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ABSTRACT

Lawrence Livermore National Laboratory (LLNL) has conducted a long-term
single-pass continuous-flow {SPCF) leaching test of the glass waste form PNL
76-68. Leaching rates of Np, Pu and various stable elements were measured at
25° and 75°C with three different solutions and three different flow rates.
The purposes of the study were: 1.) to compare SPCF leaching results with the
resuTts of a modified IAEA leach test performed by Pacific Northwest Labora-
tories (PNL); 2.) to establish elemental leach rates and their variation with
temperature, flow rate and solution composition; and 3.) to gain insight into
the leaching mechanisms.

The LLNL and PNL leach tests yielded results which appear to agree with-
in experimental uncertainties.

The magnitude of the leach rates sdetermined for Np and the glass matrix
elemes *s is 10-5 grams of glass/cm2 geometric saolid surface area/day. The
rates increase with temperature and with solution flow rate, and are similar
in brine and distilled water but higher in a bicarbonate solution. Other
cations exhibit somewhat different behavior, and Pu in particular yields a
much lower apparent Teach rate, probabiy because of sorption or precipitation
effects after release from the glass matrix.

After the initial few days, most .elements are leached at a constant
rate. Matrix dissolution appears to be the most probable rate controlling

step for the leaching of most elements.
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I. INTRODUCTIONM

In order to evaluate the safety of geoTogic repositories for storage of
nuclear waste, information is needed concerning the potential for radicnuclide
release in the event that ground water contacts the waste. Information on the
release of radionucTides from the waste form, from empirical data to an under-
standing of Teaching mechanisms. is needed for safety assessments and as input
for radionuclide migration experiments and models. This report examines the
release of plutonium, neptuniwm and other elements from a simulated waste
glass (PNL 76-68). The glass contained stable isotopes of the full complement
of fission product ejements, plus plutonium and neptunium to the extent
expected to be present in high-Tevel waste. This permitted chemically re-
alistic studies to be conducted without the radiochemicai interferences and

radiation fields that would be encountered with a fully radioactive waste.

The objective of this repert is to present the results from and compare
two different teach test methods: a modified IAEA leach test conducted at the
Pacific Northwest Laboratory and a single-pass continuous flow (SPCF) test
perfarmed at Lawrence Livermore National laboratory. The comparison was
undertaken to determine whether gussi-static (IAEA) leach tests yield resuits
relevant to a dynamic flowing groundwater environemnt. Both tests used
glass prepared from the same melt, and similar solutions and temperatures
were emplayed. In addition to the common temperature of 25°C, the LENL
test also used 75°C to gain insight into the temperature dependence of radio-

nucTide release into flowing solutions.

This report is primarily a description of the LLNL SPCF leach test (Bead

Leach I}). A thorough description of the PNL modified TAEA Teach test as




well as a description of the glass bead preparation can be found in PNL-3152.1
However, since one of the objectives of this report is to compare the re-
sults from these two Teach test methods., parts of PNL-3152 are recapitulated

in this report.

The use of the single-pass continuous-flow test methodology is being
carried on at LLNL in a subsequent test (Bead leach II). That experiment
incorporates rock material in order to address more complex and realistic
waste/rock interactions. The primary objective is to study the sarption of
freshly leached elements onto rock columns Tocated downstream from the

leaching cell.

I[. MATERJALS AND METHODS

A. PREPARATION AND CHARACTERIZATION OF THE DOPED GLASS

The preparation and characterization of the doped glass used in this

study has been discussed in PNL-3152.1

The simutated high level waste glass used in both the LLNL and PNL work
was doped with “mock” fission products. 238y, 237Mp. and 23%u at levels ex-
pected in actual waste glass. Mock fission products (stable isotopes of fis-
sion product elements) were used in order to avoid conducting experiments in

a high radiation field while maintaining a realistic chemical composition.

The molten glass was dropped from an orifice onto a warm (500°C) plate
where hemispherical beads {with a diameter of ca. 7 nm) were formed. The beads
were then annealed and cooled to room temperature. A microstructural examin-
ation was performed at PHL which inciuded w-ray diffraction, metallography,
and alpha-radiography.! The beads were then used in the two leaching tests

described in this report.
-2-



At LLNL, air dried beads were weighed before and after leaching.
Initial geometric surface areas were calculated from detailed measurements
on individual beads. The specific surface areas of selected heads were
measured after Tleaching by a Kr adsorption technique. The leached beads

have been archived for possible future studies.

B. LEACH TEST PROCEDURES

1. PNL Modified IAEA Leach Test

The PNL modified IAEA leach test procedure has been described olse-
where.1:2 The original I[AEA test was described by Hespe.3 I, .h3t test,
a static Teaching test is interrupted at predet~rmined sampling intervals
when the leachate 1is decanted and replaced with fresh Tleachant. The PWNL
nodified IAEA test was similar and differed mainly in the sampling frequen-
cies and the leaching apparatus. In both of these quasi-static tests,
solution saturation is a potentiai probiem. The periodic Teachant renewal
is an attempt to eliminate the possible saturation effect. However, it is
questionable whether these tests can be a valid simulation of the Jeaching
behavior of flowing ground water. Since LLNL has developed a truly dynamic
flowing test, one goal of this study was to determine if the PNL “simulated"
flowing experiment really was equivalent to an actuzl flowing experiment.
The chemical arguments for the importance of flowing experiment:, where

solution saturation problems are less 1ikely, have been addressed elsewhere.’

The PNL modifizd IAEA leach test utilized twenty beads in contact with
300 m1 of leachant. The beads were suspended in the Teachant in a nylon-
mesh basket. The leachant was cortained in a polypreopylene jar. Three

leachants were used. One was saturated salt brine made by dissolving

-3-
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reagent grade chemicals in deionized water to approximate the composition of
WIPP Brine "B“.1 Another leachant wis a synthetic high bicarbonate qround
water {D.03 N NaHC03). The final leachant used in the comparative tesi

was deionized water.

The temperature for this test was 22 + 2°C. No attempt was made to
isolate the leachant and sample. from the atmosphere so that it can be
assumed that the Eh of the system was mildly oxidizing because of initial

equilibratien with atmospherin 0.

Leachates were sampled and replaced with fresh leachant every day for the
first 4 days. weekly far the next 8 weeks, then monthly for the remainder of

the study. Samples were onalyzed for pH, Ih, silicon, 237Np, and 23%uy.

fncremental leach ratzas and cymulative fractions leached were calculated

on the basis of release of Si. 237Np and 23%u, and nlotted against time.!

2. LLNL SPCF Leach Test

The LLNL SPCF Teach testing methodelagy has been described in detail pre-
viously.4-5’5:7 It is essentially a system where the leachant flows through
a cell containing the waste form, and the resultant leachate is collectcd
and analyzed. Th2 advantage of this system is that it more nearly simulates
the conditions of a flooded repository where ground water flows through a

natural aguifer. Figure 1 is a schematic diagram of the SPCF test.

Figure 2 is a schematic diagram of the Bead leach I experimental matrix.
It is a statistically designed factorial experiment with partial replication.
Variables for the experiment are fiow rate {3 values)}, temperature (25% and

750) and Teachant compositian (3 salutigns). Channels with beads not doped

-4-
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with 237Np and 239y were usel as radiochemical blanks. In arder to re-
duce the size of the experiment, blank runs and replicates were included
only in the medium flow rate, 25°C portion of the experiment. The final
design resulted in an experiment with 27 channels, 4 temperatire cantrol baths,
and 5 peristaltic pumps. A 28th chanrel was added as a check on possible flow
system effects. It was a mediwn flow rate, 250C, bicarbonate channel which
differed from the other channels of that type only in that the cell contained
no micropore filter {see below) and the leachant intiow entered the top of

the cell.

Table 1 summarizes the chiracteristics of both the PNL and LLNL tests
for comy rison. Some minor differences exist between the experimenis. PHNL
used deionized water while LLNL used distilled water for the third leachant.
The PNL temperzture was 22 + 2'C while the comparable LLNL temperature was
25 + 0.5°C, One difference not noted in Table 1 is that beads in the PNL
test see three "simuTated" flow rates during the experiment. This is because
the leachant renewal intervals are changed from daily, to weekly, to monthly
on each sample. With the LLNL experiment. the beads in each cell are sub-
jected to only one flow rate throughout the duration of the experiment.
Effects of various flow rates on leaching can be monitored throughout the
experiment. A similar experiment could be designed with the modified IAEA
test by assigning intervals of leachant renewal which were different for

various samples and which did not change for the duration of the study.

In the LLNL test, leachant flow rates (Q) of 300, 43 and 10 cm3/day
were used. The cell sample compartment has a cross sectional area {A)
of 2.84 cn and volume of 2.00 cm3; the eight beads contained in each cell

had a total volume of 0.72 cn3. The average linear flow velocity rate

_7-
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Table 1.

A Comparison of the PNL Modified IAEA teach

Test and LLNL SPCF Leach Test of PNL 76-68 Glass

PANL

LLNL

Glass Composition
{PNL 76-68})

Leachants

Temperatures

Method of
Leachant
Exchange

Beads/Cell
Cell Volume

Equivalent Leachant
Exchange Rate

(cm3 Teachant/
bead/day)*

same

"synthetic" sat.
WIPP Brine

0.03N NaHCO3
Deionized Water
22 + 2°C

Static with
Periodic
Leachan
Renewal

26
300 ¢m3

5 fdaily renewal)
weekly renewal)

1
2.1
0.5 (monthly renewal)

same

"synthetic" sat.

WIPP Brine

0.03N NaHCO3

Distilled Water

25°C and 75°C (+ 0.5°C)

Continuously flowing
300 cpd/day

43 cmd/day
10 cm3/day

* See text for explanation.
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is given by Q/nA where n = volumetric porosity, [(V cell ~ V sample) MV
cell]. The three velocities thus calculated are 156, 22, and 5.2 m/fyr.
These may be compared to typical groundwater velacities, which range from

1.5 to more than 500 m/yr.8

In order to compare these two experiments and to investigate possible
solution saturation effects, it is helpful to calculate the voiume of
leachant per day potentially interacting with each bead. In the PKNL test
there were 15 cm3 of leachant/bead/day in the system during the daily
leachant renewal period. Similarly there were 2.1 em3 of leachant/beat/day
during the weekly leachant renewal pericd and 0.5 cm3 of leachant/bead/day
during the monthly leachant renewal period. This is a "step-wise" approxi-
mation of a flow rate. For the flowing test, the calculation fs straight
forward. There were 37.5, 5.4, and 1.3 cm3 of leachani/bead/day passing
through the fast, medium, and slow flow rate cells, respectively. The

"equivalent leachant exchange rates" far both tests are similar.

The SPCF leach test cells have been described pr~evi¢:oz:sT_y.5 Figure 3
is a schematic drawing of the SPCF leaching cell. AIl plumbing was con-
structed of plastic to minimize effects on leachant composition and loss of
Teached specfes from the leachate. However, a variety of plastics were used
throughout the system and their individual effects on the solution chemistry
are unknown. We have investigated loss of 237Np and 23%u onto varfous
components of the system. The resuits of that study w11l be presented later

in this report.

The cells are designed to allow for the option of placing polycar-
bonate micropore membrane filters between the filter grids at both the inlet
and outlet end of the sample cell in order to prevent any particulates from

-9.
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entering or exiting the cell. The use of 0.1 um membrane filters in channels
1-27 (it was omitted from channel 28 as a test) complicated maintenance of
the leachant flow through the cell since air bubbles, which formed in the
1ines and cells, would not pass through these filters. This slowed or stopped
the flow of leachant and required excessive maintenance. Use of a coarser
filter would be preferable. Since there is an 0.2 um cartridge filter be-
tween each leachant supply carboy and the cells the added cell inlet filters
are probably unnecessary, but some form of outlet filter is desirable to

prevent particulate breakdown products from entering the leachate collection.

After weighing and geometric surface area determination, eight beads
were loaded into each cell. When the cells were Toaded and assembled, the
three screws holding each cell together were tightened equally using a small
torque wrench. The outlet hole and side access hole were then plugged and
air pressure (180 kPa) was directed into the cell through the inlet hole.
The pressurized cell was then immersed in water. If no bubbles apneared
after several minutes, the cell was assumed to be Teak proof and ready far

incorporation into the experiment.

The plumbing lines from the Teachant manifolds to the collection bottles,
‘ncluding the peristaltic pump tubing. were preassembled without the cells so
that all were the same Tength. This . .noved any possible differential effects
on selution composition due to variable lengths of tubing for each channel.
The system from the Teachant supply carboys through, and including, the
plastic leachate collection bottles, was flushed with previously prepared
leachant. This also afforded the opportun’cy to le' he puaps run for a few

days to check for faulty pumps or plumbing.

=-11-
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After flushing the syvstem. the manifeld valves were closed in prepa-
ration for installing the cells into the flow path to begin the experiment.
The outflow tubes and the coliection bottles ware emptied of flushing solution.
The cells werg installed, placed into the appropriate temperature control
baths, and the pump was begun. The starting time was noted when the cell

was first filled with leachant.

The temperature baths were started a few days prior to beginning the
leaching experiment so that the temperature had stabilized to the correct
value. The three 25°C baths were filled with distilled water. A coil filled
with circulating chilled water (ca. 15°C) prevented these baths from exceeding
25°C since the heaters always had a cold "sink" to work against in case the
laboratory room temperature exceeded 25°C. The 75°C baths were filled with
mineral 0il and required no cooling since the temperature was well above room
temperature. An improvement to our methad af temperature control for the
higher temperatures (3C°C to 90°C) has been suggested by D. Strachan, PNL,9
who used ovens instead of baths in his adaptation of the LILNL flow tests.
The ovens allowed for easier observation of leaks, prevented corrosion of
the cells., prevented algae growth on the outside of the celis, and eliminated
0il contamination of the beads if the cell side-plug needed to be removed to

withdraw air bubbles.

Table 2 presents the sampling schedule for this experiment. Al1l leachate
was collected for the 420 days duration of the experiment. Individual sched-
uled samples were acidified and amalyzed for a suite of radionuclides, mock
fission products, and glass matrix elements. The leachate collected between

the scheduied sampiings was combined and saved as historical samples. The

-12-



Table 2. Sampling Schedule for Bead Leach I Experiment

Elapsed Historical Sample for
_Days . Sampie Analysis
] b
2 X
3 X
4-6 X

7-10 X
it X
12-19 X
20 X
21-36 A
37 X
38-67 X
68 X
69-119 X
120 X
121-229 X
230 X
231-415 X
420 X

a. Pu and Np {alpha spectrometry), all channels

Analysis Performed

a__ b __ ¢
X X
X X
X X
X X

X
X

X
X

X
X X

X
X X

X
X
X X

X
X X

b. Optical Emission Spectroscopy (ICP-0ES), all channels;

see Appendix 7 for list of elements

c. X-ray Fluorescence Analysis (XRF), selected channels and elements;

see Appendix 6.
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sampling schedule was adoptad to provide equally spaced data points on a log-~

Yog plot of leach rate against time.

C. PNALYTICAL PROCEDURES

1. PNL Modified IAEA Leach Test

Analytical procedures used for this test can be found in Bradley et. a1.l

2. LLNL SPCF Leach Test

The Teachate samples were collected in marked, cleaned, weighed poly-
ethylene bottles. After each sample was collected, collection into the
composite leachate bottles was continued. The elapsed time from the start
of the experiment was recorded for the beginning and end of each sampling
interval. The leachate samples were ther weighed to determine the amount of
solution which had been coilected during the sampling interval. Tkis infor-
mation {with correcti~ns for density in the case of brine) was used for flow
rate and leach rate caleuiations. Conductivity, pH and Eh were measured at
room tempevatuve for each sample. Weasured volumes of concentrated HNO3,
based on the Teachate volumes, were then added to each leachate sample to
produce an 8N HNO3 solutifon. This concentration was chosen because the
actinide chemistry required solutions to be adjusted to this concentration
prior to performing the actinide separations. The acid content also stabil-

ized the actinides and assured that they remained in solution.

Analysis for Py and Np in the leachates was done by alpha-spectrometry.
For the distilled water and bicarbonate leachates, 100 ul aliquats of each
Teachate soluiion were corated directly after careful evaporation on a Pt disc

followed Dy several minutes of heating in the hottest part of a Meeker-burner

N [



flame., The Meeker-burner heat-treatment stabilized the Np and Pu on the discs
as oxides. Counting times of 5-7 days per sample were required to complete
the analyses but lengthy radiochemical purification procadures were avaided
by direct alpha-counting. The analysis of the brine solutions required radio-
chemical purification procedures in aorder to separate the Np and Pu from the
brine salts. The procedure developed to amalyze these brine leachates has
been described in detail by Rego.” Basically, the separation of neptunium
and pluteniun from brine solutions was achieved by keeping the solution
dilute, attaining equilibrium with chemical yield tracers, removing the inter-
fering salts, and then proceeding with the normal techniques of organic ex-
traction with thionyltrifluoroacetone. The separated fractions of reptunium

and plutoniun were electroplated onto platinum plates and ccunted on an

alpha-spectrometar.

Aliquots of the bicarbonate and distilled water leachates taken for
Optical Emission Spectroscopy - Inductively Coupled Plasma (ICP)} analyses
were diluted to & nitric acid concentration of <4.0 N, and 2 subsample was
titrated with 1.0 N NaQOH to determine exact HNO3 concentration. Calibration
data were obtained using standard ICP solutions. Calibration standards with
HNO3 concentration ranging from 1.64 N to 8.10 N were prepared from an ICP
standard solution. From the standard data, correction curves were constructed
for each element analyzed. These curves were used to corrvect the ICP results
on leachate samples for the effects of HND; concentration. Peck et a1.10

have described the ICP analytical capability at LLNL.

Aliquots of a number of leachate samples collected during the intervals
between the scheduled samples (the “historical" samples described previously)

were specifically prepared for x-ray fluorescence (XRF) analysis. Large

=15~
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volumes {up to 300 cm3) of the bicarbonate and distilled water leachates were
acidified to 0.1N HNO3 and evaporated to dryness in the presence of powdered
cellulose. The residual cellulose was pelletized and analyzed with an XRF
spectrometer. The procedures used have been described in detail by Bazan

et a1.12

In order to evaluate loss of radionuclides from the leachate by sorption
onto the rubber O-ring, cell walls., outlet end cap, filter, grid and tubing,
selected portions of the system were analyzed. Outlet filters from all of
the 759C cells were dissolved and analyzed for Np and Pu. The autlet filter
grids, cell barrels, and outlet end-caps for all but one 75°C channel were
leached with concentrated nitric acid and analyzed for Np and Pu retention.
O-rings from four 750C channel cells were also leached with concentrated
nitric acid and the leachate analyzed for Np and Pu. The outlet Tines from
the cells to the collection containers were leached and analyzed in a similar
fashion for four of the 759C channels. Various cell parts from eight 2500
channels were leached and the total leachate samples from the cells parts of
each channel were analyzed. Resuits of this “cell-part" sorption study can

be found in the following section.
D. CALCULATIONS

A1l leaching data from both the LLNL and PNL leaching studies were entered
into a computer data base program. Raw analytical data were converted to both
"leach rate" data and "cumulative-fraction leached" data for each element and
radionuclide analyzed. The correction factors used were: brine density
{1.19 g/cm3), dilution of leachates by water and acid, aliquot factors,
counting efficiency for WNp and Pu, and an acid correction factor for the ICP
analysis.

-16-



Leach rite data were calculated from the equation:’

(paiVi)

e

(Ag) (SA) {1

1

Rj

where:
a; = dpm/gram leachate or grams element/gram leachate
A, = initial activity (dpm/grams glass) or elemental compasition (grams
element/grams glass) for the glass beads

vo ume leachate collected per day (Cm3/day)

-z
n

leachate density (a/cm3)

©
n

SA = average geometric surface area of beads (CNZ) = 11.128 cmé per
8-bead sample

channel nunber

.
1}

grams glass 1eached/cm2 * day, based on the element or radionuclide

o
—
"

analyzed.

Cumulative fraction leached, Cip» for the ith channel up to and including the

mth day. was calculated from the equation:

Tim = 2 {SAWRinaTn (2)
n<m Woj

wherea:

SA = geometric surface area of beads (11.128 cm?),

total weight of glass beads in ith cers (grams),

No.i =

ﬁin = average leach rate between nth and (n-1)th days (grams glass/cm2
day), and

&7, = time (days) between nth and (n-1)th days.
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111 RESULTS

The large quantities of data generated from this experiment have been
organized into appendices. In presenting these results, we first identify and
briefly discuss each of the appendices or data sets, then present a statistical
analysis of some of the radionuclide Jeaching characteristics, and conclude
with a brief discussiun of the overall results and a comparison of the two

(PNL ard LLML) Yeach tests.

The results of the PNL static Teach tests as given in PNL-31521 and hy

D. J. Bradiey {personal communication) are presented in Appendix 1.

— L e ————

1. Chemical € mposition

The composition of the doped PNL-74-68 beads as determined by oNLl s

given in Table Z.
2. Surface Area

The total geometric surface area of the 8-bead samplzs ensembie was
determined by dimensional measurement a'd calculation to be 11.128 cme.
Since the average weight of eight beads was 2.846 grams, this corresponds to

an approximate mean specific geometric surface area of 3.95 x 10-4 m2/g.

The blank (undoped] beads from channels 2, 12 and 22 were measured by
Krypton BET at the end of the leaching experiment. The results are pre-
sented in Table 4. No adsorption surface area measurements were made on the
unieached beads, however, cored moncliths of undoped PNL 76-68 have been

measured by Krypton BET for otbar experiments. The results are included in
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Table 3. Composition of PNL 76-68 Simulated
High Level Waste Glass

Glass Composition (wt 2)

510 40.0 Lag03 0.53
Nao0 12.5 Frghny 0.53
Fe,03 9.6 B7yp0,  0.46
By03 9.5 P,05 0.46
Zn0d 5.0 Cra03 0,40
2380, 4.2 Sr0 0.37
Tio, 3.0 Smpl's 0.32
Mo03 2.2 TeDz 0.26
Ca0 2.0 Y203 0.21
7r0; 1.7 N10 0.20
Ndp03 1.65  Rn03 0.17
Ce02 1.19 Rb20 0.12
Ru0z 1.07 Eup0s 0.070
Cs20 1,03 Gdcv3 0.050
Bad 0.56 23%up,  0.046
Pd0 0.53 €40 0.033
Agz0 0.031

-19.



P A —

Table 4 for comparison, although the additional surface roughness introduced
by caring means that this number should be considered an upper 1imit on the
BET surface area of the unleached beads. Adsorption surface arsas are in
all cases 2-3 orders of magnitude greater than geometric surface areas. The
results suggest that the brine and distilled water treatments produced a
significant increase in adsorption surface arec over the course of the

experiment, while the bicarbonate treatment did not.

Table 4: Surface Areas, Undaoped PNL-76-68

Met hod Sampl e Treatment Area
Geometric Unleached Beads None 0.000395m2/g
Kr BET Cored Manolith None 0.085 mZ/g
Kr BET Channel 2 Brine  250C-40ml/day 0.397 mzjg
Kr BET Channel 12 NaHC03 259C-40m1 /day a.a15 mzfg
Kr BET Channe 22 H,0  25°C-40m)/day 0.329 nl/g

3. Bead Weights

Beads weights before and after leaching are presented and discussed in

Appendix 2,

B. SOLUTION CHARACTER1ZATION

1. Sample Volumes, Times and Flow Rates

Appendix 3 contains two tables. One summarizes collection volumes,
times and derived flow rates for all samples. The other presents the average

flow rate, with percent standar® deviation, for each channel.
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2. pH, Eh and Conductivity

Appendis 4 presents tabulated data on the measured pH, th and conduc-
tivity of the leachate samples. Measurements were made with standard com-
mercially available electrodes or celils. The brine and distilled water
leachates and Teachants were neutral or acidic, the bicarbonate definitely

basic.

3. Leachate and Leachant Analyses

a, Solution Concentration Data

Appendix 5 gives the Np and Pu activities of the leachate solutions, in
disintegrations per minute per cmd of solution. The number below each
value is the percent standard deviation based on counting statistics only.
Zerg values denote no analysis. The data entries for neptunium and plu-
tonium for all the brine channels ({1-9), channel 24, and days 2 and 3
for channel 10 represent analyses of chemically separated samples. Channels
2. 12, and 22 were loaded with undoped beads and may be considered as approx-
imate blanks for the alpha-emitter determinations; however, no blank correc-

tions have been made to the Np and Pu data for the other channels .

Appendix 6 presents analytical data obtained by x-ray fluorescence.
These are the only analytical data obtained for the composite samples collec-
ted between the scheduled sampling days. Ca, Sr, Mo, U and Zn were analyzed
by ICP as well as XRF (see Appendix 7). Agreement between the two methods
is satisfactory for Mo. For Sr the XRF data are 5-10 times greater than the
ICP concentrations. For U (channel 14 only} XRF vaTues are about twice the
ICP values. XRF values are lower than ICP values for Zn (by a factor of

3-10) and Ca (by a factor of 2-3). The XRF values are also considerably
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less variable than the ICP results. The reasons for these differences are
not readily apparent, but in view of the differences in sampling and sample
treatment the XRF data should probably be considered the mare reliable and

accurate.

Appendix 7 presents the ICP concentration data for the stable elements,
given in micrograms per cm3 of solution. Zera values denote no analysis;
"1ess than" values indicate a concentration which after leachant blank cor-
rection was below the detection limit reported for that element at the time
of analysis. Channels 2, 12 and 22 differed from the replicate channels
in that the beads were from a different glass preparation and were not doped
with Pu and Np; for the purposes of stable element analyses these channels
might be expected to behave similarly to the comparable replicates. and in
any case should show no effects attributable to included alpka emitters.

See Appendix 7 for a more detailed discussion of the detection limits.

b. Leach Rates and Cumulative Fractions Leached
Appendix 8 gives the calculated incremental leach rates and cumu .tive
fractions leached for Pu and Np; Appendix 9 gives comparable data for the

stable elements, ICP and XRF results are presented in separate tables.

App=ndices 10-14 contain graphical presentations of the data on leach

rate, cunulative fraction Teached, flow rate and pH as functions of time.

For the incremental Yeach rates based on ICP data, the zero and "less
than” entries have the same significance as in the concentration data tables.
In calculating the Cumulative Fraction Leached (CFL) the zero values are
ignored; when a “"less than" value is encountered the numerical value is used

in the calculation and that and all subsequent CFL values are tabulated as
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“less than". Because of this convention, care must be exercised in assessing
the significance of CFL "less tharn" values. For example, in the case of Fe,
only the day 3 incremental values for channels 15 and 27 are below detection
limits. Since these data points represent only a small fraction of the
total Teach time, the later CFL values are probably aTmost as valid as
those of the other channels in spite of being technically upper limit values.
By contrast, a CFL value calculated over a whole sequence of upper limits is
at best a very genarous ceiling on the possible value. For the ICP leach
rate data the rate tables should be consulted to evaluate the significance
of individual CFL "less than" values. X?F data presented in Appendix 9
were calculated differently and are not subject to this constraint (see
Appendix 9 for explanation). It should be noted however, that the XRF
data points plotted in Appendices 10-14 are derived from the same computer

algorithms used for the ICP data.

Two other points shauld be noted with regard to the leach rate cal-
culations. The first point is that because of the logaritimic time sequence
of sampling., the final twe or three data points are very heavily weighted in
the CFL calculation, and error or random variatien in these points will
have a disproportionate effect on the final CFL. The second pafint is that
the incremental leach rate calculation is in terms of the amount of material
originally present in the glass. ATthough valid from the inventory stand-
point, this implicit constant source approximation will distort the apparent
chemical behavior if a sionificant fraction of the element in question is
leached. In the present case, Np, B. S§i. Mo, Ca and Na all have channels
which show day 420 CFL values in the 10-20% range; for some channels Ni and
Cd also have CFL results which, although technically upper limits, suggest
final leach v7Tues well in excess of 10%.
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Some very high values are noted. If we disregard the bicarbonate Na
values as unreliable because of the large blank correction, we still find
day 420 values in excess of 30% for Mo (channz} 16) and in excess of 50%
for Na {charmel 2%). Ca has six channels with & final CFL ¥n excess of
20%, including one (channel 16) which indicates 100% Teach, If we reconsider
these results in terms of the XRF results for some of the same =zlements,
we find further internal evidence that some of the ICP analyses are biased
and the XRF data are probably more reliable. Appendix 9 contains a com-
parison of ICP and XRF day 420 CFL values for those channels and elements
measured by both techniques. If we extend this comparison to other channels,
scaling the ICP day 420 CFL results with the XRF/ICP concentration ratios
would reduce the maximum Ca leach values to the 30-50% range, would increase
the Sr maximum values to the 20% range (which is more consistent with the
chemically similar fa), would increase U values to a level comparable with
Np, and would leave Mo unchanged while reducing Zn. In addition to being
chemically reasonable and reinforcing the probable validity of the XRF data
relative to the ICP, these results definitely indicate that the total fraction
leached for a number of elements approached at least 20%. This is not
inconsistent with the observed weight Tosses, a number of which were in the

5-15% range (Appendix 2).

4. Actinide Holdup on the Experimental Apparatus

Considerable effort was expended to determine the amount of holdup of
237p and 23%y on the cell parts and exit lines. Particular interest
was generated by the observation that Pu apparent leaching rates at 75°C

vere equal to or less than the values at 25°C and as much as 2-3 orders of
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magnitude less than the corresponding Np rates. Various cell parts were
treated with concentrated HNO3 and these acid leachates were anajyzed for
Pu and Np. Table 5 provides the Np holdup data for the apparatus. This was
calculated from the total! dpm of Np collected in ieachate during the whole
experiment and the dpm observed on the cell parts by dividing the amount
held up on the cell parts by the total amount coliected from the cell parts
and in the leachate. For a variety of cell parts and plumbing, the fraction

of Np lost to the apparatus is insignificant.

