
UCID--19492 

DE82 021533 

ABSTRACT 

Lawrence Liver-more 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 
results 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 dstermlned for Np and the glass matrix 
elemeiis is 10-5 grarns of glass/cm2 geometric solid surface area/day. The 
rates increase with temperaiure 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 leach rate, probably 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. INTRODUCTION 

In order to evaluate the safety of geologic repositories for storage o* 
nuclear waste, information is needed concerning the potential for radionuclide 
release in the event that ground water contacts the waste. Information on the 
release of radionuclides from the waste form, fra7i empirical data to an under
standing of leaching mechanisms, is needed for safety assessments and as input 
for radionuclide migration experiments and models. This report examines the 
release of plutonium, neptunium and other elements from a simulated waste 
glass (PNL 76-68). The glass contained stable isotopes of the full complement 
of fission product elements, plus plutonium and neptunium to the extent 
expected to be present in high-level waste. This permitted chemically re
alistic studies to be conducted without the radiochemical interferences and 
radiation fields that would be encountered with a fully radioactive waste. 

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

-1-



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 leach 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 sorption of 
freshly leached elements onto rock columns located downstream from the 
leaching cell. 

II. MATERIALS 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 simulated high level waste glass used in both the LLNL and PNL work 
was doped with "mock" fission products. 238j, 2 3 7 N P > and 239pu 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 mm} were formed. The beads 
were then annealed and cooled to room temperature. A microstructural examin
ation was performed at PHL which included x-ray diffraction, metallography, 
and alpha-radiography.1 The beads were then used in the two leaching tests 
described in this report. 



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 beads were 

measured jfter leaching 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 ]each test procedure has been described else

w h e r e . 1 ' 2 The or ig ina l IAEA tes t was described by Hespe. 3 '..< UM?t t e s t , 

a s ta t i c leaching test i s interrupted at predetermined sampling in terva ls 

when the leachate i s decanted and replaced wi th fresh leachant. The PilL 

modified IAEA test was s imi lar and d i f fe red mainly in trie sampling frequen

cies and the leaching apparatus. In both of these quas i -s ta t ic t e s t s , 

solut ion saturat ion i s a potential problem. The periodic leachant renewal 

i s an attempt to el iminate the possible saturat ion e f fec t . However, i t i s 

questionable whether these tests can be a va l id simulation of the leaching 

behavior of f lowing ground water. Since LLNL has developed a t r u l y dynamic 

f lowing t e s t , one goal of t h i s study was to determine i f the PNL "simulated" 

f lowing experiment rea l l y was equivalent to an actual f lowing experiment. 

The chemical arguments fo r the importance of f lowing experiment', where 

so lut ion saturat ion problems are less l i k e l y , have been addressed elsewhere. 7 

The PNL modified IAEA leach test u t i l i z e d twenty beads in contact with 

300 ml of leachant. The beads were suspended in the leachant in a nylon-

mesh basket. The leachant was contained in a polypropylene j a r . Three 

leachants were used. One was saturated sa l t br ine made by dissolv ing 
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reagent grade chemicals in deionized water to approximate the composition of 
WTPP Brine "B"J Another leachant was a synthetic high bicarbonate ground 
water (0.03 N NaHC03). The final leachant used in the comparative test 
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 
equilibration with atmospherii 0%. 

Leachates were sampled and replaced with fresh leachant every day for the 
first 4 days, weekly for the next 8 weeks, then monthly for the remainder of 
the study. Samples were analyzed for pH, Lh, silicon, " 7 ^ a n j 239p u. 

Incremental leach rates and cumulative fractions leached were calculated 
on the basis of release of Si. 2 3?Np and 239p U ) a n d platted against time.1 

1. LLNL SPCF Leach Test 

The LLNL SPCF leach testing methodology has been described in detail pre
viously. 4,5,6,7 j t i S essentially a system where the leachant flows through 
a cell containing the waste form, and the resultant leachate is collected 
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 aquifer. Figure 1 is a schematic diagram of the SPCF test-

Figure 2 is a schematic diagram of the Bead Leach r experimental matrix. 
It is a statistically designed factorial experiment with partial replication. 
Variables for the experiment are flow rate {3 values), temperature (25° and 
75°) and leachant composition (3 solutions). Channels with beads not doped 
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Schematic Diagram of the Continuous Flow Leach Test 

Figure 1 



Bead Leach I Experimental Design Matrix 

Solutions 
& m ^ 

Salt Bicarbonate Distilled 
water 

(Dashed lines 
show blanks 
not doped 
with Pu and 
Np) 

Flow rate 

Baths 
containing 
sample cells 

Sample 
collectors 

im uu Hi II 
0000 OOOD 00000 001301 

Figure 2 
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with Z 3 7 N p and 2 3 9 P u were used as radiochemical blanks. In order 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 temperature control baths, 
and 5 peristaltic pumps. A 28tti channel was added as a check on possible flow 
system effects. It was a mediuti 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 inflow entered the top of 
the cell. 

Table 1 summarizes the characteristics of both the PNL and LLNL tests 
for com|' rison. Some minor differences exist between the experiments. PNL 
used deionized water while LLNL used distilled water for the third leachant. 
The PNL temperature 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 "simulated" 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 cm 2 and volume of 2.00 cm 3; the eight beads contained in each cell 
had a total volume of 0.72 CTI3. The average linear flow velocity rate 
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Table 1 . A Comparison of the PNL Modified IAEA Leach 
Test and LLNL SPCF Leach Test of PNL 76-68 Glass 

PNL LLNL 

Glass Composition 
{PNL 76-68) 

Leachants 

Temperatures 
Method of 
Leachant 
Exchange 

Beads/Cell 
Cell Volume 
Equivalent Leachant 
Exchange Rate 
(cm3 leachant/ 
bead/day)* 

same 

"synthetic" sat. 
WIPP Brine 
0.03N NaHCC>3 
Deionized Water 
22 jf 2°C 
Static with 
Periodic 
Leachant 
Renewal 
20 
300 cm 3 

15 fdaily renewal) 
2.1 (weekly renewal) 
0.5 (monthly renewal) 

same 

"synthetic" sat. 
WIPP Brine 
0.03N NaHC03 
D i s t i l l e d Water 

25°C and 7G°C (+, 0.5°C) 

Continuously flowing 
300 cm3/day 
43 cm3/day 
10 cm3/day 

2 cm J 

37.5 (Fast) 
5.4 (Medium) 
1.3 (Slow) 

* See text for explanation. 
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is given by Q/nA where n = volumetric porosity, [{V cell - V sample) /V 
cell]. The three velocities thus calculated are 156, 22, and 5.2 m/yr. 
These may be compared to typical groundwater velocities, which range from 
1.5 to more than 500 m/yr.® 

In order to compare these two experiments and to investigate possible 
solution saturation effects, it is helpful to calculate the volume of 
leachant per day potentially interacting with each bead. In the P M test 
there were 15 cm 3 of leachant/bead/day in the system during the daily 
leachant renewal period. Similarly there were 2.1 cm 3 cf leachant/beai/day 
during the weekly leachant renewal period and 0.5 cm 3 of 1eachant/beac!/day 
during the monthly leachant renewal period. This is a "step-wise" approxi
mation of a flow rate. For the flowing test, the calculation is straight 
forward. There were 37.5, 5.4, and 1.3 cm 3 of leachant/bead/day passing 
through the fast, medium, and slow flow rate cells, respectively. The 
"equivalent leachant exchange rates" for both tests are similar. 

The SPCF leach test cells have been described previously.5 Figure 3 
is a schematic drawing of the SPCF leaching cell. All plumbing was con
structed of plastic to minimize effects on leachant composition and loss of 
leached species 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 toss of 2 3 7 ^ a f Kj 239pu o n t o v a r f O U S 

components of the system. The results of that study will 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 1n order to prevent any particulates from 
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SINGLE PASS CONTINUOUS FLOW LEACHING CELL 

O-ring 
seals 

Filter 
Filter grids 

End plate 

-End plug 

End plate 

Sample chamber 

Figure 3 



entering or exiting the cell. The use of 0.1 |im 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 
lines 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 mn 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 loaded and assembled, the 
three screws holding each cell together were tightened equally using a small 
torque wrench. The outlet hole and side access hold were then plugged and 
air pressure [140 kPa) was directed into the cell through the inlet hole-
The pressurized cell was then immersed in water. If no bubbles appeared 
after several minutes, the cell was assumed to be leak proof and ready for 
incorporation into the experiment. 

The plumbing lines from the leachant manifolds to the collection bottles, 
ncluding the peristaltic pump tubing, were preassembled without the cells so 
that all were the same length. This . ..noved any possible differential effects 
on solution composition due to variable lengths of tubing for each channel. 
The system from the leachant supply carboys through, and including, the 
plastic leachate collection bottles, was flushed with previously prepared 
leachant. This also afforded the opportunity to le1 ;he pwnps run for a few 
days to check for faulty pumps or plumbing. 
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After flushing the system, the manifold valves were closed in prepa
ration for installing the cells into the flow path to begin the experiment. 
The outflow tubes and the collection bottles ware emptied of flushing solution. 
7he ce71s were installed, placed into the appropriate temperature control 
baths, and the pump was begun. The starting time was noted when the cell 
was first fil7ed with 7eachant. 

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 Z5°C. The 75°C baths were filled with 
mineral oil and required no cooling since the temperature was well above room 
temperature. An improvement to our method of temperature control for the 
higher temperatures (4C°C to 90°C) has been suggested by D. Strachan, PNL, 9 

who used ovens instead of baths in his adaptation of the LLNL flow tests-
The ovens allowed for easier observation of leaks, prevented corrosion of 
the cells, prevented algae growth on the outside of the cells, and eliminated 
oil 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. All leachate 
was collected for the 120 days duration of the experiment. Individual sched
uled samples were acidified and analyzed for a suite of radionuclides, mock 
fission products, and glass matrix elements. The leachate collected between 
the scheduled samplings was combined and saved as historical samples. The 
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Table 2. Sampling Schedule for Bead Leach I Experiment 

Elapsed 
_D?y_s_. 

H is tor ica l 
Sample 

Sample 
Analys 

for 
i s 

Analysis 
â  

Perf 
_b 

armed 
c 

1 X X X 

2 X X X 

3 X X X 

4-6 X X X 

7-10 X X 

n X X 

12-19 X X 

20 X X 

21-36 A X 

37 X X X 

38-67 X X 

68 X X X 

69-119 X X 

120 X X 

121-229 X 

230 X X X 

231-419 X X 

420 X X X 

a- Pu and Np {alpha spectrometry), a l l channels 

b. Optical Emission Spectroscopy (ICP-OES), al l channels; 
see Appendix 7 for l i s t of elements 

c. X-ray Fluorescence Analysis (XRF), selected channels and elements; 
see Appendix 6. 
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sampling schedule was adopted to provide equally spaced data points on a log-
log plot of leach rate against time. 

C. ANALYTICAL PROCEDURES 

1. PNL Modified IAEA Leach Test 

Analytical procedures used for this test can be found in Bradley et. al.' 

2. LLNL 5PCF Leach Test 

The leachate 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 th>. experiment was recorded for the beginning and end of each sampling 
interval. The leachate samples were then weighed to determine the amount of 
solution which had been collected during the sampling interval. This infor
mation (with corrections for density in the case of brine) was used for flow 
rate and leach rate calculations. Conductivity, pH and Eh were measured at 
room temperature for each sample. Measured volumes of concentrated HNO3, 
based on the leachate volumes, were then added to each leachate sample to 
produce an 8N HNO3 solution. 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 Pu and Np in the leachates was done by alpha-spectrometry. 
For the distilled water and bicarbonate leachates, 100 |d aliquots of each 
leachate solution were corrted directly after careful evaporation on a Pt disc 
followed by several mfnutes of heating in the hottest part of a Meeker-burner 
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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 procedures were avoided 

by direct alpha-counting. The analysis of the brine solutions required radio

chemical purification procedures in order to separate the Np and Pu from the 

brine salts. The procedure developed to analyze these brine leachates has 

been described in detail by Rego.11 Basically, the separation of neptunium 

and plutoniun from brine solutions was achieved by keeping the solution 

d i lu te , 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 neptunium 

and Plutonium were electroplated onto platinum plates and counted on an 

alpha-spectrometer. 

Aliquots of the bicarbonate and d is t i l led water leachates taken for 

Optical Emission Spectroscopy - Inductively Coupled Plasma (ICP) analyses 

were diluted to a n i t r i c acid concentration of <4.0 N, and a subsample was 

t i t rated with 1.0 N NaOH 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 correct the ICP results 

on leachate samples for the effects of HNO3 concentration. Peck et a l . ^ " 

have described the ICP analytical capability dt 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 
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volumes (up t o 300 cnr1) o f the bicarbonate and d i s t i l l e d water leachates were 

ac id i f i ed to 0.1N HNO3 and evaporated to dryness in the presence of powdered 

ce l lu lose . The residual cel lu lose was pe l le t ized and analyzed with an XRF 

spectrometer. The procedures used have been described in de ta i l by Bazan 

et a l . ' 2 

In order to evaluate loss of radionuclides from the leachate by sorpt ion 

onto the rubber 0 - r i ng , ce l l wal ls , ou t le t end cap, f i l t e r , g r id and tub ing , 

selected portions of the system were analyzed. Outlet f i l t e r s from a l l of 

the 75°C ce l ls were dissolved and analyzed for Np and Pu. The ou t le t f i l t e r 

g r i ds , ce l l bar re ls , and ou t l e t end-caps for a l l but one 75°C channel were 

leached wi th concentrated n i t r i c acid and analyzed for Np and Pu re ten t ion . 

0-rings from four 75°C channel ce l l s were also leached with concentrated 

n i t r i c acid and the leachate analyzed fo r Np and Pu. The ou t le t l ines from 

the ce l l s to the co l lec t ion containers were leached and analyzed in a s imi lar 

fashion for four of the 75°C channels. Various ce l l parts from eight 250c 

channels were leached and the to ta l leachate samples frara the ce l l s parts of 

each channel were analyzed. Results of t h i s " c e l l - p a r t " sorpt ion study can 

be found in the fo l lowing sect ion. 

D. CALCULATIONS 

All 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/cm-*), dilution of leachates by water and acid, aliquot factors, 

counting efficiency for Np and Pu, and an acid correction factor for the ICP 

analysis. 
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Leach rste data were calculated from the equation:' 

1 (AoKSA) (1) 

where: 
â  = dpm/gram leachate or grams element/gram leachate 

A0 = i n i t i a l a c t i v i t y (dpm/grams glass) or elemental composition (grams 

element/grams glass) f o r the glass beads 

V,- = vo ume leachate col lected per day (cm 3/day) 

P = leachate density (g/cm3) 

SA = average geometric surface area of beads (cm2) = 11.128 cm2 per 

8-bead sample 

i = channel nunber 

R.j = grams glass leached/cnr • day, based on the element or radionucl ide 

analyzed. 

Cumulative fraction leached, C ^ , for the i t h channel up to and including the 
mth day. was calculated from the equation: 

^im = E (SA)R i n&T n (2) 
n£m W 0i where: 

SA = geometric surface area of beads (11.128 cm 2), 
WQ1- = total weight of glass beads in i t h eel 1 (grams), 
R:- = average leach rate between n t h and (n-l)th days (grams glass/cm2 

day), and 
&T n = time (days) between n*1" and (n-l)th days-
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I l l RESULTS 

The large quant i t ies of data generated from th i s experiment have been 

organized into appendices. In presenting these resu l t s , we f i r s t i den t i f y and 

b r i e f l y discuss each o f the appendices or data sets, then present a s t a t i s t i c a l 

analysis of some of the radionucl ide leaching charac te r i s t i cs , and conclude 

wi th a b r i e f discussi„ t i of the overal l resu l ts and a comparison of the two 

(PNL and UHL) leach tes ts . 

The resul ts of the PNL s t a t i c leach tests as given in PNJ.-31521 and by 

D. J . BradTsy (personal commijm'cation) are presented in Appendix 1. 

A._ CHARACTERIZATION OF TJtE BEADS. 

1 . Chemical Composition 

The composition of the doped PNL-76-68 beads as determined by ntiO i s 

given i n Table 2. 

2. Surface Area 

The to ta l geometric surface area of the 8-bead sample ensemble was 

determined by dimensional measurement aid ca lcu la t ion to be 11.128 cm 2 . 

Since the average weight of eight beads was 2.846 grams, th is corresponds to 

an approximate mean speci f ic geometric Surface area of 3.95 x 10-4 tn^/g. 

The blank, (undoped.) beads from channels 2, 12 and 22 were measured by 

Krypton BET at the end of the leaching experiment. The resu l ts are pre

sented in Table 4. No adsorption surface area measurements were made on the 

unleached beads, however, cored monoliths of undoped PNL 76-68 have been 

measured by Krypton BET f o r o t ra r experiments. The resu l ts are included in 
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Table 3. Composition o f PNL 76-68 Simulated 
High Level Waste Glass 

Glass Composition (wt %) 

S i0 2 40.0 Lajpj 0.53 

Na20 12.5 r-rgOi 1 0.53 

Fe 20 3 9.6 2 3 7 N p 0 2 0.46 

B 2 0 3 9.5 P2O5 0.46 

ZnO 5.0 Cr203 0,40 
2 3 8 u o 2 4.2 SrO 0.37 

T i 0 2 3.0 Sm2C 3 0.32 

M0O3 2.2 TeOg 0.26 

CaO 2.0 Y 2 0 3 
0.21 

Z r 0 2 1.7 NiO 0.20 

NCJ2O3 1.65 Rh203 0.17 

Ce02 1.19 Rb 2 0 0.13 

Ru0 2 1.07 Eu 20-j 0.070 

CS20 1.03 G M 3 0.050 

BaO 0.56 2 3 9 P u 0 2 0.046 

PdO 0.53 CdO 0.033 

Ag 2 0 0.031 
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Table 4 for comparison, although the additional surface roughness introduced 
by coring means that this number should be considered an upper limit on the 
BET surface area of the unleached beads. Adsorption surface araas 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 are.- over the course of the 
experiment, while the bicarbonate treatment did not. 

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

Method Sample Treatment Area 

Geometric Unleached Beads None 0.000395m2/g 

Kr BET Cored Monolith None 0.085 m 2/g 
Kr BET Channel 2 Brine 25°C-40ml/day 0.397 m^/g 
Kr BET Channel 12 NaHC0 3 2S°C-40(til/day 0.015 m 2/g 
Kr BET Channel ?2 H 20 25°C-40ml/day 0.329 m2/q 

3. Bead Heights 

Beads weights before and after leaching are presented and discussed in 
Appendix 2. 

8. SOLUTION CHARACTERIZATION 

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 standarJ deviation, for each channel. 
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2. pH, Eh and Conductivity 

Appendix 4 presents tabulated data on the measured pH, Eh and conduc
tivity of the leachate samples. Measurements were made with standard com
mercially available electrodes or cells. The brine and distilled water 
leachates and leachants 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 cm^ of solution. The number below each 
value is the percent standard deviation based on counting statistics only. 
Zero 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 values 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 more reliable and 
accurate. 

Appendix 7 presents the ICP concentration data for the stable elements, 
given in micrograms per cm^ of solution. Zero values denote no analysis; 
"less 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 alpha 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. 

Appendices 10-14 contain graphical presentations of the data on leach 
rate, cumulative fraction leached, flow rate and pH as functions of time. 

For the incremental leach 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 than" 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 leach time, the later CFL values are probably almost 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 generous ceiling on the possible value. For the 1CP leach 
rate data the rate tables should be consulted to evaluate the significance 
of individual CFL "less than" values. X1F 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 should be noted with regard to the leach rate cal
culations. The first point is that because of the logarithmic time sequence 
of sampling, the final two or three data points are very heavily weighted in 
the CFL calculation, and error or random variation in these points will 
have a disproportionate effect on the final CFL. The second point is that 
the incremental leach rate calculation is in terms of the amount of material 
originally present in the glass. Although valid from the inventory stand
point, this implicit constant source approximation will distort the apparent 
chemical behavior if a significant fraction of the element in question is 
leached. In the present case, Np, B. Si, 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 vrlues 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 (channel 16) and in exctss of 50% 
for Na (channel 25). Ca has sin channels witi; a final CFL in excess of 
20%, including one (channel 16) which indicates 100% leach. If we reconsider 
these results in terms of the XRF results for some of the same elements, 
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 Ca), 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 losses, 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 
2 3 7llp and 2 3 9 p u o n t n e c e n parts and exit lines. Particular interest 
was generated by the observation that Pu apparent leaching rates at 75°C 
were 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 ce l l parts were 

treated with concentrated KNO3 and these acid leachates were analyzed for 

Pu and Np. Table 5 provides the Np holdup data for the apparatus. This was 

calculated from the to ta l dpm of Np col lected in leachate during the whole 

experiment and the dpm observed on the ce l l parts by d iv id ing the amount 

held up on the c e l l parts by the t o t a l amount col lected from the ee l ! parts 

and in the leachate. For a var ie ty of ce l l parts and plumbing, the f rac t ion 

of Np lost to the apparatus i s i n s i g n i f i c a n t . 

Plutoniun data were calculated in an ident ical fashion. Those data are 

shown in Table 6. The ou t le t l ines analyzed were from the 75°C channels only ; 

an ins ign i f i can t amount of Pu was held up on these l i nes . The out le t f i l t e r s 

were dissolved and analyzed for a l l eight 75"C channels. Except for channel 

5 (br ine, 75°C, medium flow ra te ) , which held up an amount equal to 10% 

of the to ta l co l lec ted, no other f i l t e r held up a s ign i f i can t port ion of 

the Pu. The ou t le t 0-r ing seals were analyzed for four 75°C channels. One 

contained 18.7% of the to ta l a c t i v i t y the rest very l i t t l e . The remaining 

ce l l parts were analyzed fo r a l l eight channels, l-or the hot, slow channels, 

33.6% of the Pu col lected was retained from the br ine , and 68,7% from the 

d i s t i l l e d water. The bicarbonate channel ce l l parts held up much less 

plutor.ium, a f 3 t a l of ifi.3%. For some 25CC channels, a l l of the parts were 

analyzed as a group and only an ins ign i f i can t port ion of the Pu was retained. 

Even for the two hot, slow channels where the amount of Pu on the ce l l parts 

was 55.2% and 69.0% o f the to ta ls co l lec ted , the amount of Pu lost does not 

account fo r the 2-3 orders of magnitude lower leach rate observed f o r Pu 

than fo r a l l the other elements analyzed. 
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Table 5. Np Residual Activity on Leaching System Parts 
{% of Total Activity Collected) 

Channel Outl et 
___ t ines 

Outlet 
f i l t e r s 

Outlet 
O-rings 

Other 
Cell Parts b 

Al l 
Parts 

1 (C,H) a.n 
3 (CM) o.n 
5 (H,M) 0.038 0.015 0.05 

7 (H,F) l .OxlO- 4 2.0x10-4 0.0003 

9 (H,S) 0.023 0.089 0.11 

10 (CM) 0.33 

11 (CM) 0.86 

H (H,M) 0.001 l .Ox lO ' 4 0.015 0.024 0.04 

15 (C,F) 0.36 

16 (H,F) 0.001 0.044 0.04 

18 (H,S) 0.003 0.013 0.13 0.027 0.17 

19 (CM) 4.7 

20 (C,M) 1.1 

23 (H,M) 0.001 0.11 0.11 

25 (H,F) <0.001 9 .2x l0 - 3 0.013 0.013 0.04 

26 (C,S) 7.3 

27 (H,S) 4.0x lQ- 4 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 ce l l , end caps, and connector (see Fig. 1) 
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Table 6. Pu Residual Activity on Leaching System Parts 
(55 of Total Activity Collected) 

Channel 
(Temp, Flow) 3 

Outlet 
Lines 

Outlet 
F i l t e r s 

Outlet 
0-r ings 

Other 
Cell Par ts b 

Al l 
Parts 

1 (CM) 0.9 

3 (CM) 0.6 

5 (H.M) 9.6 11.6 21.2 

7 (H,F) 0.013 0.04 0.05 

9 fH.S} 18.7 33.5 52.2 

10 (C,M) 0.8 

11 (C,H) 2.4 

14 (H,M) 0.09 0.14 1.9 13.1 15.2 

T5 (C,F) 1.7 

16 (H,F) 0.07 0.50 0.57 

18 (H,:) 1.7 1.4 4.1 8.1 
4 

15.3 

19 (CM) 0.8 

20 (CM) 1.2 

23 (H,M) 0.10 1.5 1.6 

25 (H,F) 0.39 0.11 0.83 3.8 5.1 

26 (C,S) 3.0 

27 (H.S) 0.30 68.7 69.0 

a. H = 75°C, C * Z5°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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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 to help in developing meaningful conclusions based on these re
sults. Specifically, the statistical analysis was planned to help in meeting 
two objectives of the LLNL continuous flow leach experiment: 

o to investigate the leaching mechanism. 
o to investigate the effect of leachant composition, flow 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: 

o 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 solution 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 concentration. This irodel implies a leach rate which is constant 
over time, and a cumulat've 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 calculation 
(constant surface area and chemical source) make steady-state leaching the 
most reasonable hypothesis to test. Finally, similar results have been 
observed by other investigators.^ 

B- EXPERIMENTAL 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 repository conditions and their experimental values (levels) were: 

Variable Levels 
Leachant composition (solution): Brine; Bicarbonate (NaHC03), 

distilled water 
Volume flow rate- 10; 43; 300 cm 3/day 
Bath temperature: 25<\ 75oc 

To accomodate 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. 
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The experimental design and subsequent data analysis were conditioned 
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 number of combinations of experimental conditions which could 
be accomodated was limited. 

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, for the leaching experiment all samples at a 
given temperature were located in the same temperature bath. Similarly, 
all channels at a given flow rate were all controlled by the same instrument. 
For each combination of flow rate and temperature, separate channels were 
used for each 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, 25oc), 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 folljwing three response variables were used in the analysis: 

o Incremental leach rate, Ri n, for the ith channel (i=l, 2,...,28) 
at the nth day (n=l, 2, 3, 6, 11, 20, 37, 68, 120, 230, 420), where 
the identity for R j n is given in Equation 1 
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o Cumulative f rac t ion leached, C j f f l , fo r the i t h channel up to and 

including the mth day. The iden t i t y fo r C7-m is given in Eqn. 2 as 

Ci™ - £ I S A j R i , , ^ (2) 

where 

SA - surface area of beads (cm2) - 11-128 cm? 

WD1- - to ta l weight of glass bead in i t h ce l l {g) - 2.32g 

R, n - an 'average' leach rate between the nth and ( n - l ) s t days 

{g/cm 2-day) 

ATn - time (days) between nth and ( n - l ) s t days 

o Concentration, c i n . of an element in the l e p ^ ^ t e of the i t h 

channel at the nth day, 

Cin = (SA) An R j n (3) 

where 

A 0 - i n i t . ' a l a c t i v i t y fo r the glass beads 

Vi - volume leachate col lected per day 

P - leachate density [see Equation (1 ) ] 

Individual s t a t i s t i c a l analyses were done for 237fjp and 239p u. Less extensive 

analyses were performed on the other elements. 

1 . S ta t i s t i ca l Analysis of Cumulative Fractjon Leached 

The primary goal of th is port ion of the analysis of the experimental 

data was to develop a mathematical model to describe the cumulative f rac t ion 

leached as a funct ion of t ime. The model w i l l be used as a qua l i ta t i ve 

measure f o r suggesting the dominant leaching mechanism. Spec i f i ca l l y , i f 
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the 'best ' model for cumulative f rac t ion leached, as a funct ion of t ime, t , 

i s a l inear funct ion in t . i . e . 

