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Executive Summary

This report presents an analysis of the core samples extracted from ta_lk Bl10. The sampling campaign was
quite extensive and resulted in a total of 9,179 chemical analyses on Bl10 waste. Approximately 70 different
chemical constituents were measured in the laboratory, as well as physical and theological properties. Many
different types of replicate measurements were taken so that laboratory, sampling and spatial variability could
be quantified. The sampling of tank Bl10 was part of an in-depth pilot ._tudy to determine the adequacy of
current chemical analysis and sampling procedures. The major objectives of the analysis included:

• estimation of the average concentration of the measured analytes in the tank,

• estimation of the laboratory, sampling, and spatial variability within the tank, and

• evaluation of the sampling methodology.

The Bl10 data presents the most detailed picture of waste tank contents to date and allows one to
compare measured results with historical predictions. Table 1 presents an important example of such a
comparison. In this table, predictions from a computer program called TRAC are compared with estimates
obtained from core sampling. The TRAC computer program uses historical records to make its predictions,
so this table provides an elementary comparison between historical information and measured reality.

Table 1:Comparison ofTRAC RadionuclideEstimateswithMeasured ResultsinBI10

Radio- TRAC Core-Sample
nuclide. Estimate Est. RSD

241Am 0.356 0.072 34%
244Cm 3.39-03 1.28-03 50%
13_Cs 20.30 14.90 4%
12_I 1.69-04 3.61-05 38%

2STNp 1.02-05 1.12-04 25%
23Spu 3.52-03 3.21-03 25%
9°Sr 21.7 108 41%
99Tc 0.102 0.017 14%

Units are #Ci/g

As one can seefrom thetable,some estimatesarefairlyclose,and allarewithinan orderofmagnitude.

From the relativestandarddeviations(RSD) presented,one can seethat thereare significantdifferences
betweenTRAC and the estimatesproduced from coresampling.

The statisticalanalysisalsoproducedestimatesforspatial,sampling,and measurement variability,ltis

not possibletoproduce a simpleorderingofthesethreetypesofvariability;The orderingdependson the

constituentunderconsideration.However,samplingvariabilitygenerallywas largest,indicatingthatcurrent

core sampling methods have difficulties producing repeatable measurements.
Spatial variability can be decomposed into vertical and horizontal components, and vertical variability

was generally larger than horizontal variability. It is important to note that the amount of vertical spatial

* variability present in the data was strongly influenced by the incompleteness of the segment-level measure-
ments. Ali core segments were not analyzed in the lab and the missing measurements make the tank appear
more homogeneous in the vertical direction than it actually is. Very few measurements were made on the
waste crust, which was chemically very different from the rest of the waste. If one discounts the variability
caused by the waste crust, then the tank is fairly homogeneous in the vertical and horizontal directions.

It was also possible to determine how well the waste could be homogenized during the sampling process.
This is a very important issue, because it determines whether the laboratory aliquots are representative
samples from the cores. This analysis shows that the blender used to homogenize the waste produced
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samples that were indeed homogeneous. In most cases, the homogenization variability was not significantly
different from zero.

Another important issue investigated was the comparability of estimates produced by composite and

segment-level sampling. Generally, there was no significant difference between the two types of sampling. In
those cases where significant differences did exist, they were due to the incomplete nature of segment-|evel
measurements.
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1 Introduction

In 1990,sevencoresampleswereobtainedfrom the B110 singleshelltankatHanford.This reportpresents
a statisticalanalysisof the extensivechemicalmeasurements performedon thesecoresamples.This tank

samplingispartof the ongoingtank characterizationeffortsat Hanford,which isa multi-yeareffortto

measure the wasteinalltanksat thesite.The samplingofthe Bl10 tank,alongwith Ul10, was meant to
furnish"pilot"dataforthe characterizationeffort.Consequently,more datawas collectedfrom thesetanks

than isplannedforfuturetanks.

• The primaryobjectivesofthe datagatheringand analysiseffortsbeingconductedunder the auspicesof

tank characterizationareoutlinedin[10].Thisreportstates,

The SST wastecharacterizationprojectisresponsibleforsamplingand analyzingthewastein

HanfordSite's149 SSTs tosupportregulatory,safety(wastereactivity)evaluation,performance
assessment,wasteretrievaland treatmenttechnologydevelopment,supplementalenvironmental

impactstatement(EIS),and closureplanactivities.The purposeofPhase Iofthe wastecharac-

terizationprojectistoobtaininformationasquicklyaspossibleon all149 tankstosupportthe

planningand developmentofthe above activities.Ifthisinformationisinsufficienttosupport
an activity,thenadditionalwastecharacterizationwillbe performedinPhase IIwith a revised

QAPJP to meet any new objectives.The projectaddressesonlycharacterizationofthe wastein

thetanksand not thesoilsortheancillaryequipmentassociatedwiththe tanksystem....These

datapermittheprojectto identifyand evaluateadditionalcharacterizationand wastetreatment

requirements.The projectalsowillprovidedatatosupportregulatoryand safetyevaluationsfor

storageand treatmentofthe waste.

The primaryobjectiveofthisreportistopresenta summary of thedata and estimatesome important

quantities,suchas;

i.theaverageconcentrationofmeasured analytesinthe tank

2. thesourcesofvariationpresentinthedata(spatial,sampling,mixing,measurement)

3. theadequacy ofmixingusedinsample preparation

4. the adequacyofcompositesamples

5. holdingtimeeffects.

The major statisticaltoolemployed forthisreportisAnalysisof Variance(ANOVA). The employed

ANOVA models arevariantsoftheANOVA models describedinreferences[10]and [5].The objectiveisto

utilizefairlysimple,standardstatisticalproceduresforthecharacterizationreports.Other,more specialized

statisticalanalysiswillinevitablybeappliedtothedatainfollow-upreports.However,theproceduresinthis

reportestablisha valuablereferencepointformore sophisticatedanalysisand can alsobe easilyunderstood
by thegeneralscientificaudience.

. Table 2 presents a brief overview of the most important ANOVA result, an estimate of the average
concentration for the measured constituents. The table presents estimates derived from the "composite"

• sampling scheme because it generally represented the most complete sampling within the tankl The ANOVA

fits also produce information about the uncertainty of the estimate, expressed in the table as a "relative
. standard deviation" (the standard deviation of the estimate divided by the average concentration). The

estimates are expressed in three units, depending on the constituent of interest: parts per million (ppm),
micro-Curies per gram (/iCi/g) and as a dimensionless ratio of concentrations (from mass spectrometry).
The concentration data (ppm or/_Ci/g) are based on the wet weight of the composite core material.



Table 2: Summary of Concentration Estimates for Tank Bl10

Mean [ Mean
Constituent Cone. PSD* Constituent Conc. PSD

(ppm) (ppm)
Ag 46.73 0.50 Al 1,133 0.15 .
B 49.43 0.13 Ba 14.14 0.04

Bi 18,520 0.07 Ca 810 0.07
Cd 5.29 0.13 Ce 37.14 0.28

CI 1,234 0.07 Cr 810 0.03 "
Cu 42.52 0.28 Fe 18,060 0.04
F 1,895 0.07 K 312 0.05

La 31.81 0.30 Mg 179 0.04
Mn 66.78 0.11 Mo 13.54 0.40

NOs 10,290 0.04 NOs 187,100 0.08
Na 97,730 0.04 Nd 15.86 0.30
Ni 18.63 0.04 P 16,060 0.04

PO4 25,250 0.04 Pb 528 0.23
Re 6.5 0.06 Ru 111 0.24

SO4 11,530 0.06 Si 9,358 0.04
Sr 211 0.10 TIC 900 0.07

TOC 381 0.06 "re 19.26 0.22
Ti 8.41 0.16 U 208 0.09
V 2.79 0.18 Zn 80.51 0.08
Zr 6.25 0.12

(Below Det) (Ppm) .... (ppm) --
As 432.24 < DL Be 0.11 < DL
Ce 77.07 < DL Co 121.64 < DL

Dy 4.79 < DL Li 4.93 < DL
Rh 74.79 < DL Sb 156.29 < DL
Th 57.36 < DL TI 923.71 < DL

241Am 0.07254 0.34 _43'244Cm 0.001279 0.50

e°Co 0.01527 0.45 la¢Cs 14.9 0.04
152Eu 0.06748 0.39 SH 0.002167 0.35

129I 3.6-05 0.38 237Np 1.1-04 0.25
23apu 0.003212 0.25 9°Sr 108 0.41
99Tc 0.01648 0.14 Total a 0.1555 0.10

I

Total/_ 183 0.37

(Mass Spec) (Mass Spec)
23Spu/239pu 0.002729 0.78 24°pu/239pu 0.03322 0.11

le

241pu/239pu 7.5-04 0.22 242pu/239pu 3.6-04 0.22 ,,
234U/238U 6.4-05 0.05 235U/238U 0.006757 0.003

[ 236U/238U 1.1-04 0.02

* RSD = Relative Standard Deviation (StDev/Mean)
< DL = Below Detection Limit



2 Description of Data

Seven cores were extracted through four riser-locations (see Figure 1) paired at opposite ends of the Bll0
tank 1. A core from this tank consists of five 19oinch segments which were sequentially extracted by the
coring machine. Two separate mixing procedures formed two different types of samples: segment-level and
composite-level samples.

A segment-level sample was created by mixing (homogenizing in a milkshake-like blender) the contents
of a segment, to produce a sample yielding information about vertical variations in the tank with a resolution
limit of 19 inches. The composite sample was created by mixing portions of each segment-level sample
from a core together. If the mixing step is efficient, the composite sample should provide the best data
for determining average concentration in a core (or tank). For both the homogenized segment-level and

• composite-level samples, two replicates were analyzed to evaluate adequacy of mixing.

m
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Figure 1" Positions of Cores and Risers in Tank Bll0

At the end of the segment-blending step, an aliquot of mixed solids was removed from the top of the
container. The bulk of the contents of the milkshake container was poured onto a tray and a second aliquot
was then taken from the bottom of the container. These two aliquots were submitted for ICP-fusion and
GEA-fusion analyses to allow a determination of the adequacy of blending.

1Riser-location 2 consists of two risers adjacent to each other.



The remaining sample in the blender was poured onto the mixing tray, and the segement samples needed
for the other chemical analyses described in Table 3 were obtained. The next step was to remove a sub-
sample from each homogenized segment sample to produce a core composite sample. The core composite
sample consists of a set percentage by weight of each homogenized segment sample, which is remixed in the
"milkshake" blender. After blending this core composite sample, an aliquot was removed from the top of the
container and most of the material poured onto a tray. A second composite sample was removed from the
bottom of the blender. These two core composite samples were submitted for ICP-fusion and GEA-fusion
analyses to evaluate the efficiency of mixing. Finally, the blended material in the tray was subsampled
numerous times to create ali the other core composite aliquots required to perform the analyses described
in Table 3.

For the ICP-fusion and GEA-fusion analyses the above sampling and blending strategy often produced
three data points for ostensibly the same sample. These three samples for either a segment or core composite
are the "top", "bottom" and final random sample taken from the tray when ali aliquots are dispensed for the
various analyses. These three data points can be statistically evaluated to assess the adequacy of mixing.

A second check on mixing is to take the average concentrations of analytes from ali segments of a given
core and compare this value with the core composite value. These types of statistical evaluations and others
are described further in this report.

Since the dominant interest for characterization is to measure average properties within a tank, the
composite data will constitute the majority of data produc,_d for future tanks. However, for Bl10, extensive
segment-level data was produced, so that vertical variations in the tank could be analyzed and so that the
composite measurements could be compared to the segment-level measurements.

2.1 Chemical Analysis Methods and Reporting Units
For each sample, the number oi"constituents chemically analyzed depended on the number of isotopes found
in gamma energy analys_s. T.vpically, about 50 to 70 constituents (including isotopic ratios) were measured
on Bl10 core samples The analytical methods employed on most cores are listed in Table 3, along with
the specific '_ana,y_s measured. Many of the analyses yielded results below the detection limit, so the
measurements present on a specific core may not include ali the analytes listed in the table (see Table 2 for
the analytes that are consistently below their detection limits).

Inductively coupled plasma emission spectroscopy (ICP) was used to measure inorganic metals and
selected anionic elements on samples prepared by three pretreatments. Tb _ first pretreatment technique was
to fuse a small weight of solid sample in a large amount of KOH (potassium hydroxide). After dissolution of
the fused material in hydrochloric acid (HCI), the sample was analyzed. This treatment resulted in a total
dissolution of the original core solids but also led to a rather large dilution of trace constituents because of
the large quantity of KOH and HCI used compared to original core material. The KOH fusion results yield
the most realistic values for silicon (Si) and perhaps aluminum (AI), iron (Fe), phosphorus (P), bismuth (Bi)
and other refractory oxides compared to results from other pretreatments. The ICP fusion method cannot
be used to measure potassium (K) because of the use of KOH. Also, fusion pretre_,tment adds considerable
contamination of metals such as nickel (Ni) and zirconium (Zr) which originates from the crucible used to
heat the KOH/3ample flux. The PNL analytical chemists reported values for Zr, but deleted ali Ni results
because of the crucible contamination.

The second pretreatment for ICP analyses was digestion of core solids in a mixture of concentrated nitric
and hydrochloric acids. This pretreatment does not guarantee complete dissolution of ali the core matrix,
especially Si, but does generally dissolve a high percentage of the trace metals of interest. Because the ratio
of core solids digested in the acid is much higher than the ratio for KOH fusion, the resultant solutions are
more concentrated in trace metals and yield more useful data.

