0.28 3.18 3.19
B203 11.68 1.35 1.97 2.39
Ba0 0.64 1.58 3.42 3.77
Ca0 2.35 0.48 5.63 5.65
Ceg0 1.44 1.10 2.95 3.15
Cso0 1.11 3.23 6.97 7.69
Li20 4.70 0.75 7.55 7.59
MoO3 1.91 0.78 1.66 1.83
Nag0 9.55 1.48 4.26 4.51
Nd704 5.39 1.60 4.34 4.62
P20g 0.56 8.51 41.76 42.62
$i07 44.98 1.75 3.01 3.48
Sr0 0.46 0.00 3.96 3.96
Ti07 3.29 0.48 2.05 2.11
In0 1.52 1.04 5.95 6.04
Ir0s 1.91 2.07 8.18 8.44

(a) The glass was analyzed for composition two times each on 4/1/88 and
5/13/88, and once each on 5/24/88, 6/8/88, 7/15/88, and 8/15/88, for a
total of eight analyses. The mean weight percent oxides were obtained
by computing the mean for each day, and then averaging the vailues from
the six days.

(b) The short-term within-lab percent relative standard deviation quantifies
the variation in analyses performed on the same day. The standard
deviation of an individual analysis is reported, not the standard devia-
tion of the mean weight percent oxide. Also, note that the short-term
%RSDs are based on only two degrees of freedom (i.e., analyses were
repeated on only two days), and hence are guite uncertain.

{c) The long-term within-lab percent relative standard deviation quantifies
the variation in analyses performed over the space of a few months. The
standard deviation of an individual analysis is reported, not the stan-
dard deviation of the mean weight percent oxide. Also, note that the
long-term %RSDs are based on only 5 degrees of freedom {i.e., analyses
were repeated on only 6 different dates), and hence are uncertaip.

{d) The total within-Tab percent relative standard deviation includes both
the short- and long-term within-lab variation in glass analyses.
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TABLE D.3. Short-Term, Long-Term, and Total Within-Lab %RSD in As-Analyzed

(Unnormalized) ICP Analyses of NBS-SRM-1411 Glass

Oxide Mean(2} Short-Term(b) Long-Term(¢) Total{d)
Component Wt% Within-Lab %RSD Within-Lab %RSD Within-Lab %RSD
Al703 5.63 0.48 6.28 6.30
B>03 10.65 0.94 1.51 1.78
Ba0 4.68 0.11 3.81 3.81
Ca0 2.18 1.17 4.79 4.93
Fe 03 0.11 22.73 14,32 26.86
K20 3.90 6.54 19.91 20.96
Mg0 0.33 1.52 11.41 11.51
Nas0 9.55 1.11 3.16 3.35
$i0; 55.64 0.58 3.19 3.24
Ti0g 0.45 35.14 34.18 49.02
Zno0 3.84 0.39 1.88 1.92
{a) The glass was analyzed for composition two times each on 4/1/88 and

(b)

{c)

(d)

5/13/88, and once each on 5/24/88, 6/8/88, 7/15/88, and 8/15/88, for a
total of eight analyses. The mean weight percent oxides were obtained
by computing the mean for each day, and then averaging the values from
the six days.

The short-term within-lab percent relative standard deviation quantifies
the variation in analyses performed on the same day. The standard
deviation of an individual analysis is reported, not the standard
deviation of the mean weight percent oxide. Also, note that the short-
term %RSDs are based on only two degrees of freedom (i.e., duplicate
analyses were made on only two dates), and hence are very uncertain.

The Tong-term within-lab percent relative standard deviation quantifies
the variation in analyses performed over the space of a few months. The
standard deviation of an individual analysis is reported, not the
standard deviation of the mean weight percent oxide. Also, note that
the long-term %RSDs are based on only five degrees of freedom (i.e.,
analyses were repeated on six different dates), and hence are uncertain.
The total within-lab percent relative standard deviation includes both
the short- and long-term within-lab variation in glass analyses.
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TABLE D.4. Short-Term, Long-Term, and Total Within-Lab %RSD in As-Analyzed {(Unnormalized) ICP
Analyses of West Valley Glasses DG-WV33, DG-WV34, and DG-WV44

