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1.0 SUMMARY

The solubility of plutonium and uranium in alkaline salt solutions, which will be
processed in the In-Tank Precipitation (ITP) process, was investigated to screen for
significant factors and interactions among the factors comprising the salt solutions.
The factors included in the study were hydroxide, nitrate, nitrite, aluminate, sulfate,
carbonate, and temperature. Over the range of factor concentrations studied, the level
of hydroxide in the solution is not sufficient alone to predict the resulting concentration

" of plutonium and uranium in the solution. Other constituents of the salt solution play
an important role in determining the amount of plutonium and uranium in solution.

Statistical models predicting the plutenium and uranium concentrations over the range
of salt solutions investigated are provided. The results from these models are used to
provide insight into other salt solutions (different concentrations of the constituents of
the solutionthan those studied) that may provide higher concentrations of plutonium
and/or uranium due to increased solubility.

For salt solutions within the range considered by this study, upper 95% tolerance limits
for Pu and U solubilities, estimated from analytically measured specie concentrations,
are 1.68 mg/L and 17.1 mg/L, respectively. The alkaline salt solutions considered in
this study should bound those that will be treated in the ITP process.

2.0 INTRODUCTION

Monosodium titanate (MST) is used in the In-Tank Precipitation (ITP) process to
remove radio-strontium from alkaline salt solutions. Recent work has shown that
plutonium and uranium are also removed from solution [1]. As part of the nuclear
safety assessment of the ITP process, the maximum amount of plutonium and uranium
which can load onto the MST is needed.

The loading of plutonium and uranium on MST is dependent upon the chemical
potential of the solution. Maximum loading will occur for solutions having the highest
chemical potential or highest plutonium and uranium concentrations. Therefore, a test
program was conducted to determine what combinations of the six major components
(nitrate, nitrite, hydroxide, aluminate, carbonate, and sulfate) and temperature of the
alkaline supernatant liquid would provide the maximum solubilities of plutonium and
uranium. The range of factors were selected to bound the possible compositions of
salt solutions which will be treated in the ITP process.

3.0 EXPERIMENTAL

This section provides details of the experimental method used for the study, an
overview of the statistically-based design, and the data resulting from the tests. In
addition to the samples analyzed as part of the main study, a number of special
samples were also included to study other questions of interest. These samples are
described in this section and the results of their analyses reported below. Special
notation used to label the various data is described in this section as well.
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3.1 Experimental Method

All salt solutions for the solubility tests were prepared in calibrated volumetric
glassware using reagent grade chemicals of the same manufacturer and lot number
(see Table 1 in Appendix 8.1). A single batch of deionized, distilled water was
collected and stored in large polyethylene bottles for use in all solution preparations.
All solutions were filtered through a 0.45 micron nitrocellulose filter to remove any
undissolved solids prior to use. .

For each test, a 500-mL polyethylene bottle was filled with 475 mL of salt solution.
Each bottle was spiked with 0.25 mL of an enriched-uranium nitrate solution (200 g
U/liter, ca. 90% U-235) and 0.025 mL of a weapons-grade plutonium nitrate solution
(30.7 g Pu/L, 94% Pu-239, 6% Pu-240). The bottles were stoppered and placed within
a two-tier rack equipped with an air-actuated shaker. The rack was then placed into a
water bath such that the bottom tier of bottles was immersed in water and the top tier
was above the water. A layer of insulation was placed beneath the top tier of bottles to
minimize heat transfer from the heated water.

During the course of the solubility testing, the position of the bottles was rotated to
reduce the possibility of uncontrolled variations in the temperature within the
shaker/water-bath. The order of sampling for each set of 10 bottles on each tier was
also varied. Prior to sampling, the air supply to the shaker was shut off overnight to
allow any solids to settle.

The sampling procedure consisted of filtering a small sample of the test solution into
clean vials, and then acidifying a known quantity of the filtered solution with nitric acid.
Approximately, six milliliters of the test solution were drawn into a disposable plastic
syringe, and then passed through a Acrodisc® syringe filter (0.45 I.tmpore size) into a
clean bottle. Five milliliters of the filtered solution were pipetted into a glass vial
containing sufficient amount of a 1:1 mixture (by weight) of concentrated nitric acid and
deionized, distilled water to neutralize the sample and provide a final pH of < 1.

Bottle 21 was prepared using deionized, distilled water and placed inside the
glovebox in which the test matrix bottles were placed to provide a check for a possible
cross-contamination problem among the samples over the course of the experiment.
These data are presented in Table 2 in Appendix 8.1 and analyzed in Exhibit 1 of
Appendix 8.2. The uranium concentration measurements by the Chemchek method
were always below the detection limit of 0.01 mg/L. This exhibit shows that the
average values for Pu and U for samples taken for this bottle were near zero indicating
that no cross-contamination of the samples was likely during the course of the
experiment.

Two additional solubility tests were conducted to determine the effects of
coprecipitation of the Pu and U with ferric hydroxide and lower free hydroxide
concentration on the solubility. The coprecipitated test slurry was prepared by
neutralizing a solution of ferric nitrate spiked with the plutonium and uranium stock
solutions [mole rate of Fe:U:Pu = 3100:6.6:1.0] with 5M sodium hydroxide solution to
produce a final free hydroxide concentration of about 0.1M. The precipitated solids
were separated from the solution, washed with a small portion of the concentrated salt
solution, and added to the test bottle containing a concentrated salt solution 1.0M in
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nitrate, 0.1M in nitrite, 0.5M in free hydroxide, 0.33M in aluminate, 0.30M in carbonate,
and 0.40M in sulfate. In the lower hydroxide test, a salt solution 1.0M in nitrate, 0.1M in
nitrite, 0.051M in free hydroxide, 0.33M in aluminate, 0.30M in carbonate, and 0.40M
in sulfate, was spiked with uranium and plutonium in the same manner as described
previously. Both of these test solutions were mixed at room temperature using a
magnetic stirrer.

Each sample was analyzed by the Analytical Development Section of the Savannah
- River Technology Center for uranium and plutonium content. The uranium content

was determined by two different instrumental methods: (1) kinetic phosphorescence
analyzer denoted by Ck and (2) inductively coupled plasma/mass spectrometry
denoted by ICP/MS. The plutonium content was also determined by two separate
methods: (1) alpha scintillation counting denoted by C and (2)inductively coupled
plasma/mass spectrometry (ICP/MS).

The solubility tests were concluded after six months. In addition to the determination of
plutonium and uranium content at the conclusion of the tests, each of the test solutions
were also analyzed for chemical composition. Samples of the unspiked solutions
were also submitted for chemical analysis at the conclusion of the test so that changes
in the chemical composition of the test solutions over the six-month test period could
be assessed. The concentrations of the free hydroxide and carbonate were
determined by titration. Nitrate, nitrite, and sulfate concentrations were determined by
ion chromatography. Aluminate and sodium concentrations were determined by
inductively coupled plasma emission spectroscopy.

3.2 Experimental Design

The experimental design used for this study was comprised of 20 treatment
combinations and is presented in [2]. One of the 20 treatment combinations, all factors
at their high level, could not be prepared as not all of the salts would dissolve into
solution. It was found that all salts would dissolve at 70% of the high levels. This
combination was substituted for the "all high" treatment in the original design. Table 3
of Appendix 8.1 shows the factors and their concentration levels as prepared for the 20
treatment combinations. The factors investigated were: nitrate (NO3), nitrite (NO2),
hydroxide (OH), aluminate (AI(OH)4), carbonate (CO3), sulfate (SO4), and
temperature. The levels of each factor are given in the table with the unit of
measurement being moles/liter (M) for each factor except temperature which is in
degrees Celsius (oC). The temperature levels are designated as High (H) and Low
(L) where H is 60 °C ( + 2 oC)and L is 25 oC ( + 2 oC). The prepared levels of the
factors were based on the weights of salts dissolved in each solution.

Each row of Table 3 corresponds to a sample or bottle. The 20 bottles were numbered
1 through 20. The levels of the factors as well as the Pu and U concentrations were

. investigated periodically for each bottle. Tables 4 and 5 in Appendix 8.1 provide the
results for the unspiked initial and 6-months sample analyses, respectively. The Pu
and U concentrations were determined more frequently during this 6-month period,
and the frequency of their analyses is discussed below.

Over the course of the six-month test, the nitrate, nitrite, and sulfate concentrations did
not change significantly. Since there was no systematic increase in the concentrations
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of these species, it is concluded that there was no significant evaporation of water from
the solutions during the test. Compared to the as-prepared compositions, the initial
and 6-month solutions are almost always slightly lower in the concentrations of nitrite
and sulfate. This may indicate that a small fraction of these species were removed
from solution or did not dissolve corfipletely during solution preparation. In the case of
nitrite, some of the nitrite may have been oxidized to nitrate. Because of the high
nitrate concentration and the relatively small amount of nitrite involved, no change in
the nitrate concentration was apparent.

There is considerable scatter in the carbonate results for both the initial and 6-mont[.
samples. However, all of the low-carbonate solutions (0.02M) of the 6-month samples
showed a significant increase in the carbonate concentration (average relative
increase of 90%) over the course of the experiment. The higher carbonate
concentration is due to the a,Jsorptionof atmospheric carbon dioxide. This result is not
unexpected since there was no attempt to exclude carbon dioxide from the test bottles
during the experiment. The average increase in the carbonate concentration for the
initial samples was only 33%. These samples were stored in unopened bottles for six
months. The greater increase in the solubility test bottles reflects the more frequent
opening of these bottles to sample for plutonium and uranium content.

Six of the solubility test solutions also showed significant decreases in the aluminate
concentration and increases in the hydroxide concentration after six months. Five of
the six solutions were prepared having high aluminate (0.33M) and low hydroxide
(0.5M) concentrations. The sixth solution was one of the four center point solutions
which had intermediate aluminate (0.19M) and hydroxide (1.25M) concentrations.
Apparently, the aluminum crystallized from solution during the experiment, probably as
a hydrated aluminum oxide. No attempt was made to isolate and analyze the solids
from any of the bottles.

The crystallization of the unknown aluminum compound(s) during the experiment is
not due to the higher temperature since three of the solutions were kept at ambient
laboratory temperature. The unspiked solution samples stored for six months did not
show significant decreases in the aluminate concentrations. It is possible that the
presence of the plutonium and uranium solids provided nucleation sites for
crystallization of the aluminum compound(s) from the high aluminum and low
hydroxide solutions.

3.3 Experimental Data

The responses of interest for each bottle were the plutonium and uranium
concentrations. A measurement of the plutonium concentration was made for each
bottle over time using two methods: counting (C) and inductively coupled plasma/mass
spectrometry (ICP/MS). The measurements of plutonium concentration in
milligrams/liter (mg/L) using counting and inductively coupled plasma methods overi

time are designated by Pu-Cn and Pu-ICP/MSn, respectively, where n represents the
number of days into the study at which the analysis was made. The measurements
over time of the uranium concentration in mg/L were made using inductively coupled
plasma/mass spectrometry (ICP/MS) and a kinetic phosphorescence technique
(Chemchek or Ck) and are represented by U-ICP/MSn and U-Ckn, respectively, where
once again n represents the number of days into the study. These data by bottle
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number are presented in Tables 6-9 in Appendix 8.1. Some analytical results are
missing as a result of lost samples and each of these is indicated by a dot in the tables.

4.0 RESULTS

The data fromthe plutonium(Pu) and uranium(U) solubilityexperimentas outlinedin
memoSCS-ASG-92037 [2] havebeen statisticallyanalyzed. The objectivesof this

• analysis were to:

- estimate the effects of the main factors and interactions (as outlined in [2]),

- determine prediction equations and prediction limits with a 95%
confidence level, and

- investigate the analytical methods used to determine Pu and U solubility.

In this section,the data are investigatedusingvariousstatistical methods. The factors
are screened for importance. Prediction equations for Pu and U concentrations are
developed, and salt solutions that may lead to higher Pu and U solubilities are
identified. Other special bottles that were prepared during the experimentation are
also investigated.

4.1 Time Effect for Solubilities

Plots of the various treatment solubilities over time were prepared (Exhibits 2-17 in
Appendix 8.2). Although general patterns are present in some of these plots; little
evidence of a systematic time effect in the concentrations for either U or Pu for either of
the analytical methods is seen. The behavior revealed in the plots could be common
_nalytical effects such as day-to-day variation. This variation is further discussed as
part of the analysis of special bottle # 23.

4.2 Main Effects and Interactionsfor the Full Model

In additionto the maineffectfor each factor, the experimentwas designedto
investigatethe two-wayinteractionsof OH witheach of the otherfactors,the two-way
interactionof NO2*NO3, and the three-wayinteraction,OH*NO2*NO3. The average
Pu and U concentrationsin mg/Lwere computedfor eachof the analyticalmethods,
and these valueswere used as the responsevariables. These responsesin relation
to the 6-monthas wellas preparedconcentrationsof the factors wereof interest. A
regressionanalysiswas completedfor each of the followingsituations(see Appendix
8.2 for exhibits):

Level of F_¢tors
Prepared Levels 6-month Levels

Average Pu solubility
usingCounting - Exhibit18 Exhibit22
usingICP/MS - Exhibit19 Exhibit23
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Level of FaCtor_
Prepared Levels 6-month Levels

Average U solubility
using ICP/MS - Exhibit 20 Exhibit 24
usingCk - Exhibit21 Exhibit25 J

In these exhibits, the Prob> Itl values providethe observed significance probability for
the teststatisticfor the hypothesisthat the correspondingmodelparameteris zero.
Those parameterestimates(main effects and interactions)with a Prob> Itl value near
0.05 or smallerwouldbe consideredsignificant.Highlightsfrom these exhibitsare:

Analytical Significant Significant
Exhibit Specie Method Main Effects Interactions

18 Pu Counting None OH*SO4
19 Pu ICP/MS SO4 OH*SO4,

OH*NO2*NO3
20 U ICP/MS None OH*NO3
21 U Ck None None

22 Pu C None None
23 Pu ICP/MS None None

24 U ICP/MS None OH*NO3
25 U Ck None None

Some of these models are notsignificant at the 0.05 level (Prob>F in the Analysis of
Variancesectionis greater than0.05). The parameterestimatesfor the significant
maineffectsand interactionsfor each of the species,Pu and U, appear to be
consistentacrossthe analyticalmethodsandthe twodata setsfor the factor levels.

A Lackof Fitsectionis availablefor the analysesof the solubilitiesfor the prepared
concentrations(see Exhibits18-21). The experimentwasdesignedwithtwo pairsof
exact replicateswhichare usedto providea checkfor the adequacyof the model
tested. Thischeck is basedon the comparisonof the estimateof pureerroras
measuredfor the replicatesand the residualerrorfromthe model. The difference
betweenthese estimatesof the erroris calledthe lackof fit error, and if it is significantly
largerthan the pureerror, there is an indicationof an inadequatefunctionalformfor
the model. For the U solubilityresults,there isan indicationof a lackof fit in the model.
Thus, a functionalform involvingquadratictermsfor oneor moreof the factors might
be moreappropriateto modelU solubilityover this rangeof salt solutions.
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4.3 Main Effects and Interactions for Reduced Models

Exhibits 26-33 in Appendix 8.2 provide the results of the statistical investigation of
each of the situations outlined in exhibits 18-25 with the more insignificant factors and
interactions of each of the full models used to help estimate the error variance. Thus,

. the factors and interactions of the more insignificant parameter estimates were
eliminated from each of the full models to develop a reduced model. The significant
and marginally significant terms (both main factors and interactions) for these reduced

• models are shown in these exhibits. The main effects for factors involved in
interactions are retained in the model regardless of their significance. When the three-
way interaction OH*NO2*NO3 is significant, all two-way interactions involving OH,
NO2, and NO3 are also included in the model regardless of their significance.

Let Pu and U represent the plutonium and uranium concentrations, respectively, in
mg/L and NO3, NO2, etc. the molar concentrations of the respective species and Temp
represent the temperature _ndegrees Celsius, then the models displayed in these
exhibits can be summarized as follows:

Pu-Counting [Prepared Factor Levels]:

Pu = -0.03 + 0.01 NO3 - 0.05 NO2 - 0.02 OH + 0.58 CO3 - 0.35 SO4

+ 0.70 (OH*SO4) + 0.03 (OH*NO3) + 0.09 (OH*NO2) + 0.06 (NO2*NO3)

- 0.10 (OH*NO2*NO3)

Pu-ICP/MS [Prepared Factor Levels]:

Pu = -0.01 + 0.02 NO3 - 0.01 NO2 - 0.09 OH + 0.59 CO3 - 0.44 SO4

- 0.19 AI(OH)4 + 0.31 (OH*AI(OH)4) + 0.61 (OH*SO4) + 0.01 (OH*NO3)

+ 0.05 (OH*NO2) + 0.04 (NO2*NO3) - 0.06 (OH*NO2*NO3)

U-ICP/MS [Prepared Factor Levels]:

U = 3.40 + 0.51 NO3 - 1.00 NO2 + 4.28 OH - 5.36 CO3 - 1.02 (OH*NO3)

U-Ck [Prepared Factor Levels]:

• U = 2.63 +0.44 NO3 - 0.80 NO2 + 3.53 OH - 4.25 CO3 - 0.82 (OH*NO3)

Pu-Counting [6 month Factor Levels]:

Pu = 0.02 + 0.01 NO3 - 0.01 NO2 - 0.08 OH - 0.31 CO3 - 0.19 SO4

+ 0.61 (OH*CO3) + 0.64 (OH*SO4) + 0.03 (OH*NO3)

+ 0.04 (OH*NO2) + 0.06 (NO2*NO3) - 0.08 (NO3*NO2*OH)
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Pu-ICP [6 month Factor Levels]:

Pu = 0.06 + 0.03 NO3 - 0.09 OH + 0.53 CO3 - 0.44 SO4 - 0.92 AI(OH)4

+ 0.57 (OH*AI(OH)4) + 0.54 (OH*SO4)
,=

U-lOP [6 month Factor Levels]:

U -- 2.95 + 0.56 NO3 - 1.06 NO2 + 5.30 OH + 1.27 CO3- 0.02 Temp

- 6.15 (OH*CO3) - 0.95 (OH*NO3)

U-Ck [6 month Factor Levels]:

U - 2.44 + 0.44 NO3 - 0.78 NO2 + 3.38 OH - 5.11 CO3 - 0.70 (OH*NO3)

4.4 Prediction Intervals for Pu and U Solubilities

The models developed in Exhibits 26-33 can be used to predict Pu and U solubilities
and to determine various 95% confidence limits. Once such confidence interval is
computed for the expected Pu and U concentrations for each of the salt solutions
(bottles) of this study. A second interval, a 95% prediction interval, is determined for
an individual (the next) Pu or U concentration measurement for a given salt solution.
Finally, for each bottle, a simultaneous, upper 95% tolerance limit is determined at a
confidence level of 95%. An explanation of these tolerance limits is provided in
Appendix 8.3 [3]. These upper tolerance limits determine a confidence band which
provides simultaneous coverage for 95% of the specie concentrations over all salt
solutions within the range of this study with 95% confidence. These results are
provided in Appendix 8.1 in Tables 10-13 for the prepared factor levels and Tables 14-
17 for the 6-month factor levels.

Since each of the fitted models is linear, the upper tolerance limit of the salt solution
with the largest upper tolerance limit in each table provides an upper tolerance limit for
at least 95% of the specie solubilities over the entire range of salt solutions included in
this study with 95% confidence. These upper limits are:

Prepared 6-month
Pu (mg/L)

Counting 1.54 1.68
ICP/MS 0.95 0.81

U (mg/L)
ICP/MS 16.4 17.1
Ck 13.3 13.0 -

Thus, selecting the largest value from this table for each specie provides upper 95%
tolerance limits for Pu and U solubilities of 1.68 mg/L and 17.1mg/L, respectively, as
estimated from these analytically measured specie concentrations, for salt solutions
within the range considered by this study.
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A review of these tables identifies that the predicted Pu concentrationis highest for
Bottle # 20 for both Counting and _CP/MSand that predicted U concentration is
highest for Bottle #7 for both ICP/MS and Chemchek. This is true for both the prepared
factor levels and the 6-month levels. From Table 3, the following conditions (levels of
the factors)correspondto these bottles:

" PU (Bottle # 20) U (Bottle # 7_

NO3 High Low
NO2 Low Low
OH High High
AI(OH)4 Low High
CO3 High Low
SO4 High High
Temp Low Low

Eventhoughthe predictivemodelsof section4.3 are somewhatinconsistentin their
parameters (somefactorsand interactionsappear inone modelbut not inanother),
the modelsare consistentinthe combinationsof levelsof the factorsthat leadto the
higherPu and U solubilities.The inconsistencyin the modelsmay be the resultof the
compositionalchangesin severalof the solutionsoverthe courseof the 6-monthtest
(see the discussionat the endof Section3.2).