The final ICP sample pretreatment is a water leach with a known mass of tank solids in deionized water
for a set time period (in this case several hours). Depending on the slurry pH, a water leach is expected
to dissolve only the most soluble constituents such as alkali metals (Na, K, Li, Cs) and portions of the
moderately soluble alkaline-earth metals (Ca, Mg, Sr, Ba) as well as anions (halogens, NO2, NO3 and SO4).
A comparison of the ICP water leach results with the ICP acid digestion and KOH fusion results identifies



Table 3: Analytic Techniques and Analytes Measured

• Core Pretreatment Scheme

Detector* Clean Up Analytes

KOH fusion/HCl dissolve
. ICP NO Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Dy, Fe, La, Li, Mg,

Mn, Mo, Na, Nd, P, Pb, Re, Rh, Ru, Sh, Se, Si, Sr, Tc, Th, Ti, Tl,
U, V, Zn, Zr, Bi

GEA NO 6°C0, 134Cs, 137C8, 154Eu, lSSEu, 144Ce, l°6Ru, 153Gd, 241Am
GP NO Total Alpha, Total Beta
LF NO U

GP YES 90Sr, 99Tc
GEA YES 129I

AEA YES 241Am, 243,244Cm, 23Spu, 239,24°pu, 2STNp

MS YES 234U/238U, 235U/238U, 236U/238U, 238pu/239pu, 24°pu/239Pu,
241pu/239pu ' 242pu/239pu

Mixed HNOs/HCI acid dig.
ICP NO Ag, AI, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Dy, Fe, La, Li, Mg,

Mn, Mo, Na, Nd, Ni, P, Pb, Re, Rh, Ru, Sb, Se, Si, Sr, Tc, Th, TJ,
Tl, U, V, Zn, Zr, Bi

HNO3 acid digestion
AAGF NO As, Se, Sh, Tl, Pb

Core Material

CVAA YES Hg (H2SO4 digestion)
UV-VIS YES CN

Water Leach

ICP NO Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Dy, Fe, La, Li, Mg,
Mn, Mo, Na, Nd, Ni, P, Pb, Re, Rh, Ru, Sb, Se, Si, Sr, Te, Th, Ti,

TI, U, V, Zn, Zr, Bi
IC NO F, CI, NO2, NOs, PO4, SO4

CA NO Total inorganic carbon, Total dissolved organic carbon
UV-VIS NO Cr(VI), NHa

GEA NO lS4Cs, lS_Co, 155Eu, 154Eu, 241Am, 144Ce, 6°C0, l°6Ru, 153Gd
GP NO Total Alpha, Total Beta

• LF NO U
GP YES 9°Sr, 99Tc

" GEA YES 129I

. LS YES 3H (distillation), 14C
• AEA YES 241Am, 243,244Cm, 23Spu, 239'24°pu and 237Np

* See Appendix A for a description of detector codes



the percentages of a given analyte that are readily soluble in aqueous solutions similar to groundwaters,
natural recharge waters, etc.

Two pretreatment schemes, KOH fusion and w_ter leach, were also used to prepare samples for radionu-
clide analyses. Again the KOH fusion pretreatment is expected to dissolve ali the material and yield useful
results for the most concentrated and most insoluble radioisotopes. The water leach sample provides data
on readily leachab',e radionuclides, such as 137Cs, 99Tc, and 3H.

A few of the trace metals (As, Se, Sh, TI and Ph) are not analyzed very well by ICP. A separate sample of
core material was acid digested with nitric acid for subsequent analysis by graphite-furnace atomic absorption
(GFAA). Further, an aliquot of core material was digested in sulfuric acid and then treated to release mercury t

(Hg) directly into a cold vapor atomic absorption system (CVAA). The water extract of core material was
also used to measure hexavalent chromium ICr(VI)] and ammonia by UV-VIS spectroscopy.

Radiochemical analyses for specific radionuclides such as 9°Sr, 99Tc, 129I were performed on both KOH
fusion-treated a,_d water-leached core material. A comparison of the fusion and water-leached results for
specific radionuclides yields useful da_a on the relative mobility of the nuclides in natural aqueous solutions,
such as groundwater. This information can be used to ev date contaminant mobilities for water infiltration
and subsequent leakage from tanks. Similar comparisons for U (measured by laser fluorescence) and trace
metals (measured by ICP) can he used for risk assessment.

The data was originally condensed into 7 bound volumes, one for each core, after thorough review by
analytical chemists. ICP instrumental readings below the 3_ value for background were designated as below
detection limit. Values between 3_ and 10¢ of background were noted as provis_al, meaning that the
chemists have less confidence in the quality of these data. Da_a values above the 10¢ background value

(the "quantitation" limit) are considered to be of high quality. Ali the IC and carbon analyzer data were
well above the instrument detection limits. Therefore, these data should be considered t t"high quality. The
percent uncertainty or error in counting are given for ali radionuclide measurements for which values are
reported in the hound data reports.

Ali data values reported in the bound core reports are based on the wet mass of solids used in each
test. The percent moisture content of homogenized segments and core composites was often determined in

duplicate on small samples subjected to scanning thermogravim_try up to temperatures of 150C. On other
larger samples of homogenized segment and core composite samples, the percent moisture was determined
by traditional oven-drying at 105C in an oven. The latter technique is preferred, but when no oven drying
data are available, the scanning thermogravimetric data can be used to convert wet mass data to dry mass
data for specific segments.

2.2 Descriptive Jtatistics and Plots of Raw Data

The complete electronic database consists of 9,179 measurements taken on 7 cores extracted from the Bl10
tank. A description of the format of this data set is given in Appendix A.

Figure 1 illustrates the locations of the cores extracted from the tank. The seven cores were extracted
from four riser-ioct, tions located in pairs at opposite ends of the tank. The riser pairs were about 10 feet
apart, while the risers at opposite ends of the tank were separated by 70 feet. "Replicate" cores were
taken from Risers 1, 2 and 4 to evaluate sampling repeatability. Riser-location 2 actually consisted of two
risers separated by about 3 feet. Since these two risers were so close together, they were grouped into one
riser-location. In this report, we will refer to the four riser-locations as risers for the sake of simplicity.

To obtain the most useful information from the sampling campaign, cores should be taken on some sort of
regular grid within the tanks. Closely spaced coring locations such a_ risers 1 and 2 can result in inefficient
sampling. The pattern of riser locations has implications for the ANOVA analysis, also. The pattern in
Figure 1 suggests that our analysis should provide for the possibility of both long and short-distance spatial
variations. These two types of spatial variations are not necessarily equivalent and the pattern in Figure 1
will produce estimates for spatial variability that are mixtures of long and short-distance spatial variations.

Ali 9,179 meas_lrements present in the Bl10 data set were not fitted to ANOVAs. Approximately 60%
of the measurements were deleted for one oi"the following reasons:
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Table 4: Preferred Measurement Method for Tank BI10 Constituents

Consti- Mess. Consti- Meas. Consti- Mess.

tuent Method tuent Method tuent Method ,,,,1
Ag ICP:A Al ICP:A _41Am GEA:F
As ICP:A B ICP:A Ba ICP:A
Be ICP:A Bi ICP:F x4C4 RAD:W
Ca ICP:A Cd ICP:A Ce ICP:A

144Ce GEA:F CI lC: 243,244Cm RAD:F
Co ICP:A 6°Co GEA:F Cr ICP:A
Is4Cs GEA:F 137Cs GEA:F Cu ICP:A

• Dy ICP:A lS2Eu GEA:F 154Eu GEA:F
155Eu GEA:F F IC: Fe ICP:F
153Gd GEA:F SH RAD:W 129I RAD:F

K ICP:A La ICP:A Li ICP:A

Mg ICP:A Mn ICP:A Mo ICP:A
NO2 IC: NO3 IC: Na ICP:F
Nd ICP:A Ni ICP:A 237Np B t.D:F

P ICP:F PO4 IC: Pb ICP:A

23Spu RAD:F 23Spu/239pu MASS: 239,24°pu RAD:F
24°pu/239pu MASS: 241pu/239pu MASS: 242pu/239pu MASS:

Re ICP:A Rh ICP:A Ru ICP:A
l°6Ru GEA:F SO4 IC: Sb ICP:A

Se ICP:A 75Se GEA:F Si ICF._
Sr ICP:A 9°Sr RAD:F TIC IC:

TOC IC: 99Tc RAD:F Te ICP:A
Th ICP:A Ti ICP:A Tl ICP:A

Totala RAD:F Total/_ RAD:F 234U/238U MASS:

2asu/2SsU MASS: 236U/238U MASS: U RAD:F
V ICP:A Zn ICP:A Zr ICP:A

(Measurement method codes are explained in Table 17, Appendix A)

• Measurements associatedwithcertainconstituentswere too incompleteto allowestimatesof average

concentrationsor the desiredvariancecomponents.

• Too many ofthemeasurementswerebelow detectionlimitto allowa meaningfulanalysis.

• For eachcomponent,onlydataassociatedwiththe "best"chemicalanalysismethod was utilized.

Table4 specifieswhich measurement techniquewas usedforeachanalyte.Sinceone oftheobjectivesof

" the analysisisto measure thebestaverageconcentrationforeachconstituent,the bestanalyticalmethod

was chosento do this.Although otherdataisavailable,suchas waterextractsofmetalsand radionuclides,

onlythedataexpectedto givethe bestvaluefortotaltank inventoryisused.
" Table 5 summarizes the measurements used withinthisreport.The tableliststhe number of mea-

surementsassociatedwith each sample method (Compositeand Segment Level)and alsoshows how the

measurements are spatiallydistributedinthe tank. A cellin the tableliststhe number of measurements

taken ata particularlocationinthetank.The number consistsofvarioussortsofreplicatemeasurements

takenon up to80 differentconstituents.
This tableillustratesa veryimportantpointabout the measurements:they arenot balanced.In other

words,thesame setofmeasurementswas not takenateverysampledlocationinthetank.Becausethedata

isnot balanced,itisnot easytocompare the resultsobtainedfordifferentconstituents.For example,the

averageconcentrationofone constituentmay differfrom another,simplybecausethe firstconstituentwas



Table 5: Overview of Measurements Taken in BI10

....Seg- Riser I Riser 2 Riser 3 Riser 4
ment Core 1 Core 2 Core 3 Core 7 Core 4 Core 5 Core 6

1 01 47 0 0 0 12 0
0 _ 12 0 0 0 3 0

2 148 107 0 0 130 0 0
52 54 0 0 49 0 0

3 126 120 126 54 131 117 158
52 52 52 18 50 50 00

4 126 108 0 0 131 0 0
52 54 0 0 50 0 0

5 126 127 106 54 149 129 157

52 53 53 18 50 53 60
comp 212 136 270 140 174' 155 156

68 56 62 61 69 61 60

Total Measurements = 3,740
1 Number of measurements taken

2 Number of constituents measured

sampled at differentlocationsthan the second.ANOVA procedurescan mitigatethe effectsofunbalanced

data,but cannotsolveallproblems.When too much dataismissing,itisnot possibletoobtainunbiased

estimatesof averageconcentrationor correctconfidencebounds.

l_,)mTable 5,one can seethe problemsassociatedwith unbalanced(ormissing)data aremore severe
forthe segment-leveldata. In fact,thereisno data forseverMof the core-segmentslistedin the table.A

particularproblem existswithsegment 1,the segment closestto the surfaceofthe waste. For allexcept

one core,the samplerhad problemsrecoveringthe firstsegment.Consequently,informationconcerningthe

waste "crust"originatesfrom onlyone locationinthe tank.Sinceinformationconcerningthe firstlayerin

thetank was sosparse,allsegment 1 datawas analyzedseparatelyfrom themain body ofdata.

Table 6 liststhe number of measurements foreach type of analysisthatwere above and below the

detectionlimit.Under some conditions,theproportionofnondetectionsissubstantial.Ifthedetectionlimit

of the analyticalprocedureislow,so thata measurement below the detectionlimitcould be considered

insignificant,theproblem might be ignored.However,inmany cases,the detectionlimitisnot insignificant.

Table6: DetectionLimitSummary

Analysis Composite Segment
Method Above DL Below DL Above DL Below DL

GEA:F 82 0 114 0

IC: 112 0 416 0

ICP:A 314 148 666 522
ICP:F 211 83 384 134 •

MASS: 42 0 0 0
RAD:F 228 0 259 0

RAD:W 25 0* 0 0*
.....total 1014 231 1839 656

*Many nondetectson preliminarywaterleach

analysescausedtestto be dropped



In fact, the detection limit is not even fixed; the detection limit for a particular constituent may vary by an
order of magnitude or more. These complicating factors mean that values below the detection limit must be
carefully dealt with.

For these analyses, we have eliminated constituents that are mostly (i.e., more than 85% of the time)
below the detection limit. For ali other constituents, the actual measurement is used instead of the detection

limit. Fortunately, for the majority of constituents, the proportion of non-detects is low and non-detections
aren't a significant problem. The detection limits exhibited in B 110 should be typical for a bismuth phosphate
waste tank. Other tanks contain predominately REDOX or PUREX waste and should exhibit an entirely

• different detection limit pattern.
Appendix B presents detailed plots of the raw data summarized in Table 5, as well as tables of summary

statistics. The constituents in the data set are divided into 4 categories: metals, anions, radionuclides, and

. isotope ratios. The variability illustrated by the box-plots is a complicated mixture of sampling, measure-
ment, and spatial variability. The plots in Appendix B provide the best overview of the data, set. A few
important conclusions that these simple plots suggest are as follows:

1. "Outliers" occur in the data. Occasionally, one of the box-plots will have a tail that stretches over

many orders of magnitude.