Plutonium data were calculated in an identical fashion. Those data are
shown in Table 6. The outlet lines analyzed were from the 75°C channels only;
an insignificant amount of Pu was held up on these Tines. The oputlet filters
were dissolved and analyzed for all eight 75°C channels. Except for channel
5 {brine, 75°C, mediun flow rate), which held up an amount equal to 10%
of the total collected, no other filter held up a significant portion of
the Pu. The outlet D-ring seals were analyzed for four 750C channels. One
contained 18.7% of the total activity the rest very little. The remaining
cell parts were analyzed far all eight channels. tor the hot, sTow channels,
33.5% of the Pu collected was retained from the brine, and 68.7% from the
distilled water. The bizarbonate channel cell parts held up much less
plutoniuwm, a tatal of 15.3%. For some 25°C channels, all of the parts were
analyzed as a group and only an insignificant portion of the Pu was retained.
Even for the two hot, slow channels where the amgunt of Pu on the cell parts
was 55.2% and 69.0% of the totals collected, the amount of Pu lost does rnot
account for the 2-3 orders of magtitude lower leach rate chserved for Py

than for all the other elements analyzed.
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Table 5. Np Residual Activity on Leaching System Parts
(% of Total Activity Collecied)

Channel Outlet Qutlet Outlet Other AN
(Temp, Flow)a  times _ _ filters _ O-rings _Cell Parts® _ Parts
1 (C,M) a.11
3 (C,M) 0.1
5 (H,4) 0.038 0.015 0.05
7 (H,F) 1.0x10-4  2.0x10-4 0.0003
9 (#,S) 0.023 0.089 0.11
10 (G,M) 0.33
1 (C,M) 0.86
14 (H,M) 0,001 l.oxt0-%  0.015 0.024 0.04
15 (C,F) 0.36
16 (H,F) 0.00 0.044 0.04
18 (H,S) 0.003 0.013 0,13 0.027 0.17
19 (C,M) 2.1
20 {C,M) 1.1
23 (H,M) 0.001 0.11 0.1
25 (H,F} <0. 001 9.2x10-3  0.013 0.013 0.04
26 (¢,$) 7.3
27 (H,5) 4.0x10-% 0.27 0.27

a. H = 75°C, C = 25°C; F,M,S, = Fast, Medium, Slow Flow Rates

b. Cell parts are grids, inner cell, end caps., and connector {see Fig. 1)
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Table 6. Pu Residual Activity on Leaching System Parts
(% of Total Activity Collected)
Channel Outlet Dutlet Outlet Other A
(Temp, Flow)d  Lines _ _ Filters _ Q-rings Cell Partsb Parts
1 (C,M) 0.9
3 (C,M) 0.6
5 (H,M) 9.6 11.6 21.2
7 (H,F) 0.Q13 0.04 0.05
9 (H,S) 18.7 33.5 52,2
10 {C,M) 0.8
11 {C,M) 2.4
14 (H.M) 0.0%2 .14 1.9 13.1 15.2
15 {C,F) 1.7
16 {H.F) 0.07 0.50 0.57
18 (H,Z 1.7 1.4 4.1 8.1 15.3
19 (C,M) ' 0.8
20 (C,M) 1.2
23 (H,M) 0.10 1.5 1.6
25 (H,F) Q.39 0.11 0.83 3.8 5.1
26 (C,$) 3.0
27 (H,8) 0.30 68.7 69.0

a. H =75, ¢ = 25°C; F,M,S, = Fast, Medium, Slow Flow Rates

b, Cell parts are grids, inner cell, end caps, and connpector (see Fig. 1)
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IV.  STATISTICAL ANALYSIS OF LEACH RESULTS

A. INTRODUCTION

The statistical analysis of the leach data was planned to aid in the
summarization of the data, to assist in interpreting the experimental re-
sults and te help in developing meaningful conclusions based on these re-
sults. Specifically, the statistical analysis was planned to help in meeting

two objectives of the LLEL continuous flow leach experiment:

o to investigate the leaching mechanism.
P to investigate the effect of leachant comppsition, fTow rate and

temperature on the leach rate or concentration of solid in solution.

To assist in meeting these objectives, the statistical analysis of the

experimental data was separated into two primary phases:

0 The dissolution mechanism was investigated by constructing models
for the cumulative fraction of the solid material leached.

o The effects of solution, flow rate and temperature were investi-
gated by comparing the concentration of solids in solutian for dif-

ferent experimental conditions.

Section B briefly describes the experimental design used to accumulate
the data. Emphasis in this section is placed on discussing the constraints
inherent in the experimental setup which influenced the design and the data
analysis. A description of the data analysis and a summary of the results

of the statistical analysis is in Section C.
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One of the models specifically used and tested is that of constant
leachate conceatration. This model implies a leach rate which is constant
over time, and a cumulative fraction leached which is a linear function of
time. There are several reasons for adopting this model. First. qualitative
examination of the data sets reveal that after the first one to three days
of leaching the concentration values cease to show any discernably consis-
tant trend with time. Second, the design of the experiment {constant flow
rates. solutions far from saturation) and the assumptions of the calculatinn
(constant surface area and chenical source} make steady-state leaching the
most reasonable hypothesis to test. Firally, similar results have been

observed by other investigators.13
B. EXAPERIMENTAL DESIGN

The design of the continuous flow leaching experiment was based on as-
sessing the leaching of materials from a waste form for several combi-
nations of 'simulated' repository conditions. The variables used to describe

the repasitory conditions and their experimental values ({levels) were:

Variable Levels
Leachant composition (solution): Brine; Bicarbonate (NaHCO3},
distilled water
Volume flow rate: 10; 43; 300 cm3/day
Bath temperature: 250, 750C

To accomadate the dependence of leaching on time. samples were accumulated
at several points over 420 days. The sampling points were at roughly equal
intervals on a logarithmic scale - 1, 2, 3, 6. 11, 20, 37, 68, 120, 230 and
420 days.-

-29.




1
1

The experimental design and subsequent data analysis were conditijoned

on two constraints:

1. The physical layout of the experimental apparatus required that
several sample channels be grouped together in a single temper-
ature bath.

2. The mmber of combinations of experimental conditions which could

be accomodated was 1imited.

An experimental design which allows for samples grouped together under
identical conditions (e.g. in the same temperature bath) is called a split-
plot design. Specifically, far the leaching experiment all samples at a
given temperature were located in the same temperature bath. Similarly,
all channels at a given fTow rate were all controlled by the same instrument.
For each combination of {low rate and temperature. separate channels were

used for cach of the 3 solutions.

Due to the limited number of channels that could be used, only one
combination of flow rate and temperature, (i.e. 43 cm3/d, 250C), was rep-
licated. This combination was replicated three times using all three solu-
tions. This replication was one source of an estimate of experimental
variation. A schematic diagram of the experimental matrix is shown in

Figure 2.

C. STATISTICAL ANALYSIS

The follawing three response variables were used in the analysis:

o Incremental leach rate, Rjy, for the ith channel (i=1, 2,...,28)
at the nth day {n=1, 2, 3, &, 11, 20, 37, 68, 120, 230, 420), where
the identity for R;, is given in Equation 1
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o Cumulative fraction leached, Cjp. for the ith channel up to and
including the mth day. The identity for C;, is given in Egn. 2 as
Cim = 2 (SMRip aTy (2)
nm o4

where

SA - surface area of beads (cmZ) - 11.128 cm?

Wyi - total weight of glass bead in ith cell {g) - 2.82g

Rijn -~ an ‘'average' 1leach rate between the nth and (n-1)st days
{g/cnZ-day)

AT, - time (days) between nth and (n-1}st days

o Concentration, cijnp. of an element in the learhate of the ith

channe! at the nth day,

Cin = SA ﬁ" (3)
PV
where
Ay, - initlal activity for the glass beads
Vi =« volume leachate collected per day
p ~ leachate density [see Equation (1)1

Individual statistical analyses were done for 237Np and 23%Pu. Less extensive

analyses were performed on the other elements.

1. Statistical Analysis of Cumulative Fraction Leached

The primary gpal of this porticn of the analysis of the experimentail
data was to develop a mathematical model to describe the cumulative fraction
leached as a function of time. The medel will be used as a qualitative

measure for suggesting the dominant Teaching mechanism. Specifically, iF
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the 'best' model for cumulative fraction leached, as a function of time, t,

is a 1ipear function in t. i.e.
CFL{t) =By * B t + E (4)

where CFL(t) denotes the observed cumulative fraction leached, By and By are
the coefficients of the model. and £ denotes the experimental varijation,
this suggests that matrix dissolutfon {s the dominant Teaching mechanism.
I'. may be noted that integratinn of a constaat rate cver time will yield a
cumulative fraction teached which is & Tinear function of t. On the other
hand, if the ‘best' model involves the square root of time, i.e.

CFL(t) = gy + g /2 +E (5)
this suggests that elemental diffusion may be the dominant leaching mechanism.

Estimates of the coefficients g, and py of the models in Egns. 4 and 5
are sumarized in Table 7. To contrast how the cumulative fraction leached
jncreases over t under the different experimental conditions the estimates
of the slope, g1, dre plotted as a function of flow rate in Figures 4 and
5 for 237Np and 23%y respectively. The estimates for Eqn. 4 are labeled
1 and those from Egn. 5 are Tabeled 2.

A review of plots of the observed cumulative fraction leached and esti-
mated cumulative fraction Teached based on the mcdels in Eqns. 4 and 5 lead

to the following conclusions:(*)

(*) Cold = 250C, Mot = 750C
Slow = 10 cm3/day, Med. = 83 cm3/day, Fast = 300 em3/day
B! = bicarbonate, BR = brine, DW = distilled water
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SLOW COLD
HOT

BR MED. COLD
HOT

FAST COLD
HOT

SLOW COLD
407

BI MED. COLD
HOT

FAST COLD
HOT

SLOW COLD
HOT

DW MED. COLD
HOT

FAST COLD
HOT

Table 7. Coefficients for Models Describing

Cumulative Fraction Leached

237yp ] 239p,
172 1/2
Y =po * A1t y=pot ot Y =pot pit y =+t
e - -~ o R E—
Bo(X107%) 15 (x1078) [ g (x1078) {33 (X1075) | g (X1073) [ g (1077} | (X 1078) | g, (X 1076)
4.861 | 2.893 | -1.088 5.825 | 1.331 | 2.672 | -1.792 | 5.461
-17.472 | 55.421 | -30.467 | 109.48]  .006 | .440 | -2.243 | .873
4.578 | 4.196 | -1.79% 8.399 | 1.620 | 3.551 | -5.366 | 7.476
2,042 | 109.98 | -59.284 | 220.84 0 1.630 | -8.223 | 3.186
5.251 | 7.128 | -3.278 14.241| 2.148 | 8.556 | -27.655 | 3.186
-57.004 { 328.25 | -185.91 | 663.18 .097 [ 20.314 | -112.07 { 41.263
8.918 | 7.609 | -3.672 15.354| 2,960 | 6.334 | -0.209 | 13.400
226,01 | 72.808 | -23.674 | 156.27 .169 | .261 | .018 .562
3924 | 9.461 | -4.778 18.97 | 4.423 | 13.630 | -37.454 | 28.56
25.585 | 330.60 [ -178.01 | 666.58] .150 | 3.548 | -17.222 | 7.760
12.271 | 8.99% | -3.910 18.466| 7,282 | 20.703 | -50.589 | 43.25
180.09 | 464.42 | -237.65 | 939.31| 1.123 [ 19.572 | -94.970 | 39.35
5.332 | 2.035 { -.585 4013 | L9863 | 1.722 | —.a21 | 3.567
-83.988 | 5.918 | -3&.712 [ 106.57( .012 | .172 | -.667 | .324
5.436 [ 3.940 | -1.669 8.032 | 1.874 | 2.694 | -2.950 | 7.674
-205.48 | 130.71 | -81.769 | 248.72! -1.153| 4.205 | -28.592 | 7.617
5.066 | 3.149 | -1.154 6.408 | 1.805 | 6.340 | -18.854 | 13.116
76.032 | 118.83 | -57.447 | 239.80| 3.419 | 25.920 [ -114.18 | 53.256
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Slopes of Cumulative Fraction Leached vs. Jime and

B)

(Time) /2 Plotted Against Flow Rate for 23/Np,
1. CFL{t) =g, + By t (x1078)
2. CFL{t) = By + By t VE(x1075
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o For 237Np. the model Tinear in t (i.e., Eqn. 4} fits the data very

wall for all combinations of solution, flow rate and temperature

except:

o

B!, SLOM, HOT. when the madel linear in t1/2 (Eqn. 5) was a better
fit
DW, MED., HOT, and DW, SLOW, HOT, when neither mod2l fit very

well

Figures 6 and 7 (BR, MED., COLD) contrast the fit of the two
models when Eqn. 4 was ‘best', Figures 8 and 9 (BI, SLOW,
HOT) describe the fit of the two models when Egn. S was ‘best’,
and Figures 10 and IlI(DH, MED.. HOT) iliustrate the situation

when neither model fit very well.

Based on the results for 237Np it appears that matrix dissolution is

the dominant leaching mechanism,

0

For 239y the choice of the 'best’ model is not as distinct. A

review of plots of the observed data and estimated cumulative

fraction leached indicates that Egn. 4. j.e. the model Tinear in t,

fit 'best' for

o]

BR. MED, HOT

BR, FAST, COLD and HOT
BR, SLOW, COLD and HOT
BI, MED, HOT

BI. FAST, HOT

D, FAST. HOT
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Cumulative Fraction Leached
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Data and Model Comparison for 237Np (Brine, Medium, Cold)
Cumulative Fraction Leached Plotted Against Time.

* fitted
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Cumulative Fraction Leached

Data and Model Comparison for 237Np (Bicarbonate,STow, Hot)
Cumulative Fraction Leached Plotted Against Time.
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whereas Egn. 5, i.e. the model linear in t1/2, fit 'best' for
o MED, COLD and all 3 solutions
o BI, FAST. COLD
o BI, SLOW. COLD and HOT
o DW, FAST, COLD
0 DW. SLOW. COLD
Again, neither model fit very wall for
0 DN MED, HOT

o DW, SLOW, HOT
Figures 12 and 13, (BR, MED, COLD) illustrate the fit of the

model when Eqn. 5 is 'best'. Figures 14 and 15 (BR, SiOW, HOT)
contrast the model fits when Eqn. 4 is ‘best, and Figures 16 and

17 (W, MED, HOT) illustrate the situation when neither model is

adequate.

Thus, based on the 23%Py cumulative fraction leached it 1s not clear

that a dominant leaching mecharism follows either model.

For several other elements, specifically, boron, silicon, calcium, sodium
and molybdenun. the same models were fit to the observed data, In general
the fit of the data was not as good as it was for 237Np and 239y,

However. when the models did fit the model linear in time {i.e. Eqn. &)
seemed to be better. The exception ta this was sodium in the bicarbonate
solution when the square-root model did better. The cases for which neither
model fit very well were characterized by data which appeared to be increasing
with the square of t. (See Figures 11 and 17 for typical plots of the observed

data). Thus, it appears that a medel of the form
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y = fo+ppt+ ﬁztz +E (6)

would likely fit the data reasonably well. This suggests that eTement amounts
are accumylating at a rate increasing (Pp >0) or decreasing (fp<0) over time
Eguatian § was not Tit to any of the data.

In general, an analysis of the cumuiative fraction Yeached data seems to
suggest that the dominant leachirg mechanism is matrix dissoiution. However,
some data, particular 23%eu, do not conform to this. These results are
based on a qualitative review of the data. Additional data {e.g. at more
intervening times) would be needed to further develop models which describe

the leaching mechanism.

2. Statistical Amalysis of Concentration

This portion of the data analysis is based on a constant concentration
model, i.e. a process in which the concentration of an element {e.g- 237Mp)
in solution remains constant over time. The data analyzed is the concentra-
tion (dnn/cm3 for Np, Pu or pg/cm3 for the other elements) of an 2lement in a
one day sample. See Section IV A for a discussion of the relationship be-

tween constant concentration and constant leach rate models.

A review of the concentration data clearly indicated the concentration
decreased during the first few days. Thus, the first 3 days were deleted
from this analysis and the concentration for the 8 sampled days starting at
day 6 was used in this amalysis. Also, since concentration is measured in
dpm or ug, it is necessary to recognize that the experimental varjation in
the data will be a function of the magnitude of the observations. Speci-
fically, it is assuned that the experimemn) standard deviation is propor-
tional to the mean. See Table 8 for a 1isting of the percent variation for
the replicate channels.
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Table 8.

EXPERIMENTAL CONDITION

for 237Kp in Leachates

Estimated Concentration and Variation

Proportionality

Flow Estimated Standard Constant, k

Solution Rate  Temp Concentration Deviatian {percent)
BR MED coLp 1.580 0,254 16.08
H0T 44.125 4.659 10.56
FAST coLD 0.433 .164 37.88
HOT 16.812 3.884 23.10
SLOW  COLD 5.116 0.765 14.95
HOT 66.912 14.061 21.01
Bl MED COLD 3.800 0.530 13.95
HOT 128. 250 15.691 1z.23
FAST COLD 0.799 0.355 44.43
HOT 32.462 6.304 19.42
SLOW COLD 15.403 5.800 37.66
HOT 230.180 140.786 60.90
D MED ¢oLp 1.513 1.175 77.66
HOT 37.300 23.175 62.13
FAST CcOLD 0.250 0.070 28.00
HOT 9.468 2,482 26.21
SLOW  COLD 3.845 1.547 40.23
HOT 75.900 50.783 66.51
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The initial step in this analysis is to test the adeguacy of the con-
stant concentration assumption. To make this test, the concentration, c(t},

was Tit to the model
c{t) = B+E (7)

where 8 denotes the constant concentration, E represents the experimental
variation such that the expected value £(r)y=0. and the standard deiation

o(E)=k8. whe~ % denotes the proportionaiity constant. Note that in this

case k is also the coefficient of variation.

The constant concentration model in Egn. {7) was not adequate for the
23%y date. A typical slot of the fit to the 23%y data is given in Figure
18. Eliminating 3 additional days and only fitting the Tast 5 samples

did not improve the fit.

The constant comcentration model fit the 237Np data reasonably well.
The estimated concentration, experimental standard deviation and propor-
tionality constant, or coefficient of variation k., are summarized in Table
8. A typical plot of the 237Np data with the constant concentration model
is given in Figure 19. Figure 20 is a plot of the standard deviation versus
the mean for the concentration data using brine as the leachant. Jt suggests

a constant proportion experimental variation, as assumed.

A statistical test was used to test the constant concentration model
for the 237Np data. The test is based on comparing the estimated coefficient
of variation, k, derived from the replicated channels with that estimated

from the fit of the constant model in Egn. (7). The k2 values for the
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replicated channels are based on an average of k2 over the last 8 samples

{see Table 8}, Table 9 summarizes these estimates.

Table 9. Squares of the Coefficient of Variation for
25°C, Medium Flow Rate Channels

Soiution  Replicates, k%  Equation {7), k% Ratio, k2/k%
BR 0.0283 0.0420 1.48
BI 0.0231 0.0197 0.85
™ D. 2266 0.5485 2.42

The statistical test is based on the ratio, sz/sz, heing an F-statistic
with parameters or degrees of freedom vy=24, vp=16. There is no reason to
reject the constant model for BR and BI; however, the constant model for DW
would be rejected at a 5% level of significance (but not at a 2.5% level).
A review of the D data fndicates a significant amount of variatien in channel
21 which could be the primary reason for the larger value of sz relative

to sz in this case.

Accepting the constant concentration model, Eqn. {7), the second phase
of the data analysis was to assess if the experimental variables (solution,
temperature and flow rate), have an effect on the Tevel of 237Np concen-
tration in solution. The standard statistical procedure for making this
assessment is to compare the concentration level for the different combina-
tions of solution, temperature and flcw rate. Since the experimental varia-
tion is proportional to the concentration level, the appropriate statistic
for comparison is based on the ratio of the concentration levels at the
various experimental conditions. Mathematically, the statistic actually

used was the natural logarithm of the ratio {(Under the assumed proportional
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standard deviation, the legarithm has a constant stamdard deviation equal

to k).

A review of the plots of the standard deviation versus the mean (e.g.
Figure 20) indicated it was reasonable to assume that the ceoefficient of
variation was different for the 2 solutions, but that we could assume it was
constant over the other experimental conditions. The proportionality con-

stants used in making the comparisons are given in Table 10.

Table 10 (oefficients of Variation, k,

for 237Np in Different Leachates

Solution Kk
Br 0.18
Bi 0.54
DW 0.68

To illustrate the analysis used for assessing the effect of the experimental
variabtes, consider the comparison of the cancentration of Z37Mp in the
leachate at 259C versus the concentration at 759C. The data is summarized
in Table 11. Notationally Cy (Cp) denctes the concentration at 75%C (25°C).

The test statistic wused to compare concentration at 259C and 75°C is
T = alala) {9)

where a=1n (C1/C2) and ol{a) denoles the e<timated standard deviation of

&, Under the assumed model and the hypothesis of no difference in concen-

tration at 250C and 76°C, the distribution of T is approximately a standard

normal distribution. Thus, if the value of T is greater than 1.96 (at a 5%

significance level) or 2.32 (at a 1% significance level), it is appropriate
1
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to conclude that the concentrations are different at the two temperatures. A
review of the data in Table 11 indicates that T is large for all combinations
of sglution and flow rate. Thus, we are able to conclude: 'Temperature has
a significant effect on the concentration level‘'. More specifically, ‘Con-

centration is significantly higher at 750C than it is at 259C'.

Table 11. Temperature Effects on 237Np Concentration in Leachates

Flow Standard
Solution Rate a=tn (C3/C2) Deviation of &,5{a) 7

BR 5 3.33 0.0900 37.0
3.28 0.0735(1) 44.6
F 3.66 0.0900 40.7
BI 5 2.70 0.2700 10.0
M 3.52 0.2205(1) 16.0
F 3.70 0.2700 13.7
OW s 2.98 0. 3400 8.8
M 3.20 0.2776(1) 1.5
F 3.62 0.3400 10.6

)] gecause of the replication. the average concentration at
43cm?/day flow rate, 259C is based on 24 observations rather than
8 sqmp]es as for the other conditions, thus reducing the standard
deviation of the mean.

Given that temperature has a significant effect, it could be asked if the
temperature effect changes for different solutions [(i.e. in statistical
terminology, is there a temperature by solution interaction?). Again, a
review of the a's in Table 11 suggests that the difference in concentration

at 250C and 759C, at the same flow rate, is the same for all three solutions.

A statistical test, similar to that described above, in fact 1eads to thit con-

-58-



clusion: 'The effect of temperature on the concentration of 237Np in solution
is the same for all 3 solutions, i.e. there is no temperature by salution in-

teraction.’

Additional hypotheses, e.g. the concentration Tevel varies with flow
rate. were also considered and tested using statistics Tike that in Eqn. (9).
Based on these iests, the following conclusions are suggestec: For the con-

centration of 237Np in solutien,

o There is a significant temperature effect; concentration at 759C
is greater than at 259C.

o The temperature effect is the same for all 2 sglutions.

o The temperature effect increases with flow rate; thus, the ratio
of the concentrations at 75°C and 250C is greater at the fast flow
rate {300 cm3/day) than it is at the slow flaw rate (10 cm3/day)

o There is a significant flow rate effect; specifically the concen-
tration Tevel is greatest at the slow flow rate and decreases as
flow rate is increased.

o The flow rate effect can be considered the same for the 3 solutions.

o The effect of flow rate changes with temperature for BR and BI but
not DW, there is a fiow rate by temperature interac®ion for BR and
g1, (The reason we did not observe a difference in the effect of
flow rate at 250C and 75°C for DW is 1likely due to the larger
experimental variation for DH.)

o The concentration in Bl is significantly different (greater} than it
is in the other solutions; concentrations in BR and DM differ signif-
icantly at the fast flow rate.

o The. concentration differences between solutians are the same at both

temperatures.
-59.



o The Bl versus DW difference is the same far all flow rates; the BR

versus Bl difference is different at the slow and fast rates.

Some of these conclusions are clearly seen by reviewing a plot of the natyral
togarithm of concentration versus flow rate, for different combinations of

solution and temperature, as given in Figure 27.

The conclusions given above are based on an analysis of the experimental
data. These conclusions must be treated as suggestive since they are based
on some assumptions (e.g. a constant concentration model for all salutions,
proportional standard deviations) winich seem reasonabie but which are subject
tp review. Physical interpretations of some of these results are included

in the discussion section.
V. DISCUSSION

A. COMPARISON OF PNL AND LLNL LEACH TESTS

The PNL and the LLNL 25°C leach tests may be compared over time without
regard for the fact that the PNL leachant exchange rate varies aver the
course of the test. Table 12 summarizes data from Appendices 1 and 8. com-
paring the cumulative fraction leached values for comparable times in the
PNL and LINL .rocedures. At day 3 the PNL CFL values are generally similar
to the LLNL medium flow results for both Hp and Pu. The same is true at
days 60-68 and 420-427 for the Py in both bicarbonate and dis 111ed waters,
but the brine Pu results from the PNL test are siightly Yower than the Towest
LLNL results. In the case of HNp, the day 60-68 comparison chaws PNL data

comparable to the LLNL slow flow channels. At day 420-427 the two tests
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Table 12:

Solution Test

Brine

Bicarb

Bist.

Ha0

Brine

Bicarb

Dist.
H20

PNL
LLNL

PNL
LLNL

PNL
LLNL

PNL
LiNL

PNL
LLNL

PNL
LLML

Rate

Slow
Med
Fast

Slow
Med
Fast

Slow
Med
Fast

Slow

Fast

STon
Fast

STow
Med
Fast

Comparison of PNL and LLNL Cumulative
Fraction Leached Results

Element

Np

Np

Np

Pu

Pu

Pu

JDAY:
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Both
3

PNL

s0__

2.7E-4

4.9E-4

2.1E-4

2.86-5

1.5£-4

6.3E-5
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LLNL

LLNL

JA20

PNL
427

6.0E-4

3.26-3

5.5E-4

4,5E-5

5.8E-4

1.5E-4



agree for Np in bicarbonate but the PNL final CFL is somewhat Tower than the

LLNL slow channel results for the other two solutions.

An alternative comparison is to consider the equivalent leachant ex-
change rates of the tws exper-ments, as discussed in the Introduction and
tabulated in Table 1. Figure 22 presents such a comparison for the Np In-
cremental Leach Rate data from Appendices 1 and 8. The LLNL data points are
obtained by averaging the R values for days 4-420 for the appropriate chan-
nels. The PNL data points for the 0.5 and 1.3 cm3/bead/day values were ob-
tained by averaging the R values measured after monthly and weekly solution
changes, respectively, the 15 cm3/bead/day vaTue represents the average R
for days 2-4 {day 1 was omitted because of the rapid initial change ir leach
rate observed in both procedures). For the slow and medium exchange rates
the two tests agree reasonably well for bicarbonate and distilled water;
the LLNL brine rates are appreciably higher than PNL values. The comparison
at higher exchange rates is cbscured by the fact that PNL data at this rate
come only from the first 4 days of the expriment and by an unexplained

drop in the LLNL distilled water leach rate.

In general, both comparative approaches indicate that the LLNL SPCF
test at slow or medium flow rates produces results equivalent to those ob-

tained from the PNL test.

B. COMPARISON OF ELEMENTAL LEACHING BEHAVINR

1. Comparisons Based on Total Fraction Leached

Selection of a single numerical value for comparison of elemental be-
havior is complicated bv the facts that Pu clearly does not adhere to a
constant leach-rate model and that the ICP data sets are noisy and near de-
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tectign limits in many cases. Although its shortcomings have been commented
on above, the total fraction leached (C.F.L. on day 420} is a canvenient
summary index for comparisons; the comments which follow are based on compar-
ison of those values and their ratios. Stable element evaluations are based
primarily on ICP data. except where the XRF results provide valid comparisons
not otherwise available {e.g.. U). See, however, the discussion of the

relative merits of the XRF and ICP data in section III B3.

a. Experimental Tests

Channel 28, installed as a test of flow direction and fiTter effects,
produced results in good agreement with the control channels (10, 11
and 13} for all elements except Mo, which appeared in slightly higher con-
centrations in Ch 28.

For the stable elements, the blank {undoped beads) channels agreed well
with the comparabie replicate channels for all elements except Zn (in both
bicarbonate and distilled water) and Mo and B (distilled water only). In

each of the exceptions the element was leached more strongly from the blank.

We conclude that the details of filter and solution flow characteristics
do not significantly affect the experimental results. and that the presence
or absence of the transuranic nuclides in the gqlass does not influence the

1eaching behayior of the other elements.

b. Temperature Effects

1f we consider the ratios of total fraction leached at 75° to that at 25°
for the same solutions and flgw rates, we find that Np, 8, and 51 have ratios
greater than 5 and usually greater than 10; although the data are scanty, the

few resutts available {Appendix 9) suggest that U also belongs in this group.
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Ti. In, Ca, Fe (bicarbonate) and Na (distilled water) 211 have ratios less
than 5 fe (distilled water) is borderline. Mo is uncertain. and the rest
cannot be determined except for Pu, which shows ratios generally lTess than

unity.

c. Solution Effects

Np, Pu, B, Si. U and Ca are Teached more rapidly by the bicarbonate
solution than by distilled water under comparable conditions. Mo and Sr may
be Teached slightly faster by the bicarbonate, and for Fe, Ni, Ti and Zn there

daes not appear to be any c¢lear or major differences between the solutions.

d. Flow Rate Effects

If we consider the ratio of total fraction teached at fast flow to that
at slow flow for the same temperature and solution, we find that Mp, B,
Si and probably U (see comments under b. above) have ratios less than 5,
while Fe (bicarbonate). Ti, Zn. Ca. and Na (distilled water} have ratios
greater than 5. Fe (distillaed water] and Mo do not fit either pattern

ciearly, and Pu has low ratios at 25C and high ratios at 750.

2. Leach Rate Comparisons

In the bicarbonate solution at 759, Np, B and Si have incremental leach
rates in the range of 1~30 x 10-5 grams glass/cm2-day. The 259 values are
less certain because of detection Yimit prablems, but appear to be smaller
by factors aof 10-50. Mo and Ca leach rates are higher than the 1-30x10-5
range at both temperatures, Ti is Tawer at both temperatures, and Fe and Zn
have higher leach rates at 259 and lower at 759. Pu uas apparent leach

rates generally about two orders of magnitude less than Np.
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In distilled water. the Np, B and S3 leach rates are less than (typ-
jcally about one third) the rates in bicarbgnate. Since Ti. Mo. fe. ZIn,
Ca and Na leach rate values do not show a similar selution dependence, their
distillied water leach rates are comparable to ar higher than the comparabie

Np., B and Si rates at both temperatures.

Figure 23 presents a summary lag-Tog plet of the range covered by all
the Teach rate data as a function of time {the Pu rasults are not included

in this plot).

C. LEACHING MECHANISMS

Fram the foregoing discussion it may be seen that the elements fall rather
naturally into three groups. Pu is 1n a class of its own as far as aprarent
leaching behavior is concerned Mp. B, Si and possibly U share a set of common
solution. temperature and flow rate responses; and the other elements for
which adequate comparative data exist (Fe, Mp, Ti, Zn, Ca and Na) are generally
similar to each other in terms of their leaching behavior and distinctly

different frem the other classes.

Si and B are glass matrix elements; they and the elements with simi-
lar leaching characteristics (Np, probably U} probably are controlied by
congruent dissolution of the borosilicate glass matrix. Since natural
silicates dissolve considerably more quickly in alkaline than in acid medialt
the differences between bicarbonate and the other salutions are consistent

with the observed pH characteristics.

Most of the observed elemental behaviors may be explained by the fol-

Towing sequence of events:
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1. The initially high and decreasing Teach rates observed during the
first few days may be interpreted as the result of an initial corrosive
attack on the glass surface during which a hydrous layer of predominately
matrix element oxides is formed. This reaction has a half-life of about

one day at 250 and considerably less at 750.

2. Thereafter the constant Teach rates suggest that the glass behaves as
a Type TV surface.l® with reactiens controlled primarily by the thickness

and solution rate of the porous and slightly soluble hydrous layer.

3. Ip the bicarbonate (basic) solution BET specific surface area (Tzble
4) does not increase significantly with leaching and Teach rates of the
matrix elements are comparable to those of the other elements. This suggests
that congruent dissolution is the dominant mechanism. In the more acidic
solutions the matrix is less soluble and leaching produces higher BET specific
surface areas; some cation leach rates are greater than matrix element leach
rates. Selective cation leaching may be occurring in these sclutions, but
the relative constancy of the observed leach rates indicates that matrix

dissolution remains the rate-controlling step.