CFL(t) = (30 + fy t + E (4) 

where CFl(t) denotes the observed cumulative fraction leached, p 0 and (3-j are 
the coefficients of the model and E denotes the experimental variation, 
this suggests that matrix dissolution is the dominant leaching mechanism. 
It may be noted that integration of a constant rate ever time will yield a 
cumulative fraction leached which is a linear function of t. On the other 
hand, if the 'best' mô lel involves the square root of time, i.e. 

CFL(t) = p 0 + p, t^Z + E (5) 

this suggests that elemental diffusion may be the dominant leaching mechanism-

Estimates of the coefficitits p 0 and p-j of the models in Eqns. 4 and 5 
are summarized in Table 7. To contrast how the cumulative fraction leached 
increases over t under the different experimental conditions the estimates 
of the slope, pi, ire plotted as a function of flow rate in Figures 4 and 
5 for 2 3 7 N p and 2 3 9£-u respectively. The estimates for Eqn. 4 are labeled 
1 and those from Eqn. 5 are labeled 2. 

A review of plots of the observed cumulative fraction leached and esti
mated cumulative fraction leached based on the mcJels in Eqns. 4 and 5 lead 
to the following conclusions:(*) 

(*) Cold = Z5°C, Hot - 750C 
Slow * 10 cm3/day, Med. = 43 cm3/day, Fast = 300 cm3/day 
BI = bicarbonate, BR = brine, DW = distilled water 
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Table 7. Coefficients for Models Describing 

Cumulative Fraction Leached 

237 N p 
239 Pu 

y =p o + Pi* r 
y = Po 

• p / ' 2 y = p o + Pl f c y - p 0

 + P i t l / 2 

p o (X10" 5 ) P!(X10- 6) f 3 o ( * 1 0 " 4 ' Mxio"5) p 0(xia- 5) P l ( x i o - 7 ; p o ( x l 0 ~ 6 ) |M x l 0 ~ 5 ) 

SLOW COLD 4.861 2.893 -1.088 5.825 1.331 2.672 -1.792 5.461 

HOT -17.472 55.421 -30.467 109.48 .006 .440 -2.243 .873 

BR MED. COLD 4.578 4.196 -1.791 8.399 1.620 3.551 -5.366 7.476 

HOT 2.042 109.98 -59.244 220.84 0 1.630 -8.223 3.186 

FAST COLD 5.251 7.128 -3.278 14.241 2.148 8.556 -27.655 3.186 

HOT -57.004 328.25 -185.91 663.18 .097 20.314 -112.07 41.263 

SLOW COLD 4.918 7.609 -3.672 15.354 2.960 6.334 -9.299 13.400 

HOT 226.01 72.848 -23.614 156.27 .169 .261 .018 .562 

BI MED. COLD 3.124 9.461 -4.778 18.97 4.429 13.639 -37.454 28.56 

HOT 25.545 330.60 -178.01 666.58 .150 3.548 -17.222 7.760 

FAST COLD 12.271 8.996 -3.910 18.466 7.282 20.703 -50.589 43.25 

HOT 180.09 464.42 -237.65 939.31 1.123 19-572 -94.910 39.35 

3.567 SLOW COLD 5.332 2.035 -.585 4.113 .963 1.722 -.421 

39.35 

3.567 

HOT -83.988 5.918 -34.712 106.57 .012 .172 -.667 .324 

DW MED. COLD 5.436 3.940 -1.669 8.032 1.874 ?. 694 -2.950 7.674 

HOT -205.48 130.71 -81.769 248. <^ -1.153 4.205 -28.592 7.617 

FAST COLD 5.066 3.149 -1.154 6.408 1.805 6.340 -18.854 13.H6 

HOT 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 ^ s . Time and 
(Time) 1 /? Plot ted Against Flow Rate for " 7 N p , 

1 . CFL(t) = p 0 + p 1 t (x lCT 6 ) 

2. CFL(t) = p 0 + p , t 1/2, xlO" 

BR. H 

300 

Flow rates (cm3/day) 

Figure 4 
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Slopes of Cumulative Fraction Leached vs. Time and 
(Time) 1' 2 Plotted Against Flow Rate for "9pu. 

1. CFL(t) = p 0 + p 1 t {xlO"7) 
2. CFL(t) = p 0 + p} t 1 / 2 ( x 1 0 - 6 j 

DW. H 

Flow rates (cm-fyday) 

Figure 5 
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o For 2 3 7 N P > the model linear in t (i.e., Eqn. 4) fits the data very 

well for all combinations of solution, flow rate and temperature 

except: 

o B I , SLOW, HOT, when the model l inear in t 1 ^ (Eqn. 5) was a bet ter 

f i t 

o DW, MED., HOT, and DW, SLQti, HOT, when neither raodil f i t very 

well 

Figures 6 and 7 (BR, MED., COLO) contrast t'-.e f i t of the two 

models when Eqn. 4 was ' bes t ' , Figures 8 and 9 (B I , SLOW, 

HOT) describe the f i t of the two modeli when Eqn. 5 was ' b e s t ' , 

and Figures 10 and 11 (DM, MED.. HOT) i l l u s t r a t e the s i tua t ion 

when neither model f i t very w e l l . 

Based on the resu l ts f c r 237j|p i t appears that matrix d isso lu t ion i s 

the dominant leaching mechanism. 

o For 239p u the choice of the 'best ' model i s not as d i s t i n c t . A 

review of plots of the observed data and estimated cumulative 

f rac t ion leached indicates that Eqn. 4. i . e . the model l inear in t , 

f i t 'best ' f o r 

0 BR, MED, HOT 

0 BR, FAST, COLD and HOT 

o BR, SLOW, COLO and HOT 

o BI, MED, HOT 

o BI, FAST, HOT 

o DW, FAST, HOT 
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Data and Model Comparison f o r 237j| p ( B r i n e i Medium, Cold) 
Cumulative Fract ion Leached P lo t ted Against Time. 

BRINE NEPTUNIUM Cold Med 
* fitted 
+ actual 

Time (days) 
Figure 6 
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Oata vol Model CanQirltaa f w 237^ ^ * , T O i *>«4;,\w., S»\*\ 
Cumulative Fraction Leached Plotted Against (Time)'/'. 

BRINE 
! .Bap T 

Time ' / 2 ( i l jys) 
Figure 7 



Data and Model Comparison for 2 3 7 N p (Bicarbonate,Slow, Hot) 
Cumulative Fraction Leached Plotted Against Time. 
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Data and Model Comparison for 2 3 7 N p (Bicarbonate, Slow, Hot) 
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Data and Model Coirparison for 2 3'Np (Distilled Water, Medium, 
Hot) Cumulative Fraction Leached Against {Time)' 1' 2. 
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whereas Eqn. 5, i.e. the model linear in t V 2 , fit 'best' for 
o MED, COLD and all 3 solutions 
o BI, FAST. COLD 
O B I , SLOW. COLD and HOT 
o DW, FAST, COLO 
0 DW. SLOW, COLD 

Again, neither model fit very well for 
O DW 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, SLOW, HOT) 
contrast the model fits when Eqn. 4 is 'best, and Figures 16 and 
17 (DW, MED, HOT) illustrate the situation when neither model is 
adequate. 

Thus, based on the 2 3 9 P u cumulative fraction leached it is not clear 
that a dominant leaching mechanism follows either model. 

For several other elements, specifically, boron, silicon, calcium, sodium 
and molybdenum, the same models were fit to the observed data, In general 
the fit of the data was not as good as it was for 2 3 7 N p and 2 3 9 P u . 
However, when the models did fit the model linear in time {i.e. Eqn. 4) 
seemed to be better. The exception to 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 model of the form 
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Data and Model Comparison for 2 3 9 P u (Brine, Medium, Cold) 
Cumulative Fraction Leactied Plotted Against Time. 
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Data and Model Comparison for 239pu (Brine, Medium, Cold) Cumulative Fraction Leached Plotted Against (Time)l/2t 
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Data and Model Comparison for 239p u (Brine. Slow, Hot) 
Cumulative Fraction Leached Plofted Against Time. 
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Data and Model Comparison for 2 3 9 P u (Brine, Slow, Hot) 
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Data and Model Comparison for 239p u (Brine, Medium, Slow) 
Cumulative Fraction Leached Plotted Against Time. 
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Data and Model Comparison for 2 3 9 P u (Brine, Medium, Slow) 
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y = (30 + p Tt + 0 2
t 2 + E < 6) 

would likely fit the data reasonably well. This suggests that element amounts 
are accumulating at a rate increasing (Pg >0) or decreasing (p2<0) over time 
Equation 6 was not fit to any of the data. 

In general, an analysis of the cumulative fraction leached data seems to 
suggest that the dominant leaching mechanism is matrix dissolution. However, 
some data, particular 2 3 9 P u , 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 Analysis 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. z 3 7 N p ) 
in solution remains constant over tine. The data analyzed is the concentra
tion (dprn/cm^ for Mp, Pu or ng/cnP for the other elements) of an element 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 analysis. Also, since concentration is measured in 
dpm or (Jig, it is necessary to recognize that the experimental variation in 
the data will be a function of the magnitude of the observations. Speci
fically, it is assumed that the experimenv-il standard deviation is propor
tional to the mean. See Table 8 for a listing of the percent variation for 
the replicate channels. 
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Table 8. Estimated Concentration and Variat ion 
for ^ 3 7 Np in Leachates 

EJiPE^HENJAL CONDITION 

Flow 
o lu t i on Rate Temp 

Estimated 
Concentration 

Standard 
Deviation 

Propor t ional i ty 
Constant, k 

(percent) 

BR MED COLD 

HOT 

FAST COLD 

HOT 

SLOW COLD 

HOT 

1.580 

44.125 

0.433 

16.812 

5.116 

66.912 

0.254 

4.659 

.164 

3.884 

0.765 

14.061 

16.08 

10.56 

37.88 

23.10 

14.95 

21.01 

BI MED COLD 

HOT 

FAST COLD 

HOT 

SLOW COLD 

HOT 

3.800 

128.250 

0.799 

32.462 

15.403 

230.180 

0.530 

15.691 

0.355 

6.304 

5.800 

140.T86 

13.95 

12.23 

44.43 

19.42 

37.66 

60.90 

DW MED COLD 

HOT 

FAST COLD 

HOT 

SLOW COLD 

HOT 

1.513 

37.300 

0.250 

9.468 

3.845 

75.900 

1.175 

23.175 

0.070 

2.482 

1.547 

50.783 

77.66 

62.13 

28.00 

26.21 

40.23 

66.9T 
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The initial step in this analysis is to test the adequacy of the con
stant concentration assumption. To make this test, the concentration, c(t), 
was fit to the model 

c(t) = 9 + E (7) 

where Q denotes the constant concentration, E represents the experimental 
variation such that the expected value £ ( E ) = 0 . and the standard d^^ation 
tj(£)=k9. whL— '< denotes the proportionality constant. Note that in this 
case k is also the coefficient Of variation. 

The constant concentration model in Eqn. (7) was not adequate for the 
2 3 9 P u data. A typical plot of the fit to the 2 3 9 P u data is given in Figure 
18. Eliminating 3 additional days and only fitting the last 5 samples 
did not improve the fit. 

The constant concentration model fit the 23?Np 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 237flp 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. It suggests 
a constant proportion experimental variation, as assumed. 

A statistical test was used to test the constant concentration model 
for the "'Np 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 Eqn. (7). The k 2 values for the 
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Comparison of Data with Constant Concentration Model 
for " 9 p u (Brine, Medium, Cold). 
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Comparison of Data with Constant Concentration Model 
for "'Np (Brine, Medium, Cold). 
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replicated channels are based on an average of k 2 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 

So'iution Replicates, k 2

R Equation {7), k 2

E Ratio, k 2

E / k 2

R 

BR 0.0283 0.0420 1.48 

BI 0.0231 0.0197 0.85 

DW D2266 0.5486 2.42 

The stat ist ical test is based on the rat io , k c

E /k R , being an F-statistic 

with parameters or degrees of freedom ^=24, ^2=16. There is no reason to 

reject the constant model for BR and BI ; however, the constant model for DU 

would be rejected at a 5% level of significance (but not at a 2.55& level) . 

A review of the DW data indicates a significant amount of variation in channel 

21 which could be the primary reason for the larger value of k 2

E relative 
p 

to k p 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 level of 2 3 7 N p 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 florf 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 logarithm has a constant standard deviation equal 
to k). 

A review of the plots of the standard deviation versus the mean (e.g. 
Figure 20) indicated it was reasonable t o assume that the coefficient of 
variation was different for the 3 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 Coefficients of Variation, k, 
for 2 3 7 N p in Different Leachates 

Solution k 
Br 0.18 
BI 0.54 
DM 0.63 

To illustrate the analysis used for assessing the effect of the experimental 
variaoles, consider the comparison of the concentration of 237jv|p ,„ the 
leachate at 25°C versus the concentration at 75°C. The data is summarized 
in Table IK Notationally C-j (C 2) denotes the concentration at 75°C (25°C). 
The test statistic used to compare concentration at 25°C and 75°C is 

T = A / O ( A ) (9) 

where A = Ln (Ci/Cj) and <J{A) denotes the estimated standard deviation of 
A. Under the assumed model and the hypothesis of no difference in concen
tration at 25°C and 75°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 leveU or 2.32 (at a 1% significance level), it is appropriate 
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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 solution and flow rate. Thas, we are able to conclude: 'Temperature has 
a significant effect on the concentration level'. More specifically, 'Con
centration is significantly higher at 75°C than it is at 25°C'« 

Table 11. Temperature Effects on 2 3 7 N p Concentration in Leachates 

Solution Rate &=Ln (CT/C?) Deviation of &,o(a) T 
BR S 3.33 0.0900 37.0 

M 3.28 0.0735O) 44.6 

F 3.66 0.0900 40.7 

BI S 2.70 0.2700 10.0 

M 3.52 0.2205(D 16.0 

F 3.70 0.2700 13.7 

DW S 2.98 0,3400 8.8 
M 3.20 0.27760) 11.5 

F 3.62 0.3400 10.6 

O ) Because of the replication, the average concentration at 
43cm3/day flow rate, 25°C is based on 24 observations rather than 
8 samples as far 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 25°C and 75°C, at the same flow rate, is the same for all three solutions. 
A statistical test, similar to that described above, in fact leads to that con-
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elusion: 'The effect of temperature on the concentration of ^ N p i n solution 
is the same for all 3 solutions, i.e. there is no temperature by solution in
teraction. ' 

Additional hypotheses, e.g. the concentration level varies with flow 
rate, were also considered and tested using statistics like that in Eqn. (9). 
Based on these tests, the following conclusions are suggested: For the con
centration of 2 3 7 N p in solution, 

o There is a significant temperature effect; concentration at 75°C 
is greater than at 25°C. 

o The temperature effect is the same for all 3 solutions. 
o The temperature effect increases with flow rate; thus, the ratio 

of the concentrations at 75°C and 25°C is greater at the fast flow 
rate (300 cm-tyday) than it is at the slow flaw rate (10 cm^/day) 

o There is a significant flow rate effect; specifically the concen
tration level 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 flow rate by temperature interaction for BR and 
BI. (The reason we did not observe a difference in the effect of 
flow rate at 25°C and 75°C for DW is likely due to the larger 
experimental variation for DW.) 

o The concentration in BI is significantly different (greater) than it 
is in the other solutions; concentrations in BR and DW differ signif
icantly at the fast flow rate. 

o The. concentration differences between solutions are the same at both 
temperatures. 
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o The Bl versus DW difference is the same for all flow rates; the BR 
versus BI difference is different at the slow and fast rates. 

Some of these conclusions are clearly seen by reviewing a plot of the natural 
logarithm of concerttrjtion versus flow rate, for different combinations of 
solution and temperature, as given in Figure 21. 

The conclusions given above ar& 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 solutions, 
proportional standard deviations) which seem reasonable but which are subject 
to review. Physical interpretations of borne of these results are included 
in the discussion section. 

V. DISCUSSION 

A. COMPARISOH OF PNL AMD ILHL LEACH TESTS 

The PNL and the LLNL 25°C leach tests may be compared over time without 

regard fo r the fact that the PNL leachant exchange rate varies aver the 

course of the t e s t . Table 12 summarizes data from Appendices 1 and 8, com

paring the cumulative f r ac t i on leached values f o r comparable times in the 

PNt and LLNL procedures. At day 3 the PNL CFL values are general ly s imi lar 

to the LLNL medtun flow resu l ts fo r both Np and Pu. The same is t rue at 

days 60-68 and 420-427 r'or the Pu in both bicarbonate and dis f i l e d waters, 

but the br ine Pu resu l ts from t h t PNL tes t are s l i g h t l y lower than the lowest 

LLNL resu l ts . In the case of Np, the day 60-68 comparison rtows PNL data 

comparable to the LLNL slow flow channels. At day 420-427 the two tests 
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Table 12: Comparison of PNL and LLNL Cumulative 
Fraction Leached Results 

Solution Test Rate Element CFL 
DAY: 

Both 
3 

PNL 
60 

LLNL 
68 

LLNL 
420 

PNL 
427 

Brine PNL 

LLNL Slow 
Med 
Fast 

Bicarb PNL 

LLNL Slow 
Med 
Fast 

D is t . 
H20 

PNL 

LLNL Slow 
Med 
Fast 

Brine PNL 

LLNL Slow 
Med 
Fast 

Bicarb PNL 

LLNL Slow 
Med 
Fast 

Dist . 
H2O 

PNL 

LLNL Slow 
Med 
Fast 

Np 

Np 

6.0E-5 2.7E-4 

Pu 

Pu 

Pu 

5.7E-5 
6.0E-5 
8.1E-5 

2.5E-4 
3.2E-4 
5.4E-4 

1.3E-3 
1.8E-3 
3.1E-3 

6.4E-5 4 .9E-4 

3.9E-5 
6.5E-5 
8.0E-5 

6.3E-4 
6.7E-4 
7.7E-4 

3.2E-3 
4.0E-3 
3.7E-3 

6.2E-5 2. .1E-4 

6.4E-5 
6.2E-5 
5.5E-5 

1.9E-4 
2.9E-4 
3.0E-4 

9.0E-4 
1.6E-3 
1.4E-3 

1.2E-5 2. 8E-5 

1.4E-5 
1.1E-5 
1.7E-5 

3.4E-5 
4.9E-5 
9.4E-5 

1.2E-4 
1.5E-4 
3.7E-4 

2.9E-5 1. 5E-4 

I.3E-5 
2.7E-5 
3.9E-5 

T.0E-4 
1.8E-4 
2.6E-4 

2.8E-4 
5.8E-4 
8.9E-4 

1.7E-5 6.3E-5 

6.0E-4 

3.2E-3 

6.5E-4 

4.5E-5 

5.8E-4 

1.5E-4 

9.0E-6 2.4E-5 7.9E-5 
1.5E-5 5.3E-5 1.7E-4 
1.2E-5 8.2E-5 2.8E-4 
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agree for Np in bicarbonate but the PNL final CFL is somewhat lower 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 two experiments, as discussed in the Introduction and 
tabulated in Table 1. Figure 22 presents such a comparison for the Np In
cremental Leach Rate data fron 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 cm-fybead/day values were ob
tained by averaging the R values measured after monthly and weekly solution 
changes, respectively; the 15 cm3/bead/day value 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 tor bicarbonate and distilled water; 
the LLNL brine rates are appreciably higher than PNL values. The comparison 
at higher exchange rates is obscured by the fact that PNL data at this rate 
come only from the first 4 days of the expriraent 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 BEHAVIOR 

1. Comparisons Based on Total Fraction Leached 

Selection of a single numerical value for comparison of elemental be
havior is complicated by 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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tection Units in many cases. Although its shortcomings have been commented 
on above, the total fraction leached (C.F.L. on day 420) is a convenient 
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 filter effects, 

produced results in good agreement with the control channels (10, 11 
and 73) 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 comparable 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 cmcljde 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 glass does not influence the 
leaching behavior of the other elements. 

b. Temperature Effects 
If we consider the ratios of total fraction leached at 75° to that at 25° 

for the same solutions and flow rates, we find that Np, 8, and Si have ratios 
greater than 5 and usually greater than 10; although the data are scanty, the 
few results available (Appendix 9) suggest that U also belongs in this group. 
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Ti, Zn, Ca, Fe (bicarbonate) and Na (distilled water) '.11 have ratios less 
than 6 fe (distilled water) is borderline Mo is uncertain, and the rest 
cannot be determined except for Pu, which shows ratios generally less than 
unity. 

c Solution Effects 
Np, Pu, 8, Si. U and Ca are leached more rapidly by the bicarbonate 

solution than by distilled water under comparable conditions. Mo and Sr may 
be leached slightly faster by the bicarbonate, and for Fe, Ni, Ti and Zn there 
does not appear to be any clear or major differences between the solutions-

d. Flow Rate Effects 
If we consider the ratio of total fraction leached at fast flow to that 

at slow flow for the sama temperature and solution, we find that Up, 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 (distilled water) and Mo do not fit either pattern 
clearly, and Pu has low ratios at 25<> and high ratios at 75°. 

2. leach Rate Comparisons 

In the bicarbonate solution at 75°, Np, B and Si have incremental leach 
rates in the range of 1-30 x 1 0 - 5 grams glass/cm^-day. The 25° values are 
less certain because of detection limit problems, but appear to be smaller 
by factors of 10-50. Ho and Ca leach rates are higher than the l-30xl0 - 5 

range at both temperatures, Ti is lower at both temperatures, and Fe and Zn 

have higher leach rates at 25° and lower at 75°. Pu ;ias apparent leach 
rates generally about two orders of magnitude less than Np. 
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In distilled water, the Np, B and Si leach rates are less than (typ
ically about one third) the rates in bicarbonate. Since Ti. Ho. Fe, Zn, 
Ca and Na leach rate values do not show a similar solution dependence, their 
distilled water leach rates are comparable to or higher than the comparable 
Np, B and Si rates at both temperatures. 

Figure 23 presents a SLrmmary log-log plot of the range covered by all 
the Teach rate data as a function of time (the Pu results are not included 
in this plot). 

C. LEACHING HECHAMISMS 

From the foregoing discussion it maybe seen that the elements fall rather 
naturally into three groups. Pu is in a class of its own as far as apparent 
leaching behavior is concerned Np. 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, Mo, Ti, Zn, Ca and Na) are generally 
similar to each other in terms of their leaching behavior and distinctly 
different from the other classes. 

Si and B are glass matrix elements; they and the elements with simi
lar leaching characteristics {Np, probably U) probably are controlled by 
congruent dissolution of the borosilicate glass matrix. Since natural 
silicates dissolve considerably more quickly in alkaline than in acid media** 
the differences between bicarbonate and the other solutions are consistent 
with the observed pH characteristics-

Most of the observed elemental behaviors may be explained by the fol
lowing sequence of events: 
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Simpl i f ied Graph of M± the SPCF Data 

(without 2 3 9 P u ) 

Figure 23 
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1. The initially high and decreasing leach 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 25° and considerably less at 75°. 

2. Thereafter the constant leach rates suggest that the glass behaves as 
a Type IV surface.15 with reactions controlled primarily by the thickness 
and solution rate of the porous and slightly soluble hyirous layer. 

3. In the bicarbonate (basic) solution BET specific surface area (T?ble 
4) does not increase significantly with leaching and leach 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 solutions, but 
the relative constancy of the observed leach rates indicates that matrix 
dissolution remains the rate-controlling step. 

1. It is generally recognized that Pu has a strong tendency to be 
sorbed on surfaces, this behavior is a complex function of the Pu oxi
dation states. 1 6 trace concentrations of organic complexing agents 1 7, 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 largely on the hydrous surface 
layers on the beads) rather than by its actual leaching characteristics. 
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Although this conceptual model explains qualitatively 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 
be of interest as a subject for future research. 