2. The anion measurements exhibit the lowest variability.

3. The composite and segment level box-plots generally match up, although there are a few constituents
(such as 241Am, 9°Sr, and Ag) that do not. Compare the segment and composite plots in Appendix E.

2.3 Statistical Models

Both segment-level and composite sampling produces data that can be most reasonably described as a
random effects nested design (See [10] and [7]). In these models, each observation contains many different
types of variability (measurement, mixing, sampling, and spatial) which are to be estimated. In order to
successfully estimate these different sources of variability, the measurements must be taken according to a
specific sampling design. For most constituents, the existing data allows acceptable estimation of the desired
variance components.

The core-composite ANOVA model is a simplified version of the core-segment-level model. Compositing
simply eliminates a term in the segment-level model. We have utilized several variants of the two basic
models presented below to test certain assumptions about our analysis methods and quantify uncertainties
from various sources. We generally believe that the presented model provides an adequate description of the
Bl10 data.

2.3.1 Segment-Level ANOVA Model

The measurement of a particular constituent, which we identify as _jk,,p, can be described by the ANOVA
model:

_ijkmp -" P "}"Riseri -}-Seglj q- Repijt q- Hornij_m -b grrorijkmp (1)

" where p represents the average concentration of the constituent in a tank and the other five terms in the
model represent variations from the average. The first additional term, Riseri, represents horizontal
spatial variability in the tank due to the riser location chosen for the coring. The waste under each riser

• is divided into 19-inch segments that will be sampled. In the case of the Bl10 tank, the waste consists of 5

segments, with the top segment numbered one. The term Segij represents the deviations of segment j from
the riser average and therefore describes the segment (or vertical) variability in the tank.

Three of the four sampled risers in Bl10 were cored twice, resulting in replicate segment measurements.

The term Repij_ represents the variability displayed by these replicate measurements. The term Homijkrn
represents the homogenization or mixing variability present in the homogenized segments. Finally, the

term grrorijtrnp represents laboratory measurement error•
The index assigned to an individual observation, ?_jkrn therefore describes ali the sources of variability

it was exposed to. Specifically, the components of the index identify the following:



i: the riser (i = 1,2, 3, 4) that the measurement originates from

j: the segment within the riser (j = 1, 2, 3, 4, 5) that the measurement originates from

k: the replicate segment sample (k = 1,2) taken from riser i and segment location j

m: the sample taken from the homogenized segment (ra -- 1, 2, 3) to determine the adequacy of mixing.
The first sample was taken off the top of the mixed segment, the second off the bottom, and the third,

(which was rarely taken) came from a randomly chosen location.

p: The aliquot (replicate) from the sample that was sent through the laboratory to determine laboratory
error. Typically, two aliquots were submitted on each sample (p = 1,2), although for a few select
samples 4 aliquots were submitted.

O'Riter, Seg,There is a variance associated with each of the terms in this model, and they are denoted by 2 ct2
2 2 and 2 These variances summarize the adequacy of sampling and measurement procedures.

O'Rep, ff Hom ' ff Error"
The smaller the variances, the more accurately tank concentration p can be determined.

2.3.2 Composite Data ANOVA Model

The segment-level samples taken from a core are blended together to form a composite sample. For tais tank,
4 complete segments were recovered, so a composite was formed by mixing together 8 samples (£ samples
from each segment). Mixing the segment material together basically eliminates one term in Formula 1. The

segment term Segij is eliminated to produce a description of the data with the form
t t

Y/imp -- P' + Riser_ + Rep 0 + Hom_jm + grrorijrap (2)

What is the relationship between the composite and segment level models? If nothing unusual is happen-

ing during the compositing, one would expect that both models would provide the same estimate of what is
in any core. In mathematical terms, this means

pl + Riser_ = # + Riser (3)

Now, it is possible for the composite and segment-level data to yield different estimates. For example, if
the segments are quite different chemically, compositing may produce chemical reactions that will alter the
concentration of a constituent. It may also be difficult to blend together segments that are quite different

physically. However, for the type of waste obtained from Bll0, one would not expect such problems because
the waste is fairly homogeneous.

The composite samples should, in fact, exhibit less variability than the segment samples, because they

have gone through an additional stage of blending. On this basis, one would expect the composite data to
provide better average concentration estimates than the segment level data - and to require less laboratory
analysis. Composite sampling is generally the most efficient way to estimate average concentration. In
fact, the most efficient sampling scheme for estimating average tank concentration would utilize a composite
sample formed from ali cores from the tank. However, since our objective is not only to estimate the average,
but also to quantify vertical variability within the tank, segment samples were required.

w
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3 Estimates of Variance Components

The variance components presented in this section were obtained by fitting the segment-level model in
Section 2.3.1,

Y_j_mp = P + Riser_ + Segij + Rep_jk + Hom_jkm + Error_jkmp (4)

and the composite model in Section 2.3.2,

• _jmp = tA'+Riser[ + Rep[j + Hom[j m + ,_rror,jmp (5)

to the analytical data from Tank Bll0. The statistical computing package used to fit the models is the
, variance component procedure, "varcomp," described in Reference [9]. The restricted maximum likelihood

(REML) method was used to estimate the variances as explained in Reference [2].
The data set for these analyses consisted of a measured value and an associated detection limit for every

constituent; the measured value was present even if the value was below the detection limit. If a constituent
had 85% or more of its measured values reported as less than detection, then a model was not fit for that

constituent. This resulted in no model fits for Arsenic (As), Beryllium (Be), Cerium (Ce), Cobalt (Co),
Dysprosium (Dy), Lithium (Li), Rhodium (Rh), Antimony (Sb), Thorium (Th), and Thallium (TI). For ali
other constituents, the measured value was used as the actual value whether or not the value was less than
detection.

It should be noted that the detection limit for certain constituents is reported as 0 in the database; A
zero here means that the detection limit was not recorded in the database because ali measured values for
that constituent were above the detection limit. The number of less-than values and the total number of

observations reported for each constituent is presented in the variance component tables of Appendix C.
The results of fitting Models (4) and (5) to the segment-level and composite data are summarized in

Appendix C. In this Appendix, relative standard deviations (KSD) quantify the variance components for the
model terms. A RSD is the ratio of a standard deviation to the mean. lt is a unitless measurement of vari-

ability and allows comparisons of variability across constituents whose magnitudes might differ widely. The
RSD is computed by dividing the square root of the variance component by the estimated mean concentration
p.

Each constituent was fit to the appropriate models independently of the other constituents, so these fits
do not model any multivariate relationships that may be present in the data. The subsections that follow
contain summaries of the segment-level and composite RSD results.

3.1 Segment-Level Results

Complete results for the ANOVA fits to segment level data are reported in Appendix 6.4. The tables in this
appendix contain the RSDs associated with each variance component, as well as the associated degrees of
freedom. The degrees of freedom indicates how many "independent" observations are available to estimate
each variance component. One would like to have 5 to 10 degrees of freedom for each variance component.

As one can see from the results presented in Appendix 6.4, not ali terms in the ANOVA could be estimated
g

for each constituent. For example, the homogenization term is only present on a subset of the constituents
listed in the tables. The data is simply not complete enough to allow ali variance components to be measured
on each constituent.

• Incomplete data also affects some of the variance components that can be estimated. Perhaps the most

severe problem of this nature has to do with the term Segij, which describes vertical variations. We know that
the waste tank has a crust, and material from this crust is present in segment 1 and segment 2 extractions.
(Segment 1 is entirely composed of this crust, while segment 2 contains varying amounts of the crust). From
the very _,imited _egment 1 data available, we know that the crust is much different than the rest of the waste

(See Tabl_ 11 and 12). Unfortunately, for most constituents, no segment-1 measurements were available,
and very few segment-2 measurements; so the segment-level data contains almost no information concerning
this crust. Therefore, for most constituents, the I_D associated with vertical variability is only describing
the vertical variability in a portion of the tank.
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Table ?: Summary of Segment-Level Outlier Values

Detection

Riser Core Seg Sample Aliquot Value Limit Units
Bi riser01 core01 aeg02 sampl al-2 23863 0 ppm
CI riser03 core04 aeg02 sampl al-1 1630 0 ppm

6°Co riser02 core16 aeg03 sampl al-2 1.244000 0 pCi/g
Cr riser03 core04 seg02 sampl al-1 640 7 ppm

13_Cs riser01 core01 aeg02 sampl al-2 37.92 0 _Ci/g •
Fe riser01 core01 aeg02 sampl al-2 23754 54 ppm

NO3 riser03 core0,1 aeg04 samp2 al-2 142000 0 ppm
Na riser01 core01 seg02 sampl al-2 106543 354 ppm
Ni riser02 core03 seg05 sampl al-2 86 6 ppm
P riser01 core01 aeg02 sampl al-2 17535 3993 ppm

2SSpu riser04 core10 aeg03 sampl al-2 0.01234234 0 pCi/g
SO4 riser03 core04 seg05 samp2 al-2 15000 0 ppm

Si riser01 core01 aeg02 sampl al-2 11281 328 ppm
TIC riser03 core04 seg02 samp3 al-1 2430 0 ppm

Total/3 riser01 core01 aeg02 sampl al-2 1054.054054 0 pCi/g
Zr riser01 core02 aeg05 sampl al-1 31 3 ppm

When the segment-2 measurements did occur,they were usually taken at only one riser location (riser-i,
see Table 5), so it was not possible for the ANOVA procedure to always determine whether a variance in
the second segment was due to horizontal or vertical effects. A similar problem occurs between the Segij
and Repijk terms. Incomplete data can make it difficult for the ANOVA procedures to distinguish between
segment and replicate coring variability. A good example of this is the segment 2 measurements for Al. Two
segment 2 core replicates were taken from riser 1 and they resulted in an estimate of 2061 ppm for the first

•_ replicate and 190 ppm for the second, a huge difference. The ANOVA model would classify this as replicate
variability, but it is probably due to crust material that was present in the first replicate but not the second.

Suspect values were identified in the segment-level data by looking at replicate values within a segment-
core combination. If one value was much larger (or smaller) than the rest of the values, then it was regarded
as suspect and was not included in the analysis. If there were only two values within the segment-core
combination, then the value was compared with the values for other segments within that core. If the value

was much larger (or smaller) than the other values within the core then it was regarded as suspect and
was not included in the analysis,. A summary of the values omitted from analysis is presented in Table 7.
Note that 7 out of the 16 suspect values are from Core 1, Segment 2, Sample 1, Aliquot 2. This may be an
indication of a problem with that particular sample. In general, outliers seem to occur at a rate of 1 in 125
measurements. This statistic provides an important description of laboratory reliability.

Figure 2 presents box-plot summaries of ali the variance components presented in Appendix C.1. Each
box-plot displays the following iinformation about the RSD values. The line inside the box represents the
median RSD, and the box itself contains 50% of the tLSD values. The "whiskers" on the boxes identify the
maximum and minimum RSD values. One would like to see a clear ordering of the different RSD values in

Figure 2 but such a simple pattern does not exist. From the length of the whiskers on the box-plots, one
can see that RSDs are occasionally very large, lt is important to note that these summarize the KSDs after
the outliers were removed.

Table 8 gives results from a significance test conducted on the variance components. This test determines
whether or not the variance component is significantly different from zero. Significance is measured by a
P-value which represents the chance that a RSD as large as the one obtained could occur when the RSD is
actually zero. Significance tests were only conducted on constituents with a "complete" set of data; that is,
for which ali variance components in model 4 could be estimated. The tests that are significant at the 10%

12



(a) _ Lev_ C_ (b) _ Lev_ Anions

I ! I I _ I Io I I
0J0 0.S 1,0 1.6 I.O On 0.6 10 I.iS 2.0

ReD miD

(¢)segm_Level_lidu

I
II ii

. I II I

1 I I l I

I

Figure 2: ILSDDistributions for Variance Components Calculated from the Segment-Level Data
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Table 8: Level of Significance for Segment-Level Variance Components

Consti- Variance Component P-Values
tuent Riser Segment Seg-rep Homog.

Cations
Bi 0.11 0.60 *0.00 0.14
Fe 0.66 0.17 "0.001 0.85

Na 1.00 0.09* 0.28 0.18
P 0.94 0.20 *0.07 0.20
Si *0.02 0.24 *0.07 0.84
U 1.00 *0.001 *0.00 1.00

Anions
CI *0.06 1.00 1.00 *0.00
F 1.00 *0.07 1 *0.00

NO2 1.00 *0.00 1.00 *0.00
NOa 1.00 "0.001 1.00 0.20
PO4 0.99 "0.01 1.00 0.65
SO4 1.00 0.21 1.00 *0.00
TIC 1.00 *0.00 1.00 *0.00

TOC 0.92 0.12 1.00 *0.001
- Radionuclide ........

e°Co 0.56 0.12 0.80 0.73
xa_Cs 1.00 *0.002 1.00 *0.01

Total _ 1.00 0.90 *0.00 0.94

Total j9 1.00 1.00 *0.00 1.00
* Significant at 10% level

level are marked with an asterisk.

One can extract several important conclusions about the segment-level RSDs from the tables and plots
presented in this section:

1. Overall variability for the anions appears to be smaller than for the other constituent groupings.

2. Cobalt 60 (6°Co) appears to behave differently than the other radionuclides. In Figure 2(c), the
maximum RSD for laboratory, homogenization, segment, and riser are ali from 6°Co. See Table 29 for
the specific PSD values.