4. It is dgenerally recognized that Pu has a strong tendency to be
sorbed on surfaces, this behavior is a complex function of the Pu oxi-
dation states.l® trace concentrations of organic complexing agents1?, and
the available surfaces. In view of this and the system sorption results
reported above, we suggest that the observed Pu behavior is controlled by
sorption and/or precipitation (probably 1largely an the hydrous surface

layers on the beads} rather than by its actuval leaching characteristics.
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Although this .onceptual model explains gualitatively most of the ob-
served behavior. the strong flow rate dependence and in particular the lack
of temperature dependence of some of the stable element apparent leach rates
is puzzling and seems to merit further investigation. The mobility, speci-
ation, and sorption characteristics of Pu in the leaching process would also

pe of interast as a subject for future research.
V1 CONCLUSIONS

Based on the foregoing results, the following are considered the
primary results of this study:

1. The LLNL (dynamic) and PNL {static) leach test methods yield com-
parable results. The minor differences observed cannot be ascribed to any
fundamental inadequacy in either test.

2. After the first few days of leaching, most elements appear to be
leached at a nearly constant rate. Matrix dissolution is suggested as the
most probable rate-controlling step.

3. For Np and the glass matrix elements {Si, B) leach rates are of the
magnitude of 10~ g g1a55/cm2 day. The observed rates:

a. inerease with increasing temperature,

b. increase with increasing flow rate, and

c. are higher in bicarbonate solution than in brine or distilled
water {which yield similar rates).

4, Pu has a much lower apparent Teach rate than the other elements;
this is probably due to sorption or precipitation after leaching rather than

to actual differences in leaching.
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APPENDIX 1

PNL Static Leach Test Results

Results of Pacific Northwest laboratory modified IAEA leach test. See
text for discussion, and ref. 1 for a wmore datailed report. The data
shown were taken directly from laboratory data sheets supplied by P.N.L.
{D. Bradley, personal communication).
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RWB-82-2A-24

SAMPLE D, P-1-1 WASTE FORM_PNL 76-68 GLASS___ SOLUTION BRINE
7 dpm 2
INITIAL CONCERTRATION Pu 5.6 x 10 _gm SURFACE AREA 27.82 cm TEMPERATURE 250¢

6 dpm
Np 6.4 x 10 gm

SERIES 1 2 3 4 5 r 6 7 8 9 10
LEACH TIME  (Days) _ 1 2 3 4 1 18 25 32 39 46
BEGIN 8-15-77| 8-16-77{ 8-17-77} 8-18-77} 8-19-77| 8-26-77| 9-1-77 | 9-9-77 : 9-16-77| 9-23-77
SAMPLE  DATES
END 8-16-771 8-17-77| 8-18-77| 8-19-77|-8-26-77| 9-1-77 | 9-9-77 | 9-16-77| 9-23-77{ 9-30-77
SOLUTION pH 7.0 7.1 7/ 7.2 7.1 6.9 7.1 6.8 6.3 6.6
SOLUTION COND. umho/cm >140,000
SOLUTION 51 CONC. ppm NA NA NA NA NA 1.6 1.6 1.6 .054 -054
LEACHATE pH 5.5 X 5.5 5.7 7.0 .0 7.0 7.0 5.3
LEACHATE CCND. umho/cm
LEACHATE S _CONC. ppm 1.3 1.3 1.4 1.4 1.39 1.38 1.69 1.75 .19
pm/mi 13.3 3.0 47 7.86 1.56 2 1.76 1.0 .47 1.9 !
Pu LEACH RATE g/cml-day 2.6 E-6! 5.8 E-7{ 9.1 E-8{ 3.6 €-7{ 4.6 £-8| 2.1 E-8| 3.2 E-8| 2.8 E-8} 4.0 E-8/ 5.3 E-8
ZFRACTIONS LEACHED 9.8 E-6] 1.2 €-5| 1.2 €-5| 1.4 £-5] 1.5 E-5| 1.6 £-5| 1.6 E-5| 1.7 €-5| 1.8 €-5] 2.0 E-b
dpm/mi 6.0 .4 .9 1.96 2.2 37 2.73 1.16 2.6 4.05
Np LEACH RATE g/eml-day 1.0 €-5} 4.0 E-6} 1.5 E-6} 3.3 £.6) 5.3 £-~7) 3.3 E-7| 6.6 E-7| 2.8 E-7] B.3 E-7l 9.7 E-7
ZFRACTIQONS LEACHED 3.9 E-5) 5.4 E-5| 6.0 E-5] 7.3 E-5] 8.7 E-5| 9.6 E—Slgl:l E-4} 1.2 E-4] 1.4 E-4] 1.6 E-4

-G



SAMPLE 1D P-1-1 WASTE FORM PNL 756-68 GLASS SOLUTION BRINE

7 dpn 2 o
INITIAL CONCENTRATION Pu 5,6 x 10 gm SURFACE AREA  27.82 cm TEMPERATURE 25 C

dpm
Np 6.4 x 108 _;Lm

SERIES 1 12 13 14 15 18 17 18 19 20
LEACH TIME 53 60 91 121 151 182 212 242 214 303
BEGIN 9-30-77010-7-77 [10-14-77111-14-77}12-14-77} 1-13-78] 2-13-78} 2-15-78] 4-14-78] 5-15.78
SAMPLE  DATES
END 10-7-77 [10-14-77[11-14-77]12-14-77| 1-13-78| 2-13-78] 3-15-78| 4-14-78| 5-15-78| 6-14-78
SOLUTION R 62 6.8 6.7 5.2 6.1 5.4 | 6.4 6.1 6.2 .
SOLUTION COND. pmho/cm 1140,000
SOLUTION Si CONC. pom .054 ) 207 ) 2.7
LEACHATE pH 6.0 6.4 6.6 5.6 6.6
LEACHATE COND. umho/cm
LEACHATE S9 CONC. ppm .13 21 ] .27 2,35 2.35
dpm/ml ; 1.3 6.6 3.9 1% 3.0 7.8 1.0
239p,, |LEACH RATE g/omé-day 1.2 £-7| 1.8 €-7| 2.5 £-8| 2.3 £-8| 2.2 E-8 1% E-8 6.2 E-9
SFRACTIONS LEACHED 2.3 6-5| 2,8 E-5| 3.1 £-5] 3.3 £-5{ 3.6 E-5/ 3.8 £-5] 4.0 F-4| 4.2 £-5[ 4.2 E-5] 4.3 E-§
Fdpm/m! 9.4 8.8 6.1 1.2 7.3
239“‘p LEACH RATE g/cm?-day 2.3 E-7| 4.8 E-7 3.4 E-7 1.8 £-7 1.2 -7
SFRACTIONS LEACHED | 2.1 €-4] 2.7 F-4] 3.3 E-4] 3.7 £-4| 4.1 E-4] 4.4 €-4| 4.6 €~4| 4.7 £-4] 4.9 F-9| 5.2 £-4
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SAMPLE 1D P-1-1

WASTE FORM_ PNL 76-68 GLASS SOLUTTON BRINE
7 dpm 2
INITIAL CONCENTRATION _Pu 5.6 x 10 ~Zm SURFACE AREA 27.82 cm TEMPERATURE 250¢
6 dpn
Np 6.4 x 107 gm
SERIES 21 22 23 24 25 26 27 28 29 30
LEACH TIME 333 364 395 427 459 487 517 546 576 607
BEGIN 6-14-78} 7-14-78) 8-14-78] 9-14-78]10-16-78/11-16-78(12-15-78] 1-16-79| 2-14-79] 3-16-79
SAMPLF  DATES
END 7-14-78{ 8-14-78| 9-14-78|10-16-78{11-16-78{12-15-78| 1.16-79] 2-12-79{ 3-16-79{ 4-16-79

SOLOTTCN 6.6 6.7 6.7 5.5 6.6 5.9 5.9 5.9 6.9 N
SOLUTION COND. ,.mho/cm 140,000
SOLUTION Si CONC. ppm 1.88 1.88 2.15 | 2.15 1.64 | 1.64 1.70 | 1.70 1.79
LEACHATE .7 6.5 5.5 5.5 5.3 5.3
LEACHATE COND. nmho/cm
LEACHATE Si GONC. ppm 2.38 2.44 2.27 1.72 2.26

dpm/m1 <.8 <.9
239y, |LEACH RATE g/cm®-day <5.1 E-9 5.6

ZFRACTIONS LEACHED 4.4 E-5| 4.4 E-5| 4.5 £-5| 4.5 €-5| 4.6

N dpm/mi 4.6 <1.4
23, JLEACH RATE g/cm®-day 2.6 E-7 <J.6E
! J ZFRACTIONS LEACHED 5.4 £-4| 5.7 £-4 5.9 £-4] 6.0 E-4] 6.1 E . i
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SAMFLE 1D P-1-4 WASTE FORM PNL 76-68 GLASS SOLUTION NaHC03

7 dpm 2
INITIAL CONCENTRATION _ Pu 5.6 x 10" “gm SURFACE AREA 27.82 cm TEMPERATURE 250C

6 dpm
Np 6.4 x 10 gm

SERIES 1 2 3 4 5 [ 1 8 9 10
LEACH TIME 1 2 3 4 11 18 25 32 39 46
BEGIN 8-15-771 8.16-77| 8-17-77] 8-18-77| 8-19-77| 8-26-77| 9-1-77 | 9-9-77 | 9-16-77| 9-23-77
SAMPLE DATES
END 8-16-77| 8-17-771 8-18-771 8-19-77{ 8-26-77{ 9-1-77_ | 9-9-77 | 9-16-77} 9-23-77} 9-30-77
SOLUTION pH 8.4 8,2 8.4 8.5 8.4 8.5 8.4 8.5 8.3 8.2
SOLUTION COND. umho/cm 2600 2600 2510 2620 2530 2450 2420 2470 2380 2200
SOLUTION Si CONC. npm .035 .035 .035 .033
LEACAATE pH 8.2 8.7 8.7 8.9 9.3 9.3 9.2 9.3 9.5
LEACHATE COND. 1.tho/cm
LEACHATE Si COMC. ppm .15 W14 1 12 .34 .37 .29 .35 .23
dpm/ml 723.7 9,9 5.6 8.8 23.3 19.2 12.1 21.6 20.6 19.5
Pu LEACK RATE g/cmz—da_y 4.6 E-6{ 1.9 £-6| 1.1 £-6| 1.7 E-6| 6.4 E-7| 5.3 E-?| 3.3 E-7 5.9 E-7| 5.7 E-7| 5.4 E-7
ZFRACTIONS LEACHED 1.7 -5} 2,5 E-5} 2.9 E-5] 3.5 E-5| 5.3 E-5| 6.7 E-5| 7.6 E=5{ 9.1 E-§| 1.1 E-4]| 1.2 E-4
dpm/ml 5.7 2.0 2.2 2.2 8.9 3.1 7.7 6.2 6.8 7.5
Np LEACH RATE g/cmz-day 9.6 E-6| 3,4 E-6] 3.7 E-6| 3.7 E-6| 2,1 E-6| 7.5 E-7{ 1.9 E-6] 1.5 E-6] 1.6 €-6{ 1.8 E-6
S FRACTIONS LEACHED 3.7 E-5! 5,0 £-5] 6.4 E-5| 7.8 E-5| 1.4 E-4| 1.6 E-4| 2.0 E-4] 2.4 £-4]| 2.9 E-4] 3.4 E-4
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SAMPLE 1D p-1-4 WASTE FORM _PNL 76-68 GLASS SOLUTION NaHCD3

7 dpm 2
INITIAL CONCENTRATICN _ Pu 5.6 x 10 _gm SUPFACE AREA _27.82 cm TEMPERATURE 250¢

6 dpm
Np 6.4 x 10 gm

SERJES 1 12 13 14 L 15 16 7 r 18 19 )]
LEACH TIME 83 60 91 121 151 182 212 242 274 302
BEGIN 9-30-77]10.7-77 |10-14-77]11-14-77]12-14-77| 1-13-78] 2-13-78| 3-15-78| 4-14-78| 5-15-78
SAMPLE  LATES
END 10-7-77 [10-14-77{11-14-77[12-14-77} 1-13-78] 2-13-78| 3-15-78] 4-14-78, 5-15-78] 6-14-78
SOLUTTON pH 8.1 8,4 8.4 8.6 8.4 .5 8.5 3.5 8.4 8.3
SOLUTION COND. umho/cm 2050 2280 2330 2300 2300 2250 2250 2200 2150 2200
SOLUTION Si CONC. ppm .036 .036 . 036 .036 .06
LEACHATE pH 9.4 9.5 9.6 9.2 9.2
LEACHATE CUND(-) umho/cm
LEACHATE Si CONC. ppm .36 1.04 .70 .36 1.06
dpm/ml Z1.9 28,2 40.6 37,6 34,6 2.6 52.6
Pu LEACH RATE g/cm?-day 6.0 E-7| 6.7 £-7| 2.6 £-7} 2.4 E-7| 2.2 E~7 3.4 E-7 3.2 E-7
ZFRACTIONS LEACHED 1.4 £-4] 1,5 £-4] 1.8 E-4| 2.1 E-4 2.4 E-4| 2.7 E-4] 3.1 E-4| 3.5 E-4] 3.9 E-4]| 4.2 E-¢
dpm/m] 13.4 27.0 17.6 26,9 21.4
Np LEACH RATE g/cm?-day 3,2 £-81 1.5 E-6 9.9 E-7 1.5 £-6 1.1 E-6
2 FRACTIONS LEACHED 4.1 €E-4] 4.9 E-4] 6.6 E-4f 8,1 E-4| 9.2 €~4[ 1.1 €E-3| 1.2 €-3( 1.4 €-3| 1.5 €-3] 1.7 E-3
U
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SAMPLE 1D p-1-4 WASTE FORM _PNL 76-68 GLASS SOLUTION NaHCO3
7 dpn 2
INITIAL CONCENTRATION _ Pu 5.6 x 10 "gm SURFACE AREA _27.82 cm TEMPERATURE 259¢
6 dpm
Np 6.4 x 10 gm
SERIES 21 22 23 24 25 26 27 28 29 30
LEACH TIME 333 364 395 427 459 487 517 546 576 607
BEGIN 6-14-78| 7-14-78| 8-14-78| 9-14-78}10-16-78111-16-78]12-15-78] 1-16-79] 2-14-79| 3-16-79
SAMPLE DATES
END 7-14-78| 8-14-78| 9-14-78/10-16-78|11-16-768(12-15-78} 1-16-79| 2-14-79| 3-16-79| 4-16-79
SOIOTION i 5.6 8.5 N 8.7 | 8.6 8.9 8.4 B.6 8.6 8.8
SOLUTION COND. umho/cm 2320 2950 2840 2300 | 2700 2600 2600 3000
SOLUTION Si CONC. ppm .06 .03 .03 .036 | 036 .031 .031 | 0.064 .064 .036
CEACHATE pH 9.2 9.1 9.2 3.9 9.2
LEACHATE COND. umho/cm
LEACHATE Si GONC. ppm 1.22 1.44 .12 1.27 .16
dpm/m! 75.8 63,1
Py LEACH RATE g/cm2-day 2.9 £-7 3.8 £-7
ZFRACTIONS LEACHED 4.6 £-4| 4.9 £-4] 5.3 E-4]| 5.8 E-4] 6.2 E-4
dpm/ml 33.2 98.9
Np LEACH RATE g/cm?-day 1.9 E-6 5.2 E-6
TFRACTIONS LEACHED 1.9 -3} 2.2 £-3] 2.7 E-3] 3.2 E-3] 3,8 £-3
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SAMPLE 1D pP-1-5 WASTE FORM _PNL 76-68 GLASS  SOLUTION Deionized Water
7 dom 2
INITIAL CONCENTRATION Py 5.6 x 10 gnm SURFACE AREA 27.82 cm TEMPERATURE 250C
d
Np 6.4 x 10° Jé%
SERIES 1 2 3 4 5 6 7 8 9 10
LEACH TIME ] 2 3 4 11 18 25 32 39 46
BEGIN 8-15-77 8-16-77| 8-17-77 8-18-77| 8-19-77| 8-26-77| 9-1-77 | 9-9-77 | 9-16-77| 9-23-77
SAMPLE  DATES
END 8-16-77| 8-17-77| 8-18-77( 8-19-77| 8-26-77| 9-1-77 | 9-9.77 | 9-16-77] 9-23-77] 9-30-77

SOLUTION pA 6.3 6.1 6.1 6.1 6.1 6.0 6.4 a2 6.0 N
SOLUTION COND. wmho/cm 1.1 1.5 1.7 1.65 | 2.1 1.5 1.32 2.6 1.05 1.4
SOLUTION $i CONC. ppm NA NA NA NA NA <.01  tclor l<.00 i< .07
LEACHATE pH 5.3 5.5 6.3 7.4 | 6.1 6.0 Bl 4 6.7
LEACHATE COND. umho/cm 2.59 1.54 1.7 1.56 | 1.5 1.46 2,50 2,03 2.1
LEACHATE Si CONC. ppm .11 .07 .05 .02 .07 .059 .08 .052 072

dpni/mi 15 5.6 7.8 6.1 .5 3.7 6.2 7.2 53 Bul
Pu LEACH RATE g/cm2-day 2,9 E-6| 1.1 E<6] 446 E-7{ 1.2 £-6( 2,3 E-7[ 1.3 E~7| 4.5 €-7{ 1.2 €-7| 1.4 E-7] 1.6 E-7

SFRACTIONS LEACHED 1.1 E-5] 1.5 E-si 1.7 E-5| 2.2 E-5| 2.8 E~5| 3.2 E-5| 4.4 E£-5| 4.7 E-5! 5.1 E-5| 5.5 E~5

dpm/ml T.q 3.0 7.7 7.0 K| 7.4 K. 2.0 2.5 3.1
Np LEACH RATE g/cm2-day 7.8 E-6{ 5.1 E<6( 3.5 £~6| 3.7 E-6{ 7.5 E=7( 3.4 €-7] 8.0 E-7[ 4.8 E-7( 4.2 E-7[ 7.5 E-7

TFRACTIONS LEACHED 2.9 E-5 4.8 F-5! 6.2 E~5] 7.5 E=5] 9.5 E=5] 1.0 E-4| 1.3 E-4] 1.4 E-4] 1.6 £-4] 1.8 E-4
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SAMPLE 1D P-1-5 WASTE FORM PNL 76-68 GLASS SOLUTION Deionized Water
7 dpm . 2
INITSAL CONCENTRATION _ Pu 5.6 x 10 —gm SURFACE AREA _27.82 cm TEMPERATURE 250¢
6 d
Np 6.4 x 10 —%
SERZES 11 12 13 14 15 16 17 18 19 20
LEACH TIME 53 50 91 121 151 182 212 242 274 303
BEGIN 9-30-77]10-7-77 {10-14-77{11-14-77{12-14-77] 1-13-78| 2-13-78{ 3-15-78| 4-14.78| 6-15-78
SAMPLE DATES
END 10-7-77 110-14-77|11-14-77{12-14-77] 1-13-78| 2-13~78| 3-15-78) 4-14-78) 5-15-78| 6-14-78
“SOLUTION pH 5.8 6.1 71 6.5 | 6.8 6.0 5.8 6.8 6.5 6.0
SOLUTION COND. umho/cm 1.7 2.05 7.2 1.63 .95 .02 1.1 .08 2.6 1.95
SOLUTION S3 CONC. ppm .00§ .008 .006 .006 .009
“LEACHAYE pH 6.5 5.4 6.5 6.8 [
LEACH%TE c(imgé umho/em 1. 2 3.6 1.8 1.73 1.?2
LEACHATE Si_CONC. ppm . .29 .14 .15 .14
dpm/mi 5.4 7. 8.3 8 7.5 16.2 9.7
Py LEACH RATE g/cmZ-day 1.4 7] 1.3 E~7| 5.7 £-8| 5.2 E-8| 4.8 E-8 1.0 E-7 5.8 E-8
SFRACTIONS_LEACHED 5.9 E-5] 6.3 E-5] 6.9 E-5| 7.5 E-5| B.1 E-5| 9.0 E-5 1.0 E~4] 1.1 E-4] 1.2 E~4] 1.3 E-4
dpm/mi 2. 8.5 3.3 4.9 7.9
Np LEACH RATE g/cm-day | & E-7] 4.6 E-7 2.4 E-7 2.8 E-7 2.6 E-7
| SERACTLONS L EACHED 1.9 g4l 2,1 €-40 2.6 €-40 3.1 €-4) 3.3 €48 3.6 §-8) 3.9 £-4) 4.2 €-4) 4.6 €-4) 4.3 T8
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SAMPLE 1D P-1-5 WASTE FORM _PNL 76-68 GLASS SOLUTION Oeionized Water

74d 2
INITIAL CONCENTRATION _ Pu 5.6 x 10 'EE SURFAGE AREA _27.82 cm TEMPERATURE 259¢

6 4
Np 6.4 x 10 "%

SERIES 21 22 23 24 25 26 27 28 2 30
LEACH TIE 333 364 395 427 459 487 517 546 576 §07
BEGIN 6-14-781 7-14-78{ 8-14-78| 9-14-78|10-16-78{11-16-78{12-15-78| 1-16-79| 2-14-79| 3-16-79
SAMPLE  DATES
END 7-12-78] 8-14-78| 9-14-78(10-16-78{11-16-78|12-15-78| 1-16-79| 2-14-79{ 3-16-79| 4-16-79
SOLUTION pH 5.8 5.8 55 | 6.2 5.8 6.0 6.6 5.2 6.3 5.5
SOLUTION COND, umho/cm 1.43 1.33 2.1 1.7 2.6 1.9 1.5 1.5 2.5 1.05
SOLUTION Si CONC. ppm .009 .005 .005 .004 | 004 [¢c.01 _|<.00 011 JO1L_[<.0
“LEACHATE pH .8 6.7 6.7 Bl 6.8
LEACHATE COND. umho/cm 1.41 1.64 1.42 1.32 2.24
LEACHATE S1 CONC._ppm .19 .16 .14 .21 .27
dpm/ml 7.7 9.9
Pu LEACH RATE g/cm2-day 4.9 (-8 6.4 E-4
ZFRACTIONS LEACHED 1.3 E-4) 1.4 E-A} 1.0 E-4 1.6 E-8
dpm/m1 5.9 6.2
Np LEACH RATE gfcm2-day 3.3 g-7 3.4 £-7
ZFRACTIONS LEACHED 5,3 £-4] 5,7 E-4] 6.1 E-4] 6.5 E-4| 6.8 E-4
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APPENDIX 2

Bead Weights Before and After Leaching.

Same samples were withdrawn prior to final weighing, so the reported
final weight for many channels is based on a normalization of the fina}
weight of 6 beads rather than the true final weight for all 8 beads.
The mean initial weisht of the 8-bead sets is 2.846 g with a standard
deviation of 2.1%. Because of these uncertainties in the initial weights
of individual beads, weicht Tosses based on normalized final weights
should not be considered significant unless they exceed 2%. The greater
weight Yosses are significant aithough imprecise, and the final weights
in those channe’s where all eight beads were retained yield accurate
differences.



Bead Weights Before and After Leach

Temp Orig. Final Wt. %
Channel  Solution ° Flow (°c) Wt. {g) We. {g) {q) Loss
| Brine Med 25 2.7631 2.7778  +0.0145  -0.531€
2 Brine Med 25 2.8236 2.7464  -0.0772 2.73
3 Brine Med 25 2.8952 2.90122  +0.0060  -0.206¢
3 Brine Med 25 2.8064 2.8019  -0.0045 0.16
5 Brine Med 75 2.8567 2.73563  -0.1211 4.24
6 Brine Fast 25 2.9042 2.90158  .0.0027 0.39
7 Brine Fast 75 2.9102 2.77393  -0.1363 4.68
8 Brine Stow 25 2.8212 2.85522  +0.0340  -1.20€
9 Brine STow 75 2.7523 2.66074  -0.0916 3.33
10 Bicarb Med 25 2.7653 2.72473b  .0.0334 1.42
1 Bicarb Med 25 2.8316 2.98128b 40,1006  -3.87¢
12 Bicarb Hed 25 2.7765 2.7619  -0.0146 0.53
13 Bicarb Med 25 2.8523 2.87523b 10,0229  -0.80¢
14 Bicarb Med 75 2.9749 2.66738  -0.3076  10.34
15 Bicarb Fast 25 2.7843 2.81472  40.0308  -7.09¢
16 Bicarb Fast 75 2.9006 2.47853b _0,4221  14.55
17 Bicarb Stow 2% 2.7839 2.78913b  _p,034¢ 1.25
18 Bicarb Slow 75 2.9212 2.77992  -0.1413 4.84
19 Dist. Med 25 2.8809 2.8564  -0.0725 2.60
20 Dist. Med 25 2.8432 2.80523  -0.0380 1.34
21 Dist. Med 25 2.9083 2.91873  +0.0104  -0.36€
22 Dist. Med 25 2.7549 2.7170  -0.0289 1.05
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Temp Orig. Final Wt.
chanes!  Shtution Flow {9c) wt. (g) Wt. (qg) (g}
23 Dist. Med 75 2.8460 2.63412  -0,2119
24 Dist. Fast 25 2.9101 2.93652b 40,0264
25 Dist. Fast 75 2.8356 2.65498  -0.1807
26 Dist. STow 25 2.8547 2.89978  +0.0450
27 Dist. Slow 75 2.8812 2.77798  -0.1033
28 Bicarn. Med 25 .8336 247575 -0.0761
Notes: a. Calculated from final weight of & out of 8 beads.

b.
C.

Incomplete transfer; -.nall amount lost to filter.
Apparant Weight gain.

-8R~

Loss

7.44
-0.91¢
6.37
-1.58¢C
3.59
2.69



a)

b}

APPENDIX 3

Sample Volumes, Times and Flow Rates

Tabulation of sample velumes (cm3), collection times (days) and flow
rates (cm3/day) for the LLNL leach test.

Average flow rate and percent standard deviation for each channel, cal-
culated from flow rates measured on the sampling days.
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TABULATION OF SAMPLE VOLUMES, SAMPLE TIME AND FLOWRATES

CHANNEL /DAY | 2 3 § 11 20 37 68 120 230 420
VOLUME 14 13‘ 2500 49.,900 42.5300 132, 1-100 50.8900 45.7000 49.7800 43.5000 67. 8500 33,4800 47.3600
DELT TIME 14 ‘ . .pa2so 0.9620 3.01 1.1910 1.0410 . 0 0.9750 0.8810 1.0680 l.Ong
FLOWRATE 14 4-‘1.0577 46,1226 44.2100 43, 5003 42.7288 43.9001 44,4068 44.8154 77. 0148 51.9476 46.4314
VoL UME 15 275.5700 273. OSUD 266.4900 794.3400 292. 3200 279.2000 275.9000 207.5100 224.8500 255.5000 190.3%00
PELT TIME 1S5 . 9950 0.9390 0.9600 33,0270 .0510 . 0140 1.0190 1.0220 1.3650 1.0680 1.0200
FLOWRATE 15 276,948 278 0657 277.5937 262,.4102 278.13851 275.34%2 270.7556 200.0431 164.7258 239,2322 186,6275
VOLUME 16 275.6800 299.4000 220.4000 876.5200 339.3400 310.9400 353.020Q 319.6900 309.0000 267.5400 231,6000
GELY TIME 16 0.959%0 1.0280 9.9620 3.0100 1.1910 1.0410 1.1210 0.9750 .8810 1.0680 71,0200
FLOWRATE 16 289.2760 291.2451 291.4761 291.2027 284.9202 298.6936 314.9153 323.7846 350.7378 2%50.5056 226.4706
VOLUME 17 10.1700 10.0700 9.8500 91.3100 10,.8%00 9,6500 10.$300 10.0200 14.2800 10.5900 11.460Q
OELT TIME 17 1.005 . 9870 0.961N 3.0280 1.03810 1.0140 1.019q 1.Q220 1.3650 1.0680 1.0200
FLOWRATE 17 10.1194 10.2026 10.260{ 10.3402 10.3235 9.5168 10,8337 €.3043 10.461% 9.9157 11.2353
VELUME e 9. 9900 9.8100 ,0.0600 29.2800 11,0300 10.6500 H 6000 10.0700 12, 5700 11.2000 1 1 0000
DELT TIME 18 Q.8919 1.0280 Q. 9620 3.40100 1.1910 1.0410 10 a.9750 1.0680
FLOWRATE 18 10.0807 9.0564 10.4574 9,7276 §.2611 10,2308 10 3479 19.3282 1a. 3814 10,4889 '\0 BBZ‘I
VOLUME 18  44.4200 45.3600 44.0300 138. 5200 48,4800 47.4000 48,4900 $50.4000 &5.7200 54.5100 64,0600
DELT TIME 19 0.9760 0.9860 0.9600 3.03 1.0510 .0140 1.0190 1.0220 . a 1.0680 1.0200
FLOWRATE 18 45.5123 46.0041 45.8646 45.7\62 46.1275 46.7456 47,5859 49.2151 48.146% §51.0393 62.8039
VOLUME 20 41.0000 41,7500 40.5600 126.8400 42.2300 41.1000 45.3%00 38.5600 56.1700 S53.2900 33.3300
DELT TIME 20 0.9780 0.9870 0.9600 3, 0290 1.0510 1.0140 1.0180 1.0220 1.3650 1.0630 .
l.!) FlLaWhaTE 20 41.9228 42.2899 42.2500 41,8762 40.1808 40.5325 44.6044 097.72%9 1.1502 492.8970 $2,2849
v VOLUME 21 41.5000 42.%200 41.3700 129.0500 43.4800 44,7600 47.0800 4§, 9400 63,0500 58,8900 50 5700
DELY TIME 21 ¢.9680 Q.9880 0. 9500 3.0270 1.0510 1.0140 1.0190 1. 1.3650 1.0680 .0200
FLOWRATE 21 42.8719 43.036 43.0937 42.8330 41.3701 44,1420 46,1825 45. 9295 46.1905 55.1404 49 5784
VELUME 22 39,1200 40.8600 29.7900 124.7300 43.99800 40.6500 43,9600 45.2700 64.3800 S4,4500 48.9400
DELT TIME 22 0. 9600 0.9860 0. 9600 3. 0290 1.0510 . 0140 1.0190 .0220 1.3650 1.0680 1.0200
FLOWRATE 22 40,7300 41.44802 41.4479 41.1852 471.8554 40.0888 43.1403 44 2955 46.4322 50.9831 48.9608
VALUME 23 42.0900 2930.1300 40.6600 127.8000 48,9500 45.2900 49,9300 43 9 l DO 44.5100 56.6600 49,5600
OELY TiME 23 0.5320 1.0280 0.9620 3.0100 1.1910 1.0410 1.1210 0.8310 1.0680 1.02
FLOWRATE 23 42.8615 729.3288 42,2661 42.4585 41.0999 43.5062 44,5406 45 0359 50.522\ B3.0524 48.5882
24 272.5900 273.8200 267.3700 §48.3700 292.2000 286.0200 290.2800 298,9400 «423.970Q0 162.6000 289, 3400
LT T ME 24 0.9840 0.93880 0.9590 3.0280 1.0510 1.0140 1.0180 1.0220 1.3850 1.0680 1.0290
FLOWRAT E 24 277.0224 277.1457 279.00%84 279.5145 278.0208 262.0710 284.8875 292.5048 310.3007 152.2472 283.6667
VOLUME 2% 234.7700 294.320C 277.1700 860.5100 331.4600 30).1500 285 4700 273. 2000 225, 90N0 254. 0500 250.5700
DELT TIME 2% 0.9490 1.0280 0.9620 3.0100 1.1810 1.0419 1.121¢0 0.97%0 0.8310 1.0680 .
FLOWRATE 2% 247.9867 206.3035 283.118% 285.8837 278.3039 289.2881 254,.6568 280.2031 257.5482 237.8745 255.4500
ALUME 26 10.1500 10.3200 10.0400 31.8600 171.0400 10.5800 10,7800 IQ 7900 14.8400 12.5400 1 \ b400
DELT TIME 26 1.0050 0.9670 0.9600 3.0200 1.0510 1.0t40 1.0190 1.3650 1.0880
FLEWRATE 26 10.0995 10.45%9 10.4583 10.5218 10.5043 10,4333 10.5790 10 5577 10.8718 11.7416 H 4IIB
VELUME 27 13.7400 13.8500 8.2700 25.4900 3.13800 2.6000 2.4300 18.7900 18,4800 20.5800 10.5800
DELT TIME 27 0.9880 1.0280 0.9620 3.0100 1.1310 1.0410 1.1210 0.9750 0.8810 1.0680 1.0200
FLOWRATE 27 13.£059 13.4728 8.5967 3.45C4 2.6230 9.2219 2.1677 20.2974 20.9762 19.2790 10.372S
VOLUME 28 36.6200 A48.9100 45.9400 144.2500 54,7600 45.9300 57.6700 50. qSOO 50.5400 72.8100 46.%000
DELT TIME 26 0.B200 1.0280 0.9620 3.0100 71,1790 1.0410 1.1210 0. 0.3810 t.0680 1.0200
FLOWRATE RB  44.7439 47.5778 48,7942 47.98236 45,4461 44,1210 57,445) 52, 2857 57.3666 68.1742 45.5882
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APPENDIX 4

pH, Eh and Cenductivity Data.