VI 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 dissoluti-jn 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 glass/cm2 day. The observed rates: 

a. increase 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 leach 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 more detailed 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 ID P-l-1 WASTE FORM PNL 76-68 GLASS SOLUTION BRINE 

7 dpm 2 
INITIAL CONCENTRATION Pu 5.6 x 10 qm SURFACE AREA 27.82 cm TEMPERATURE 25°C 

6 4H 
Np 6.4 x 10 gm 

SERIES 1 2 3 4 5 6 7 8 9 10 

LEACH TIME (Days ) 1 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 pH 
SOLUTION COND. umho/ciu 
SOLUTION S i COHC. ppm 

7.0 
>140,000 

NA 

7.1 

NA 

7.1 

NA 

7.2 

NA 

7.1 

NA 

6.9 

1.6 

7.1 

1.6 

6.8 

1.6 

6.3 

.054 

6.6 

.054 
LEACHATE" pH 
LEACHATE CCND. pmho/cm 
LEACHATE S i CONC. ppm 

5.5 

1.3 

5.4 

1.3 

5.5 
1.4 

5.7 

1.4 

7.0 

1.39 

?.o 

1.38 

7.0 

1.69 

7.0 

1.75 

5.3 
.19 

Pu 
dpm/ml 
LEACH RATE g / c m ^ - d a y 
^FRACTIONS LEACHED 

13.3 
2.6 E-6 
9.8 E-6 

3.0 
5.8 E-7 
1.2 E-5 

.47 
9.1 E-8 
1.2 E-5 

1.86 
3.6 f - 7 
1.4 E-5 

1.66 
4.6 E-8 
1.5 E-5 

.7? 
2.1 E-8 
1.6 E-5 

1.16 
3.2 E-8 
1.6 E-5 

1.0 " 
2.8 E-8 
1.7 E-5 

4.*0 E-8 
1.8 E-5 

1.94 
5.3 E-8 
2.0 E-5 

Np 
dpm/ml 
LEACH RATE g / e m 2 - d a y 
^FRACTIONS LEACHED 

6.0 
1.0 E-5 
3.9 E-5 

2.4 
4.0 E-6 
5.4 E-5 

.9 
\ . 5 E-6 
6.0 E-5 

1.96 ' 
1.3 E-6 
7.3 E-5 

2.2 
5.3 E-7 
8.7 E-5 

1.37 " 
3.3 E-7 
9.6 E-5 

' 2 . 7 3 
6.6 E-7 
1.1 E-4 

1.16 
2.8 E-7 
1.2 E-4 

2.6 
6.3 E-7 
1.4 E-4 

4.05 
9.7 E-7 

_Lf_gd 

tn 



WASTE FORM PNL 76-68 GLASS SOLUTION BRINE 

SURFACE AREA 27.82 cm TEMPERATURE 25°C 

SERIES 11 12 13 14 15 16 17 18 19 20 

LEACH TIME 53 60 91 121 151 182 212 24? .. 274 303 

BEGIN 
SAMPLE DATES 

END 

9-3Q-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 BEGIN 
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 pH 
SOLUTION COND. iraiho/cm 
SOLUTION Si CONC. ppm 

6.2 
)140,000 

.054 

6.8 6.7 6.2 6.1 6.4 6.4 6.1 

Z.17 

6.2 

2.17 

5.7 

LEACHATE pH 
LEACHATE COND. umho/cm 
LEACHATE Si CONC. ppm 

6.0 

.13 

6. , 

.27 

6.6 

.27 

6.6 

2.35 

6.6 

2.35 

239 P u 

dpm/ml , 
LEACH RATE g/cr/-day 

F̂RACTIONS LEACHED 

4.3 
1.2 E-7 
2.3 E-5 

6.6 
1.8 E-7 
2.8 E-5 

3.9 
2.5 E-8 
3.1 E-5 

3.6 
2.3 E-8 
3.3 E-5 

3.4 
2.2 E-8 
3.6 E-6 3.8 E-5 

' 2.8' 
1 ". E-8 
4.0 E-5 

" 1.0 
6.2 E-9 
4.2 E-5 4.3 E-5 

239N

p 

dpm/ml , 
LEACH RATE g/cnf-day 

F̂RACTIONS LEACHED 2.1 E-4 

9.4 
2.3 E-7 
2.7 E-4 

8.8 
4.8 E-7 
3.3 E-4 3.7 E-4 

6.1 
3.4 E-7 
4.1 E-4 4.4 E-4 

3.2 
1.8 E-7 
4.6 E-4 J±U£± 

2.3 
1.2 E-7 
4.9 E-9 5.2 E-4 

cn 

SAMPLE 10 P-l-1 
7 dpm 

INITIAL CONCENTRATION Pu 5.6 x 10 gm 
dpm 

Np 6.4 x 10 6 gm 



SAMPLE ID P-l-1 WASTE FORM PHL 76-68 GLASS SOLUTION BRINE 

7 dpm 2 
INITIAL CONCEHTRATION Pu 5.6 x 10 2m SURFACE AREA 27.82 cm TEMPERATURE 2S°C 

6 te Np 6.4 x 10 gm 

SERIES 21 22 23 24 25 26 27 28 29 30 

LEACH TIKE 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 2-14-79 3-16-79 4-16-79 
SOLUTION pH 
S0LUT1OH COND. „mho/cm 
SOLUTION Si CONC. ppm 

6.6 
>140,000 

6.7 

1.83 

6.2 

1.88 

6.6 

2.15 

6.6 

2.15 

6.9 

1.64 

6.9 

1.64 

6.9 

1.70 

6.9 

1.70 

6.9 

1.79 
H-tACHATE (,.' 

LEACHATE COND. pmho/cm 
LEACHATE S i CONC. ppm 

6.5 

2.38 

-6.5 

2.44 

5.5 

2.27 

6.3 

1.72 

5.3 

2.26 

J!S 
dpm/ml 
LEACH RATE g/cmz-day 

F̂RACTIONS LEACHED 

< .8 
<5.1 E-9 
4.1 E-5 4.4 E-5 4.5 E-5 4.5 E-5 

< .9 
<5.6 E-9 
4.6 E-5 

237«p 

dpm/ml 
LEACH RATE g/cnf-day 

F̂RACTIONS LEACHED 

4.6 
2.6 E-7 
5.4 E-4 5.7 E-4 5.9 E-4 6.0 E-4 

<1.4 
<7.6 E-8 
6.1 E-4 



SAMPLE ID P- l -4 

7 dp"1 

INITIAL CONCENTRATION Pu 5.6 x 10 qui 

6 iEH Np 6.4 x 10 gm 

WASTE FORM PNL 76-68 GLASS 

SURFACE AREA 27.82 cm 

SOLUTION NaHCO^ 

TEMPERATURE 25°C 

SERIES 1 2 3 4 5 6 7 8 9 10 
LEACH TIME 1 2 3 4 11 18 25 32 39 46 

BEGIN 
SAMPLE DATES 

END 

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 BEGIN 
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 pH 
SOLUTION COND. pmho.'cm 
SOLUTION Si CONC. M m 

8.4 
2600 

8i2 
2600 

8.4 
2510 

8.5 
2620 

8.4 
2530 

8.5 
2450 
.035 

8.4 
2420 
.035 

8.5 
2470 
.035 

8.3 
2380 
.033 

8.2 
2200 

LEACHATE pH 
LEACHATE CONO. l mho/cm 
LEACHATE Si CO'.C. ppm 

8.2 
.15 

8; 7 

• 14 

8.7 

.11 

8.9 
.12 

9.3 
.34 

9.3 
.37 

9.2 

.29 

'9.3 

.35 

9.5 
.23 

Pu dpm/ml 
LEACK RATE g/cm2-day 
LFRACTIONS LEACHED 

23.7 
4.6 E-6 
1.7 E-5 

9,9 
1.9 E-6 
2.5 E-5 

5.6 
1.1 E-6 
2.9 E-5 

8.8 
1.7 E-6 
3.5 E-5 

23.3 
6.4 E-7 
5.3 E-5 

1?.2 
5.3 E-7 
6.7 E-5 

12.1 
3.3 E-7 
7.6 E-5 

21.6 
5.9 E-7 
9.1 E-$ 

20.6 
5.7 E-7 
1.1 E-4 

19.5 
5.4 E-7 
1.2 E-4 

Np 
dpm/ml 
LEACH RATE g/cm2-day 
^FRACTIONS LEACHED 

5.7 
9.6 E-6 
3.7 E-R 

2.0 
3,4 E-6 
5,0 E-5 

2.2 
3.7 E-6 
6.4 E-5 

2.2 
3.7 E-6 
7.8 E-5 

8.9 
2.1 E-6 
1.4 E-4 

3.1 
7.5 E-7 
1.6 E-4 

7.7 
1.9 E-6 
2.0 E-4 

6.2 
1.5 E-6 
2.4 E-4 

6.8 
1.6 E-6 
2.9 E-4 

7.5 
1.8 E-6 
3.4 E-4 



SAMPLE ID P-1-4 HASTE FORM PNL 76-68 GLASS SOLUTION NaHCOa 

7 dpm 2 
INITIAL CONCENTRATION Pu 5.6 X 10 gm SURFACE AREA 27.82 cm TEMPERATURE 25»C 

6 d£m 
Np 6.4 x 10 p 

SERIES 11 12 13 14 15 16 17 18 19 20 

LEACH TIME 53 60 91 121 151 182 212 242 274 303 

BEGIN 
SAMPLE L.ATES 

END 

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 BEGIN 
SAMPLE L.ATES 

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 pH 
SOLUTION COND. umto/cm 
SOLUTION Si CONC. ppm 

8.1 
2050 

8.4 
2280 

8.4 
2330 

8.6 
2300 

8.4~ H 
2300 

8.5 
2250 
.036 

8.5 
2250 

.036 

8.5 
2200 

.036 

8.4 
2150 

.036 

" 8 . 3 
2200 

.06 
LEACHATE pH 
LEACHATE COND. umho/cm 
LEACHATE Si CONC. ppm 

9.4 

.36 

9.5 

1.04 

9.6 

.70 

9.2 

.96 

9.2 

1.06 

Pu 
dpm/ml 
LEACH RATE g/cm 2-day 
^FRACTIONS LEHCHED 

21.9 
6.0 E-7 
1.4 E-4 

24/2 
6.7 E-7 
1.5 E-4 

40.6 
2.6 E-7 
1.8 E-4 

37.6 
2.4 E-7 
2.1 E-4 

3 4 . 6 " ' 
2.2 E-7 
2.4 E-4 2.7 E-4 

52.6 
3.4 E-7 
3.1 E-4 3.5 E-4 

52.6 
3.2 E-7 
3.9 E-4 4.2 E-4 

Np 
dpm/ml 
LEACH RATE g/cm 2-day 

.̂FRACTIONS LEACHED 4 .1 E-4 

13.4 
3.2 E-6 
4.9 E-4 

27.0 
1.5 E-6 
6.6 E-4 8.1 E-4 

' 1 7 . 6 ' 
9.9 E-7 
9.2 E-4 1.1 E-3 

26.9 
1.5 E-5 
1.2 E-3 1.4 E-3 

21.4 
1.1 E-6 
1.5 E-3 1.7 E-3 

UD 



SAMPLE ID P-1-4 WASTE FORM PNL 76-68 GLASS SOLUTION NaHCOq 
7 dP"1 2 

INITIAL CONCENTRATION Pu 5.6 X 10 am SURFACE AREA 27.82 cm TEMPERATURE 25°C 

Np 6.4 x 10 gm 

SERIES 21 22 23 24 25 25 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-H-78 10-16-78 11-16-78 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 11-16-78 12-15-78 1-16-79 2-14-79 3-16-79 4-16-79 
SULUHGtt pH 
SOLUTION COND. umWcni 
SOLUTION Si CONC. ppm 

4.6 
2320 
.06 

"~576 
2950 
.03 

9.1 
2840 
.03 

" 8.7 
2300 
.036 

8.6 
2700 
.036 

8.0 
2600 
.031 

8.4 ' 
2600 
.031 

8.6 
3000 
0.064 

8.6 
.064 

8.8 
.036 

LbACHATE pH 
LEACHATE COND. umho/cm 
LEACNATE Si CONC. ppm 

9.2 
1.22 

9.1 
1.44 

9.2 
.12 

8.9 
1.27 

9.2 
.16 

Pu 
dpm/ml 
LEACH RATE g/cm2-day 
^FRACTIONS LEACHED 

T5.8 
2.9 E-7 
4.6 E-4 4.9 E-4 5.3 E-4 5.8 E-4 

63.1 
3.8 E-7 
6.2 E-4 

Np 
"dpm/ml 
LEACH RATE g/cmz-day 
^FRACTIONS LEACHED 

33.2 
1.9 E-6 
1.9 E-3 2.2 E-3 2.7 E-3 3.2 E-3 

98.9 
5.2 E-6 
3,8 E-3 

I 
QO O 



SAMPLE ID P-l-5 WASTE FORM PNL 76-68 GLASS SOLUTION Dei on i zed Hater 

7 dpcn 2 
INITIAL CONCENTRATION Pu 5.6 x 10 qm SURFACE AREA 27.82 cm TFMPERATURE 250c 

6 i£E Np 6.4 x 10 gm 

SERIES 1 L 2 3 4 5 6 7 8 9 10 
LEACH TIME 1 2 3 4 11 18 25 32 39 46 

BEGIN 
SAMPLE DATES 

END 

8-15-7/ 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 BEGIN 
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 pH 
SOLUTION COND- pmho/cm 
SOLUTION Si CONC. ppm 

6.3 
1.1 
NA 

6.1 
1.5 
NA 

6.1 
1.7 
NA 

6.1 
1.65 
NA 

6.1 
2.1 
NA 

6.lT' " 
1.5 
< .01 

6.4 
1.32 

< .01 
6.2 
2.6 

< .01 
6.Q 
1.05 

< .01 
7.1 
1.4 

LtACHATE pH 
LEACHATE COND. umho/cm 
LEACHATE Si CONC. DDm 

6.3 
2.59 
.11 

6.5 
1.54 
.07 

6.3 " 
1.7 
.05 

7.'4" 
1.56 
.02 

6.1 
1.5 
.07 

6.0" • 
1.46 
.059 

' 6.T ' 
2.50 
.08 

5.4 • 
2.03 
.052 

6.7 ' 
2.1 
.072 

Pu 
dpni/ml 
LEACH RATE g/cn)2-day 
^FRACTIONS LEACHED 

15 
2.9 E-6 
1.1 E-5 

5.6 
1.1 E-6 
1.5 E-5 

2.4 
4.6 E-7 
1.7 E-5 

6.1 
1.2 E-6 
2.2 E-5 

8.5 
2.3 E-7 
2.8 E-5 

4.7 
1.3 E-7 
3.2 E-5 

16.2 • 
4.5 E-7 
4.4 E-5 

4.2 
1.2 E-7 
4.7 E-5 

5.1 
1.4 E-7 
5.1 E-5 

6.1 
1.6 E-7 
5.5 E-5 

1dpm/ml 
«P LEACH RATE g/cm^-day 

1 ̂ FRACTIONS LEACHED 
' 4.4 
7.4 E-6 
2.9 E-5 

3.0 
5.1 E-6 
4.8 E-5 

2.1 
3.5 E-6 
6.2 E-5 

2.0 -
3.7 E-6 
7.5 E-5 

3.1 
7.5 E-7 
9.5 E-5 

T.4 
3.4 E-7 
1.0 E-4 

•IT " 
8.0 E-7 
1.3 E-4 

2.0 
4.8 E-7 
1.4 E-4 

-2.5 ' 
4.2 E-7 
1.6 E-4 

"3.1 ' ' 
7.5 E-7 
1.8 E-4 

CO 



SAMPLE ID_ P-l-5 

7 ̂ 03 
INITIAL CONCENTRATION Pu 5.6 x 10 am 

6 Qm 
Np 6.4 x 10 gn 

WASTE FORM PNL 76-68 GLASS 

SURFACE AREA 27.82 cm ? 

SOLUTION . Oeionized Water 

TEMPERATURE 25°C 

SER.'E* 11 12 13 14 15 16 17 18 19 20 

LFACH TIME 53 60 91 121 151 182 212 242 274 303 

BEGIN 
SAMPLE DATES 

END 

9-30-77 10-7-77 10-14-77 11-14-77 12-14-T7 1-13-78 2-13-78 3-15-78 4-14-78 5-15-78 BEGIN 
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 pH 
SOLUTION COND. pmho/cm 
SOLUTION Si CUNC. ppm 

5.8 
1.7 

6.1 
2.05 

7.1 
7.2 

6.5 
1.63 

' 6.4 
.95 

6.0 
.02 
.006 

5.8 
1.1 
.006 

6.8 
.08 
.006 

6.5 
2.6 
.006 

6.0 
1.95 
.009 

LfACHATE pH 
LEAOWTE COND. umho/cm 
LEALtJATE SI CONC. pom 

"6TB 
l.B 

.076 

6.4 
3.6 

.29 

6.5 
1.8 
.14 

6.8 
1.73 
.15 

6.8 
1.32 
.14 

Pu 
dpm/ml 
LEACH RATE g/cm z-day 
^FRACTIONS LEAChED 

5.4 
1.4 E-7 
5.9 E-5 

-o 
1.3 E-7 
6.3 E-5 

8.8 
5.7 E-8 
6.9 E-5 

8.1 
5.2 E-8 
7.5 E-5 

7.5 
4 .8 E-8 
8.1 E-5 9.0 E-5 

16.2 
1.0 E-7 
1.0 E-4 1.1 E-4 

9.7 
5.8 E-8 
1.2 E-4 1.3 E-4 

Np 
dpTi/mi 
LEACH RATE g/cn z-day 
SFMCU'IRS, LEMMEft \.% t-4. 

HOT 
5.6 E-7 

8.5 
4.6 E-7 

\ IA E.-4 , %.\ t-4. 

' 4 . 3 
2.4 E-7 

l.fe £-«. 

4.9 
2.8 E-7 
•J.9 t-4 «,.2 t-«, 

4.9 
2.6 E-7 

4.9 t-4 



SAMPLE ID P-l-S HASTE FORM PNL 76-68 GLAS5 SOLUTION Deionized Hater 
7 <!M 2 INITIAL CONCENTRATION Pu 5.6 x 10 qm SURFACE AREA 27.82 cm TEMPERATURE 25°C 
6 &£ Np 6.4 x 10 gm 

SERIES 21 22 23 24 25 26 27 28 29 30 
LEACH TIME 333 364 395 427 459 4S7 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 
SAMPLE DATES 

END 7-14-78 8-14-78 9-14-78 10-16-7S 11-16-78 12-15-78 1-16-79 2-14-79 3-16-79 4-16-79 
SOLUTION pH 
SOLUTION COND. umho/cm 
SOLUTION Si CONC. ppm 

5.8 " 
1.43 
.009 

5.8 
1.33 
.005 

2.1 
.005 

6.2 
1.7 
.004 

5.8 
2.6 
.004 

6.0 
1.9 

< .01 

6.6 
1.5 

< .01 

S.2 
1.5 
.011 

6.3 
2.5 
.011 

6.S ' 
1.05 

< .01 
LEACHATE pH 
LEACHATE COND. wmho/cm 
LEACHATE S1 CONC. DDm 

6.8 
1.41 
.19 

"6.'7 • 
1.64 
.16 

6.7 
1.42 
.14 

8.1 
1.32 
.21 

6.8 
2.24 
.27 

Pu 
dpm/ml 
LEACH RATE g/cmz-day 
^FRACTIONS LEACHED 

7 . 7 " 
4.9 E-8 
1.3 E-4 1.4 E-4 1.4 E-4 

9.9 
6.4 E-4 
1.6 E-4 

Np 
dpin/in1 
LEACH RATE g/cm2-day 
^FRACTIONS LEACHED 

5.9 • 
3.3 E-7 
5.3 E-4 V E.-4 6.1 E-4 6.5 E-4 

t.r 
3.4 E-7 
6.8 E-4 



APPENDIX 2 

Bead Weights Before and After teaching. 
Some samples were withdrawn prior to final weighing, so the reported 
final weight for many channels is based on a normalization of the final 
weight of 6 beads rather than the true final weight for all 8 beads. 
The mean initial weight of the 8-bead sets is 2.846 g with a standard 
deviatfon of 2.1%. Because of these uncertainties in the initial weights 
of individual beads, weight losses based on normalized final weights 
should not be considered significant unless they exceed 2%. The greater 
weight losses are significant although imprecise, and the final weights 
in those channe's where all eight beads were retained yield accurate 
differences. 



Bead Heights Before and After Leach 

Temp Orig. Final Wt. % 
Channel Solution ' Flow (°C) Wt. (g) Wt. (g) (g) Loss 

1 Brine Med Z5 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 2.90123 +0.0060 -0.206 
4 Brine Med 25 2.8064 2.8019 -0.0045 0.16 
5 Brine Med 75 2.8567 2.7366* -0.1211 4.24 

6 Brine Fast 25 2.9042 2.9015a -0.0027 0.39 
7 Brine Fast 75 2.9102 2.7739a -0.1363 4.68 
8 Brine Slow 25 2.8212 2.8552a +0.0340 -1.20c 

9 Brine Slow 75 2.7523 2.6607a -0.0916 3.33 
10 Bicarb Med 25 2.7653 2.7247ab -0.0394 1.42 
U Bicarb Med 25 2.8316 2.9412ab +0.1096 -3.87C 

12 Bicarb Med 25 2.7765 2.7619 -0.0146 0.53 
13 Bicarb Med 25 2.8523 2.8752ab +0.0229 -0.80c 

14 Bicarb Med 75 2.9749 2.6673a -0.3076 10.34 
15 Bicarb Fast 25 2.7843 2.8147a +0.0304 -1.09c 

16 Bicarb Fast 75 2.9006 2.4785ab -0.4221 14.55 
17 Bicarb Slow 25 2.7839 2.7491ab -0.034E 1.25 
18 Bicarb Slow 75 2.9212 2.7799* -O.H13 4.84 
19 Oist. Med 25 2.8809 2.G564 -0.0725 2.60 
20 Dist. Med 25 2.8432 2.8052a -0.0380 1.34 
21 Dist. Med 25 2.9083 2.9187a +0.0104 -0.36C 
22 Dist. Med 25 2.7549 2.7170 -0.0289 1.05 
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Temp Or ig. Final Wt. t> 
Cfiannc' Solution Flow (<JC) Wt. (g) Wt. (g) (g) Loss 

23 D is t . Hed 75 2.8460 2.63419 -0.2119 7-44 

IH D is t . Fast 25 2.9101 2.9365ab +0.0264 - 0 . 9 K 

25 D is t . Fast 75 2.8356 2.65493 -0.1807 6-37 

26 Dist- Slow 25 2.8547 2.8997a +0.0450 -1.S8C 

27 D is t . Slow 75 2.8812 2.7779a -0.1033 3.59 

28 Bicaro. Hed 25 :?.8336 2.7575 -0.0761 2.69 

Ndtes: a. calculated from final weight of 6 out of 8 beads. 
b. Incomplete transfer; s.nall amount lost to filter. 
c. Apparant Weight gain. 
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APPENDIX 3 

Sample Volumes, Times and Flow Rates 
a) Tabulation of sample volumes (cm 3), collection times (days) and flow 

rates (cm3/day) for the LLNL leach test. 
b) 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 
VOLUME OELT TIME FLOWRATE 
VOLUME OELT TIME FLOWRATE 
VOLUME OELT TIME FLOWRATE 
VOLUME DELT TIME 

FLOW RATE 
VOLUME DELT TIME FLOWRATE 
VOLUME DELT TIME FLOWRATE 
VOLUME OELT TIME FLOWRATE 
VOLUME DELT TIME FLOWRATE 
VOLUME DELT TIME FLOWRATE 
VOLUME 1 OELT TIME 1 FLOWRATE I 
VOLUME 1 LELT TIME 1 FLOWRATE 1 1 
VOLUME 12 DELT TIME 12 FLOWRATE 12 
VOLUME 13 DELT TIME 13 FLOWRATE 13 

54.3500 0.9900 46.1336 
53. 1000 O.9560 46.5781 
53.8000 
0.9570 47.£415 

46.8100 O.9730 
42.1550 

• 51.0900 0.9B50 43.&166 
370.5300 1,OOOC 31 \,3597 
325.6300 O.9550 266.7086 
45.4700 
0.9870 38.7134 

i 12.0200 i 0.0930 I 10.1720 
44.8500 O.9730 46.0946 
41.1300 0.9720 
42.3148 

1 40. f 100 0.9530 41.6246 
43.C200 
O.96S0 4-1, 1P3? 

54.4500 0.9690 46.2652 
55,7*00 
0.9890 47.3356 

55.7500 
0.9900 47.3E<>0 

49.7400 
0.9910 42.1779 

53 0500 1.0280 43.3656 
364.3400 0.9900 309,. 260? 
352.3100 1.0280 287.9950 
49.3600 
0.9890 41.9403 
13.2200 1.0280 
10.8067 
45.8200 O.Q870 46.4235 
42 0800 O.9680 
42.5S11 
41,7100 0 - 9860 42.2166 

52.8300 166,9800 0.9600 3.0300 •16.2447 43.3100 
54.2500 171.8500 0.9000 3.0300 47.4877 47.6606 
54.1400 171.1800 
0.9590 3.0300 47.4409 -47.4748 

46,5200 152.9300 
0.9600 3.0280 

42,4720 42.4414 
49.9200 153.9200 0.9620 3.0100 43.6066 42.9716 

356.21001125.1100 
0,9590 3.0290 

312.1335 312.1395 
331,12001027.7600 0.9620 3.0100 
289.2433 286.9315 
39.9600 
0.9610 34.9426 
12.4000 0,3620 1D.831« 
305200 0.9600 41 .1667 
40.7600 

0.9390 4?.5026 
40.4700 
0.9690 422002 
0 0000 
0.9600 
0 L-JOO 

38.4400 2.9800 10.6396 
38.4400 3.OlOO 10.7317 

141,5900 
3.0300 

46.7294 
127.4300 3.0300 42.0561 
123.5200 3,0300 40.8647 
132.9700 
3.0280 
-13.9135 

56.7400 1.0310 46.9661 
60.6900 1.0510 48.5252 
53.6600 l.OStO 47.7017 
53.5300 
1.0510 42.8004 

58.7800 1.10)0 41-4735 
395.2500 1.0310 316.0256 
396.5600 1.1910 279.80t6 
12.9000 
1.0510 10.3143 
1 -1.0400 1 .1910 10.4707 
50.9600 1 .0510 48.4872 
43.6700 1.0510 
41.5509 
44.5600 1.0510 42.J977 

55.78QQ 
1.0140 47.0555 

59. OS.JO 1.0140 48.311$ 
57.7800 
1.0140 47.5842 

51.S60O 
1.0140 42.9781 

54.0800 
1.0410 43.6555 

399.8200 1.0140 531 . 3 4 ^ 
361.5000 1.0410 291.8170 
12.3800 
1.0140 1O.2697 
13.3500 1.0410 
10.7766 
48.9900 1.0140 
48.3136 

43.1400 1.0140 42.5444 
44.2100 
1.0140 
13.59S6 

57.6800 1.0190 47.5606 
60.8400 1.0190 50.1728 
44.3700 
1.0190 36.5905 

52.5000 
1.0190 43.2950 

58.31.00 I.1210 43.7110 
417.1000 1.01 SO 
343.9688 
376.5100 1.1210 262.2435 
12.0600 1.0190 S.9455 
14.5800 1.1210 10.9296 
23.7600 1 .OlflO 23.3170 
37,2600 1.0190 36.5653 
43.9500 1,0190 43.1305 

59.9000 1.0220 
49.2526 
61 .4700 1.0220 50.5435 
45.8200 
1.0220 37.6753 

53.25DO 
I.Q220 43.7846 

50.6000 0.97SO 43.6113 
396.1200 

1.0220 325.7084 
333.9300 0.9750 287.80B7 
11.2800 1.0220 9.2749 
12.6000 0.9750 10.8597 
52.8900 1.0220 51.7515 
44.4500 
1.0220 

43.4932 
44.5600 

\.Q2H0 43.600B 
4«i. &300 
1.02S0 45.6219 

77.0200 1.3850 46.7312 
77.3200 1.3650 47.6006 
82.5500 
1.3650 50.8203 

73.0400 
1.3650 44.9657 

50.0500 
o.ssia 

47.7399 
439.2700 : 1.3630 270.4282 
631.0000 0.8810 601.8753 
17.0000 
1.3650 10.4657 

24.3300 0.&810 
?3.3978 
67.S500 I.3650 49.3604 
61.1900 1.3650 44.8278 
61.3400 

\.3650 44.9377 
63.1200 
1.3650 46.24ie 

65.0200 1.0680 51,1598 
63.0000 1,O680 49.S704 
66.6400 1.0680 54.1655 
64.9)00 1 .0660 51.0732 
62.9000 1.0660 49.4917 

388.9700 1.0660 306.0539 
13.4300 
1.0680 10.5671 

15.8400 
1.D680 12.45; 1 

56.3800 1.0660 52.7903 
48.9800 1.0680 
45.8614 
51.0103 1.0680 47.7622 
55.5100 
1 .0660 

51 .9757 

57.6200 1.O200 47.4708 
56.6100 1.0200 46.8034 
63.6300 
1.0200 52.4221 

69. 1 700 1.0200 56.9863 
59.0000 1.0200 48.6077 

413.4900 1.0200 
340.6574 
450.6200 •1.0200 371.2473 
TO.1200 1.0200 10.6090 
13.3900 1.0200 
11.0315 
50.8300 1.0200 
49.6333 
50.7400 
1.0200 

49.7451 
49.9000 1.0200 48.9216 
51 .97 00 1.0200 
50.9510 



TABULATION OF SAMPLE VOLUMES, SAMPLE TIME AND FLOURArES 

CHANNEL/DAY 1 2 3 6 1 1 20 37 sa 120 230 420 
VOLUME DELT TIME FLOWRATE 

14 14 14 
43. 0. 44. 

2500 9810 0677 
39 . 
36'. 

;soo 
0280 
1226 

42 .5300 0.9620 44.2100 
132,1400 3.0100 43.9003 

SO. 1 . 
42. 

8900 1910 7288 
45. 1 . 
43. 

7000 0410 9001 
49. 
1 . 44, 
7600 1210 4066 

43. 0. 44. 
5000 9750 6154 

67.8500 0.8B10 77.0748 
SS. 1 . 51. 

4800 0680 9476 
47.3600 1.0200 46.4314 

VOLUME DELT TIME FLOWRATE 
15 15 15 

275. 0. 276. 
57C0 9950 9548 

273. 0. 276. 
0300 3890 0667 

266.4900 0.9600 277.5937 
794.3400 3,0270 262,4162 

292. 1 . £76. 
3200 0510 1351 

279. 
1 . 275. 
2000 0140 3452 

275. 
1 . 27o. 
9000 0190 7056 

207-
1. 203. 
5100 0220 0431 

224.8500 1,3650 164.7253 
256. 

1. 239. 
6000 0660 2322 

\ SO. 3,600 1.0200 
166.6275 

VOLUME 0O_T TltfE FLOWRATE 
16 16 16 

275. 0. 289. 
6800 
9530 
2760 

299-
1 . 

291 . 

4000 ,0260 .2451 
280.4000 0.9620 29I.4761 

076.5200 3.0100 291.2027 
339. I . 284. 

3400 1910 9202 
310. 

1. 290. 
9400 0410 6936 

3S3. 
1 . 

314. 
0200 1210 9153 

315. 
0. 

323. 
6900 9750 7846 

309.0000 0.8810 350.7378 
267. 1 . 250. 