3. The homogenization PSD is generally small. For the cations (Table 26, Appendix C), there were
only six constituents that had enough data to estimate the RSD for homogenization. Among those
six the homogenization RSDs are always the smallest among the model terms. For the radionuclides

(Table 29), the homogenization PSD is almost always estimated to be 0 and is always the lowest among
model terms. However, for the anions (Table 28), the homogenization RSD is almost always slightly
higher than the laboratory RSD.

From the significance tests reported in Table 8, most of the homogenization RSDs are not significantly
different from zero, except for the anions. The majority of the anion homogenization RSDs are signif-
icantly different from zero, but they are comparable in magnitude to laboratory measurement error.
Even though anion PSDs are significantly different from zero, they are not considered to be large.

4. The segment-replicate term describes how repeatable core-sampling is. The segment-replicate KSDs
are the largest component of variation (see Figure 2) except for anions. This indicates that the present
core sampling procedure is not producing a repeatable description of what's in the tank; at least not
at segment-level resolution.
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Table 9: Composite Values Omitted from Analyses as Suspect

Detection

Riser Core Sample Aliquot Value Limit Units

e°Co riser02 corel6 sam i_2 al-2 0':'32 b pCi/g
Cr riser03 core04 sampl al-2 1925 1 ppm

la'rCs riserO1 coreO1 samp3 al-2 3.65 0 pCi/g
la'rCs riser01 core01 samp5 al-2 3.65 0 #Ci/g

Fe riser01 core01 sampl al-1 28417 30 ppm
K riser03 core04 sampl al-2 1146 66 ppm

Mg riser04 corel0 sampl al-2 251 0.17 ppm
• Mn riser03 core04 sampl al-2 195 0.19 ppm

Mo riser03 core04 sampl al-2 37 2 ppm
Ni riser03 core04 sampl al-2 610 3 ppm

2aCNp riser01 core01 samp2 al-1 0.00049 0 _Ci/g
Total/? riser03 core04 samp2 al-2 382 0 #Ci/g

V riser03 core04 sampl al-2 8 1 ppm

5. Spatial variability is described by the two terms, riser and segment R.SDs. The riser ILSD measures

horizontal variability, while the segment RSD measures vertical. The Riser RSD is generally not
significantly different from zero (See Table 8); Only one out of 18 riser P.SDs is significant, so horizontal
variability does not appear to be the major source of spatial variability. (Of course this result might
have been different if we had sampled from a different set of riser locations)

On the other hand, many constituents do display a vertical variability. For the anions, vertical vari-
ability seems to be the largest form of variability. In many cases, the vertical variability seems to be
associated with the crust at the top of the tank. One would expect vertical variability to have been

the largest source of variability if a consistent set of segment 1 and 2 measurements had been included
in the data set. For most constituents, the estimated RSDs presented in Appendix C.1 only describe
the vertical variations below the crust.

6. The laboratory tLSD appears to be reasonably small for the anions. However, in general, there are no
distinct patterns in the laboratory error in relation to the other model terms; i.e., it is not always the
smallest or always the largest, etc.

3.2 Composite Results

The relative standard deviations for the composite data are reported in Appendix 6.4 in a format similar to
that described in the last section. The composite data is generally more complete than the segment level

, data. Consequently, interpretation of the ANOVA results associated with this data is easier.
This data was also subjected to an outlier analysis. We found the same types of extreme values in the

' composite data as we did in the segment-level data. Suspect values were identified in the composite data
by looking at replicate values within a core. If one value was much larger (or smaller) than the rest of them

. values within the core, then it was regarded as suspect and was not included in the analysis. If there were
only two values in the core, then both values were kept in the analysis. A summary of the values omitted
from analysis is presented in Table 9.

Figure 3 summarizes the results presented in Appendix C.2 in box-plot format. Each box-plot displays
the following information about the RSD values: The line inside the box represents the median PSD, and
the box itself contains 50% of the RSD values. The "whiskers" on the box identifies the maximum and

minimum RSD values. The composite data RSDs tend to be smaller than their segment-level counterparts
(compare Figure 3 to Figure 2).
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Table 10: Level of Significance for Composite Variance Components

--Consti- Variance Component P-Values
tuent Ri_r Core Homog.

,,

Cations

Bi 0.154 *0.049 0.691
Fe 0.703 *0.004 1.000
Na 0.576 0.240 0.912

" P 1.000 *0.004 1.000
Si 0.269 0.124 0.956
U 0.815 *0.000 0.367

• -- Radionuclide

a41Am *0.066 *0.009 1.006
243,244Cm 1.000 0.249 1.000

S°Co 1.000 1.000 0.953
ISTCs 0.255 "0.021 0.103

129I 1.000 *0.003 1.000

237Np 0.491 1.000 "0.061
23Spu 1.000 *0.028 0.146

9°Sr *0.028 0.553 1.000
99Tc 0.525 0.407 0.262

Total c_ 1.000 *0.000 1.000

Total _ 0.832 *0.000 1.000
• Significant at 10% level

Table 10 presents significance tests for ali constituents for which a complete model could be fit. For the
composite data, the results of the significance tests are much _learer than for the segment level data. The
homogenization ILSDs are the least significant source of variabiKty (1 out of 17), the Riser tLSDs are also
not very significant (2 out of 17), but the replicate ILSDs are frequently significant (10 out of 17), indicating
that replicate variability is the most significant term. This corresponds with the results presented in the
box-plots, of Figure 3.

Some general observations about the composite results are:

1. The overall variability for radionuclides appears to be larger than for the other constituent groupings.

2. Cobalt 60 (6°Co) appears to behave differently than the other radionuclides. In Figure 3(c), the
maximum tLSD for laboratory and homogenization is from e°Co. See Table 33 in Appendix C.2 for the

specific B,SD values.

, 3. The homogenization ILSD was only estimable for the radionuclide and metal constituents. When
estimable, the homogenization BSD was generally the smallest of the RSDs and showed the smallest

variability across constituents.

• 4. The laboratory RSD was estimable for each grouping of constituents (cations, anions, radionuclides,
and mass spectrometer). If the homogenization KSDs are ignored and the laboratory B,SD for 6°Co

is ignored, then the laboratory B.SD was generally the smallest of the ILSDs and showed the smallest
variability across constituents. In general, the laboratory ILSDs were extremely small for the anion
constituents and were largest for the radionuclides. One could conclude that the laboratory introduces
more measurement error into the data for radionuclide constituents than for the other constituents.

However, as noted above, the laboratory ILSD for radionuclides is still the smallest contributor (ignoring

the homogeneity term) to the overall variability.
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5. The IL_D for core replicates was not estimable for the mass spectrometer data. For the other constituent
groupings, the RSDs for core varied widely. The core component should represent both the variability
due to the coring process and the laboratory's ability to make a core composite out of the individual
segr.mnts that make up a core. The nlaximum number of degrees of freedom available for estimating
the core RSD was 3. This fact a!one could be the greatest cause of the wide variability in the core
RSDs. With ali this in mind, it can be observed that the core RSDs for the anions were smaller than
for the other constituent groupings, and had smaller variability.

6. The riser spatial variability was not generally different from 0, indicating that horizontal spatial vari-
ability is the least important source of variability in this data. However, this conclusion must be
tempered with the observation that the riser locations used for this sampling would not be expected
to produce a great deal of horizontal variability.

3.3 Adequacy of Homogenization Procedure

One important objective for this set of measurements was to determine the adequacy of the homogenization
procedure used in sample preparation. As mentioned in Section 2, the contents of each segment were put
into a blender to produce a "homogeneous" waste sample. When the composite sample is formed from the
segments, this sample is also homogenized. If the homogenization works correctly, ali within-segment and
within-core variability should be eliminated from the sampling process, which should result in more accurate
composite estimates.

To determine whether or not the homogenization procedure worked weil, replicate samples were taken
from the top and bottom of the blended result and sent through the lab for analysis. The results allowed
us to compute a homogenization RSD, which measures the variability in the blended sample. We would like
these RSDs to be as small as possible.

Figures 2 and 3 provide a graphical summary of the homogenization RSDs, while Tables 8 and 10
provide the results of a formal significance test on these terms. As one can see from the tables, very few
of the homogenization RSDs are significant, except for the anion tLSDs. Even though the anion RSDs are
significant, they are not large. The average anion homogenization RSD is in fact 9%, a relatively modest
value.

Therefore, it is reasonable to conclude that the homogenization procedure is adequate: Homogenization
produces a variability that is typically less than the other sources of variability in the data.

3.4 Comparison of Composite and Segment-Level Results

Before comparing the composite and segment-level results, it is useful to identify some of the patterns that
would be expected from such a comparison. First, one would expect the KSDs for riser to remain constant;
i.e., there is no reason to believe that making a composite sample should change the riser to riser variability.
Also, the RSDs for homogenization should be smaller for the composite results. This is because the composite
samples are mixed twice, once to homogenize the segments and then again to form the composite sample.
The segment-level samples are mixed only once, to homogenize the segment. Another expectation is that
laboratory RSDs should remain constant between composite and segment-level results.

m

3.4.1 Riser RSD

For the comparison of riser RSDs between segment-level and composite data, first consider Figure 2 and
Figure 3. The box plots for riser RSDs can be said to be generally the same for segment-level and composite
data within each constituent grouping. One must remember that the maximum number of degrees of freedom
for risers is 3 for each estimate, so there is a considerable amount of uncertainty associated with these
estimates. A constituent by constituent comparison using the tables in Appendix 6.4 and 6.4 reveals that no
consistent pattern exists among cation and radionuclide constituents as to how close the two estimates are

and/or which is bigger. For the anions, the segment-level RSDs are smaller than the composite RSDs for
ali but two constituents (Cl and TOC). With these results, there is not enough evidence to contradict our
original assumption that the riser RSDs remain constant between the segment-level and composite data.
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3.4.2 Homogenization RSD

The homogenization RSDs for segment-level and composite data can al_ be compared by observing Figure 2
and Figure 3. The box plots indicate that the homogenization RSDs are approximately equal for the cations.
No comparison is possible for the anions. For radionuclides, the composite RSDs seem to be larger for the
composite data than for the segment-level data which is the opposite of what was expected. A constituent
by constituent comparison using the tables in Appendix 6.4 and 6.4 reveals that for 4 out of 6 cation
constituents, the composite RSD is smaller than the segment-level RSD. For the radionuclides, 7 out of 11

• composite RSDs were smaller than the segment-level RSDs. These numbers indicate that the majority of
the composite homogenization RSDs are smaller than their corresponding segment-level RSDs.

3.4.3 Replication RSD

A direct comparison of the replicate KSDs in the composite and segment-level data should not be made,
because the two replicates measure agreement on a different spatial resolution. If the replicate variability is

small in the composite model, this means that core averages agree between replicates. For the segment-level
model, a small replicate variability forces the replicates to agree on a segment level. Since core sampling can
be expected to displace layers of waste, one might find that repeatability is poor on the segment-level but
acceptable on the composite (core) level.

Comparison of the replication RSD in the composite data and the segment-leVel data through box plots
(see Figure 2 and Figure 3) reveals that the segment-replicate RSDs are larger than the composite RSDs for
the cation constituents, smaller for the anion constituents, and approximately the same for the radionuclide
constituents. A constituent by constituent comparison from the tables in Appendix 6.4 and 6.4 shows that
the segment-replicate RSDs are larger than the composite RSDs for 23 out of 30 possible cation comparisons.
For the anions, the segment-replicate KSDs are always less than the core RSDs. For the radionuclides, there
are only 4 possible comparisons. For 3 of those 4, the segment-replicate RSDs are larger than the composite
RSDs (the exception is 13_Cs).

3.4.4 Laboratory Measurement RSD

The laboratory RSDs (see Figure 2 and Figure 3) appear to meet expectations (that they will be similar
between segment-level and composite) for the cation and anion constituents. For radionuclides, the'segment-
level RSDs appear to be larger than the composite RSDs. A constituent by constituent comparison from
the tables in Al_pendix 6.4 and 6.4 reveals that for cations, the absolute difference between segment-level
and composite RSDs is less than 0.1 for 22 out of 30 possible comparisons. For absolute differences greater
than 0.1, the laboratory RSD was always greater for the segment-level data. For the anions, the absolute
difference in RSDs between segment-level and composite is always less than 0.1, but the RSD is always
larger in the segment-level data. For radionuclides, there do not appear to be any strong patterns between
the segment-level and composite RSDs, but 8 cut of 12 were larger for the segment-level data. One could
conclude that the laboratory RSDs are approximately equal for the segment-level and composite data, but
there does seem to be a slight trend for increased laboratory RSDs in the segment-level data.

I
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4 Concentration Estimates

This section presents ANOVA concentration estimates produce _ by the fits described in Section 3. Because
of the nature of the data, several different types of concentration estimates can be computed, each with a
different "resolution." For example, one can calculate the awrage concep*.ratlon of a constituent within th_
entire tank, or the concentration at a particular riser, or at a particular vertical (segment) _ocation within
the riser. Standard deviations and confidence bounds can be calculated from the ANOVA fits for each of

these different types of concentrations.
For both the segment-level and composite data models, the average concentration is represented by the

model term #, while the riser concentration is represented by the _erm

# + Ri_e_ . (6)

The segment-level data can also produce a vertical protiie for the tank. The model terms that describe a
vertical profile are

# + -- + set,j) (7)
ni .

$

where ni is the number of risers with an estimate for Segij. Standard deviations and confidence bounds for
these terms can be calculated using the formulas presented in Reference [4].