If additionalexperimentaltreatmentswere to be planned,these combinationsleading
to highersolubilitieswouldhelpdeterminefactor levelsthat shouldbe checked. The
rangeof levelsforthose factorsthat are at the highlevelshouldbe increasedslightly,
andthe range of levelsfor thosefactorsat low levelsshouldbe decreasedslightlyas
new treatmentcombinationsare considered. The resultsof the lackof fit checks,as
indicatedinthe exhibits,forthe reducedmodelsfor U concentrationindicatethe need
for a quadraticterm in the model for one or moreof the factors. However,note that the
plots of actual versus predicted U concentrations for Exhibits 28 and 29 reveal that the
curvature appears to be downward indicating that the maximum solubility of U occurs
at the boundary of the design space.

4.5 Comparison of Analytical Methods

No rigorous statistical study was conducted to compare the various analytical methods
. used here. Some special bottles were prepared, however, to provide an opportunity

for some investigation into the accuracy and precision of the analytical methods.

- Bottle 23 was comprised of an alkaline salt solution which had been acidified with
concentrated nitric acid to a pH of 3.04 and doped with 2.8 mg/L plutonium and 18
mg/L uranium. Analysis of samples from this bottle indicated concentrations lower
than these values, which suggested that the plutonium and uranium were undergoing
hydrolysis and precipitating from solution. Therefore, this bottle was not suitable for
use as an absolute standard but it could be used to investigate the sampling and
instrumental variability over It_ecourse of the experiment.
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Three aliquots were prepared from bottle # 23 over time and each of the aliquots were
analyzed for Pu and U by each method over time. Table 18 in Appendix 8.1 provides
the data from this study. Having three aliquots from the same bottle analyzed over
time provides an opportunity to investigate the variance contributions from various
sources. The variability within the group of three aliquots includes sources of
variability such as sampling and instrumental including analytical method
preparations. The variability between the groups of three aliquots also includes those
sources of variability related to day-to-day changes such as different analysts, day
effects, and re-calibration of instruments. Thus, this relationship may be modelled as
follows:

Yij = IJ, + Ti + _j

where Yij represents the Pu or U concentration as measured by one of
the analytical methods for ith time period for the jthaliquot,

I.t represents the average Pu or U concentration,
Ti represents the time effect where E(Ti) -- 0 by assumption and

the variance of Ti is to be estimated, and
e_j represents the error where E(¢ii)= 0 by assumption and the

variance of ¢ijis to be estimated.

Exhibits 34-37 in Appendix 8.2 provide the details of a study of these components of
variance. The variance component for the time random effect represents the variability
between the groups of three aliquots, and the component for the error (labelled
residual) variable the within group variability. These exhibits provide an analysis
which tests for the significance of the time random effect and also provides an estimate
of these within (residual) and between (time) variances for each of the analytical
methods used to measure Pu and U concentrations.

The time effect for Pu concentration measurements using the Counting method is
investigated in Exhibit 34. The time effect is significant at the 0.058 level, but the
estimate of its variance (0.033 rag/L) is less than the within variance (0.079 mg/L). For
the ICP/MS measurements of Pu concentration, Exhibit 35 shows that the Time effect
is not significant. The within (residual) variance for these measurements is 0.39 mg/L,
a larger variance than the 0.079 mg/L value for Counting. Thus, there is some
evidence that the Counting method is more precise than the ICP/MS analytical
method. More will be said on the precision of the analytical methods below.

Exhibit 36 provides the analysis of the time random effect for U concentrations
measured using the ICP/MS method. The time effect is significant, and the estimates
of the variances for time and residual components are 1.18 mg/L and 0.35 mg/L,
respectively. Thus, the between (time) group variance is larger than the within
(residual) group variance. Similar results for U concentrations measured using the
Chemchek method are provided in Exhibit 37. Once again, the time effect is
statistically significant. The estimated variances are 2.57 and 0.89 mg/L for the time
and residual components, respectively. Thus, the between group (time) variance is
larger than the within group (residual) variance both analytical methods used to
measure U concentration. This indicates that day-to-day effects contribute
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substantially to the variability in the U concentration measurements. Comparing the
within (residual) variances for the two analytical methods ( 0.35 mg/L for ICP/MS and
0.89 mg/L for Chemchek ) indicates that the ICP/MS analysis may be more precise
than the Chemchek method. More comparisons related to analytical precision are
made below.

Two bottles were prepared with a known (only negligible error) concentration of U and
Pu in 0.1M nitric acid. These were bottles 24 and 26 for Pu and U, respectively. A

• statistical analysis was conducted to investigate the biases of each pair of analytical
methodsusingthe solubility resultsfrom the analysesof these two bottlesover time.

The nominalstandardconcentrationof Pu in bottle24 was 3.07 mg/L. Table 19 in
Appendix8.1 providesthe data fromthe Countingand ICP/MS analyses,denotedby
C and ICP/MS, respectively,over time. One value for ICP/MS (0.191 forday 40)
appearsto be an outlier,but it was includedinthe analysis. Exhibit38 in Appendix8.2
presentsa comparisonof the twoanalyticalmethods.There is no indicationof a
differencein the meanestimatesof Pu solubilityforthe two methods(3.20 mg/L for
Countingand2.86 mg/Lfor ICP/MS). Also,there is noevidencethat eithermethodis
biasedfromthe 3.07 mg/Ltrue value. The standarddeviationsof the data fromC and
ICP/MS are 0.49 and 1.27 mg/L, respectively.The statisticalresult(Levene'stest)
indicatesthatthe variancesare notstatisticallydifferent.Thus, there is noindicationof
a differencein analyticalprecisionovertime (the standarddeviations)of the two
methodsusedto determinePu concentrations.

The U nominalstandardconcentrationin bottle26 is 3.98 mg/L. The data from the
analysesof thisbottleare presentedinTable 20 in Appendix8.1. Exhibit39 in
Appendix8.2 providesstatisticaldetailsfrom the analysesof thisbottlebythe two
methods:ICP/MS and Chemchek,denotedby ICP/MS and Ck, respectively. Both
methodsprovideaveragesnear the nominal3.98 mg/L(3.88 mg/L for ICP/MS and
4.28 mg/L for Ck), and there is no evidenceof a statisticallysignificantdifference
betweenthe meanvaluesfor the two methods,norbetweeneachof these meansand
the truevalueof 3.98 mg/L. The precisionis better for the Ck methodthan the ICP/MS
methodfor thesesmallsamples. The standarddeviationfor ICP/MS is 0.81 mg/L
while that for Ck is only0.31 mg/L. However,thisdifferenceis not largeenoughto
declarethatthe precisionof the two analyticalmethodsovertime is statistically
differentdue to the smallsamplesizes involved.

4.6 Effects of Coprecipitationof Pu and U with Ferric Hydroxide

Bottle22 was preparedso that it maybe comparedto bottle19 to determinethe effects
• of coprecipitationof Pu and U withferrichydroxide. Table 21 in Appendix8.1 provides

thesedata. The statisticalanalysispresentedin Exhibit40 showsthat the least
squaresmeansfor the Pu solubilitiesof bottles 19 and 22 are 0.11 and 0.02 mg/L,

- respectively.Thus, the Pu solubilityfor bottle19 is statisticallysignificantlyhigherthan
that of bottle22. Exhibit41 showsa similaranalysisforthe U solubility.Bottle22
showsa significantlyhigherU solubility,10.7 mg/L,versusbottle 19 at 4.6 mg/L.
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4.7 Effects of Lower Free Hydroxide Concentration

Bottle 28A and 28B were prepared with factor concentrations similar to bottle 19
except for the free hydroxide concentrations. For bottles 28A and 28B, the salt solution
contained only 0.051M in free hydroxide as compared to the 0.5M concentration for
bottle 19. Table 22 in Appendix 8.1 provides the Pu and U concentrations in mg/L for
these bottles.

Exhibits 42 and 43 in Appendix 8.2 provide a comparison for these bottles for Pu and
U, respectively. These results indicate that higher Pu and U solubilities were obtained
for bottles 28A and 28B that for bottle 19. For Pu, the least squares means were 0.1,
0.2, and 0.4 mg/L for bottles 19, 28A, and 28B, respectively. For U, the least squares
means were 4.6, 40.7, and 29.9 mg/L for bottles 19, 28A, and 28B, respectively. Thus,
higher solubilities than those from our 20 bottles may also be possible over a range of
OH values lower than that covered by the 20 bottles of primary interest in this study.

5.0 DISCUSSION

Over the rangeof factorsstudied,the levelof hydroxideis notsufficientalone to predict
the resultingconcentrationsof plutoniumand uraniumin solution. Other major
constituentsof the salt solutionplay an importantrole in determiningthe amountof
plutoniumand uraniumin solution. Neithertemperatureor time exhibiteda significant
effecton thesolubilityof plutoniumor uranium.

The solubilitiesof plutoniumand uraniumare affectedby the individualcomponentsto
varyingdegrees. Thus, conditionswhichincrease the plutoniumsolubilitydo not
necessarilyincreasethe uraniumsolubility. Maximumplutoniumsolubilityis predicted
at high nitrate,highhydroxide,highcarbonate,and highsulfateconcentrationsand
low nitriteand low aluminateconcentrations.Maximumuraniumsolubilityis predicted
at highhydroxide,highaluminateand highsulfateconcentrationsand low nitrate,low
nitrite,and lowcarbonateconcentrations.

The conditionspredictedto maximizethe plutoniumsolubilityagree fairly well with
those reported by Delegard [4]. Delegard reports that the solubility of plutonium
increases with increasing concentrations of hydroxide, and in alkaline solutions
containing increasing concentrations of nitrate and nitrite, aluminate, and carbonate.
With the exception of the effect of aluminate, the same trends were observed in this
study. The decreasing effect of aluminate in the present study may reflect the more
complex chemistry occurring in salt solutions comprised of six different anionic
components as compared to the two and three-component mixtures in the Delegard
studies.

The conditions which maximize the uranium solubility are slightly different than those
for plutonium. Unexpectedly, uranium solubility decreases with an increase in the
carbonate concentration. Carbonate is known to form stable complexes with uranium.
At a hydroxide concentration of 0.051M and a carbonate concentration of 0.30M, the
uranium solubility is observed to be about an order of magnitude higher than that at a
hydroxide concentration of 0.50M. Apparently, in the six-component matrix of this
study, the concentration of carbonate is not sufficiently high except at low hydroxide
concentrations to affect the uranium solubility.
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For salt solutions within the range considered by this study, upper 95% tolerance limits
for Pu and U solubilities, estimated from the analytically measured specie
concentrations, are 1.68 mg/L and 17.1 mg/L, respectively. The alkaline salt solutions
considered in this study should bound those that will be treated in the ITP process.

The solubilities reported in this document may be higher than those which will be
observed in actual waste due to coprecipitation of the plutonium and uranium with

• iron, manganese, and aluminum during neutralization of fresh waste. In a single
experiment in which the plutonium and uranium were coprecipitated with iron, the
solubility of plutonium was decreased by a factor of about five, and that of uranium
increased by about a factor of two. It is recommended that additional experiments be
conducted to assess the impact of coprecipitation on the solubilities of plutonium and
uranium in alkaline salt solutions.

6.0 QUALITY ASSURANCE

The experimental work was conducted in accordance with Technical Task Plan
WSRC-RP-92-574 and Quality Assurance Plan WSRC-RP-92-575.

The statistical analyses were completed using JMp® Version 2 by SAS Institute, Inc., a
commercial software package for the Apple® Macintosh® computer. Please see
reference [5] for more information on this package.
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Table 1. Manufacturer and Lot # of Chemicals Used in Solubility
Tests

Manufacturer Lot_t.... "

NaNO3 Fisher 912637
NaOH EM 32015207
Na2SO4 Fisher 895669
Na2CO3H30 Baker B45165
NaNO Fisher 916644
AI(NO3)3• 12H20 Fisher 920145

....................................................... ]lll]r .............. II II ...... I IIII/lll ................. IIIII I III I IIII1 I IIII
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Table 2. Plutonium and Uranium Concentrations for Special
Bottle # 21

" Rows Specie s Analytica Time (days) C0nc (mg/L)
1 Pu. C 3 0.0034
2 Pu C ....... 7 0.0024q=

3 Pu C ...... 14 0.0172
4 Pu C , 25 0.0011
5 Pu C ..... 31 0.00!6
6 Pu ICP/MS 31 _ 0.0000
7 Pu C 40 0.0023
8 Pu ICP/M$ 40_ .0,0054 !
9 Pu .... C ..... 56 0.0081

10 PU ICP/MS ,. 56 0,0002
1 1 Pu C .... 74. 0.0009
12 Pu ICP/MS .... 74 0,0000
1 3 Pu C 81 0.0024
! 4 Pu .... ICP/MS 81 0.0000
1 5 Pu C 84 .... 0.0358

- 16 Pu IcP/Ms . 84 0.0000
17 Pu c 122 0.0219

18 Pu ICP/MS ........122 0.0000
19 Pu C 153 0.0059., ,

- 20 Pu ,cP/Ms ........ 153 0.0010
21 Pu C 185 0.0010.....

- 22 U ICP/MS 31 •

2_3 U Ck 31 ....- 24 u ......,CP/MS 40 0.0061=J

25 U Ck 40 •
26 U..... ICP/MS 56 ,0.0022
27 U Ck 56 •.....

28 U ICP/MS 74 0.0000
29 U,, Ck 74 •_, ,..,

30 U ICP/MS 122 0.0020
31 U Ck 122 •

- 32 U .... ICP/MS 153_ ........0.0010
33 U Ck 153! •L ....

34 U Ck 185' •
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Table 3. Prepared Levels for Experimental Factors

Values are concentrationsin mole,Jilter(M) except for temperaturefor
whichH = 60 oC andL = 25 oC.

Bottle # NO3 NO2 OH AI(OH)4 CO3 SO4 Temp
1 1.00 2.00 2.00 0.05 0.02 0.40 H
2 2.50 1.05 1.25 0.19 0.16 0.21 H
3 2.50 1.05 1.25 0.t9 0.16 0.21 H
4 2.50 1.05 1.25 0.19 0.16 0.21 L
5 4.00 0.10 0.50 0.33 0.30 0.02 L

6 4.96 2.00 0.75 0.36 0.02 0.02 L
7 1.00 0.10 2.00 0.33 0.02 0.40 L

8 1.00 2.00 2.00 0.33 0.30 0.02 L
9 1.00 0,10 2.00 0.05 0,30 0.02 H

1 0 4.00 2,00 0.50 0.33 0.02 0.40 L
1 1 4,00 0.10 2.00 0.33 0.02 0.02 H
12 1.00 0.10 0.50 0.05 0.02 0.02 L

13 2.50 1.05 1.25 0.19 0.16 0.21 L
14 2,80 1.40 1.40 0.23 0,21 0.28 H
1 5 4.00 2,00 0,50 0.05 0.30 0.02 H

1 6 4,00 0.10 0.50 0.05 0.02 0,40 H

1 7 1,00 2.00 0.50 0.33 0.02 0.02 H i
1 8 1.00 2.00 0.50 0.05 0.30 0.40 L
1 9 1.00 0.10 0.50 0.33 0.30 0.40 H

20 4.00 0,10 2.00 0.05 0.30 0.40 L
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Table 4. Initial Levels for Experimental Factors

Values are concentrationsin moles/liter(M) except for temperaturefor
whichH _-60 oCand L ==25 oC.

Bottle # NO3 NO2 OH AI(OH)4 C03 S04 Temp
• 1 9.16E-01 1.87E+00 1.97E+00 5.25E-02 1.10E-02 4.07E-01 H

2 2.51E+O0 9.80E.01 1.30E+O0 1.94E-01 1.31 E-01 2.07E-01 H
3 2.51E+O0 9.80E-01 1.3uE+O0 1.94E-01 1.31 E-01 2.07E-01 H
4 2.51E+O0 9.80E.01 1.30E+O0 1.94E-01 1.31 E-01 2.07E-01 L

5 4.14E+O0 1.03E-01 5.57E-01 3.31E-01 2.23E-01 1.80E-02 L
6 4.81E+O0 1.88E+00 8.12E-01 3.61E-01 3.20E-r12 1.82E-02 L
7 9.16E-01 1,02E-01 1.97E+00 3.38E-01 1.50E-02 3.¢,_2E-01 L

8 9.41E-01 1.91 E+O0 2.07E+00 3.31 E-01 2.22E-01 1.89E-02 L
0 9.40E-01 1.02E-01 2.04E+00 5.32 E-02 1.98E-01 2.16E-02 H

10 4.14E+O0 1.91 E+O0 5.40E-01 3.29 E-01 4.30E-02 3.94E-01 L

1 1 4.17E+O0 9.85E-02 2.08E+00 3.34E-01 2.80E-02 "4.79E-02 H
12 9.81E-01 9.66E-02 4.23E-01 7.53E-02 1.60E-02 2.50E-02 L

13 2.51E+O0 9.80E-01 1.30E+O0 1.94E-01 1.31 E-01 2.07E-01 L
14 2.78E+00 1.30E+O0 1.44E+00 2.29 E-01 1.62E-01 2.72E-01 H

15 4.05E+00 1.89E+00 4.97E-01 5.06E-02 2.78E-01 2.12E-02 H
16 4,11E+O0 9.00E-02 3.35E-01 5.17E-02 3.90E-02 3.95E-01 H

1 7 9.53E-01 1.92E+00 5.82E-01 3.34E-01 2.90E-02 2.05E-02 H
18 9.45E-01 1.95E+00 4.95E-01 5.07E-02 2.13E-01 3.96E-01 L
19 9.49E-01 9.60E-02 4.85E-01 3.37E-01 2.54E-01 3.97E-01 H

20 4.09E+00 9.95E-02 1.95E+00 5.20E-02 2.63E-01 4.12E-01 L
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Table 5. Levels for Experimental Factors at 6-months

Valuesare concentrationsin moles/liter(M) except fortemperaturefor
whichH = 60 oCand L = 25 oC.