Eb values were generally unstable, and should be considered approximate.
Brine conductivities were not measured. The leachant solutions were not
measured except for pH measurements when the supply tanks were replenished
on day 23. At this time the old brine solution had pH = 6.55, and the new
sglution pH 7.25. The ald bicarbonate salution had a pH of 8.69, the new,
8.52. The distilled water was not measured, but tap distilled water typi-
cally has a pH of 6-7.
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TABLE OF PH MEASUREMENTS
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TABLF OF CGM MEASUREMEMTS (MV)

CHANNEL /DAY 1 2 3 37 68 120 230
1 00 432.50 $31.00 353,00 4960.00 480,00 490,00
2 50 121,00  32%.00 432.00 479.00 473,00 487.00
3 00  443.00  239.00 402.00 459.00 478.00 473.00
4 440.50  304.00 457.00  468.00  487.00 7.00
5 00  441.00 315.00 415,40 469.00 475.00 462.G0
8 00  d441.00  333.00 418.00 394.00 444.00 469.060
7 00 439.00 289.00 425,50 412.00 457.00 454.00
8 00  4471.50 291.00 416,00 394.00 473.00 462.00
[} 00 850.00  259.00 4 390.00 477.00  460.00
[+] o. Q. 229.00 237,00 375.00 369.99 337.00
1 268,00 283,00 217.00 2 [ale] 313.00 275, 00 350.00
2 277.00 305.00 214.00 238,00 376.00 4D3.50 353.00
3 289.00 97 .00 Q. 2 345.00 435.00 349.00
4 275.00 goz.00 233.00 238,90 934.50 =267.00 356.00
5 299.00 358.00 246.%0 2 20. 441,00 367.00
6 303.00 332.00 246.00 259.50 314.00 439.00 354.0Q
7 214.50 245.00 221.50 £22.50 $31.00 391.0 339.00
8 208.50 245.00 287.00 £29.60 960.00 411.00 821.00
9 317.00 371.00 374.00 410.00 500.00 5485.00 494.00
0 314.00 423.00 370.00 4 497.00 502/  437.00
1 338.5C¢  350.00  068.00 422,50 456,00 S13.00 464.00
2 355.00 343.30  336.00 390.5 439.50 S11.00 459.00
3  362.50 3I22.50 330.00 361.25 423.00 428.00 439.00
4 430.00 $866.950 377.00 442,50 427.50 S539.00 441.00
5 510.00 393.00 355.00 396,00 416.00 421.00 287.00
6 350.00 340.00  350.50 415,50 590.00 444,00 397.00
7 400.00 343,00 332.0Q 433.00 420.00 471.00
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TABLE OF CONDUCTIVITY MEASUREMENTS (US)

6=

CHANNEL/CAY 1 2 2 & 20 37 &8 120 270 420
BRINE
1 0.00 0. 0. 0. 0. 0. 0. 0. 0. 0. o,
2 0. 0. 0. 0. 0. 0, 0. 0. 0. 0. 0.
] 0. Q. Q. o, 0. 0. 0. 0. 0. 0. 0.
4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
3 0. 0. 0. 0. 0. 0. 0. 0. 0. a. a.
S a. ' Q. Q. 0. 0. a. 0. 0. 0. a,
7 a. Q. 0. Q. '8 a. Q. 0. Q. Q. 0.
8 o. 0. 0. 0. 0. 0. 0. 0. 0. Q. 0.
9 c.11 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
BICARBONATE
10 0. 2560.00 2570.00 2630.00 2550.00 2520.00 241P.00 2480.00 2500.00 2350.00
11 2500.00 2580.00 2520.00 2510.00 2680.00 2590.0" 2500.00 2480.00 2500.00 2450.00 2350.00
12 2600.00 2586.00 2450.00 2520.00 2620.00 2580.00 2490.00 2500.00 2500.00 2420,00 2320.00
13 2600.00 2530.0 0 2520.00 2600.00 2570.C% 2500.00 2500.00 2£500.00 2400.00 2250.00
14 2620.00 2600.00 2%80.00 2580.00 2580. 558D.00 2500.00 255D.00 2580.00 2480.00 2315.00
1S 953).00 25a0.02 2500.00 2500.00 2520.00 2510.00 2450.00 2470.00 2500.00 2400.00 2220.00
16 2540.Q0 2550.00 3320.P0 2540.06 2520.00 2520.00 2479.00 2430.00 25]10.00 2350.00 2320.00
17 0.00 o. 00 : 2600.00 ' Q. . £av0.0n 24G3.00
18 0.10 0. 2630.00 Q. 0. o 0. . o 2400. 00
DIST, WATER
19 27.80 2.41 2.11 1.92 199. 00 1.71 5. 21 g.00 5.45 9.15 5.20
20 13.94 3.83 2.19 12,80 6.81 2.12 2.95 10.08 2.13 5.93 2.30
21 9.02 2.40 1.88 1.09 1.30 1.88 G.97 1.99 2.99 2.25 5.80
22 11.32 2.9% 2.72 2.99 3.01 3.92 2.62 3.98 10.58 14.80 8.42
23 49.90 10.38 8.70 B8.68 1.9 9.5t 7.30 1D.I§ 7.80 8.2% 5.15%
24 25, 40 1.07 1,10 .16 2.3 2.05 1.32 .99 1.80 2.70 1.62
25 7.70 2.28 2.0 2.21 2.00 2.27 1.49 .68 2.48 &.50 1.58
26 0.08 0.07 0. 3.62 0 0. B . 3.23 2.33 3.32
27  220.00 0.67 0. 20.00 0. Q. 16.00 25.20 12.20 1.80
BchRBDNATE
28 a. 0. 2530.00 2550.00 2620.00 2580.00 2400.00 258P.00 2440.00 2480.00 2400.00



APPENDIX 5

Leachate Np and Pu Concentrations (dpm/cm3)

Leachate Neptunium and Plutonium activities in disintegrations per minute
per cm3 of solution. The percent uncertainty (one standard deviat19n)
based on counting statistics only is immediately below each concentration
value. Note that the beads in channels 2, 12, and 22 were not doped with
Pu or Np, soc may serve as blank evaluations. No blank corrections to the
data have been made. A zero denotes no analysis.
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APPENDIX 6

XRF Concentration Data (pg/cm3)

Stable element concentrations in leachate, determined by X-ray floyres-
cence. Concentrations are reported as micrograms element per ¢ of
solution, The value in parenthesis is the percent standard deviation
of the analysis based on counting statistics alone. Note that these
analyses were performed on the composite samples callected hHetween the
normal sampling days. Reported values are > 5 X detection limit in all
cases. The results are not corrected for Teachant blanks; see Appendix
7 for estimates of blank vaTues.



Channel

14
(BI,HO,ME)

Ch 23
(D1 ,HO,ME)

Element

Sr

r

Mo

Cs

Ba

Ca

Sr

Mo

Cs

Ba

In

Concentrations {pg/em®) in Composite Samples,

by XRFA (+ % std. dev)

DAYS
7-10 12-19  21-36  38-67 69-115  231-419
0.077 0.086 0.082 0.07%6 0.078 £.u95
(1.0) (3.2)  (3.3) {(3.5) (3.4) 13.1)
0.027 0.069  0.079  0.051 0.055 0.056
(2.0) (4.5) (41}  (5.8) (5.2) (5.4)
0.32 0.34 £.34 0.33  0.33 0.44
(0.7) (1.6)  (1.6) (1.6} (1.6) (1.4)
0.82 0.87 0.89 0.82 0.84 1.00
{0.6) (1.2) (1.2) (1.2} (1.2) (1.1}
0.21 0.21 0.23 0.22 0,22 0.28
(0.9) (1.2) (1.4) (1.4) (1.8) 0.0
0.051 0.056  0.057  0.044 0.067 0.057
(2.2) (2.7) (3.1} (3.3) (2.9) (2.6)
0.25 0.13
(5.0) (6.0)
0.049 0.040
(0.7) (0.7)
0.19 0.20
(0.5) (0.5)
0.004 0.004
{5.8) (4.1)
0.13 0.14
(0.8) (0.6)
0.026 0.028
{1.9) (1.4)
0.012 0.012
{2.2) (1.9)
«9G.

R —
[EE P
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APPENDIX 7

ICP Concentration Data (pg/em3)

a. Leachate concentration (micrograms per cm3) of stable elements as
determined by ICP. These are net values, corrected for leachant
blanks.

b. Leachant concentrations {solution blank values).

IT the blemk-carrected concent.ation is less than the reported detectiogn
limit, the concentration is reported as "< (detecticn limit)". Note
that detection 1imits are empirically dotermined, so are not com-
pletely constant over time; hence differences between those vepcited
with the blank (leachant) analyses and those assiciated with the leachate
anal yses.

The reported detection limit is four times the standard deviation of an
average of ten blank runs. The blank used is distilled water which has
been passed through a Millipore lon Exchange system. A value ten times
the blank standard deviation (2.5 x the detection 1imit reportea here)
is often taken as the "least quantifiable limit"; this normally corre-
sponds to an analytical precision of about 10%. Because of extra acidi-
fication and dilution steps in the leachate sampie preparation process,
this limit is probably tac law for the samples reported on here. The
accuracy and precision of the XRF and radionuclide determinatizns must
be considered more retjable than the ICP data.
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9.51%-02
S.945-02
1. 11E+00
2.32K-02

N [ I

- O A

W -~

W= Ny N

a7

LO7E-02
.DTE-DR
LOBE-OR
LCE-02
LTOE-Q}

BCC-02
JAE-02
12E-02

N~ A ahA - a N

<t

m aoa

DETSGTION LIMiT= .010

LEACHED)
68 230
L€3E n2 1.13%-02

1
L7OE-02 1. 88E-02

Qf-pz 3.17E-02

LEDE-D2 <1.00DE-02
.97E-01 <1.09%-02
L.QBE-02 <1, DNE-02
.52F-02 8.7GE-02

74E-02 2.07E-02

L2ZE00 1.0
.G7E~02 A4.71E-CZ2
.TSE-02 3.838-02
.7SE-02 Z.41E-02
.Q7E€-07  &.82I-q2
LB5E-Q1 1.74E-01
.00E-02 4.12E-02
LBIE-NZ

.70E-02 €.51&-02
L8I1E-1 4. 11E-01
LIDE-0Z <. 0NZ-02

420

2.7¢E-01
2.12E-01
3,18E~01
2.87E-0
6.58E-01
3.2CE-01
3.52E-01
5.51E-01
1.26E+00
3.02E-01
2.90€E-01
3.20E-01
3.67E-01
4.12E-01
2. 14E-01
2.67E-01
5.80E-01
1.13E+00
3.16E-01



-50L-

CHANNEL /DAY

1a
1
12
13
19
15
16
17
18
19
20
2t
22
a3
a4
25
26
27
28

BicA
BlcA
BICA
BICA
BICA
Brca
BicA
Bica
BiCA
D1ST
DIST
DIST
BIsST
DISY
pisT
DIST
oist
DITT
BiCA

caoLD
coLo
coLo
coLp
HOT
cOo
HOT
CoLD
HOT
caLo
CAaLD
coLp
COLD
HOT
coLD
HOT
caLn
HOT
coLn

MEO
MED
MED
FASET
FAST
sLOM
SLMY
MED

<

.0NE-02
.QOE-02
LO0E-02
.ONE-02
.QDE-02
<1 ,00€-02
<1,00E-D2
.1B6E-02
L13E-02
1. 15E~-02
.DOE-02
.00E-02
1.6RAE-02

<

<1
<)

DIE-02
1. e0E-02
1.30%-02

<1,
<1,

<1.

<Y,
<1,
<1,
<.
<1,
<t.
<1,

<y,
€Y.
<1,
1.
<t.

<1.

2

.BRE-02

0aE-02
QOE-02
00E-02

. ORE-02

00K -02
00E-02
NoE-02
OnE-02
00E-02
QOE-02
N0E-02

. 0DE-02

Q0E-07
aog -Q2
DOE-02
OOE-02
ODE-02
0o%z-qz

TABLE OF

3

. 00E-02
. QOE-02
<1.00z-C2

~

<1.00F-02
<1.00E-02
. QOE-D2
. O0E-02
.OCE-02
. 00E-02
<1.00E-02
<1,0OE-02
.QoE-C2

<1
<1
<1

A

<%,
<1,
<1.G0QE-02
<,

a

L ONE-0Z
LONT 0T

CONCEMTRAT[ONS (UG/CM3
MICKEL

6

1.872-02
<1.0nE-02
<1.00=-02
2.35E-02
. DOE-02
RFE-02

B86E~02

-n

N =
A
i
m
)
Q
N

N AR

<1,

SOVE-O2
. ODE-02
LB7E-NR
<1.00E-02
.7VE-C2
LONE-02

<1

a7

LuBE-02

nne-az

.CO%-02

ONE-02
NOF-0Z

. NOK-02

ODE-02
Qnz-n2
one-n:2

LAJE-02

.QCE-Q2

00E-02

LQOF-02

1_EACHED)

6e 230

LO0E-02 <1
2. ATT-02

.NOE-02
R1.0NE-02
LOVE-02
onE-02
oNr-02
aneE-02
. 00E-02
L008-02

LONE-N2 <) NDS-D2
1.81E-02 1.
1.00E-02
LNOE-02
L ODE-02
3.T0E-02
1. 14E-02
1.588-902

FaAE-nz

LONR-02

PETECTION LIMIT=

NN m e o e o

.glo

429

.08E-01
-276-01
L17E-01
.24E-01
Q0E-01
LBSE-01
. 24E-01
176-01
.2€Z-Q1
LnE-01
LA2E-0Y
L1%E-01
+34E-01

265-01
18E-01
L3GE-01


http://cl.00F.-CI2
http://-il.00r.-a2

=901~

CHANREL/DAY

10
1"
12
13
14
s
16
17
18
19
20
2)
22
23
24
a5
26
27
28

BICA
aica
Bica
©o1CA
BIiCA
BICA
BICA
BICA
BICA
DIST
DIST
DIST
DIST
DIST
DIST
DIST
DIST
1T
BICA

coLp
coLp
coLD
coLD
HaT
coLD
HOT
caLn
HOT
coLD
coLD
caLD
cOoLp
HEBT
coLn
HOT
caLD
HOT
cOLD

MED
MED
MED
MED
MED
FAST
FAST
sLaw
SLOW
MED
MED
MED
MEL
MED
EAST
FAST
SLow
sSLokW
MED

1

1.59e+00
1. 54E+00
49, 46-01
1.0BE+0D
5.04E+00
1.53g-01
1.13E+00
2, 44EL QO
3.39e+00
1.38E+00
1.77E+0C
1.40E+00
1.4SE+00
A, 78E+00
3.30g-01
6.37-01
4. ASE+0D
8.61E~00
8.08E-01

2

3.94E-01
1.52E-01
2. 15E-Q?
3.30E-01
4, 43E+00
2. 40E-01
2.13E+00
1. 1BEYO0
3.93E+00
3.86E-01
3.67E-01
3.97E-01
3.90E-01
3.04E200
2.72E-01
1.00E+00
1.19E+00
7.12E+00
4,60E-01

TABLE @F

3

3.07E-mM
2.77E-m
1.785-01
0.
4.37€x00
<1.00%-n2
9. 73E-01
B6.70E-01
3. 14E200
2.806-01
2.21E-0n
2. 50601
3.42E~01
2. 90E+00
9. 38802

4.65E-01

COMCENTRATICM3 (U&/CMA 1LLEACHE
SILITON

-]

<1.00E-02
€1.00E-07
£1.007- 62
<1.90E-02
1.81E400
<1.00E-02
<1.00£-02
<1.00E-02
1. 16E+01
<1, 00E-02
<1.00E-02
<1.00E-02
<1, 0nE-02
2.148-01
1.87E2-m
<1.QQF~02
<1,00E-02
T,215700
£1.00r- N2

37

<1.N0E-G2
<1.0n=-02
<. CO%-02
<1.Q0E-Q2

2. 75500
<1 ODE-N2
2.50E-01
<i1.N0E-02
9.303+00
<1.00E-N2
<1,n0Z-0z2

<1, DRE-02

1.057 00
<1.00C-02
<), CNE-Q2
<1.,90E-02

0.
<1.002-02

<1
<1
<t
<1

<1
<1
<1

13

.OnE-02
L ONF-02

LOAE-0Z
.DQ0E-NZ

99
LQNE-02
. 00R-02
LDDE~02

1.157+01

<1

<1

<r.

<1

<]

L ORE-07
LODE~-02Z
ongE-02
L00fE-02
.B7E-DI

4. 71E~=02

<1

<1

<3

<y,

LDOE-07
.rar-0e2
L TGEF0D

T -02

D)
DETORTION LimtT= L0100

220

<1.,0nE~-02
<1, DAE-D2
<t Q0E-02
<1.00E~-02
3. 112200
<1.00R-02
6.00Z-01
G.ATE-D2
5.71T+00

<1,00E-02

<1

<i.n
<t.on7-02
1. ANE+O0Q
€1.00Z-02
3.0iZ-0t

<i.pQT-N2

<], 00E-02

420

1.93E-01
1.77E-0%
1. 19z-4t
1.18E-01
3.79E+00
6. 78E-02
9. 76E-01
4, 94E-01
7. 77400
7.74E-02

a,30E-02

3.R20E-01
1.926-01
3. 25E+00
1.05E-01



=401~

CHANNEL./DAY

0
11

12
13
14
18
186
17
18
19
20
21
22
23
24
25
26
27
28

BlCA
Blca
elca
BiCa
BICA
BICA
BICA
BICA
BICA
DISTY
o1sT
DIsT
DIST
DEST
oISt
DIsy
oIsT
oIsT
BlCcA

coLb
caLn
caLD
cOoLD
HOT
caLo
HOT
coLD
HOT
coLD
cOLD
coLD
coLp
waT
caLn
HOT
cowp
HOT
caLp

MED
MED
MED
MEO
HMED
FAST
FAST
SLOW
SLoW
MED
MED
“ED
MED
MED
FAST
FAST
SLoY
SLow
MED

<1
«1
<1
<1
<1
Q.
<.
<1.
<1,
<1
<1,
€1,
<

<1
<1,
<1,
<1,
<1,

<1,

1

.00E-02
.00E-02
.QQE-C2
.QOE-02
.O0E-02

00E -02
OO0E-02
O0E-02
00E-02
NOE -02
Q0E-02
O0E-02

. Q0E-02
.ODE -02

Q0E-02
OOE-02
0nE-02
OCE-DZ
ODE-02

<1,
<1,
<1,
<.
<1,
<1,
<t.
<t.
<1,
.
<1,
<1,
<1.

.

Q.
<1,

<1,

2

O0E-02
00E-02
OOE-Q2
0CF.-02
O0E-02
OQE-02
Q0E-02
00E-02
OnE-02
ODE-~ D2
00E-D2
0OE-02
0O0E-02
DDE-N2

. DOE-02

00F-02
OnE-02
QQE-02

. ODE-n2

TABLE OF CONCENTRAT{DE% (Uz/CM3
i

STROMY

<1.
<.
<1.

<1,
<.
<1,
<1.
<1
<t
<1,
<1.
<1.
<t

1.

<1,

3

QOE-02
OOE-D2
noE-02

DOE-02
OCF-07
onE-02
0OE-D2

.ONE-02
.00R~-02

QOE-02
QNE-02
00z -02
OOF.-02

.00E-02

QoE-02
NOE-NZ

.QQE-DZ
.OnE-02

<

<1,

<
<t.
<1,
<t

<t.

@

<.
<1.
<1.
<1.
<.
<1.
<.
<1.

6

.Q0E-02

0NE-02

.ODE-02
.QNE-02

0DE-02
0DE-~02

.QOE-DZ

ONE-02

JE-02

DDE 02
DOE-02
OQE-02
0QE-02
00E-02
anE-02
NNE-D2
QDE-07

S11E-D2
.ONE-D2

37

.Q0E-DZ
.NOE-02
L00E-02
LQOE-02

ooz -02

.D0E-N2

ONE-02
onZ-02

.63E-02

DOE-N2
0CE-02
OCE-N2
onE-02
QLE-02

QAL -02
.0DE-07

NoE-N2

ONE-02

<1
<1
<1
<1
<1
<t
<1
<1

<1
<1
€
<1
3}
<t.
<1,
<1.

A

ILEACHED)

DEVECTION LIMIT=

68

.00Z-02
. 00E-02
Q0E-DZ
. 007 -02
.DOE-02
.0ONE-02
.QOE-02
DOE-02
ABE-02
.00E-02
.00Z-02
.00E~-02
.00E-02
.QDE -D2

00E-02
anz-02
00F -02

-81E-02
.NDE-02

<t.
<1.
<t.

<1,

<1.
<.

<1,

<1,
<r.
<.,
<.
.
<1,
<1,

“1,

<1,

230

DRE-NZ2
NNE-D2
00Z- 22
00FE-02

. R9E-02

ONE-02
DOE-D2
OoE-02

. 74E-02

nnE-0z
onEZ-02
onz-02
00E-02
O0FE.-02
00E-02
ONE-02
noE-02

L.B1E-02

COE-D2

.010

420

<1.0NE-02
<1.00E-02
<1.00E~02
<1.0DE-02

2.8GE-02
<1.00E~02
<1,00E-02
<1.00E-02

3.61E-02
<1.00E~-02
<1.00E-02
<1,00E-02
<1,00E-02
<1.00E-02
<1.Q0E-02
<1.DDE-02
<1.DDE-02

6.59E-02
<1.00E-02



-g01-

CHANMEL /DAY

10
u

2
13
14
15
16
17
8
19
20
21

22
23
24
a5
26
27
28

BICA
BICA
BICA
BICA
alea
BICA
BlcA
BICA
BICA
otsT
DIST
DIST
DIST
DIST
o1sT
DisT
DIST
DisT
BICA

caLp
coLD
cD
ceLD
HOT
caLD
HOT
c.D
HOT
caLb
coLD
caLo
cOLD
HOT
coLn
HOT
coLD
WOT
€0I.D

WMED
MED
TED
MED
MED
FAST
FAST
SLOY
SLOW
MED
MED
Meb
MED
MED
FAST
FAST
sLOV
SLOW
MED

"

- - K ®YW O DD~ =0 a0 DO

<

1

.00E-03

78E-02
7JE-02
35E-02
80E-Q2

.87€E-02
.91E-02
.70E-01

B7E-01
23E-02
§7E-02
B2E-02
SOE-02
54E-02
78E-02
BRE-C2
SBE-01

ABE-DN
.QDE-D3

2

<1.00E-03
5.54E-Q2
9. G3E-02
€. 46E-02
8.94C-02
1.20E-01
1.0BE-01
1.67E-01
1.9tE-01
9.17E-02
9. 58E-02
9. 49E-02
9. 99E-02
1.34E-01
1.18E-01
1.09E-01
1.39E-01
1.37E-01
<1.0DE-03

TABLE OF CPNCEN¥$%X£Sﬁa UG/l
3 B 37
9.33E-02 1,12E-01 7.07E-02 6.
1.01E-01 1.22E-01 1.09E-01 7.
9,76E-02 1.20E-01 9,03E-02 7.
0. 7.00E-02 B.82E-02 7.
9.8pE-02 1.16E-01 8.24E-02 7.
8.83E-02 $.05RE-02 9S.9aE-02 6.
§5.73E-02 4.52E-02 4.60E-02 4.
1.32E-01 3.]3E-02 8.45E-02 7.
1.31E-01 3.59E-02 7.49E-02 B,
9.971E-02 1.1GE-01 &8.2pE-02 6.
1.01E-01 1.058-01 8.A2FE-02 8.
9.95E-02 1.1GE-01 8.728-02 7.
1.01E-0 1.05E-01 9.26E-02 7.
1. 01E-D) 1.17E-01 8.20F-D2 7.
5.99E-02 4,72E-02 §.70E-02 4.
$.44E-02 4,205-02 €.40E-D2 4
2.N2E-01 2.G5E-02 D.0175-Q2 6.
1.30E-0Y 3.17g-02 O. 7.
9.12r-02 R2.ARF-N02 7.12E-D2 6

LEACHED)
DETECTIONM LiN1T= .0D1

68

71E~02
94E-02
57E-02
A1E-02
S7E-02
37E-02
39E-~02
Q4g-02
29E-02
74E-02
785-n2
J1E-02
S5E-02
B7E-02
738-02

. 705~02

11E-02
25e-02

. 476 ~D2

<1.
<1.
<1,
<1,
<1,
<1,
<1,
<.
<1,
<1.
<1

<t.
<t.
<1.
<t.
<1
<1.
<1.

<1,

230

OQE-03
oQz-03
QOE-03
DOE-03
QQE-Q3
00=-03
O0E-03
00E-03
ODE-02
NOE-03
OOE-03
O0E-03
OOE-03
OCE-03
00E-03

. QOE-03

QOE-03
OOF.-03
ODE-D3

W NN WA A DN DS WD

a8 0 08w e

420

60Z-02
COE-02
10E-02
OBE-02
8QE-02
40E-Q2
78E-02
42E-02
19£-02
S2E-02
52E-02
73E-02
73E-02
74E-02
Q4E-02
0DE-02
82E-02
89E-02
NAE-02



-60L-

TABLE OF TRATIONS (UR/CH3 LEACHEQ
U] o

)

ETECTION LIMIT= | 040
CHANNEL /DAY 1 2 3 6 37 63 220 420

10 BICA COLD MED <4.005-02 <4.N0E-D2 <3,0NF-02 <4.00E-02 <4.00FE-07 <4,00F-02 <4,00F-02 <4, 00E-02

11 BICA €OLD MED <4,.00E-02 <4.00E-02 <4,00F-072 ¢4, ONE-N2 ¢4 OOC-N2 <4, ANE-N2 <4, NOE-02 <A, DDE-02

12 BICA COLD MEQ <&.0QE-02 <4.00E-02 A.00E-02 14.002-02 <2.0NE-02 4. NNE-02 <4.90E-02

13 BICA COLD MED <4.0QE-02 <4.00E-02 1.0n=-032 0z <d,nDS-02 <4,00E-02
14 BICA HOT HMED 2.66E-01 2.74E-01 E LIDE-01 2.48E-01 5.42%-01 5.70E-01
15 BICA COLD FAST <4.00E-02 <4.00E-02 ong-o2 QOF-3Z ¢4, 00T-N2 <4, N0E-02 <.1.0NNE-02

16 BICA HOT FAST <!.ONE-G2 <4.00E-D2 <d.CNE-02
17 BICA COLO SLOW <1.00E-02 <4.00F-02 <4,00E-02
18 BICA HOT SLew L48Z:00  1.59E+D0 1. 4GTr00
19 OIST CGLD MED <4.00DE-0Z <4.00E-02 <4, NOF-02
20 pIST COLD MED <d4.00E-02 <4.00E-02 <4.00E-02

LO0E-02 <A NNE-N2 <4.NO0E-02 <4.0DE-02
SONE-07 <4, p0F-Q2 <4, 0NE-02 <4.0DE-02
LQEEE00 2,24AE:00 2. 09E400 .22E-01
L00F-02 <4, 00E-02 <4, QNE-02 <4, 00E-02
.0N0E-02Z <4.00E-02 ~<4.00E-02 <4.00E-02
21 DiST COLD MED <d.0DE-02 <A.D0E-D2 <A, DDF-02 <7.00C-0R <1.NDT-IZ <4, 00E-~02 <d4,NUE-A2 <4.QUE-02
22 pDIST ©
23 DMIRT
24 DIST
2% DIST ¥OT FAST «4.0DE-D2 <A.00C-0Z <2.NNE-02 <4, 0NE-02 <4.00F-52 <4, 00E-02 <4,008-02 <4.0DE-02
26 DIST COLD 3LOW <A.QDE-N2 <4.00E-02 <4, BOE~N2 <! NAL-N2 <1.0R7-n2 <4, DOF-02

3

<4.00E~02 <4.00E~N2 <4 .QCE-02 <4 . 00F-02 <4.00F-02 <4, 00E-02 <4.00E~02 <4.Q0E-02
<4.00E~0Z <A.ONE-02 <A, 00F-02 <A, QNF-02 .00C-02 <4,002-02 <4,005-02
<4,00C-02 <4.00E-02 <4, OHE-02 <4,Q05-N2 <4, 0NF-02 <4, 00F-072 <4,00%-02 <4, 00E-D2

OF-02 <4, 0NE-02
27 DIST 0T  S1OW <4.00E2-02 <4,00E-02 <4.00E-D2 <&, Q0r-02 0, <4, 00E-02 <4.00%-02 <4.00E-02
28 BICA £3.D MED <4, 00R-N2 <A, 03E-02 ¢4 ONE-N2 24 G

“Q7 <4.0NE-072 <4.00E-02 <4.QNE-D2 <4,00E-02



=01t~

TABLE OF COMCEMTRATIOMNS (UB/CM3 LEACHED)
Z1MC DETECTIOM LIMIT= .0Q05

CHANNEI./DAY 1 2 3 6 37 62 230 420

10 BICA COLD MED
11 BICA CALD MED
12 BICA COLD FED

.SBE-01 9,03E-02
LADE-02 §.05E-02
L45E-01  1.46E-0)