4.1 Average Concentration Estimates

A summary of the average inventory estimates is included in Tables 11 and 12. These tables list average
concentration estimates calculated from both the composite and segment-level data. The associated relative
standard deviations are also listed in the table. Relative standard deviations range from a low of a few
percent to almost 100%.

In most circumstances, there is reasonable agreement between the composite and segment-level averages.
However, for 4 constituents, significant differences exist; these are marked by an asterisk. In the case of these
4 significant differences (i.e., Al, Am-241, Np-237, and Sr-90), incomplete segment-level data is the cal_se.
Not enough segments-level measurements were taken to produce a correct description of vertical variability
in the tank; no measurements of th_.'most variable segment, segment 2, were included. This causes the RSDs
computed for segment-level data to be too optimistic and also produces a bias in the segment level means.

For example the segment-level es_,imate for Sr-90 was computed from only 4 segments distributed over two
risers and two depth locations (3 and 4). These locations display very little variability between each other.
On the other hand, the composite measurements, which contain material from segment 2 and t_._-efore some
of the waste crust, are about 150 times higher, indicating that the crust is quite radioactive. Independent
confirmation of this comes from the Total/3 measurements, that happened to be performed on each segment
of Core 2. Total/3 for segment 1 is 1441 #Ci/g and for the rest of the segments it is between ]0 and 20
pCi/g, a factor of 100 difference!

Given the incompleteness of the segment level data, one would always choose the composite estimates
over the segment-level estimates. Even if a complete set of segment level measurements had been taken, one
would expect the averages calculated from composite data to be better than their segmel, t level counterparts
because homogenization se_ms to be working weil. One should therefore use the average concentrations
reported under the composite column in Tables 11 and 12 as the most authoritative estimate of tank contents.

As mentioned in Section 3, 10 constituents were not fitted to the ANOVA models, because more than
85% cf their measurements were below detection limits. These constituents are also included in Tables 11 °

and 12. A simple average is reported for these constituents, with no associated RSD.

4.2 Vertical and Horizontal Concentration Estimates

In Appendix D, the ANOVA fits are used to produce vertical profiles from the segment-level data. Con-
stituents with significant vertical heterogeneity are laTCs, F, Na, NO2, NOa, PO4, SO4, 9°Sr, TIC, 99Tc,
U and Zn. Analytes with marginal vertical heterogeneity are Ag, Ca, 6°Co, Fe, Mt, P, Si and TOC. Four

2O
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Table 11: Average Concentrations of Radionuclides, Isotopic Ratios, and Below Detection Limit Constituents

• Composite Segment Segment 1
Constituent Mean RSD Mean RSD Mean

(,Ci/g)
. 24XAm* 0.072 0.34 0.0072 0.10 NA

24s,244Cm 0.0012 0.50 0.0014 0.84 NA
S°Co 0.015 0.44 0.I0 0.96 0.0050

xSTCs 14.9 0.03 13.61 0.03 24.1
lS_Eu 0.067 0.38 0.014 0.32 NA

SH 0.0021 0.35 NA NA NA
12si 0.000036 0.38 0.000057 0.26 NA

2S7Np* 0.00011 0.24 0.000064 0.34 NA
_SSpu 0.0032 0.24 0.0038 0.79 NA
9°Sr* 108.4 0.40 0.67 0.26 NA
9aTc 0.016 0.14 0.011 0.31 NA

Total a 0.15 0.10 0.11 0.19 0.33

Total _ 183.2 0.36 101.5 0.56 729.6

(ratio)
_SSpupSSpu 0.0027 0.78 NA NA NA
24°Pu/_SSpu 0.033 0.10 NA NA NA

241pu/239pu 0.00074 0.22 NA NA NA
242pu/239pu 0.00036 0.22 NA NA NA

234U/238U 0.000063 0.04 NA NA NA
2ssU/2sSU 0.0067 0.002 NA NA NA
2ssU/2ssU 0.00011 0.022 NA NA NA,, ,= ,,

Below Det. (ppm)
As 432 < DL 504 < DL NA
Be 0.11 < DL 0.21 < DL NA
Ce 77 <DL 109 <DL NA

Co 121 < DL 157 < DL NA

Dy 4.79 < DL 7.89 < DL NA

• Li 4.93 < DL 9.58 < DL NA
Rh 74 <DL 106 <DL NA

• Sb 156 < DL 255 < DL NA
Th 57 <DL 89 <DL NA

, TI 923 < DL 1292 < DL NA

• = Significant difference between composite and segment data
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Table 12: Average Concentrations of Anions and Cations

Composite Segment Segment 1
Constituent Mean RSD Mean RSD Mean

(ppm)
Ag 46.7 0.50 11.51 0.32 NA
Al* 1,133 0.15 383.2 0.31 NA
B 49.4 0.13 115 0.55 NA
Ba 14.14 0.04 12.82 0.04 NA

Bi 18,520 0.06 17,730 0.07 32,029
Ca 809.6 0.07 746.4 0.22 NA
Cd 5.28 0.12 5.25 0.10 NA
Ce 37.14 0.27 NA NA NA
CI 1,234 0.06 1,090 0.05 NA
Cr 810 0.02 821.2 0.03 NA
Cu 42.52 0.27 25.08 0.10 NA
Fe 18,060 0.04 15,750 0.03 36,951
F 1,895 0.06 1,775 0.06 NA
K 311.6 0.04 356.9 0.08 NA
La 31.8 0.29 16.6 0.42 NA
Li NA NA 6.97 0.37 NA

Mg 178.5 0.04 159 0.06 NA
Mn 66.7 0.10 54.2 0.05 NA
Mo 13.5 0.39 20.0 0.37 NA

NO2 10,290 0.03 8,776 0.15 NA
NO3 187,100 0.08 170,900 0.03 NA
Na 97,730 0.03 92,770 0.01 92,068
Nd 15.8 0.30 20.9 0.33 NA
Ni 18.6 0.04 30.1 0.29 NA
P 16,060 0.04 15,570 0.03 10,571
PO4 25,250 0.03 24,550 0.05 NA
Pb 528.4 0.22 347.3 0.26 NA
Re 6.5 0.05 8.305 0.22 NA
Ru 111.3 0.24 55.38 0.53 NA

SO4 11,530 0.06 10,860 0.01 NA
Si 9,358 0.03 8,275 0.04 17,963
Sr 211 0.09 209.2 0.13 NA
TIC 899.5 0.06 807.1 0.19 NA

TOC 381.2 0.06 468.2 0.09 NA
Te 19.26 0.21 27.48 0.37 NA
Ti 8.413 0.16 6.338 0.15 NA
U 208 0.08 142.1 0.36 460.0

V 2.788 0.18 2.557 0.23 NA •
Zn 80.51 0.07 87.85 0.15 NA
Zr 6.25 0.12 7.01 0.15 NA

* = Significant difference between composite and segment data.
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Table 13: Numbers of Significant Differences between Segment and Composite Estimates

Not Percent

Sig. Sig. Not Sig.
metals 17 98 15%
anions 2 34 6°£
radionuclides 5 22 19°£
Total 24 154 13%

I, ......

• constituents, NO2, TIC, U, and Zn, exhibit the clearest vertical patterns; The concentrations of these con-
stituents are monotonically related to depth. As one would expect, those constituents that exhibit vertical
patterns also had large segment/tSDs from the ANOVA fits described in Section 3. For example, the segment
RSD for NO2, TIC, and Zn were ali over 50%.

The segment 1 data also is relevant to vertical heterogeneity. Very little segment 1 data was produced,
and most of it came from riser 1 (See Table 5). Because the segment 1 data was so incomplete, it was
dropped from the ANOVA analyses and does not appear in the Appendix D plots. However, we did examine
the segment 1 data that was available and found that it seemed to differ from the rest of the tank contents.
The last column in Tables 11 and 12 lists the average concentration within segment 1. By comparing this
number to the other average concentrations, one can see that segment 1 concentration frequently differs from
the average by about 100%. In other words, the "crust" on the surface of the tank seems to have different
composition than the main portion of the tank. Since the segment 1 measurements were taken at essentially
one location, we can not determine whether these differences exist at other locations in the tank.

Appendix E contains plots that display the horizontal (i.e., riser-to-riser) heterogeneity in the tank.
Riser to riser concentrations can be estimated from both the composite and segment-level data sets, and
both estimates are presented in the plots, along with associated confidence bounds. From the plots, one
can determine that significant horizontal variations exist in Ag, 241Am, NO3, lsTCs, Cu, SO4, Sr, and 9°Sr
(using composite estimates).

Over half of these constituents (i.e Ag, NO3, 13_Cs, Cu and SO4) had a significantly larger value at
riser 3. The other significant constituents displayed no obvious pattern in their horizontal variations. Given
the fact that risers are clustered together as illustrated in Figure 1, one would expect to see a significant
difference between risers 1,2 and 3,4; None of the constituents exhibit such a pattern.

It would be reasonable to conclude that the riser variability present in this data is caused by the crust;
Some of the risers contain more of the crust than others causing the horizontal variability between risers.
If segment 1 material had been included in the composites, the differences between risers may have been
less. Therefor,:, it is reasonable to conclude that horizontal variability is generally low at the risers sampled
in Bl10. One should note that the riser locations chosen for Bl10 may not provide the best estimate of
horizontal variability.

Since vertical variability is also generally low, except for segments that contain waste crust, one can
conclude that the waste below the crust is fairly homogeneous.

4.3 Comparison of Composite and Segment-Level Estimates
t

• Appendix E also allows one to compare segment-level and composite data in detail. If both sampling methods
provided unbiased estimates of the same quantity, one would expect almost all segment and composite
confidence bounds to intersect in the plots. The majority of the confidence bounds do, but there are some
cases where significant differences occur.

In Section 3, we have already discussed the most probable cause for these differences; incomplete segment
level measurements. The composite samples always contain material from segment 2, which contains some
crustal material. The segment level measurements never include all of the segment 2 samples. In fact for many
constituents, no segment 2 samples are included. The effect of the incomplete segment-level measurements
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can be dramatic (see the plots of Al and 9°Sr in Appendix E).
Table 13 presents a summary of the significant differences (at the 5% level) that exist between segment

and composite measurements. From the table, one can see that 24 of a possible 178 measurements, or 13%,
are significantly different. With a test conducted at the 5% level, one would expect 9 significant differences
to occur by chance, so 13% shows that most of the composite and segment-level data agrees. When one
also considers the fact that the segment level data is quite unbalanced for some constituents (particularly
the radionuclides), the agreement between composite and segment level samples should be considered quite
good. From this data set, one would conclude that the two sampling methods generally agree.
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5 Analysis of Holding Time Effects

The objective of the "holding time effects" measurements analyzed in this section is to determine whether
certain analyte samples may degrade with time. Due to backlogs of core samples to be analyzed, a substantial
time interval may occur between the time the sample is taken and when it is run through the laboratory.

Since thel'e are regulatory limits for the duration that sample material may be held before analysis is
completed, and these limits are shorter than the typical process time required for analysis, a variance to
compliance with the holding-time requirements was requested. This variance permits non-compliance with

. the provision that there are no effects of holding time. The present analysis was performed to verify that no
significant effects do indeed occur.

A special set of samples were drawn from homogenized, segment-level waste for this study. Three sets of
measurements were made on each sample: a set at 20 days after sampling, a set at 60 days after sampling,
and finally a set at 120 days after sampling. The observations also included replicate measurements, so that
different sources of measurement variability could be established.

The data from the holding time study are given in Table 14 and plotted against time in Figures 4 through
6. Each line in Table 14 describes a replicate measurement taken from a particular segment (on core 4) at
a particular holding time (batch).

5.1 Statistical Model

Given observations with a structure such as this, it is possible to determine the following forms of variability
within the measurements:

• pure replicate variability _

2
• segment by batch variability _,b

• batch variability _r_

• segment variability _2

In other words, a typical measurement _jk, where i represents the segment, j the batch, and k the
replicate, is described according to the following ANOVA model:

= + + + Bj + SB i+ E ik (8)

where

i= 1,2,3,4, j -" 1, 2,3, k = 1,2, and

)=

Bj) = ,

• var(SB_j) = _b, and

var(E, jk) -" a_.

• In this model, the term/_ has been added to account for the possible "holding time" effect, which should
result in a systematic (i.e. monotonic) increase or decrease in constituent concentration over time. The term

represents the holding time associated with batch j. If the slope parameter,/_, is not significantly different
from 0, then no evidence exists for a systematic effect over time.