5400 0690 5056 
231.0000 1.0200 226.4706 

VOLUME OELT TIME FLOWRATE 
17 17 17 

10. 1 . 10. 
1700 0050 1194 

10, 0. 10. 
.0700 9870 3026 

9.8600 0.9611 10.2601 
31.3100 3.0280 10.3402 

ID. 1 . 10. 
8500 0510 3235 

9, 1. 9. 
6500 0140 5168 

10, 1 . 10. 
5300 0190 3337 

10. 1 . 9. 
0200 0220 3043 

14.2800 1.3650 10.4615 
10. 
1 , 9. 
5900 0680 9157 

11.4600 1,0200 11,2353 
VOLUME DELT TIME FLOWRATE 

18 16 18 
9. 0. 10. 

990O 99IO 0807 
9, 1 9. 
.3100 .0260 0564 

.0.0600 0.9620 10.4574 
29.2800 3,OIOO 9,7276 

11 . 1 , 9. 
,0300 1910 261 1 

10, 1. 10. 
,6500 ,0410 2305 

11 1 , 10, 
.6000 . 121C .3479 

10, G, 10, 
.0700 9750 3262 

12.6700 0.8810 14.3614 
11 1. 10 

.2000 .0680 .4869 
1 7.0800 1.0200 10,8627 

VOLUME DELT TIME FLOWRATE 
19 19 19 

44. 0. 45. 
, 420O 9760 5123 

45 
0. 46, 
.3600 ,9860 .0041 

44.0300 0.9600 45.6646 
136.5200 3.0300 45.7162 

46. 1 . 
46, 

,4800 0510 .1275 
47. 400O 0140 .7456 

40 1 , 47 
.4900 ,0190 .5859 

50. I. 49. 
4000 0220 ,2151 

65.7200 
I .3650 48.146S 

54, 1 
51 

,5100 .0660 .0393 
54,060D 
1.0200 62.8039 

VOLUME DELT TIME PLCMfiftTE 
20 20 20 

41 , 0. 41 , 
OOOO 9760 ,9223 

41 , 0, 42 
,7600 ,9870 .2899 

40.5600 0.9600 42,2500 
126,8400 3.0290 

A J,8752 
42. 1 40, 

,2300 .0510 . 1808 
41. 1 40. 

1000 .0140 , 5325 
45 1 44 

.3500 .0190 .6044 
38. 1 37, 

,5600 .0220 , 7299 
SS.1700 1,3650 41.1502 

53 
1 49. 
. 29O0 .0680 .8970 

53.3300 1.0200 52.2843 
VOLUME DELT TIME FLOWRATE 

21 21 21 
41. 0. 42, 

5000 . 96S0 .8719 
42. 0 43, 

.3200 .9660 .0364 
41 .3700 0.9600 
43.0937 

129.0500 0.0270 
42.6330 

43, 1 41 , 
.4800 .0510 .3701 

44, 1, 44 
,7600 .0140 . 1420 

47 1 
46 

.0600 .0190 ,1825 
46. 1 45, 

9400 .0220 .9295 
63.0500 1.3650 46.190$ 

56 1 55 
.8900 . 0660 . 1404 

50,5700 1.0200 49.5784 
VOLUME DELT TIME FLOWRATE 

22 22 22 
39. 
0. 40, 

1200 ,9600 ,7500 
40, 
0 

41 
,8600 .9560 . 4A02 

39.7900 
0.960Q 4t.4479 

124.75O0 
3.0290 41.1652 

43 
1 41 
.9900 .0510 .6554 

40 1 40, 
.6500 .0140 .0688 

43 
1 43 
.9600 .0190 .7 403 

45, 1 . 
44, 

.2700 .0220 ,2955 
63.3800 1.3650 46.4322 

54 
1 50 
.4500 .0680 .9831 

49.9400 
I .0200 48.9608 

VOLUME OELT TIME FLQWRATE 
23 23 23 

42, 
0. 42 
, 0900 , 9320 .8615 

30 1 
29 

. 1500 .0280 .3288 
40.660Q 0.9620 42.2661 

127.8000 3.0100 42.45G5 
46 1 41 

.9500 .7910 .0999 
45 1 43 

.2900 .0410 .5062 
49 1 44 

.9300 .7210 

.5406 
43 0, 45 

,9100 .9750 .0359 
44.5100 O.S310 SO.S2.21 

56 1 53 
.6600 .0680 .0524 

49.5600 1.0200 48.5&B2 
VOLUME DELT TIME FLOWRATE 

24 
ZA 24 

272 
0 277 
, 5900 .9840 
.0224 

273 0 277 
. 6200 .9880 .1457 

267.3700 0.9590 
279.00S4 

646.3700 3.0280 
279.5145 

292 1 278 
. 2000 . 051 0 .0209 

266 1 
262 

.0200 .0140 .0710 
290 \ 
284 

.2800 .0190 .0675 
298 1 292 

, 9400 ,0220 .5049 
423,9700 1.3650 310,3007 

162 
152 

. 6000 .0680 .2472 
269.3400 1 .0200 283.6667 

VOLUME DELT TIME FLOWRATE 
25 25 25 

234 
0 247 
.7700 .9490 .3867 

294 1 
266 

.3200 .0280 .3035 
277.1700 0.9620 283.1165 

860.5100 
3,0100 285.6837 

331 
1 

275 
.4600 .1910 .3039 

301 1 289 
. 1500 .0410 . 2891 

285 1 
254 

,4700 .1210 .6566 
273 

0 280 
. 2O0O .9750 .2051 

226.9000 
0,8810 257.5482 

254 1 237 
, 0500 .0680 . 6745 

260.5700 
1.0200 255.4608 

VOLUME DELT TIME FLOWRATE 
26 26 26 

ID 1 10 
. 1500 .0050 .0995 

10 0 10 
.3200 .3870 .4559 

10,0400 0.3600 10.45S3 
31 .8600 3.0200 10.5218 

11 1 
10 

.0400 , 0510 

.5043 
10 1 10 

.5800 .01-10 , 4339 
10 7 10 

.7800 .0190 .5790 
10 1 10 

.7900 . 0220 .5577 
14.6400 1.3650 10.8718 

12 
1 1 

.5400 . 0680 .7416 
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VOLUME 
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1 

13 
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3 1 2 
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9 1 
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19 
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VOLUME DELT TIME FLOWRATE 
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36 
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.6900 . 8200 . 7439 
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46.9400 0.9520 48.7942 
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46 
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57 1 51 

.6700 .1210 .4451 
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72 t 
se 

. 8100 .0680 . 1742 
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1 4 7 . 3 7 3 3 , 254 

a fia.z$a 2 799 

3 4 B . 9 7 S 1 1 . 5 1 3 

<i 4 5 . 0 1 2 1 0 . 4 8 $ 

5 <?4.71 1 5 . 8 4 7 

6 3 1 3 . 9 5 6 7. 199 

7 3 3 1 . 7 0 2 2 9 . 3 9 1 

a 1 6 . 0 0 7 7 3 . 764 

i VJ.-dtfS •3"? .BlSe 

10 ^15.861 1 7 , 6 6 7 

I I 4 3 . 1 1 0 7 . 4 2 7 

12 4 3 . 6 7 3 5 . 8 2 2 

13 4 1 . 8 7 4 33 840 

11 4 7 . 3 9 7 2 1 . 8 1 3 

IS 246. -145 1 7 . 0 5 0 

18 2 9 2 . 1 IS 1 1 . 4 0 8 

17 1 0 . 2 2 6 4 . 2 8 0 

16 1 0 . 4 7 5 1 3 . 4 0 2 

19 4 8 . 6 2 4 1 0 . 3 0 5 

20 4 3 . 1 4 8 9 . 9 5 5 

21 4 5 . 4 7 0 8 . 702 

22 4 3 . 6 8 9 8 . 2 6 9 

Z3 4 3 . 9 3 3 13 .934 

34 2 7 2 . 4 2 5 1 5 , 0 6 6 

2 5 2 6 9 . 1 S S 6 . 9 7 9 

as 10-694 . a..ago. 
27 1 1 . 7 5 3 55.522 
ae 5 0 . 404 13.971 
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APPENDIX 4 

pH, Eh and Conductivity Data-
Eh 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 
solution pH 7.25. The aid bicarbonate solution 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 

1 2 3 6 
BRINE 

11 20 37 66 120 230 420 
1 7. 10 7.01 7.08 6.94 7.99 7.00 6 82 6.88 6.74 6.85 6.65 
2 7.15 7, 13 7.13 6.97 6.92 7.05 7.02 6.99 5.56 6.98 6.72 3 7.09 7.06 7.03 6.63 6.60 6,97 6.88 6.77 6.06 6.89 6.58 
4 7. OS 7.02 7.07 6.72 5.98 6.96 6.30 6, 87 5.72 6.91 6.43 
5 7.16 7. 13 7. ,6 6.05 7.07 7.09 6.05 6.97 6.91 7.00 6.58 
e 7.02 6.39 6. S3 S. 73 7.07 6.60 6, SO 6.84 S. 16 6.89 6.91 7 7.03 7.03 6.90 6.85 6.91 6. 89 6.77 6.65 4.98 6.97 6.86 
8 6.98 6. 96 6.84 6. 79 7.06 6.93 6.51 6. 67 6.33 6.90 6.71 9 7.29 7.22 7. 13 6.98 7.17 e.99 6.S8 6.93 6.94 7.07 6.88 

BICARBONATE 
10 9.16 9. 13 9. 17 9.C6 9.53 9.08 9.23 9. 08 9. 10 8.99 9.08 
\l a. as 9. 12 9.29 9.06 9.32 9. 10 9.16 9. 12 9.14 9.OS 9.12 
12 9.10 9. H 9.38 9.09 9.46 9.11 9.15 9. 13 9.15 9.04 9.10 
13 9.08 9. 10 0. 9.05 9.42 9. 10 9.1 1 9. 12 9. 12 9.02 9.08 
14 9. 10 9. 19 9.55 9. 10 9. 19 9. to 9. 15 9. 30 9.14 8. 99 9. 11 15 6.83 S.83 8.94 8.90 8.89 8.83 8.84 6. 93 8.94 6.85 8.91 16 8.30 8.87 8.93 9.25 8.87 8.81 8.79 8.89 8.92 8.85 8.93 
17 9.31 9.33 9.44 9.40 9.56 9.33 9.39 9.37 9.30 9.26 9.37 
ie 9.29 9. 36 9.45 9. 48 

01 ST. 
9.52 

WATER 9.32 9.26 9. 45 9.21 9.30 9.34 
19 6.82 6.25 6.28 6.35 5.83 5,86 5.S5 5.74 S.79 4.2B 3.71 
20 6.35 6.42 S.41 7.04 6.94 5,78 5.75 5, 16 5.67 5.66 5.70 
21 6.82 6. 3g 6.48 6. 38 5.97 5, 85 5.75 5.70 S.78 5.64 5.69 
22 6.72 6. 53 6.76 6.77 6.50 6.49 6.35 6. 06 6.35 6.39 6.20 
23 7.34 7. OB 7. SO 7. 33 e.se 6.82 6.83 6. 84 6.64 6.77 S.20 
24 6.22 5. 31 6.42 6.32 5.84 5 63 5,73 5. 66 5.45 5.66 5.60 
25 6.53 6. 51 6.93 6.91 6.30 6. 40 6.20 6.35 6.20 5.93 5.96 
26 7.33 6. 96 7. 13 6.81 6.02 5.98 5.81 5. 08 5.40 5. 72 5.53 
27 7.S0 7.35 7.8S 7. 59 7.62 7.28 0. 3. 13 6.54 7.01 5.81 

B1 CARBONATE 
26 9.14 9. 18 9.24 9. 22 9.50 9. 33 9. 07 9. 24 9.06 0.96 9.08 



TABLF OF EH MEASUREMENTS <MV) 

CHANNEL'DAY 1 2 3 6 11 »0 37 68 120 230 420 
1 344. 00 432. 50 331 . 00 41 5. 00 401.00 427. 00 353,00 46O.0O 4Qo,00 490,00 229.00 
2 344. 50 441 ,00 325. 00 421. 00 424,50 434, .00 4)4. 00 474,DO 4?3. 00 437. 00 4ZS. OQ 3 340. 00 443. 00 239. 00 423. 00 424.SO 441 . 00 402.00 453.00 478.00 478.00 435.OQ 4 342. 00 440. 50 304. 00 405. 00 414,50 443. 00 457.00 46B.00 437.00 477.00 439.OQ 5 363. 00 441 . 00 315. 00 409. 00 339.00 436. 00 415.40 469.00 475.00 462.00 220.OQ 
6 391 . 00 d41 . 00 333. 00 433. 00 33 2.00 43S. 00 418.00 383.00 444,00 469.00 423.OQ 
7 428. 00 439. 00 209. 00 3S1 . 00 422.50 434, 00 425.SO 412.00 437.00 464.00 426.00 
e 437. 00 441 50 291 . 00 403. 00 432.50 440. 50 418.00 394.00 473,00 462.00 433.OQ 
9 4U6. 00 350. 00 259. 00 292. 50 438.50 443. 50 414,00 39O.00 477.00 460.00 421.OQ 
to 0. 0 229. 00 303. 00 261.00 161 . 00 237,00 375.00 369.00 337.OO 270.OQ 
i I 268. 00 289 '. 00 217. oo 2 7 9 5 0 £95.50 244. 50 Z10.00 313.00 S75.00 350.00 280.OQ 12 277. oo 305 .00 214. 00 289. 00 243.50 249, 50 233.00 37©.00 403,50 353.00 260.OQ 
13 289. 00 297 .00 0. 267 .00 260.50 261. ,00 239.50 345.00 435.00 349.00 267.OQ 
14 275. 00 307 .00 233. 00 374 50 260.50 272, 00 238,50 334.50 237.00 355.00 260.0Q 
15 299. 00 353 .00 245. 50 256. 00 285.50 296. 00 2S0.00 320.OO 441.00 367.00 275.0Q 16 303. 00 352 .00 216. 00 242 .00 300.00 290. , 00 259,50 314.00 439.00 354.00 254.OQ 
17 214 .50 349 .00 221 .50 240 .50 232.SO 264 .00 222.50 331.00 391.00 339.00 244.OQ 
18 208 .50 245 .00 237. 00 254 .00 241.50 294 . QO 229.00 380.OO 411.00 321.00 255.OQ 

DIST.WATER 
19 317 .00 371 .oo 374 00 387 .00 451.DO 418 .00 410,00 500.00 535.00 4S4.00 SlS.OO 
20 314. 00 423 .00 370. 00 350. 00 345.50 420, .00 421.00 497.OO 502.00 437.00 503-OQ 
21 338 50 350 .00 358. 00 382 • 00 399.50 314, ,00 422,50 456,00 513.00 464.00 465.00 
22 355. 00 343 .30 336. 00 355 00 357.00 389, ,50 390.50 439.50 511.00 459.00 433.00 
23 352. 50 322 .50 330. 00 354. 00 345.00 35S .00 361.25 423.OO 428.00 439.00 405.OQ 
24 430 00 366 .90 377. 00 400 00 41 6.50 440, ,50 442.50 427.50 539.00 441.00 475.00 
25 510. 00 393 .00 356. 00 342 50 414.00 4?9, ,50 390.00 416.00 421 . 00 387.00 430.OQ 25 550. 00 340 .00 350. 50 346. 00 455.50 447 .50 415.50 390.OO 444.00 397.00 466.0Q 
27 400 00 a t3 ,00 335 .00 315 • 00 3SG.00 381 .00 0. 433,00 420.00 471.00 352-00 
28 0 0 355 ,00 281 6 1 (.'.""'MM̂ '̂r*;-! i c 

• 50 239.00 ass .00 257.50 402.00 395.00 350.00 250.00 



TABLE OF CONDUCTIVITY MEASUREMENTS (US) 

CHANNEL/CAY 1 2 3 6BRINE " 
1 0.00 0. 0. 0. 0. 2 0. 0. 0. 9- 0. 3 0. 0. 0. 0. 0. 4 o. o. o. o. g. 5 0. 0, 0. S- 2-6 o. o. o. 9- 5-7 0. 0. 0. g. 0. 8 0. 0. 0. 0. 0. 9 0.11 0. 0. 0. 0. BICARBONATE 10 0 0. 2550 00 2570.00 2630.00 11 2S00.00 2530.00 2520.Dg 2510.00 2680.00 12 2600.00 sgeo.OO 2490.0° 2520.00 2620.00 13 2600.00 2590.00 0 2520.00 2600.00 14 2620.00 2600.00 2SB0.DO 2580.00 2580.00 15 2520,00 2540.0.0 2500.00 2500.00 252000 

~~ " 00 2550.00 3320.P0 2540.00 2520.00 
9. 99 o. oo S6eo. oo 18 0.10 0.08 0. 2630.00 0. 01 ST.WATER 19 27.80 2.41 2.11 1.92 199.00 

20 13.94 3.33 2.19 12.SO 6.81 21 9.02 2.40 1.88 1.09 1.30 22 11.32 2.95 2.72 2.99 3.01 23 49.90 10.38 8.70 8.68 11.91 24 25.40 1.07 1.10 1.16 2,31 25 7.70 2.28 Z.01 2.21 2.00 26 0.08 0.07 0. 3-62 0. 27 220.00 0.07 0. 30.00 0. 0. 0. ifi.00 25.20 12.20 1.80 BICARBONATE 26 0. 0. 2530.00 2550.00 2620.00 2580.00 2490.00 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 cm 3 of solution. The percent uncertainty (one standard deviation) 
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, so 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 (i^g/cnt3) 
Stable element concentrations in leachate, determined by X-ray floures-
cence. Concentrations are reported as micrograms element per cm 3 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 collected "setween the 
normal sampling days. Reported values are > 5 X detection limit in all 
cases. The results are not corrected for feachant blanks; see Appendix 
7 for estimates of blank values. 



Concentrations (tig/cm^) in Composite Samples, 

by XRFA (jf % std. dev) 

Channel Element 

14 Sr 
(BI.HO.ME) 

Zr 

Mo 

Cs 

Ba 

Ch 23 Ca 
(Ol.HO.ME) 

Sr 

Mo 

Cs 

Ba 

Zn 

DAYS 

7-10 12-19 21-36 38-67 69-113 231-419 

0,077 
(1.0) 

0.086 
(3.2) 

0.082 
(3.3) 

0.076 
(3.5) 

0.078 
(3.4) 

C.v)95 
13-1) 

0,027 
(2.0) 

0.069 
(4.5) 

0.079 
(4.1) 

0.051 
(5.8) 

0.055 
(5.2) 

0.056 
(5.4) 

0.32 
(0.7) 

0.34 
(1.6) 

n.34 
(1.6) 

0.33 
(1.6) 

0.33 
(1.6) 

0.44 
(1.4) 

0.82 
(0.6) 

0.87 
(1.2) 

0.89 
(1.2) 

0.82 
(1.2) 

0.84 
(1.2) 

1.09 
(1.1) 

0.21 
(0.9) 

0.21 
(1.2) 

0.23 
(1.4) 

0.22 
(1.4) 

0.22 
(1.4) 

0.28 
(i.o; 

0.051 
(2.2) 

0.056 
(2.7) 

0.057 
(3.1) 

0.044 
(3.3) 

0.067 
(2.9) 

0.057 
(2.6) 

0.25 
(5.0) 

0.13 
(6.0) 

0.040 
(0.7) 

0.040 
(0.7) 

0.19 
(0.5) 

0.20 
(0.5) 

0.004 
(5.8) 

0.004 
(4.1) 

0.13 
(0.8) 

0.14 
(0.6) 

0.026 
(1-9) 

o.oze 
(1.4) 

0.012 
(2.2) 

0.012 
(1.9) 

-99-



APPENDIX 7 

ICP Concentration Data (fig/cm3) 
a. Leachate concentration (micrograms per cm-*) of stable elements as 

determined by ICP. These are net values, corrected for leachant 
blanks. 

b. Leachant concentrations (solution blank values). 
If the blenk-corrected concent,ation is less than the reported detection 
limit, the concentration is reported as "< (detection limit)". Note 
that detection limits are empirically determine:!, so srs not com
pletely constant over time; hence differences between those rep;;*cd 
with the blank (leachant) analyses and those associated with the leaciiate 
analyses. 
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 Ion Exchange system. A value ten times 
the blank standard deviation (2.5 x the detection limit 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 sample preparation process, 
this limit is probably too low for the samples reported on here. The 
accuracy and precision of the XRF and radionuclide determinations must 
be considered more reliable than the ICP data. 
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CHANNEL/DAY 1 2 a 

1 0 B I C A C O L D MED 5 3 . O O E - 0 3 5 3 , OOE- • 0 3 < 3 . 0 0 5 . • 0 3 

1 1 B I C A C O L D M E D < 3 . OOE-- 0 3 < 3 . O 0 E - - 0 3 5 3 . O O E - 0 3 

1 2 B I C A C O L D MED < 3 . OOE-- 0 3 < 3 . OOE-• 0 3 < 3 . OOE-- 0 3 

1 3 B I C A C O L D MED 5 3 , . OOE--03 5 3 . OOE-• 0 3 0 

1 4 B I C A H O T MED 5 3 . OOE-- 0 3 < 3 . OOE-• 0 3 < 3 . OOF-- 0 3 

1 5 B I C A C O L D F A S T < 3 . O O E - 0 3 < 3 . OOE- 0 3 < 3 . O O E L -- 0 3 

I s B I C A H O T F A S T 5 3 . O O E - • 0 3 5 3 , OOE- OS < 3 . . 0 0 5 - • 0 3 

1 7 B I C A C O L D SLOW 5 3 , O O E - 0 3 5 3 . O O E - 0 3 < 3 , O0Ey - 0 3 

1 8 B I C A H O T SLOW 5 3 . O O E - - 0 3 5 3 . O O E - • 0 3 < 3 .ooe-- 0 3 

1 9 D I S T C O L D MED 5 3 . OOE- - 0 3 < 3 . OOE-• 0 3 < 3 , OOEi-- 0 3 

ao D I S T C O L D MED 5 3 . O O E - 0 3 5 3 , OOE- 03 5 3 . OOE:-• 0 3 

$ 1 D I S T C O L D MED 5 3 . OOE- - 0 3 - 3 . OOE-• 0 3 5 3 , oos-- 0 3 

8 2 D I S l C O L D MED 5 3 . OOE- - 0 3 5 3 . O O E - • 0 3 < 3 . O 0 E v - 0 3 

3 3 D I S T H O T MED 5 3 . O O E - 0 3 < 3 - O O E - - 0 3 < 3 .OOE: - 0 3 

S 4 DIST COLD F A S T 5 3 . OOE- - 0 3 O , OOE- -03 <3. OOR- -OS 

as D I S T H O T F A S T < 3 . Onr- • 0 3 < 3 . O O E - • 0 3 5 3 . 0015- •03 

36 O I S T C O L D SLOW 5 3 OOE- • 0 3 ' 3 . OOE-• 0 3 <3. OOE- • 0 3 

87 D I S T H O T SLOW 4 . 0 2 E - 0 2 < 3 . O O E - 0 3 <3. OOE-• 0 3 

as B I C A C O L D M r o 5 3 . OOE- 0 3 <S . OOE-- 0 3 < 3 . O C R . - 0 3 

COMCEN", RATI QMS C'J<S,/CP13 LE-".CtfED) 
CADMIUM DETECTION L !MIT= . 0 0 3 

S 37 E3 330 420 

5 3 . 0 0 7 . ' - 0 3 « 3 . O P E - 0 3 <3. O O E ' • 0 3 < ? . OOE- • 0 3 5 3 . O O E - 0 3 

5 ? . O O E - 0 3 5 3 o n e - 0 3 <3 . 0 0 7 . - 0 3 < 3 . OOS-- O S 5 3 . O O E - 0 3 

< 3 . OOE - 0 3 5 3 O O E - 0 3 5 3 OOE - 0 3 5 3 . O O E ' - 0 3 5 3 O O E - 0 3 

<3. O O E ' - 0 3 5 3 . . O O E - 0 3 <3 . O O E - - 0 3 < 3 . O O F ' - 0 3 5 3 . O O E - 0 3 

4 . i n 1 ; - 0 3 < 3 , 0 0 E - 0 3 5 3 . O O E ' - 0 3 < 3 . O O T - 0 3 5 3 . O O E - 0 3 
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3 . 17E-- 0 3 5 3 . O O E - 0 3 < 3 . OOE- • 0 3 5 3 . OOE- - 0 3 5 3 . O O E - 0 3 
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5 3 OOE- - 0 3 < 3 O O E - 0 3 5 3 . O O E ' - 0 3 5 3 . 0 0 E -- 0 3 5 3 . O O f - 0 3 



TABLE OF COM.CF-NTRA.TIGNS (U6/CI13 LEACHED) 
IRON DETECTION LIMIT= .002 

CHANMEL/DAV 1 2 3 6 37 68 230 420 

10 B I C A COLD MED 1 . 1 4 E - 0 1 5 . 4 8 E - 0 2 4 . 0 9 E - Q 2 6 . 1 C E - 0 2 \ . s o e - o i 1 . 29E-01 7 . 53E-02 1 . .82E-01 
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1 3 B I C A COLD NED 3 . 0 1 E - 0 2 3 . 3 5 E - D 2 0 . 5 . P ^ E - 0 2 5 . 9PE-0R <?.. OOC-03 3 . pr>E-o? 1 , .SOE-OJ 

14 Q I C A HOT MEO 1 . 0 5 E - 0 1 5 . 1 4 E - 0 2 3 . 7 7 E - 0 2 3 . 2 7 E - 0 1 2 . 93E-02 5 . 74E-02 5 . 22E-02 2 . 05E-01 
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16 P I C A H<?T F A S T 9 . 5 1 E - 0 3 2 . 5 7 E - 0 2 1 . 1 5 E - 0 2 1 . *<?E-Q2 l , , 64E-02 •?,. 02E-Q2 2 . .SSE-02 1 . ,BSE-01 

17 B I C A COLD SLOW 2 , 5 e e - o i 2 . 4 7 E - 0 1 4 . S C E - 0 1 3 , 0 4 E - Q 2 6 . .07E-02 7 . 70E-02 7 . OCE-02 3 . 90E-01 

1 8 S 1 C A HOT SLOW 1 . 4 3 E - 0 1 3 . 7 2 E - 0 1 8 . , S 2 E - 0 2 7 , , H 1 E - 0 2 5 , . 52E-02 2 . 9SE-01 4 . 57E-02 3 .6SE-01 

1 9 0 1 S T COLD WED 2 . 9 e E - 0 2 4 , 0 2 E - 0 2 3 , . 7 1 E - 0 2 7 . . 3 0 E - 0 2 5 . .01E 02 3 . 17E-02 4 . C6E-01 1 . 92E-01 

2 0 0 1 ST COLD MED 2 . 3 1 E - 0 2 1 . O P E * 0 0 1 . 5 4 E - 0 2 3 . , / 1 3 E - 0 2 5 . 12E-02 5 . 51E-02 5 . .64E-02 2 •02E~Ol 

21 D I P T COLD MEO 2 . 6 7 E - 0 . 2 2 . 2 E C - 0 2 1 . 9 0 E - 0 2 3 . 8 2 E - 0 ? I .03E-01 A .70E-02 2 . .0- 'E-01 1 .92E-01 

2 2 D I S T COLD MEO 5 , 0 9 E > 0 2 2 . 6 0 E - 0 2 1 . . 9 4 E - 0 2 7 , 3 4 E - 0 2 3 . .32E-C2 5 . 57E-02 1 . .46E-01 1 .87E-01 

2 3 D I S T HOT MED 3 . S 2 E - D 2 6 . i g E - 0 2 5 . 3 9 E - 0 2 3 . 4 2 E - 0 2 2 .13E-02 0 .17E-02 4 .Q3E-C2 1 .BSE'Dl 