5 O4E-~D2 6.54E-02  3.12E-02 4, 905E-02
8
1
13 BICA COLD MED 7.502-02 6,GBE-O2
9
&

3
64E-~02 6.83E-02 4.25E-02 S5,23Be-02 4
A44E-01 1.80E-01 2.06%-01 1.75E-01 1
B8,R3E-02 4,17C-02 5.S7E-0Z2 @

GCE~02 5.41E-02 6.7S5E-02 7.S50E-02 4.51E-02 5 SeE-D2
2
a
S
a

@
n
m
'
o

2 2.35E-02
L?28£-02  3.52E-02
R3E-01 1.10E-01
.31E-02 1.97E-02

14 BICA HOT MED .64E-02 6.20E-02

15 BICA COLD FAST .27E-02 4,07E-02 A4E~02 3.795-02 .p5E-02 5. OGE-02 1.20E-02

7.
4.
1.
Q
5.
2. 2
16 RICA HOT TFA3T B8.47E-02 B.0Q0E-02 J.S9E-02 S5.R3AE-02 7.70E-02 4.27£-02 73E-02 2.6BE-02
17 BICA QOLO SLOW 2.79E-01 2,87E-01 6.6SE~N2 6.09E-02 7.02E-02 1, 49E-01 ,e7E-02 %.32E-02
18 BICA HOT SLGW 6.55E-02 1.20E-01 9.20E-02 7.38E-02 6.75£-02 4.11Z-01 L21E-02 ¢ 455-02
19 PIST C3LD MED 9.3%1E-02 1.44E-01 7.828-02 ©9.91E-02 5.e0E-02 7.DGE-02 3,22F-02
20 DIST COLD #MED 1.04E-01 1.32E-01 B.87E-02 1.02E-01 $5.079E-02 9,.49E-02 2.93E-02
21 DIST COLD MED 8.48E5-02 1,22r-01 8.04E-02 ©,837E-02 6.57E-02 7.27E-02 2,43E~02
22 DIST CGLD MED 4.1ZE-01  3.3nE-01 3.8i7-u1  8.83E-01 3.43E-03 3, 9°E-01 3.76E-01
23 DIST HOT MED 4.78€-02 5,88F-02 G.65F-02 7.53F-02 4.375-02 9. 28E-02 1.71E~01
24 DIST COLD FAST &, 73E-02 2,.20E-02 3.$1E-02 3.25E-02 P2, 92E-02 1.21E6~02
25 DIST 3T FAST 1.01E2-01 6.67E~02 7.857-02 9.42%-02 1.07E-01 1.4ZE-01 4.20E-02
26 DIST COLD SIMY  9.13E-02 7.0ZE-01  1.832-01 1.10E-01 1.48E-01 1.205-01 7.08K-02
27 DIST HOT SLoW 6, 97E-02 4.5826-02 5.70E-02 0. 1.17E-01  §.,8TKE-02 35,335-02
28 BICA COLD MED 1.72E-01 B.62E~07 R.54E-C2 7. A70-07 3. /7E-02 S, 77E-02 2 57F-02 2 R57-02
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TABLE OF COMGE™' TATIONS (M3/CM3 LEACHED)
ALe o DETSPYIGN LIMIT= .No2

CHANMEL /DAY 1 2 3 6 37 [1:] 2an 420
10 BICA CBLD MED 7.684E:00 9.41E-01 +00 2.57E-01 2.61E-01 2, 2. 3.74%-01
11 BIcA £ALD JFIED 2,40E200 4. 2BE-01 @ 7AE-01 3.G68E-01 2.07E- 2. 2. 1.31E*00
12 BISA COLD =0 6.15E-01 5 89E-01 4.02E-01 2.37E-01 2.83%-01 2.1 4. 3.14E-01
12 BICA cOLD [HED 6.5S1E~01 3.91E-91 o0©. 2.42E-01 2.7%E-01 2. 2. 1.38E-01
14 BI0A NOT HMED 1.32€:00 5.77E-01 9.5§7E-01 6.04E-01 6.2E-01 6, . A.57E-01
15 BICA coLD FAST 3,46E-01 3,6DE-01 2.07E-01 1.55E-01 1,818 a0 7, 1.592-01 9.50E-02
16 BICA HGT TFAST 2.D0E-01 7,00E-01 1.34E+00 2,05E-01 1.23E+Q0 2.3 3.R5E-01 1.63E-01
17 81CA caLd Evl:ﬂ\l 1.56E+01 1.04E+00 4.59E-01 €.298-01 4.61E-01 1.0 5.43%-01 2.33%E-01
18 BICA HAOT SLOW 2,12E+00 1,29E+00 7.43E-D1 S, -01 8.93Z-01 4.4 6.75£-0t1 1.10E+D0
19 DIST COLO MED 8,9%E-01 2.85E-01 "~.4BE-01 3,74E-01 2.20R-01 1.8 1.60E-01 4,34E-01
20 DIST cotb MED 7.3QE-N1  4.8%E-01 3.47E-01 2.08E+400 2,26%-01 1. 3.24€-01 2.57-02
21 DIST nnLh MED 5.7gE-01  3.33E-01 2.162-0) 2.79E-0) 2.05F-01 1. 1.33E-01 5.482-02
22 DIST cGl.D MED 5.92E-01 2.85E-01 2.48%-01 7.24E-0!1 2.€7E-01 4. 1.8 5.78g-02
23 DISY HaT M™MED 7.S4E-01  B8,76E-01 A4.2%E-01 8.00E-01 ?.9%E-01 3. 4. 1.80E-01%
24 DIST COLD FAST 4.676-01 3.00E-01 1.3 1.5¢Z-01  1,.87E-01 1., 1. 3.69E-02
25 DIST HOT FAST 2.4G5E~01 3.77E-01 1. 1.29E-01 2.Q0E-01 2, 2. 3.14-02
£6 DIST coLD SLoW 2. Q.24E-01 1 3.03E-01 3.a0E-01 4. ME-DT 4.7 1.59E-01
£7 DIST HOT SLow 1.18E+00 7. 1.10F+00 O. 9.55€-01 4.19E-0Y  7,55E-O0
£8 LI1CA noLD MED €. 11E200 2, 3.155-01 2,08E-01 1.92E-01 2.33£-01




=2l

CHANNEL/DAY

10
11
12
13
14
15
16
1?7
18
19
20
21
a2
23
24
2%
26
27
28

BICA
BICA
BICA
BICA
BitA
BicA
BIcA
BICA
BICA
DIST
DIsT
DIST
oIsT
nIsv
DIST
D1ST
oISy
DisST
BICA

to.D
caLb
coLD
caLD
HoT
©€AL0
HOT
¢rLD
HOT
coLb
coLD
coLD
GoLD
HOT
coLD
HOT
coLD
HOT
coLD

MED
MED
MED
MED

FAST
FAST
SLow
SLow
MED
V1ED

MED
MED
FAST
FAST
sLaY
SLOW
MED

B.04E+01
9. 42E+01
?7.07E+01
7.0CE+01
8.320+01
6.52E+01
5. 43E+01
1.36E+02
1.32E+02
5.48E+00
2.G2E+00
1.68E+00
3. 14E+00
1. 2BE+0DY
5. 1GE~0D
1.56E+00
9. 83T+00
4. 60E+0t
6.66E+01

1.
el.
q.
5.
.
7.
7.
3.

M AN O LN G o NI

09E+02
00E-02
16E¢O1
BEE+0)
79E+0?
4DE+02
23E+02
71E+01
asE+01
15E+00
62E-01
44E-01
B8E-01
SOE+00
728-01
47-01
CPE+QO
20E+N0

R1E01

TABLE OF COMCFMTRATIONS (UR/CHMT
FODIUNM

3

39E+01
GAEL01
BOE+D

3TE+Q1

. 28E+01

1.92E+02

@ 0 -

00E-02
Q0E-02

<S1E-O1

67E-0Q1
36E-01
42E-01
12E+0D
$E-01
47¢-01

CTIETDY
. G6E+0D
. 3GE+D)

3

<

<1
7
1
1

<
2

1

1

6
6
2
2
4
]
7
2

6

JBAR+DN
)
OT-02
LDOE-D2
ZYESNT
15T
2GE+01
-DOE-D2
.52E+401
.20R+0DQ
LQ0E+QQ
L7SE-01
06E-01
L21EXDO
.01E-D1
.Q0C-01
S 1E=D1
.GB1E+QQ
L4980

©

a7

.S0C+at

1.01R+062

- N~ B

» oo

v a =00

LORFEEN2

FOE0
QtfeQz
anr+al

240N
LA7E-Q2

346402

L BAEDD

QIE-00
n7=-0
€ZFE-01
16E400

o570l

By

W x A n

“u oW

WNSNaO =3 80N

(ﬂ&_?l.‘)

DETECTION LIMIT= .010

LEACHED)
68
|AELD1 7.
SoEENY 7.
SoEZr0t 7
an=+gr 6
97E+01 6.
4
6.
18E+DT 1
OBE+D2 1
BOE-DT 2.
1.
35E-D1 8.
ABE-01 3.
18E+00 2,
10E-01 9
2
2
3
SOE+01 €

299

07EXO
7RE-01

L AnEROY
. NE+01

.SnTvoR

. 88402

NAZOD
BDE-00
Q1E-0)
0SE+DO
Q4E+00

. 0ag-m

61C+00
1°r+-00
12E-00

REiatakRal |

420

<1,00E-02
3.14E+01
t.9tg+01
1.79E+00
<1.00E-02
<1.0NDE-D2
7.41E+00
<1.0DE-02
<1.n0z-02
2.60E~01
2.00E-01
6.432-01
3.15E-01
9,70E-01
1.52e-01
2.84c-01
$.25E-03
3.63E+00
<1.00E-0D2



Leachant Blank Analytical Values and

1CP Detection Limits (ug/cm3)

Pt

Bicarbonate Dist. Ho0 :

Det. Days Days June, ;

Element Limit 0-23 24-420 1978 =
8 0.005 0.005 n.d. 0.002

Cd 0.007 n.d. 0.00Z 0.001 .

Ca 0.001 0.048 0.041 0.001 '
Fe D.002 0.002 n.d. n.d.
Mo 0.007 0.021 0.029 0.012
i 0.011 n.d. n.d. 0.005
e 0.008 0.125 0.074 0.019
Na 0.008 676 625 0.010
Sr 0.007 0.004 n.d. nd.
Ti 0.002 r.d. n.d. 0.001
] 0.040 n.d. ' n.d. n.d.
In 0.004 0.002 0.004 0.0c?
Ir 0.012 0.007 n.d.

n.d. = not detectable
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APPENDIX 8

Incremental and Cumulative Leach Results for 237Np and 239y

Incrementa) leach rates (R, in agrams glass leached per cm?-day) and cu-
muative fractions leached (CFL) for Np and Pu. See text for equations
and calculation method. A zerp in the rate table signifies "not analyzed”;
the CFL calculation routine replaces this with the average of the adjacent
data points for the purposes of cumulation.
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=511~

CHAN TEMP FLOW SAHPLlyG

1

L

cOLD MED

coLD MED

coLD MED

HOT MED

ceLD FAST

HOT FAST

col.D SL&wW

HOT SLOW

@ -

N =

0 -

@

@

®

9,
.BIE-01

o

q,
. 0BE-DY

@

.0BE-05
N7E-01

.09E-05
.87E-01

.Q7E-03
.41E-01

.33E-05
.28E-DT

.3BE-05
.23E+DD

JCE-08

L3BE-01

20E-08

B7E-0%

DAYS

NEPTUNIUM LEACHRATE

2.48E-08 1.4G6E-08

1.3%5E+00

3.79E~06
6, 03E~01

2.9BE~06
1.7QE+00

2.99E-05
3.70E-01

5. 82E-06
1.31E+00

1.12E-06
8.69E-01

3.78E~06
1.36E+00

1.B4E~DS
1,85£-01

1.

1.
1.

1.

1

2.
2.

1
2

1

1
]

1

OBE+00

77E-06
12E+00

J9E~-06

. 09E+00

75E-09
6DE-0)

-S1E-06
.§2E+00

«41E-05
6.

90E-01

. 45E-08
\64E-01

.33E-03
5,

8.BBE-07
1.70E+00

1.13E-0¢
1.27E+00

9.92E-37
1.4FE+D0

2.32E-05
3.29E-D1

1.29E-08
2.34E+00

?.12E-0%
4.77E-01

8.36E-07
7,02E-0}

1.24E-05

i1

8.248-07
1.B62E+00

1.19E-06
1,79E+00

1.10E-08
1.48E+00

2,90E-05
3.61E-01

3. 36E-05
2.35E+00

&, 02E-05
4. 22E-01

7.7T7E-07
1. 18E+D0

1.01E-0S

35E-01 3.21E-01 2,87E-01

IN BRINE

20

8.79F-07
1. 5IE00
1.07E-06
2.18E+0D

9, 40E-07
3. 99E+00

2.73E-05
4.98E-O

1.71E-06
4,09E+00

S. ?GE-0%
6.27E-01

7.49E-07
1.B2E+00

8.73E-06
G.D9E-0}

{&/CM2. DAY Y

37

9. 17E-07
1.1E+00

9.10E-07
2.88E+00

1.07E-06
1.67£+00

2,60E-05
4.75-D1

1.61E-06
6.71E+00

6. 66E~0S
3.56E~01

6.5%E~07
9.792E-D1

7.27E~06
6.10E-01

G8

8.50E-07
1.97E<00

1.,186-06
1.BOE+DO

1.13¢-06
1.92E+00

2,94E-05
3. 245-M

1.67C-08
3.085+00

1.04€-04
6. 20E-01

7.81E-07
). 49F+00

3.30E-N6
$.10E-01

7

&,

1.
S.

a

a

1

1
1

1.
1.

7.

LBBE-0

1.

7

i2o

S6E-01

12E-ne
SBE-D1

.81E-07
6.

30E-01

.34E~-05
.28E-Q1

.73E-08
QAE+0D

44E-01
B83E-01

22E-a7

94E-05

.BBE-01

1.
2.

9.
2,

2

2.
2.

S
1

8.
8,

1.
2,

220

.73E-07 1.08E-D&
2,

O3E+Q0

22E-08
AZE+00

T0E-Q7
ABE+0Q

. 6BE~05
2.

&2E-01

I3IE-D6
18E+0D

.76E-05
.0GE-0t

48E-07
84E-01

S5E~0S
54E-01

1
9

1

aza

.17E-08
S8E-01

. 83E-06

1. 16E+0D

1
1

2
7

1

7.

2

S.
t.

1
1

. 04E-06
«28E+00Q

. 75E-05
37E-01%

.42E-06
2.

19E+00

e4qz-as
A9E-01

36E-07
32E+00

14E-D5
J74E-D0
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CHAN TEMP

18

28

coLo

coLD

coLo

HOT

caLD

HAT

coLp

HaT

coLD

FLOW

MED

MED

MED

MED

FasT

FAST

sLew

SLow

MED

SAMPLI?S
8,42E-06
2,17E+00

8.25E~0B
2,09E+DD

8.26E-~06
2, 218400

9. 71E-05
&6.88E-D}

1,21E-0%
A4, 45E+00

1.37E-04
1.37E+00

3.58E-06
1.86E+00

$.83E-05
4.60E-01

8.34E-06
2.16E+00

DAYS

4.30€-06

5. 50E-03

5.73£-08
2.21E+00

5.52€-06
2. 19E+00

7.30E-05
5. 45E-Q)

4,23£-06
6, 02E+00

1.24E-04
1.26E+00

3.34E-05
1.90E+00

4,22E-05
5.06E-01

4.28E-06
3. 20E+00

2
5

3

a.

NEPTUNIUM LEACHRATE

»63E-06
+2BE-0)

.52E-06
42E+Q0

a

©

7.
7.

3.
8.

1.

1

2
1

3.
5.

3.
2.

S3E-0S
79E-0?

S4E-06
ASE+00

18E-04
-SDE¥00

.76E-06
.9TE+QC

8BE-05
DBE-01

60E-0%
92E 00

2.29E-06
4,22E+00

1.73E-06
5. 05E+QQ

2.73E-06
4.04E+Q0

8,09E-0%
7.80E-01

4, ASE-06
6.59E+Q0

1.86E~Q4
1.023E4D0

3.83E-08
1.41E+00

5.Q3E-05
4.32E-01

2.88E-%86
3.57E+00

2.
3.

2.
3.

2.
3.

8.
&.

2.

g.

1

2.

<

2.
3.

1

17€-06
GSE+00

GIE-08
01E+00

79E-06
13E+00

73E-0D
OsE-Q1

43E-06
41E+00

.29E-04
. 26E+00

52E-06

JISEY00

. I2E-0C
L 43E-D1

B2E-06
B82r:+00

IN BICARDONATE (G/CMZ. DAY}

20

2.51E-06
3. Q8E+00

2,20E-06
3, 37E+00

2.58E-06
3. 11E+0Q

2, 00E-OS
S.30E-01

3.58E-D6
5. 94E+00

1.46E-04
9,3%E-01

1.84E-06
1.70E+D0

5.35E-08
3.19E-01

1.31E-06
4.23E+00

37

1.22E-06
3.15E+00Q

2.6AE-08
2.92E+00

2.449E-06
3.05E+0Q

7.%eE-0S
6.GIE-01

1.53E-06
7.R7E+00

1.25E-04
g9, 02e-01

?.24E-06
1.30E+00

3. 11E-DS
3.4cE-01

1.6CE-06
6. 07E+0D

=1

2.68E-N6
4.60F+00

2.55€-06
4.27E+00

659%-06

2.
3. 23E+Q0

8.97E-0%
6.73E-01

3. 04E-06
7.18E+00

1.20E-04
1.33E+00

t.96E-06
2.07E+00

2.83C-05
5./12E-01

2.45€-0G
5.51£:00

120

2.43E-06
q.71E+00

2.17e-06
3. 05E+00

2.76E-06
3.63E+00

1.18E-04
?7.78E-01

2.68E-06
7.20E+00

1.2R3E-04
t.36E+00

1.33E-06
2.BIE+DD

2.77€-05

€.96GT-01

2.625-08
4,39Z:00

280

2.39E-06
4. 02E+D0

1.99E-06
4. S0E+Q0

2.92E~06
4.32E400

€. tCE~0S5
7.386E~01

2. 8408
8,33E+00

1.25E-04
1. 18E+00

2.45E-Q6
1.84E+400

2.41E-08
1.93E+C0

1.76E-0G
5.47E+00

420

2.59E-08
3.BYE+DO

2.80E-08
9.83E+00

2.44E-06
4.1ZE+00

7.33E~0%
7-28E-01

6.4GE-07
1.47E+01

9.45E-05
1.31E+00

1.3G€-0€
2.6eE+Q0

1.878-0%
&.16r-01

1.90E-06
3.86E+00



LIt~

CHAN TEMP FLOW

20

21

24

23

26

27

COLD MED

coLD MED

cOLD MED

HOT MED

caLd FAST

HOT FAST

COLD SLOW

HOT  SLOW

SAﬂPL!?G
8.59E-06
2.23E+00

8.20E~0B
Z.31E+00

7.91E-08
2. 43€+00

3,08E-08
1.30E+00

1.176-0%
6. A0E-~01

5.42E-0%
2, 28E+Q0

3.74E-08
1.97E+0Q0

1.58E-06
9.37-01

OAYS

6. 06E-06

2.80E+00

4,65E-06
2.91E+00

S.B7E-06
2.53E+00

2.22E-05
1.17E+00

1.85E-08
2.02E+00

4,97E-D%
2.18E+00

5,02E-06
1. 36E+00

1.57€-05
9.7BE-Q1

NEPTUNIUM LEACHRATE

2.68E-06
4.028+00

1.83E-06
6.0GE+0Q

2.58E-06
4.24E+00

2.BOE-05
1.62E+00

1,04E-06
1.76E+00

4.77€-0%
2.22E+00

7.53E-08
2.16€E+00

6.93E-06
B8.3BE-D}

1

7.
8.

B.
a.

a.

1

4.
2.

1

1

.OZE-06
7.

S1E+00

4VE-07
94E+Q0

7SE-07
JGE+00

.BBE-05
. B9E+Q0

B81E-07

. 88E+0D

B7E-05
4SE+Q0

. 0SE~D6
2.

16E-- 0N

.D7E-05
6.

71E-01

n

1.02E~05
6. 02E200

2. 21E-07
5. 93E+00

9. 08E-07
6. 39E+0D

1.20E-06
1.,73E+00

1.04E-00
1. 86E+00

5, 0SE~0%
2.03E+G0

5. 84E-07
4.30E+00

3.B51E-08
1.33E+00

IM DIST.WATER

20

1. 11E-06
3. 14E+00

6.14E-07
6.54E+Q0

&.74E-07
35.6SE+D0

1.57E-05
1.27€+00

3. 08E-0G
2.27E+00

4. 41E-05
1.88E+00

4,5¢E-07
2.77E+00

7.80E-06
8.19E-01

37

7.92E-07
4.80E+00

4.49E-07
$.94E+G0

&.03E-07
3. 10€<00

1.G8E-08&
1.11E+00

©.Y7E-07
2.18E+00

1.94E-05
3. 74E+00

3.37E-07
&, 03E+00

1.16E-0B
1.61E+00

(G/CMR2. DAY )

sn

7.22E-07
7, B3FRs0N0

1.97€E-06
4, 29E+0Q

1.135E-05
6.03E+01]

3. 7SE~DY
1.49E¢00

1.176-06
1.55E40Q

3.03€E-0%
2.58T+00

5.8%5FE~07
5. 71E%00

1.13E-0%
1.85F+00

1
1

?.

1

2.
2.

3.

8

a.
. 35E+Q0

120

.07£-07
.54E=00

.G7E-07
. BEZE+00

.Q1E~Q6
2.

9BE+00

. BBE~D%
.57€+00

2BE-07

. 21E+00

9SE-0%
48E+00

72E-07

<19E<Q0

a7E-06

6.23E-D7
6. 3SE+00

8.81E-07
B.87E+Q0

7.45E-07
7.41E+00

4,.31E-05
9.74€E-01

8,14-07
1,.5S9E+00

3. 10E-D5
2, 47E+00

6.32E-07
4, d0E<00

1.B3E-0%
2. 65E-01

420

2, 8NE-07
9.62E+00

G.30E~07
9.95E+00

2, 22E-07
1.648+01

S5.94E-05
9.40€-0%

&, 88E-07
2.77E+00

2,83E-05
3, 27E+00

4.38E-07
3. 92E+Q0

2.72E-05
5. 13E-0}



“BIL"

CHAN TEMP

a3 coup

6 CoLD

8 coLb

8 HoeT

FLOMW SRHPL‘?G DAYS

MED

MED

MED

HED

FAST

FAST

SLOW

Si.ow

2.45€E-05
4.37E-01

1.24E-06
4,00E-C1

1.23E-06
3,81£-01

4,.83E-0?
5, 51E-01

3.84E-06
6, 30E-01

2.34E-08
1.17E4+00

2.4a3E-C6
2.83E-01

8.33E-08
1. 17E+00

6,4BE-07
1.07E+00

7.48E-07
38.85E-0%

5.30E-07
1.17E+00

4.6BE-08
4.79E+00

1,49E-07
?.3V1E+00

1. 14E-07
1.22E+00

6.1BE-07
1.07E+D0

2.03E-08
3.15E+00

3
1

4
1

3

2
3

4
5

2
2

3
]

1

PLUTONIUM LEACHRATE

«9BE-Q7

< 11E400

. 27E-07
- D9E+00

.74E-07
- 10E+00

21E-08
1SE+00

.7SE-07
. 44E+00

71E-08
BGE+DO

S9E-07
88E-01

.2JE-08
3

3E+00

2,69E-07
2.38E+00

2,74E-07
1.97E+00

2, 64E~D7
1. 83E+00

1.84E~08
8,64E+00

3.41E-07
2.77E+00

1.26E-~07
S. 74E+00

5.14E-09
5. 87E+00

6. 20E-08
4.52E+00

11

1.72E~07
1. 91E8+00

1.924E-07
2.59€+00

2.58E-07
B.56E-01

1.32E-08
1.02E+D}

2.03E-07
6. 32E+00

1.42E-~07
6.17E+00

1.23€~07
2.70E+00

5. 80E-08
3. 88E+00

1IN BRINE

20

1.03E-07
2. 15E+00

1
1

1.63E-07 1

1.92E+00

1.95E-07
1.B4E+GD

1.53%E~-08
1.34E+0}

3.58E~Q7
4.48E+Q0

2.58E-07
5.70E+00

1. 12E-07
2.00E+00

6.Q30E-09
4.37E+00

1.

1

3.
2.

3
3.

2.
2.

1
1

G
8.

(G/CM2. DAY)

a7

. 20E~07
< SDE«DD

L ABE-07
82E =00

. 31E-O7
.ORE+00

70E-08
F2E+00

01E-07
R0E+00

98E-07
20E+00

.DOE-07
-57E+00

125-09
29E+00

1

1.
. 42F+00

1

t

3.
a.

3

8.
3.

1.
1.

G8

9SE-08

.69E+00

16E-07

. 30%-07
.A2€200

10E-08
G4E+Q0

.09E-0?
4.

20E+00

TEE-07
01E+02

EIE-DB
29400

.55F-09
. €5E+Q0

120

7.41E-08
1.46E+00C

8.85E-08
1.20E+00

1.16E-D7
1.46€£¢00

3.98E-08
Z.28E+00

2.52E-07
2.00E+01

1.03E-06
1.63E+00

1.07E-07
7.36E-01

1.97€-08
3.362+00

230

4, 55E~08
T.94E+00

7.62E-08
2,81E400

B5.97E~08
2.05€E+00

5. 39E-08
2.4%1E+00

1.85E-07
3, 06E+00

5.62E~07
1.63E+0D

5.82E-08
1.63E+00

t.11E-08
6. A4E+NQ

420

6.C04E-08
2.26E+00

5.60E-08
4.72E+00

9.06E-08
4,02E+00

4,32€£-08
5. 95E+00

1.61E-07
4, 24E:00

4, 20E-07
3.51E+00

4.68E-08
4. 4GE+00

7. 24E-09
7.€0£+00



=611~

CHAN TEMP

10 coLD

11 coeud

[

coLp

1§ coLp

17 ceLd

28 coLD

FLOW

MED

MED

MED

MED

FAST

FAST

SLOW

SLOW

SAMPLITG
3.75E-06
1.10E+00

3.82E-06
1.04E+00

3.85E-06
1.09E+0D

7.19E-07
2.TVE+OD

6.26E-06
2.10E+00

2.71E-06
3,29E+00

1.28E-06
1.0SE+00

2 13e-07
2.SBE+00

3.90E-06
1.07E+00

DAYS

1.60E-06

4, 37E-0

2.02E-06
1.26E+00

1.84E-08
1.28E+00

4.87E-08
7.14E+00

1.95E-05
3.00E+00

2,94E-07
8, 74E+00

1.22E-06
1.06E+00

3. 26E-08
6. 15E~+0Q

1.84E-06

1

o o

d.

a

a

1

7
1

2.

7

1

PLUTONIUN LEACHRATE

.03E-06
4.

99E-01

.21E-06
L 97E+00

BOE-08

«DBE+01

.42E-06
.SI1E+00

05E-07

.00E+01)

.69E~-07
. 26E+00

02E-08

.SOE+00

.32E-06
1.64E+00 1,

B4E+00

&, 28E-07
2, 38E+00

S.15E-07
3. 13E+00

4

12E-07
.37E+00

n

7.96E-08
8. 08E+00

2.10E-06
3. 25E+00

7.05E-07
S.72E+00

9,33E-07
9.72E-01

1.53F-08
8. 36F.+00

9. A1E-07
1.97E+00

8
2

8.
1

8.

5.

1
a.

5.
6

S.
1

2
8.

a.
1

\R!

. 18E-07

D4 +00

31E-07

. 83E+00

B9E-07

. 87E+00

. 26E-07

39E+00

- 04E- 08

8BE+00

77E-07

. 39E+00

70E-07

. S3E+00

.S7E-08

B2E+00

Q7E-07

+99E+DO

1N DICARROMATE (G/CM2,DAY)

20

7.90E-07
1.85E+00

§.10E-07
2.17E+00

8.63 127
2.08E+00

1.28E-07
4,7SE+00

1.30E-086
3.34E+00

G.32E-07
4. 82E+00

3.56E-07
1.30E+00

3,03E-08
4, 59E+00

4, 1SE-07
2.56E+00

37

2.35E-07
2. 20E+00

6.01E-07
2.08E+00

§,36E~Q7
2. 02E+00

§.29E-08
7.22E+00

S.45E-07
A.12E+00

4.84E-07
4.90E+00

2,76E-07
1.25E+Q0

$.79E~09
3.%7E+00

3.40E-07
4.80E+00

S
3

3.
3.

S.
2.

?.
8.

5.

3.6
4

68

.ASE-07
L AAE+00

855-07
30C+00

11E-07
992400

16E-04
OGE+00

J12E-07

92E+00

.26E-07
.SBE+Q0

1E-07
87E+00

3. 65E-07
4.120+00

1.82E-07
4. 49E+00

3.90%-07
3.27e+00

8.77E-08
9. 21E+0D

4,75£-07
3.79E+00

5.50E-07
7.16E+00

9. 16E-08
3.38E+00

9.79E-09
1.25€E+0%

2.648-07
A4.68E+00

O N

2.
4.

)
(-]

S.
5.

5.
5.

1

5.
.32E+01

1

1

a6E-07
93E+00

.58E~07
S.

40E+00

9eE~Q07
07E:0Q

.23E-07
. 3ISE+00

S3E-07
83E+00

62E-07
SBE+00

.39E-07
2.

8JE+00

8€E-09

.51E-07
.G1E+00

2

2

3

kg

7.
7.

1

4
. 79E+00

(]

1
2

1

1.

a4
2

.0BE-07
3.

52€+00

.80E-07
a

10E+00

. 0aE~07
. 95E+00

17E-08
88E+00

.85E-07
L)

3IZE+00

06E-07

.B1E~Q7
. 72E+J0

50E-10
OQE+02

44E-07
70E+00



CHAN TEMP
15 CcOLD
20 cOLD
21 coLo

1 23 war

3

"

24 COLD
25 HoT
26 coLp
27 HOT

FLOW

MED

MED

MED

MED

FAST

FAST

S51.0W

SLOW

SAHPLI?B
1.94E-06
1.61E+00

2.14E-06
1.83E+00

1.96E-06
1.88E+00

1.81E~07
$.72E+00

2.11E-06
$.90E-01

2.34E-0B
.67E+00

w0

8.42E-07
1.41£400

1.07E-07
3.80E+00

DAYS

1.4%E-06

1.80E+00

1.05E-06
2.08E+00

1.19E-06
1.87E+00

2.59E-08
1.16E+D)

5.81£-07
2,89E+00

7.70E-07
5.86E-00

5. 89E-07
1.54€+00

7.54E-09
1.51E+01

7.
2

S

s

2

2
1.

5

2

7

8
2

2
1.

PLUTONIUM LEACHRATE

JI0E-07

.BI1E+0Q

. 48E-07
3

70E+00

92€-07

. 99E+00

SEE-08
7VE+DY

78E-07
OGE+CD

,99E-07
5

79E+ND

.B9E-07
. 1SE+00

36E-09
S1E+01

4

2
q

3

4

3
2.

9
3

1

2
1

.SEE-07
. SSE+Q0

BOE-07
93E+00

8IE-07

. 28F+00

. 74E-08
. 41E+01

41E-D7
29F.+00

0dE-07
253C+00

.72k N7
1.

81E+00

71E-09
a3E+Q]

1

1

1.
.67E+01

1

2.
2

1

7.
4

2
1.

n

.93E-07
q.

G9E+00

.77€-07
qa

G0Z+00

. 9SE-07
qa

B86E+00

47E-08

DSE-D7
37E+00

. 37E-06
4

17E400

A4r-08
2712400

78E-09
BOE+0!

TN DIST.WATER

2
3

1

3
9

2
. 31E+00

4

1

qa
3

20

20E-07
B3E+00

. 03E-Q7
S.

27400

.6eE-Q7
4.

36E+00

49E-08
13E+400

72E-07

. A4E-J6
ed

S1E+00

37£-00
03E+00

.2D0E-09
i

BAE+0)

1

]

9.
4

7

1

3
2.