Since the data is balanced, except for one missing observation associated with Cr, it is easy to produce
simple estimates for the variance components, the intercept, p, and the slope parameter/_ using standard
ANOVA procedures.
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Table 14: Raw Holding Time Data (ppm)
days batch seg Cl F NO2 NOa PO4 SO4 TIC " TOC Cr

19 1 2 1630 799 13800 139000 18100 10000 1520 595 78
19 1 2 959 805 13500 146000 19100 9680 1650 579 87
19 I 3 1290 1570 11200 184000 22300 11700 755 489 53
19 1 3 1030 1530 11000 162000 21100 11100 901 460 61
20 1 4 934 1610 6750 175000 22000 11000 399 399 40
21 1 4 848 1550 6450 177000 21500 10900 413 383 36
21 1 5 848 1550 4030 196000 22600 11500 177 353 21
21 1 5 872 1530 3920 201000 23500 11600 174 356 23
60 2 2 976 908 15300 149000 21600 8840 1870 476 92
60 2 2 976 910 14900 148000 20700 9490 2070 344 88
55 2 3 1030 1670 10600 184000 24900 11700 918 368 67
55 2 3 1000 1750 10700 168000 22800 11700 898 398 64
48 2 4 1240 2050 7490 197000 28000 9650 474 485 16
49 2 4 1180 2020 7540 142000 19200 8570 453 443 17
54 2 5 1130 2640 4050 215000 27300 11800 476 100 33
54 2 5 1150 2450 4050 229000 28500 15000 469 100 32
109 3 2 1030 956 16400 153000 18400 9940 2430 468 65
110 3 2 1030 838 16500 154000 17300 10000 1630 488 NA
110 3 3 1000 1680 10000 160000 19200 11300 974 501 24
111 3 3 1050 1950 11100 179000 24600 11900 1000 515 25
127 3 4 993 1750 6880 176000 20000 10700 453 357 11
127 3 4 1040 1750 6860 190000 23300 11300 457 606 11
131 3 5 1070 2280 3590 198000 24100 11100 407 271 11
132 3 5 1070 2200 3650 193000 24000 11000 392 274 7

,,,
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Table 15: Summary of ANOVA Fits

Consti ......... RSI)

tuent 1.4 Si B i SB_ i Eiik /3 sd(E) Z-stat
Cl 1057.3 0:0000 0.0000 0.1179 0.1413 -0.240 1.315 ':0.1821
F 1614.4 0.3175 0.1475 0.1305 0.0477 2.424 3.754 0.6457

NO2 9177.5 0.5239 0.0000 0.0857 0.0284 4.795 6.504 0.7372
NO3 175625.0 0.1294 0.0000 0.0000 0.0790 17.707 78.991 0.2242

• PO4 22254.2 0.0979 0.0949 0.0000 0.1041 -4.798 32.273 -0.1487
SO4 10894.6 0.0843 0.0000 0.0764 0.0677 -0.138 7.905 -0.0174
TIC 890.0 0.7739 0.0944 0.0000 0.1946 1.936 1.531 1.2645

• TOC 408.7 0.2548 0.1891 0.1505 0.1448 0.047 1.233 0.0381
Cr 42.8 0.6324 0.1303 0.2114 0.0714 -0.244 0.108 -2.2658

5.2 Results

Figures 4 through 6 present the segment adjusted data (i.e. _jk- Si) and the batch effects (the batch effects

are simply p + _Tj + Bi). The data has been segment adjusted to reduce the scatter in the data so that the
viewer will be better able to visually compare the scatter in the data with the batch effects.

From these plots, it is intuitively apparent that no large systematic time trend exists for any of the
constituents, except possibly Cr. Visually, the concentration of Cr in the third batch does seem to be
significantly less than the other two. However, only three time groups exist, so it is not clear whether this
"low" batch is due to measurement bias or a true systematic time trend; we would certainly be more likely
to believe this low batch was due to a systematic time trend if batch 2 was also lower than batch 1, but it
is not.

From these figures, we do see some evidence for a batch effect, but it does not seem to be a systematic
batch effect. In other words, the batch effect is caused by factors that randomly change from one measurement

time to the next (instrument calibration, operator vigilance, etc.). The term Bj and its variance (rb2measures
this sort of effect.

If a systematic effect does occur, concentration may either be decreasing or increasing (With only 3
points in time, we cannot consider more exotically shaped systematic effects). Of course, a decreasing
time trend would be of most concern, because that would mean that current procedures underestimate the
concentrations of important constituents, lt is also possible to have the measurements display an increasing
time trend, which could be caused by evaporation, redox changes, or gas (e.g. CO2) escape.

The essential results of the fits of ANOVA model (1) to the data are presented in Table 15. The most
critical column in the table is the last, which contains a z-statistic to test whether /3 "- 0 (this is simply
the estimate divided by its standard deviation). When the absolute value of this statistic is greater than 2,
the result would be significant at the 5% level. As one can see from the table, there is no significant time
trend except possibly for Cr. At a 1% level of significance, Cr would not be significant. Therefore, one can

• conclude that there is no evidence for a time trend except possibly for Cr, and that evidence is weak.
An examination of the variability within the data reveals little consistency from one constituent to

the next. Some constituents have significant batch-to-batch variability; others have none. The variability
• associated with batches was found to be statistically significant in more than half of the analytes examined.

The variability between segments was found to be significant for ali analytes other than Cl.
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Figure 4: Segment-Adjusted Data Versus Time
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Figure 5: Segment-Adjusted Data Versus Time (cont)
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Figure 6: Segment-Adjusted Data Versus Time (cont)
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6 Conclusions

The Bl10 datahas been usedtocalculateinventoryestimatesforapproximately70 constituents,which are

listedinTable 2 and graphicallydisplayedin AppendicesD and E. The data alsoprovidesestimatesfor

severaltypesofspatial,sampling,mixing,and measurementvariabilitiesusingANOVA procedures.These
resultsarepresentedinAppendix C.

The averageconcentrationof a typicalconstituenthas a relativestandard deviationof about 10%.

However,theuncertaintyrangesfromafew percentup toabout 100%. One factorthataffectsthisuncertainty
isthenumber ofmeasurementsmade on eachconstituent.Some constituentsweremeasuredquiteextensively,
otherconstituentshad littledata.

lt isdifficultto make any stronggeneralizationsabout the relativemagnitudesof spatial,sampling,
. mixing, and measurement variabilities. In the results, one can find examples for which each type of variability

is dominant. However, if one had to summarize the sources of variability, one would say that mixing

(homogenization) variability is generally the smallest source of variability, measurement variability is next,
followed by spatial variability, and sampling variability (i.e. core and segment replication error) is the largest.

6.1 Adequacy of Sample Homogenization (Mixing)

The data allows us to determine the variability within a homogenized (or blended) sample. An acceptable
homogenization procedure should exhibit sampling variabilities that are less than laboratory measurement
variabilities. For both types of sampling (composite and segment-level), homogenization variability was
usually the smallest type of variability measured. One can therefore conclude that sample homogenization
procedures are adequate, at least for Bl10 waste.

6.2 Spatial Variability

Two types of spatial variability could be measured in the data, horizontal (riser to riser) and vertical
(segment to segment). Horizontal variations were less significant than vertical variations. In fact, for most
constituents horizontal variations were not significantly different from zero. This result does depend on the
riser locations chosen for the Bl10 coring. A different choice of riser locations may have produced more
horizontal variations.

Evaluation of vertical variability was hampered by incomplete segment-level measurements. For many
constituents, the crust of the waste was not measured; This made the constituent appear vertically homo-
geneous when it was not. Nevertheless, the basic vertical pattern is present in the data. The waste is fairly
homogeneous vertically, except for the crust at the top. The crust at the top is quite different chemically
from the waste beneath it.

6.3 Comparison of Segment and Composite Sampling
In Section 4.3, concentration estimates calculated from composite samples were compared to segment-level
estimates. In the majority of cases (87%) no significant differences were found. In the 13% of the cases

• in which significant differences were found, many were due to the fact that the segment-level data was
unbalanced and therefore did not produce unbiased estimates.

6.4 Holding Time Results

The holding time data exhibited significant between-batch variability. In other words, there were significant
differences between analyses performed at one time period when compared to another. This between-batch
variability may indicate that laboratory measurements are not in statistical control.

However, these differences did not exhibit any systematic pattern or trend. From the analysis of the
holding time data presented in Section 5, only one constituent, Cr, displays a marginally significant (at 5%
level) time trend. The other eight constituents exhibit no strong relationship to time.
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B110 DATA SET FORMAT



Appendix A - BII0 Data Set Format

This appendix describesthe format of the Bl10 data set used to produce the resultsdiscussedin this

report.The data setcontainschemicalmeasurements made by the 324 Lab on Bl10 coresin 1990. The

datawas assembledfrc_ labor_toryspreadsheetsby Brenda Thorton and RickWallingatPNL forthe SST

CharacterizationProgram in1991.

Each row in the data-baserepresentsa singleobservation.The columns in the data-setare definedin
Table 16 and Table 17.An excerptfrov_thedata baseisprovidedinTable 18 asan example.

Table 16:DescriptionofBl10 Data Base Fields

• [ Field., Description

1 N_.me ofTank measured

2 Core ID associatedwithsample

3 Segment Sampled. If"Comp" isinthisfield,
thenthe measurement was on a compositesample

4 Constituent Measured

5 .Homogenization Sample Replication Number
6 Aliquot Sample Replication Number
7 Meas:,_edvalue

8 _Jetectionlimitassociatedwiththemeasured value

9 Unitsassociatedwithcolumns7 and 8

10 Measured valuein"EPA-preferred"units

11 DetectionLimitin"EPA-preferred"units
12 Unitsassociatedwithcolumns 10 and 11

13 MasterSample Identifier

_.4 Method of chemicalanalysisutilized(See Table 17 for

description)

15 Statusofthe observationirthe analysis(0-not included
inthe s:_lysis,1 -includedinthe analysis),H,
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Table 17:ExplanationofAnalysisMethod Codes

DetectorCodes

ICP: inductivelycoupledplasmaemissionspectroscopy

GEA: gamma energyanalysisusingeitherGe(Li)orintrinsicGe detectors

GP: gas proportionalcounter
LF: laserfluorescence

AEA: alphaenergyanalysison surfacebarrier(Si)detectors
MS: mass spectrometry

AAGF: atomicabsorptiongraphitefurnace

CVAA: coldvaporatomicabsorption

UV-VIS: ultraviolet-visiblespectrometry

IC: ion chromatography
CA: carbonanalyzer

LS: liquidscintillation

Pre-treatmentCodes

F: KOH fusionwithHCI dissolve

A: Acid Leach

W: Water Leach

Table 18:Excerptfrom BI10 Data Base

Field1 Field2 Field3 Field4 Field5 Field6 Field7 Field8

Field9 Field10 Field11 Field12 Field13 Field14 Field15

Bl10 core01 comp Ag sampl al-1 133.836233 121.826402

mg/kg.dry 0.0055 0.0050 wgt.%.wet 90-1125al ICP:F 0

B110 core01 comp Ag sarnpl al-1 21.900475 76.360238

mg/kg.dry 0.0009 0.0031 wgt.%.wet 89-0621cl ICP:W 0

Bl10 core01 comp Ag sampl al-1 58.401265 37.044215
mg/kg.dry 0.0024 0.0015 wgt.%.wet 89-0621al ICP:A 1

B110 core01 comp Al samp 1 al- 1 248.205378 511.709648
mg/kg.dry 0.0102 0.0210 wgt.%.wet 89-0621cl ICP:W 0

Bl10 core01 comp Al sampl al-1 2791.093807 260.485509
mg/kg.dry 0.1147 0.0107 wgt.%.wet 89-0621al ICP:A 1

Bll0 core01 comp Al sampl al-1 2890.862635 852.784816

mg/kg.dry 0.1188 0.0350 wgt.%.wet 90-1125al ICP:F 0
Bli0 core01 comp Am-241 sampl al-1 12000 0 •

dpm/g.wet 5.4054 0 nano-Ci/g.wet 89-0621-C-1 RAD:W 0
B110 core01 comp Am-241 sampl al-1 305000 0 •

dpm/g.wet 137.3873 0 nano-Ci/g.wet 89-0622-A-2 RAD:F 0
Bl10 core01 comp Am-241 sampl al-1 0.1362 0

micro-Ci/g 136.2000 0 nano-Ci/g.wet 89-0622a2 GEA:F 1
B110 core01 comp Am-241 samp3 al- 1 0.2355 0

micro-Ci/g 235.5000 0 nano-Ci/g.wet 90-1125-A-1 GEA:F 1
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Appendix B - Box Plots of the Raw Data

This appendix presents summaries of the raw BI10 data. For _,_ch constituent grouping (radionuclides,
cations, anion, and mass spectrometer) box plots and tables of summary statistics are provided. Box plots
provide a graphical summary of the data. The box in a boxplot contains the middle half of the data (the 25th
percentile and 75th percentile define the box, the mean is also displayed); the whiskers extending from the
box show the range of the data. The numbers used to create the box plots are provided in the accompanying
tables. For each constituent, the tables contain the overall mean, the rain and max, the 25th and 75th

• quantiles, the number of observations, and the overall standard deviation.
Separate plots are presented for segment-level and composite data and for anions, cations, radionuclides

and mass-spec ratios.