Oxide Mean(s) short-Term(P? Long-Term!©? Total(d)
Component WtE Within-Lab ¥RSD Within-Lab XRSD Within-Lab XRSD
DG-WV33_ DG-WV34  DG-WVak 0G-WW33  DG-WV34 DG-W¥4%k DG-WV33 DG-WV34 DG-Wvak  DG-WV33  DG-WV34  DG-W4k
Al0g 8.2 5.34 8.30 2.23 0.47 0.79 2,32 3,19 3.35 3.22 3.22 344
5233 9.09 11.14 1.30 0.67 0.00 1.40 2.45 2.42 2.42 2.5, 2.42 2.80
c& 0,54¢€ 0.21 0.20¢®) 7.86 7.21 8.11 7.10 13.65 20.99  10.59 15.44 22.50
Fe,0y 11.46 9.82 15.46 0.00 1.77 1.02 1.29 0.00 0.97 1.29 1.77 1.41
KZE 4,82 4.84 4.76 1.04 4.38 13.70 15.81 15.29 12.38  15.8 15.90 18.46
L5,0 2.63 2.82 2.80 7.97 1.67 1.82 0.00 4.40 5.47  7.97 47 5.77
M 1.25 0.44 0.54 3.12 464 1.87 0.00 5.46 316  3.12 7.32 3.67
M 1.30 2.00 0.13 0.54 1.95 3.79 2.60 0.00 0.00 2.75 3.95 379
NaB 9.78 10.22 10.33 4.19 4.32 2.23 2.84 1.46 4.85 5.06 .56 5.33
P,0s 2.54 2.02 0.66 0.00 0.00 10.71 2.41 6.06 0.00 2.41 6.06 10.71
sfo; 40.40 38.54 37.16 1.67 1.20 0.00 1.08 1.99 4.13 1.9 2.32 6.13
Tho, 3.3 1.83 3.56 4.55 4.40 0.20 3.9 0.00 6.10 6,01 4.40 6.10
Tiog 0.85 2.78 0.38(8) 1.16 1.21 1.85 1.74 1.07 1.85 2.09 1.61 2.62
2ro; 0.51 1.89 1.86 7.78 564 5.44 0.00 3.45 7.06 7.78 6.61 8.91
ALk Earths 1.87¢€} 0.68 0.74¢®? 4.54 4.74 3.42 0.00 .39 7.20 4.54 6.46 7.97
Alkalis 17.24 17.88 17.89 3.89 2.18 2.21 3,97 0.57 4.51 5.55 2.25 5.02

(a) The three glasses were snalyzed for composition two times each on 4/1/88 and 5/13/88, and once on &/8/88, for a total of five analyses.
The mean weight percent oxides are averages of the five values obtained for each oxide.

{b) The short-term within-lab percent relative standard deviation gquantifies the variation in analyses performed on the same day. The
standard deviation of an individual analysis is reported, not the stendard deviation of the mean weight percent oxide. Also, note that
the short-term XRSDe are based on only two degrees of freedom (i.e., duplicate analyses were performed on only two dates), snd hence are

auite wncertain.

{c) The long-term within-lab percent relative standard deviation quantifies the variation in analyses performed over the space of a few
months. The standard deviation of an individual analysis is reported, not the standard devietion of the mean weight percent oxide.
Also, note that the long-term XRSDs are based on only two degrees of freedom (i.e., snalyses were repeated on only three different
dates), and hence are guite uncertain.

(d) The total within-lab % RSD incltudes bath the short- and long-term within-lab variation in glass analyses.

(e) An outlier was deleted from the data prior to dbtaining the meen and sterdard deviations.
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TABLE D.5. Short-Term, Long-Term, and Total Within-lab %RSD of Elemental Boron Releases from
Repeated Leachate Analyses of Leachates from 7-Day MCC-3 and 28-Day MCC-1 Leach Tests
of West Valley Glasses DG-WV33, DG-WV34, and DG-WV44

1. REPEAT LEACHATE AMALYSESS®)

Mean Boron Releaae‘a) Short-Tem(b) Long-Term(C) Total(d)
Leach Test ppm and (normal ized) Within-Lab ¥RSD Within-Lab XRSD Within-Leb XRSD
DG-WVI3 DG-WV34 DG-WWi4 DG-WVET DG-WW34 DG-Wvh4 DG-WW3T DG-WV34 DG-Wi4  DG-WVES DG-WV34  DG-WV44
Mcc-3, 7-day 14.51 24,15 21.30 1,46 1.17 0.66 17.03 .04 7.99 17.10 .26 8.02