3ottle # NO3 NO2 OH AI(OH)4 CO3 SO4 Temp
1 9.88E-01 2.04E+00 2.16E+00 4.43E-02 5.60E-02 4.00E-01 H
2 2.63E+00 1.04E+00 1.34E+00 1.57E-01 2.00E-01 2.15E-01 H
3 2.67E+00 1.04E+00 1.38E+00 6.95 E-02 2.02E-01 2.12E-01 H
4 2.74E+00 1.06E+00 1.39E+00 1.89E-01 1.60E-01 2.50E-01 L

5 4.40E+00 9.69E-02 8.23E-01 1.23E-01 3.06E-01 2.17E-01 L
6 4.83E+00 1.91 E+00 1.01 E+00 2.60E-01 4.50E-02 1.75E-01 L

7 1.00E+00 1.03E-01 2.21E+00 2.76E-01 5.40E-02 3.71E-01 L
8 9.62E-01 1.95E+00 2.27E+00 2.91 E-01 3.58E-01 2.10E-02 L
9 9.44E-01 9.61E-02 2.17E+00 3.98 E-02 2.90E-01 2.00E-02 H

1 0 4.06E+00 1.94E+00 7.50E-01 1.69E-01 3.40E-02 3.82E-01 L

1 1 4.25E+00 1.05E-01 2.1BE+00 3.03E-01 3.90E-02 2.31 E-02 H
1 2 1.00E+00 9.41E-02 4.42E-01 6.62E-02 2.30E-02 2.01E-02 L
1 3 2.51E+00 9.98E-01 1.38E+00 1.87E-01 1.70E-01 2.20E-01 L
1 4 2.73E+00 1.30E+00 1.50E+00 2.25E-01 2.24E-01 2.74E-01 H

1 5 4.12E+00 1.96E+00 5.24E-01 5.16E-02 3.11E-01 1.99E-02 H
1 6 3.97E+00 9.57E-02 3.56E-01 4.82E-02 2.40E-02 3.98E-01 H
1 7 9.36E-01 1.91 E+00 7.22E-01 2.05E-01 2.90E-02 2.08E-02 H

1 8 9.32E-01 1.92E+00 5.74E-01 4.96E-02 3.01E-01 3.94E-01 L

19 9.88E-01 9.58E-02 7.54E-01 2.04E-01 2.87E-01 4.02E-01 H
2 0 4.02E+00 9.89E-02 2.28E+00 4.90E-02 2.87E-01 3.66E-01 L
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Table 6. Plutonium Concentration Measurements Over Time Using
Counting Analytical Method

Values are in milligrams/liter (mg/L).
Pu-Cn: n represents the number of days into the experiment at

. which the analysis was conducted.

i

Bottle # Pu-C3 Pu.C7 Pu-C14 Pu.C25 Pu-C31 Pu-C40 Pu-C56
1 3.91E-01 2.88E-01 3.12E-01 2.97E-01 3.30E.01 2.82 E-01 3.77E-01

2 2.70 E-01 8.68E-02 7.97E-02 7.43E-02 8.91E-02 5.74E-02 6.51E-02
3 2.02E-01 1.1 7E-01 3.31E-01 8.83E-02 1.08E-01 2.73 E-01 6.86E-02
4 1.28E-01 1.70E-01 1.52E-01 1.16E.01 9.93E-02 1.16E-01 1.19E-01

5 1.51 E-01 2.12E-01 2.31E-01 5.25E-02 2.70E-01 2.78Eo01 2.92E-01
6 1.68E-01 8.44E-02 1.41 E.01 1.56E-01 1.41 E-01 1.13E-01 8,44E-02

7 5.62E-01 4.13E-01 1.34E-01 5.29E-01 4.94E-01 5.11E-01 7.33E-01
8 1.99E-01 2.47E-01 4.93E-01 3.131=-01 2.89E-01 3.32E-01 3.11E-01

9 2.67E-01 2.33E-01 3.04E-01 1.31 E-01 1.31 E-01 1.24E-01 1.27E-01
10 5.23E-02 1.13E-01 1.33E-01 8.83E-02 8.13E-02 6.75E-01 6.14E-02

1 1 2.23E-01 1.86E-01 7.14E-02 1.99E-01 1.92E-01 1.61 E-01 1.61 E-01
1 2 2.45E-02 2.51E-02 1.52E-01 3.52E-02 6.36E-02 1.37E-02 1.72E-02
13 1.63E-01 1.89E-01 1.41 E-02 1.41 E-01 1.27E-01 1.34E-01 1.04E-01

1 4 3.39E-01 1.43E-01 2.00E-01 1.68E-01 1.70E-01 1.64E-01 1.59E-01
1 5 3.28E-01 2.50E-01 2.40E-01 2.06E-01 1.93E-01 1.62E-01 1.47E-01

16 3.43E-01 6.14E-02 2.24E-01 1.92E-02 2.45E-02 1.31 E-02 1.90E-02
1 7 4.56E-02 1.26E-02 3.07E.02 1.33E-02 8.83E-03 1.44E-02 1.63E-02
18 3.47E-01 4.79E-01 1.70E-02 2.88E-01 9.30E-02 2.04E-01 4.19E-02

19 2.23E-01 1.53E-01 3.08E-01 1.35E-01 1.1 4E-01 1.32E-01 1.27E-01
20 3.66E-01 6.54E-01 1.40E-01 1.23E+00 1.00E+00 1.81E+00 9.77E-01

Bottle # Pu-C84 Pu-C122 Pu-C153 Pu-C185 Pu-C
1 2.43E-01 2.57E-01 7.82E-01 1.40E-01 0.336

2 1.11E-01 9.93E-02 4.47E-02 1.01 E-01 0.098
3 3.92E-01 3.99E-01 7.36E-02 5.95E-02 O.192

, 4 1.05E-01 8.91E-02 1.01E-01 2.74E-01 0.134

5 2.67E-01 1.76E-01 1.53E-01 1.45E-01 0.203
6 8.21E-02 1.13E+O0 5.23E-02 1.06E-01 0.205
7 4.07 E-O1 3.81E-01 • 6.51E-01 0.482

8 3.12E-01 2.58E-01 2.88E-01 2.92E-01 0,303
9 1.30E-01 7.32E-02 1.55E-01 8.44E-02 0.160

10 3.53E-02 4.69E-02 5.04E-02 3.12E-01 0.1 50
1 1 1.52E-01 1.06E°01 1.52E-01 9.44E-02 O.154

12 7.68E-03 1.32E-02 1.16E-02 6.89E-03 0.034
13 1.02E-01 9.30E -02 1.08E-02 1.20E-01 O.109

• 14 3.64E-01 1.17E-01 1.57E-01 2.92E-01 0.207

1 5 1,36E-01 5.31E-01 7.58E-01 6.67E-03 0.269
1 6 5,57E-02 4.07E-02 2.38E-01 3.00E-01 0,122

- 17 1.10E-02 2.29E-02 1.95E-02 8.60E-03 0.019
1 8 1.56E-01 1.42E-01 2.981=-01 2.85E-01 0.214
19 9.77E-02 7.11E-02 8.44E-02 7.53E-02 0.138

20 6.55E-01 6.03E-01 6.14E-01 1.41E+00 0,860
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Table 7. Plutonium Concentration Measurements Over Time Using
ICP/MS Analytical Method

Values are in milligrams/liter (rag/L)
Pu ICP/MSn n represents the number of days into the

experiment at which the analysis was conducted

Bottle # Pu-lCPIMS31 Pu-ICP/MS40 Pu.lCPIMS56 Pu-ICPIMS84 Pu.ICPIMS122 Pu-ICPIMS1S3 Pu.ICP/MS
1 2.38 E-01 1.40 E-01 1.81 E-01 1.75 E-O1 1.58E-O1 1.57E.01 0.175
2 7.76E-02 3.52E-02 4.23E-02 9,26E-02 7.89E-02 4,41E-02 0.062
3 9.12E-02 1.34 E-01 4.80E-02 3,19E-01 2.30 E-01 4.40E-02 0.144
4 8.51 E-02 6.57 E-02 7.26E-02 9.25 E-02 8,18E-02 8.66E-02 0.081
5 2.83E-01 1.91 E-01 2.15E-01 2.40E-01 1.61 E-01 1.37E-01 0.205
6 1.22E-01 6.89E-02 4.70E-02 7.09E-02 7.92E-02 6.93E-02 0.076

7 4.62E-01 2.96E-01 4.10E-01 3.66E-01 2.06E-01 2.65E-01 0.334
8 2,84E-01 1.58E-01 2.25E-01 2.66E-01 2.51 E-01 2.42E-01 0.238 _..
9 1.07E-01 6.68E-02 8.75E-02 9.97E-02 6.64E-02 7.08E-02 0.083

1 0 6.53E-02 3.74E-02 4.22E-02 4.45E-02 3.66E-02 2.54E-02 0.042
1 1 1.65 E-01 9.30E-02 1.13E-01 1.44 E-01 7.79 E-02 7.33E-02 0.111
12 1.24E-02 3.70E-03 6.01E-03 4.52E-03 3,39E-03 5.65E-03 0.006
1 3 1.00E-01 6.36E-02 8.01E-02 7,57E-02 7.19E-02 8.05E-02 0.079
1 4 1.49E-01 7.73 E-02 1.1 5E-01 2.93E-01 1.01E-01 1.01 E-01 0.139
1 5 1.40E-01 9.09E-02 1.29E-01 1.16E-01 3.58 E-01 5.93E-01 0.238
1 6 1.13E-02 4.50E-03 7,56E-03 3.50E-02 2.48E-02 1.14E-01 0.033
1 7 9.60E-03 5.60E-03 8.08E-03 7.95E-03 1.75E-02 1.27E-02 0.010
1 8 1.73E-01 1.02E-01 1.46E-01 1.31 E-01 1.17E-01 1.70E-01 O.140
1 9 1.01 E-01 6.09E-02 9.52E-02 8,86E-02 3.05E-02 6.93E-02 0.074
2 0 7.31 E-01 5.08E-01 5.72E-01 5,08E-01 4.05 E-01 4.60E.01 0.531
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Table 8. Uranium Concentration Measurements Over Time Using
- ICP!MS Analytical Method

Values are in milligrams/liter (mg/L).
.U-ICP/MSn: n represents the number of days into the

• experiment at which the analysis was conducted.

Bottle # U.ICPIMS31 U.ICPIMS40 U-ICP/MS56 U.ICP/MS84 U.ICP/MS122 U.ICPIM5153 U-ICP/MS
1 7.60E+00 8.54 E+00 7.90E+00 7.59E+00 7.71E+00 1.04 E+01 8.29
2 3.82E+00 4.34E+00 2.95E+00 3.79E.00 3.87E.00 4.33E.00 3.85
3 3.83E+00 4.55E+00 3.25E+00 3.80E+00 4.07E+00 4.51E+00 4.00
4 4.53E+00 4.89E+00 3.36E+00 4.44E.00 4,28E.00 4.68E.00 4.36
5 4.71 E+00 5.03E+00 3.68E+00 4.42E+00 4.66E+00 5.57E+00 4.68
6 5.02E+00 5.98E+00 4.09E+00 4.65E+00 4.84E+00 4.92E+00 4.92
7 1.31 E+01 1.35E+01 9.71E+00 1.31 E.01 1.16E+01 1.47E+01 12.62
8 6.29 E .00 6.76 E+00 4.94E +00 6.11 E+00 6.13E+00 6.97E+00 6.20
9 7.67 E +00 7.84 E+00 6.50E +00 8.09E+00 8.21 E+00 1.02E .01 8.09

10 3.66E+00 4.06E+00 3.23E+00 3.89E+00 3.39E+00 3.46E+00 3.62
1 1 5.51 E+00 6.07E+00 4.52E+00 5.94E.00 5.16E+00 6.83E+00 5.68
1 2 4.64E+00 5.04E 00 4.19E+00 4.53E+00 4.26E.00 4.30E+00 4.49

13 4.10E.00 4.26 E+00 3.81E+00 3.64E.00 3.77E.00 4.34E+00 3.99
1 4 3.93 E+00 4.34 E+00 3.65E +00 4.09E+00 3.80 E+00 4,94E+00 4.13
1 5 1.51 E+00 1.70E+00 1.63E+00 1.44E+00 1,73E+00 2.23E+00 1.71
16 4.75E +00 4.50E+00 4.0BE.00 3.25E +00 2.62E+00 3.04E+00 3,71
17 3.04 E+O0 3.58E.00 3.12E +00 4,18E+O0 3.76 E.O0 4.13E.O0 3.64
1 8 2.71 E+O0 2.85 E+O0 2.71E .00 2.68E+00 2.49E+00 3.33E+00 2.80
1 9 4.44 E+O0 4.79E+00 5.01 E+O0 5.48E_00 3.32E+00 7.04E+00 5.01
20 4.49E+00 5.63E+00 2.85E.00 4.91E+00 4.73E+00 6.07E+00 4.78
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Table 9. Uranium Concentration Measurements Over Time Using
Kinetic Phosphorescence Technique Analytical Method

Values are in milligrams/liter (rag/L).
U-Ckn: n represents the number of days into the

experiment at which the analysis was conducted.

Bottle # U.Ck31 U.Ck40 U.Ck56 U-Ck84 U-Ck122 U.Ck153 U-Ck185 U-Ck
1 7.1E+00 6.7E+00 6.9E+00 7.9E+00 7.7E+00 7.1E+O0 6.4E+00 7.11
2 3.0E+O0 3.0E+O0 3.0E+O0 3.5E+00 3.3E+00 2.9E+00 2.6E+00 3.05
3 3.0E+O0 6.2E+00 3.2E+00 3.5E+00 3.5E+00 3.0E+O0 2.3E+00 3.53
4 3.6E+00 3.6E+00 • • • 3.2E+00 2.9E+00 3.34
5 3.6E+00 3.6E+00 3.6E+00 4.0E+00 3.9E+00 3.7E.00 3.7E+00 3.73
6 8.3E+00 3.9E+00 4.0E.00 4.6E+00 " 4,0E+00 3.3E.00 2.6E+00 4.38
7 9.9E+00 9.5 E+00 9.8 E+00 1.1 E+01 1.0 E+01 9.2 E+00 9.9E +00 9.89
8 5.0E+00 5.1E+00 5.1E+00 5.3E+00 5.1E+00 4.6E+00 4.0E+O0 4.88
9 7.1E+00 6.3 E+00 6.8 E+00 7.7 E+00 7.4 E+00 6.9 E+00 6.6E +00 6.97

1 0 2.7E.00 3.0E+00 3.2E+00 3.2E+00 2.9E+00 2,9E+00 2.2E+00 2.87
1 1 4.6E+00 4.4E+00 4.6E+00 5.2E+00 4.6E+00 4.3E+00 4.1E+00 4.54
1 2 4.0E+00 4.0E+00 4.0E+00 4.1E+00 3.7E+00 3.3E.00 2.8E+00 3.69

ir

1 3 3.2E+00 3.5E+00 3.3E+00 3.8E+00 3.2E+00 3.0E+00 2.9E+00 3.27
1 4 3.1E+00 3.3E+00 3.3E+00 3.4E+00 3.3E+00 3.3 E+00 2.6E+00 3.1 9
1 5 1.5E+00 1.3E+00 1.4 E+00 1.4 E+00 1.5E+00 1.8E+00 7.0E-01 1.37
1 6 4.6E+00 4.0E+00 3.4E+00 3.0E+00 2.5E+00 2.1E.00 1.7E+O0 3.05
1 7 2.6E+00 2.7E+00 2.9E+00 3.7E+00 3.0E+00 2.9E+00 2.6E+00 2.91
18 2,1E+00 2.4 E+00 2.4E+00 2.6E+00 2.1E+00 2.3E+00 1,7E+00 2.23
1 9 3.5E+00 3.5E+00 3.7E+00 4.7E+00 4.6E+00 4.3E+00 4.3E+00 4.08
20 3.8E+00 4.4E+00 4.4E+00 4.9E+00 4.3E+00 3.9E+00 4,3E+00 4.28
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Table 10. Predictions for Expected Plutonium Concentrations Using
Model Developed from Counting Analytical Data and
Prepared Levels of the Factors

Values are in milligrams/liter (rag/L) for plutonium and moles/liter for
• other factors.

Ci - Confidence Interval for Expected Concentration Measurement
PI - Prediction Interval for Individual Concentration Measurement

I

Lower 95% Upper 95% Lower 95% Upper 95% Simulaneous Upper
Predicted CI for CI for PI for PI for 95% Tolerance Limit

Bottle # Pu-C Pu Expected Pu Expected Pu Indiv Pu Indiv Pu with 95% Confidence
1 0.336 0.423 0.246 0.600 O.146 0,700 1.163
2 0.098 O. 182 0.112 0.252 0.000 0.406 0.645
3 O.192 O.182 O.112 0.252 0.000 0,406 0.645
4 0.134 0.182 0.112 0.252 0.000 0.406 0.645
5 0.203 0.230 0.053 0.408 0.000 0.507 0.970
6 0.205 0.086 0.000 0.243 0.000 0.350 0.773
7 0.482 0.428 0.250 0.605 0.1 51 0.704 1.168
8 0.303 0.184 0.008 0.361 0.000 0.461 0.922
9 0.160 0.189 0.012 O.366 0.000 0.465 0.927
10 0.150 0.182 0.016 0.348 0.000 0.451 0.893
1 1 0.1 54 0.214 0.026 0.402 0.000 0.498 0.983
1 2 0,034 0.000 0.000 0,169 0.000 0.269 0.728
1 3 0.109 0.182 0.112 0.252 0.000 0.406 0.645
14 0.207 0.21 5 0.075 0.354 0.000 0.469 0.858
1 5 0.269 0.343 0.179 0.507 0.074 0.612 1.049
16 0.122 0.069 0.000 0.246 0.000 0.345 0.807
17 0.019 0.007 0.000 0.184 0.000 0,284 0.746
1 8 0.214 0.168 0.001 0.335 0.000 0.439 0.882
1 9 0.138 0.154 0.000 0.327 0.000 0,428 0.884
2 0 0.860 0.775 0.588 0.962 0.492 1.058 1,539
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Table 11. Predictions for Expected Plutonium Concentrations Using
Model Developed from ICP/MS Analytical Data and
Prepared Levels of the Factors

Values are in milligrams/liter (mg/L) for plutonium and moles/liter for
other factors.
CI - Confidence Interval for Expected Concentration Measurement
PI- Prediction Interval for Individual Concentration Measurement .

Lower 95% Upper 95% Lower 95% Upper 95% Simultaneous Upper
Predicted CI for CI for PI for PI for 95% Tolerance Limit

Bottle # Pu-ICP/MS Pu Expected Pu Expected Pu Indiv Pu Indiv Pu with 95% Confidence
1 0.175 0.204 0.097 0.310 0.046 0.361 0.673
2 0.062 0.110 0.071 O.149 0.000 0.233 0.388
3 0.144 0.110 0.071 0.149 0.000 0.233 0.388
4 0.081 O.110 0.071 0.149 0.000 0.233 0.388
5 0.205 0.219 O.113 0.325 0.061 0.377 0.689
6 0.076 0.027 0.000 O.115 0.000 O.173 0.445
7 0.334 0.329 0.213 0.445 O.164 0.494 0.828
8 0.238 O.196 0.090 0.302 0.039 0.353 0.664
9 0.083 0.078 0.000 0.194 0.000 0.242 0.575

10 0.042 0.048 0.000 0.145 0.000 0.200 0.492
1 1 0.111 0.146 0.040 0.252 0.000 0.303 0.615
12 0.006 0.000 0.000 0.088 0.000 O.140 0.451
13 0.079 0.110 0.071 0.149 0.000 0.233 0.388
1 4 0.139 O.145 0.067 0.222 0.005 0,285 0,533
15 0.238 0.276 O.173 0.37g O.120 0.431 0.737
1 6 0.033 0.009 0.000 O,113 0.000 O.165 0.475
1 7 0.010 0,002 0.000 0.108 0.000 O,160 0.471
1 8 O.140 O.124 0.027 0.222 0.000 0.277 0.570
19 0,074 0.087 0.000 0.193 0.000 0.245 0.556
20 0.531 0.486 0.381 0.591 0.329 0.643 0.952
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Table 12. Predictions for Expected Uranium Concentrations Using
Model Developed from ICP/MS Analytical Data and
Prepared Levels of the Factors

Values are in milligrams/liter (rag/L) for uranium and moles/liter for
other factors.

.

CI - Confidence Interval for Expected Concentration Measurement
PI - Prediction Interval for Individual Concentration Measurement

Lower 95% Upper 95% Lower g5% Upper 95% Simultaneous Upper
Predicted Cl for Cl for PI for PI for 95% Tolerance Limit

Bottle # U.ICP/MS U Expected U Expected U Indiv U Indiv U with 95% Confidence
1 8,29 8.34 6.81 9.87 5.39 11.29 14.34
2 3.85 4.95 4.36 5.54 2.36 7.54 9.13
3 4.00 4.95 4.36 5.54 2.36 7.54 9.13
4 4.36 4.g5 4.36 5.54 2.36 7.54 9.13
5 4.68 3.84 2.26 5.43 0.87 6.82 9.95
6 4.92 3.26 1.81 4.72 0.35 6.17 9.12
7 12.62 10.24 8.65 11.83 7.26 13.22 16.35
8 6.20 6.84 5.31 8.38 3.89 9.79 12.85
9 8.09 8.74 7.20 10.28 5.78 11.69 14.76

1 0 3.62 3.45 2.15 4.74 0.61 6.28 9.00
11 5.68 5.67 3.89 7.46 2.58 8.76 12.17
1 2 4.49 5.34 3.77 6.91 2.37 8.31 11.42
1 3 3.99 4.95 4.36 5.54 2.36 7.54 9.13
1 4 4.13 4.32 3.51 5.13 1.67 6.97 8.94
15 1.71 1.95 0.51 3,38 0.00 4.85 7.76
16 3.71 5.34 3.83 6,86 2.40 8.29 11.32
17 3.64 3.44 1.89 4.99 0.48 6.40 9.48
18 2.80 1.94 0.41 3,48 0.00 4.90 7.96
19 5.01 3.84 2.33 5,35 0.90 6.78 9.80
20 4 78 4.1 7 2.39 5,96 1.09 7.26 10.66
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Table 13. Predictions for Expected Uranium Concentrations Using
Model Developed from Chemchek Analytical Data and
Prepared Levels of the Factors

Values are in milligrams/liter (mg/L) for uranium and moles/literfor
other factors.
CI - Confidence Interval for Expected Concentration Measurement
PI - Prediction Interval for Individual Concentration Measurement

Lower 95% Upper 95% Lower 95% Upper 95% Simultaneous Upper
Predicted CI f_r CI for PI for PI for 95% Tolerance Limit

Bottle # U-Ck U Expected U Expected U Indiv U Indlv U with 95% Confidence
1 7.11 6,81 5.56 8.07 4.40 9.23 11.73
2 3.05 4,07 3.58 4.55 1,95 6.19 7.49
3 3.53 4.07 3.58 4.55 1.95 6.19 7.49
4 3.34 4,07 3.58 4.55 1.95 6.19 7.49
5 3.73 3.16 1.86 4.45 0.72 5.59 8.15
6 4.38 2.73 1.54 3.92 0.34 5.11 7.52
7 9.89 8.33 7.03 9.63 5.89 10.77 13.33
8 4.88 5.63 4 °37 6.88 3.21 8.04 10.55
9 6.97 7.14 5.88 8.40 4.72 9,56 12.07

1 0 2.87 2.83 1.77 3.89 0.51 5.15 7.37
1 1 4.54 4.73 3.27 6.19 2.20 7.26 10.05
1 2 3.69 4.26 2.97 5.55 1.83 6.70 9.24
13 3.27 4.07 3.58 4.55 1.95 6.19 7.49
14 3.19 3.58 2.92 4.25 1.42 5.75 7.36
15 1.37 1.64 0.47 2.82 0.00 4,02 6.40
1 6 3.05 4.35 3.10 5.59 1.94 6.75 9.23
1 7 2.91 2.75 1.48 4.02 0.32 5.1 7 7.69
1 8 2.23 1.56 0.30 2.82 0.00 3,98 6.48
1 9 4.08 3.07 1.84 4.31 0,67 5.48 7.95
2 0 4.28 3.54 2.08 5.00 1.01 6.07 8.85
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Table 14. Predictions for Expected Plutonium Concentrations Using
Model Developed from Counting Analytical Data and
6-month Levels of the Factors

Values are in milligrams/liter (mg/L) for plutonium and moles/liter for
• other factors.