Table 19: Segment Level Radionuclides

Cons - # Obs Max 75% Quant Mean 25% Quant Min Std Der
_41Am 12 0.0097 0.00"78 0.0070 0.0056 0.0050 '0.0747

24_,244Cm 11 5.7e-03 1.5e-03 1.2e-03 2.0e-04 9.4e-05 1.4e-02
6°Co 36 1.2e+00 1.5e-02 1.2e-01 1.6e-03 6.4e-04 4.0e-02
1_7Cs 74 37.9 15.3 14.4 12.1 10.3 3.5
IS2Eu 4 0.0270 0.0176 0.0143 0.0090 0.0054 0.0947

129I 12 8.0e-05 6.9e-05 5.2e-05 4.2e-05 3.8e-05 6.5e-03

2STNp 12 1.1e-04 9.2e-05 7.1e-05 5.2e-05 3.0e-05 7.2e-03
23Spu 12 1.2e-02 5.5e-03 3.8e-03 9.2e-04 8.0e-05 3.0e-02

9°Sr 12 1._6 0.68 0.62 0.43 0.28 0.65

99Tc 12 0.0197 0.0170 0.0111 0.0045 0.0040 0.0669
Totala 56 0.635 0.176 0.160 0.077 0.049 0.278

Total/_ 60 1653.2 143.2 228.2 13.2 9.7 3.6
14C 0 0 0 0 0 0 0
3H 0 0 0 0 0 0 0

Table 20: Composite LevelRadionuclides

Cons # Obs Max 75% Quant Mean 25% Quant Min Sid Der
Z41Am 23 0.141 0.086 0.062 0.027 0.013 0.165

_43,_44Cm 15 3.3e-03 9.0e-04 8.6e-04 3.3e-04 1.8e-04 1.8e-02
6°Co 25 0.3210 0.0086 0.0268 0.0029 0.0012 0.0540
137Cs 52 16.9 14.8 14.0 13.6 3.7 3.7

152Eu 5 0.118 0.099 0.080 0.068 0.037 0.261
• 12si 22 1.3e-04 3.8e-05 3.0e-05 1.5e-05 6.3e-06 3.9e-03

237Np 22 5.0e-04 l.le-04 1.2e-04 7.3e-05 2.7e-05 8.5e-03
238pu 22 0.0075 0.0034 0.0029 0.0019 0.0012 0.0439

" 9°Sr 22 235.6 132.4 91.7 32.1 6.4 5.7
99Tc 18 0.025 0.020 0.016 0.012 0.011 0.112

Total a 24 0.24 0.16 0.16 0.13 0.11 0.36

Total/_ 26 523 244 198 107 28 10
14C 9 3.6e-03 2.5e-10 4.0e-04 3.9e-17 2.7e-17 6.3e-09
SH 14 7. le-03 3.3e-03 2.2e-03 9.8e-04 3.5e-06 3. le-02
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Table 21: Segment Level Cations

Cons # Obs Max 75% Quant Mean 25% Quant Min Std Der

Ag 36 63.0 13.2 11.6 2.0 0.0 1.4
Al 36 2077 289 383 123 28 11
As 74 2330.0 234.0 181.1 40.8 1.0 6.4
B 36 325.0 71.2 80.4 42.5 16.0 6.5

Ba 36 19.0 14.2 12.8 11.0 8.0 3.3
Be 36 0 0 0 0 0 0
Bi 74 33249 19335 18557 15939 13320 126
Ca 36 2202 651 678 506 355 22
Cd 36 9.0 7.0 5.2 3.0 2.0 1.7
Ce 36 261.0 57.8 46.1 9.8 3.0 3.1
Co 36 119.0 64.2 41.1 10.0 2.0 3.2
Cr 36 977 887 821 746 640 27
Cu 36 64.0 29.0 25.1 18.0 14.0 4.2

Dy 36 7.0 2.2 2.0 1.0 0.0 1.0
Fe 74 39045 16707 17164 15012 12966 123
K 36 706 388 354 278 158 17
La 36 130.0 13.5 16.7 3.0 1.0 1.7
Li 36 42.0 10.5 7.3 1.0 0.0 1.0

Mg 36 256 169 158 137 81 12
Mn 36 95.0 61.3 54.4 47.7 38.0 6.9
Mo 36 107.0 18.2 20.6 5.0 1.0 2.2
Na 74 106543 96374 93055 90220 65001 300
Nd 36 146 24 21 4 0 2
Ni 36 143.0 24.2 32.6 13.8 12.0 3.7
P 74 18651 16534 15406 14851 10107 122

Pb 36 1636 460 347 128 38 11
Re 36 19.0 9.2 8.2 5.0 0.0 2.2
Rh 36 81 46 26 9 0 3
Ru 36 155.0 51.8 52.6 16.8 9.0 4.1
Sb 36 189.0 91.2 58.3 17.8 2.0 4.2
Si 74 19068 8862 8935 8074 6553 90
Sr 36 319 224 199 167 125 13
Te 36 94.0 33.5 27.1 12.0 3.0 3.5
Th 36 93.0 35.2 27.8 12.8 1.0 3.6

Ti 36 18.0 8.2 6.3 4.0 0.0 2.0
Tl 36.0 1282.0 468.2 339.4 85.8 13.0 9.3
U 60 797.7 212.5 196.9 46.7 6.8 6.8
V 36 6.0 4.0 2.5 1.0 0.0 1.0
Zn 36 184.0 130.2 89.1 45.5 32.0 6.7
Zr 36 31.0 11.0 7.8 3.8 0.0 1.9

,,.

(Units are ppm)
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Table 22: Composite Level Cations

Cons # Obs Max 75% Quant Mean 25% Quant Min Std Dev

Ag 14 119.0 42.2 37.1 14.5 7.0 3.8
" Al 14 1766 1416 1133 858 329 29

As 42 556.0 216.0 166.2 67.2 7.0 8.2

B 14 87.0 51.5 49.4 39.0 29.0 6.2

• Ba 14 17.0 15.8 14.1 13.0 12.0 3.6
Be 14 0.0116 0.0000 0.0014 0.0000 0.0000 0.0000

Bi 42 23643 21978 19577 17415 14094 132

Ca 14 1012 944 810 673 592 26
Cd 14 8.0 6.8 5.3 4.0 2.0 2.0

Ce 14 74.0 61.8 37.1 16.8 3.0 4.1

Co 14 174.0 57.0 51.1 22.8 12.0 4.8

Cr 14 1925 833 885 803 712 28
Cu 14 93.0 61.0 44.0 24.0 18.0 4.9

Dy 14 6.0 1.0 1.3 1.0 0.0 1.0
Fe 42 28417 18562 18293 17700 14256 133
K 14 1146 359 372 277 252 17

La 14 65.0 46.5 30.5 15.2 6.0 3.9
Li 14 14.000 3.000 2.527 0.094 0.000 0.307

Mg 14 251 194 182 162 154 13
Mn 14 195.0 76.8 75.1 54.2 49.0 7.4

Mo 14 47.0 18.8 15.7 6.2 3.0 2.5

Na 42 123063 96703 96219 91887 88036 303
Nd J4 33.0 25.8 15.4 5.5 1.0 2.3
Ni 14 610.0 20.0 60.9 17.2 15.0 4.2
P 42 21695 17994 16710 15362 12532 124

Pb 14 1165 598 527 306 274 17
Re 14 9.0 7.0 6.5 6.0 5.0 2.4
Rh 14 125 11 24 4 1 2
Ru 14 187.0 173.8 111.3 35.2 28.0 5.9
Sb 14 563.0 65.0 85.4 11.5 2.0 3.4

Si 42 11910 9660 9383 8994 8082 95
Sr 14 269 252 215 186 172 14
Te 14 39.0 22.0 19.4 14.2 6.0 3.8
Th 14 80.0 31.2 25.4 9.5 2.0 3.1

Ti 14 16.0 I0.0 8.4 7.0 4.0 2.6
Tl 14 961.0 154.2 176.9 42.8 16..0 6.5
U 26 283 233 213 180 136 13

V 14 8.0 4.0 3.2 2.0 0.0 1.4

Zn 14 95.0 89.8 80.3 76.8 52.0 8.8
Zr 14 20.0 8.0 7.4 5.0 4.0 2.2

(unitsareppm)
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Table 23: Segment Level Anions

Cons _Obs Max 75%Quant Mean 25%Quant Min Std Dev
CI 52 1630 1172 1078 989 844 31
F 52 2940 1968 1733 1548 799 39

NO2 52 17400 12000 8895 4050 3050 64
NO3 52 229000 186250 171788 153750 127000 392
PO4 52 37900 24925 23640 21750 17300 147
SO4 52 15000 11500 10921 10375 8570 102
TIC 52 2430 980 828 400 174 20
TOC 52 798 533 465 380 94 20

Table24: CompositeLevelAnions

Cons #Obs Max 75%Quant Mean 25%Quant Min Std Der

Cl 14 1500 1397 1226 1050 987 32
F 14 2290 2032 1875 1703 1360 41

NO2 14 12300 10875 10288 9392 8870 97

NO3 14 235000 188500 181000 166250 155000 408
PO4 14 28500 26150 24914 23725 21800 154
SO4 14 14000 11275 11236 10525 10100 103
TIC 14 1200 986 899 835 618 29
TOC 14 463 434 381 316 298 18

Table 25:Composite LevelIsotopicMass Ratios

Cons # Obs Max 750£Quant Mean 250£Quant Min Std Dev

2aSpu/2agPu 6 0.00515 0.00367 0.00202 0.00050 0.00026 0.02232
24°pu/239pu 6 0.038 0.034 0.032 0.030 0.029 0.172
241pu/239pu 6 0.00103 0.00077 0.00070 0.00057 0.00051 0.02388
242pu/239pu 6 0.00049 0.00040 0.00034 0.00025 0.00019 0.01568

234U/238U 6 7.8e-05 6.3e-05 6.4e-05 6. le-05 5.6e-05 7.8e-03
235U/23su 6 0.0068 0.0068 0.0068 0.0067 0.0067 0.0821
236U/238U 6 0.00012 0.00012 0.00011 0.00011 0.00011 0.01050
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Figure 7: Box Plots of Segment Level Radionuclides
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Figure 8: Box Plots of Composite Level Radionuclides
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Figure 9: Box Plots of Segment Level Cations
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Figure 10: Box Plots of Composite Level Cations
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Figure 11: Box Plots of Segment Level Cations
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Figure 12: Box Plots of CompositeLevelCations
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Figure14: Box Plots of CompositeLevelAnions
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Appendix C - Results of REML AN OVA Fits

C.1 Segment-Level Results

The relative standard deviations for the segment-level data are reported in Tables 26, 28, and 29 for cations,
anions, and radionuclides constituents, respectively. The first column identifies the constituent, the next five
columns contain the relative standard deviations for each variance component. Columns 7 and 8 contain the
estimated mean concentration and the overall RSD. Column 9 contains the number of observations that were

. reported in the core reports as less-than values, and column 10 contains the total number of observations.
Relative standard deviations (HSD) are used to represent the variance components for the model terms.

An RSD is the ratio of a standard deviation to a mean. It is a unitless measurement of variability and allows

comparisons of variability across constituents whose magnitudes might widely differ. For individual variance
components, the RSD is computed by dividing the square root of the variance component by the estimated
mean concentration. An overall RSD was computed for each constituent by dividing the square root of the
predicted variance of the mean by the estimated mean. The variance components are defined in terms of
the ANOVA model;

Y_jkmp = P + Riseri + Segiy + Repijt + Homij_,n + Errorij_mp (9)

see Section 2.3 for a cow.plete description of ali terms in the model.
The tables also contain the degrees of freedom associated with the segment-level data. The degrees of

freedom indicate how much information is available for each estimate. For example, in Table 2(3 the degrees of
freedom for riser is usually 3. This means that the riser KSD is estimated with the equivalent of 4 individual
observations.
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Table 26: Segment Data: Relative Standard Deviations for Cations (ppm)

Less

Riser Seg Seg-Rep Horn Lab Mu A'tSD(Mu) Than Obs
Ag 0 0.7148 1.022 ** 0.2724 11.51 0.3249 15 36

3* 8 6 0 18
AI 0 0 1.324 ** 0.07756 383.2 0.3124 4 36

3 8 6 0 18
As 71 74

B I. 109 0 0.1084 ** 0.09355 115 0.5557 15 36
3 8 6 0 18

Ba 0 0.1001 0.1635 ** 0.06234 12.82 0.04992 0 36
3 8 6 0 18

Be 36 36

Bi 0.1385 0.04818 0.101 0.03075 0.04573 17,730 0.07505 0 74
3 8 8 14 36

Ca 0.3376 0.4218 0.2689 ** 0.07759 746.4 0.2221 0 36
3 8 6 0 18

Cd 0 0 0.4064 ** 0.1931 5.25 0.1011 14 36

3 8 6 0 18
Ce 31 36
Co 36 36
Ct 0.03797 0 0.09814 ** 0.02899 821.2 0.03117 0 36

3 8 6 0 18
Cu 0 0.1229 0.4042 ** 0.2391 25.08 0.1098 2 36

3 8 6 0 18

Dy 35 36
Fe 0.05226 0.05949 0.05331 0.008386 0.03735 15,750 0.03437 0 74

3 8 8 14 36
K 0 0.1473 0.2677 ** 0.2081 356.9 0.08453 8 36

3 8 6 0 18

La 0 0 1.8 ** 0.09055 16.67 0.4245 18 36

3 8 6 0 18

Li 0.3791 0 1.326 ** 0.207 6.974 0.3753 25 36
3 8 6 0 18

Mg 0 0.1458 0.1796 ** 0.0409 159 0.06095 0 36
3 8 6 0 18

* -----Degrees of Freedom, ** - Data was not available to estimate this effect
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Table 27: Segment Data: Relative Standard Deviations for Cations (ppm, Continued)

Less

• Riser Seg Seg-Rep Horn Lab Mu P_D(Mu) Than Obs
Mn (}.039 0 0.2327 ** 0.05593 54.29 0.05961 0 "36