2 4 D I S T COLD F A S T 3 . 1 6 E - 0 3 2 . 3 2 E - 0 2 S . 4 3 E - 0 3 4 . S S E - 0 3 1 .26E-0? 8 .09E-03 6 . 77E-02 1 . 43E '01 

2 5 D I S T HOT F A S T < 2 . O O E - 0 3 6 . 8 1 E - 0 2 8 . 0 7 E - 0 3 1 . 1 5 E - 0 2 1 .54E-02 3 .15E-02 2 26E-02 1 . 50E '01 
2 6 D I S T COLD SLOW 2 . R B E - 0 1 7 . 2 8 E - 0 2 1 . 2 2 E - 0 1 A . 1 4 E - 0 2 6 .93E-02 1 .05E-01 9 . 11E-02 3 .57E-01 

2 7 D I S T HOT SLOW S . S 5 E - 0 1 2 . 1 1 E - 0 1 < 2 . O O E - 0 3 7 . q ^ E - 0 2 0 5 .53E<0O 5 . C2E-D2 3 . 75E '01 

2 6 B I C A COLD MED 9 . 6 9 E - D 2 8 . 1 3 E - 0 2 2 . a e r - 0 2 6 , 5 4 E 0 2 1 .47E-02 8 .57E-02 2 50E-O2 2 .07E-01 



TADLE OF CONCENTRATIONS (UG-'CM3 LEACHED! 
MOLLY DETECT!DM LIMIT3 .010 

CHANNEL/DAY '\ 2 0 6 37 66 £3Q «V20 

10 BICA MILD MED 3 . 5 7 6 - 0 2 <1 OOE-02 1 . 5 9 E - 0 2 S. . 2 4 E - 0 2 1 . 0 7 E - 0 S 1 .C3E 02 1 13E-02 2 . 7CE-01 
11 BICA COLD MED 3 . 4 0 6 - 0 2 3 . 1 2 E - 0 1 <1 .OOE-02 5. . 9 3 E - 0 2 1 . . 0~'E-0? 2 . 7 0 E - 0 2 1 . ? " E : - 0 2 3. 12E-01 

\s BICA COLD MED 5 1 6 6 - 0 2 <1 00E-O2 1 . 7 0 E - 0 2 7, 5 1 E - 0 2 1 . OOF.-02 * . 1 0 F - 0 2 3 m E - 0 2 3, tOE-OI 
13 BICA COLD MED 1 . 2 2 B - 0 2 <1 . OOE-02 0 . 5 , 3 2 E - 0 2 1 . OC-E-04 'A OOF-02 <1 . OOE-02 2 . S7E-01 
14 BICA HOT MED 4 . 1 2 6 - 0 1 3 . 57E-01 3 , 6 0 E - 0 1 4 . . iOE-01 3 . - O F - 0 1 3 , 9 7 E - 0 1 <1 . OOF-02 6 . S3E-01 
15 PICA COLD FAST <1 . 0 0 6 - 0 2 <1 . OOE-02 <1 OOE-02 1 . 6 0 E - 0 2 < l . .OOE-OS CI .OOE-02 <1 0OE-O2 3 . 2CE-01 
16 BICA HOT FAST 6 . 1 8 6 - 0 2 1 . 4 4 E - 0 I 6 . 941--02 9. . 54F.-02 6. 12F-0S 7 . 5 2 F - 0 2 8 . 7 G E - 0 2 3. 5 2 E - 0 1 
17 EICA COLD SLOW 6 . 5 S E - 0 2 3. • 0 5 E - 0 2 4 .OPE-02 5, . O ^ - O S 2 . 61F.-0£ 5 . 7 4 E - 0 2 2 . 0 £ l ; - 0 2 5 5 1 E - 0 1 
18 BICA HOT SLOW 1 . 4 2 6 * 0 0 1 .05E+00 3 . 2BE-01 t . . 11E*0O 1 OOF+06 1 . 2?E r-00 1 . 08E-:-00 1 26E+00 
19 DIST COLD MED 6 . 1 7 6 - 0 2 Z. 0 1 E - 0 2 <1 . 0 0 E - 0 2 ,q. . 3 3 E - 0 2 3. 12E-0S 4 . 5 7 E - 0 3 4 7 1 E - C 2 3 0 2 E - 0 1 
2 0 DIST COLD MED 4 . 3 1 6 - 0 2 2 . 56E-011 1 . 3<1E-02 7. . 3 7 E - 0 2 2 . fl2E-0£ 5 . 7 5 E - 0 2 3 . 6 G K - 0 2 2 . 9 0 E - 0 1 
21 DIST COLD MED 3 . 4 .16 -02 2 . 5 3 E - 0 2 1 . 3 1 E - 0 2 4 . 4 C E - 0 2 2 . 7 7 E - 0 2 *i . 7 5 E - 0 2 2: . 4 1 E - 0 2 3 . 8 0 E - 0 1 

2 2 DIST COLD MED I . . S 5 £ - 0 ! 5. . 1 0 E - 0 2 S . P?l:-02 !. . 2 7 C - 0 ! 7. 7 J F - 5 S 1 . 0 7 E - 0 I £ . s e z - O R 3 . 6 7 E - 0 I 
23 DIST HOT MED 3 . 7 3 6 - 0 1 2 . 24E-01 2 .21F.-01 2. . 01E-C1 2 . 10F-01 2 . 6 5 E - 0 1 1 . 7 4 E - 0 1 4 T2E-01 
2 4 DIST COLD FAST 1 . 2 0 6 - 0 2 1 7CE-02 2 . 9 S E - 0 2 <1 . o o i r - 0 2 1 .BCE-OS < l .OOE-02 -1 . 1 S E - 0 2 2 . - I4E-01 
25 DIST HOT FAST c l .OOE-02 6. 70E-C2 2 OIF-OS 5. . 2 2 C - 0 2 p . {WE-02 5 . P 1 E - 0 2 5. 4 -1^ -02 2 S7E-01 

es DIST COLD SLOW 1 . 1OE - 0 1 0 .S5F.-0? 1 .6 .5E-01 3 . 7 G F - 0 2 1̂ . 1 2 E - 0 2 4 . 7 0 E - 0 2 e . 5 1 E - 0 2 5 .SOE-01 
27 DIST HOT SLOW 9 . 2 0 6 - 0 1 7 . 1 3 E - 0 1 <1 .OOE-02 .0 . C 1 E - 0 1 0 5 . 3 1 E - 0 1 < . 1 1 E - 0 1 1 .13E<00 
28 BIOA COLO MED 1 .7S5\ -02 «1 .OOE-02 <1 .OOF-02 4 . 7 3 E - 0 2 <1 . n o r - 0 ? 1 . 70C.-02 o . 00 .1-02 3 . I 6 E - 0 1 



C H A N N E L / P A Y 1 

10 B I C A COLD MED < l - O 0 E - • 0 2 

11 B I C A COLD NED <1 . 0 0 E - • 0 2 C 

I E B I C A COLO MED <T . O O E - • 0 2 c 

13 B I C A COLD MED <1 . D O E - - 0 2 c 

14 P I C A HOT PIED <1 .OOE- - 0 2 < 

15 B I C A COLD FAV.T <1 .OOE- - 0 2 < 

1 6 B I C A HOT F A S T o , 0 0 E - - 0 2 < 

1 7 B I C A COLr> SLOW 1 . 1 6 E • 0 2 < 

1 8 B I C A HOT SLOW 1 1 3 E - 0 2 < 

1 9 D I S T COLO MED 1 . 1SE - 0 2 < 

2 0 D I S T COLD MED <1 .OOE- - 0 2 < 

2 1 D I S T COLD MED <1 . O O E ' - 0 2 < 

sa D I S T COLD MED 1 . 6 & E - - 0 2 •: 

2 3 D I S T HOT MEO 1 ezz - O S < 

2 4 D I S T COLD F A S T < ] .OOE - 0 2 < 

2 5 D M T HOT F A S T 2 , 0 ? E - 0 2 < 

2 6 D I S T COLD SLOW •y . 9 1 E - O S < 

2 7 D1CT MOT 5L<tW 1 .?oz - O K < 

2 8 B I C A COLO NEO 1 .oor. - 0 ? < 

2 3 6 3 7 6S 2 3 0 

1 . 6 2 E - 0 2 < l . O O E - 0 2 1 . 3 7 E - 0 2 ' . u i e - 0 3 < 1 . 0 0 c - 0 2 < l . O O E - 0 2 

1 . 0 0 E - 0 2 < 1 . 0 0 t - 0 2 c l . 0 0 F . - C I 2 - i l . 0 0 r . - a 2 2 . / ^ - ^ < 1 . 0 » r : - 0 2 

l . O O E - 0 2 < 1 . 0 ? E - 0 2 < l . O O E - 0 2 < 1 . 0 0 £ - 0 2 < 1 . 0 0 E - 0 2 - ; 1 . 0 0 E - 0 3 

l . O O E - 0 2 O . 2 . 3 5 E - 0 2 - : 1 . 0 0 i i - 0 2 l . f l F T - 0 2 < 1 . 0 H E - 0 3 

1 . 0 P E - 0 2 O . 0 D E - 0 2 < ? . O O E - 0 2 < 1 . 0 0 F : 0 £ I . S 2 F - 0 2 < I . O T - 0 2 

l . O O E - O S O . 0 0 E - 0 2 S . ? e E - 0 3 < l . 0 0 f v - 0 2 1 . 1 0 1 - 0 2 < l . n O E - 0 2 

l . O O E - 0 2 c l . O O E - 0 2 1 . B 6 E - 0 2 < l . O O E - 0 2 < l . O O E - 0 2 < l . O O E - 0 2 

l . O O E - 0 2 <: l . O O E - 0 2 1 . 4 6 E - 0 2 < M . O 0 J : - 0 2 2 . 7 0 C - 0 2 < 1 . 0 0 5 - 0 2 

I . O O P : - O 2 < : I . O O E - 0 2 2 .45E-02 < i . o ^ r - o : ? <• 1 . 0 0 0 0 2 o . n p ? > 0 2 

l .OOE-02 < l .OOE-02 2 . £ ^ E - 0 2 1--'0.t-02 1.C1E-02 1 . f ^E -OS 

1.00E-02 ( l .OOE-02 4 . $ 5 £ - 0 2 <l .0CG-O2 3 . 4 5 ^ - 0 2 1.<>0£-02 

l.OOE-02 <1.00E-02 Z.?5t!>02 <\ . OOP!-02 3.< ! ?E-02 O .OOF-02 

1.00E-02 O . 0 0 E - C 3 < 1 . 00E-02 < l .O0F-Q2 -i.OSF-^ft O . P O I - 0 2 

I.QOE-0? O . 0 0 H - 0 2 1 . 9 1 E O ? < 1 . 0 0 ^ n 7 ? . 3 7 ^ - 0 2 3 . " P E - 0 2 

1 . 0 0 E 0 2 <l .O0~-^ 'A <1.OOS-02 1 .5"C-n? ' 1 . n o | : - 0 2 1.1dE-02 

l.OOE-02 < l .OOE-02 1.S7E-02 < 1 . 0 0 r - 0 2 1.22E-Q2 1 . s n n - 0 2 

• j . o o t - o a < i . o o r ; - o ^ O . O O G - O S 9.nr-r :-os i .s^ i r - f te- i . -rtTFT-os 

l.OOE-02 5 .90E-02 1.71E-C"? 0- 3.C5E-02 <1 .00E-0? 

1.00E-02 o . o o r - o ? <i .oo!?:-os < i . o o r - n 2 2.^.??:-02 < I , O O P ; - 0 2 

1. 03E-01 

1. 27E-01 

1 . . 17.1-01 

1. .24E-01 

1. ?or-oi 
1 , .35E-01 

1. . ?4E-Q1 

z . 17E-01 

2 ^ec-oi 
1 . .OOE-01 
y . 1?.*-tl1 

I . 13E-01 

i .34E-01 

i . 5 2 0 0 1 

3 . 57E-Q2 

9 -S1E-02 
? .26C-01 

* .13E-01 

1 . ?C-r-01 

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


TABLE HF CONCENTRATIONS (UO/CM3 LEACHED) 
S IL ICOM [ l i r v r f tT IOM L l t l l T = . O l O 

CHAMNEL/DAY t 2 3 B 37 6» 230 4 2 0 

10 BICA COLD M E D 1 . 5 S E * 0 0 3 . 9 4 E - 0 1 3 . 0 7 E - O I C l . OOE-02 c l . OOE-03 < 1 .OOE-• 0 2 c l . 0 0 E - 0 2 1 . 9 3 E - 0 1 

11 BICA COLD M E D 1 . 5 4 E * 0 0 1 . 5 2 E - 0 1 2 . 7 7 E - 0 1 c l . OOE-0? c l .OOE-02 c l . OOF-• 0 2 c l .C^E-OS 1 . 7 7 E - 0 1 

1? BICA COLD M E D 4 , 4GE-01 Z. }se-oi (. 7 3 S - 0 I t l . OtF.-OZ <l. c^- f le < l . OOE- QZ c r . OCJE-0?. I . i a s - o i 
I d t i lCA COLD M E D 1 . o e E * o o 3 . 30E-01 0 . C I . OOE-02 <1 . OOE-og <1 . OOE- 0 2 < t . OOE-02 1 . 1 8 E - 0 1 

14 BICA H O T MEO 5 , 0 4 E * 0 0 4 . 4 9 E * 0 0 A. 37E>00 1 .B1E100 2 , 7 M i > 0 0 1 . 9*E< : 0 0 3 . 1 rff+OO 3 . 79E+00 

'.'5 B!CA COLD FAST 1 . 5 3 E - 0 1 2 . 40E-O1 c l • O O F - 0 2 < 1 . .OOE-02 < 1 . OOE-02 c l . Onlt-•OS: c l . COE-02 B . 78F. -02 

16 B tCA H B T FAST 1 . 13E+00 2 . 13E*00 9 . 7 3 E - 0 1 C l .OOE-02 £ . 5 0 E - 0 ! o . OOE-• 0 2 6 .OOE-01 9 . 7 6 E - 0 1 

1? B ICA C8LD SLOW a . 44E.+00 \ . 1 6E---O0 6 . 7 B E - 0 1 < 1 . OOE-02 d .not;-Da c l . OoE-- 0 2 0 . C 1 E - 0 2 4 , 9-1E-01 

I S BICA H O T SLOW 3 . 3 9 E * 0 0 3 , 9 3 E * 0 0 3 . 1<?E*00 1 . 1 6 E + 0 1 9 . 5 0 = * 0 0 1 . 15E : ' 0 1 B .rnE-'-OO 7 ,77E1-00 

18 D IST COLD MED 1 . 3 6 E * 0 0 3 . 0 6 E - 0 1 2. FFE-01 c l . OOE-02 < 1 . 0 0 6 - 0 2 C I .OOE' - 0 2 c l .OCE-02 7 . 7 4 E - 0 2 

2 0 D IST COLD M E D 1 . 7 ? E * 0 0 3 . 6 7 E - 0 1 2 . 2 1 E - 0 1 c l .OOE-02 c l . 00c"-OP <! . OOE' - O S c l . O O E - 0 2 e .OPE-02 

21 DIST COLD M E D 1 . 40E<-00 3 , 9 7 E - 0 1 2 . FCE-01 c l .OOE-02 c l ,COE-Og < ! • .OOE - 0 2 c l .oor 02 5 . I M E - 0 2 

2 2 DIST COLD M E L !. . 45E4-00 3 9 0 E - 0 1 3 . 4 2 E - 0 I < 1 . 0 0 E - 0 2 < 1 .OOE-02 c l . OOE-• O r ! c l . 0 0 " - 0 2 3 . 1BE-01 

as D I S T H O T MED 4 . 7 6 E + 0 0 3 .O4E*O0 2 . 90E-100 2 . i J E - O I 1 . o c n o o 3 . 37E-- 0 1 1 . 4CIE-1-00 1 . 57E<-00 

24 DIST COLD FAST 3 . 3 0 E - 0 1 2 . 7 2 E - 0 1 9 .SBE-OS 1 . 8 7 E - 0 1 c l . 0 0 E - 0 2 4 . 71E - 0 2 < 1 . 0 0 1 - 0 2 ?. . 3 0 E - 0 2 

ZS DIST H O T FAST 6 . 3 7 E - 0 1 1 . OOE->00 4 . 6 3 E - 0 1 c l .OOP-OK c l . OOE-0?. c l . noE - 0 ? 3 . 0 1 . - - 0 1 3 .ZOE-01 

26 DIST COLD SLOW 4 . 'IBF.lOO 1 .19E+00 1 . 93E i 0 0 <1 ,CHE-02 < 1 .OCE-Op c l . r-or - 0 2 c i . 0 0 E - 0 2 1 . 9 2 E - 0 1 

27 01 ST H O T SLOW e . 6 1 E * 9 0 7 . 12E">-00 3 • OSE-f-00 C . 21£>00 0 0 . 7 0 E too 2 . " - ^ t O O 3 . 25E<-00 

28 BICA COLD MED 3 .OSE-01 4 .S5E-01 2 . 2 0 E - 0 1 O . o o r - n? c l .OOE-O? c 1 . Oi ' i"" - 0 2 c l .OPE-02 1 . 0 5 E - 0 1 



T A & L E O F C O N C E N T R A T I O N S ( U G / C M 3 LEACHED) 
STROWTIUi-1 D E T E C T I O N L I M I T = . 0 1 0 

C H A N N E L / D A Y 1 2 3 6 3 7 6 8 2 3 0 4 2 0 

10 B I C A COLD MED <1 . 0 0 E - • 0 2 <1 .OOE-•02 <M . O O E - 0 2 <1 . . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 <1 , . 0 0 E - 0 2 

11 B 1 C A COLD MED <.1 . O 0 E - • 0 2 <1 . OOE-•02 <1 . O G E - 0 2 <1 , O O E - 0 2 <1 . O O E - 0 2 <1 . 0 0 F - 0 2 <1 . 0 0 E - 0 2 <1 . . O O E - 0 2 

12 B I C A COLD MED c l . O 0 E - •C2 <1 .OOE-•02 <1 . O O E - 0 2 c l . O O E - 0 2 <1 . O O E - 0 2 C l , O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

13 B I C A COLD MEO <1 . O 0 E - • 0 2 <1 .OOF- 0 2 0 <\ , O O E - 0 2 <\ . O O E - 0 2 C l . O O E - 0 2 <1 , O O E - 0 2 <1 , O O E - 0 2 

1 4 B I C A HOT MED <1 . 0 0 E - • 0 2 <1 .OOE-• 0 2 <1 . O O E - 0 2 O . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 1 . 2 9 E - 0 2 2 . S C E - 0 2 

1 5 B I T A COLD F A S T «1 . 0 0 E -• 0 2 <1 . OOE-• 0 2 <1 . O O F - 0 2 c l . o n e - 0 2 <1 . O O E - 0 2 e l . 0 0 E - 0 2 <1 . O O E - 0 2 c l . O O E - 0 2 

1 6 B I C A HOT F A S T <1 . 0 0 E -- 0 2 <\ . OOE- 0 2 c l . O O E - 0 2 <1 . O O E - O B <1 . 0 r i E - 0 2 <1 . 0 0 E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

1 7 B I C A COLD SLOW <1 . 0 0 E - - 0 2 < t .OOE- 0 2 C l . O O E - 0 2 <T . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

18 B I C A HOT SLOW <1 . OOE-- 0 2 <1 .OOE-• 0 2 <1 . O O E - 0 2 9 . 1 3 E - 0 2 7 . 6 3 E - 0 2 7 . 4 S E - 0 2 5 . 7 4 E - 0 2 3 . s i E - o r : 

1 9 D I S T COLD MED c l . OOE-- 0 2 <1 . OOE- 0 2 c t . O O E - 0 2 <1 .OOE 0 3 <1 . O O E - 0 2 c l . O O E - 0 2 < 1 . O O E - 0 2 < 1 . O O E - 0 2 

2 0 01 ST COLD MED d , 0 0 E - 0 2 <1 . OOE-- 0 2 O . O O E - 0 2 <1 . O O E - 0 2 <1 . O C E - 0 2 <1 . O O E - 0 2 c l . O O E - 0 2 O . O O E - 0 2 

21 D1ST COLD MED <1 , 0 0 E ' - 0 2 <1 , OOE-- 0 2 <1 . O O E - 0 2 <1 . O O E - O S <1 . O O E - 0 2 c l . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

2 2 D I S T COLD MED 0 .OOE - 0 2 <1 . OOE-- 0 2 c l . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 C l . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

2 3 D I S T HOT MED c l . OOE - 0 2 <1 .OOE - 0 2 < t . 0 0 F - 0 2 <1 . O O E - O S < t . O O E - 0 2 C l . O O E - 0 2 <1 . O O E - 0 2 c l . O O E - 0 2 

ZA D I S T COLO T A S T c l .OOE - 0 2 <^ . OOE - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 < l . O O E - 0 2 C l . O O E - 0 2 <1 . O O E - 0 2 <1 . O O E - 0 2 

2 5 D I S T HOT F A S T a .OOE - 0 2 a .OOF - 0 2 <1 . O O E - 0 2 <1 . O O E - O S <1 . O O E - 0 2 c l . O O E - 0 2 <1 . O O E - 0 2 C l . O D E - 0 2 

2 6 D I S T COLD SLOW < i . OOE - 0 2 < i .OOE - 0 2 <1 . O O E - 0 2 <1 . O O E - O S <1 . O O F . - 0 2 <1 . O O E - 0 2 «1 , O O E - 0 2 <1 . O O E - 0 2 

2 7 D I S T HOT SLOW < i . OOE - 0 3 < i . OOE - 0 2 < 1 . O O E - 0 2 3 . 1 1 E - 0 2 0 1 - S 1 E - 0 2 1 . 6 1 E - 0 2 6 . 5 9 E - 0 2 

2 8 B I C A COLD MED < i . OOE - 0 2 < i . o o n -OS < 1 . O O E - 0 2 <1 . O O f C - 0 2 <1 . O O E - 0 2 < t . O O E - 0 2 <1 . 0 0 E - 0 2 c l . O O E - 0 2 



TABLE OF COM^EMTRATIONS (US/CT1S LF.ACHED* 
T1TAI-I1U11 DETECTION L I M I T " . D01 

CHANMEL/DAY 1 2 3 6 37 G8 230 420 

10 BICA COLO MED «1 . OOE-03 < 1 . . OOE-03 9 . S3E-02 1 , , 12E-01 7 . 07E-02 6 .71E- • 0 2 < 1 . OOE-• 0 3 3 . 60E-02 

11 BICA COLD Hl-D 9 . 70E-02 5 , .54E-02 1 . 01E-01 1 . 2RE-01 1 . oge-oi 7.9/ iE- 0 2 < 1 . O0E-• 0 3 A. C'jE-02 
12 &1CA COLO TIED 8 . 73E-02 9 . .BSE-02 9 , .76E-02 1 . .20E-01 S . 05E-02 7.57E-- 0 2 < 1 . OOE-• 0 3 A. 10E-02 

13 BICA COLD TIED 3 . .35E-02 9 , .46E-02 0 . 7 , ,OOE-02 8 , 07E-02 7 .4JE- • 0 2 < 1 . 00E-• 0 3 A. OSE-02 
14 BICA HOT HE.0 6 . aOE-02 S. .94E-02 9 . 5PE-02 1 , , 16E-01 8 . 2-1E-02 7.57E-• 0 2 <\ . OPE-• 0 3 A. 30E-OZ 

IS BICA COLD FAST A. .87E-02 1 . . 20E-0 I 5 . .83E-02 5 .03E-02 a. .S4E-02 S.37E-• 0 2 < 1 . OOE-• 0 3 A. 40E-02 

16 BICA HOT FAST A. .91E-02 1 , .08E-01 5 . .73E-02 A, .52E-02 A. 60E-02 1.39E* • 0 2 < 1 . OOE-• 0 3 3 . 7SE-02 

17 BICA COLD SLOW V .70E-01 1 .67E-01 1 .32E-01 3 .33E-02 8 , 45E-02 7.34E-• 0 2 < 1 . OOE-• 0 3 7 . 42E-02 

18 BICA HOT SLOW 1 .S7E-01 1 .91E-01 1 , .31E-01 3 .59E-02 7 , 49E-02 8.29E- - 0 2 < I .OOE-- 0 3 7 . I 9E -02 

19 DIST COLD MED 8 . .2SE-02 9 . , 17E-02 9 . 01E-02 1 . H5E-0I S . . 2P-E-02 R.74E-• 0 2 < 1 . OQE-- 0 3 3 , . 52G-02 

20 DIST COLD MED 8 . 57E-02 9 .55E-02 1 , .01E-01 1 . 05<T-01 S. .A3E-02 8.78E- - 0 2 < 1 OOE-• 0 3 3 . 52E-02 

21 DIST COLD MED 8 . .52E-02 9. .49E-02 9 . .95E-02 1 . ICE-01 s. . 73E-02 7.31E-- 0 2 < I . OOE-- 0 3 3 . 73E-03 

22 DIST COLD MED 9 . 30E-02 9 .99E-02 1 .01E-01 1 .OHE-01 9 . .26E-02 7.55E - 0 2 <} . OOE-- 0 3 3 . . 73E-02 

23 DIST HOT MED 6 .54E-02 I .34E-0) ) ,01E-01 1 .17E-01 e. .20E-OK 7.B7E-- 0 2 < 1 . ore-- 0 3 3 . .74E-02 

24 DIST COLD FAST A, .7CE-02 1 . .18E-01 5 .99E-02 A ,72E-02 0 . .70E-O2 4 .73E- - 0 2 <\ .OOE-- 0 3 3 04E-02 

25 DIST HOT FAST 5 .50E-P2 I .09E-01 R . (j/!E-oa 4 . 3 0 ^ - 0 2 e .4PE-02 A.70Z- - 0 2 < 1 .OOE - 0 3 3 .OOE-02 
26 DIST COLD SLOW 1 .SSE-01 1 .39E-01 3 .02E-01 2 .SSE-02 0 .O l f t - 02 6. ME - 0 2 <1 .OOE - 0 3 6 , G2E-02 
27 DIST HOT SLOW 1 .16E-01 1 .37E-01 1 ,501- -01 3 . | 7 £ - 0 2 0 7.2SE - 0 2 < 1 .OOE - 0 3 6 .89E-02 

2S BICA COLD MFD <1 .OOE-03 C I .OOE-03 9 .12C-02 ?_ . P .T -02 7 . 12E-D2 &.A7F.' - 0 2 <} . ODE - 0 3 A . JME-OS 



CHANNEL/DAV 1 2 3 

1 0 B I C A COLD MED <A 0 0 E - D 2 < 4 O P E - 0 2 < 4 OOF 0 2 <4 

11 B I C A COLD I1ED <<1 O O E - 0 2 <-1 O O E - 0 2 <<1 DOIT 0 2 <A 

1 2 B I C A COLO MEQ < 4 O O E - 0 2 <rt 0 0 E - Q 2 <J> coc OP <•". 
1 3 B I C A COLD MED < 4 O O E - 0 2 <4 O O E - 0 2 0 <A 