7

a.
5

[

37

. 26E-07
4

07E+00

.81E-Q8
4

G4E+00

SeE-09
32E+00

72E-09

L 74E+O1

B7E-07
23E+00

.37€-07
.80T+00

O3E-QE
BBE+D0

L21E-10
2

36E+0)

1
S

S
2

1

5

5
[

3

(G/CMZ. DAY)

s8

. 08%-07
6.

aSFE+00

L27E-07
L 72000

. 46C-07
S

TRErQN

33E-09
83C+01

. 4BE-07
3

A1E+00

. 235-07
. 89E+0N

0AE-08
ESF+N0

A7Z-09
7OE+DY

S
.33C+00Q

e

1
1

t

a
. GAR+CO

z
. DDE*02

1

120

_RQE-NA
[}

1GE+QQ

44E-N8

. 4CE-07
5.

13r: 00

.36E€-08
. 9BE+01

.BB8E-07
2

7DFE+CD

. 75E-07
5

17C+00

BDZ-0R

04E-10

9.

7
7

S.
9.

1.

6

7.

5

[

4.
5.

7
. SEE+0)

230

68E-0R

37E+00

52€-00
96E*Q0

40€-049
31E+00

12€-07

.32E+00

S3E-00

. 02E+01

62E-07
215+20

26E-08
70E+00

48E-09

2.208-07
6. 44E+00

1.05E-07
8.39E+00

1.22E-08
2.42E+01

3. ASE-Q?
4,35E+00

2.32E-07
3. 44E+00

5.36E-Q7
8. 16E+00

3.72E-08
4. 55E+00

7.21E-Q9
1.07E+01



d 4 5

CHAN TEMP FLOW SAHPLI?G

4 COLD

€ COLD

8 coLb

MED

MED

MED

MED

FAST

FAST

SLoW

5L0W

I

o

.34E-08

.18E-05

«24E-0%

: . 30E-04

2

.20€-3%

.41E-04

.63E-05

- 89E-04

DAYS

S,

5.

S

2.

7.

2.

5

2

34 -0%

B64E-05

.26E-05

46E-04

43E-0%

B3E-04

» 12E-0%

S5E-04

NEPTUMTUM

5.93E-05 7.

6.31E-05 7.

5.81C-05 7.

3.53E-04 5,

8.01E-0B 9.

3.97E-04 1

5.69E-05 6.

3.09E-04 a,

CUMULATIVE FRACTIONAL LEACH (CFL)

01F-0%

6nF-0n

01E-05

8GE-04

B1E-05

.16E-0%

SOE-0%

B1E-04

a.

9.

9.

1

1

1]

7

71E-09

E-05

N3IE-05 |

. 24E-93

.A3E-04

.60E-Q2

. 2BE-DN

21E-09

2

2.

20

. 1BE-04

.}7E-04

. 26E-04

11E-03

26E-04

. 38E-03

.DOE-DA

. DRE~0AJ

1.

3.

3.

8.

1

1

JGE-03

AdE-nA

36E-03

.BGE-04

JSBE-03

7

1

2

2

1M MRINE

CBAT-04

«PBE-NA

n

17-03

. 85E-02

A7C-04

S7F-03

S.

5.

8.

4.

3.

5

STE-D4

ADE-04

.36E-02

&EIT-04

agg-02

97E-04

S7E-03

8.GRE-04

1.0%E-0%

Q.74F-04

2,60E-02

1.72E-03

8,39%E-02

7.88E-04

1.30E~-02

1.71E-03

1

1.

4.

”

1

.97E-03

7B8E-03

SBE-02

.0BE~03

.32E-01

25E-03

L32E-02



=2zL-

CHAN TEMP FLOW SAHFLI?G DAYS

28

COLD MED 3.8%9E-03

COLD MED 3.24E-03
COLD MED 3,22E-03
HAOT MED D3.63E-04
COLD FAST 4,84E-03
HOT FAST 5.26E-04
COLD SLOW 1.43E-03

HOT SLOW 2,22E-04

COLD MED 3,28E-05

5.12E-08

5. S0E-03

5.37E-05

5, 36E-04

6.34E-05

1.00E-03

2.76E-0%

3. 8%E-04

4.95E-05

NEPTUNIUM CUHULATIVE FRACTIGNAL LEACH (CFL)

6.18E-05

6. 83E-03

[}

9.33E-04

7.95E-03

1.45€-03

3.87E-0%5

S.31E-04

6.36E-05

8.97E-0% 1,34E-04

8.94E-05 1,3SE-04

8.61E-0% 1,40E-04

1.85E-03 3,.69E-03

1,34E-04 1, 98E-04

3.63£-03 7, Q4E-03

&.6%E-05 1.48E-04

1.11E-03 2. 28E-03

9.44E-03 1,54E-04

20

2.18E-04

2.18E-04

2.32E-04

6.33E-03

3.06E-04

1.12E-02

2.22g-04

3.68E-03

2.13E-04

37

3.49F-04

3.81E-04

3.98E-04

1.16£-02

4.76E-04

1.99€-02

3.63E-04

6.55E-03

3.10E-04

IN BICARBONATE

B3 120

&, 97E-04 1.12E-03

7.07E-04 1.18E-03

7.16E-04 1.25E-03

2.14E-02 4.20E-02

7.71E-04 1.3%E-03

3.45E-02 §5.99E-02

6.31F-04 9.64%-04

1.00E-02 1.50E-02

5.81E~p4 1.08E-03

230

2.18E-02

2.07E-03

2.34E-03

8.15E-02

2,49E-03

1. 14E-01

1.80E-D3

2.16E-02

1,99€E-03

420

4.08g-03

3.838-03

4,098-03

1.38€-01

3.698-03

1.938-01

3.23£-03

2.96E-0D2

Q].25E-03
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CHAN TEMP
19 cown
20 coLn
21 ecowp
23 HWOT
24 coLb
25 HOT
26 coLD
27 rHOT

Flow

MCO

MED

MFD

MED

FAST

FAST

SLow

S1.0w

SAMPLI?G

<&

4

S.

. I6E-05

L 21E-05

4a7e-05

13E-04

46[E- 05

97E-05

DAYS

S,

S.

a

5

4

3

TOE-O5

03E-05 5

. 19E-08

.07E-04

.06E-05

.08E-04

-41E-05

.2DE~04

NEFTUNS UM

6.

-

«

5

6

73E-03

L 1SE-05%

L 1BE-0%

. 0GE-04

95E-04

. 35E-05

LA7E-0Q4

S.

7.

4,

1

7.

CUMOLATIVE

. 94E-0%

63F -05

POE -0

93E-04

.GOC-05

J19r-03

S9r-0%

B,

n

o

o

2

a

I'RACT INMAYL

t 20
.ME-0% 1.3RE-04
28F-05 1,09E-04
LBO0E-05 1,19E-n4
.01E-04 1,24E-03
.B3E-C3 1.21E-04
33E-03 3.79E-03
.02C-05% 1 .09E-04
2DE-0A1 G6,038-D14

1

2.

5

1

&,

LFACIL (CFL)

37

.AAE-04

LG7E-04

30E-03

.82E-04

.eALE-03

.A5E-NA

S1E-~01

7.

1,

a.

a

1

1M DiST,

GS

S04

Lasiz-nAa

7sF-n4

3GE-03

NAE-0A4

.N8F 0%

JORE-D4

L G5F-00

WATER

7.

8

A,

2

3

120

72F-01

0BE-03

CAaE-0A

RSE-02

. B7E-01

7RE-03

8

1

2

a

2

5

220

. 79E-01

.GOE-04

74E-00

N8E-02

. 12E-04

.81E-02

.NAE-04

a20

1.32E-03

1.42E-03

2.09c-03

S5.87E-02

1.356-03

S.N4aE-0R

2, 39F-04

2.50c-02
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CHAN TEMP

1 coLb

3 coLp

4 coup

8 coLD

8 coLb

FLOW

MED

MED

MED

MED

FAST

FAST

SLOW

SLoW

SAMPLI?E

9.85E-06
4.76E-06
4.87E-06
1.76E-06
1.47E-05
8.96E-06
9.58E-06

3.37E-07

DAYS

t.25E-05

7.64E-06

7.0SE-06

1.95E-06

1.53E-05

S.40E-06

1.20E-05

4.31E-07

PLUTONIUM CUMULATIVE FRACTIGNAL LEACH (CF1)

1,41E-05

9,28E-0G

8,53E-08

2,03E-08

1.71E-09

9.50E-06

1. 36E-05

4,81E~07

1

1

1.

2.

2

1.

5.

. 73E-0%5

25E-05
17E-05
19E-08
11E-03

10E-05

. 37E-08

S7E-07

2.

2

2

]

14E-05

S2E-06

BOE-03

. 40E-05

.B1E-05

90E~07

20 7

2.62E-05 35.422-05

2.28E-03 3.18F-05

2.46E-05 3.55E£-05

2.99E-06 4.75E-06

3.57E-0% S,70E-05

2.03E~05 3.A2E-05

1.€2E-05 2,€38-05

8.93R-07 1.27E-06

1

5.

a

9

3.

IN RRINE

.BBE-05

S9F.-08

20E-05

85E-06

«4qE-Q3

.09E-04

6

7

1

2

120

B65E-05

. S8E-05

GSE-05

.€1E-05

. 4SE-04

99E-04

. BOE-D5

. 75E-06

230

9.28E-05

1,00E-04

1.17€-04

3.54E-0!

Z.41E-04

©.19E-04

8.17E-05

1.138E-05

420

1.33E-04

1.42E-04

1.77€-04

5 7.10E-0S

3.66E-04

3.73E-04

1.21E-04

1.98E-05
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28

coLD

coLD

coLb

HoT

coLb

HOT

coLb

HOT

coLb

FLOW SAMPquG

MED

MED

MED

MED

FAST

FAST

SLaw

SLOW

MED

1.51E-05

1.5S0E-Q%

1.S0E-0%

2,69E-05

2.50E-05

1.04E-05

5.12E-06

8.10E-Q07

1.538-8s

DAYS

2. 15E-95

2.30E-05

2.22E-05

2.87E-06

3.28E-05

1.15E-0S

1.00E-0%

9.34E-07

2.26E~-0S

PLUTGNIUM CUMULATIVE FRACTIONAL LEACH (CFL)

2.87E-03 3.5BE-05

2.77€-05 3.3%E-0%

0. 3.30E-05

3.05E-06 3.9%5E-0€

3.85E-05 6.40E-05

1.27E-05 2,09E-05

1.31E-N% 2, A6E-05

1.01E-06 1,19E-06

2.77E-05 3,90E-05

5.22E-05

4,76E-05

5. 04E-08

6. 23E-08

9. 32E-05

3. 50E-035

}. A0R-0S

1.66E-06

6. 13F-05

20

£.07£-05

7.22E-0%

7.67E-03

1.01E-0%

1.35E-04

5.85E-0%

5, 49E-05

2.52E-06

8.21E-05

37

1.17E-04

1.138-04

1.20E-04

1.56E-05

1.9GE-04

8,925-05

7.63E~05

2.63E-06

1.07E-04

[M BICARBONATE

68

1.71E-04

1.74R-04

1.91E-04

2.29C-05

1. 423E-04

1.028-04

4.367-06

1.50E-04

120

2.842-04

2.31E-04

3.84E-04

2.42E-04

1.24E-04

5.00E~06

2.14E-04

230

4.07€-04

3.04E-04

4.27E~04

8.92E-05

5.93€-04

4.76E-04

1.74E-04

9.15E-06

3.00E-04

420

5.32=-04

4.67E-04

6,45E-04

1.%52E-04

8.81E-04

8.26€-04

2.84E-04

1.13E-05

S.21E-04
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18

20

21

23

24

25

26

27

CoOLD MED

coLD MED

COLD MED

HOT MED

7.51E-06 t1.31E-05

8,36E-06 1.23E-0%5

7.50E-D6 1.21E-05

7.08E-07 8,10E-07

CoLb FAST 8,07E-06 1,02E-05

HOT FAST 9.17E-06 1.22E-05

COLD SLOW 3,28E-06 5.58E-06

HOT SLOW 4.1SE-07 4.44E-07

PLUTONIUM CUMULATIVE FRACTIGNAL LEACH (CFL)

1

1

1

9.

1

8.

4

.S9E-05

.46E-05

.43E-05

10E-07

. B4E-06

.53E-03

B7E-06

.B4E-07

2,01E-05

t.75E-05

1.88E-05

1.12E-086

1.63E-Q8

2.61E-03

1.10E-08

4.88E~07

2.30E-05

2,22E-05

2,39E-05

1.48€E-08

2, 13E-0%

5. 30E~05

1.32E~05

5.41E-07

20

3,23E-05

2.70E-05

3.00UE-05

2.29E-Q6

2.94E-0%

9.69E-0%

1.52E-0%

4

3

3.

3.

5.

37

36E-03

35E-05

B85E-0S

€4E-06

04E-Q5

.60E~04

. 80E-0%

6.09E-07 &, 88E-07

5

a4

s

4

8

2.

2.

8

IN DIST.WATER

68

. BOE-03

. 70E-05

34E-05

. 42E-06

15E-03

J8E-04

J7E-05

48C-07

7

6.

.

6.

3

3

t20

JBE-GS

48E-0S

20E-0%

QA7E-06

. 12E-04

. 94E-04

.22E-0%

.31E-06

230

©.74E-0%

9.28£-0%

1.24E-D4

a.ase-05

1.63E-04

6.71E-04

4.92E-0S

2.90E-08

1.9BE-Dg

1.59E-D4

1.48E-04

2.04E-04

2.765-04

1.,08E-03

7.69E-0%

8.2%E-06



APPENDIX 9

a) Mean Incremental and Extrapolated Cumulative Leach Rates for Stable
Elements (XRF)

The ¥RF analyses (Appendix 6) yielded results which were nearly time-
invariant and the samples analyzed were not the same as these used for the
ICP analyses. We therefore calculated weighted mean lgachate concentra-
tions from the data of Appendix 6 and used the glass concentrations (Table
3), mean flow rates (Appendix_3) and bead weights (Appendix 2) to calculate
a mean Teach rate (g glass/cme day). These values were then used to calcu-
late the extrapolated cumulative fraction leached for day 420. For com
parisan, day 420 CFL values have baen excerpted from the ICP-based tables
and included in a separate column. Individual leach rate and CFL values,
calculated as described in the text, are plotted in Appendices 12 and
13.

b) Incremental and Cumulative Leach Rates for Stable Elements (ICP)

Incremental leach rates (R, in grams glass leached per cmé-day) and cu-
mulative fractions leached (CFL) for stable elements de*ermnined by [CP.
See text for equations and calculatijon method. A zero in tie rate table
signifies “not analyzed”, and the CFL caleulation replaces it wi... the
average of the adjacent R values. A "less than" rate value is derived
from the detection 1imit for those samples where the net concentration
(Appendix 7) was below detection 1imits. In the CFL calculation, the
detection limit value is used when present and all CFL values incorpar-
ating any "less than" rate data are identified as "less than".
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10

1.

12
13
14
15
16
17
18
19
20
21
22
23
29
25
26
27
28

BICA
BICA
BICA
BICA
BICA
BICA
BICA
BicA
BICA
DisT
DIST
DIST
DIST
DIST
DBIST
o1sT
OIST
0tsT
BICA

TEMP FLOW

cowe
cuLn
coLD
coLo
HOT

cOLD
HOT

€OLD
HaT

coLb
coLD
coLD
caLp
HOT

HOT
coLD
HOT
CoLD

MED
MED
MED
MED
MED
FAST
FAST
SLOW
sLawW
MED
MED
MED
MED
HED
FAST
FAST
SLowW
sLau
MED

SAMPLING DAYS'

1.58E-D5
6.08E-06
<3.83E-06
$.23E-06
1.03E-04
€2.84E-05
1.30E-04
3.92E-06
7.79E-05
7.59E-06
7.25E-06
5.91E-06
1.38E-0S
9.33E-05
<2.%4E-05
5.082-0%
S$.41E-06
6.73E-05
6.51E-06

BOGRON LEACHRATE -ICP-

~

N

NG W NP WO AN -

. 25E-06
€q.
<3,
<4,
.57E-05
<2,

90E-Q6
B7E-06
047-06

59E-0B

. 32E-04
. 9DE-0R
-98E-05

SAE-06
BBE~05
94E-08
24E-06
33E-03
S4E-0%
77E-0S5
G3E-08
08E-0%
S5E-05

AVERAGE TECTION LIMIT= 2. 16E-07
o SLOW

8

<3,77E-06
<4.8QE-086
<3.87E-06
Q.
9.09€E-05
<2,54E-05
1.'3E-Q4
1 .63E-D6
4,62E-05
<q,P0E-NE
<3.87E-06
<3.93E-06
6.75E-06
4,82E-05
<2.56E-05
3.87E-05
5.62E-08
1,80E-0%
<4.47E-06

-]

<4._28E-0B
<3 ,85E-06
<3,74E-06
<4.02E-0¢
B.74E-0S
<@,A0E-0%
1.25E-04
2.16E-08
5.94r-05
<4.19E-08
<3.84E-06
<3.91E-06

8,08E-ND6-

$.07E-05
<2,56E-05
4,35E-05
<9,64E-07
3.70E-05
<4.39E-06

<qd.
<3.
<4.

<2

<4.
<d.
<q.
7.
5
<@.
3.
<9-
0.
<q.

(B/CM2, DAY )

37

.B8E-08

35E-06
9SE-~08
16E-06

92E-05

48E-0%

. 25E-04
.02E-06
.23E-0S

36E-06
0BE-Q6
23E-06
13E-06

-32E-0S

61E-05
92E-05
63E-07

71E-06

<4,
€3,
<3.
<,

<.

<4,
<3
<4.

<2,

<9.

<4,

68

74E-06
QE-08
N9E-06
20E-06
51E-05
BEE-05

.21E-04
. 78E-06
. 75E-05

S2E-06
A4BE.-06
21E-06

+52E-0B
. 78E-05

G3E-05

.DSE-05

87E-07

. 72E-05%

79E-06

.36E-08 9. 4l

2380

5. 85E-05
<4.20E-06
<4.38E-08
<4.75E-05
.N3E-04
<2, 19E-05
1.30E-04
. 33E-08
6,21E-0S
<4.68E-06
<4,57E-08
<5.05E~06
9.74E-06
4.19E-05
<1,39E-05
4.73E-05
<t.08E-06
4,25E-05
<6.25E-06

8E-06

MEDIUM FAST

420

<4.57E-06
<4.5S6E-06
<4.43E-06
24,67E-08
8. 62E-0N5
<1.71g~05
1.06E-04
2.936-N6
4.252-05
<5.75E-08
¢4, 78m-06
<4,54E-06
1.07E-08%
3. 3CE-05
<2.60E-05
2.90E-~05
<1.05g-06
3.19E-05
<4, 18E-06
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12
13
14
18
16
17
AL
19
20
21
2z
23
24
25
26
27
28

BICA
BICA
BlCA
BICA
BICA
BICA
BICA
BICA
BICA
o1sT
DI1sT
pD1eT
DIsT
DI1ST
0I18T
DIST
DIST
DIST
BICA

coLp
coLp
caLn
COLD
HoT
LD
HOT
coLD
HOT
CcOLD
coLp
CoLD
coLo
HoT
caLp
HeT
CoLD
HOT
COoLD

MED
MEDQ
MED
MED
FAST
FAST
SLow
SLoW
MED
MED
MED
MED
MED
FAST
FAST
sLow
SLOW
MED

CADMIUM LEACHRATE -IGP- (GscM2,DAY)

SAMPLING DAYSI

<4.73E-05
<4.84E-05
<4, 298E-05
<4.54E-05
<4,53E-05
<2.BAE-0a
<2,97E-04
<1.04E-D5
<1.03FE-05
<4.67€-03
<4, 30E-05
<4, 40E-08
<4.18E-05
<4, ADE-05
<2.84E-04
<2, 94E-04
<1,04E-05

1.91E-094
<4, 59E-05

. 77E-05
97E-CS
-AIE-0D
.S2E-05
.9IE-05
. 8IE-04
. 9OE-04

05E-0%

. A0E-06
. 72E-0S
. 3ME-05
. 42E-0G
. 25E~03
.01E-03
:SSE-OA
. S4AE-04
.07E-05
.88E~05
. 00E-0%

AVERAGE DETECTIOMN LIMIT= 2.54E-06 1
SLOY

3 6

<4.R3E-05 <4,80E-n5
<4, 3GE-05 <4.32F-05
<4,23E-05 <4,13E-05
o, <4,51E-05
<4,84E-05 6.16E-0S
<2.83E~04 <2.68E-04
<2,99E-04 3, 16E-04
<1.0SE-05 1.68E-00
<1.07E-05 1.60OE-03
<4, 71E-05 1.73E-04
<4,34E-05 1.6C=-04
<4.42E-05 1.87E-04
<q,73E-05 2Z.,24E-04
<d4,34E-05 1.07E-04
<2.86E-04 <2.87E-04
<2,96E-04 S.71E-04
<1.07E-03 1,32E-05
<§,82E-06 1.6BE-05
<5,01E-05 <4.92E-05

L 3OE-NE

37

a

A

73R -0
AQE -1
66 -0
SAE-05
78L-04
23E-04
OBE -D5
06f -0%
B3E-05
S7E-05
?4E-05

a

. 43E-05

57E-05
aA2E-04
B1E-04
09E-05

. 2BE-0%

&a

<5.31E-05
<. 46E-03
4. ABE-0B
<4, 70E-05
<1.52E-05
<2.D0E-94
<3.328-04
<1.01E-05
<1,08E-05
9,91E-05
8,64E-05
9.55E-05
2,48E-05
9.64%-05
<3.00E-04
3,70E-04
<1.00E-05
6.62E-05
<5.37E-05

. 5ZE-05 1.06E~04
FAST

MED UMY

230

<S.42E-05
<4.71E-05
<4.90E-05
<%.34E-05
<%.33E-05
<2.4CE-N4
<2.57E-04
<1.0D2E-0S
<1,08E-05
<%5.24E-05
<$§.12£-03
<5.66E-05

9.87E-05
<5.45E-05
<1.S6E-04
<2.44E-04

1.30E-0%
<1.98E-05
<7.0DE-D5

420

<. 12E-05
<S.11%£-05
<5.D2E-05
<3.723E-05
<4.77E-05
<1.22E-04
<2.32E-04
<1,15E-05
<1.12E-08
<6, 45E-05
<5.37€-05
<5.09E-03
<5, 08E-05
<4,99E-05
1.44E-03
<2.62E-04
<1.17E-05
<1, 06E-05
<4, 6EE-05



=pEL-

CHAN SGLN

10

1

12
13
14
15
16
17
19
19
20
21

22
23
24
25
2B
27
28

BICA
BICA
BICA
BICA
BICA
Bica
BICA
BICA
BICA
DIST
DIST
DIsT
DIST
DIST
DIST
oIst
DIST
oIsT
[-31.1.%

TEMP FLOW

caLp
TOoLD
coLo
coLD
HOT
COLD
HOT
coLo
HOT
GaLD
coLD
CcoLD
caLg
HOT
coLD
HaT
colLb
HOT
CoLo

MED
MED
MED
MED
MED
FAST
FAST
SLOoW
SLow
MED
MED
MED
HED
MED
FAST
FAST
SLOW
SLOW
MED

SAMPIL.ING DAYS1

6. 92E-06

2.99E-06

2,476-08
1.75E-086
6.08E-06
2.30E-06
3.62£-08
3.45€-06
1.90E-08
1.78E-08
1.27E-06
1.51E-06
2.73€E-06
2.15E-06
1.15E-06
<6.51E-07
2. 05E-06
1.56€-05
5.70€-06

- W

UIU-NO_N#-'ODI\IAQO.WN.—U

1RAN LEACHRATE

. 34E-~0D6
.12E-07
.G9E-06

94E-086
B7E-06
47E-06
BAE-06
32£~-06
43E-06
43E-06
08E-05
28E~06
AGE-06
IIE-06
47E-08
S6E-05
0QE-08
7AE-06
Q9E-06

-1CP- (G7CMR.DAY)

AVERAGE DETECYION LIMIT=

3

2.21E-06
1.50E-08
1.92€E-06
[}
2.19E-08
€7.830E-07
4,42E-08
S, A7E-06
1,21E-068
2.24€E~06
8.85E£-07
1.08E-06
1.08E-06
Q.00E-D6
3.08E-06
9.06E-06
1.68E-06
<2.26£-08
I .85E-06

LA @ @ A=~ d N~ DOada—-N=n0

6

75E-08
12E-06
B6E-06
QDE-08
89E-05
82E-06
60E-06
14E-07
23E-07
44E-08
89E-06
14E-08

- 9BE-08

G1E-06
83E-086
31E-056
73E-07
B82E-07
12£-06

37

5.53E-06
2.58E-06
1.7BE-DB
3.56E-06
1.74E-06
5.77e-06
6.80E-QG
8.23E-07
7.81E-07
3.13E-08
3.00E-06
6,58E-06
1,89E-06
1.25e-06
4.71E-0B
S.1S€-06
9.65E-07
o,

9.95E-07

9.07E-09
SLawW

[3:3

B.00E-06
3.R7E-06
3. 27E-06
<1.21E-07
3.97E-06
6. 85E-06
8.60E-06
9.9%E-Q7
4.02E-06
2.0%E-08
2.73E-06
2.84E-06
3.24E-06
4.84E-06
3.11E-08
1.16£-05
1.47E-06
1.48E-04
5. 59E-06

230

5. 23€E-06
4.17E-06
4.01E-06
2.63E-086
3,57E-Q6
9,50E-086
8.74E-08
9.28E-07
6. 30E-07
3.28E-D3
3.83E-06
1.47€-0%
3.81E-06
2.81E-06
1.36E-05
7.06E-D6
1.41E-08
1.40E-08
2.04E-0B

3.90E-D8 2, 72E-07

HMEDTUM FAST

420

1.18E-0%
1.21€-035
1.24E-05
1.20E-05
1.25E-0%
4.90E-05
$.52E-05
3.7GE-06
5.26E-06
1.52E-DS
1.8¢E-0S
1.25E-05
1.20€-05
1.20E-05
5.35£-05
5.03E-05
5.365-06
5.11E-06
1.246-05
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2
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28

SOLN

BICA
BICA
BiCA
BICA
BICA
BiCA
BICA
BICA
BICA
DIST
DIST
oISy
01ST
DIST
DIST
DISsT
0187
BIST
BICA

TEMP FLOW

coLD
caLp
coLp
coLD
HoT

coLe
HOT

coLD
HOT

caLp
coLp
coLo
coLD
HOT

HoT
CoLD
HOT
caLo

NED
MED
MED
MED
HED
FAST
FAST
SLoW
SLOW
HED
MED
HMED
MED
MED

FAST,

FAST
SLOW
SLOW
HMED

SAMPLING DAYSI

9.703E-~06

8.51E-06

1.28E-05
3.189E-06
1.07E-04
<1.64E-0S
1.06E-04
5. 14£-06
8.48E-05
1.66£-05
1.07€-0S
8.712-06
3.25E-05
9. 44E-05
1.96E-05
<1.46E-05
6.55E-06
7.56E-05

MBLLY LEACHRATE -1CP- (G/CM2.DAY:

<2,75E-06
7.852-05
<2, 50E-06
<2.61E-06
9,05E-05
<1.63E-0U3
2.,43E-04
3,59E-06
5.69E-05
5. AGE-0Q6
©.39E-06
6.44E-06
1.25E~D5
3.86E-05
2.926-05
1,15E-04
5. 29E-06
5.68E-05

3.
<2.
4,
0.
9.
64E-Q%
L20E~04
. 48E-0B
-11E-0%
«71E-06
.34E-06
.34E-O6

<

1
1
2
9
<2
3
<]

Ao =

1

AVERAQE DETECTION LIM(T=

3
86E-06
51E-06

24E-06

42E-0%

4BE-0%
S3E-0%

.93E-0S
3.
LQ1E-05
(3

42E-0%

0BE-0O7

4.6SE-06 <2,81E-06 <2,89E-06

s 37

2.28E-05 1.48E-06
1.47E-05 2.28BE-06
1.81E-05 b&.0BE-06
1.38E-05 %.01E-06
1.12E-04 9, 93E-05
2.83E-Q05 <\ .G0E~-0QS
1.64E-04 1.14E-04
3.63E-06 1,71E-05
6.41E-Q05 6.33E-05
2.25E-03 3.70E-03
1.82E-05 7,41E-06
1.12E-06 7,56E-08
3.09E-05 1,97E-08
7.31E-05 §.52£-0%
<1.68E-05 2, GDE-05
8.82E-05 4, 27E-05
2.35E-06 2,58E-06
4.31E-05 0.
1.34E-QS <3.04E-06

2.

Q4E-07 8.77E-07 6.12E-C6
Low MEDTUM FAST
o:3 230 420
4.98E-06 3.B2E-056 @.13E-05
7.18Z-06 3.76E-06 9.1BE-05
1.12E-05 B8,81E-06 9.19E-05
<2.71E-06 <3.07€-06 B.6E6E-05
1.05%-04 <3.07C-06 1.79E-04
€1.20E-05 <1.41E-0% 3.8SE-Q4
1.44E-04 1.30E-04 4.71E-D4
2.23E-06 1,18E-06 3,66E-05
7.9%Z-0% 6,%9E-05 B8.10E-05
1.33E-05 1.42E-03 1.12E-04
1.28E-05 1.09E-05 8.9BE-05
1.29E~05 7.86E-06 9.37&-0S
2.80E-05 2.66E-05 1.06E-04
7.06E-05 S.47E-05 1.18E-04
<1.73E-05 3.72E-08 4.09E-04
9.12E-05 7.83E-05 d,.03E-04
2.94E~06 4.82E-06 3.91E-QS
6.37E-05 A.69E-05 6.91E-05
S.24E-06 <4,03E-06 8.52E-0%



=Zel-

CHAN SOLN

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

BicA
BIcA
BICA
BICA
BICA
BI1CA
BICA
BICA
BicA
DisT
DIsT
nrsT
D ST
BIST
orsT
DIsT
BIST
DisT
8ica

TEWP FLOW

CoLD
caLp
COLD
coLD
HOT
CoLD
HOT
coLD
HaT
coLD
caLb
coLD
ceaLo
HCT
coLD
HOT
ceLD
HOT
coLb

MED
MED
MED
MED
MED
FAST
FAST
SLoW
SLOW
MED
MED
MED
MED
MED
FAST
FAST
SLOW
Siou
MED

SAMPLING DAYEl

<

<

<

13

<

<

<

<

<

A

W = = N o

2.
2
2
2
2.
1
1

2
2.

2,

GRE-05
42E-05
39E-05
S8E-05
BRE-05
58E-04
65E-04

. 73E-06
.53E-086
. OOE.-05

40£-05
43E-05

. 92E-05

90E-05

.58E-04
. 85E-04
.B3E-05
.D1E-0N5
. 33E-DD

NICKEL LEACHRATE -IcP-

4.30E-05
<2.43E-05
<2.41E-05
<2.52E-05
<2.18E-05
<1.58€-04
¢1.66E-04
<5,83E-08
<5.18E-06
<2.63E-05
<2.42E-05
<2, 46E-05
<2.37E-05
<1.60E-0S
<1.58E-04
<1.64E-04
<3.982-06
<7.70F-06
<2.728-05

(G/cM2,

DAY)

AVERAGE DETECTION LIMIT=

3

<2.35E-0%
<2.43E-0S5
<2.41E-05
Q.