3* 8 6 0 18
Mo 0.3843 0 1.287 ** 0.2598 20.09 0.3701 22 36

3 8 6 0 18

Na 0 0.04462 0.024 0.02666 0.03183 92,770 0.01552 0 74
3 8 8 14 36

Nd 0 0 1.389 ** 0.4304 20.97 0.3352 28 36
3 8 6 0 18

Ni 0.1929 0 1.159 ** 0.2176 30.13 0.2953 2 36
3 8 6 0 18

P 0.04558 0.07064 0.05263 0.02974 0.04486 15,570 0.0343 0 74
3 8 8 14 36

Pb 0 0 1.118 ** 0.04355 347.3 0.2637 2 36
3 8 6 0 18

Re 0.4017 0.2272 0.2382 ** 0.3322 8.305 0.2293 12 36
3 8 6 0 18

Rh 33 36
Ru 1.07 0 0.2453 ** 0.06348 55.38 0.5391 7 36

3 8 6 0 18
Sb 36 36

Si 0.08558 0.03776 0.03075 0.007794 0.03536 8,275 0.04516 0 74
3 8 8 14 36

Sr 0.2612 0.1252 0.04699 ** 0.02754 209.2 0.1367 0 36
3 8 6 0 18

Te 0.6885 0.3011 0.3765 ** 0.4672 27.48 0.3793 25 36
3 8 6 0 18

Th 34 36
Ti 0 0.178 0.5849 ** 0.2071 6.338 0.152 7 36

3 8 6 0 18
TI 36 36
U 0 0.9993 0.3055 0 0.1423 142.1 0.3631 0 60

2 5 7 10 27

V 0.3727 0 0.5088 ** 0.3745 2.557 0.2364 20 36

3 8 6 0 18

Zn 0 0.5068 0.2034 ** 0.05521 87.85 0.1551 0 36
• 3 8 6 0 18

Zr 0 0 0.6252 ** 0.2676 7.017 0.1543 9 36
3 8 6 0 18

* -- Degrees of Freedom, ** = Data was not available to estimate this effect
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Table 28: Segment Data: Relative Standard Deviations for Anions (ppm)

Less

Riser Seg Seg-Rep Horn Lab Mu RSD(Mu) Than Obs
CI 0.'09715 0 0 0.09518 0.04937 1,090 0.05406 0 52

3* 8 6 8 26
F 0 0.2083 0 0.1248 0.06529 1,775 0.06613 0 52

3 8 6 8 26
NO2 0 0.524 0 0.07964 0.03434 8,776 0.1523 0 52

3 8 6 8 26
NOs 0 0.1157 0 0.03013 0.04552 170,900 0.03465 0 52

3 8 6 8 26
PO4 0.07071 0.1386 0 0.02605 0.07572 24,550 0.05571 0 52

3 8 6 8 26

SO4 0 0.05019 0 0.04405 0.02779 10,860 0.01753 0 52
3 8 6 8 26

TIC 0 0.6502 0 0.1509 0.06892 807.1 0.1906 0 52
3 8 6 8 26

TOC 0.1197 0.2207 0 0.1673 0.112 468.2 0.09731 0 52
3 8 6 8 26

* -- Degrees of Freedom, ** - Data was not avai able to estimate this effect
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Table 29: Segment Data: Relative Standard Deviations for Radionuclides (pCi/g)
,_.

Less

Riser Seg Seg-Rep Hom Lab Mu RSD(Mu) Than Obs
_4iAm 0.08313 0.1i'46 ** 0 0.1011 0.007287 0.1097 0 12

1" 2 0 2 6
24s,244Cm 1.074 0.6188 ** 0 0.6972 0.001483 0.8485 0 11

1 2 0 2 5
6°Co 1.514 1.74 0.3083 0.3323 0.8203 0.1051 0.9647 0 36

3 6 3 7 13
lSTCs 0 0.1141 0 0.05098 0.05203 13.61 0.03514 0 74

3 8 8 14 36
152Eu ** 0 ** ** 0.6478 0.01426 0.3239 0 4

0 1 0 0 2
129I 0.3788 0 ** 0 0.06922 0.00005749 0.2687 0 12

1 2 0 2 6

2STNp 0.4668 0 ** 0 0.2901 0.00006457 0.3417 0 12
1 2 0 2 6

2SSpu 1.104 0 ** 0 0.5536 0.003846 0.7999 0 12
1 2 0 2 6

9°Sr 0 0.5269 ** 0 0.1496 0.6725 0.2674 0 12
1 2 0 2 6

99Tc 0 0.6184 ** 0 0.07283 0.01148 0.31 0 12
1 2 0 2 6

Totala 0 0.2434 0.6425 0.01034 0.08681 0.1182 0.1998 0 56

2 5 5 10 25

Total_ 0 0 2.183 0 0.1238 101.5 0.564 0 60
2 5 7 10 27

* -- Degrees of Freedom, ** - Data was not 'available to estimate this effect
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C.2 Composite Results

The relative standard deviations for the composite data are reported in Tables 30, 32, 33, and 34 for cations,
anions, radionuclides, and mass spectrometer constituents, respectively. The first column identifies the
constituent, the next four columns contain the relative standard deviations for each variance component.
Columns 5 and 6 contain the estimated mean concentration and the overall KSD. Column 7 contains the

number of observations that were reported in the core reports as less than values, and column 8 contains the
total number of observations.

Relative standard deviations (RSD) are used to represent the variance components for the model terms.
An RSD is the ratio of a standard deviation to a mean. lt is a unitless measurement of variability and allows

comparisons of variability across constituents whose magnitudes might widely differ. For individual variance
components, the RSD is computed by dividing the square root of the variance component by the estimated
mean concentration. An overall RSD was computed for each constituent by dividing the square root of the
predicted variance of the mean by the estimated mean. The variance components are defined in terms of
the ANOVA model;

= + + + I-Iom.,+ (10)
see section 2.3 for a more complete description of the model.
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Table 30: Composite Data: Relative Standard Deviations for Cations (ppm)

-- Less

" Riser Core Horn Lab Mu RSD(Mu) Than Obs

--Ag 0.9958 0.148 ** 0.0647 46.73 0.5017 0 14
3* 3 0 7

• Al 0 0.4132 ** 0.01097 1,133 0.1562 0 14
3 3 0 7

As 41 42
B 0 0.333 ** 0.1762 49.43 0.1344 3 14

3 3 0 7

Ba 0 0.1152 ** 0.02672 14.14 0.04413 0 14
3 3 0 7

Be 14 14
Bi 0.122 0.0679 0.01977 0.06739 18,520 0.06785 0 42

3 3 8 27
Ca 0 0.1852 ** 0.02721 809.6 0.07036 0 14

3 3 0 7
Cd 0 0.2905 ** 0.2261 5.286 0.1253 4 14

3 3 0 7
Ce 0 0.727 ** 0.1489 37.14 0.2777 9 14

3 3 0 7
Co 13 14
Cr 0.03903 0.04174 ** 0.005823 810 0.02539 0 14

3 3 0 7
Cu 0.5264 0.1843 ** 0.2165 42.52 0.2795 1 14

3 3 0 7

Dy II 14
Fe 0.05518 0.07483 0 0.04885 18,060 0.04081 0 42

3 3 8 27
K 0 0.09467 ** 0.115 311.6 0.0482 2 14

3 3 0 7
La 0.4448 0.5102 ** 0.03663 31.81 0.2973 0 14

3 3 0 7
Li 13 14

• Mg 0 0.1045 ** 0.02441 178.5 0.04011 0 14
3 3 0 7

Mn 0 0.2865 ** 0.01144 66.78 0.1083 0 14
3 3 0 7

Mo 0.2217 0.9941 ** 0.1757 13.54 0.3959 3 14
3 3 0 7

* = Degrees of Freedom, ** ='Data was not available to estimate this effect
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Table 31: Composite Data: Relative Standard Deviations for Cations (ppm, continued)

Less

Riser Core Horn Lab Mu RSD(Mu) Than Obs
Na 0.05515 0_03853 0.008702 0.05231 97,730 0.03"285 0 42

3* 3 8 27
Nd 0.3433 0.6317 ** 0.1936 15.86 0.3009 10 14

3 3 0 7
Ni 0 0.0959 ** 0.08494 18.63 0.04346 2 14

3 3 0 7

P 0 0.1087 0 0.08798 16,060 0.04381 0 42
3 3 8 27

Pb 0.2017 0.5283 ** 0.03614 528.4 0.2251 0 14
3 3 0 7

lte 0 0.1035 ** 0.1482 6.5 0.05567 2 14
3 3 0 7

Rh 13 14
Ku 0 0.6444 ** 0.02717 111.3 0.2437 0 14

3 3 0 7
Sb 13 14

Si 0.06073 0.04242 0.004126 0.05226 9,358 0.03584 0 42
3 3 8 27

Sr 0.1868 0.04684 ** 0.005067 211 0.09523 0 14
3 3 0 7

Te 0.3583 0.2783 ** 0.2268 19.26 0.2183 4 14
3 3 0 7

Th 11 14
Ti 0.1434 0.3669 ** 0.123 8.413 0.1604 2 14

3 3 0 7

TI 14 14

U 0.1019 0.1807 0.02521 0.03889 208 0.08654 0 26

3 3 6 13
V 0 0.4786 ** 0.1034 2.788 0.1833 3 14

3 3 0 7

Zn 0.1049 0.1425 ** 0.02151 80.51 0.07609 0 14
3 3 0 7

Zr 0 0.2921 ** 0.04619 6.25 0.12 1 14
3 3 0 7

* = Degrees of Freedom, ** =Data was not available to estimate this effect
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Table 32: Composite Data: Relative Standard Deviations for Anions (ppm)
...... ._

Less

Riser Core Hom Lab Mu PSD(Mu) Than Obs
CI 0.07462 0.1345 ** 0.0233 1,234 0.06385 0 .... i4

3* 3 0 7

F 0.0906 0.1114 ** 0.04075 1,895 0.06338 0 14
3 3 0 7

NOs 0 0.1013 ** 0.02096 10,290 0.0387 0 14
3 3 0 7

NO3 0.1618 0.007428 ** 0.03104 187,100 0.08139 0 14
3 3 0 7

PO4 0.07181 0 ** 0.04451 25,250 0.03798 0 14
3 3 0 7

SO4 0.1242 0.03478 ** 0.0175 11,530 0.06378 0 14
3 3 0 7

TIC 0.03339 0.1693 ** 0.06671 899.5 0.0686 0 14
3 3 0 7

TOC 0 0.1505 ** 0.08055 381.2 0.06082 0 14
3 3 0 7

= Degrees of Freedom, ** 'Data wasnot avai|able to estimate this effect
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Table 33: Composite Data: Relative Standard Deviations for Radionuclides (#Ci/g)
....

Less
Riser Core Horn Lab Mu RSD(Mu) Than Obs

24XAm 0.6807 0.1498 0 .... 0.08984 0.07254 0.347 0 23
3* 2 5 12

243,244Cm 0.8885 0.4224 0 0.3787 0.001279 0.5002 0 15
3 1 3 7

6°Co 0 0 1.022 1.71 0.01527 0.445 0 25
2 2 10 10

137Cs 0.0715_, 0.02767 0.01376 0.02044 14.9 0.03775 0 52
3 3 15 30

lS2Eu 0.4825 ** 0 0.3368 0.06748 0.3858 0 5
1 0 1 2

SH 0.06136 0.9017 ** 0.3091 0.002167 0.3521 0 14
3 3 0 7

129I 0 0.929 0 0.2896 0.00003606 0.3846 0 22
3 2 5 11

2STNp 0.3985 0 0.4422 0.2405 0.0001122 0.2483 0 22
3 2 5 11

23Spu 0 0.5866 0.1344 0.138 0.003212 0.245 0 22
3 2 5 11

_°Sr 0.8082 0.08334 0 0.1726 108.4 0.4075 0 22
3 2 5 11

99Tc 0.2537 0.1033 0.07417 0.08586 0.01648 0.1402 0 18
3 1 4 9

Total a 0 0.2429 0 0.06539 0.1555 0.1 0 24
3 2 6 12

Total _ 0.4328 0.7805 0 0.03599 183.2 0.3688 0 26
3 3 6 13

* = Degrees of Freedom, ** = Data was not available to estimate this effect
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Table 34: Composite Data: Relative Standard Deviations for Isotopic Mass Ratios

...... Less

Riser Core Horn Lab Mu RSD(Mu) Than Obs
a_Pu/_sPu 1.105 ** 0 0.1235 0.002729 0.7831 0

II

6
1" 0 1 3

24°pu/2a9pu 0.1526 ** 0 0.02409 0.03323 0.1084 0 6
1 0 1 3

241Pu/289pu 0.3029 ** 0 0.1303 0.0007494 0.2215 0 6
1 0 1 3

242pu/239pu 0.2784 ** 0 0.2534 0.00036 0.2247 0 6
1 0 1 3

2_U/2Ssu 0 ** 0 0.1178 0.00006367 0.0481 0 6
1 0 1 3

23sU/23sU 0.003789 ** 0 0.001665 0.006757 0.002774 0 6
1 0 1 3

2seU/23sU 0 ** 0.03378 0.02812 0.0001143 0.02263 0 6
1 0 1 3

* = Degrees of Freedom, ** = Data was not available to estimate this effect
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APPENDIXD

PLOTSOF CONSTITUENTSBY RISERAND SEGMENT
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Appendix D - Plots of Constituents by Riser and Segment

This appendix contains "vertical profile" plots for each constituent. These are plots of the term

/J + n"_.ly]_(Riser_. + Segij) , (11)
|

for each constituent. The vertical profiles are surrounded by 95% confidence bounds.
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APPENDIXE
f

COMPARISONOF SEGMENTAND COMPOSITEMEASUREMENTS



Appendix E - Comparison of Segment and Composite Measure-
ments

This appendix contains riser concentration plots. Each plot displays the terms p+Riser_ for each constituent,
surrounded by 95% confidence bounds. Since riser concentration can be computed from both composite and
segment-level data sets, two estimates are plotted for each riser. The segment-level estimates are marked
with an "s" and the composite with a "c'.

d
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