M B I C A HOT HED 2 6 6 E - Q 1 2 7 4 E - 0 1 2 0 7 E 0 1 1 

1 5 B I C A COLD F A S T <4 O O E - 0 2 <4 O O E - 0 2 <'-! DOE 0 2 <A 

1 6 B I D / 1 HOT F A S T < J O O E - 0 2 c d 00ET-D2 <t\ COE 0 2 <A 

t 7 B I C A COLO SLOW < 1 O O E - 0 2 < 4 0 0 r . - 0 2 <A OOE OP. <.A 

1 8 B I C A HOT SLOW I 4 S C : -00 1 D 9 E ' 0 O 1 * R E 0 0 2 

1 9 D I S T COLO MED <4 O O E - O g <A O O E - 0 2 <A OOF 0 2 < / i 

2 0 D 1 S T COLD MED <a 0 0 E - 0 2 <A O O E - 0 2 <4 OOE 0 2 < 4 

£ 1 D i S T COLD MED <<1 O O E - 0 2 <A 9 0 E - 0 2 <A 0 0 ^ 0 2 •zi* 

2 2 D I S T COLD MED <4 O C E - 0 2 <4 O O E - 0 2 <4 or-E 0 2 <̂  
23 D i m MOT MEO <A O O E - 0 2 <A O O F - 0 2 M 0 0 ^ -OP. < / i 

2 1 D I ? T COLD F A S T C i l O O E - O p <A O O E - 0 2 < 4 OOE 0 2 « / i 

2?> TJ137 WOT F A S T <:4 O O E - 0 2 <A O O E - 0 2 ^ OOE - 0 ? . <<* 
2 P D I O T COLO SLOW <-1 O P E - n ? c 4 O O E - 0 2 C 1 0 0 E - 0 2 ^ 
2 7 D I S T 1-rOT SLOW < 4 O O E - 0 2 <A O O E - 0 2 <-1 OOF, - 0 2 <. 
2 0 E I C A o i i i . n MED <A O O F - 0 2 <A P..-.E-02 «••« oot: -OP •:/* 

>v.TKrRATIOMS (tM/CW? LEACHED) 
WV.Bl'Jtl OUTPi-.nDM L1MIT= .040 

6 37 63 230 420 

OOE 0 2 <4 OOE 0 " < 4 OOP 0 2 <A 0 0 F - 0 2 <A O O F - 0 2 

noir 0 2 </ OPE i ? <A r»rt!T 0 2 <A 0 0 , ^ - 0 2 <A O P E - 0 2 

OOE 0 2 ' .4 OOE 0 5 <*' 0 0 ? 0 2 <<.1 0 0 ^ . - 0 2 <A O O E - 0 2 

OOE PC < 4 0 0 * 0 2 < 4 o o i : 0 2 <4 O O * : - 0 2 <A O O E - 0 2 

SOE 01 p ?OE 0 1 3 41tT 01 0 • i lS 's -OI 5 7 0 E - 0 1 

OOE 0 2 <J> p p r •12 < 4 COT 0 2 <4 O O E - 0 2 <-1 O O E - 0 2 

0OE 0 2 <a OOP 0 2 <A OOE 0 2 < 4 O O E - 0 2 <A O O E - 0 2 

ooe 0 2 < 4 OOF; 0 2 *4 ooe 0 2 < 4 ooe -02 <A O O E - 0 2 

7or 0 0 2 C * E 0 0 2 3- IE ' 0 0 2 0 9 E * 0 0 9 2 2 E - 0 1 

OOE 0 2 < 4 OOF 0 2 <4 OOE 0 2 <<! O O E - 0 2 <̂  O O E - 0 2 

OOE 0 2 < 4 OOE - 0 2 < 4 OOE 0 2 < 4 O O E - 0 2 < 4 O O E - 0 2 

OOE - 0 2 <* oor 0 2 <4 OOE 0 2 c<I O P E - 0 2 </J O O E - 0 2 

OOF 0 ? <-A oor - 0 2 <A OOE 0 2 <.1 O O E - 0 2 <=4 O O E • 0 2 

oo r - 0 2 < • * OOE - 0 2 < 4 ODE - 0 2 <̂ l O O E - 0 2 <4 O O E - 0 2 

0 0 £ -ns» <4 O r i r 0 2 < 4 OOE OP. <A O O E - 0 2 <A O O E - 0 3 

one -r i :? < 4 OOE - ' 7 2 </> OOE - 0 2 <A O O F - 0 2 <4 O O E - 0 2 

or>E -o? < 1 p r . r - " 2 < 4 OOF - 0 2 <A QO-7 - 0 2 <A O O E - 0 2 

cor - 0 2 0 < 4 OOE - 0 2 'A 0 0 ^ 1 - 0 2 < 4 O O E - 0 2 

OOP: • C * <M O O E - O S <M OOE -OP. <A O'-^E-oe < 4 oot;-oa 



TABLE OF COUCF-HTRftTldHS U"S/CM3 LEACHED) 
ZIMC DETECTION L ! H I T = .qOS 

CHANNEL/DAY 1 2 3 6 37 6S 2 3 0 420 

10 BtCA COLD MED B. 5 6 E - 0 1 9 , 0 3 E - 0 2 7 . 0 4 E - 0 2 S. 3 4 E - 0 2 3 . 1 2 E - 0 2 4 , S5E-02 3 . 8 2 E - 0 2 2 , 3 5 E - 0 2 

11 B ICA COLO MED B. . 4 0 E - 0 2 S. .OBE-02 4 . G4E-02 B, , 8 3 E - 0 2 4 . 2 5 F - 0 2 5 . 3 5 E - 0 2 4 . ? 0 £ - 0 2 3 . S 2 E - 0 2 

12 EICA MILD TIED 1. , 4 S E - 0 1 1 . 4 6 E - 0 1 1 . 4 4 E - 0 1 1. . 8 0 E - 0 1 2 . O5F-01 1 7 5 E - 0 1 t R3F.-01 1 , 1 0 E - 0 1 

13 B ICA COLD MFD 7 , 5 0 E - 0 2 6, , 6BE-02 0 . 8 , , 3 3 E - 0 2 4. 1 7 E - 0 2 5 . 5 7 E - 0 2 3 , 5 1 E - 0 2 1 9 7 E - 0 2 

14 BICA HOT NED S. 6 4 E - 0 2 6 . 2 0 E - 0 2 5 . 3CE-02 8. , 4 I E - 0 2 8. 7 5 E - 0 2 7 . SOE-02 4 , 5 1 E - 0 2 5 5 B E - 0 2 

I S BICA COLO FAST 5 . 2 7 E - 0 2 4 , 0 7 E - 0 2 2 . 4 4 E - 0 2 3, 7 B S - 0 2 2 . P 5 F - 0 2 5 . 9CE-02 2 . 39 IT-02 1 . 2 0 E - 0 2 

16 PICA K3T FA3T 3 . 4 7 E - 0 2 a .ODE-02 3 . S 9 E - 0 2 5, , M ! i - 0 2 7. 7 0 E - 0 2 4 . 27E -0Z 4 . 7 S E - 0 2 2 . 6I5E-02 

17 BICA COLD SLOW 2 . 7 9 E - 0 1 2 , 8 7 E - 0 I 6 . 6 B E - 0 2 6 , 0 9 H - 0 2 7 . 0 2 E - 0 2 1 . 49E-01 5 , 9 7 E - 0 2 5 . 5 2 E - 0 2 

I S BICA HOT SLOW S. 5 5 E - 0 2 1 . 20E-01 9 . 2 0 E - 0 2 7. 3 S E - 0 2 6. 7 5 E - 0 2 4 . 11E-01 4 . 2 1 E - 0 2 9 . 455- - 0 2 

19 D13T COLO MED 9 . 3 1 E - 0 2 1 . 4 4 E - 0 1 7 , C 2 F - 0 2 9. . 9 1 E - 0 2 5 . 00F.-02 7 . OSF-02 <5. OOF-03 3 .22F.-02 

2 0 D! SA COLD MED 1 , 0 4 E - 0 1 1 . 3 2 E - 0 1 S, S 7 E - 0 2 1 . 0 8 E - 0 1 5. U9F.-02 9 . 4-3E-02 4 .SOE-02 Z . 9 S F - 0 2 

21 DIST COLD MED 8 . 4 S E - 0 2 1 , 4 2 ^ - 0 1 8 . 0 4 E - 0 2 ? , S 7 E - 0 2 8. S7E-CI2 7 . 2 7 E - 0 2 S. 0 ? E - 0 2 2 . 4 3 E - 0 2 

2 2 D1ST COLD MED 4 , 1CE-01 3 . 3 0 E - 0 1 3 . , 3 i n - u i 3 . 8 3 E - 0 1 "i. . - I 3 E - 0 ! 3 5CE-01 3 8 1 E - 0 1 3 . 7SE-01 

23 DIST HOT MED 4 7 S F . 0 2 S . 9 S F - 0 2 6. 6 5 E - 0 2 •i .V3V-0? A. . 3 7 E - 0 2 9 2RG-02 1 . 0 9 ^ - 0 1 1 . 7 1 E - 0 1 

2 1 01 ST COLD FAST e, 7 3 E - 0 2 7, . 4 2 E - 0 2 2 , 9OE-02 3 . P 1 E - 0 2 3. 2C.E-02 j . 9 3 E - 0 2 4 , ?PF.-02 1 . 2 1 E - 0 2 

2S DIST HOT FAST 1 . O I E - 0 1 1 .DSE-01 G. 6 7 E - 0 2 7 . 3 ? T - 0 2 9. .1311-02 1 . 0 7 E - 0 I 1 . -12E-01 4 .2QE-02 

26 P!ST COLO SI ."VI 9 1 3 E - 0 2 1 . 94C-01 7 CI2E-01 1 . C » ^ - 0 1 1 , . 1 0 E - 0 1 1 4 3 E - 0 I 1 . 2CE-0T 7 .O8K-02 

27 CIST HOT SLOW 6, . 9 4 E - 0 2 4 . 2SE-01 4 . . S 2 E - 0 2 5 . r r r - o j 0, 1 . 1 7 E - 0 1 5 . 8 S P - 0 2 3 , 3 0 E - 0 2 

28 PICA COLD NED 1 . 7 2 E - 0 1 5 . 62E-0? 3 .O^E-C? 7 . r .?:- -0? 3. . ' ' 7 E - 0 2 5 . "<?E-02 2 . r ^ F - 0 2 2 . p . s r -02 



TADLE OF COMC1"' .̂".TIONS (IU3/CH3 LEACHED) 
r.iLC'-.'n DET-rTION L1MIT= .002 

CHANMEL/DAY 1 2 3 6 37 68 230 420 

10 BICA COLD MED 7, 6'!E+0O 9 . 41E-01 1 . ?.?£•:-00 2 . 67E-01 2 .61E-0 I p . OOE-Ot 2 . •54S-01 3 . 74S-01 

11 BICA COLD TIED 2 .40E*00 4. ssir-oi 3 7-iE-OI 3 . GSE-01 3, CT^ -CM 2 . TOE-01 2 . OtfS-Ot 1 . 31E*Q0 
12 BICA COLO MSO 6.15E-01 S , S9E-01 A . 02E-01 3 . 3?E-01 3.63IT-01 2 . 31E-01 4 . 67E-01 3 . 14E-01 

13 BICA COLD TiED 6 .51E-01 3 . 91E-01 0 . 2 . 4SE-0 ! 2 .76E-01 2 . 25E-01 2 . 2-tE-Ol 1 . 38E-01 
14 BICA HOT MEO 1 ,32E-J 00 5 . 77E-01 9 . 60E-01 e. 0-1E-01 6 .21E-01 S , . 2!3E-01 A. or..t-01 3 . 57E-01 

15 BICA COLD FA 3T 3 .46E-01 3 . POE-01 ? , ,COE-01 i . 3SE-01 1 ,51E .' l 7 , . I1E-01 1 , ?<l£-01 8 . 50E-02 

16 BICA HOT FAST 2.00E-01 7 , OGE-01 I . . 34E*00 2 , OPE-01 1 . 29E-I-00 2 . ,31E-01 3 , , B-5S-01 1 , •53E-01 
17 BtCA COLD SLOW 1 .5SE*01 1 . . CIEi-OO 4 . .5SE-01 e. .fff lE-01 4 .61E-01 1 . . 0 ^ * 0 0 5 . . 4-5S-01 2 . .G9E-01 
18 BICA HOT SLOW 2 . T£E:-CO 1 , ,39E+00 7 . ,43E-01 5 , P3E-01 8 .93E-01 •J. ,47E*00 6 . .7G£"01 1 . . 1 OE+00 
19 DIST COLD TIED 8 .99E-01 2 .S^-E-01 - . ^5E-01 3 .74E-01 2.20E-01 1 .3GE-01 1 .COE-01 4 . ,34E-01 
20 DIST COLD MED 7.33E-C1 A .OPE-01 3 .47E-01 2 .OCE+OO 2.3SE-01 1 . .S5E-01 3 .24S-01 2 . .57E-02 
21 DIST COLD MED 5 .76E-01 3 .33E-01 2 . 163 -01 2 .79E-01 2.0?F>01 1 . e o E - o i 1 .33E-01 5 . .4SE-02 

22 D7 CT COLD MED 5 .^2E-01 ?. .3SE-01 ?.. .48E-01 7 . . 24E-0 ] 2 .67E-01 A. .O5E-01 1 . .e-'E-oi 5 , .76E-02 
23 OICT HOT TIED 7 .S4E-0 I 8 , .76E-QT 4 .33E-QI 5 .aOE-Gl ? . WJF.-Ql 3 ,71E-0 t 4 . 216 -01 \ .90E-O1 
24 D!ST COLD FAST 4.67F;-01 3 .OCE-01 1 .S3E-01 1 .r>£"i-oi 1 .67E-01 1 . <1SI--01 1 .92S-01 3 .63E-02 
25 DIST HOT FAST 2.4SE-01 3 .77E-0 I 1 .46E-01 1 .2QE-01 2 . 0 « E - 0 l 2 .07E-01 2 .P3£-01 3 . 14E-02 
26 DIST CHLD SLOW 2 . OOr-i-OD 9 .34E-01 1 . 1 3E+00 3 .0-5E-01 3. SOL"-01 a. . o i e - o i 4 . (3/lE-OI 1 .39E-01 

27 DIST HOT SLO'V 1.P2E+00 1 . i e-E *oo 7 . *SE-01 1 . 10F. + O0 0 . 9 .55C-01 4 .1«E-01 7 .DDE-01 
28 -IDA COLO MED S.*?5E:-00 6 . 1 i E * o n 2 .R2E-01 5 .sss-oi 3. 15E-01 2 .03E-01 1 .59E-01 2 .33E-01 



TABLE OF C6NCFHTRATI0WS (l jn/CM? LEACHED) 
DPTPCTIOM L1M1T= .010 

CHANNEL/DAY ) 3 6 3 7 6 6 2 3 0 4 2 0 

1 0 BICA COLD MED e , 04E+O1 1.09E+02 9 . . 39E+01 3 .53E+00 9 . 50F.+O1 4 . . PHC-tOl 7 , , 07E+OI <1 .OOE-02 

11 BICA COLD MED 9 .42E+01 el .OOG-02 3 , .G4EI01 t . . S l i t : 00 1 , .OIE+OB 0. COG+m 7 , 7PE*0I 3 , . 14E*01 

I S BICA COLD MED 7 .B7E+01 4.16E<01 4 , .60E+01 < 1 . , 0 0 ^ - 0 2 1 , Pf?r<-02 4. SCE'-Ol 7 . inr-i-01 1 . .91E+01 

1 3 BICA COLD MED 7 . . 08E*01 5.CQE+01 0 . O , .DOE-02 9 , . 7o::-soi • t . 305*01 R. SRE-i-oi 1 .79E+0Q 

1 4 BICA HOT MED 8. ,32E+01 3.79E+01 A. .35E+01 7 . ,27E*00 I , ot o c a 3 , ,97E*01 6 . .7?E*01 <1 .OOE-02 

1 5 BICA COLO FA3T 5 . 52E+01 7.40E+02 2 . 23E*01 1 , , lSE-tOI 7 , . aor.+oi 3 . .SC^O' . 4 , , 7PEI-01 <1 .OOE-02 

1 6 BICA HOT FAST S. ,43E+01 7.23E+02 1 . .9CE+02 1 .SCE+OI e . 2^r:+oi 3 . p.nr :-QI G. vr.TZ-'-a* 7 . 41EM-00 

M 17 BICA COLD SLOW 1 , .36E+02 3.71E+01 <1 , .OOE-02 <1 . .OOE-02 i . .1KE+Q2 7 , 16EH31 1 . , sr.c+02 <1 .ODE-03 
Vs i s BICA HOT SLOW 1 , .32E+02 5.S5E+01 <1 . .0OE-O2 S. 52E+01 i . ,34E*02 2 . OGE'02 1 . SSS+OS <1 , .00." - 02 

1 9 DIST COLD MED 5 . .4SE+00 4.15E+00 4 , . 91E-01 1 . 20F.*OO \ . eSE+QO 1 . , OCTI-01 2 , n/*2*oo 2 .6CE-01 

2 0 DIST COLD MED 2 62E*00 7 .62E-01 A, , 67E-0 I 1 , .O^E^-00 i . . 31E-:-00 1 , .37~*C0 1 . . P?E*-OO P. OOE-01 

2 1 DIST COLD MED 1 . .6SE+00 6 . 4 4 E - 0 I 4 , .3CE-01 6 .75F.-C1 8 .07E-01 6 . ,35E-01 8 , SJE-OI 6 .4SE-01 

2 2 DIST COLD MED 3 , 14E*00 5 .66E-01 6 . . 42E-01 6 . 06E-01 9 . ,C£F-01 7 . 43E-01 3 . 05E J-00 3 .1SE-01 

2 3 DIST HOT MED 1 . .28E+01 2.59E +t>0 2 . .12E*00 2 .21E-i-00 2 . 1GE<Q0 2 . ,iee+oo 2 , . 0<IE*00 9 .70E-01 

2 4 DIST COLD FAST 5 . . 16E*00 4 .72E-01 2 . .S 1E-01 2 .01E-D1 6 . -10E-01 3 . .10E-01 9 . OSiE-Al 1 . .52E-01 

2 5 DIST HOT FAST 1 , .56E+00 9.47E-0T 4 . . 47o -01 A .OOC-OI 9 . C5E-01 4 . . 7-1F.-..1 2 , ,61E*00 S .64E-01 

2 6 DIST COLD SLOW 9 .83E+00 2.3KE+00 1 , .11E+01 6 .11E-01 1 , p/iE*O0 f>. .»>r.E-oi 2 , , isr-i-oo 5 .55E-01 

2 7 DIST HOT SLOW 4 .60E*0 t 6.aoE+oo 8 . . OGOCO 7 .61E+00 0 3 . 62E :-00 3 . .13E^00 3 .60E«00 

2 8 BICA COLD MED 6 .66E+01 5.S1E*01 3 .35E+01 2 .4GE+01 9 .o«oo i 5 . 5?E*0 l e . P^F- 01 <1 .OOE-02 



Leachant Blank Analytical Values and 

ICP Detection Limits (ng/cm3) 

Bice rbonate D is t . H?0 

Element 
Det. 

L imi t 
Days 
0-23 

Days 
24-420 

June, 
1978 

B 0.005 0.005 n.d. 0.002 

Cd 0.001 n.d. 0.002 0.001 

Ca 0.001 0.048 0.041 0.001 

Fe 0.002 0.002 n.d. n.d. 

Mo 0.007 0.021 0.029 0.012 

Ni 0.011 n.d. n.d. 0.005 

I*.' 0.008 0.125 0.074 0.019 

Na 0.008 676 625 0.010 

Sr 0.007 0.004 n.d. n.d. 

Ti 0.002 n.d. n.d. 0.001 

V 0.040 n.d. n.d. n.d. 

Zn 0.004 0.002 0.004 0.0C1 

Zr 0.012 0.007 n.d. 

n.d. = not detectable 
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APPENDIX 6 

Incremental and Cumulative Leach Results for 237fjp and 239pu 

Incremental leach rates (R, in grams glass leached per cm2-day) and cu
mulative fractions leached (CFL) for Np and Pu. See text for equations 
and calculation method. A zero 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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NEPTUNIUM LEACHRATE IN BRINE <e/CMS.DAY> 

3 6 11 20 37 68 120 230 ^20 

1 COLD MED 1.08E-05 2 .48E-06 1.4QC-04 8.B6E-07 6 .24E-07 S.79E-0? 9 .17E-07 &.50E-07 7.73E-07 I .05E-06 1 , 17E-05 
8 .17E-01 1.35E+00 1.06E+0D 1.70E+00 1.B2E+00 ) , 5 )E>00 1.41E+00 1,97E*00 6.56E-Q1 Z.03E+00 9 ,59£-07 

3 COLD MED 1.G9E-05 3 .79E-06 1,776-06 1.15E-06 1.19E-06 1.07E-0S 9.1QE-07 1,18E-0G l . t S E - 0 6 1.22E-06 J.33E-OS 
7 .87E-01 6 .03E-01 1.12E+00 1.27E+00 1,79E*00 2.19E+0Q 2.G8E*Q0 1.BOE+DO 5.9BE-01 2.42E+0D 1.1SE+QD 

A COLO MED 1.Q7E-00 2 .56E-06 1.39E-oe 9.S2E-07 1.10E-06 9 .40E-07 1.07E-06 t . 1 3 C - o e 9.61E-07 3 .70E-0? 1.04E-OB 
9.41E-01 1.70E+00 1.09E+0D 1.<^E+Q0 1,4SE+00 3.3QE+00 I . B7E*00 1 .92E*00 S.30E-01 2.4SE+00 1 . 2BE+00 

!S HOT MED 3 .33E-05 2.99E-0S 2 .75E-03 2 .39E-05 2 .90E-05 2 .73E-05 2.B0E-05 2 .94E-05 3 .34E-05 2.66E-05 2 .75E-05 
3.26E-D1 3.70E-01 2.6DE-01 3.29E-D1 3 .61E-01 d.3QE-07 4 .75E-0) 3.JME-Q1 I.28E-0T 2.62E-01 S\37E-01 

6 COLD FAST 1.36E-05 S.52E-0G 1.51E-06 1.29E-0S 3.36E-0B 1.71E-06 1.61E-QB 1.S7E-06 1.73E-06 2 .33E-06 1.43E-06 
1.23E+DD 1.31E+00 2.52E+00 2.34E+G0 2.35E+00 4.09E+0Q 6.71E+0O 3,PaE=-00 1.O4E+00 2.18E+0D 2.19E+00 

7 HOT FAST 6 .30E-05 1.12E-0S 1.4tE~05 7.12E-0S 6 .02E-05 5. 76E-0S 6.S6E-05 1,046-04 1.44E-01 5 .76E-05 7.G4E-0S 
6 .33E-01 8 .69E-01 6 .90E-01 4.77E-01 A. 22E-01 6 .37E-01 3.56E-01 6 .20E-01 1.83E-01 4.06E-01 2. 49E-01 

6 COLD SLOW 9.20E-0© 3.7SE-06 1.45E-06 8.36E-U7 7. 77E-07 7,<!S'E-07 6.55E-07 7,Slf--07 7.22E-07 8.4BE-07 0-36E-07 
9.31E-01 1 .36E*00 S.S4E-01 7.02E-01 1.1 BE+-00 1.BgE*OD 9.79E-01 I . 49K+00 A. 3PE-01 8.34E-01 I.52E+0O 

9 HOT SLOW 4.67E-05 1.S4E-05 1.33E-05 1.24E-03 1.01E-05 Q.73E-06 7.2*E~D6 ?.3nE-Q6 1.94E-05 1.55E-05 1.14E-03 
3.06E-OT 1.85E-01 5.35E-D1 3.B1E-01 ^.37E-01 G.0£)E-01 6.10E-01 &.10E-0I 7.66E-01 2.54E-01 1.74E-01 



NEPTUNIUM LEACHRATE IN BICARBONATE (S/CM2.PAY) 

CHAN TEMP FLOW SAMPLING DAYS 
1 2 3 6 11 20 3? 66 120 230 420 

10 COLO NEO 8.42E-06 4.30E-06 2.63E-06 2.29E-06 2.17E-06 2.51E-06 \.22E-06 2.68E-06 2.43E-0S 2.33E-08 2.59E-Q8 
e. 17E+00 5.S0E-0J 5.23E-0I 4.E2E+00 3.S9E+00 3.06E+00 3.15E*00 4.<50F.-*00 4.71E+00 4.02OD0 3.S9E+D0 

11 COLD MED 8.25E-06 5.73E-06 3.52E-06 1.73E-06 2.69E-06 2.20E-06 2.S4E-08 2.55E-06 2.J7E-OS 1,9SE-0S 2.S0E-06 
2.09E+00 2.21E+00 3.42E+00 5.05E+00 0.01E+00 3.37E+00 &.93E+00 4.37E+00 3.65E*00 4.50E-KJ0 3.83E+00 

13 COLO MED 6.26E-06 S.52E-06 0. 2.73E-Q6 Z.78E-06 2.5SE-06 2.44E-00 2.S5S-06 2.76£-06 2.32E-OB 2.44E-Q6 
2.21E+00 2.19E+00 0. 4.04E+Q0 3.13E+00 3.11E+00 3,05E*00 3.33E*00 3.63E+0O 4.32E+00 4.1SE+Q0 

* 14 HOT MED 9.71E-05 7.30E-05 7.93E-05 8.09E-03 8.73E-00 9.C0E-03 7.3SE-05 6.97E-05 1.I9E-04 8.I0E-O5 ?,35£-03 
* 6.88E-D) 5.45E-0) 7.79E-01 7.50E-01 G.06E-01 5.30E-01 6.G3E-01 6.73E-01 7.7QE-01 7.36E-01 7.2HE-01 

15 COLD FAST 1.21E-05 4.23E-Q6 3.54E-06 4.45E-0S 2.43E-06 3.5SE-06 1.53E-06 3.04E-06 2.66E-06 2.54E-06 6.45E-07 
4.45E+00 6.02E+00 8.45E+00 6.59E+00 S.41E+00 3.94E+O0 7.S7E+00 7.18E+0Q 7.20E+OO 8.33£*00 1.476*01 

16 HOT FAST 1.37E-04 1.24E-04 1.18E-04 1.86E-04 1.29E-04 1.4SE-04 1.25E-04 1.2QE-04 :,33E-04 1.25E-Q4 9.4SE-05 
1.37E+0O 1.26E+00 1.5DE+00 1.Q4E+00 1.26E+00 9.39E-01 902E-01 t.33E+00 t.36E*00 l,18E*00 1.31E+00 

17 COLD SLOW 3.58E-0E 3.34E-0S 2.76E-06 3.93E-06 2.52E-06 1.S4E-0G P.24E-06 t.3G£-06 I.33E-0S 2.45E-06 1.3SE-06 
1.86E+00 1.90E+00 1.97E+00 1.41E+0O 2.15E+00 1.70E+00 1.30E*00 2.07E+00 2.S3E*0O 1.34E+00 2.6BE+00 

18 HOT SLOW 5.83E-05 4.22E-05 3.88E-0G 5.Q3E-05 S.32E-0G 5.35E-09 3.11E-05 2.83E-05 2.77E-05 2.41E-06 1.07E-05 
4.60E-01 5.06E-01 5.DSE-01 4.32E-01 <,43E"01 3.J9E-OI 3.4FE-PI S.13E-01 e.PG,T-Pt 1 . 93E fOO S. I eE-01 

28 COLD MED 8.34E-06 4.25E-06 3.60E-06 2.58E-0S 2.62E-06 1.31E-0S I.6CE-Q6 ?.45E-0S 2.S2S-06 t.7<3E-06 1.00E-06 
2.16E + 00 3.20E;t-00 2.9.3E<0Q 3.5?l£+00 3,621;'!-00 4.E5E+0D S.07E*00 rS.51££.-00 4.39E:-00 5.47E-'00 3.86E+00 



NEPTUNIUM LEACHRATE IN DrST.WATET! (G/CM2.DAY) 