<2.53E-05
<1,59E-04
<1.87E~04
<5, 86E-06
<5.98E-06
<2.62E-05
<2.42E-0%
<2.46E-05
<2.87E-0Q5
<2.42E-05
<1,59E-04
<1,65E-04
<5,99E-06
3,39E-05
<2 TIE-05

6

3.65E-05
<2,405-05
<2.34E-05
5.90E-05
«2.51E-08
3.52E-04
3.10E-04
8.65E-06
1.26E-05
5.90E-05
1.04E-04
6.96E-05
<2.35E-05
4.63E-05
£1.80E-04
2.57E-04
<G,01E-06
8. 26E-06
<2.74E-0%

37

V.44E-05
<2.09E-05
<2.47E-03
%2.60E-05
<2.B54E-05
<1.55E-04
<1.BDE-D4
<5.21E-06
<§.92€-06

4.01E-05
<2.54E-05
<2.64E-0S
<2.47E-D5
<2.5%5E-0%

2.54E-04
<1.46E£-04
1.54E-05

0.
<2.92E-05

1.97E-06 8
5L.0W

.48E~06 5.91E-05

MEDIUM FAST

68 230 420

.9BRE-05 <3.02E-05 3.06E-04
.09E-05 <2.62E-05 3.60E-04
LADE-05 <2.73E-05 3.28E-04
22E-05 <2.97E-05 G8.60E-04
.14E-05 <2.97E-0F J.45E£-04
.B1E-04 <1.37E-04 1.44E-03
.85E-04 <1,43E-04 1.60E-03
.5E-05 ¢5.67E-N6 1.39E-0Q4
.90E-06 <5.99E-06 1.402-04
.12E-05 3.92E-05 3.89E-04
.45E~-05 2.86E-05 3.39E-04
.1BE-05 <3.15E-05 3J.79E-04
.03z-04 <2.91E-DE 3,75E-04
L10E-0S  1.06E-04 4.225-04
.B7E-04 9.91E-05 1.39E-038
.OGE-04 2.15E-04 1.43E-08
.02E-05 OS.82E-06 1.48E-04
BIE-0% <1.1CE-05 1.29E-04
.02E-05 <3.90E-05 3.D4E-04



~£gL=

CHAN SOLN

10
1
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28

BICA
BICA
BlgcA
BICA
BiCA
BICA
BICA
BIcA
BlcA
DIST
DIST
oIsT
DI1sT
DIsT
DIST
D1sT
DisT
DIST
BICA

TEMP FLOW

coLD
COLD
caLn
caLn
HOT
coLp
HoT
coLp
HeT
cel.p
coLp
coLn
coeLp
HOT
coLp
HOT
coLD
HOT
coLp

MED
MED
MED
MED
MED
FAST
FAST
SLOW
SLaw

HMED
MED
MED
MED
FAST
FAST
sLow
sSLoM
MED

SILICON LEACHRATE -1CP-

SAMPLING DK\YS1

3
3
a.
2.26E-05
1.07E-04
2,08E-0S
1.53E-04
2.17E-05
1.65E~05
2.98E-00
3.S57E-05
2
2
]
4
?
2
S
1

54E-0%
15E-05
Q1E-06

B9E-05

.84E-08
. 86E-05
.41E-0S
.61E-GS
. 1EE~-0S
. 78E-0S
. 7SE-06

8.83E-06
3.12E-06
4.39€-06
7.02E-06
8.27E-0S
3.20E-05
2.99e-04
5.71E-06
1.72E-05
B8.57E-06
7.49E-06
8.26E-06
7.81E-06
4.31E-05
3.B64E-05
1.38E-04
6.01E-06
4.63E~05
1.08E-06

AVERAGE Dy

3

6.11E-06
5.68E-06
3.53E-06
o.

9, 32E-05
€1.34E-06
1.87E-04
3,35E-06
1.59E-0%
6.87E-06
4.50E-06
5, 40E~06
©.85E-06
5,92E-05
1,26E-05
2,46E-05
9.86E-08
1.839E-05
5.32E-06

(G/CM2. DAY

6

.2BE-Q7
.03E-07
.97E-07
. 12E-07
-A1E-05
. 27E-D6
<A1E-06
. AfE-08
- A4%-05
-21E-D7
.02E-Q7
.0BE-07
.98E-07
.30E-05
.52E-05
.BBE-C8
.08E-08
.36E-05
+31E-07

<1

2
<2.

wm

<1,

<q.

<2

<2.
s
<2,

<1.

<t

<5.

<2.

cTECTION LIMIT=

37

13€-07

.77€-07

QO8E-07
19E-07

«B6E-05

S1E-08

LE1E-NS

aoE-08

. 75E-05

JI0E-D7
13E-07
23E-07
0eE-07

32E-05

32E-08
23E-05
11z-08

4BE- Q7

SLOW

<2
<2.

a

)

<t

<d.
. 7B3E-05

<2.

<t.

<2.

2.

7

6
<1,
<3,

3
<2.

68

. SOE-07

10E-07

-11E-D7
<.
. 26E-00
. INE-07

21€-D7

SEE-06
7RE-08

Ang-07
82E-07
22E-07
14E-07
33E-08
655-06
35E-06
10E-08
67E-05
526-07

230

<2
<2.
<2

a
Lo

~

<2.
2.
<2
<2,

<?.

<5,

n

<3

55E-07
21E~07

-31E-07
<2.
«81E-05
. 1RE-06
. 2GE-DS
.07E-07
-31E2-08

S1E-07

481 -07
A1E-07

.8GE-07

45E-Q7

.59E-05

3ILHE~O07

- 14E-05

67E-08

.B5SE-05
. 29E-07

1.676-08 7. 16E-02 5.00E-07

HEDTUM FAST

420

4.66E-06
4.26E-06
2.82E-06
2.91E-06
8.49%-n§
6.
1.
2.

1ik-06

07E-04

6EE-08
4.072-08
2.3%C-05
1.76E-08
1.41E-08
7.54z-08
3,69E~05
5.89%-06
3.93E-05
1.08E-06
3.14E-05
2,325-06



“peL-

CHAN SOLN

1o
I

12
13
14
15
16
17
8
19
20
21

22
23
24
25
26
27
28

BICA
BICA
BICA
BICA
BICA
sica
BICA
BICA
BICA
oIsT
DIsT
DIST
oS8T
DIST
DIST
DIST
D'sST
DIST
BICA

TIMP FLOW

caLo
coLD
COLD
coLb
HOT
cOLD
HOT
COLD
HOT
COLD
COLD
COLD
CcOLD
HOT
CoLD
HOT
r:oLD
HOT
CcoLD

mMEQ
MED
MED
MED
MED
FAST
FAST
SLOW
SLOW

STRONTIUM LEACHRATE -1CP-

SAMPLING DAYS‘

<1.28E-0%
<1.18E-05
<1.17E-0%
<1.24L-0%
<1,23E-0%
<7.78E-05
<8.08E-05
<2.B83C-06
<2.32E-06
.27E-05
<1.17E-05
<1.20E-05
. 14E-0S
. 20E-06
<7.?75E-0%
<6.92E-05
<2.82E-95
<3,89E-06
<1.25E-05

<

<

<

<i
<1.
<1,
<1,
<1.
<7
<8.
<2.
<2
<1

<t
<t

<1

<8
7.
<8.
2.
<3,

.30E-09

19Z-0$
18E-05
23E-0T
07E-~0%

.72E-08

15C-0%
AJE-06

.53C-06
.29E-05
J18E-05
.20E-0%
- 16E-03
L 20E-06

75E-08
O1E-DS5
92F-06
77€-06

.33E-05

<1,
<.
<.

<1,
<7.
<8.
<2.
<2.
<1
<t
<t

<.

A

7.
<8
<2

2.

"

AVERAGE DETECTION LIMIT=

3

1S5£-03%
19E-0%
18E~-05

24E-05
76E-05
1SE-06
87E-06
92E-06

. 28E-05
. 18E-0S
.21E-05

16E-05

. 18E-Q5

80E-03

. 0GE-0S

93E-06
AOE-06

. R6E-Q5

<1,
<1.
<1

<1,

{G/CNZ.DAY)

6

AE-0T
18E-0%

.14E~DS
.23E-05
23E-0S
. RAE -0%
.14C-0%
.89E-06
. 48E-0S
.28E-05
J17E-0%
.19E-03
.1SE-QS
.19E-06
.82E-05
.QCE-05
.94E-06
. 38R 06

34E-Dy

<6,
<t.
<1,
<1.
<1,
<7.
<8,
<2,

2.
<1,
<3,
<1,
<

<1
<7.
<7.
<2.

a1,

37

S2ZE-06
02E-05
21E-05
27E-05
24E-0S
S7E-05
31E-0B
B8aF-06
21E-05
33E-05
24E-05
29E-0%

.21E-05
. 28E-05

97E-05
12E-05
96L- 05

44E-05

S04

<1
<1
<1
<.
<1

<5,

<z

N

<1.
<1,
<1,

<t

<8.
<7.
<2,

68

.A5E-Q3
.22E-05
.R22E-05

2EE-05

. 25E-0S

BCE-038
Q6E-08

2.71E-06

16E-05
2CE-03
OBE -0B
28E-0%
24E-0S

. 26E-08

18E-05
QAR-05
95E-06

.O3E-03
. 46E-0%

230

<.
<3,
<1,
<1,

<B.
<?.
<z,

<t.
<1,
<t
<,
<t.
<q,
<6,
<3

<1,

A4ZE- 05
20E-05
37E-05
4A5E-05

,87E-05

69C-05
O1E-08
77E-08

. B8E-QS

43E-0%5
A0E-05
S4E-05
A3E-QS
48E-0S
26E-05
S5E-05
20C-06

.67E-06

Q1E-05

EAST

9,64E-07 4.13E-06 2.89E-0%
MEDIUM

a20

<i.
1.
<1.
<.

<5.
<6.
<3.

<1
<
<1

<1

<7.
<7.

<1.

39L-085
29E-0S
}7E-05
A3E-05

.74E-0S

22E-05
32E-05

14E-06

. 1CE-0S
. 765-05
.46E-05
.39E-05
.37€-03
+36E~0L

SAE-0D
14E-0S

-19£-08
L@1E-05

20E-03



~§€L-

CHAN SOLN
10 BICA
11 BICA
12 BIlICA
13 BICA
14 BICA
1S BICA
1€ BICA
17 BICA
18 BIlCA
19 OtsT
20 DIsT
21 DIsT
a2 oIsT
23 DIST
24 DIST
25 DIsT
e6 DIST
27 DISsT
28 BICA

TEM? FLOW

caLo
coLb
coLn
caup
HaT
coLD
HOT
caLo
HOT
GOLD
coLD
coLD
COLD
HOT
coLn
HOT
CoLD
HOT
coLn

WED
MED
MED
MED

FAST
FAST
SLaW
sLow
MED
MED
MED
FED
MED
FAST
FAST
SLaw
SLowW
MED

TITANIUM

SAMPLING DAYSi

<2,33E-07 <2.34E-07

2.09E-03
1.84E~05
1.98E-05
1.86E-05
6.81E-0%5
7.17E-05
8.67E-08
8.50E-D6
1.90E-05
1.81E-05
1.84C-05
1.95E-0S
1.856-05
6.69E-05
7.09E-05
7.97E-06
0.15E-08

1.19-08
2.06E-05
2.10E-05
1.72E-05
1.67E-04
1.59£-04
B.6OE-0%
a.71E-08
2.13E-00
2.04E-05
2.06E-05
2.09E-0S
1.99E-05
1.65E-04
1.87E-04
7.31E-06
9.29E-06

<2.26E-07 <2.40E~07

LEACHRATE

~1CP-

({G/CMe. DAY)

AVERAGE DETECTION LIMIT=

3

2,04E-05
2.17E-08
2,08E-05
[+]

2. 14E~-05
8.17E-05
8.43E-05
6.B3E-DE
&.0AE.OE
2.15E-05
2. 14E-05
2.16E-08
2.12E-05
2.15E-08
8.43E-05
7.92E-05
1.6CE-DS
€.52E-06
2.25E-05

-]

2.64E-05
2.58E-0%
2.47E-05
1.85E-0%
2.56E-05
8,89€E-05
6.65E-05
1.74E-08
1.7eE6-06
2.88E-0%
2.,21E£-05
2.5S0E-05
2.19E-0S
2.50E-05
6.6BE-DS
&.20E-05
1.37€-06
1.36E~06
6.85E-06

37

#.32E-06
2.02E-05
1.97€-0%
2.02E-05
1.85E-05
#.12E-05
7.45E-05
4.41E-08
¢.01€-06
1.99E-03
1.98E-05
2.03E-05
2.02%-0F
1.84E-05
8.20E-05
8.233E-05
4.28E-08
0.

1.85E-0S

1.74E-08 7,
e
68

1.75E-0%
1.74E-0%
1.67E-05
1.71E-0%
1.71E-0%
6,53E-05
7.18E-05
3.63E-06
4.925-06
1.63E-05
1.67E-05
1.89E-08
1.69E-05
1,7%E-05
6. 9BE-05
6.64E-05
3.27€-08
7.43E-086
1,71E-06

49E-08 S.22E-07
FAST

MEDTUM

230

<2.67E-07
<2.32E-07
<2.41E-07
<2,62E-07
<2.62E-07
<1.21E-06
<1.26E-086
<5.01E-08
<5.29E-08
<2.SBE-07
<2,52E-07
<2, 78E-07
<2.57E-07
<2.68E-07
<7.69E-07
<1.20E-06
<S.93E-08
€9.73E-08
£3.44€-07

420

9. 05E-08
1,03E-05
1.01E-a3
1,04E-05
1.41€-0%
4.15E-D%
4,32E-0%
4.21E-06
&, 04206
1.11E-03
9. 30E-05
9,.33E-06
2. 23E-06
9,17£-08
4.35E-05
3.87E-03
3.93E-D6
3.61E-06
9. 76E-05



“ggL-

CHAN SOLN

10
"
12
13
14
135
16
17
18
18
20

22
23
24
25
26
27
28

BICA
BlCcA
BiCA
BICA
BICA
olicA
BICA
BICA
BICA
oisT
DIsST
DIST
DisST
DIST
DIST
oisT
DisT
DIST
BICA

TEMP FLOW

coLp
HOT
coLo
HOT
coLb

MED

MED
MED
MED
FAST
FAST
SLow
sLov
MEC
MED
MED
MED
MED
FAST
FAST
sLow
SLOW
MED

SAMPLING DAYS1

<4.27E-06
<3.92E-08
<3.87E-06
<4,09E-06
2.71E-05
<2,56E-05
<2.68E-05
<9.37E-07
S5, 78E-05
<d4.21E-06
<3, BIE-D6
<3.97E-06
<3.77E-06
<3.97E-06
<2.56E-05
<2.29E-0%
<9.33E-07
<1.29E-06
<4.14E-06

URANIUM LEACHRATE -1CP-

<4.30E-08
<3.94E-~086
<J.91E-06
<4,08E-06

2.41E-D3
<2,58E-0%
<2.70E-0%
<8.44E-07

3.93E-05
<4,26E-08
<3,91E-06
<3.98E-06
<3.84E-06
<2.71E-06
<2.56E-0%
<2.65F-0%5
<9.68E-0Q7
<1.2BE-06
<4,40E-~06

{(Q/CcM2.

DAY}

AVERAGE DETECTION LIMIT=

3

<3.81E~06
<J3.93E-08
<3.91E-06
0.

3,04E-05
<2,57E-0%5
<2.70E-0%
<9 .50E-07
3.53E-06
<4,24E-06
<3.91E-06
<3,99E-06
<3,84C-06
¢3.91E-06
<2.59E-0%
<2,E7E-0S
<9.6BE-07
<7.96E-07
<4,52E~06

<4

<3.
<3,
<4,

<2,

<8,

<3.

<3.

<3

(-
<2

<7.
<4,

6

92E-06
B89E-06
78E-Db
06E-06

. 40E-08

43E-0%5

., 70E-0%

57€-07

. 27E-08%
. 23E-06

BBE-06
9SE-06
01E-06

. 93E-06

SSE-05
65E-05

. 74E-07

B4E-07
44E-0B

37

<2.16E-08
<3.38E-06
<3.899E-06
<4.20E-06
3.80E-05
<2.51E-05
<2.91E-05
<9.56E-07
S.MNAE-0S
<4,40E-08
<4.12E-06
<4.27E-06
<3.99E-06
<4.12E-06
<2.64E-035
<2.36E-0S
<8, 79E-07
0.

<a4.76E-06

3.19E-07 1,37E-06 9,57E-~06
SLOW

<A,
<d.

<a

<1

<1
<a

MEDIUM

68

79E-06
N3E-06

.04E-DS
<d,
N2E-05
- 8GE-05
3.
<9.
«SOE-0%
<4q.
<3.
<A,
<4.
<4,
<«
2.
<9.

24E-Q06

00E-~03
Q7E-07

S6E-06
19E-06
25E-06
10E-06
17E-06
71E-0%
S9E-0S
77E-07

< 8BE-0B
. B4AE-Q6

230

<d4,.89E-06
<4,24E-006
<4.42E-06
<4.8%E-06
6.31E-05
<2.21E-05
<2.32E-03
<9.18E-07
5.07E-05
<4, 72E-06
<4,62E-06
<S.10E-06
<4.72E-06
<4.91E-06
<1.41E-05
<2.20E-0S
<1.09E-06
<1.78E-06
<6.31E-06

FAST

azo

<4.61E-08
<d4.60E-08
<4.53E-06
<4.72C-08

6.13E-03
<1.73E-0%
<2.10E-05
<1.04E-08

2.326-0%
<5,81E-06
<4.B4E-06
<4.39E-06
<4.83E-06
<4.80E-08
<2.63E-0%
<2.36E-05
<1.06E-06
<9.60E-07
<4.22¢-06



~LEL=

CHAN SOLN

10
1"

12
13
14
15
16
17
18
19
20
21

22
23
24
2%
26
27
28

BICA
BICA
BICA
sreca
BicA
BICA
BICA
BICA
BiCA
bIST
DIST
DIsY
DIsT
DIST
b1sST
DIST
DIST
BIST
BICA

TEMP FLOW

coLD
coLD
coLp
colLD
HOT

caLp

coLD
HOT
coLDp
CrLD
col.o
coLD
HOT
COoLD
HaT
coeLD
HOT
coLp

MED
MED
MED
MED
MED
FAST
FAST
SLOW
sLow
MED
MED
MED
MED
MED
FAST
FAST
SLOW
sLow
MED

SAMPLING DAVS‘

5.77E-05
8.00C-06
1.37E-05
7.4€E-06
9.56GE- 06
3.2CE-0S
2.26E-05
6.35E~06
1.94E-06
9.S54E-06
9. 80E-06
8.16E-06
3.84E-0%
4.S8E-06
5. 44E-05
S.65E-05
2.008E-06
R2.17:-06
1.73E-05

Z2INC LEACHRATE

9.43E-06
5.B0E-06
1.38E-05
6.62E-06
$.32E-06
2.53E-05
S5.24E-05
6.59E-D6
2.4SE-06
1,50E-0S
1.26€-05
1.38E-0%
3.07E-05
3.93E~06
4.B3E-05
1.0NE-04
4,57E-06
1.23E-05
6.01E-06

6

4.
1.
0.
S.
t.
2

1.
2,

1

a = 0 0 N ®

AVERAGE DETECTION LIMIT= 3,63€-08 1
3Lay

3

S2E-06
4eE-06
36E-08

63Z-06
S52E-05
A2E-05
S4E-06
17E-086
O7E-08
44E-06
80E-06
09E-0%
32E-06
82E-05

. 32E-0%
.GBE-05
8.
4.

QAE-07
00E-06

“1gP-

8

€. 88E-06
£.51E-06
1.66E-05
8.29E-06
8.31E-06
2. 24E-05
3. 43E-05
1.42E-08
1.62E-06
1,02E-05
1.02E-05
89.47E-06
3.55E-05
7.49E-06
2.21E-05
5.12E-0%
4. 46E-05
1.12E-06
8.43E-DS

(G/CM2.DAY)

37

1.B4E-N6
3.5DE-DBG
1.99E2-05
4.26E-06
6.78E-06
1.25E-0S
S.46E-05
1.63E-N6
1.57E~06
6.22E-06
5.G0E~08
6.83E-06
3.33E-05
4.38C-06
2.08E-05
5. 4E-0%
2.62E-06
o.

4.02E-06

68

5.77E-08
5. 23€~06
1.72E-05
5. 74E-06
7.53E-06
2.72E-0%
3.11E-05
3.29E-06
9.56E-06
7.83E-06
8.06E-06
7.52E-06
3.82E+-0%
9. A0E~-06
1.93E-03
6.74E-05
3.ME-06
5.36E-08
6.32E-06

.B67C-07 1.16E-08

MEDIUM

230

a.
1.
1.
4,
S.
1.

2.
1.
9.
<5,
5.
6.
9.
1.
1
7.
3.
2.
3.

SAE-06
93E-06
64E-05S
11E-06
27E-06
29E-0S
70E-0S
33E-06
94E-07
74E-07
A9E-06
23E-06
37E-05
80E-05
71E-05
S9E-05
34E-0B
S4E-06
S5E-08

FAST

420

2.64£-06
3.93%€-06
1.2tg-05
2.23%E-06
5.83E-06
S.03g-06
1.368E-05
1.39¢-06
2.31g-06
4.5%e-06
3.47E-06
2.72g-06
4. 19E-09
1.87E~05
7.69E-06
2. ME-0%
1.82E-06
1.98C-06
2.62E-06



-8el-

CHAN SOLN

10
1
12
13
14
13
16
t7
18
19
20
21
22
23
24
25
26
27
z8

BI1CA
Bica
BICA
BICA
BICA
BICA
BICA
BICA
BiCA
p18T
DIST
DUST
DIST
DiST
D1ST
DIST
nisT
D1ST
BIcA

TEMP FLOW

coLD
coLo
CcoLD
coLb
HOT
coLb
HOT
caLp
HAT
coLp
coLD
caLo
coLD
HOT
cop
HOT
coLp
HOT
coLp

MED
MED
MED
HMED
MED
FAST
FAST
SLow
sLou
MED
MED
MED
MED
MED
FAST
FAST
SLAW
SLaOW
MED

SANPLING DAYSl

2.21E-03
6.39E-04
1.62E-04
1.81E-04
3.6€E-04
6.03E-04
5, 09E-04
9.93E-04
1.35E-04
2.57£-04
1.83E-04
1.56E-04
1.52E-04
2.14E-04
8.14E-04
3.8%€E-0q
1.82E-04
1.18€-04
9. 09E-04

CALCIUM LEACHRATE

2.74E-04
1. 14E-04
1.80E-04
1.08E-04
1.88E-04
§.24E-04
1.29E-03
6.69E-05
7.33E-0%
8.25E-0%
1.30E-04
95.01E-0%
?.42E~-05
1.61E-04
5.22E-04
6.77€-04
6.14E-0S
1.0Q0E-04
1.83E-03

4
1
Q.
2,
&
2
2,

NN~ 0D N A

o~

AVERAGE DETECTION LIMIT=

3

88E-04
OQE-D4
O7E-04

69E-04
78E-04
46%-03
9A1E-05
92E-NS
10E-05
22E-05
8GE-0%
43E-0%
15E-04
32E-04
B5E-0¢
65E-05
94E - 05
W2E-03

-1CP-

]

7.04E-03
9.73E-05
8.54E-0%
6.B4E-0S
1.87E-04
2.566-04
3.76£-04
4.15E-03
3.62C-05
1.07E-04
5.48E-GA
7.46%-0S
1.87E-04
1.84C-~04
2.79E-04
2.31E-04
2.01E-08
5.88BE-05
1.78E-04

D W

~ N

mom RN

- 50N LD BNOOD

(G/CM2.DAY)

a7

82E-0%
11E-D5
B4E-DF
84T-05
738E-04
TAE-Q4
53E-08
-Ds
$1E-05
59%-05
60E-35
94E-05
23E-03
25E~05
Q9E-04

.3GE-04

16E-05

NZ2E-04

1.33E-08 1
SLOW

.85E~07 1.30E-06

MEDTUM FAST
68 230 420
6.76E-06 9,77E-0B 1.17E-04
7.81E-0S 7.05E-05 4.08Z-04
6,33E-05 1.40E-04 9.65C-05
6.47E-05 7.30E-05 A4.42E-0%5
1.48E-04 1,52E-24 1.04E-04
Q,076-04 2.COC-04 9,97C-0%
S.11E-04 5.77E-04 2.18E-04
6.40E-05 3.40E-05 2,04E-05
2.902-04 4.43E-05 7.51=-09
4.23E-05 S5.13E-05 1.71E-04
3.87E-05 1.DIE-DA B ARE-DE
5.19E-05 5.490E-05 1.71E-08
1.8CE~04  T.90E-05 1.78E-D3
1.DSE-D4  1.40E-02 S5.C0E-DS
2.73E-D4 1.84E-04 6.S7E-09
3.64E-D4 3.37E-04 5,04E-D5
2.66GE-05 3.42E-05 1.14E-0%
1.22E-04 S.0Q7E-05 4,92€E-0%
G.84E-05 8.52E° 05 6.68E-0%



-6EL"

CHAN SOLN

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
a8

BICA
BICA
BiCA
BICA
BICA
BICA
BICA
BICcA
BICA
DIST
DIST
DIST
DIST
DisT
DIsT
DIsT
DIST
olIsT
Bica

TEMF FLOW

coLD
coLn

coLp
HOT
coLD
HOT
coLD
HOT
coln
coLD
CoLD
CcoLD
HoT
coLo
HAT
cOLD
HaT
cOLD

MED
MED
MED
MED
MED
FAST
FAST
SLOW
SLewW
MED
MED
MED
MED
MED
FAST
FAST
siew
SL.OW
MED

SAMPL ING DAYS‘

4.59E-03
a.86E-0R
3.19E-02
3..3E-03
3.S5E-03
1.48E-02
1.52E-02
1.33E-03
1.28E-03
2.42E-04
1.06E-04
7.01E-05
1.24E-04
$.29E-04
1.39E-p3
3.73E~-04
9.61E-0%
6.20E-04
2.89E-03

SODIUM LEACHRATE -I1CP- (G/CM2,DAY)

4.92E-03
<q,12E-07
1.70E-03
2.51£-03
1.40E-03
1,98E-01
2.0SE~01
3.66E-04
5.21E-04
1.85E-04
a,12E-0S
2.6BE-05
2.28E-0S
7.35E-05
1.27E~04
2,62E-04
2.95E-05
8.09E~08
2,40E-03

AVERAGE DETECTIGN LIMIT= 3.34¢-08 1
SLow

3

3.74E-03
1.505-03
*1.89E-D3
0.
1.86E-03
5.13E-03
5,58E-02
<9,94E-08
<1.01E-07
2.18E-05
1.91E-05
1.82E-0%
2.57E-05
8.68E-05
6,47E-05
1.25E-04
1.13E-04
6.71E-05
1.58E-03

-3

1.60E-04
4., 9AE~05
<3.96E~-07
<4.25E-07
3.09E-04
2.98E-03
3.56E-03
<€1.00E-07
2.38E-04
5.32E-05
4.41E-05
2,79E-0%
2.42E-05
9.11E-05
S,45E-05
1.11E-04
6, 22E-06
6. 24E-05
1.15€-Q3

37

2.14E-03
3.59E-03
4.27E-03
4.29E-03
4.32E-03
1.89E-02
2.51E-02
1.12%-03
1.34E-03
7.45E-05
5.63E-05
3.61=-0S
4.02E-05
9.32E-05
1.77E-04
2.23FE-04
1.27E-03%
0.

4.91E-03

. 44E-07 1.0QE-06

MEDIUN FAST
€8 230 420

2,35E-08 4.07E-03 <4.83£-07
1.52E-08 3.44E-08 1.51E-03
1.94E-03 3.32E-03 9.03E-04
2,188-03 3.48c-03 8.681£-08
1.71E-08 9,38E-02 <4.50E-07
6,95£-08 1.11E-02 <1.81E-06
1,056-02 1.52E-02 1.83E-03
6,80E-04 1.52E-03 <1.0BE-07
2,03E-03 1.60E-03 <1.05E-07
2,23E-05 1.01E-04 1.63E-0%
5.01E-05 8.84E-05 1.42E-0%
2,82E-05 4.70E-QS 3.1DE-0S
3,19E-05 1.30E-04 1.SDE-05
9.50E-05 1.0SE-04 4.57E-0%
8.79E-05 1.34E-04 4.17E-05
1.295-04 6.00E-04 6.29E-05
6.737-06 2.45E-05 5.91E-06
7.12E-05 5.85%E-05 3.70E-0S
2.99E-03 B5.4SE-03 <d4.41E-Q7


file:///3E~03

CHAN SOLN

i
IR
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

B8!CA
BICA
BICA
BICA
BICA
BICA
BICA
BICA
RICA
DIsST
OIST
DIST
DIST
D1sT
DIsT
orsT
D1st
atst
BlcA

)4

TEMP FLOW

caLo
coLD
coLD
coLD
HOT
caLbp
HOY
coLD
HAT
coLD
CcoLD
coLD
coLD
HOT
coun
HAT
coLd
HAT
caLo

[an}
MED
MED
MED
MED
FAST
FAST
sLoW
SLOW
MED
MED
MED
MED
“ED
FAST
FAST
SLOW
SLOW
MED

BORCN CUMULATIVE FRACTIONAL LEACH (GFLY

SAMPLING DAVS]

6.38E-0S
2,39E-05
<1.549E-05
2. 04E-0%
3. 85E-04
<t D1E-04
5.00E-04
1.67E-0%
2,97g-04
2,33E-0%5
2.848-05
2.26E-0%
5.57E-03%
3.65E-DA
<9, 70E-0S
1.98E-04
2.11E-0%
2.B60E-04
2.56E-0%

2
<8.09E-05
<3.92E-05
<3.09E-0%
<3.62E-05

6.68E-04
<2.02E-04
1.33E-03
2.33E-0%
4. 86E-0D4
4.G9E-05
<4.3FE05
<3, 27E-05
7.B9E-0%
4.55E-04
<1,94E-04
S.04E-04
3.49E-05
4.56E-04
1. 28BE-04

AVERAGE DETECTION LIMIT=

3
<a.61E~QS
<§.45C-0%
<4.64E~0%
<0.