€0.251) (0.351) (0.294)

MCC-1, 28-day  4.60 6.83 6.84 0.46 0.21 0.31 6.59 6.69 7.7 6.61 6.70 7.7
(15.%4) (19.83) (18.90)

(ay The three leachates fram each test were analyzed for composition two times each on 5/16/88, and oree each on three other
dates (appraximately 572,88, 5/5/88, and 7/25/88 for the MCC-1 leachates and 371988, 5/5/88, and 7/25/88 for the MCC-3
leachates), for & total of five analyses per teachate. The mean boron releases were obtained by everaging the two 5/16/88
values and then averaging the resulting velue with the single values (for each leachate)} from the other three days,

{b) The short-term within-lab percent relative standard deviation quantifies the variation in leachate snalyses performed on
the seme dey. The standard deviation of an individual analysis is reported, mot the standard deviation of the mean boron
release. Note that the XRSDs apply to boron release in both ppm and normalized units, Also, note that the short-term
X%RSDs are based on only one degree of freedam (i.e., camputed from two values), and hence are very uncertain.

{c) The Long-term within-lab percent reletive stardard deviation quantifies the variation in leachate analyses performed aver
the space of a few months, The standerd deviation of an individual analysis is reported, net the stendard deviation of
the mean boron releasse. MNate that the YRSDs apply to boron release in both ppm end normelized units. Also, note that the
long-term XRSDs are based on only three degrees of freedom (date from four times were used), and hence are uncertain.

{d) The total within-lab percent relative standard deviation includes both the short- and long-term within-lab variation in
leachate analyses.

{e} The XRSDs in this teble are based on repeated leachate analyses of leachate from a single Leach test for each aof the glass
ard leach test combinetions. Hence, the ¥RSDs contain veriation only fram the leachaete analysis process, and not from the
leach testing process.
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TABLE D.6. Short-Term, Long-Term, and Total Within-Lab #%RSD of Elemental Boron Releases from
Repeated 7-Day MCC-3 and 28-Day MCC-1 Leach Tests of West Valley Glasses DG-WV33,
DG-WV34, and DG-WV44

II. REPEAT LEACH TESTS

Mean Boron Release(®? short-Term(®? Long-Term(c’ Total (@
Leach Test ppm and (normal ized) Mithin-Lab %RSD Within-Lab XRSD Within-Leb XRSD
DG-WV33 DG-W34 DG-Wvi4 DG-WV3I3 DG-Wv34 DG-WWi4 DG-WW33S DG-WW34 DG-Wvia4 DG-WV33 DG-WV34 _D_G-W’ifo

MCC-3, T-day 12.72 23.53 21.52 0.72 1.59 1.79 6.02 6.16 7.28 6.06 6.37 7.50
(0.220) (0.342) (0.297)

MCC-1, 28-day 4.64 6.92 6.7 3.68 2.98 3.05 4.02 4.63 6.66 5.45 5.51 7.33
(16.07) (20.11) (18.56)

(a) The two leach tests (for each of the three glasses) were performed starting et three different times, At each
of the three times, the tests were run in duplicate. Herce, there were a total of six runs for esch plass and leach
test combination. The three different times each test was performed were approximately equally spaced over a three
month period. The mean boron releases were obtained by averaging the six boron release values for each glass and
leach test combinmation.

(bY The short-term within-lab percent relative standard deviation guantifies the veriation in leach tests performed at
the seme time and in leachate analyses performed on the same day. The standard deviation of an individual snalysis
is reported, not the stendard devistion of the meen boron release. Note that the XRSDs apply to boron release in
both ppm and normalized units. Also, note that the short-term XRS5Ds are based on only three degrees of freedom
(i.e., the tests were performed in duplicate three times), and hence ere guite wuncertain.

(c} The long-term within-lab percent relative standard deviation quantifies the variation in leach tests and leachate
analyses performed over the space of a few months. The stendard deviation of an individual boron release is
reported, not the standard deviation of the mean boron release. Note that the XRShs apply to boron release in both
pem and naormalized wnits. Also, note that the long-term %RSDs ere based on only iuwo degrees of freedom (i.e., data
from three times were used), and hence are guite uncertain.

{d) The total within-lab percent relative standard deviation includes both the short- and long-term within-iab variation
in the leach testing and leachate analysis processes.
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