TEMP FLOW SAMPLING DAY 5 
1 2 3 6 11 20 3? PP 120 230 420 

COLD MED S.S9E-06 6.O6E-06 2.68E-06 1.03E-0S 1.02E-0S 1.I1E-06 7.92E-0? 7.22E-0? 9.07E-07 6.23E-07 9.60E-07 
2.2SE+00 2,6QE*0Q 4,02E*00 7,9U*00 S-02E*0D 3,}4E*00 4.80£*00 ?,S3E<-0n 0.9-3£*i?0 S.3S£-*0O 9.S2E+00 

COLD MED B.20E-06 4.65E-06 1.83E-06 7.41E-07 9.21E-07 8.'l4E-07 4.<J9E-07 1.97E-06 5.G7E-0? B.61E-07 S.30E-07 
E.31E+00 Z.91E*00 6.0DE+DQ 8.94E+00 5.95E+00 6.S4E+00 3.94£*00 1. »SE-:-OQ ?.!3g£*C0 5.87E*0G 9.95E*0Q 

C6LD MED 7.91E-0G 5.B7E-06 2.5BE-06 S.75E-07 9. OSE-07 8.74E-07 6.03E-07 l-ISE-OS 3.?l1E-06 7.45E-07 2,3aE-07 
2.43E+00 2.S3E+0C 4.24E+00 8.36E+0Q 6.39E*0Q 5,6S£«-O0 3,10£*00 6.O3E+00 2-38E*00 7,81E*0Q 1.6<i£*0l 

HOT MED 3.0SE-0S 2.fi2E~05 2.60E-05 1.58E-05 1.20E-05 K57E-05 1.SWE-0& 1 .75E-03 1.SSE-05 4.31E-05 5.94E-05 
1.30E+00 1.J7E+00 1.62E+O0 1,39E+00 1.73E+00 1.27E+00 1.11E+00 1.49E+00 1,57E*00 9.74E-01 9.60E~C$ 

COLO FAST 1.17E-09 1 -S5E-06 1.04E-06 S.81E-0? 1.C4E-OS 1.08E-06 6.17E-07 1.17E-06 7.28E-07 8.14E-Q7 6.88E-07 
G.40E-01 2.02E+OO 1.75E+00 1.3S£+00 1 - 86E*00 2-27E+GO 2-ISE*00 t.55{=*-G0 t.7*£-*-00 1 ,S9E*Q0 2.77E+O0 

HOT PAST 5.<JgE-D3 4.37E-D5 4.77E-D5 4.97E-D5 5.03E-05 4.41E-05 1.94E-P5 3.33E-05 g.95E-05 3,TOE-05 2,93E-05 
e,ESE+00 2.1SE+00 2.22E+00 2.43E+00 2.03EK1O t,e9E*0Q 3.74E+0D 2,595*00 S-48E+00 2.47E+00 3.27E+00 

COLO StCW 3.74E-03 5.02E-06 7.53E-06 1.0SE-06 5.S4E-07 4.S6E-07 3.37E-07 5.85E-07 3.72E-07 6.39E-0? 4.36E-07 
1.97E+00 I.S5E+00 2.1SE+00 2,ieE-O0 4.50E»-00 2-77E+00 S.03E+00 5.71E*Q0 5.19£*O0 4.40E*0Q 3.92E-*0Q 

HOT SLOtf 1.59E-08 1.97E-0S 6.93E-06 1.07E-05 3.S1E-06 7.8CE-06 1.16E-06 1 .13E-0S 9.87E-06 1.63E-05 2.72E-05 
9.37E-01 9.76E-01 B.5BE-01 6.71E-01 1 . 33E+00 8.J9E-01 1.61E+00 1 . 95R :-00 I . 35E+00 9. 65E-01 5.J3E-01 



PLUTONIUM LEACHRATE IN BRINE (G/CM2.DAY) 

CHAN TEPV FLOW SAMPLING DA*S 
1 2 3 6 11 SO 37 G8 120 230 420 

1 CO *1 MED 2.43E-06 S.45E-07 3.93E-07 2.63E-07 1.72E-07 1.03E-07 l.eOE-07 ».95E-06 7.41E-08 4,55E~06 6.C4E-00 
4.37E-01 1 .07E+Q0 ». I IE+O0 2.38E+QG 1.31E+0O 2, 1SE*-0G 1.50E*OO 1.59£*00 t,46£+<30 3.94E+Q0 2.36E+00 

3 COLD MED 1.24E-06 7.48E-07 4.27E-07 2.74E-07 1.946-07 1.S3E-07 1.13E-07 1.16E-07 S.8SE-08 7.S2E-08 S.eOE-aS 
4.0QE-01 9.65E-01 1,09E+00 1.97E+00 2.596*00 1.92EfrC0 t.62E*O0 1.42E*00 !-20E-00 2.81E*O0 4.72E+00 

4 COLO MED 1.23E-06 5.30E-07 3.74E-07 2.64E-07 2.56E-07 1.93E-07 1.31E-07 1.30*-07 1.16E-0? 6.97E-0B 9.06E-0S 
3.81E-01 1.17E+00 1.10E+00 1, 83E-M30 0.56E-O1 1.64E+G0 J.82E*00 I.325*00 f.46£*00 2.05E*00 4,OS£+00 

5 HOT HED 4.33E-0? 4.66E-08 2.21E-09 1.34E-08 1.52E-08 1.55E-0S 3.70E-08 3.10E-08 3.98E-08 S.33E-O0 4.32E-08 
* 5.B1E-01 4.79E*00 O.ISE+OO S.64E+0Q 1.02E+01 K34E+01 2.S2E+00 4,@4£«-00 2.2SE*-0O 2„4t£*00 5.93E+00 

8 CflLD FAST 3 . 84E-06 1,43E-Q7 4.73E-07 3.41E-07 2.O3E-07 3.5SE-07 3.01E-07 3.09E-07 2.52E-07 1.85E-07 1.61E-07 
6.30E-01 T.31E+00 5.44E*00 2.77E+00 6.32E+00 4.4SE+00 3.26E+00 4.20E+00 2.00E+01 3.SSE+0G 4.24EMJ0 

7 HOT FAST 2,34E-0S !.14E-07 2.7IE-OB T.26E-07 t.42E-07 2.59E-07 2.98E-07 8.72E-07 1.03E-06 5.62E-07 4.20E-07 
1.17E+00 1 .SaE*00 2.36E+DO 5.74E+Q0 6.17£*0Q 5.70E+00 2.20E*0Q 3.01E+00 5.63E-*Q0 1.63E+00 3.51S+O0 

0 COLD SLOW 2.43E-0fi 5.18E-07 3.99E-Q7 5.14E-QS 1,236-07 1.12E-07 1.O0E-O7 1 . PjE-OS 1.07E-07 5.82E-08 4.66E-08 
2.33E-01 ).07E*00 9.SSE-01 3.87E+00 2.70E+00 2.0QE*00 1.57E+00 1.29E*00 7.36E-01 1.S3E+00 4.4eE*00 

9 HOT SLOW 3.33E-08 2.33E-08 1.S3E-0© 6.2OE-09 5.Boe-09 6.30E-G9 6.I2FT-09 5.55E-03 I.97E-08 I. HE-OS 7.24E-09 
1.17E+00 3,13E*00 3.39E*00 4.52E+00 3.8SE+00 4.37E+00 9.2?E+00 4.65E+00 3.36S*00 6.<14£>0G 7.EOE+O0 



PLUTONIUM LEACHRATE IN 01CAHDOMATE (S/CM2.DAY) 

CI-UN TEMP FLOW SAMPLING DAYS 

10 COLD MED 3 .75E-06 1.S0E-06 1.03E-06 8.2SE-07 8 . I 8 E - 0 7 7 .90E-07 2 .05E-07 5.^011-07 3. 65E-07 2 .36E-07 S.08E-O7 
1.1OE+0O 4 .37E-01 4 .99E-01 2.3SE+00 2 .04E*00 1.C5E*00 2.20E+00 3.44E+00 4.1211100 0.93E+00 3.S2E*00 

11 COLD MED 3 .82E-06 2 .02E-06 1 .21E-06 5.15E-Q7 8 .31E-07 6 .10E-07 6 .01E-07 3 .86E-07 1.02E-07 1.58E-07 2 .80E-07 
1.04E+00 1.26E+00 t . 97E+0O 3. 13E+00 1 , 83E^00 2.17E+00 2.08E*00 3.SOC+00 4.49E+00 5.40E+00 'I.IOE+OO 

13 COLD MED 3.S5E-06 1.64E-06 0. 9.12E-07 8.89E-07 6.03 07 6.36E-07 5.11E-07 3.905-07 2.96E-D7 3.CME-07 
1.09E+00 1.28E+00 0. 2.37E+00 1.87E*00 2.08E + 00 2.02E-KJ0 2.99E+00 3.27E+00 4.07E*00 ?.95E*00 

14 HOT MED 7.19E-07 4.S7E-08 4.S9E-08 7. 9CE-08 1.26E-07 1.28E-07 5.29E-08 7.1SE-00 S.77E-08 1.23E-07 7. 17E-OB 
2.71E+00 7.14E+00 1.D8E+01 B.O&E+00 5.39E+00 4.75E+00 7.22E+00 6.0GE*00 9.21E*00 6.39E+00 7.88E+00 

15 COLD FAST 6.26E-06 1.95E-06 1.42E-06 2.10E-06 1.04E-06 1.30E-06 5.45E-07 5.12C-07 4.75E-07 5.93E-07 1.85E-07 
2.10E+00 3.00E+00 4.51E+0O 3.25E+O0 4.86E+00 3.34E+00 4.12E+00 5.92E+00 5.73E+QO 5.S3E+00 9.33E+00 

16 HOT FAST 2.71E-06 2.94E-07 3.D5E-07 7.05E-07 5.77E-07 6.32E-07 4.84E-07 4.26E-07 5.50E-07 5.62E-07 4.06E-07 
3.29E+00 8.74E+00 l.OOE+01 5.72E+00 6.39E+00 4.82E+00 4.90E+00 7.58E+00 7.16E+00 5.98E+00 6.79E+00 

17 COLD SLOW 1.28E-06 1.22E-06 7.69E-07 9.53E-07 5.70E-07 3.56E-07 2,76E-07 1.26R-07 9.16E-00 1.39E-07 1.S1E-07 
1.05E+00 1.06E+00 1.26E+00 9.72E-01 1.53E+00 1.30E+00 1.25E+00 2.76£*00 3.3SE*0O 2.63E+00 2.72E+00 

18 HOT SLOW 2 13E-07 3.26E-08 2.02E-08 1.53F.-08 2.57E-0S 3.03E-08 5.79E-OS 6.59E-09 9.79E-09 5.88E-09 1 50E-10 
2.56E+00 6.15E+00 7.50E+00 8.36F+00 6.32E+00 4,54E*00 5.57E*00 1.20E+01 1.25E+01 1.32E+0I 1.00E+02 

28 COLD MED 3.90E-06 1.84E-06 1.32E-06 9.41E-07 9.97E-07 4.15E-07 3.40E-07 3.61E-07 2.64E-07 1.51E-07 4.44E-0V 
1 .07E+00 1.64E+00 1 .64E •OO 1 . 97E+00 1 . 99E + 00 2.56E*00 4.50E*00 4.87E*00 4.68E+00 6.31E+00 3.70E+00 



PLUTONIUM LEACHRATE IN OIST. WATER (G/CM2.DAY) 

CHAN TEMP FLOW SAMPLING DAYS 
1 2 3 6 11 20 J7 68 130 230 120 

19 COLO MED t . 94E-0G 1.43E-06 7 . 3 0 E 0 7 3.5CE-07 1 .-D3E-07 2 .30E-07 1.26E-07 1 . 0 ^ - 0 7 !?."OE-nn 5.f59S-Rn 2.20E-O7 
1.61E+00 1.80E+00 2.61E+00 4.55E+00 4.S9E+00 3.B3E+O0 4.07E+00 G.95F+0n 8.16E*O0 9.37E+00 S. 44E+00 

20 COLD MED 2 . 1 4 E - 0 6 1 .05E-06 5 .48E-07 2.QOE-07 1.77E-Q7 1.03E-07 8 . 8 I E - 0 8 1 .27E-07 5 .44E-na 7 .52E-00 1.05E-07 

1.53E+00 2 .08E+00 3.70E+00 4.93E+00 4,S0c->00 5.27E+00 4.G4E*00 S .72C:00 fi.33E;-00 7.9SE*00 0. 39E+O0 

21 COLO MED 1.96E-06 1.19E-06 5 .92E-07 3 .83E-07 1.93E-07 1.69E-07 9.G8E-09 1 . 46E-07 1.40E-O7 5 .40E-09 1.22E-08 

1 .65E+00 1.87E+00 2 9 9 E + 0 0 4,2eE+00 4.66ti-»00 4 .36E*00 4 .32E*00 3.7P.F'-<?0 5 .13 r<00 9 . 3 t E * 0 0 2.43E+Q1 

1* 23 HOT MED 1.81E-07 2 . 5 9 E - 0 8 2 .S6E-08 1 .74E-38 1.47E-08 3 ,49E-0e 7 .72E-09 5 .33E-09 1.36E-08 1.17E-07 3 .45E-07 

© 5.72E+00 1.16E+D1 1.71E+01 1.41E+01 1.67E-»01 9.13E+00 1.7AE + 01 2.89C:-01 1.9BE+01 6.32E+00 4.35E+00 

24 COLD FAST 2 .11E-06 5 .31E-07 5 78E-07 3 .41E-07 2 . 0 5 E - 0 7 2 .72E-07 3.S7E-07 1.4SE-07 1.6BE-07 7 .93E-00 2 .32E-07 
5 .90E-01 2.89E+00 2,06E>CO 2 .29E*00 2.37E-tOO 4.31E + 00 2.&3E+00 3.41E+00 3.7DE+00 l.OSE+01 3.44E+Q0 

25 HOT FAST 2 .34E-0S 7 .70E-07 7 9 9 E - 0 7 9,0<TE-07 T. 37E-06 T. *!4E-06 5 .37E-07 7. 39E -07 7. 75E-07 5 .62E-07 5. 3SE-07 

3 .67E*00 5 . 6 6 E T 0 0 5,79E>H0 6.25E+00 4 .17E*00 3.51E+00 7.60^+00 5 .09E*00 5.17C+00 6 .21E*^1 8.15E+00 

26 COLD SLOW 8 .42E-07 5 .89E -07 8 .69E-07 1 . 72L 07 7.-14^-08 4 .37E-00 4 .09F-0E RO'lE-OS a.SDE-Or, 4 .36E-08 3 .72E-08 
1.41E+00 1 , 54E+00 2 1 5 E + 0 O 1.81E+00 4.27t-.»0O 3. 03E+00 5.0SE+0tf 6.FCF*00 B.34E+00 5.70E*00 4.55E+00 

27 HOT SLOW 1.07E-07 7 5 4 E - 0 9 3 .56E-09 2 .71E-09 2.P8E-09 2 .20E-09 6 .21E-10 3 .47E-09 2 .04E-10 7.48E-09 7 .21E-09 
3.80E+00 7.51E+01 7.57E+01 J.43E+0J J.SOE+0) 1.64E+0) 2 .3SE*0) 3.70E*03 1.0DE^02 1 .52E+01 1.07E+01 



NEPTUNIUM CUMULATIVE FRACTIONAL LEACH (CFL) IM r It I WE 

CHAN TEMP FLOW 5AMPLIN6 DAYS 
1 2 3 6 II 20 37 S3 120 E30 420 

1 COLD MED 4.34E-05 5.34E-05 5.93E-05 7.0lf--03 3.71E-05 1.1GE-04 1.79E-Q4 2.93P>0.-! ̂ .SS^-O-I 0.«3^E-CM 1.71E-03 

3 COLD HED 4.18E-05 5.64E-05 6.31E-05 7.6Cr-:-or: 9.01F.-05 1.37E-04 2.02C-Q'1. 3.31E-CV* 5.5SE-04 1.OSF.-03 1.97E-03 

a COLD MED 4. 34E-05 5.26E-05 5.S1E-05 7.01E-05 9. 09E-05 .1 . ?6E-04 1 . S54E-01 3. ?5E-0^ 5. ̂ D£-D4 9. 74E-04 1 .73E-03 

I 5 HOT MED .30E-04 2.46E-04 3.53E-04 f3.3GE-0"? 1.I24E-03 2.I1E-03 3.06E-03 7.21E-03 1. USE-OS 2.60E-O2 4.S0E-02 

1 6 COLD FAST 5.20E-05 7.43E-05 8.01TT-03 9.T51F-D3 1.43E-01 2.?6E--0<1 3.34E-0/1 5.3HE-0.* Q.5SS-04 1.72E-03 3.GSE-03 

7 HOT FAST 2.41E-04 2.83E-04 3.37E-04 1.16E-D3 2.60E-03 4.38E-03 8.36E-03 1.©5E-02 4.33E-02 8.39E-02 1.32E-01 

6 COLD SLOW 3.63E-05 5.12E-05 5.69E-05 6.S9E-05 0. ?5E-0r- 1.09E-04 1.5GE-04 2.47E-04 3.97E-04 7.38E-04 1.25E-03 

9 HOT RLOW I.S9E-04 255E-04 3.0DIE-04 4.61E-04 7.2IE-01 1 . 02E-03 1.C6F-03 2.T7F-03 5.57E-D3 1 . 30E-Q2 2.33E-02 



NEPTUNIUM CUMULATIVE FRACTIONAL LEACH (CFL) IN BICARBONATE 

CHAN TEMP FLOW SAMPLING DAYS 
1 2 3 6 11 zO 3? 63 120 231) 420 

10 COLD MED 3.39E-0S B.12E-0B 6.18E-05 8.97E-05 1, 34E-04 2.18E-04 3.43R-04 S.97E-04 1.12E-03 2.18E-03 4.08g-03 

11 COLD MED 3.24E-05 5.50E-05 6.S8E-0S 8.94E-05 1 .35E-04 2.18E-04 3.81E-C4 7.07E-04 1.18E-03 2.O7E-03 3.8S6-03 

13 COLD MED 3.22E-05 5.37E-05 0. 8.61E-05 1.40E-04 2.32E-04 3.98E-04 7.16E-04 1.25E-03 2.34E-03 4.09S-03 

I 14 HOT MCD 3.63E-04 6.3BE-04 9.33E-04 1.85E-03 3.69E-03 6.33E-03 1.16E-02 2.I4E-02 4.20E-02 8.15E-0Z 1.3SS-01 

1 15 COLD FAST 4.84E-05 6.54E-0S 7.95E-03 1.34E-04 1.98E-04 3.O6E-04 4.76E-04 7.71E-04 1.33E-03 2.49E-03 3.69g>03 

IS HOT FAST S.Z6E-04 T. 00E-03 1.45E-03 3.S3E-03 7.04E-03 1.I2E-02 I.SSE-OS 3.45E-0JJ 5.99E-02 1.I4E-01 1.93B"-01 

17 COLD SLOW 1.43E-05 2.7SE-05 3.87E-05 S.65E-05 1.48E-04 3.23E-04 3.S3E-04 B.31E-D4 3.64E-04 1.80E-D3 3.^3E-03 

18 HOT SLOW 2.22E-04 3.83E-04 5.31E-04 t.HE-03 2.26E-03 3.88E-03 6.55E-03 1.30E-02 1.58E-02 2.16E-02 2.9SS-02 

88 COLD MED 3.28E-05 4.95E-05 6.36E-05 9.44E-05 1.54E-04 2.13E-04 3.10E-04 5.01E-04 1.O8E-03 1.99E-03 3.356-03 



NFFTUNlUM Cun»)lATlVE PR/'^TinNAl. I. FACII ( CFL ) IM DTCT.WATER 

CHAN TEMP HOW SAMPLING DAYS 
1 2 3 5 11 20 37 6© 120 2?0 420 

19 COLD MEO 3 .36E-05 5.70E-OS S.73E-P3 7.94E-0r> 9 .01E-05 1 .3RE-04 1 . 9CE-04 2 . < l i r - 0 4 4 . 5 I E ' 0 4 7 .73E-01 I . 3 2 E " 0 3 

20 COLD MJTD 3.21E-0G 5 .03E-05 5.75E-0r» 6 .B3E-05 0 .20F 05 1 . 09E-04 l . ' M E - O " 2 .S0E-04 5.4QC-04 8.rS0F_-04 ( . 4 2 E - 0 3 

21 COLD MFD 3.03K-nr , C m e - O R ft.lOE-O^ 7.POF.-0C n.c,0E-OE 1.19E-H4 1.67F-CM 2.7KF-0-1 7. 7RF-04 1.74E-03 ri.OOE-03 

^ 23 HOT MED 1.20E-04 2 .07E-04 3 .05E-04 4.93E-0/J 0 .01E-04 1.24E-03 2 .30E-03 4 . 3 6 E 0 3 0 .06E-03 2 .06E-02 5 .B7E-02 

ro 

1 24 COLD FAST 4 .47E-05 5.0GF-05 5 .45E-05 6.60C-OS A.S3E-C5 1.21E-04 1.&2E-01 3.0>«E-0i 1.G0E-CM fl.12E-04 1.35E-03 

25 HOT FAST 2 .13E-04 4.0SE-04 5 95E-04 1 . 1 9 r - 0 3 2 . 3 3 F - 0 3 3 .79E-03 5.P.4E-03 Q.nnF-OS 1.S5E-02 2 .31E-02 5 .04E-02 

26 COLD SLOW 1 46E-05 3 .41E-05 S.35E-05 7.5<)r-0S O.OSOQS 1.0SE-04 1.35E-0-1 l . W E - 0 4 P.67E-04 5 .04E-04 8.39F.-04. 

27 HOT SLOW 3 .97E-05 1.20E-04 1.47E-04 2.73E--0-1 4 .P0E-04 Q.03E-04 P.01E-04 I.GSF-O? 3.7SE-03 9 .15E-03 a.SOE-OZ 



PLUTONIUM CUMULATIVE FRACTIONAL LFACH (CFL) IN C-.tlNE 

CHAN TEMP F(-OW SAMPLING DAYS 
1 2 3 S 11 20 07 S3 130 230 420 

1 COLD MED 9.85E-06 1.25E-05 1,4lE-05 1.73E-05 2.14E-05 2.62E-05 3.42E-05 4.68E-05 6.65E-05 S.29E-05 1.33E-04 

3 COLD MED 4.76E-06 7.64E-06 9J28E-06 1.25E-05 1.63E-05 2.28E-03 3.1FF-05 4.59F1-OF. 6.56E-05 1.00E-04 1.48E-04 

4 COLD MED 4.87E-0S 7.05E-06 8.53E-06 1.17E-05 '..68̂ -05 2.46E-05 3.55E-05 5.20E-05 7.G9E-05 1.17E-04 1.77E-04 

JL 5 HOT MED 1.76E-06 1.95E-06 a.03E-06 2.19E-06 2.52E-06 a.99E-06 4.7SE-06 3-Q5E-06 1.61E-05 3.54E-05 7.1CE-05 
f 

6 COLD FAST 1.47E-05 1.53E-05 1.71E-03 2.11E-03 2.6OE-03 3.57E-03 5.7CE-05 9.4/1FT-0B 1.49E-04 2.41E-04 3.66E-04 

7 HOT FAST 8.96E-06 9.40E-06 9.50E-06 1.10E-05 1.40E-05 2.Q3E-05 3.33E-05 1.09E-04 2.99E-Q4 6.19E-04 9.73E-04 

8 COLD SLOW 9.5SE-06 1 . SOE-05 1.36E-05 1.37E-05 1.51E-05 1.S2E-05 R.eSE-05 3.35!":-05 4.50E-05 8.17E-0r> 1.21E-04 

9 HOT SLOW 3.37E-07 4.31E-07 4.81E-07 5.57E-07 6. 90E-07 8.93E-07 1.3?E>06 2.05S-0S 4.75E-06 1.13E-05 1.33E-05 



PLUTONIUM CUMULATIVE FRACTIONAL LEACH (CFL) IN BICARBONATE 

CHAN TEMP FLOW SAMPLING DAYS 
1 2 3 6 11 20 37 68 120 230 420 

10 COLD MED 1.5IE-05 2.I5E-05 2.57E-05 3.58E-0S 5.22iT-0S S.07E-05 I.17E-04 1.71E-04 2.64E-04 4.07E-04 S.335-04 

11 COLD MEO l.SOE-05 2.30E-05 2.77E-05 3.396-05 4.76E-05 7.22E-05 1.13E-04 1.74E-04 2.31E-04 3.04E-04 4.67E-04 

13 COLD MEO 1.50E-05 2.22E-05 0. 3.30E-05 B.04E-05 7.67E-05 I.20E-04 1.91E-04 2.00E-04 4.27E-04 6.49E-04 

l^ 14 HOT MED 2.69E-0S 2.87E-06 305E-06 3.95E-06 (5.29E-0<5 I.01E-05 1.WE-0S 2.29E-05 3.93E-0S 8.32E-05 1.52E-04 
ro ui 

' 15 COLD FAST 2.S0E-05 3.2SE-05 3.85E-05 6.40E-05 9.32E-05 I.3BE-04 1.9GE-04 2.54E-04 3.S4E-04 5.93E-04 8.91E-04 

16 HOT FAST 1.04E-05 1.15E-0S 1.27E-05 2.09E-05 3.50E-03 5.35E-05 B.92Si-05 1.43E-04 2.42E-04 4.76E-04 8.26E-04 

17 COLD SLOW 5.12E-06 1.00E-05 1.31E-D5 2.48E-05 3.90E-05 5.49E-05 7.63E-05 1.0ZR-04 1.24E-04 1.74E-04 2.84E-04 

18 HOT SLOW 8.10E-07 9.34E-07 1.01E-06 1.19E-0S 1.66E-06 2.52E-06 3.63E-0S 4.36E-06 6.O0E-0S 9.15E-06 I.13E-05 

28 COLD MED 1 . 53E-05 2.26E-05 2.77E-05 3.90E-05 6.13R-05 8.2IE-05 1.O7E-0J 1 . 50E-04 2.14E-04 3.00E-04 5.21E-04 



PLUTONIUM CUMULATIVE FRACTIONAL LEACH tCFL) IN DIST.WATER 

3 6 11 20 37 68 120 230 420 

13 COLO MED 7.51E-06 t.31E-05 1.59E-05 2.01E-05 2.30E-05 3.23E-05 4.38E-05 5.80E-05 7.36E-G5 S.74E-QS 1.98E-04 

20 COLD MED S.36E-06 1.25E-0S 1.45E-05 1.79E-05 2.22E-0B 2.70E-O5 3.35E-05 4.70E-05 6.49E-05 9.2SE-03 1.59E-04 

21 COLD MED 7.B0E-06 1.21E-05 1.43E-05 I.88E-05 2.39E-05 3.C0E-O5 3.95E-05 5 34E-0S 0.20E-05 1.24E-04 1.46E-04 

S3 HOT HEO 7.0flE"Q7 B.10E-07 9.10E-07 1.12E-06 1.43E-06 2.29E-06 3.64E-06 4.42E-06 6.37E-0G 3.35E-05 2.Q4E-04 

£4 COLD FAST 3.07E-06 1.02E-05 1.S4E-05 1.63E-Q5 2.13E-05 2.94E-OS 5.04E-05 8.15E-05 1.I2E-04 1.63E-04 2.76F-D4 

25 HOT FAST 9.17E-P5 1.22E-05 1.53E-Q5 2.61E-05 5.3n£-05 9.6SE-05 1.60E-04 2.38E-04 3.94E-04 6.71E-04 1.08E-03 

26 COLD SLOW 3.28E-06 5.59E-06 S.97E-06 1.10E-08 1.32E-05 1.52E-05 1.8QE-05 2.37E-05 3.22E-05 4.92E-05 7.69E-05 

27 HOT SLOW 4.15E-07 4.44E-07 4.54E-07 4.B6E-07 5.47E-07 6.09E-O7 6,99E-07 9.49E-07 1.31E-06 2.90E-0S &.23E-06 



APPENDIX 9 

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

The XRF analyses (Appendix 6) yielded results which were nearly time-
invariant and the samples analyzed were not the same as those u<?d for the 
ICP analyses. We therefore calculated weighted mean leachate 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 leach rate (g glass/cm? day). These values were then used to calcu
late the extrapolated cumulative fraction leached for day 420. For com
parison, day 420 CFL values have been 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 cmz-day) and cu
mulative fractions leached (CFL) for stable elements df'-emined by ICP. 
See text for equations and calculation method. A zero in tie rate table 
signifies "not analyzed", and the CFL calculation replaces it wit., the 
average of the adjacent R values. A "less than" rate value is derived 
from the detection limit for those samples where the net concentration 
(Appendix 7) was below detection limits. In the CFL calculation, the 
detection limit value is used when present and all CFL values incorpor
ating any "less than" rate data are identified as "less than". 