Cl- Confidence Interval for Expected Concentration Measurement
PI- Prediction Interval for Individua! Concentration Measurement

Lower 95% Upper 95% Lower S5% Upper 95% Simultaneous Upper

Predicted CI for CI for PI for PI for 95% Tolerance Limits

Bottle # Pu-C Pu Expected Pu Expected Pu Indiv Pu indiv Pu with 95% Confidence
1 0.336 0.368 O. 185 0.551 0.091 0.645 1.151

2 0.098 0.186 0.117 0,254 0.000 0.405 0,656

3 O. 192 O. 187 0.114 0.260 0.000 0.407 0.669

4 0.134 0.189 0.117 0.261 0.000 0.409 0.670

5 0.203 0.214 0.049 0.379 0.000 0.480 0,948

6 0.205 0.078 0.000 0.234 0.000 0,338 0.785

7 0,482 0.404 0.229 0.579 0.132 0.676 1.165

8 0.303 0.237 0.052 0.422 0.000 0.515 1.025

9 0.160 0.211 0.038 0.383 0.000 0.481 0.964

10 O. 150 0.245 0.080 0.411 0.000 0.511 0.980

1 1 0.155 0.146 0.000 0.353 0.000 0.439 0.992

1 2 0.034 0.006 0.000 0.191 0.000 0.284 0.793

1 3 O. 109 O. 180 O.117 0.243 0.000 0.397 0.637

14 0.207 0.224 O.116 0.332 0.000 0.458 0.802

1 5 0.269 0.266 0.073 0.459 0.000 0.550 1.076

1 6 0.122 0.086 0.000 0.269 0.000 0.363 0.868

1 7 0.019 0.046 0.000 0.221 0.000 0.318 0.807

1 8 0.214 0.135 0.000 0.312 0.000 0.408 0.900

1 9 0.138 0.143 0.000 0.316 0.000 0.414 0.897

2 0 0.860 0.836 0.632 1.041 0.545 1.128 1.678
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Table 15. Predictions for Expected Plutonium Concentrations Using
Model Developed from ICP/MS Analytical Data and 6-
month Levels of the Factors

Values are in milligrams/liter (mg/L) for plutonium and moles/liter for
other factors.
CI - Confidence Interval for Expected Concentration Measurement
PI - Prediction Interval for Individual Concentration Measurement

Lower 95% Upper 95% Lower 95% Upper 95% Simultaneous Upper
Predicted Cl tot Cl for PI for P| for 95% Tolerance Limits

Bottle # Pu-ICP/MS Pu Expected Pu Expected Pu Indiv Pu indiv Pu with 95% Confidence
1 0.175 0.231 0.135 0.327 0.063 0.398 0.612
2 0.062 0,153 0,119 0.186 0.012 0.294 0.397
3 0.144 0.170 0.126 0.214 0,026 0.314 0.437
4 0.081 0.147 0,111 0,184 0.005 0.289 0,398
5 0.205 0.207 0,138 0.276 0.054 0.361 0.529
6 0,076 0.049 0.000 0.134 0,000 0,210 0.408
7 0.334 0.296 0.188 0.404 0.122 0,470 0.703
8 0.238 0.202 0.100 0.305 0.031 0,373 0.597
9 0,083 0.075 0.000 0.189 0.000 0,254 0,497

10 0.042 0.020 0.000 0.095 0.000 0.176 0.354
11 0.111 0.115 0.010 0.220 0.000 0,287 0.515
12 0.006 0.011 0.000 0.111 0,000 0,181 0.401
13 0.079 0.136 0.101 0.172 0,000 0.278 0.385
14 0.139 0.205 0.153 0.256 0.058 0.351 0488
15 0.238 0.247 0.142 0.353 0.075 0.420 0.649
16 0.033 0.010 0.000 0.117 0.000 0.184 0.414
17 0.010 0.000 0.000 0.028 0.000 0,100 0.314
18 0.140 0.112 0.021 0.204 0.000 0.277 0.485
19 0.074 0,059 0,000 0.155 0,000 0.226 0.440
20 0.531 0.422 0.323 0.522 0.253 0.592 0.811

........
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Table 16. Predictions for Expected Uranium Concentrations Using
Model Developed from ICP/MS Analytical Data and 6-
month Levels of the Factors

Values are in milligrams/liter(rag/L) for uranium and moles/liter for
other factors.
CI - Confidence Interval for Expected Concentration Measurement
PI- Predictiorl Interval for Individual Concentration Measurement

Lower 95% Upper 95% Lower 95% Upper 95% Simultaneous Upper
Predicted CI for CI for PI for PI for 95% Tolerance Urnlts

Bollle # U-ICP/MS U Expe©ted U Expected U Indiv U Indlv U with 96% Confidence
1 8.29 8.60 7.37 9.83 6.45 10.75 13.49
2 3.85 4.20 3.61 4.78 2.33 6.06 7.68
3 4.00 4.21 3,62 4.81 2.35 6,08 7.71
4 4.36 5.39 4,81 5.97 3.53 7.25 8.87
5 4.68 4.53 3.33 5.72 2.39 6.66 9.34
6 4.92 3.58 2.55 4.61 1.53 5.62 8.03
7 12.62 11.79 10.38 13.20 9.53 14.05 17.08
8 6.20 6.28 4.90 7.66 4.04 8.52 11.50
9 8.09 7.94 6.77 9.11 5.82 10.06 12.70

1 0 3,62 3.59 2.60 4.58 1.56 5.62 7.97
11 5.68 6.00 4.62 7.38 3.76 8.24 11.22
12 4.49 4.75 3.47 6.04 2.57 6.94 9.77
1 3 3.99 5.54 4.97 6.12 3.68 7.40 9.00
14 4.13 3.89 3.22 4.56 2.00 5.78 7.56
15 1,71 1.82 0.60 3.04 0.00 3.97 6.70

I
16 3.71 4,12 2.77 5.47 1.89 6.34 9.28
17 3.64 3.06 1.90 4.23 0,95 5.18 7.81
18 2.80 2.75 1.47 4.02 0.57 4.92 7.75
19 5.01 4.24 3.14 5.34 2.16 6.32 8.86
20 4.76 4.25 2.90 5.60 2.03 6.47 9.41
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Table 17. Predictions for Expected Uranium Concentrations Using
Model Developed from Chemchek Analytical Data and 6-
month Levels of the Factors

Valuesare in milligrams/liter(rag/L)foruraniumand moles/literfor
other factors.
CI- Confidence interval for Expected Concentration Measurement
PI - Prediction Interval for Individual Concentration Measurement

1,

Lower 95% Upper 95% Lower 95% Upper 95% Simultaneous Uppe
Predicted Cl for CI for PI for PI for 95% Tolerance Limit1

Bottle # U-Ck U Expected U Expected U Indiv U Indlv U with 95% Conflden©t
1 7.11 6.80 5.64 7.96 4,58 9.02 t 1.32
2 3.05 3.81 3 36 4.26 1.87 5.75 6.96
3 3,53 3,84 3,38 4.29 1.89 5.78 7.00
4 3.34 4,02 3.57 4.46 2.07 5.96 7.17
5 3.73 2.96 1.83 4.09 0.76 5.16 7.42
6 4.38 2.82 1.78 3.85 0.66 4.97 7.09
7 9.89 8.44 7,24 g.84 6,20 10,68 13.03
8 4.88 5.65 4.45 6.85 3.41 7.89 10.25
9 6.97 7.19 6,08 8.30 5.00 9.39 11.62

10 2.87 2.92 1.96 3.88 0.80 5.04 7.05
1 1 4.54 4.88 3.55 6.20 2.57 7.19 9.72
1 2 3.69 3,87 2.64 5.10 1.62 6.12 8.52
1 3 3.27 4.12 3.69 4.55 2.18 6.06 7.24
14 3.19 3.67 3.12 4.21 1.70 5.64 7.00
1 5 1.37 1.37 0.24 2.51 0.00 3.58 5.85
1 6 3,05 4,19 2.91 5.46 1.91 6.47 8.93
1 7 2.91 3,18 2.07 4.29 0.99 5.37 7.60
I 8 2.23 1.38 0.18 2.57 0,00 3.61 5.96
1 9 4.08 3.36 2.29 4.43 1.18 5.53 7.71
2 0 4.28 3.92 2.62 5.22 t .63 6.22 8.71
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Table 18. Plutonium and Uranium Concentrations for Special
Bottle # 23

"--_ec,e$! Analy:tc a! Time i A_,a uotJ Cone (me nowslSpeciesi Analytec al T, A,,q uotlCon¢
78 U Ic_ I 122[ 131.....

nlPu c 14 3 1.81- so U c_ 133 2 ...... 11.s
4qPu C .... 2s ! 1.e6 el U cx le_ I 13.1

....51Pu C . _ 25 2] 1.91 82 U ,, Ck 18S 2 13_4
6JPu C ..... ,, 25 3 1.77 83 U Ck 185 3 _1
71Pu c :'.:' 31 .... I. 1.96 04 U ICp,MS ._I _ , I 12.8

. 0 Pv C _11 ., _ _ 2.49 llS U I(;:P/MS .... 31 _ 13,1
9 Pu c ..... 31 ;] ,., 2.ss as U IcP_s _ I 3 , , 13

10 Pu c 4(2.. 1 .. 1.99 _!7 U,, ICP/MS 40 t ...... 1.5.2
11 Pu C , , , 40 .... 2_ I.a6 as U ICPtldS 40 ..... 2 IS.2
12 ;Pu C .... 40 _ , ,2.41 69 iU,, ICP/MS 40 3 15.1
13 :Pu C ';S 1 1.96 90 IU IcPnaS sfi . 1 12.,I
14 P_ C ......... 56 2 1.29 (J1 !U tCP/MS ........ 56 ,, 2 .... 11.2
!S Pu C 36 3 2.18 92 LU IcPnds 36 3 11.6
16 Pu _ C - 74. _ 1 1.79 931U !lCPlldS 74 1 .... 14,9
17 Pu c .... 7't 2 .... 1.s3 94 !u K:PtMS 74 2 14.2
18 _ C ..... 74, :] 1.92 9S LU I Ic,pnds ,, 74, 3 ....... 14.6
19 Pu C e 1 1 1.92 93 IU mPtMS n 1 1 14.3
20 Pu C ,. 81 2 t.63 97 U ICP/MS II1 2 1,1L

21 Pu C ..... gl , _ : 1.711 9B U ICP/MS 81 3 13.6
22 !_ C .... 84 1. 1.e7 99 iU iCP/MS 84 1 .... 11.2
23 Pu C .......... 64: . 2: 1_65 100 !_.1 ICP/MS B4 2, 14.4
24 Pu C 84 , _, 1.78 101 U ICP/MS ...... 04 3 14.3
25 Pu C ,, j122_ _ I 1.74 102_U ICP/MS 122 , I..... 15.3
26 Pu JC ....... 122 2 1.37 103 _J ICP/IdS 122 2 .... 12.3
27 Pu C 122! ;) ....... 2.17 104 U ICP/MS 122 3 14.B
28 Pu (_ ..... 1S3_ 1 .... 2.17 105 U ICPtldS 1.53 _ 1 10,4
29 Pu C .......... 153 .... 2 1.86 106 U ......IC_,,AS .. 153 2 ..... 17.7
30 P_. _ . 153_ 3 ....... •
31 Pu C .... 185] ! ' "2.21
32 Pu C _ !8,5! Z ..... 2.2!
33: Pu C iSS_ ;).. 2.92
?4 PV ICP,MS 3t !,,, 1.55
35 _Pu ICP/MS ,, 31 _ 2 , 1.58
36 PU_ !CP/M$ _1 _..... 1,58
37 Pu IC P/MS 40 ,, 1 1.71
38 P_ I ICPtlvl_ .. =0 2 1,72
391Pu tlcptus ,, , ,o , a 1.72
4_ _ _IcP_Ms s_ 1 1.44
411 P],,I I ICP/MS ...... 56 2 ...... 1_7_
421P_ ' _;P_M_i ...... se 3 _.34
43 ] Pu IC PfMS ..,, 74 , 1 1.74
44] PU ; i(_P/M$ 74 2 I ,(P8
4S Pu ICPflVIS 74, _ ;] 1,68
_ _ _cP,_s _'. _i I - _,_,4
47 Pu ICP/M_ 61 2 1.92
,48 _ _CP_M5 e _ 3 ,,,1,55
49 Pu tCP/_..S l 04. ! 1.29

,50 Pu t(;P_M,_; e,= .. 2 . 1,._3
51 P'u ICP/MS 04 ;] 1.64
52 1% ICP/M._ 122 I 1.65

$3 Pu__ _Cpnv_s 1_2 _ _2 4,OO
54 I_ .. ICP/M$ 122 . _ 1,6_
SS_ PV ICP/M_ 1s3 1 ....1,07

s61P_ _¢p_..s. I{,p ? , , 3.s(}57 P_ I(;;P_M_ _53. 3 ............. •
selu C-, ,, 3_ , 1 9,1
59 U _ _ 3 _ 2 .11.5

60 U G' ... 31 3 . 1_1
61 U C>, 4_ _ 1 ..... 11.8
62 [U _ =9 _ ,,,11,e
63 U _ ... 40 3 .t2.5
64 [U (_ .. , S(_ I ,,,12.3
65 U C_ ...... S6 2 12.4
66 IU , _ S_. O 12.2
67IU O,,- 7a _ 1 14,1.
68 [U _'_ 74 2 13.9
69[u c_ . 7, ... ;} '14
70 iU _ ....... B} .... 1 1:_,7
71 !U Ck .... 01 2 13.9
72 U ,,. C,,,......... 61 3 14 1

73'U tC_ l .... #= _ _ 13.7
7.4 U C,, S_ .. 13.3_
751U I_,i e' ;). 13.7
761U ... !C_ .. I ;_?1 - 1 ..14 _

U IC7_ J 1221 2 13.4
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Table 19. Plutonium Concentrations for Special Bottle # 24

o_s Time (DayS) Boiile 24 - Pu-C Bottle 24 - Pu-ICP/M S
1 25 3.54 ........ •
;_ 31 3,6 ......3.17
3 ....... 40 3.5 ........ 0.191
4 _6 2.68 2.52
5 74 2,24 3,25
6 81 . 3,78 ...... 3.32
7 84 2.73 ... 3.45_
8 122 ...... 3.24 ....... 3.36
9 1..53 3.27 . 3.63

10 185 ...... 3,38 "-
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Table 20. Uranium Concentrations for Special Bottle # 26

R,ows Time (Day._)Botile 26 - u,- ICP/MS Bottle 26 - U - Ck
1 56 .... 3,08 .... 4,1

...... 2 74 4.33 4,2
.... 3 84 ...... 4.,35 ...... 3.9
. 4 12;_ ...... 4._9 4.1

5 ....153 5.37 3.5
6 185 • 3.5,,
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Table 21. Plutonium and Uranium Concentrations for
Bottles 19 and 22

Rows Bottle Species Analytical_Time (days)Con. c (m_/L)
i.... 1, 19 PV C a i ___..__q,.?=Z_

19 IPo q ......... 7 0,!5`3
,3 ! 9, Pu (;; 14 0,308
4 19 PU ...... C 25 0,135
5 19 PU C 31 0,114

!9 PV ICPIMS :_! 0,101
7 ! 9 Pq C, ..... 4,,0 .... 0,!32
8 19 PV lOP/MS .... 40 g.0609
9 1_) pg .... (;; 56 0.127

10 1.,,9 Pu ICP/M_; ..... 56 0.0952
.... 11 1 9 PU ,,, (_ _4 0.0977

12 19 Pu ICP/M_ 84 .... 0,08_66
13 19 Pu G........ 122 ,, Q.0711
14 19 Pu I(;;P/MS 122 ..... 0.0305
1 5 19 PU C_ 153 0.0844
16 1 9 PtJ lOP/MS 153 0.0693
17 19 I:_ G 185 0.0753
18 22 PIJ G .... (_ 0.0206
19 22 Pu lOP/MS (_ 0,00444,,,

20 22 Pu G 12 0.0245
21 22 PV !(;;P/M $ ....... 1;_ 0,0!!1
22 22 Pu G ,,, 21 0,0257
23 22 PV I.(;;P/MS .... 21 0.0156
_4 22 Pu (_ 37 0.0249
25 22 ,pij lOP/MS _1,7 0.0078,, I

!

26 22 Pu C 55 0.0291
27 22 PV lOP/MS .. 55 ..... 0.0!25
28 22 Pu C 62 . Q.0237
29 22., PU I(;;PIM $ .... 62 ,,,0,00973

.... 30 ;_2 Pu C !03 ....0.0!41
3! 2:_ PU lOP/MS 122 ,0,00831
32 22 Pu C 153 _ 0.0288
33 _;_ PU lOP/MS .1_a 0,0!53
34 22 Pu C !85 0,0385
35 19 U lOoP/MS 3! , , 4.,44
30 19 V C-.'k ... 3! .:_,5
37 lC_ ,U lOP/MS 4,0 .... 4,79
3_, 19 U _;k 49. 3.5
$9 1 9 U !,(;;P,/MS 5_, .... 5,01
40 19 U .Ok 5(_ 3.7
4.!. 19 U I.,CP/MS . 84 5.4_1
42 19, ,U .Ck 84 4.7
43 1 9 U lOP/MS . !22, 3_32
44 19,, U C_ .,,122 4,6
45 19 .U. lOP/MS 15`3 7.04
46 19 U Ck 153 4,3
47 19 U .Ok 18.5. 4,3
48 22,. U lOP/MS 12 10,7
49 _ U Ck 1 _ 8,3
50 22 U lOP/MS ,. 21 12.2

_ 5! 22. u ck 2_ 9
_ 5;_ 22 U lOP/MS .. :_7 t0.2

53 22 U C...k 37 9,6
54 22 U lOP/MS 55 1!,7
55 2;t U Ck 55 10,5
56 22 U I.CP/MS 62 1!,7
57 22 U Ck 62 10.6
5.8, 22 U I,,CP/MS ,,103 1 0
59 22 U Ck 103 10 7
6 0 2 _ U I I_P/MS t55 14 (_
61 2 _ ..... V Ck .... t53 9

62 22. U _k 185 , 10,4
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Table 22. Plutonium and Uranium Concentrations for
Bottles 19 and 28

• Rows Botile Species: Analytica Time (days)IConc (mg/L)
1 19 PU C 3 0,;_23
2 19 P.U.. C 7 O,15:_
3 t9 Pu C _4 ..... 0,30_
4 19 Pu (_ _5 . 0.135

I_) PU G .31 0.114:
6 19 PU IQPIMS 31 0.101
7 19 PV G. 40 0.132
8 19 PU ICPIM$' 40 0.0609

9 _19 Pu G 56 0.127
10 19 PU I(_PIM_ ' 56 0.0952
11 .19 Pu (_ (]4 0.0977
12 19 Pu ICP(MS. .. (]4 0.0886
13 19 ] Pu (_.... 122 0.0711
14 19 i P_ ICP/M_. ..... 122 .0.0305
15 19 PU q 153 0.0844
I , ,

16 19_ PV IGP,M$ 1_i$ 0.0693Pu _ 18_i 0.0753
18 128A Pu . C 4 0.303
19 28A PV. ICPIMS 4 0.277
20 28A Pu C 14 0.287
21 2(]A PU ICP/MS 14 ......0,0168
22 28B Pu. C 14 0,_9
23 28B Pu ICPIM$ 14 0.289

• 24 28B Pu C 21 0,407
25 28B Pu ICPIMS 21 0.335
26 28A U Gk 4 51.7
27 28A U ICP/M$ 4 47.6
28 28A U Ck ..... 11 3t;.4
29 28A U ICPIM$ 14 33.5
30 2EIA U Ck 14 33.7

1 2(]1_ U ICP/MS 14 34.2
32 2(]B U C,,k 14 29.4
33 28B U I(_P/M$ ...._1 28.8
34 288 U Ck _ 1 _7.
35 19 U IGP/MS 31 4,44.
36 19 U Ck 31 3.5
37 19 U..... ICP/M$ .... 40 4.79
38 19 U Ck ,_0 3.5
_19 19 U ICP/MS 56 5,0!