1.01E-03
<3,D4E-04
1.84E-032
2.9%E-05
6,62E-D4
<6.31E-05
<5.87E~05
<5,28E~05
1.04E-04
6. 93E-04
<2,92E-D4
6.56E-04
5.68E-05
5.26GE-04
<1.43E-D4

<1
<1

<.
.04E-04
<9.
-D3E-04
L 29E-D3
<5.
L17E-03
<B.
.80E-Q4
.96E-04

<1

- N

A

6

- ABE-04
.Q1E-04
<9.
.QBE-05
-UOE-D3
. 96E-04
. 30E-03
.G1E-05

19E~05

BSE-03
12E-04

82C-05

89E-04

82E-05

37
8. 55 -04
5. 37€-04
<5.62E-04
<B.77E-01
1.22E-02
<3.81E-03
1.81£-02
8. 14E-04
8.50E-03
<6, 23E-04
<G, B2E-049
<5, 80E-04
1. 1SE-D]
7,552-03
<3,64E-03
6.16E-03
<1.85E-04
4]
<7.47E-04

3.16E-07 1
SL.OW

68

<1, 21E-03
<9, 98E~04
<1.0D0Z-03
<1, 10203
2,20E-02
<5, 305-02
. R7E-02
5.57E-04
1.82E-02
<1,17E-03
<1.0%E-03
<1.10E-03
2.51E-03
.43E-02
BBE-03
,10E-02
<3.05E£-04
.23E-02
<1.33E-03

©

230
<2, 18E-02
<3.59E-03
<3.78E-03
<3.91E-03
8.13E-02
<1.94E-02
t.11€-01
1.S5E-03
5. H2E-02
<a.03E-03
<3.58E-03
<3.95E-03
1.0?E-02
4, 50E-02
<1.94€E-02
3.8268-02
<29, 46E-04
4.26E-02
<4, 75E-03

.9BE-06 9.48E-08

MEDIUM FAST

420
<4, .56E-02
<6.84E-03
<7.13E-03
<7.38E-03
1.48E-0)
€3.41E~-02
1.06E-01
3.18E-Q3
9.27iz-02
<7.83E-03
<7.04E-03
<7.41E-03
1.83E-02
7.29E-02
<3.38E~02
6,64E-02
<1.73E-03
©.97E-02
<8.61E-03



-T#l-

CADMIUM CUMULATIVE FRACTIOMAL ILEACH (CFL)

AVERAGE DETECTION LIMIT= 3.54C-06 1,32E-05 1.0B8E-04

CHAN SOLN TEMP FLOW SAMPLING DAYS Stov MEDIUN FAST
1 2 3 ] a7 68 230 420

10 BICA cOLD MED <1.9DE-04 ¢3,82E-04 <3.52E-04 <1.14E-03 ¢5.96E-03 <1.06E-02 <4,33E-02 <8,S53E-02
11 BICA COLD MED <1,71E-04 ¢3.43E-04 <5.14E-04 <1,03E-03 <5.92E-03 «1.11E-02 <4.01E-02 <7.65E-02
12 BICA COLD MED <1.72E-04 ¢3,46E-04 <¢S.19E-04 <1.03E-03 <6.37E-03 <1.21E~02 <4.23E-02 <7.99E-02
13 BlcA <CcOLD MED <1.77E-04 <3,53E-04 <O. <8.8BE-04 ¢6.42E-03 <1.23E-02 <4.3BE-02 <§.27E-02
14 BICA HOT MED <1.B9E-04 ¢3.16E-04 <4,83E-04 <).189E-03 <7.33E-03 <1.26E-02 <4.19E-02 <7.76E-02
15 BICA COLD FAST <1.14E-03 <2.27E-03 <J.41E-03 <6.68E-03 <4.05E-02 <7.14E-02 <2.18BE-01 <3.82E-01
16 BICA HOT FasT <1.14E-03 <2.29E-03 <¢3,42E-03 <7.12E-03 <¢4.49E-02 <8.39E-02 <2.67E-01 <4.44%:-01
17 BIcA COLD SLOW <4, 15E-05 <8.34E-05 ¢1.25E-04 <3.27E-04 ¢1.99E-03 <3.32E-~03 <9,83E-03 <1.80E-02
18 BICA HOT SLOW <3.94E-08 <7.48E-05 <1,16E~04 <3.01E-04 <1.09E-03 <3.10E-03 <9,53E~03 <1,74E-02
19 DIST COLD MED <1,80E-04 <3.63E-04 <5.45E-04 <2.S7E-03 <1.55E-02 <2.48E-02 <7.18E-02 <1.14E-01
20 O0IST COLD MED <1.68E-0d4 <3J.30E-04 <5, 08E-04 <2.48E-03 <1.S0E-02 <2.34E-02 <6.66E-02 <1.05E-Qt
21 0IST COLD MED <1,68E-04 <2.37E-94 <5, 07E-04 <2.45F-03 ¢1.49E-02 <2.37E-02 <7.05E-02 <1.09E-0Ot
22 0IST COLO MED <1.69E-04 <3.41E-01 <3, 13E-04 <3.26E-03 <¢1.26R-02 <2.87E-02 <9, 16E-02 <1.48E-~01
23 OIST HOT MED <1.72E-04 <2.80E-04 <4.587-04 <1.73E-03 <1.08E-02 <1.9S5E-02 <6.B0E-02 <1.04E-01
24 DIST COLD FAST <1.09E-03 <2.1BE-03 ¢3,27E-D3 <6.60E-03 <A.08E-02 <7.71E~02 <2,17E-0) <7.87E-01
25 DIST HOT FAST €9.97E-04 <2.15E-03 <3.31E-(3 ¢7.73E-03 <4.58E-02 <8.44E-~02 <2,75E-01 <4.62E-~01
26 DIST COLD SLOW <4,04E-03 <0.23E-05 <1.24E-04 <2Z,80C-04 <1.72E-D3 <3,08%-03 <1.05E-02 <1.97E~02
27 DIST HOT SLoW 7.39E-04 <7.92E-04 <8.27E-04 <1.02E-03 <0. <1.10E~02 <3.71E-02 <4.82r~02

28 BICA COLG MED <1.80E-04 <3.72E-04 <5.60E-04 <1 16E-03 <7.34E-03 <1.3BE-~02 <5.22E-02 <9.54E-02



e NS

=2ht-

CHAN SOLN

10
11

12
13
14
15
16
17
18
19
2%
21

22
23
24
25
26
az
28

BICA
BICA
BlcA
BlCA
BICA
BICA
LIcA
BICA
BICA
DIST
DIST
DIST
DIST
oIST
DIsST
DIsT
DIsT
DIsST
BlcA

TEMP FLOW

COLD
caLp
coLD
coLD
HoT
caLn
HOGT
cALD
HoT
coLD
coLp
Co1.0
coLD
HOT
coLD
HoT
coLD
HOT
coLD

MED
MED
HED
MED
MED
FAST
FAST
3LoW
SLIW

[ =]
MED
MED
MED
FAST
FAST
sSLow
sLow
HED

TRON

SAMPL ING DAVS1

A
M oA @

2.78E-D05
1.17E-05
9.90E-05
6.83E-06
2.2BE-0%
9.19E-06
1.39€-05
.38E-05
24E-06
88F-05
97E~06
77E-06
10E-03
41E-06
A1E-06
B5E-A6
. 1SE-05
6.11E-05
2.24E-03%

- o a9 N

- - =

N

RN O o Q

AN = o W e o

CUMU.ATIVE FRACTIONAL LEACH (CFL)

2

- 13E-05
.22E-0%
.22E-04
. 44E-0S

24E-05
30E-05
16E-05
70E-05
41E-0S
B3E-DS
A2E-04
07E-05
69E-05

.77E-05
.BAE-05

D3E-D4
S4E-05

.SSE-0S

24E-05

AVERAGE DETECTION LIMIT=

a
5.02E-05
<1.81E-0S
1,R29E-04
o,
4,08E-D3
<4, G9E-05
6.86E-06
5.05E-06
2.87E-05
2 AQR-N%S
2.46E-04
1.48E-05
?.12E-05
2.95E-05
4,86E-0S
<1.,15E-04
2.19e-05
<7.%6E-03
4.96€-0%

<

N

A

<8

® G~ = N b = A @

@ v N

6

. BOE-05
- 34E-05

52E-04

.88=-05

S5E-04
17E-04
34E-04
§5E-05
94E-06
7as-0%
69E-04
97E-05
O00E-0S
21E-05
29z-05

.67E-04
2.
.BOE-05
Q.

87E-05

88E-05

A

L e T L L R R . . SV W T . Y

37

77€E-04
J0E-04
77F.-04
39E-04
AE-08
J2E-01
S0E-01
33E-04
37E-04
2GE-04
66%-04
G4aE-04
32E-04
41E-04
62E-04
ADE-04
22E-04

. 02E-04

-1}
1.61E-03
<6,09E-04
7.04E-04
<G.62E-04
1.71E-0R
<1.€4E-03
1.79E-03
2, 42E-04
A4.255-04
a.a8E-oa
9.2%E-04
1.13E-03
7.66E-04
B.18E-DA
9.37E-04
<1.77E-03
2.75E-04
<1.81E-02
8.31€-04

230

6.
.05E-03
3.
.58g-03

3.
<&,

<3

<1

7

14E-03

O05E-03

76E-03
91E-03

.17€e-03
a.
. 82F-03
1.
3.00E-03
6.55€-03
$.02E-03
2.87E-03
6.
<7
1
<8

65E-04

178-02

09E-03

«98E-03
. 18E-03
. 33E-02
3

28E-03

9.07E-03 3.90E-08 2.72E-07

SLOW MEDIUM FAST

420
1.27E-02
<8.11E-03
9.28E-03
<6.95E-03
€.46E-03
<2.90E-02
3.04E-02
3.39E-03
3.94E-03
&.e0e-02
9.57E-D3
1.64E-02
1.349E-02
8.47E-03
3.04E-02
<2.88E-02
3.67E-03
<6.S7E-02
8.66E-03



“Evl-

CHAN SOLM

10
1

12
13
14
13
18
17
18
19
20
21

22
23
24
25
26
27
28

BICA
BICA
BICA
BITA
BICA
BICA
BICA
BICA
BICA
DiST
DisT
DIsST
DisT
DISsT
D1ST
D1sT
DisT
DIST
BIEA

TEMP FLOW

coLp
coLD
CoLD
ceLDn
HaT
CcaLD
HET
coLD
HOT
coto
coLD
coLp
calb
HOT
cOLD
HAT
ToLD
HOT
coLb

MED
MED
MED
MED
MED
FAST
FAST
sLow
SLowW
MED
MED
MED
MED
MED
FAST
FASYT
SLoW
stau
MZD

MOLLY CUMULATIVE FRACTIONAL LEACH (CFL)

SAMPLING DAYS1 2

3.91E-05 <5.02E-05
3,35E-9% 3. 4AR-01
5. 122-05 <6,12E-05
1.24E-05 <A, 26E-0S
4.02E-04 P, 03E-04
<B.5TE-05 <1.316-04
4,03E-04  1.35£-03
2.056-05 3, 49E-05
3.23E-04 5.323E-04
6.42E-05 8_53R-05
4.1EE-05 6,695-05
3,33E-05 S5.BOE-05
1.31E-04 1,82E-04
J.68E-04 B, 21E-04
7.51E-05% 1.87E-04
«5.74E-05 <38, 04E-04
2,585E-05 4,B2E-0B
2.92E-04 8. 11E-04
1.B2E-05 <2, 93E-05

AVERAGE DETECTION LIMIT= 2 0dF-

a
<6,57E-05
<3,925-04
<7.BRE-D3
<g.

1.0S5E-0%
<i.96E-D4
1.81E-02
4,4BE-05
7.32E~D04
<9, 38E-05
7.982-05
7.08E-05
2.42E-04
7.37E-04
3,75E-04
<6, 42E-04
8, BBE-05
<5, 13E-04
<4, 06E-05

3.
<&
<2,
<1

2.

<3.
2.
2,
G,
1.
<5,

<1,

1.
€1,
<.

153
44E~ 04
27E~04
99E~04

«BBE~D4

JIZE~03

- 16E~04
. 73E-03
. 8DE~05
.47E-03

60E~04
B7E~C4
O1E~D4
Q1E-04
G1E~D3
67E-D4
69E-03
18E~04
02E-03
CiE-04

37
<1.81E-03
<1.3AE-03
<1, 71E-03
<1.308 -02

1.455-02
<¢.11E-08
2.01E-02
4.15E-04
9.13E-03
<2.720£-03
1.33E~03
1,A0E-03
3. 75E-03
9.30E-03
<3.10E-03
<9.52E-03
4. 11E-04
<0,
<}, 1BE-D3

68
<2.23E-09
<Z.14E-C3
<7Z.77E-023
<1.735-03
2,62E-02
<4.869E-D3
3.83E-02
7.41E-04
1.73g-~02
<3.57g-03
3.10E-G3
2.57E-03
6.85E-03
1.70E-02
<5.73g-08
<1.78E~02
7-5%E-04
¢1.332-02
<} .8BE~03

07 8.77E-Q7 6.12E-06
# FAST

ECTuM

230
<4.98E-03
<5.39K-03
<9.27E-08
<3.80E-03
<3.30E~02
<1,335~02
1.21E-01
2.13E-03
6.03E-02
<1.21E-02
1.0GE~02
8.95E-03
2.48E-02
5.56E-02
<2.25E-02
<6.97E~02
3. 10E~03
<4.75E-02
<4.5GE~03

420
<3.73E-02
<4, 126-02
<d.75E-02
<3.68E-02
<1.23Z-01
<1.58Z-01
3.38E-01
1.655-02

4.598E-02
7.S3E-Q02
1.20E-Q1
<1.R4E-0O1
<2.48E-01

<3.78E-~02



bl

CHAN SBLN

109
i1
12
13
ia
135
16
17
18
19
20
21
22
23
24
25
26
o7

28

BICA
BICA
BICA
BICA
aica
BICA
BICA
BICA
BICA
01IRT
D3IsT
DIST
DisT
BIsST
o1sT
DIST
DisT
D18T
Blca

TEMP | Low

coLy
coLD
coLo
coLp
HoeT
caLn
HOT
caLp
HOT
CoLD
caLo
colL.o
coLp
HOT
coLp
HOT
coLD
HOT
caLp

MED
WED
MED
MED
MED
FasT
FAST
sLow
sLOW
MED
MEp
MED
MED
MED
FAST
FAST
sLew
sLauw
MED

NiCKEL

SAMPLING DAYS,

<1.06£-04
<9, 5YE-05
<9,88E-05
<9, 85£-038
<g.43E-0S
%6,30E-04
<6.34E-04
2.69E-0S
2.49E-05
1.18E-04
<9.38E-08
<9,38E-05
1.5€E-04
1.16E-04
<8, 0GE-04
1.12E-03
6.56E-0S
§.84E£-0%
1.31E-04

CUMULATIVE FRACTIOMAL LEACH (CFL}

2

79E-04
.B81E-04
.93E-04
27E-~04
. 76E-04
.26E-03
. 27E-03
. 02E-0%
. AGE~0S
. 1BE-04
. A8E-04
. BBE-04
. 54E-04
. 82E-04
L21E-03
. 76€-03
. 09E-05
.82€-0%

38E-04

AVERAGE OETECTION LiMiT=

3
<3,74E-04 <8,
<2.86E-04 <5,
<2.89E-04 <S5,
<0. <8
<2,70E~04 <5,
<) .90E~03 <6,
<1.91E~D3 <35,
<7.37E-06 <1,
<§,74E-05 <2.
<R,18E-D4 <1,
<2.83E-04 <1,
<Z.02FE-04 <1,
<3,50E~DA <&,
<2,77E-D4 <8,
<1.82E-03 <3.
<2.41E-08 <5,
<1,12E-D4 <1,
<2.12E-04 <2
<3,47E-04 <6,

]
20E-04
78E-04
74E-04

L97E-04

EBE-04
17£-03
S3E-D3
79E-04
25E-04
01E-Q3
S52E£-03
09E-03
a9E-04
26E-D4
68E-03
47E-03
B3E-04

LBE-Q4

74E~0D4

<2.
<2.
<1,
<C.
<4.

a7

84%-03
BOE-00
SSE-0%
95E-03
47E-02
71E-D2
AIE-D2
Q7E-03
36E-03
83£-03
20E-03

.GBE-03

ERE-D3

S1ME-0D

83E-~02
96E-02
49E-03

11E-03

1.
S|

<E,
<8,
<5,
1.
<7,
<G,
<3.
<2,
<2.
<1
<1
<1
<1
<1,
<5,
<5,
<3,
<5.
<1,

LO!

97€-06 6. 4B8E-D8 S
W MED UM

&8

80E-03
62E-08
Y3E-03
gSE-02
S6E-0Q
SAE-02
EOE-Q2
ASE-03
Q5E-03

. 26E-02
. 55E-02
. 40E-02
. 20g-02
04E-02
3aF-02

BOE~-(
DSE~N2

230
<2.62E-02
«3.60E-02
<2.36E-02
<3.65E-02
<2.83E-02
<1.41E-01
<1.58E-01
<9, 23E-03
<5.64E~03
<4.06E-02
<4, 79E-02
<S. ¥BE-02
<5. 48E-02
<&.22E-02
<1.36E-01
. 78E-01
96E-03
<1.97€-02
<4, 78E-02

. 91E~0T
FAST

420
<1.55€E~01
<1,80E~01
<1.58E~01
<1.81E~01
<1.62E-0t
<7.40E~01
<7.92E~0Q1
<6,41E~02
<%.84E~02
<1.98E-01
<1.B4E-0%
<1, 7901
<2,09E~01
<2.58E-Q1t
<B.75E-31
<7.90E-01
<6, 76E-02
<T.10E~Q2
<1,94E~01



-Gvl-

CHAN SOLN

10
n

12
13
14
15
16
17
10
19
20
21

22
23
24
25
26
27
28

BICA
BiCA
BICA
BICA
BICA
BICA
BICA
BICA
orea
DI8T
DIST
DIST
DIST
DIST
DIST
018T
DIST
DIST
BICA

TEMP FLOW
caLD NED
CoLD MEO
coLb MED
CoLD MED
HOT MED
£oOLD  FAST
HOT FAST
coLD  SLow
HerT ELew
coLp MED
coLn MED
coLD MED
ceLD MED
HOT MED
COLD FAST
HoeT FAST
COLD SLOW
HOT  sLew

coLo

MED

STLICOM CUMULATIVE FRACTIONAL LEACH (EFL)

SAMPLING DAYS‘

1.42E-04
1.24E-04
3.B1E-05
8,83E-05
4.01E-04
8.17£-05
6.05€-04
8.63E-05
a,r2=-085
1.15E-04
1.40E-04
1.11E-04
1.152-04
3.85E-04
1.69£-04
2.99E-04
8.51E-08
2.29E-04
6.86E-05

2

1.78E-04
1.36E-04
5.37E-05
1.16E-04
7.11E-04
2,10E-D4
1.75E-03
1.10E-04
t.poE-Ou
1.40E-04
1.69E-04
1.42E-04
1.46£-04
5.54E-04
3.08E-04
8.42E-04
1.09E-04
4.02E-04
1.11E-04

AVERAGE DETECTION LIMIT-

3
2.02E-04
1.58E-04
6.76E-05
0.
1.06E-03

<2.15C-04
2.2¢E-03
1.23E-04
1.09E-04a
1.73E-04
1.87E-04
1.63E-04
1.74E-04
7.85E-04
3.56E-04
1.10E-03
1.47€-04
4.%6E-04
1.32E-04

o
<2.05E-049
<1.61E-04
<7.02E-05
<1.18E-04

1.45E-03
<2.30E-04
<2.30E-03
<1.24E-04
s, 18E-0g
<1.75E-04
<1.89E-04
<1.65E-04
<1.77E-04
8.37E-04
6.50E-04
<t.11E-03
<1.48E-04
8.50E-04
<1.35E-04

37
¢2.26E-04
<1.84E-D2
<g. S4E-05
<1.44E-04

6-84E-03
<3.90E-04
<4-70E-D3
<1.30E-04
e 7TOE-02
<2:02E-D2
<2.14E-04
<1.91E-04
<z 02E-04
2.53€-03
<2.18E-03
<1,27E-03
<1,541-04
o

<1,64E-04

1.67E-08 7
SO

<2.
<2.
<1

<

58
S0E-04
08E-04

-22E-04
72E-D4
.27E-02
«3TE-04

SLE-03

. R6E-~0A
.30E-02
-31E-04
.39E-04
. 18E-04
«29E-04
-3SE-03
.68E-03
. 43E-03

60E~04

27E-03

94E-04

MED! UM

, 16E-D8 5.00E-07

230
<4.13E-04
<3.A5E-04
<2.65E-04
<3.20E-04

4.87E-02
<1.22E-03
<3.01E-02
<2.51E-04

4.32E-02
<3.82E-04
<3.73E-04
<3.68E-04
<3.79E-04

1.78E-02
<4.94E-03
<1.48€E-02
<1.94E-04

2.85E-02
<3.7SE-04

FAST

420
<2, 29E-03
€2.01E-03
<1.42E-Q3
<1.49E-03
1.07E-01
<3.97E-03
<9.51E-02
<1.38E-02
7.32E-02
<1.33E-03
<1.,12E-03
9. 768E-04
<3.36E-03
4.48E-02
<7.34E-~03
<4.47E-02
<6.07E-04
4. 96E-02
<1.36E-03



=Sbi-

CHAN SOLN

10
11
12
13
14
13
L]
17
18
19
20
21
22
23
24
28
26
27
28

BICA
BICA
BICA
BICA
BlCcA
BICA
BICA
BiCA
BICA
DIST
DIST
DIST
DIST
0IsT
DIST
DIST
DIST
DIST
BICA

TEMP FLOW

caLD
¢aLD
coLD
coLb
HOT
cowo
ROT
COoLD
HOT
coLD
COLD
coLD
coLD
HOT
caLn
HAT
¢ALD
HOT
coLD

MED
{E0
MED
"ED
MED
FAST
FAST
sLoW
sLoW
MEO
MED

MED

MED
MED
FAST
FAST
SLowW
sLakW
MED

STRONTIUM

SAMPLING DAVS|

<35, 19E-D3
<d4.G5E-08
<4.62E-08
<4, 82E-03
<4.61E-0%
<3, 10E-04
<3.10E-04
<1.13E-05
c1.07E-0%
<4, 92E-05
<4, 89E-05
<4.59E-0%5
<4.B0E-05
<4, 63E-0%
¢2.96E-04
<2.72E-04
<1.10E-05
¢1.30E-03
<4.81E-05

2
<1.04E-04
<9.3BE-0%
<9.42E-0%
<9,63E-0Y
<8.B60E-0S
<6.18E-04
<€.23E-04
<2.27E-0%
<2.04E-05
<9.89E-0%
<9.22E-05
€9.19E-0%
<9,29E-05
<7.83E-0%
<5.Q93E-04
<S.BBE-D4
<2.24C-0D
<2.96E-05
<1.Q1E-04

CUMULATIVE FRACTIONAL LEACH (CFL)

AVERAGE DETECTION LIMIT=

3
<1.50E-04
<1.40E-04
<1.42E-04
<Q.
<1.32E-04
<9,28E-04
<9.36E-04
<3. 42E-05
<3.15E-05
<1.,4BE-04
<1.3BE-04
<€1.38E-04
<1.40E-04
<1.25E-04
<8.91E-0d
<3, 02E-04
<T.3RE-0B
<3.89E-05
<1.55E-04

6
<3.10E-04
<2.80E-04
<2.81E-04
<2.42E-04
<2.72E-04
<1.82E-03
<1.8BE-03
<6.93E-05
<3.19E-04
<2.98E-04
<2.78E-04
<2.77E-04
<2.81E-04
<2.BGE-04
<1.80E-03
<1.B8BE-08
<R, 37C-05
<1.25E-04
<3.15E-04

37
<1,31E-03
<1.81E-03
<1.74E-D3
<1.75€-03
<1.70E-03
<1.10E-02
<1.13E-02
<4.26E-04
<3.07E-03
<1,86E-03
<1.,74E-03
<1.75E-03
<1.75E-03
<1.73E-038
<1.11E-02
<).10E-02
<4, 24E-ra
<0.
<2.00E~03

9.684E-07 A.13E-06 2.89E-03
SLOW

<2.
<3.
<3,
<3.

58

MED1UNM

230

FAST

420

BBE-03 <1.24E-02 <2.32E-02

D2E-22
29E-03
34E-03

. 14E-03
-95E-02
.25E~02
.86E~04
.65E-03
.S3E-03
-18E-03
-32E-03
-33E-03
.23E-03
.10E-02
L01E-02
. 93E-04
.24E-03
. 76E-03

<1.09E-02
<1.15E-02
<1.19E-02
<t.24€-02
<%5.93E-02
<7.24E-02
<2.56E-03
<1.72E-02
<1,23E-02
<1.09E-02
<1.20E-0"
<1.20E-C"
<1.17E-02
<6.92E-02
<6.50E-0O2
<2.73E-03
<8.02E-03
<1, 42E-02

<2.08E-02
<2.18E-02
<2,29E-02
€3.226-02
<1.04€-01
¢1.21E-01
<4.79E-03
<2,72E-02
<2.99E-02
<2, 15E-02
<2,26E-02
<2.27E-02
<2.22E-02
<1.03E-01
<31.16E-01
<35.13E-03
<1.82E-02
<2.608-D2



~Lel=

CilaN SOLN

10
"
12
13
g
15
16
17
18
13
20
)
2z
23
249
2y
2g
a2y
28

BICA
BIiCA
BiCcA
BICA
8icA
alcA
wica
BICA
BlcA
DIST
DIST
DIST
DIST
DIST
DIsST
DIST
DIsST
DIST
BICA

TEMP FLOW

coLD
coLp
coLp
e R ]
HOT

caLo
HOT
coLD

MED
MED
MED
WMED
MED
FAST
FAST
SLOW
SLow
MEO
MED
MED
MED
MED
FAST
FAST
sLowW
SLoW
MED

TITANIUM CUMULATIVE FRACTIONAL LEACH (CFL)

SAMPLING DAYS]

8.21E-05
7.39E-05
?.71E-05
7.32E-05
2.72E-04
2.78E-04
3,47-05
3.24E-0%
7.35E-05
7.10E~-05
7.05E-9%
7.89E-05
7.23F-05
2,56E-04
2.7CE-04
3.11E-056
3.13E-05

AVERAGE DETECTION LIMIT=  1.74E-~08 7.48E-0B S.22E-07
SLoW MEDTUM  FAST
2 3 6 37 68 230 420
<9.36E-07 <\ ,BBE-06 <8.41E-05 <4.07E-D4 <2, B3IE-03 <A.21E-03 <2.B4AE-03F <1.95E-02
1.29E-04 2.14E-04 5.236-04 35.316-03 5.66E-03 <1.12E-02 <1.51E-g2
\.566-04 2.40E-04 5.40E-04 3,28E-03 S.60E-03 <1.10E-02 <1.S0E-02
1.54E-04 0. 3.43E-04 2.%51E-03 4.83E-03 ¢1.03E-02 <1,42E-02
1.38E-04 2.18E-04 S5.09E-04 3§,.04E-03 5.0%E-03 ¢1.02E-02 <1,38E-02
$.00E-04 1,27E-03 2.08E-03 1,13E-02 2.08E-02 <4.19E-02 <5, E0E-Q2
§.85E-04 1.21E-03 1.98E-03 1.03E-02 1.90E-02 <4.16E-02 <5,788-p2
§.90E-05 9.64E-05 1.17E-04 5.03E-04 1.02E-03 <2.19E-03 <3.81€-03
6.56E-05 ©.20E-05 1.12E-04 4, 90E-D4 9D.IPE-D4 <2.25E-03 <3.69E-03
1.56E-D4 2,39E-04 S5.53E-04 3,22E-08 S.58E-03 <1.09E-02 <1.S0E-02
1.51E-04 2,35E~04 4.98E-04 23,03E-03 5.31E-03 <1.06E-02 <1.42E-02
1.49E-04 2.32E-04 5.23g-04 3.19E-03 S.475-03 <1.07E-02 <1.42E-p2
1.63E-04 2.496-04 B5.18E-04 3.14E-03 S.53E-03 <1.11E-02 ¢1.47E-02
1.50E-04 2.34E-04 ©5.32E-04 38.14E-03 $.34E-03 <1,08E-D2 <)1.44E-02
§.87E-04 1.21E-03 1.98E-03 1,09E-02 2.01E-02 <4.17E-02 <5.77E-02
9.94E-04 1.20E-03 1.84E-C3 1.068E-02 1,.93E-02 <4.07E-02 <5.55E-02
5.96E-05 1.226-04 1.38E-04 4.B4E-04 9.BJIE-04 <1.99E-03 <3.47E-03
§.74E-05 9.26E-05 1.08£-04 O, 1. 17E-0% <3,45E-03 <4.B1E-03
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APPENDIX 10

Graphs of Log Leach Rate Data Against Log Time for &37Np and 239y

Symbols f, m, s are for the fast, medium, and sTow flow rate channels.
Symbols without connecting lines are 750C data., Symbols with connecting
lines are the 250C data. The PNL data are shown as "delta" (5) symbols
and are connected with lines since these data, obtained at 229C, should
be comparable to the 259C data. )



(G/CM2.DAY)

RATE QF NEPTUNIUM LEACH

10?

=1
10

-2
16

-3
10

-y
10

-5
ta

-6
10

=7
10

-8B
10

-g
10

=:0
10

o T F T
NEPTUNTUM SAMPLES - BRINE
L 4
3 3
3 3
PR . \
YRR WP > hoeam e T =) N M > noran
(=] - [\1] L
2 2 2 2 e
ENDPOINT OF SAMPLING INTERVAL (DAYS)

~153-

 F e ayp—



g

RATE OF NEPTUN[UM LEACH (G/CMZ.DAY)

=1
10

-2
10

-3
10

-+
10

=5
10

-7
10

=10
18

-4
10

rerrer—

T Tt

NEPTUNIUM SAMPLES ~ BICARBONATE

Y ——

o — L
n ™M oo u M T owoean

o —
(=] S

ENDPQINT OF SAMPLING

-158-

INTERVAL (DAYS)



RATE OF NEPTUNIUM LEACH (G/CM2.DAY)

=1
10

-2
10

-3
10

-9
10

-10
a

T

NEPTUNIUM SAMPLES - DIST.WATER

1

1
M > Ooeen N M o ugioe-an
o ~a

ENDPOINT OF SAMPLING

-155=~

.
u oy Gae-dan

INTERYAL

n
)

(DAYS)

]
N M > noe-am

"
©




0
10 T T
PLUTONIUM SAMPLES - BRINE
=1

-3

-y
10 E

-5
10 3

-6
10 3

=7
19 3

RATE QF PLUTONIUM LEACH (G/CMZ.DAY)

-9
10 £

-10

10

=1
10
1]
]
1
[}
2
0

ENDPOINT OF SAMPLING INTERVAL (D#(S)

~156-

L
Mo oo-mn LTI T - LI e - L I BE T 1T s



(G/CM2.DAY)

RATE OF PLUTONIUM LEACH

=1
10

-2
10

-3
10

-4
10

-5
10

-B
10

=7
10

PLUTONIUM SAMPLES ~ BICARBONATE

— s 1
U M T npean o M T peam noM o OUEen N ™M T ycoean
o - u L]

o -] o o

ENDPOINT OF GAMPLING INTERVAL (DAYS)

-157-



RATE GOF PLUTONIUM LEACH (G/CM2.DAY)Y

10

=1
10

10

-3
189

-4
10

10

-B
10

-8
10

=10

10

-1
1a

PLUTONIUM SAMPLES - DIST . WATER

It L L
N Mo noean u M noran N M o noean u M oo

[=] o
- -

ENDPOINT OF SAMPLING INTERVAL

-158-

(DAYS)



ggsphs of Log Cumulative-Fraction Leached Against Log Time for 237Np and

Pu

An explanation for the meaning of the various symbols can be found in

Apendix 10.

APPENDIX 11
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APPENDIX 12

Graphs of Log Leach Rate Data Against Log Time for the ICP and
XRF Analysis for B.L. 1

As with Appendixes 10 and 11. f, m. and s refer to fast, medium, and slow
flow rate channels, respectively. Connected lines are the 2590 data and
unconpected lines are the 750C. Since only one bicarbonate channel (14.
medium flow, 759C) and one distilled water chanpe? (23, mediun figw, 759C)
were analyzed using the XRF method., these data are represented with 2
"gamma" (9} symbol. The dotted lines represent the value of the leach
rate corresponding to the ICP detection Vimit for the syow {lowest Yine),
medium {middle Yine) and fast (upper Vine) flow rates.
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APPENDIX 13

Graphs of Log Cumulative-Fraction Leached Against Log Time for the
ICP and XRF Analysis for B.L.1

See Appendix 12 for discussion of the symbals used.
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APPENDIX 14

Graphs of Log Flow Rate and Log pH Against Log Time for ail 28 Channels.
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