_40 19 U Ck 56 3.7
41 19 U ICP/M$ .....84 5.48

.....42 19 U Ck . 84 4,7
43 19 U ICP/M$ 122 3,3;_
44 19 ..... U , Ck 122 4.6,
45 19 U ICP/M$ 15_ 7,04
46 19 U Ck 153 4,$

. 47 19 U Ck 185 4.3
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Exhibit 31. Statistical Analysis of Average Plutonium Concentrations from
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Exhibit 1. Statistical Analysis of Plutonium and Uranium
Concentrations for Special Bottle # 21

Conc (rag/L) fl y._.___ocies/Ana lyrical

0.040] . .

0"0351 "

0.030 1

0.02S1

0,0201

!oo,1
3 o.oto_

Pu,C, Pu4CPIM$ U-ICPIMS

6poc_Anai_lcal
/

•c_ Means wln c:onlid.Inletvel

o,,,,] o..o+J
RocRSqu_MeaneSquareE.or 0.007121 |
MMn c_Response

[O(_ecvmtoas lot Sum wets)

;Analysis of Variance)

source DF Sum of Squires Mean Square F Ratio
Mo_4 2 0.00020828 0.000144 2,_05
F.tror 23 0.00141044 0.000061 Probl.F
C Total 25 0.00169872 0.1178

ii i

Mean Estimatesl

Level number Mean Std Errol
Pu-C 13 0.008002 0.00217
Pu-ICP/MS 8 0.000827 000277
U-Ck 0 •
U-ICPIMS 5 0.002396 0.00350

., i m i

Tests that the Variances are EqualJ

Level Count aid Day MeanAbsOIl tO Mean MeanAbsOH tO Median

Pu-C 13 0.0106396 0 0078373 0 0063812
Pu.ICPIMS 8 0.0018798 0 0011866 o 0008269
U-C,k 0 0.0000000 0 0000000
U-/CP/MS 5 0.0026119 00017616 0.0016320

Test F Ratio OF Hum OF 0an Prob>F
O'Orienl.Sl 1,2770 2 22 0+2985
erown-Forsy1he 1,5667 2 22 0 2311
Leverm 5,0703 2 22 0 0155
Bartlett 10,20,55 3 0.0000

Warntnq:SmallsampleslZ_ IJ_ C.aut,on "t

I WelchAnovl testingMeansEqual.aliowvl9 SldS NolEqua! /

F Ratio DF Hum OF Den Prob_.F I

. - 2 11.396 -1 Ii ,
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' Exhibit 2. Time Plot of Plutonium Concentrations as Measured
by Countipg Method for Bottles 1-5

Plutonium concentrations are in milligrams/liter.

0.4--

0.0 I I i I
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Exhibit 3. Time Plot of Plutonium Concentrations as Measured
by Counting Method for Bottles 6-10

Plutoniumconcentrationsare in milligrams/liter.

,i

1.2-
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_ &
w

0.0 I I I I
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Days
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Exhibit 4. Time Plot of Plutonium Concentrations as Measured
by Counting Method for Bottles 11-15

Plutonium concentrations are in milligramsliter.

I .0_ •
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0.0 I X I I
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Days
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Exhibit 5. Time Plot of Plutonium Concentrations as Measured
by Counting Method for Bottles 16-20

Plutoniumconcentrationsare in milligrams/liter.

q
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i
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Exhibit 6. Time Plot of Plutonium Concentrations as Measured
by ICP/MB Method for Bottles 1-5

Plutoniumconcentrationsare in milligrams/liter.

t

|
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Exhibit 7. Time Plot of Plutonium Concentrations as Measured
by ICP/MS Method for Bottles 6-10

Plutoniumconcentrationsare in milligrams/liter.
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Exhibit 8. Time Plot of Plutonium Concentrations as Measured
by ICP/MS Method for Bottles 11-15

Plutonium concentrations are in milligrams/liter.

0,6_ ,,

i
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Exhibit 9. Time Plot of Plutonium Concentrations as Measured
by ICP/MS Method for Bottles 16.20

Plutonium concentrations are in milligrams/liter.
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Exhibit 10. Time Plot of Uranium Concentrations as
Measured by ICP/MS Method for Bottles 1.5

Uranium concentrationsare in milligrams/liter.
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Exhibit 11. Time Plot of Uranium Concentrations as
Measured by ICP/MS Method for Bottles 6-10

Uranium concentrations are in milligrams/liter.
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Exhibit 12. Time Plot of Uranium Concentrations as
Measured by ICP/MS Method for Bottles 11-15

Uranium concentrations are in milligrams/liter.
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Exhibit 13. Time Plot of Uranium Concentrations as
Measured by ICP/MS Method for Bottles 16-20

Uranium concentrationsare in milligrams/liter.
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Exhibit 14. Time Plot of Uranium Concentrations as
Measured by Chemchek Method for
Bottles 1-5

Uranium concentrations are in milligrams/liter.
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Exhibit 15. Time Plot of Uranium Concentrations as
Measured by Chemchek Method for
Bottles 6-10

Uranium concentrations are in milligrams/liter.
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Exhibit 16. Time Plot of Uranium Concentrations as
Measured by Chemchek Method for
Bottles 11-15

Uranium concentrationsare in milligrams/liter.
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Exhibit 17. Time Plot of Uranium Concentrations as
Measured by Chemchek Method for
Bottles 16-20

Uraniumconcentrationsare in milligrams/liter.
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Exhibit 18. Statistical Analysis of Average Plutonium
Concentrations from Counting Analyses for Full
Model for Prepared Levels of Factors

Response: Pu-C, , ,,

Summ' yo, ]

Rsqum'e 0.940763
Root Mean Square Error 0.097458
Mean of Response 0.219333
Observations (Or Sum Wgls) 20

iii

Lockof
Source OF Sum of Squares Mean Square F Ratio .vl_
Lack of Fit 2 0.03327311 0.016637 7.0506

Whole-Model Test
Pure Error 2 0.00471918 0.002360 Prob=,F _ .... )
Tolal Error 4 0.03799229 0.1242 1.0 ,- ,

i 1irl i,_i i

Parameter Estlmates_ ,"

Term Estimate 5td Error t Ratio Prob>ltl 0.8- , '

Inlercapl 0.0806055 0.19745 0.45 0.6768 i ,,'NO3 0.0063988 0.0471 0.14 0.8985
NC)Q -0.055403 0.09918 -0.56 0.6062 0.6-

O-I -0.168198 0.22238 -0.85 0.4450 (.p
AL(OH H -0.165755 0.36999 -0.45 0.6773

#lCO3 0.1222274 0.39392 0.31 0.7718 0.4-
SO4 .0.416053 0.29031 -1.43 0.2251

Tamp(H-L| .0.013266 0.05902 -0.22 0.8332

NO3"NO2"OH -0.101412 0.04581 -2.21 0.0913 0.2- "";'" ............................
OH'NO3 0.0348263 0.03253 1.06 0.3471 . ,': ............ i
OH'NO2 0.0945039 0.07799 1.21 0.2923

OH'AL(OH)4 0.3006492 0.42722 0.70 0.5204 i0.0 I

OH'CO3 0.4810464 0.44321 1.09 0.3388
OH'SO4 0.8408519 0.32654 2.58 0.0616 0.0 0.2 0.4 0.6 0.8 1.0

OH'Tamp[H-L) 0.0011492 0.0616 0.02 0.9860 Pu-C Predicted

_IA ....... Vsriance 1

NO2"NO3 0.0668344 0.03974 1.68 0.1679 ..... l
nalysis of• ....

Effect Test J Source OF Sum of Squares Mean Square F Ratio

Source Nparm DF Sum of Squares F Ratio Prob>F Model 15 0.60337130 0.040225 4.2350
NO3 1 1 0.00017529 0.0185 0.8985 Error 4 0.03799229 0.009498 Prob>F
NO2 1 1 0.00296405 0.3121 0.6062 C Total 19 0.64136359 0.0864

_.1 llll i i .iiii
CH 1 I 0.00680266 0.7162 0.4450

AL(OH)4 1 1 0.00190627 0.2007 0.6773 1

1 1 0.00091443 0.0963 0.7718 0.10-
SO4 1 1 0.01950753 2.0538 0.2251

Tamp 1 _ 0.0004 7983 0.0505 0.8332

NO3"NO2"OH 1 1 0.04653712 4.8996 0.0913 . ]
OH'NO3 1 I 0.01076228 1.1331 0.3471 0.05-
OH'NO2 1 1 0.01394520 1.4682 0.2923 • .
OH'AL(OH)4 1 1 0.00470380 0.4952 0.5204 _ •
OH'CO3 1 1 0.01118880 1.1780 0.3388 o . • -
OH'SO4 1 1 0.06298087 6.6309 0.0616 _ 0.00 --.. .................................

OH'Tamp 1 1 0.00000331 0.0003 0.9860 " "
NO2"NO3 1 1 0.02687124 2.8291 0.1679

-0.05 -

-0.I0 ....i i l 'f"

0.0 0.2 0.4 0.6 0.8 1.0
Pu-C Prediclacl ""
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Exhibit 19. Statistical Analysis of Average Plutonium
Concentrations from ICP/MS Analyses for Full
Model for Prepared Levels of Factors

Response: Pu-ICP/MS"

, . _,7 , 'F:Summary,.of
Rsquare 0.968709
Root Mean Square Error 0.048169

• Mean of Response 0.139992
Observations (_ Sum Wgts) 20

;_r'l ,i

Lack of Fit_ ]

, .... __

Source DF Sum of Squares Mean Square F Ratio

Lack of Fl! 2 0.00586891 0.002934 1.7200 J ._
Pure Error 2 0.00341217 0.001706 Prob>F I

Total Ell'or 4 O.00928108 0.3676 J

............. 0"- I #'e#.' .... jParameter Estimates}

Term Eetimete S|d Error , Ratio ,rob,jr , 0"51 ," JIntercept 0.0520327 0.09759 0.53 0.6222

NO3 0.0187443 0.02328 0.81 0.4659 0.4-1 ,"
NCQ -0.018022 0.04902 .0.33 0.7602 / .' /

AL(OHpI -0.241485 0.18287 -1.32 0.2571 0.3 ,"

COO 0.3359482 0.1947 1.73 0.1595
SOl -0.479909 0.14349 -3.34 0.0287 0.2 -"
Tern p(H-L] -0.010176 0.02917 -0.35 0.7448 , .........
NO3"NO2"OH .0.067279 0.02264 -2.97 0.0411 ---,-"¢,- --.-.,'-'-"- ..................

0t-¢'N03 0.0141948 0.01608 0.88 0.4272 0.1 ,_
OH'NO2 0.0558649 0.03855 1.45 0.2209

OH'AL(OH)4 0.4127433 0.21116 1.95 0.1223 _,'
OH'CO3 0.2666085 0.21906 1.22 0.2905 0 0 i- / t i I
OH'SO4 0.6840315 0.16139 4.24 0.0133 0.0 0.1 0.2 0.3 0.4 0.5 0.6
OH'Tamp(H-L] 0.0070073 0.03045 0.23 0.8293 Pu-ICP/MS Predicted
NO2"NO3 0.036 7212 O.01964 1.87 O.1349

,_ , ,,

To,i]
_-- Source DF Sum of Squares Mean Square F Ratio
Source Nparm OF Sum of Squares F Ratio Prob>F Model 15 0.28732532 0.019155 0.2555
NO0 1 1 0.00150420 0.6483 0.4659 Error 4 0,00928108 0.002320 Prob>F
NO2 1 1 0,00024788 0,1068 0.7602 C Total 19 0,29660640 0.0272
CH 1 1 0.00526276 2.2682 0.2065
AL(OH)4 I 1 0,00404605 1.7438 0.2571
COO 1 1 0.00690807 2.9773 0.1595

SO4 1 1 0,02595519 11.1863 0.0287 ' • .
Tamp 1 1 0,00028233 0.1217 0.7448 0.04"]
NO3"NO2"OH 1 1 0,0204 8208 8.8275 0.0411 /
OH'NO3 1 1 0.00180863 0.7795 0.4272 0.02 "1 "
OH'NO2 I I 0.00487308 2.1002 0.2209 |

OH'AL(OH)4 1 1 0,00886521 3.8208 0.1223 _ /. • .
:1 q • • ',OH'CO3 1 I 0.00343683 1.4812 0.2905 _ 0.00 ...... ; ..... - ................

OH'SO4 1 1 0.04167944 17.9632 0.0133 _ |

OH'Tamp 1 1 0.0001 2290 0.0530 0.8293 (z /

NO2"NO3 1 1 0.008111 87 3.4961 0,1349 0.02 7

0.04 1J f• 0 064 ] ] I i
0.0 0.1 0.2 0.3 0,4 0.5 0.6

Pu-ICP/MS Predicted "
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Exhibit 20. Statistical Analysis of Average Uranium
Concentrations from ICP/MS Analyses for Full
Model for Prepared Levels of Factors

Response: U-ICP/MS

.....................o, o.,.,j
/Roo! Mean Square Error 1,061414 *
/ Mean of RNponse 5.02691 7

LObservations (or Sum Wgls) 20
. r 1tit

backof Fi,)
Source OF Sum o1 Squares Mean Square F Ratio
Lack of Fit 2 4.4239566 2.21198 53.6626 ......... "

Pure Error 2 0.0824403 0.04122 Prob_,F Whole-Model Test 1
Total Error 4 4.5063969 0.0183 ...........

i , 15 , .....

Parameter Estimates I Probl, I, , "'_'/

Term Estimate Std Error t Ratio 12- ,,"

Inlercep! 1.9940572 2.15042 0.93 0.4063
NCX) 0.2924231 0.51298 0.57 0.5991 10- ,' _

NQ2 -0.928052 1.08013 -0.86 0.4387 ,,'

Ot 4.6632103 2.42192 1.93 0.1265 _ 8 ,,"/,/

AL(OH)4 5.1619631 4.02956 1.28 0.2694 "

003 .0.636887 4.29021 -0.15 0.8892 _ 5 ........ ":'"/* •
SO4 -1.73634 3.16178 -0.55 0.6121 "'"

Temp[H-L] -0.363993 0.64279 .0.57 0.6015 ,___
NO3"NO2"OH .0.295897 0.49897 .0.59 0.5851 //OH'NO3 -0.984577 0.35427 =2,78 0.0499 2

-_" i'''"2" m u .........i ......... _

OH'NO2 -0.209135 0.84942 -0.25 0.8176
OH'AL(OH)4 -0.532675 4.65286 -O.11 0.9144 "
OH'CO3 -2.672816 4.82703 -0.55 0.6093 0"

OH'SO4 3.0219802 3.55631 0.85 0.4433 0 2 5 8 10 12 15
OH'Temp[H-L] 0.1479238 0.67091 0.22 0.8363 U-ICP/MS Predicted

NO2"NO3 0.2910382 0.43275 0.67 0.5381 __ ....... _

iEffect Test_] IAnalysis of Variance_
Source DF Sum o1 Squarel Mean Square F Ratio

Sour©e Nparm OF Sum of Squares F Ratio Prob>F Model 15 101.64785 6.78986 6.0269
NO0 1 1 0.3660904 0.3250 0.5991 Error 4 4.50640 1.12660 Prob=,F
NO2 1 1 0.8316889 0.7382 0.43_7 C Total 19 106.35425 0.0476
0-4 1 1 4.1765640 3.7072 0.1265
AL(OHpI 1 1 1.8487706 1.6410 0.2694 1 5 -
003 1 1 0.0248278 0.0220 0.8892
SO4 1 1 0.3397627 0.3016 0.6121 .

Temp 1 1 0.3612553 0.3207 0.6015 1.0-
NO3"NO2"OH 1 1 0.3961883 0,3517 0.5851
OH'NO3 1 1 8.7014549 7.7238 0.0499
OH'NO2 1 1 0.0682932 0.0606 0.8176 •
OH'AL(OH)4 1 1 0.0147657 0.0131 0.9144 05 -

•OH'CO3 1 1 0.3454201 0.3066 0.6093 _ "
OH'SO4 1 i 0.8134912 0.7221 0.4433 _ " " • • .
OH'Temp I 1 0.0547672 0.0486 0.8363 n- 0.0 - ........ •" ;- -

NO2"NO3 1 1 0.5095515 0.4523 0.5381 I .

0.5- ""
• !

1 0- ------r r T r T
0 2 5 8 10 12 15

U-ICP/MS Predlcled ""

............................................................................................. _,,_..- _........ _ _._, , ........ _,_ .... '
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Exhibit 21. Statistical Analysis of Average Uranium
Concentrations from Chemchek Analyses for
Full Model for Prepared Levels of Factors

Response:. u-C_
Summary of it]

Rsquaro 0.939606
Root Meen Square Error 1.032505
Mean of Response 4,118518
O0servallons (or Sum Wots) 20

¢

]

Source OF Sum of Squares Mean Square F Ratioi
Lick Of FI1 2 4.1440305 2.07202 34.4654 I ntA/ SA.IA•, ,r, , ,, ,

Test
Pure Error 2 0.1202373 0.0_012 Prol=,F | _, hole-,,,o,,=l

0.0292 ]

,,,,. .,

Tolil Error 4 4.2942678 10 .......... ,....

/// S
!

Term Estimate Std Error t Ratio Prob)lt 6"r ,"

intercept 1,5289694 2.09166 0,73 0.5053 ," /
NO3 0.1945537 0.49901 0.39 0.7138
N02 -0.888209 1.05071 -0.85 0,4455 6 -

04 4.1699709 2.355H 1.77 0.1514
t

N.(OH)4 5.1031681 3.91982 1.30 0.2629 _ ........ '
G(_ -0.714103 4.17336 -0.17 0.8724 4' ........... ;"_ ....................

SOt -1.346679 3.07567 -0.44 0.6841 .................
Tamp{H-L] -0.270722 0.62529 -0.43 0.6874

NO3"NO2"OH -0.264369 0.48538 .0.54 0.6149 2"_ IOH'NO3 .0.756044 0.34462 -2.19 0.0933 J

OH'NO2 -0.082196 0.82628 -0.10 0.9255 j i
OH'AL(OH)4 -2.193051 4.52614 -0.48 0.6533
OH'CO3 -2.325375 4.69556 -0.50 0.6464 0 jr I ' I I .... !
OH'SO4 2.0898659 3.45945 0.60 0.5784 0 2 4 6 6 1 0

OH'Temp(H.L] 0,0915666 0.65263 0,14 0.6952 U-C,k Predicted
I I I I I I II I Ill I NNNlUll

NO2"NO3 0.2643566 0.420e7 0., 0.,364. ' Aely"n--sis of Va ianc-_r e_

t Test Source DF Sum of Squares Mean Square F Ratio

Source Nparm OF Sum of Squares F Ratio Prob>F Model 15 66.342829 4.42286 4.1488
NO0 1 I 0.1653969 0,1551 0.7138 Error 4 4.264268 1.06607 Prob>F

) NO2 1 1 0.7618101 0.7146 0.4455 C Tola( 19 70.607097 0.0894
Ot 1 1 3.3397595 3.1328 0,1514 .....................

. AL(OH)4 1 1 1.8068953 1.6949 0.2629 .1 •
1 1 0.0312129 0.0293 0.8724 |

t SO4 1 1 0,2044386 0.1918 0.6841 1 0

Tamp 1 1 0.1998373 0.1875 0.6874 i
NO3"NO2"OH 1 1 0.3162571 0.2967 0.6149 .
OH'NO3 1 1 5.1308094 4.8129 0.0933 0.5 -i

n OH'NO2 1 1 0.0105494 0.0099 0.9255

OH'AL(OH)4 1 1 0.2502800 0.2348 0,6533 _= • . .,
OH'C,,O3 1 1 0.2614541 0.2453 0.6464 ,_o
OH'SO4 1 1 0.3890509 0.3649 0.5784 _ 0.0 ........... ;'- -.-

u OH'Temp 1 1 0.0209855 0.0197 0.8952 ."
n NO2"NO3 1 1 0.4864248 0.4563 0.5364 •

-{)5"

.j •.

I
• I.Oi ' _ _ _ ' _....

0 2 4 6 8 10
U-Ck Predlclad ""

,t
, , n. .i ii i
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Exhibit 22. Statistical Analysis of Average Plutonium
Concentrations from Counting Analyses for Full
Model for 6-month Levels of Factors

Response: Pu-C

Rsquare 0.928858 |
Root Mean Square Error 0.106799/
Mean of Response 0.219355 /
Observations (¢_rS4Jm wets) 20 /

i _ r i "11111ii1",, ' .,
J

Parameter Estimates}

Term Estimate Std Error t Ratio Prob=,ltl
Inletcept 0.1036293 0.20328 0.51 0.6370 r_

NO3 -0.006262 0.05919 .0.11 0.9206 Whole-Model Test J
NC_ -0.003653 0.1227 -0.03 0.9777

Ot -0.104164 0.20092 -0.52 0.6315 1.0 _' --
AL(OH)4 -0.67246t 0.87303 -0.77 0.4841 ,"

CO:) .0.206844 0.53939 -0.36 0.7209 /
804 -0.157722 0.3851 -0.41 0.7031 0.8"

Tamp(H-L] 0.0240488 0.07619 0.32 0.7680 /'

NO3'NO2"OH -0.064879 0.04981 -1.30 0.2626 /

OH'NO3 0.0325376 0.03473 0.94 0.4019 0.6 i" ,,,,"
OH'NO2 0.02748 0.06247 0.33 0.7557 _
OH" AL(OHpI 0.3409315 0.54262 0.63 0.5639
OH'CO3 0.4722752 0.53109 0.89 0.4241 0.4" iI
OH'SO4 0.5736349 0.37669 1.52 0.2025 ,,
OH'TempIH-L ] -0.032812 0.0703 -0.47 0.6650 . ,
NO2"NO3 0.0548509 0.04646 1.13 0.3211

0.2-

E,, Ct Te.,] ": ........................
Source Nperm OF Sum of Squares F Ratio Prob_F 0.0 i I i i -
NQ3 1 1 0.00012771 0.0112 0.9208 0.0 0.2 0.4 0.6 0.8 1.0
NO2 1 1 0.00001011 0.0009 0.9777 Pu-C Predlcled
01 1 1 0.00306554 0.2688 0.6315 K. __

AL(OH)4 1 1 0.00676753 0.5933 0,4841 _" -[Analysis of Variance
cc_ 1 1 0.00167734 o.1471 0.7209

SO4 1 1 0.00191322 0.1677 0.7031 Source OF Sum of Squares Mean Square F Ratio
Tamp 1 1 0.00113651 0.0996 0.7680 Model 15 0.59568192 0.039712 3.4817
NO3"NO2"OH 1 1 0.01935408 1.6968 0.2626 Error 4 0.04562396 0.011406 Prob=.F
OH'NO3 1 1 0,01001018 0.8776 0.4019 C Tolal 19 0.64130588 0.1183
OH'NO2 1 1 0.00126628 0.1110 0.7557 _--- .............. •
OH'AL(OH)4 1 1 0.00450266 0.3948 0.5639 0.1.5 -
OH'CO3 1 1 0.00901961 0.7908 0.4241
OH'SO4 1 1 0.02645107 2.3191 0.2025 •

OH'Temp 1 1 0.00248451 0.2178 0.6650 0_0- i
NO2"NO3 1 1 0.01460361 1.2803 0,3211

I

OCS-

0 C_-::''';-"

O.OS-

0.0 0.2 0 4 0 6 0,8 1.0
Pu-C Predicted '"
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Exhibit 23.. Statistical Analysis of Average Plutonium
ConcentraUons from ICP/MS Analyses for Full
Model for 6-month Levels of Factors

. Response: Pu-ICPIMS

| Rsquare 0.949982
| Root Mean Square Error 0.060901

' | Mean of Response 0.139992

L Observations (or Sum Wgts) 20iii,i

Parameter Estimates 1
Term Eslimale Std Error t RMIo Prob>ltl

Inlercept 0.0358613 0.11592 0.31 0.7725 Whole-Model Test 10.02139110.03375 063 0.5808
NO2 0.0262376 0.06997 0.37 0.7267

0.67 ///

(31 -0.063335 0.11457 -0.73 0.5073 ," ...........

AL(OH)4 -0.545923 0.49784 -1.10 0.3344 , '

C(30 0.1895808 0.30758 0.62 0.5710 0.5 1 ,,,'
SOl -0.359688 0.2196 -1,64 0.1769

Tamp[H-L] 0.0106209 0.04344 0.24 0.8189

NO3"NO2"OH -0.036266 0.0284 -1.35 0.2491 0'4 1 ,"
OH'NO3 0.0084575 0.01961 0.43 0.6913 (n

OH'NO2 0.0055611 0.04703 0.12 0,9116 _ 0.31 ,,,_

OH'AL(OH H 0.3902190 0.30943 1.26 0.2758

OH'SO4 0.5063448 0.2148 2.36 0.0779 0.2

OH'Temp[H.L] -0.017023 0,04009 -0.42 0.6930

j NO2"N03 0.0219654 0,02764 0.60 0.4709 -" : :::::':2",'.': ":'""

Effect Tes

Source Nparm OF Sum of Squares F Ratio Prob>F 0.07 v _1- i i i ,
NOQ 1 1 0.00149019 0.4018 0.5606 0.0 0.1 0.2 0.3 0.4 0.5 0.6
NO2 1 1 0.00052153 0.1406 0.7267 Pu-ICPIMS Predicled
CH 1 1 0.00196211 0.5290 0.5073 _ _ .... •

AL(OH)4 1 1 0.00445999 1.2025 0.3344 Analysis of Variance J
C(_ 1 1 0.00140903 0.3799 0.5710
SO4 1 1 0.00995024 2.6828 0.1768 Source OF Sum of Squares Mean Square F Ratio

Tamp 1 1 0.00022167 0.0598 0.8189 Model 15 0.28177072 0.018785 5.0647
NO3"NO2"OH 1 1 0.00673336 1.8155 0.2491 Error 4 0.01483568 0.003709 Prob>F
OH'NO3 1 1 0.00067633 0.1824 0.6913 C Tolat 19 0.29660640 0.0641
OH'NO2 1 1 0.00005166 0.0140 0.9116 ' , - '

OH.AL(OH)4 1 1 0.00589866 1.5904 0.2756 0 C7-I

OH'CO3 1 1 0.00188767 0.5090 0.5150 / "OH'SO4 1 1 0.02060938 5.5567 0.0779

OH'Tamp 1 I 0.00066872 0.1803 0.6930 0 C5"]
NO2"NO3 1 1 0.00234619 0.6326 0.4709 /

0 C2"_,

• O c2

-005 ._

-0 07 ] t I i ]Q
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Pu-ICPIMS Predlcled '"
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Exhibit 24. Statistical Analysis of Average Uranium
Concentrations from ICP/MS Analyses for Full
Model for 6-month Levels of Factors

Response: U-ICPIMS

Rsquare 0.953086
Roo! Mean Square Error 1.116857
Mean of Response 5.026917
Obsentlllofts (or Sum Wgts) 20

i i

Parameter Estimates)

Term Estimate aid Error t Ratio Probe.Jr
Intercept 1.3238031 2.12582 0.62 0.5672 " .... _
NCk3 0.666673 0,61869 1.08 0.3420
N02 -0.8303 1.28316 -0.65 0.5528 1'
04 4.5925852 2.10118 2.19 0.0941 ,/

AL(OH)4 7.2140891 9.12982 0.79 0.4736 ,"

COO -1.751 503 5.64067 -0.31 0.7717 1 ; ,/

804 -1.309375 4.02723 -0.33 0.7614 /,Tamp[H-L] -0.720271 0.79672 -0.90 0.4171

NO3"NO2"OH -0.261715 0.52065 -0.50 0.6417 _ 1 ( ////" '

OH'NO3 -1.04869 0.36321 -2.89 0.0447
OH'NO2 -0.188056 0.86248 -0.22 0.8381

OI-r AL(OH)4 -0.921155 5.67453 -0.16 0.8769 8

OH'CO3 "2.240333 5.55391 -0.40 0.7073 :_
OH'SO4 2.6922449 3.93923 0.68 0.5319 5 "::z:=::._
OH*Tamp[H-L] 0.3587005 0.73521 0.49 0.6512 j;.o,
NO2"NO3 0.2119289 0.50693 0.42 0.6974 S'Jm 2

E,f.c, "r,,,] /'/_, , ......

Souroe Nparm OF Sum of Squares F Ratio Prob>F 0 =" i = = = ....
NO3 1 1 1.447436 1.1604 0.3420 0 2 5 8 10 12 5
NO_ I 1 0.522278 0.4187 0.5528 U-ICP/MS Predicted

O.t 1 1 5.959156 4.7774 0.0941 m_
AL(OH)4 1 1 0.778814 0.6244 0.4736 Ano.... o. Vo...nc.]COO I I 0.120269 0.0964 0.7717

SO4 1 1 0.131859 0.1057 0.7614 Source OF Sum of Squares Mean Square F Ratio
Tamp 1 1 1.019481 0.8173 0.4171 Model 15 101.36477 6.75765 5.4175
NO3"NO2"OH 1 1 0.314936 0.2525 0.6417 Error 4 4.98948 1.24737 Prob>F
OH'NO3 1 1 10.398390 8.3363 0.0447 C Total 19 106.35425 0.0572
OH'NO2 1 1 0.059302 0.0475 0.8381
OH'AL(OH)4 1 1 0.032870 0.0264 0,8789

OH'CO3 1 1 0.202966 0.1627 0.7073 .
OH'SO4 1 1 0.582641 0.4671 0.5319
OH'Tamp 1 1 0,296916 0.2380 0.6512
NO2"NO3 1 1 0.218008 0,1748 0.6974

o

• oe • •

........ -.. ....... "...............
.

¢r o

1 i i 1 1

0 2 5 8 10 12 5
U-ICPIMS Predicted "
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Exhibit 25. Statistical Analysis of Average Uranium
Concentrations from Chemchek Analyses for
Full Model for 6-month Levels of Factors

Response: U-Ck

. Summary of Fitl 1

Rsquare 0.932744
Root MeanSquare Error 1.089578
Mean of Respoftse 4.118519

• ObseNllllOnS (or Sum Wgls) 20

Parameter Estimates)

Term Estimate Std Error t Ratio Prob=,ll I

Intercept 1.04e9eos 2.0739 0.51 0.6396 Whole-Model Test _NO0 0.445206e 0.60377 0.74 0.5018 ,/
NO= -oaesee 1.26_e2 -0.71 o.$17e 1o
O1 4.2300737 2.O4986 2.06 0.1080
AL(OH)4 6.3490917 e.90663 0.71 0.5153
C0Q -1.227602 5.5029 "0.22 0.8344 8 -
SO4 .0.501571 3.92867 -0.13 0.g046
Tomp[H-L] .0.4794al 0.77726 -0.62 0.5707
NO3"NO2"OH -0.197787 0.50813 -0.39 0.7169
OH'NO3 .0.7655O5 0.35434 -2.22 0.()909 6 -
OH'NO2 -0.04278 0.84142 -0.05 0.9619 j_
el-f"AL(OH)4 -2.715921 5.53594 -0.49 0.6494 _
OH'CO3 -2.539805 5.41826 -0.47 0.6637 4 -
OI-f'SO4 1.2782826 3.84302 0.33 0.7561

OH'Temp{H-L] 0.1793993 0.71725 0.25 0.8148 ;, -..,
NOLPNO3 0.2103896 0.49455 0.43 0.6924 2

Effect Test I /i,

Souroe Npsrm DF Sum of Squares F Rallo Prob>F 0 l' i l l
M3G 1 1 0.6455015 0.5437 0.5018 0 2 4 6 8 10
NO2 1 1 0.5958575 0.5019 0.5178 U-Ck Predicted
o_ _ 1 s.05ss_9 4._4 o.loeo '
AL(OH)4 1 1 0.5032454 0.50el o.sls3 Analysis of Variance
CC0 1 1 0.0590811 0.0498 0.8344
SO4 1 1 0.0193485 0.0163 0.9046 Source OF Sum of Square8 Mean Squire F Ratio
Temp 1 1 0.4517838 0.3806 0.5707 Model 15 65.858372 4.39056 3.6983
NO3"NO2"OH 1 1 0.1798708 0.1515 0.7169 Error 4 4.748725 1.18718 Prob>F

C Total 19 70.607097 0.1075
OH'NO3 _ 1 5.8340351 4.9142 0.0909 _,OH'NO2 1 1 0.0030689 0.0026 0.9619
OH*AL(OH)4 1 1 0.2857385 0.2407 0.6494 1"5 I
OH*CO3 1 1 0.2608544 0.2197 0.6637

OH'SO4 1 1 0.1313487 0.1106 0.7561 1.0-_ ...
OH'Temp I 1 0.0742696 0.0626 0.8148 I
NO2"NO3 1 1 0.2148526 0.1810 0.6924 J

c.5-

I • ,,e . •

_:) ! # •(;.O-r"

n-

-0.5 -
!

-1.0" I

i

-1.5 I I J i
• 0 2 4 6 8 10

, U-Ck Predicted ..
..... •

........ , . ........................................... :.... .........................................._,_ ....... ........ _.,,._:.......... : _ _ , ...........
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Exhibit 26. Statistical Analysis of Average Plutonium
Concentrations from Counting Analyses for
Reduced Model for Prepared Levels of Factors

Response: Pu-C

Summary of Fit 1

Rsquare 0.876128 e

Root Mea,'lSquareError 0.093954
MeanofResponse 0.219333
Observations(or Sum Wgls) 20

I' 'l'l I

Lack of Fit I ]

Source DF Sum of Squmres Mean Square F Ratio
Lackof Fit 6 0.07416237 0.012360 7.0169 _ L
Pure Error 3 0,00528454 0.001762 Prob>F Whole-Model Test J
Tolal Error 9 0.07944690 0.0692 1.0

ee"

Parameter Estimates , .
,,

Term Estimate Std Error t Ratio Prob>ltl 0.8- "#Z

Inlercep! -0.030532 0.14335 -0.21 0.8361

NO3 0.0066067 0.04539 0.15 0.8875 o ,/""
N[_ -0.054301 0.09461 -0.57 0.5801 0.6-
Ot -0.024326 0.09842 -0.25 0.8103 i
0013 0.5754091 0.17827 3.23 0.0104 -= I #

SO4 -0.351579 0.2395 -1.47 0.1762 0.4 ' " "
NO3"NO2"OH -0.095184 0.04046 -2.35 0.0431 ' o'°
OH'NO3 0.0340099 0.03131 1.09 0.3057 " ,' °""

OH'NO2 0.0886685 0.07297 1.22 0.2552 0.2 - "....... ;=-b-,,-_"....................OH'SO4 0.7019696 0.18025 3.89 0.0037
NO2"NO3 0.0649147 0.03666 1.77 0.1104 *"'"

....

1 0.0 ¥ ; , , , ,Effect Test J -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Source Nparm DF Sum of Squares F Ratio Prob>F Pu-C Predicted
NC_ 1 1 0.0001o7020o212 O.WS of-

I I 0.00290786 0.3294 0.5801 IAnalysis of VarianceNO2
(]-I 1 1 0.00053928 0.0611 0.8103
CO3 1 1 0.09197172 10.4189 0.0104 Source OF Sum of Scuarel Mean Square F Ratio
SO4 1 1 0.01902178 2.1548 0.1762 Model 10 0.56191668 0.056192 6.3656
NO3"NO2"OH 1 1 0.04884843 5.5337 0.043.1 Error 9 0.07944690 0.008827 Prob>F
OH'NO3 1 1 0.01041328 1.1797 0.3057 C Tolal 19 0.64136359 0.0051
OH'NO2 1 1 0.01303300 1.4764 0.2552
OH'SO4 1 1 0.13388216 15.1666 0.0037 0.15 "I
NO2"NO3 1 1 0.02767306 3.1349 0,1104

0.10-

0.05 - ! .i

°°°-i......... ......................
_o

.0.05-

-0.10 1 I I I

-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pu-C Pfedi(',led ,-
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Exhibit 27. Statistical Analysis of Average Plutonium
Concentrations from ICP/MS Analyses for
Reduced Model for Prepared Levels of Factors

Response: Pu-ICP/MS....

" _Summaryof FIt1
Rsquare 0.942637
Root Mean Square Error 0.049301

, Mean of Response 0.139992
Observations (or Sum Wgls) 20

Lack of F|t 1

Source DF Sum of Squares Mean Square F Rallo ....

Lack of Fit 4 0.01305447 0.003264 2.4726 Whole-Model Test
Pure Error 3 0.00395973 0.001320 P rob_,F

i

Total Error 7 0.01701420 0.2415 0,6 ,/, /

P_arameter Estimates} °'s" l ,_o., i

Te rm Elllmete Std Error t Ratio Prob_,ltl

Intercept -0.007911 0.08223 -0.10 0.9261 0.4 -
NO0 0.0189192 0.02382 0.79 0.4531

NI02 -0.014686 0.04967 -0.30 0.7760 (n ,/'

04 -0.087766 0.06019 -1.46 0.1082 0.3- I ," ....
-0.186964 0.16956 -1.10 0.3069

cooAL(OH)4 0.5931328 0.09828 6.04 0.0005 -_ ! 4" . **°°c. ! , • °.°
SO4 -0.444807 0.12693 -3.50 0.0099 0.2"i ,' . ,-°"
NO3"NO2"OH -0.063304 0.02136 -2.96 0.0210

OH'NO3 0.0138045 0.01643 0.84 0.4286
OH'NO2 0.052043 0.03635 1.36 0.2169 0.1 " ,-. .,,

OH'AL(OH)4 0.3107492 0.13285 2.34 0.0519
OH'SO4 0.6111202 0.09962 6.13 0.0005 0.0

NO2"NO3 0.0351515 0.01926 1.82 0.1108 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Pu-ICP/MS Predicted

*Effect

..

Source Nperm• OF Sum of Sqt_lrea F Ratio Prob>F _Analysis of Variance
NO3 1 1 0.00153359 0.6310 0.4531 Source DF Sum of Squares Mean Square F Ratio
NO2 1 1 0.00021252 0.0874 C.7760 Model 12 0.27959220 0.023299 9.5858
04 1 1 0.00516720 2.1259 0.1882 Error 7 0.01701420 0.002431 P rob_, F

AL(OH)4 1 1 0.00295197 1.2145 0.3069 C Tolal 19 0.29660640 0.0031
1 1 0.08852758 36.4221 0.0005 ,

SO4 I I 0.02984679 12.2796 0.0099 0.06 i
NO3"NO2"OH 1 1 0.02134998 8.7838 0.0210 I
OH'NO3 1 1 0.00171527 0.7057 0.4286 I " -
OH'NO2 I 1 0.0044 7548 1.8413 0.2169 0.04 -_ "

OH'AL(OH)4 1 1 0.01329843 5.4713 0.0519 /OH'SO4 1 1 0.09147676 • 37.6355 0.0005 ,.

NO2"NO3 1 1 0.00809301 3.3296 0.1108 0.02"i, .i
I " • •

10 ........................
o.oo-[-

_" I "
-0.02_

I
I

"0'04 1
-0.06 1 I I I

013 014 015o, oo
Pu-ICP/MS Predicted ""
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Exhibit 28. Statistical Analysis of Average Uranium
Concentrations from ICP/MS Analyses for
Reduced Model for Prepared Levels of Factors

Response: U-ICP/MS

Summary of Fitl

Rsquare 0.817899 P
Root Mean Square Error 1.1 76167
Mean of Response 5.02691 7

(Yoservallons (or Sum Wgls) 20

Lack of Fit ) /Source OF Sum of Squares Mean Square F Ratio

Lack of Fit 11 19.222639 1.74 751 36.2744 | , _
Pure Error 3 0.144524 0.04817 Prob>F| Whole-Model Test /,

Tolal Error 14 19.367164 0.0065J

15 1 ," ,,, //_JParameter Estimates

Term Estimate Std Error t Ratio Prob=_ltl
Intercept 3.4037122 1.18661 2.87 0.0124

10 , '/ ,N(30 0.5093719 0.36702 1.39 0.1869
NCX2 -0.996196 0.33677 -2.96 0.0103 /" f o'""

O1 4.280973 0.77286 5.54 O.0001 -_ 8 ,'" " ,-'""CO3 -5.356014 2.1779 -2.46 0.0275

OH'NO3 -1.015264 0.29571 -3.43 0.0040

....... " 5 ...... _'*"--" ..................

Effect Tes h ,," ,';.

Source Nparm DF Sum of Squares F Ratio Prob>F 2
NO3 1 1 2.664617 1.9262 0.1869 oNO2 1 1 12.153712 8.7856 0.0103

01 1 1 42.444778 30.6822 0.0001

CO3 1 1 8.366543 6.0479 0.0275 0 2 5 8 1 0 1 2 1 5

OH'NO3 1 1 16.306727 11.7877 0.0040 U-ICPIMS Predicled

Analysis 'of Va;iance_

Source DF Sum of Squares Mean Square F Ratio
Model 5 86.98708 17.3974 12.5761

Error 14 19.36716 1.3834 Prob>F

C Total 19 106.35425 0.0001

3"

2

1

z
"o

o

-I

-2 _ I I [ I

0 2 5 8 10 12 15
U-ICPIMS Predicle(J "
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Exhibit 29. Statistical Analysis of Average Uranium
Concentrations from Chemchek Analyses for
Reduced Model for Prepared Levels of Factors

+ Response: U-Ck

r su.;m.r,of F.J
| Rsquare 0.816193

" J RootMean SquareError 0.962811
j Meanof Respons4 4.11651e
l Ob_ervatlc_s(or SumWgls) 20

• OF Sum of Squares M•an Square F Ratio
f_, 11 12.657667 1.166e6 29.;276/ 1

I Pure Error 3 0.120389 0.04013 Prob..F| b_w"°'e-m°ue' Test)
{To_s.o_ 14 o.ooooj12.978o76 10

Parameter Estimates)
Term Estimate aid Error ! Ratio Prob>ltl 8- ,, i
Inlercepl 2.6348227 0.97136 2.71 0.0168 ,,"
NO3 0.4364556 0.30044 1.45 0.1683 ,' ,,'"
NO2 -0.796524 0.27568 -2.89 0.0119 6 - ' -", o# oO

CH 3.5281802 0.63266 5.58 0.0001 I_ "" "", p-

CO3 -4.248078 1.78283 -2.38 0.0319 _ . ," .o".......... ,t-,,w. ;...*..................
OH'NO3 -0.617527 0.24207 -3.38 0.0045 4" ,_, ,

I

_Effect Test 1
Souro• Npsrm OF Sum of Squ•ml F RIIIo Prob>F
NO3 1 1 1.956343 2.1104 0.1683

NC32 1 1 7.736626 8.3462 0.0119 0 I .... 1 I 0 I ....
04 1 1 26.629746 31.0999 0.0001 0 2 4 6 8 10
CC0 1 1 5.263172 5.6776 0.0319 U-Ck Predicled
OH'NO3 1 1 10.573353 11.4059 0.0045 i,ir,i "

Ana!.ysls of Varlancej_
Sour©e OF Sum of Squares Moon Square F Ratio
Mod_ 5 57.629021 11.5256 12.4334
Error 14 12.976076 0.9270 Prob>F
C Total 19 70.607097 0.0001

2.0! , .......
" 1.5

1.0-

_= 0.5-
?

0.0

!

-0.5- -.
:

-I ,0-

• -1.5 " I I ! I

0 2 4 6 8 10
U-Ck Predicted -

.......

,i
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Exhibit 30. Statistical Analysis of Average Plutonium
Concentrations from Counting Analyses for
Reduced Model for 6-month Levels of Factors

Response: Pu-C

I:ummarY of Flt_j ]square 0.898506

Root Mean Squire Error 0.0902 |
Mean of Response

|Observations (o¢ Sum Wgts)t

.iiili Imii .......

• 1Parameter Estimates

Term Estimate Std Error t Ratio Prob=_lt I
i, ..,

Inlercept 0.0188489 0.13793 0.14 0.8947 Whole-Model Test_NO3 0.0083165 0.0451 7 0.18 0.8585 L
N02 -0.005536 0.10027 .0.06 0.9573 1 0

/ //CH -0.084537 0.09398 .0.90 0.3946
CCX3 -0.314051 0.35577 -0.88 0.4031
SOt -0.191937 0.28656 -0.67 0.5218

OH'NO3 0.0273362 0.02769 0.99 0.3525

OH'NO2 0.0414638 0.0665 0.62 0.5503
OH'CO3 0.6060652 0.24538 2.47 0.0387 0
OH;SO4 0,6373994 0.18514 3.44 0.0088

o.,,o,,oo.o,oo,° o.,,, 4 ..."Yffect Test ................

1 1 0.00027575 0.0339 0.8585 0.2 .:.:':= • _"
1 1 0.00002480 0.0030 0.9573 . .4 "

1 1 0.00658381 0.8092 0.3946
I 1 0,00633967 0.7792 0.4031 0 0

i °33 Analysis . Variance}

SO4 1 1 0.00365011 0.4486 0.5218 0.0 0.2 0.4 0.6 0.8 1.0
NO3"NO2"OH 1 1 0.04292846 5.2763 0.0507 Pu-C Predicted

OH'NO3 r 1 1 0.00792719 0.9743 0.3525 ............... .
OH'NO2 1 1 0.00316328 0.3888 0.5503 of
OH'CO3 1 1 0.04963576 6.1007 0.0387

OH'SO4 1 1 0.09643845 11.8531 0.0088 Source OF Sum ol Squires Mean Squire F Ratio
NO2"NO3 _ 1 0.02076690 2.5524 0.1488 Model 11 0.57621 696 0.052383 6,4384

Error 8 0.06508892 0.008136 Prob>F
C Total 19 0.64130588 0.0069

i i

01E

01C

0 35

lo ,.

0 3C

:) :)5

). 10 I ,,m j
0.0 0_2 0.4 0.6 0 8 1.0.

Pu-C Predicted
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Exhibit 31. Statistical Analysis of Average Plutonium
Concentrations from ICP/MS Analyses for
Reduced Model for 6.month Levels of Factors

, Response: pu-ICP/MS

Summary of Fit l

Rsquare 0.839796
Root Mean Square Error 0.062927
Mean of Response 0.139992
Observations (or Sum Wgls ) 20
11 ii i 11181

Parameter Estimates}

Term Estimate Std Error t Ratio Prob>ltl
intercept 0.0600193 0.07636 O,79 O.4471 ......... - • -

NO3 0.0253102 0.01012 2.S0 0.0279 Whole-Model Tes. Jo_ .o.o67_s o.osos2 ._._ o._o_
0.6 .......... ;' '

AL(OH)4 -0.915016 0.40862 -2.24 0.0449 ,' _

CO3 0.5263713 0.13083 4.02 0.0017 ,,'.

SO4 -0.436945 0.1855 -2.36 0.0363 0.5" //"OH'AL(OHH 0.5708727 0.2316 2.46 0.0296

OH'SO4 0.5382312 0.12828 4.20 0,0012 0.4" "

Ill ' i' I ,," /
Effect Test co i ,,

o • s"

Source Nperm OF Sum of Squares F Ratio Prob:,F _ 0.3" ,," °/.o-°'°"

NO3 1 1 0.02475092 6.2505 0.02?9 ' ,, , ,,,
04 1 1 0.01178589 2.9764 O.1101 _" .o'°"'°"-
AL(OHH 1 1 0.01985570 5.0143 0.0449 0.2" "

CO0 1 1 0.06410055 16.1876 0.0017 "';" _,7c,p_'¢" .................
so, , , o.o2_971375.54_ o.o3_ o.,- .-'F..",L.-

OH'ALIOHpI 1 1 0.02405871 6.0757 0.0298 ,-" , ".
r* • ,OH'SO4 1 1 0.06970782 17.6039 0.0012

0.0 t • 1 " I I I I I"

-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Pu-ICP/MS Predicted

_, i IFII i rl

Analysis,,, of Varlance 1
Source OF Sum of Squares Mean Square F Ratio
Model 7 0.24908878 0.035564 8.9863
Error 12 0.04751762 0.003960 Prob_.F

. _,C Total 19 O.2966064 0 0.0006ii ii i i ,_

0.10"'

0.05" ; I

0.00-' .... _ ...................cz:

-0.05-

, -0.10 ...... ! ] i "" ! I i-0.1 0.0 0.1 0 2 0.3 0.4 0.5 0.6
Pu.ICP/MS Predlcle(:l ""

_. , ,,,,,
_ ; : ;_ J . ,-.
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Exhibit 32. Statistical Analysis of Average Uranium
Concentrations from ICP/MS Analyses for
Reduced Model for 6-month Levels of Factors

Response: U-ICP/MS

iSummary of Fitl
Rsquate 0.925882

P
Root Mean Square Error 0.810493
Meanof Response 5.026917
Obcervalions(or SumWgls) 20

Parameter Estimates' 1

Term Estlmale Std Error t Ratio Prob,.It I

Intercept 2.9,57672 0.9e,6_ 3.00 0.0110 W '-Model .....Test }NO0 0.5616369 0.25859 2.17 0.0S0S hole
NO2 -1.059377 0.23706 .4.47 0.0008 ..... •
CH 5.2955188 , 0.62235 8.51 0.0000 15_ /, --/
CO3 1.2679509 2.9936 0.42 0.6794 /

OH'NO3 -0.951932 0.18284 -5.21 0.0002 12- _,_ ,-""
OH'CO3 -6.145458 2.03604 -3.02 0.0107
Temp(N) .0.024562 0.00977 -2.51 0.0272

E,,.c, T,,t]

Sour©e Nparm OF Sum of Squares F Ratio Prob>F ,-_ 5-,8"1 "-__;, "'" "'"'"NCG 1 1 3.098745 4.7172 0.0506 _ _."-....................NO2 1 1 13.117950 19.9695 0.0008 ....... _ .............

O013 1 1 0.117846 0.1794 0.6794 -'_"i _/"
OH'NO3 1 1 7.805771 0.0002 .-"
OH'CO3 1 1 5.984568 9.1103 0.0107 / I
Temp(N) 1 1 4.153598 6.3230 0.0272 /j"'

0 | "' I I I I

0 2 5 8 10 12 15
U-ICPIMS Predicted

[Analysis of va;iance-) ....... -_

Sour©e DF Sum of Squares Mean Square F Flatio
Model 7 98.47145 14.0674 21.4148
Error 12 7.88279 0.6569 Prob>F
C Total 19 106.35425 0.0000

1.0- IiI

0.5- " "

_ 0.0 .

.05-

•1.0- o

•I 5"

•2o-i - i I I I " I"

0 2 5 8 10 12 15
U-ICPIMS Predicled

.--
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Exhibit 33. Statistical Analysis of Average Uranium
Concentrations from Chemchek Analyses for
Reduced Model for 6-month Levels of Factors

Response: U-Ck

| Rsquate 0.845933
| RootMeen SquareError 0.881486

* | MeanofResponse 4.118518

,ObserVSliOns(or SumWgts) 20
,ts i ,t, t

Parameter Estimates]

Term Estirnste Sld Error t Rallo Prob=,ltl

Inlercept 2.4414721 0.89223 2.74 O.0161 "_NO0 0.4356965 0.28097 1.55 0.1433 Whole-Model Tes ,)NO_ .0.7e0_3 0.2587L -a._ o.ooee "
CH 3.38061 79 0.53773 6.29 0.0000 10 ....... .,
C(_ -5.11 2233 1.69431 -3.02 0.0092 ,"'" "_" '
OH'NO3 -0.70198 0.197_ -3.55 0.0032 ,s/ j

8- ,"
Effect restJ i ,'/.,; . ,-"
.. , _ ! s. j- oB,..., o''"

Sour©e Nparm OF Sum of Squnret F Ratio Prob=,F 6- _oooo" "'*
NQ_ 1 1 1.868455 2.4046 0.1433
NO2 1 1 7.174132 9.2329 O.00N fO

Ot 1 '1 30.711115 39.5243 0.0000 4 - "........ "- _;._,=_" " _"
O(_3 1 1 7.074069 9.1041 0.0002 ,'--_'_''/-
O.'NO3 _ 1 9.7._ lulo= o.o=2 -'"_.,"_"

""", e _,,s I ''1 I I

0 2 4 6 8 10
U-Ck Predtcled

I[Analysis ,,,i _ __, VarlanceJ
Source OF Sum of Squares Mean Square F Ratio
Modet 5 59.728843 11.9458 15.3739
Error 14 10.878254 0.7770 Prob>F
C Total 19 70.607097 0.0000

_ll • .....

2.0 i

1.5- "

1.0-

05-

O0 ..... "--.... .-........................
!

.0,5 , • •i

-1 .Oqo -1.5 I ..... I I I

0 2 4 6 8 10
U-Ck Predicled "
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Exhibit 34. Statistical Analysis of Plutonium Concentration
Measurements by Counting Method for Special
Bottle # 23

Response: Conc (rag/L)

r l i l I l' r _ In iSummary of Fii I

/RKluare 0.515497

Root Mean Square Error 0,280508J ,
Mean of Response 1.950937J

Ol_arvstloml (or Sum Wgt=) 32j.....ii JR i ii

_Parameter Estimates) Whole--Model TestJ_,,,

Term Estimate Std Error 1 Ratio Prob=,ltl .0 ,' .....

Intercept 1.9528788 0.04993 39.11 0.0000 " _
Time[14-185] -0.089545 0.15477 -0.58 0.5890 XT|me125-185 ] -0.106212 0.15477 -0.69 0.5000

Time{31-185] 0.3837879 0.15477 2.48 0.0217 .5'

Time{40-185] 0.1337879 0.15477 o.ee 0.3971 x/' /Time[56-185] -0.149545 0.15477 .0.97 0.3449

Time[74-1 eS] -0.172879 0.15477 -1.12 0.2766 _ xx _,// --x
Time[el-leS] -0.176212 0.15477 -1.14 0.2677 //X'* X
Timate4-1851 -0.1as212 0.15477 -1.20 0.2423 .0' _...... ---_c_._._... ====..::::.
Time[122-185] -0.192879 0.15477 -1.25 0.2264Time[153-185] 0.06_1212 0.18623 0.33 0.7420 ,xx

_Expected Mean Squares i .5"
IThe M4mnSquare per row by lhe Vadance Componanl per column J /x
I EMS Inlercep! Time / _ x
Ilntercepl 0 0 ! • ' * • a ,

ITIme 0 2.90625 1.5 2.0 2.5 3.0Conc (rag/L) Predicted

L plus 1.0 limes Residual Erro¢ Variance =m=

........... _ , .... An_ys_ of VarlJincel
[Variance Component Estimates)
Compoflen! " Vet Comp Ell ' -- Sour©e OF Sum of Squires Mean Square F Ratio
ITime 0.033419 Model 10 1.7580885 0.1 75809 2.2343
IResidual 0.078685 Error 21 1.6523833 0.078685 Prob>F
_The=41estimates based on equaling Mean Squares 1oExpecled Value. C Total 31 3.4104719 0.0580

SSt Denominator Synthesis_
ource MS Den OF Don DehOrn MS Synthelle 0"41 Xx x

!,'he 0.07868 21 Residual _ 0"31 x

[(Tests wrt Random Effecis 1 Prob>_ 0"2 7 xXx x xISource ss MS Num DF Num F Rzt]o 0.1 1 x x
Lnme 1,75809 0.17581 , 10., 2.2343 ,,0..0580J _ 0.0-1- ........ _F ......................

"0.2 1 x x

t-0.5 x

O6 ' , =

Conc (rag/L) Predicted

i
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Exhibit 35. Statistical Analysis of Plutonium Concentration
Measurements by ICP/MS Method for Special
Bottle # 23

Response: Conc (rag/L)

Su" ry 1 -J

" mma of Fit

Rscluare 0.375192
Root Mean Square Error 0.621052

, Mean of Response 1.845217
Observations (or Sum Wgls) 23

..........1 ................1Parameter Estimates Whole-Model Test
I

Term Estimate Std Error t Ratio Prob2,111 o ,/
Intercepl 1.8814583 0.13067 14.40 0.0000 4.0"

/
Time(31-153] -0.311458 0,3369 -0.92 0.3699 ,/,"/o

Time[40-153] -0.164792 0.3369 -0.49 0.6318
Time[56-153] -0.3 74792 0.3369 -1.11 0.2834 3.5"
Time(74-153] -0.I 14792 0.3369 -0.34 0.7360
Time(81-153] -0.17812S 0.3369 -0.53 0.6047

Tlme[84-153] -0.261458 0.3369 -0.78 0,4498 _, 3.0" "
Time[122-153] 0.571675 0.3369 1.70 0.1103

........ 2.5'

IThe Mean Squ_o per row by the Vm'iw_e Component per (:o4umn
I EMS Inlercep! Time 2.0"
Itntorcopt 0 0

I, plus1.oumesResCueE,or Vedance

,ComponentIV'arianceC°mp°n'ent Estlmate_verComp El1 ] 1.52.02.53._3.54.01Concl(togA, Predicled

ITIme 0.038545 Analysis of Variance
IRelJduaJ 0.385706
[These estimates based on equa_ng _ Sq.ua;resto Expecled Value. Source OF Sum of Squires Mean Square F Ratio

Iie .;nst..__" Model 7 3.4741906 0.496313 1.2868
ominator S Error 15 5.765m3 0.385706 Prob)F

ISourc'e MS Din OF Den Oenom MS Synthesis
C Tolal 22 9.2597739 O.3209

_Tlme 0.38571 15 ResiduaJ

_Te s_ o
sts wrt Random Effect

ISourca SS MS Num OF Num F Ratio Prob>l
[Time 3.47419 0.49631 7

1.5"

1.2868 0.3209
1.0"

o

._ 0.5"

-0.5"

8 -

-1.0 i "l '
1.5 2.0 2.5 3 0 3.5 4 0

Conc (mg/L) Prod,clod
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Exhibit 36. Statistical Analysis of Uranium Concentration
Measurements by ICP/MS Method for Special
Bottle # 23

Response: Conc (rag/L)

Summary of Flt]
Rsquere 0.634426
Root Mean ,Square Error 0.591442
Mean el Response 12,83077

Observations (or Sum W91s) 26

LLParameter_r;_Estimates]'....... ............. _ _s_

Term Estimate Std Error t Ratio Prob>lt I '
oK

Inlercep! 12.777778 0.11694 109.27 0.0000 14" ,_Time[31-185} .1,877778 0.32306 -5.81 0.0000

Time[40-185] -0.744444 0.32306 -2.30 0.0341
Time[56-185} -0.4 77778 0,32306 -1.48 0.1574 13- "" "'"

Tlme(81-185] 1.1222222 0.32306 3.47 0.0029 _r"" ,o'°

X ,.. °'" q°i'
Time[84-185] 0.7008089 0.32306 2,44 0.0258 12- o'" x "
Time{122-1851 0,9555556 0.32308 2.ge 0.0080 ._. ,,° ,'
Time[153-195 } -1.377778 0.38092 -3,56 0.0024 J,t oo, x

IT" Me_'nSq'" Per" _ N v''¢° C°m_em perc°lumnEx_e_dd Mean _ _ _ /,/,", ,,, ""'
] EMS Intercept Time 10-
1intercept 0 0 • ,'" I

ITime 0 2.88462 9

_, plu..s.1.0 limes ReslduJ Erro¢ Veriance 9 10 11 12 13 14
_ ,. ,. ........ ,,

component Estimate_ Cone(mg/t.) Predicted

1.t 77379

0.349804 Source DF Sum of Squares Mean Square F Ratio
based on equatl.f_ Mean Squares to Expected Value. Model 8 29.968718 3.74609 10.7091

.................. nt _ ...... _,,o, , s.,,,687 o.3,,o P,oh._Denominator s.v hesl CTo=, 29 39.9_s_s o.oooo
_'_._ MSsy,th.,i, _

0,3498 17 Residual i .5 .....

_Testswrt..... an om .............t,_l xR d Effec,.., 1.0-

_Tlme 29.9687 3.74609 8 10.7091 O.OOOC 0,5- x X

.o-o'_.............. "x"...........
I x

[

-1,0-_
!

i I
i x !

"2,0 i ' ' i ' "1' ': '"! • '! • | r

9 10 11 12 13 14

Cone (rag/L) Predlcled
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Exhibit 37. Statistical Analysis of Uranium Concentration
Measurements by Chemchek Method for
Special Bottle # 23

Resp, on$e: Conc (m.,g/L) ..

| RKl,_e 0.e129z4 |
| RoOt Maim Squlue Error 0.942514 |

• ] _.m ot R_ 14.09e97 |

L ob,,._,t_, (or sum wo,) _ J
,, :? i , i " ::: '" , ,

:parameter Estimates) Wl;ole-Mode;T®st
I 9 ,,'Term Estimate Std Error t Ratio Prob>lt I o -,,_/Intercept 14.235417 0.19831 71.78 0.0000
1 ' /_o ]

Time[31-153] -1.2M75 0.51128 -2.48 0.0254 e- ,"Time[40-153] 0.93125 0.51128 1.82 0.08115 /
Time[5e-153] -2,502083 0.511211 -4.89 0.0002 17- /" f"
Tlme[74-153] 0.33125 0.511211 0.65 0.5269 ,, _.,

Tlme[81-153] -0.26875 0.511211 -O.53 0.60611 16" o,,' "/"" "*""" °Time[114-153] -0.935417 0.51128 -1.83 0.0873 ;_
Tim,[122-153] -0.102093 0.511211 ..0.20 0.11444 15- _ _1';- rrcL(l'*.,,°_=,'°°''""°'°'"

-- _: iii ii ' "' ' _ B.f_____l
KExpected Mean Square_ 14.......... °...-.'-yz,'a,1::.................

I EM5 Intercept Time 13- ,- °°° °° ,o"
IIn,w_pt o 0 °_ r
JTIme 12- ," o

0 2.56957 _ e
so/_/ o

_, plus1.0 lima ReliduaJErrorVadince 11 r i i i 1 ' i - i

_V : ' _..... : 11 12 13 14 15 1. 17 111 19arlanc e....Component Estimate co,c (mg/t.) Predicted
_Component Vmr Col_ Esl _ all I III I II

pros 2.8720115 Analysis of Variance]
IRNiduJ 0.8811333
_TheseeIlkna_besedonequallnl_MeanSquaresloExpectedVelue. Sour©s DF Sum o1 Squares Mean Square F Ratio

, _, Mod_ 7 57.11113696 11.26910 9.30866,-
III I

_Test Denominator Synthesisl_, Error 15 13.325000 0.681133 Prob],F
ISour©e MS Den OF Den Denom MS Synthesis C Total 22 71.208696 0.0002
_Tlma 0,88833 15Residual _............. a

......... ,, 1.5

ITesIs wrt Random Effects] 1.o- B o
ISour©e SS MS Num OF Num F Ratio Prob>l o a
(Time 57.B837 8.2691 7 9.3086 0.0002 0.5 - o o t3

o.o-'"_ .... _...,, .o._ ................
i

I

o Q o !-0.5- o i

-1.0" I
i
i

-1.5- i
o I

-2.0" o !
i I

-2.5 i i i I i 'l I .....
11 12 13 14 15 16 17 111 19

Con(:(mg,'l.) Pre(_icled
.......
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Exhibit 38. Statistical Comparison of Analytical Methods
for Measuring Plutonium Concentration for
Special Bottle # 24

Bottle 24 Pu Conc (mg/L) BY Analysis
4.0 ..... _.

3.0-

2.5"

2,0-

1.5-

1.0-

0.5-

0.0"' _'
C ICP/M$

Analysis
i

<> Means with confid, interval i
llJl i /......

_leans }

:summarY of :Fit 1

Rsquare 0.04312
Root Mean Square Error 0.830797
Mean of Response 3.047278

Observations (or Sum Wgts) 18

| t-Test OF Prob>ltl
0 84912585 0.4083

l . 16i i,_, i

I_'Analysis Of Var,ance_ 1|Source OF Sum of Squares Mean Square F Ratio
| Model 1 0.497662 0.497662 07210 |

| Error 16 11.043586 0.690224 Prob>F|

| C Total 17 11.541248 0,4083 |
%

:Mean Estimaies_
Level number Mean Std Error
C 10 3.19600 0.26272
ICP/MS 8 2,86137 0.29373

,,

Tests that the Va'rlances are Equa_

Level Count Std Day MeanAbsOif to Mean MeanAbsDif to Median

C 10 0.489176 0.3876000 0,3640000 o
ICP/MS 8 1,126939 0.7529375 0.5786250

Test F Ratio DF Num DF Den Prob>F

O'Brien[.5] 1.1682 1 16 0.2958

Brown-Forsylhe 0,3790 1 16 0.5468
Levene 1.8960 1 16 0,1875
Barlletl 49498 1 • 0.0261

Wolch Anova lesling Means Equal, allowing SId's Nol Equal
F Ratio DF Num DF Den Prob>F

0.6130 1 9.1084 0.4536
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Exhibit 39. Statistical Comparison of Analytical Methods
for Measuring Uranium Concentration for
Special Bottle # 26

Bottle 26 U Conc (mg/L) By Analysis
5.5

o,

5.0-

_ 4.5-

4.0-

_ 3.5"

3.0
Ck ICP/MS

Analysis
l

_. Means with ¢onfKI.interval I
!

Rsquare 0.122925
Root Mean Square Error 0.589148
Meanof Response 4.065455
Observations(_r _',_mWgts) 11

,
-- i

Analysis of Varlancel
,,

Source DF Sum of Squares Mean Square F Ratio
Model 1 0.4378194 0.437819 1.2614
Error 9 3.1238533 0.347095 Prob=,F
C Total 10 3.5616727 0.2905

e.noa,esl1evel number Mean Std Erro
Ck 6 3.88333 0.24052 |
ICP/MS 5 4.28400 0.26347 J

.... a-_Tests that the Variances are Equ

Level Count Std Oev MeanAbsDif to Mean MeanAbsOif to Median
Ck 6 0.3125167 0.2555556 0.2500000

• ICP/MS 5 0.8117142 0.4816000 0.4740000

Test F Ratio OF Num OF Den Prob>F
O'Brien(.5] 1.7158 1 9 0.2227
Brown-Forsythe 0.7168 1 9 0.4191
Levone 0.7977 1 9 0.3950
Bartlett 3.3931 1 • 0.0655

W.a_£ninq:Smallsamplesizes.Use Caution.

l W_ch AnovatestingMeans Equal,allowingSld's Not Equal
I F Ratio OF Num OF Den Prob>F
I 1.0843 1 4.9884 0.3456
E
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Exhibit 40. Statistical Analysis of Plutonium
Concentrations by Analytical Method and Bottle
for Bottles # 19 and 22

Response: Conc (rag/L)

square 0.610532
RootMean Square Error 0.043551 _'
Meano1Response 0.067079

ODsen_adons(or Sum Wg_) 34 .........

1 ,o,t,olI ........ , , ,,

0.35 I
Source DF Sum of Squares Mean Square F Ratio I
Lack o! Fit 1 0.00486943 0.004869 2.7089 0.30- e
Pure Error 30 0,05392674 0.001798 Prob=, F
Toter Error 31 0.05879616 0.1102 0.25-

_P-ara met er Estimates I 0.20- •
JTerm Estimate $td Error I Ratio ProbPItl 0.15- o-'°°"

,., -°I Intercept 0.0636909 0.00759 8.39 0.0000 | oo"°'_L_"f_
J 6oztls[l 9-22] 0.0463096 0.00752 6.16 0.0000 | _ 0.10- i
I ^nalyzi_C,ICPIMS] 0.0191981 0.00764 2.51 0,0174 J !........ :::'_-'_:"" i"o""!

, 0.05" ...._L_.....-" -

IEffect Test.]
>di_..--'"
_"- W-'° i-- 0oo-..I|Source Nparm OF Sum of Squares F Ratio Prob>F

iBoizle I 1 0.07167414 37.8953 0.0000 -0.05 I .... i , t i ' i' I I

Analytical 1 I 0.01196761 6.3099 0.0174 0,00 0.02 0.04 0.06 0.06 0.10 0.12 0.14
Bottle Leverage

i_ i i i,, i i i, ii ,i -.
Effect Test

Whole-Model Test Sum of Squares F Ratio OF Prob>F-- 0.07187414 37.8953 1 0.0000

0.35 ,,, // .... _ ...... _ 'Least Squares Means ]
0.30- .. Level Leas( Sq Mean Sld Error Mean

I g 0.1100005541 0.0107990999 0.115647

0.25" • ,"//, ooO oO. 22 0.0173812873 0,0105721232 0.018511

_ i .' -°:_o.Is- .4
/ • .o""

o0,-""" .................... o35 1
.......

' -0.05 0.O5 0.I0 0.15 0.20 0.25 O.30 0.35 i o
Cone (mg/t.) Predicted 0.25-

i

,] 0,0-_Analysis of Varianc 1 _ •

Source OF Sum of Squares Mean Square F Ratio E 0.15-
Mode( 2 0.09216931 0.046065 24.2979 _ ._ .......
Error 31 0.05879616 0.001897 Prob>F _ 0.10- _....o..o..._
C Total 33 0.15096547 0.0000

j , , , , ,' 0,05" - ............. o
0.20 ........

• 0.00" •
• o

0,15- -0,05 • "_ 1 ' _' "' _ ' --
• 0.04 0.05 O06 0.07 0.O8 0.09
! Analyt4ca! Leverage

010- • , I.. ' "

' i E,,ectTest]
0.05- !

..o Sum of Squares F Ratio OF Prob:*F• 0.01196761 63099 I 0.0174

........ '........ /................................ Least Squares Means

J o • Lever Least Sq Mean Std Error Mear

.0.05- a ; C 0.0628890367 0.0097672128 0.06752(ICPIMS 0.0444_.S048 0.0116888827 0.037877..,
i i" i i "1 i !

-0.05 0.050.100.150.200.250.300.35
Cone (mOP,.) Predicted

, ,,
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Exhibit 41. Statistical Analysis of Uranium Concentrations
by Analytical Method and Bottle for Bottles # 19
and 22

Response: Conc (mglL)

0.897708Rsqu_re
Root Mean Square Error 1.11528

Meanof Response 7.7814_/• Ob_rva_'l (or Sum Wgls)

ol 1...... ,,

F Sum of Sqt_ares Mean Square F Rati 16 "

} L_:ts o! Rt 1 1.389188 1.38919 1.1223|
I Pure Error 24 29.707026 1.23779 Prob_,F ] 14- o

31.O96214 =[Tot= E,.=r 2_ o.3ooo,j

Parameter Estimates} ,-]"

Term Estimate Std Error t Ratio Prob,.Itl _ t0-

Intercept 7.6141237 0.21185 35.94 0.0000 i
Bottle[19-22J .3.046134 0.21131 -14.42 0.0000 | 8"

AnslyU¢|Ck-ICP/MS] -0.703866 0.21131 -3.33 0.0027 J
6-

Effect Test 1

Source Nperm OF Sum of Squares F Ratio Prob_,F 4-
"° IBottle 1 1 258.47775 207.8048 0.0000 a

Analytical 1 1 13.80083 11.O953 0.0027 2 _ i v w t w4 5 6 7 8 9 tO 1
"- Bottle Leverage

-- I II IIRI '" ''

Effect Test

Whole-,o_o,Test_ 1 su..,Sq.er.., Ret,oO, ,,o_,,
J I 2S8.47775 207.8048 1 0.0000

16 .......

14 i "'/ " Least Squares Means

Level Least Sq Mean Std Error Mean
19 4.$6798969 0.30974969S2 4.5138

12 |"" o'"" 12 10.66025773 0.2883083288 10.6133

I 0 - -'II
8 ............. r" .;-"...................

6 ,,n.,y,,_.,)
..$"'" "" 16-4

14-,
2 -'"

4 6 6 10 12 14 16 12" a
Cone (mg/t.} Predicted

oiii

Source OF Sum of Squares Mean Square F Ratio _ 8-
Model 2 272.89833 136.449 109 6992 0

Error 25 31.O9621 1.244 Pro bJ.F 6 .........
C Total 27 303,994S4 0 0000 •

4-' 4-

o 2 : ' ' i

i 70 7S 8.0 85

Analytical Leverage
iii

- a Effect Test

8
c_ _ Oo Sum o! Squares F Ratio OF Probl, F

• 13.800827 1t .04353 I 0.0027o ........,................................. ..... -,
Least Squares Mean/ • _ • o S)

j o : o L.ve, L.,,I Sq M.en Std Error M.en

- 1 Ck 6.910257732 0.2883083288 7.11333
ICP/MS 8.317989691 0.3097496952 8.55231

2_1 ,,.t" ! I I I I I ,
2 4 6 8 10 12 14 16

Conc (rag/L) Predicted
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Exhibit 42. Statistical Analysis of Plutonium
Concentrations by Analytical Method and Bottle
for' Bottles # 19 and 28

Response: Conc (mg/L)

(:ummary of Fit_
square O.715378

Root Mean Square Error O.067018
Meanof Response O.170792

Observations ((x Sum Wgts) 25 *

[iaco J oSource DF Sum of Squares Mean Square F Ratio IB 0.45 I ,'
Lack of Fil 2 0.00564627 0.002823 0.6049 ,""
Pure Error 19 0.08667258 0.004667 Prob>F 0.40- "

Total Error 21 0.09431884 0.5563 0.35-

.....

Parameter Estimates] 0.30-
Term Estimate Std Error t Ratio Prob)ltl _d_0.25-
Intercept 0.2265117 0.01675 13.52 0.0000 E,
6ottle[19.28B] -0.122927 0.01935 -6.35 0.0000 _ 0.20-

8ottls[28A-288} -0.005552 0.02559 -0.22 0.8301 _ 0.1S-
Anelytic[C-ICPIMS| 0.041011 0.01382 2.97 0.0073

0.10-

I "°='] o.-, I
|Source Nparm DF Sum of Squares F Ratio Prob_,F ,,"
iBottle 2 2 0.21727039 24.1875 0.0000 0.00 = m i i i

LAnalytical 0.0S 0.10 0.15 0.20 0.25 0.30 0.35 0.40
1 1 0.03957417 8.8112 O.0073

Bottle Leverage
ira. i

:Whole-Model Testl iEffect Test]
0.45| - / Sum of Squares F Ratio OF Prob>F

/ • .J 0.21727039 24.1675 2 0.0OO0

°'"7 '_," Level Least Sq Mean Std Error Mean

0301 " • _//_" ,-''"",, 19 0.1035850000 0.0167544277 0.115647-- 28A 0.2209500000 0.03350885540.220950

0"2070"251 . -"_,-''"-,,,_, ,-"" _28B 0.3550000000 0.0335088554 0.355000
• J .......... ,D¢....,,_ ...................° .....................I /:.,..o_o-L.-"m/..'_

o.os

000-F-,'"7 ' " ' ' ' ' t

0.00 0.10 0.20 0.30 0.40

Corm (mg/L) Predicted

• oooo ,-'°°"
Analysis of Variance]

Source OF Sum of Squares Mean Square F Ratio _ " o,o.,-'*

Model 3 0.23706421 0.079021 17.$940 _ 0.2" ..:,,.,,::::Error 21 0.09431884 0.004491 Prob_,F

C To_l 24 0.33138306 0.0000 c_ 1"-._"_S-''''"I • "''"""i""" ..... _J...-_ - ,i .--• 0.1"

015 1 0.0" m
0.10- I • I '' 1 ' "i

/ • 0.10 0.15 0.20 0.25

-- 0"05 1 I _ ,
Analytical Leverage

i ooo-I....,......;.................... .....t "•0.05 Sum of Square= F Ratio OF Prob_F
0.03957417 8.8112 1 0.OO73

" -:, s]:Le--_-_st;q res Mean
-0.15| • Level Least Sq Mean Std Error Meal

•0.20| / I i I i ] I ¢ I C 0.2675226667 0.0208366531 0.193767
0.O0 0.10 0.20 0.30 0.40 ICPIMS 0.1855006667 0.0225615234 0.136330

Cone (rag/L) Predicted
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Exhibit 43. Statistical Analysis of Uranium Concentrations
by Analytical Method and Bottle for Bottles # 19
and 28

Respon,se: Co, nc (rag/L)

, _m_.,_____y02 F___,]
I" Rsquate 0.944595

[Root Mean Square Error 4.222788
JMean of Responso 17.31727
|Observations (or Sum Wgts) 22

F Sum of Squares Mean Square F Ratio

I LackoI.Fit 2 6.51026 3.255t 0.1656 50" " I
J Pure Error 16 314.46470 19.6540 Prob_.FJ "-'"

[ Tolai Error 18 o.64eej " o.,/.'* .

320.97496

....... ,.... 40-

Estimate Std Error t Ritlo Prob)ltl E_ 30- _,,"

,,0..,.,o,,.,.,ooooo._
J Botllei19-28B] .20.47627 1.22553 -16.71 0.0000 |
J BotUei28A-288] 15.660557 1.49744 I0.46 0.0000 | _ 20- ............ ,..;, ..................

0.90602
I Anllyttc(Ck-ICPIMS] -0.574221 -O,63 0.5342 J ""

i

Effect Test} 10-

JSource Npirm DF Sum of Squires F Ratio Prob>F ""_-'_,,_": i I ," z I i
JBottle 2 2 5472.0867 153.4350 0.0000 0 ''_

Anslytical 1 1 7.1627 0.4017 0.5342 0 5 10 15 20 25 30 35 40 4SBottle Leverage
|| i

Whole-Model Test _Effect Test}
i

Sum of Squires F Ratio OF Probz, F
• ," 6472.0867 153.4360 2 0.0000

5o- _ '.... i'"

• ! "L_ast Squares Means

)
_0- Level Least $q Mean Std Error Meet

,'" 19 4.55801700 1.173262601 4.5136
' _" "%" 28A 40.69484419 1.897161961 40.580(_

E_ 30- 288 29.65000000 2.111394233 29.850C

2O
..

,o!
o" ."

0 10 20 30 40 50 ,""
Cone (rag/L) Predicted ,,"

o.O"". Ill ,I,,II [ ,,

Analysis of Variance} "".°

Source DF Sum of Squares Mean Square F Ratio ,-
Mode_ 3 5472.2727 1824.09 102.2934 _. ,'"
Error 18 320.9750 17.83 Prob_F _' - ,-"

C Total 21 5793.2476 0.0000
6

ii i tJ

, "';,_. ,5- i i _" i : : J _ 1
• 6 17 18 19 20 21 22 23 24 25 26

. "_ , Analytical Leverage

0--._.................................
• I • !

• Sum of Squares F Ratio OF Prob>F
•s- i 7.1627440 0.4017 I 0.5342

. I

• iLeast Squares Means J
-10 I • i ' i , : • / Level Least Sq Main aid Error Meet

C 10 20 30 40 50 Ck 24.46006610 1.311613744 17.2333

="J Cone (mg/L) Predicted ICP/MS 25.60850803 1.422470779 17.4180
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8.3 Simultaneous Tolerance Limits for Fitted Regression Models

From reference [3], for each of the fitted models, simultaneous, upper 100(1-1r)%
tolerance limits for the specie (plutonium or uranium) solubility over all salt solutions
that are within the range of those studied here is given by

x'_ + s{ (pFo_;p,n.p)l/2[x'(X'X)'lx] lt2 + z_,( n-p )1/2 }

with probability at least 1-o_,

where n = 20, the number of salt solutions considered in the
study,

x = for a salt solution under consideration, the (p x 1)
vector of values of the constituents' concentrations,
including interactions, that appear in the fitted model
with x1restricted to unity,

= the estimated regressioncoefficientsfor the fitted model,
s = the root mean square error term from the fitted model,
p = the number of terms in the fitted model (main factors

and/or interactions including the intercept term),

Fo./2;p,n-p = the upper ed2 percentile point for the F-distdbt_tionwith p
and (n-p) degrees of freedom,

X = the (n x p) original design matrix for the constituents'
concentrations and/or interactions in the fitted model
with the first column equal to unity,

z_ = the upper 7 percentile point for the standard normal
distribution, and

2
Xod2;n-p= the lower ed2percentile point for the chi-square

distribution with n-p degrees of freedom.
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