BORON LEACHRATE - I C P - (G/CM2.DAY> 

CHAM SOLN TEMP FLOW SAMPLING DAYS 

10 B1CA COLD MED 
1 1 . BICA COLD MED 
12 BICA COLD MED 
13 BICA COLD MED 
t4 BICA HOT MED 
15 BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
18 BICA HOT SLOW 
19 DIST COLD MED 
20 DIST COLD MED 
21 DIST COLD NED 
22 DIST COLD MED 
23 DIST HOT MED 
24 DIST COLD FAST 
25 DIST HOT FAST 
26 DIST COLD SLOW 
27 DIST HOT SLOW 
28 BICA COLD MED 

I .58E-D5 <4 .25E-06 O . 7 7 E - 0 6 <4 .28E-06 3 -88E-06 <4.74E-06 5 .85E-05 <4.57E-0S 
6 . 0 8 E - 0 6 C3.90E-06 <3.a9E-06 <3 .85E-06 <3-35FT-06 <3.9f iE-06 <4.20E-06 <4.56E-0E 

<3 .63E-06 <3 .87E-0e <3.87E"06 <3 .74E-06 O . 9 5 E - 0 S <3. f l9E-06 C4.36E-05 <4.4QE-05 
5 .23E -06 <4 .04E-06 0. <4 .02E-0e <4-16E-06 <4.20E-06 <;4.76E-0S <4 .67E-06 
I . 0 3 E - 0 4 7 .57E-05 9 .09E-05 B.74E-05 8 .92E-05 9 .51E-05 1.03E-04 8 . 6 5 O 0 5 

<2.B4E-05 <B.53E-05 <S.54E-05 <£ .40E-05 <f?.48E-05 <1.66E-05 «2.19E-05 < 1 . 7 I E - 0 5 
1.30E-04 R.32E-04 1 . ' 3E -04 1.25E-04 1.25E-04 I .21E-04 1.30E-04 1.06E-04 
3 .92E-06 1 .90E-0S ', .65E-06 2 .16E-06 2 -02E-06 1 .76E-06 1 .33E-06 2 . 9 3 E - 0 6 
7 .79E-05 4 .90E-05 4 .62E-05 5 .94E-05 6 -23E-05 6 .75E-05 6 .21E-05 4 . 2 5 E - 0 5 
7 .59E-06 4.5-1E-06 <4.P0E-0G <4 .19E"06 <4-36E-06 <4.52E-06 <4.68E-06 <5 .75E-06 
7 .25E-06 <3.D8E-06 <3.87E~06 <3.84E"G6 <4-08E-06 O . 4 6 E - 0 S <4.57E-0S C4.7SE-06 
5 .91E-06 O . 9 4 E - 0 6 O . 9 5 E - 0 6 <3 .91E-06 <4-23E-06 <4 .2 !E -06 <5.05E-06 C4.53E-06 
I . 3 8 E - 0 5 5 .24E-06 6 .75E-06 B.08E-06- 7-13E-OS 1.52E-0S 9 .74E-06 1 .07E-05 
9 .33E-05 3 .33E-03 4 .82E-05 5.07E-O5 5 - 3 2 ^ - 0 5 5 .79E-05 4 .19E-05 3 .3CE-05 

<2 .54E-05 <2 .54E-05 <2.56E-05 <2 .56E-05 <2 .61E-05 <2.63E-05 O . 3 9 E - 0 5 <2 .60E-05 
5 .08E-05 7 .77E-05 3 .87E-05 4 . 3 5 E - 0 5 3 .92E-05 4 .05E-05 4 .73E-05 2.9QE-05 
5 .41E-06 3 .53E-06 5.62E- 'J6 <9 ,64E-07 <9-89E"07 O-S7E-07 < t . 0 8 E - 0 6 C1.05E-06 
6 .73E -05 5 .08E-05 1.80E-05 3 .70E-05 0- 5 .72E-05 4 .25E-05 3 . 1 9 E - 0 5 
6 .51E-06 2 .55E-05 <4.47E-06 <4 .39E-06 <4 .71E-06 <4.79E-06 <6.25E-06 <4,1SE-06 



CADMIUM LEACHRATE -ICP- (G/CM2.DAY) 

AVERAGE WTECTIOW L1MTT= G.5rtE-06 1 . 52E-05 1.06E-D4 
SLOW MEDIUM FAST CHAN SOLN TEMP FLOW SAMPLING DAYS 1 2 3 6 37 63 230 420 

10 BICA COLD MED <4. 73E-05 <4. 77E-05 <A. 23E-05 <4. 80E-05 <%. 3flE-r*5 ^5.31E-05 <5. 42E-05 <Z. 12E-05 
11. BICA COLD MED <4. 34E-0G <A. 37E-C0 <4. 3GE-05 <4. 3 2 E05 <0. 75l*-05 <4.46E-05 <A. 71E-05 <5. 1 lE:-05 
12 BICA COLD MED <A. ?.9E-05 < • * . 33E-0S <A, ,33E-05 <4, - 19E-05 <A. . ICiE -nr, c/*.-ICE-05 <4. .90E-05 <5. OSE-05 
13 BICA COLD MED <A. 54E-05 <4. 52E-05 0, <4, ,51E-05 <-1. er3E-os C4.70E-05 <5 .34E-05 <5, 23E-05 
14 BICA HOT MEO <A. 53F-05 •=3. 91E-OS <A, S4E-05 6. 1GE-05 <>t. 5fiE-05 «M.5£E-0S <5. ,33E-05 <A. 77E-05 
tS BICA COLO FftSl <2. &-*E-04 <2. .83E-04 <2. ,85E-04 <2. .69E-04 <2, . 78E-04 < P . O 0 E - 0 4 <Z .4GE-04 <1 .S2E-04 
16 BICA HOT FAST <2. 97E-04 <?.. 99E-04 <2. ,99E-04 3, . 16E-04 <3, . 23E-04 O.3RE-04 <Z .57E-04 <2. 32E-04 
17 BICA COLD SLOW <1 . 04E-05 <1. . 05E-03 <1, 05E-05 1 . .65E-0G <1 . 06E-O5 <1.01E-05 <1 . .02E-05 <1 , 15E-05 
IS BICA HOT SLOW <1. . 03F.-05 <9, .30E-06 <1. ,07E-05 1 .60E-05 <1 . .06F.-05 <1.06E-05 <1 .06E-0? ci , ,12E-05 
19 01ST COLO MEO <4. 67E-03 <4. .72E-CS <A. 71E-05 1-.73E-04 <A. . OOE-05 9.91E-05 <s. .24E-05 <6, ,45E-05 
20 D1ST COLD MED <4. 30E-05 <4. 34E-05 <4, ,34E-05 1 . .6CE-04 <A, 57E-05 8.64E-05 <s. .12E-05 <S .37E-05 
21 DIST COLD MED <A. ,40E-0B <4 .42E-0C <A .42E-05 1 . .67E-04 <A .74E-05 9.55E-05 <5 .66E-05 <5, .OSE-03 
2Z DIST CPt.O MED <4. ,18E-05 <A. .2SE-03 <4 .20E-05 Z. .24E-04 <4. ,43E-05 9.48E-05 9 .87E-05 <5, .03E-05 
23 D!ST HOT MED <4. ,40E-05 <3 .01E-05 <A ,34E-05 1 , .07E-04 <<1. .57E-05 9.64E-05 <5 .45E-05 <4 .99E-05 
24 OIST COLD FAST <2. .84E-04 <Z .85E-04 <?. .86E-04 <2 .87E-04 <P. .92E-04 <3.O0E-O4 <1 .56E-04 1 . ,44E-03 
25 D!ST HOT FAST = 2, ,54E-04 <Z .94E-04 <-Z .96E-04 3 .71E-04 <Z, . 61E-C4 3.70E-04 <2 .44E-04 <2, ,62E-04 
26 DIST COLD SLOW <1 , .04E-05 cl .07E-05 <^\ .07E-03 1 .32E-05 <\ .09E-05 M .08E-05 \ .30E-0S <-\ .17E-05 
27 DIST HOT SLOW 1 .91E-04 <1 .38E-05 <8 ,82E-06 1 .66E-05 0 6.62E-05 <1 .98E-05 «1 .06E-05 
28 BICA COLD MED <A ,S9E-05 c4 . 88E-05 <5 ,01E-05 <A .92E-05 <5 .28E-05 <5.37E-05 <7 .OOE-05 <A .66E-05 



IRON LEMJHRATE -1CP- ItS'CMS. DAV) 

CHAN SOLN TEMP FLOW SAHPLIN8 DftYS 

10 B1CA COLD MED 6.92E-0E 3.34E-0B 
11 B1CA COLD MED S.99E-0S' <1.12E-07 
12 BICA COLD MED 2.47E-05 5.69E-06 
13 BICA COLD MED 1.75E-06 I.94E-0S 
14 BICA HOT MED 6.08E-06 2.57E-06 
15 BICA COLD FAST 2.30E-06 8.d7E-06 
16 B1CA HOT FAST 3.62E-06 9.84E-06 
17 BICA COLD SLOW 3.48E-06 3.32E-06 
18 BIOA HOT SLOW 1.90E-06 4.43E-06 
19 DIST COLD MED 1.76E-0S 2.43E-0S 
20 DIST COLD MED I.27E-06 6.08E-05 
£1 DIST COLD MED 1.31E-06 1.28E-0S 
22 DIST COLO MED 2.73E-Q6 1 43E-06 
23 DtST HOT MED 2.15E-06 2.39E-06 
24 DIST COLD FAST 1.15E-06 0.47E-06 
25 OIST HOT FAST 56.51E-07 2.56E-05 
26 DIST COLD SLOW 2.05E-O6 1.00E-06 
S7 DIST HOT SLOW 1. 58E-05 3.7-1E-06 
28 BICA COLD WED 5.70E-06 5.O9E-06 

AVERAGE DETECTION L IN IT= 9 .07E-09 3. 0OE-O8 2 .72E-07 
SLOW MEDIUM FAST 

3 6 37 68 230 420 

2. 21E-06 3. 75E-06 5.53E-06 8. OOE-06 5.23E06 1 . 19E-05 
1. ,50E-0B 2, .12E-0G g.58E-06 3. S7E-06 4.I7E-06 1 . . SlE-05 
1. 92E-OQ \ , S6E-06 1.78E-06 3. 27E-06 4.01E-06 1 , .24E-05 
0. 2. 90E-06 3.5SE-06 <1 . 21E-07 2.63E-06 1 . .2OE-05 
2. . 19E-0B 1 , 89E-05 1.74E-06 3. 37E-06 3.57E-06 1 .25E-05 

<7, .30E-07 5, 82E-06 5.77E-06 6. S5E-06 9.50E-06 4. ,9OE-05 
A ,42E-oe 5, 60E-06 6.80E-06 a. 60E-06 8.74E-06 5 .52E-Q5 
3 , S7E-06 a .14E-07 8.25E-07 9 .93E-07 9.23E-07 5 .70E-OS 
1 .21E-06 9 23E-07 7.51E-07 A. .02E-06 6.30E-07 5 .26E-Q6 
2 .24E-06 4, .44E-OS 3,t3E-0S Z .05E-OS 3.26E-OT 1 .59E-D5 
8 .5SE-07 1. .89E-06 3.00E-06 ?.. 73E-06 3.83E-06 1 .3SE-QS 
1 .08E-0E 2 .14E-06 6.50E-0S 2 .84E-06 1.47E-05 t .25E-05 
1 .0SE-O6 3 .98E-0S 1,09E-06 3 .S4E-06 9.81E-06 1 .20E-05 
3 .OOE-06 1. .DIE-06 I.25E-06 A .84E-06 2.81E-06 1 .20E-05 
3 •09E-06 1 .S3E-06 4.71E'06 3 .11E-06 1.36E-05 5 .35E-05 
3 . 06E-06 4 .31E-06 5.1SE'06 1 ,16E-05 7.06E-06 5 .03E-05 
1 . 68E-06 5 -73E-07 9.65E'07 1 .47E-06 1.41E-06 5 .36E-Q6 

<2 . 26E-06 6 .82E-07 0. 1 .4SE-04 t.40E-0S 5 .1 IE-OS 
1 . 85E-06 4 .12E-06 9,95E'07 5 .89E-05 2.O4E-06 1 .24E-05 



SOLN TEMP FLOW 

MOLLY LEACHRATE -ICP- (G/CM2.DAY; 

AVERAGE DETECTION LIMiT= 
SAMPLING DAYS 

10 BICA COLD MED 

1 1 . B1CA COLO MEO 

1 2 BICA COLD MED 

1 3 BICA COLD MED 

1-1 BICA HOT HED 

1 5 BICA COLO FAST 

1 6 BICA HOT FAST 
1 7 BICA COLD SLOW 
ia BICA HOT SLOW 

19 BIST COLD MEO 

so DIST COLD MED 

2 1 DtST COLD MED 

2 2 DIST COLD HED 

2 3 DIST HOT MED 

2 4 DIST COLD FAST. 
2 5 DIST HOT FAST 

2 6 OIST COLD SLOW 
2 7 DIST HOT SLOW 
2 8 BICA COLD MED 

9 . 73E-0S <2 .75E-06 3 .86E-06 2 . 2SE-05 1 .48E-06 if. 9PE-06 3.52E-0S 6 . J3E-05 
6 . 51E-06' 7 . 85E-05 <2.51E-06 1 . 47E-05 Z.P.BE'OS 7.1 BE-06 3.7SE-0B 9 .15E-05 

I . 28E-05 <Z,$0E-Q6 4.24E-Q6 1 . 81E-05 5 .0PE-06 1.13E-05 8 .81E-06 9 .19E-05 
3 . 19E-06 < 2 . 6 t E - 0 6 0 . \ . 3SE-05 5,01E-OB <;2.71E-OS <3.07E-06 B.een-ns 
1 . .07E-04 8.05E-O5 9.4SE-05 1 . .12E-04 9 ,99E-05 1.05E-04 C3.07E-0S 1.79E-04 

: 1 . .S4E-D5 <1 ,63E-05 <1.6^E-0r . 2 . .63E-05 <1.60E-0S <1.20E-05 <1.41E-03 3 .69E -04 

1 , .06E-04 Z.4&Z-04 1.2QE-04 1 .64E-04 1 . M E - 0 4 1 .44E-04 t . 3 0 E - 0 4 4 .71E -04 
5 ,14E-06 3 .S9E-06 3.46E-OS 3 .63E-06 1 .7 IE -0S 3.33E-0G 1.18E-0S 3 .63E-05 
6 , ,48E-05 5 .63E-05 S. t1E-0Q 6 .41.E-05 S .53E-05 7 . 5 S i - 0 5 S.t>9E-05 8 .10E-05 

1 .66E-05 5.4SE-06 <2.71E-06 2 .25E-03 3 .70E-0S 1.33E-05 1.42E-03 1.12E-04 
1 .07E-05 6 . 3 9 E - 0 6 3 .34E-06 1 .82E-05 7 - 4 I E - 0 6 I .28E-05 1.09E-05 8 .98E-05 
e •71E-06 6 .44E-0S 3 .34E-06 1 .12E-06 7.3SE-0S 1.29E-05 7 .36E-06 9 .37E-0S 

3 .25E-05 1.25E-05 1 .40E-O5 3 .09E-G5 1,97E-05 2 .80E-05 2 .66E-05 1.06E-04 

9 .44E-05 3.08E-O5 5 .53E-05 7 .31E-05 5 .52E-05 7,0BE-05 S.47E-05 1.16E-04 

1 .9GE-05 2 .92E-05 4 .93E-05 <1 .65E-05 2 ,60E-05 <1.73E-05 3.72E-0S 4.09E-O4 

: i .4SE-05 1 .15E-04 3 .42E-05 6 .82E-05 4 . 2 7 E - 0 5 9 .12E-05 7.S3E-0S 4 .03E-04 

6 .55E-06 5 .29E-06 1 .0 IE-05 2 .35E-06 2 . 5 0 E - 0 5 2 .94E-05 4 .52E-06 3 . 9 1 E - 0 5 

7 .56E-05 5 .66E-05 <5.08E-07 4 .31E-05 0 . 6.37E-05 4 .69E-05 6 .91E-05 

4 -65E-0S <2.81E-06 <2,89E-06 t .34E-QS <3 .04e -0S S.24E-OB <4 .03E-06 9 .52E-05 



NICKEL LEACHRATE -ICP- (G/-CM2.DAY) 

CHAN SCU-M TEMP FLOVI SAMPLING DAYS 

10 B!CA COI-D MED <2. 63E-05 4. 30E-05 
11 B1CA cei-D MED <2. 42E-05 <?.. 43E-05 
12 BICA COLD MED <2. 39E-05 <2. 4JE-05 
13 BICA COLD MED <2. 53E-05 <2. 52E-05 
14 BICA HBT MED £2. 52E-05 <2. .1BE-05 
15 BICA COLD FAST «1. 5BE-04 <1 . .58E-04 
IE BICA HOT FAST «1. 65E-04 <1 . 66E-04 
17 BICA COLD SLOW 6. 73E-06 <S, 83E-06 
IS BICA HOT SLOW 6. 53E-OS «5 ,18E-06 
19 D1ST COLD MED 3. OOE-05 <2 .63E-05 
20 DIST COLD MED <2 40E-05 <2 .42E-05 
21 D'ST COLD MED <2. .45E-05 <2 .46E-05 
22 D'ST CHLO MED 3. 92E-05 <2 .37E-05 
23 DIST HCT MED 2 ,98C-05 <1 .60E-05 
24 DIST COLD FAST <1 . 30E-04 <1 .58E-04 
25 DIST HOT FAST 2 .85E-04 <1 .64E-04 
26 DIST COLD SLOW 1 .69E-05 <S .93E-06 
27 DIST HOT SLOW 1 .5IE-05 <7 .7OF-0S 
£8 BICA COLD MED 3 .33E-05 <2 . 7P.E-05 

AVERAGE DETECTION LIMIT* I.97E-06 8.48E-06 5.91E-05 
SLOW riEDi an FAS7 

3 6 37 68 230 420 

<2. 35E-05 3. 65E-05 1 . 44E-05 <?.. 9RE-05 <3. 02E-05 3. 08E-04 
'•Z. 43E-05 <?.. 40E-05 <2. 09E-05 6. 09E-05 <2. 52E-0S 3. 60E-04 
<2. 41E-0S <2. 34E-05 <2. 47E-OS <2. 49E-05 <2. 73E-05 3. 2BE-04 
0. 5. 90E-05 <2. 60E-05 5, 22E-05 <2. 97E-05 3. 60E-04 

<2. 53E-05 <2. 51E-05 <2. 54E-05 A. M E - 0 5 <£. 97E-05 3. .ase-04 
<1 . 59E-04 3. 52E-04 <!. 55E-04 1 . 31E-04 «1. 37E-0fl 1. 44E-03 
CI . S7E-04 3. 10E-04 <1. 80E-04 <1 85E-04 <1 . 43E-04 1. SOE-03 
<5. 86E-06 8. 65E-06 <5. 9IE-06 1 . S4E-05 <5. 67E-0B 1, .39E-04 
<0. .90E-06 I. .36E-05 <S. . 92E-06 <5 .90E-06 <5. 99E-0B 1 .406-04 
<2 .62E-05 5 . 90E-O5 4 .01E-05 5 .12E-05 3 ,92E-05 3 .89E-04 

(VI .42E-05 1 . 04E-04 <2 54E-05 7 .45E-05 2. 86E-05 3 39E-04 
<2 .46E-05 6. ,96E-05 <2 .64E-05 9 .I5E-05 <3. .15E-0S 3 .19E-04 
<2 .37E-05 <2 . 35E-05 <2 .47E-05 I .03E-04 <2 . 91E-0E. 3 .75E-04 
<2 .42E-05 4 ,63E-05 <2 .55E-05 R .10E-05 1 .O6E-04 4 .Z2E-04 
<3 .59E-04 i\ .60E-O4 2 .54E-04 <1 .67E-04 9 .91E-05 1 .39E-03 

<\ .S5E-04 2 .S7E-04 <1 .46E-04 1 . 96E-04 2 .15E-04 1 .43E-03 
<S ,93E-06 <6 .01E-06 1 .54E-05 1 ,02E-05 9 .82E-06 1 .48E-04 
3 ,39E-05 8 .26E-06 0 3 . 5SE-05 <1 .10E-0S 1 .29E-04 

<2 73E-05 <2 .7«E-0S <2 .94E-05 8 .02E-05 <3 .90E-0S 3 .54E-04 



SILICON LEACHRATE -ICP- (G/CM2 DAY) 

AVERAGE DETECTION LlMIT= 
CHAN SOLN TEMP FLOW SAMPLING DftYS 230 

10 BICA COLD MED 
11 BICA COLD MED 
IS BICA COLD MED 
13 BICA COLD MED 
14 BICA HOT MED 
15 BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
18 BICA HOT SLOW 
1 9 DI3T COLD MED 
20 DIST COLO MED 
31 DIST COLD MED 
22 DIST COLD MED 
23 01ST HOT MED 
24 DIST COLD FAST 
25 DIST HOT FAST 
26 DIST COLD SLOW 
27 DIST HOT SLOW 
26 BICA COLD MED 

3.54E-05 
3.15E-05 
9.01E-06 
2.26E-05 
I.07E-04 
2.05E-05 
1.53E'04 
2.17E-05 
1.65E-05 
S.9QE-05 
3.57E'05 
2.89E'05 
2.S4E'05 
9.86E'05 
4.41E'05 
7.61E-05 
2.1EE-05 
5.7&E-05 
1.75E~06 

8.83E-06 
3. 12E-06 
4.39E-06 3.53E-QG 
7.02E-D6 O. 
8.27E-05 9.32E-05 
3.20E-05 M.34E-06 
2.99E-04 1.37E-04 
5.7IE-06 
1.72E-05 
Q.57E-0G 
7.49E-06 
8.26E-06 
7.8IE-06 
4.31E-05 
3.64E-05 
1.38E-04 
6.01E-06 
4.63E-05 
1.OOE-06 

6.11E-06 <2.26E-07 M.13E-07 <2.50E-07 <2.55E-07 
5.B8E-06 <2.03E-07 <1.77E-07 <2.10E"07 <2-21E-07 

1.97E-C7 <2.0£E-07 2.11E-07 <2.31E-07 
2.12E-07 <2.19E-07 <2.31E-07 <2.51E-07 
3.41E-05 5.66E-05 4. SPE-Of. 7.91E-05 
1.27E-0B <).31E-0S t^.COE-O? <1.1RE-06 
1.41E-06 3.SIE-05 <1.56E-0S 7.2SE-05 
4.9PE-08 <4.S9E-0B <4.73E"0rt 3.07E-07 
5.445-05 A- 75E-0E- 5. 73E-05 4. 31E-05 
2.21K-07 c2 30E-07 <S.30E~07 <2.4SE-07 

3.35E-06 
1.69E-05 
6.37E-06 
4 .50E-06 <2.O2E-07 C 2 1 5 E - 0 7 < l .G2E-07 <2 .41E-07 
5 .40E-06 <2 .06E-07 C2.23E-07 <2.22E"07 <2.6GE-Q7 
S,85E-06 <1 .39E-07 <2.0&E-07 <S.14E-0? •£2.<!5E-07 

5 .92E-05 4.30E-OS 2 -32E-06 7.33E-06 3 .59E-05 
1.26E-05 2 .52E-05 < l . 3 8 E - 0 B 6.6PE-06 <7 .35E-07 
-.-J.46E-0S <1.38E-CS <1.£3E-0S <1.35E~0S 4 .14E-05 

9 .96E-06 <5 .08E-08 < 5 - H E - 0 8 <5. 10E-08 <5 .67E-06 

1.39E-05 3 .36E-05 0. 3 .67E-05 2 .65E-05 
5 .32E-06 <R .3 IE -07 <2.*18E-07 <2.52£-C7 <3 .29E-07 

4 .66E-06 
4 .26E-06 
2 . 82f t -06 
2 .91E-06 
B.49^-D5 
6. t i r : - 06 
T.O7E-04 
2.65E-CS 
4.07S-0E 
2 .3SE-05 
1.76E-06 
I . 4 1 E - 0 6 
7 .54E-08 
3 .69E-05 
5 . 8 9 ^ - 0 6 
3 .93E-05 
1.OPE-06 
3 .14E-05 
2 .32E-06 



CHAN SOLN T1KP FLOW SAMPLING DAYS 

STRONTIUM LEACHRATE -1CP- (G/CM2.DAY) 
AVERAGE DETECTION LIMIT= 

2 3 6 37 

t o B I C A COLO neo 

11 BICA COLD MEO 

12 BICA COLD NED 
13 BICA COLD NED 
14 BICA HOT NED 
15 BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
18 BICA HOT SLOW 
19 DIST COLD NED 
20 D1ST COLD NED 
21 DIST COLD NED 
22 OIST COLD NED 
23 DIST HOT NED 
24 DIST COLD FAST 
25 DIST HOT FAST 
26 D'ST COLO SLOW 
27 DIST HOT SLOW 
2B BICA COLD NED 

<1.29E-05 -O .30E-03 O . 1 5 E - 0 3 O . 3 1 E - 0 5 " :6.52E-06 <1.4PE-03 <t .48E-OS <1.39C-0S 
O . 1 0 E - 0 5 <1 .19E-05 C1.19E-05 <1 .10E-05 < 1 0 2 E - 0 5 <1.22E-05 <1.2QE-05 O . 3 9 E - 0 5 
O . 1 7 E - 0 5 <1.18E-05 <1 .18E-05 <1 .14E-05 <1 .21E-05 <1 .22E-05 O ^ E - O S < t . 3 7 E - 0 5 
<1 .24&-05 <1.23E-07 0 . O . 2 3 E - 0 5 <1 .27E-05 <1 .2eE-05 <1.45E-0t> <1 .43E-05 
<1 .23E-05 <1.07E-05 <1.2/ ]E-05 <1 .23E-05 O . 2 4 E - 0 5 O . 2 5 E - 0 5 1 ,87E-05 3 .74E-05 
C7.75E-05 <7.7EE-QS <7.7f iE-D5 <7 .3dE-05 C7.57E-05 <B.60E-03 <G.69C-05 <5 .22E-05 
<8 .09E-05 <8.15G-05 <8 .15E-05 <8 .14E-05 <8.31E-05 <9 .06E-05 <7 .01E-05 <6 .33E-03 
<2 .83E-06 <S.93E-06 <2 .87E-06 <2 .89E-06 <2.89E-06 <2.7-1E-06 <2 .77E-06 <3 .14E-06 
<2 .32E-06 <2.53E-Q6 <2.S2E-06 2 . 4 8 E - 0 5 2 .21E-05 2 .16E-05 I . 68E -05 1.1CE-05 

O . 2 7 6 - 0 5 <1 .29E-05 <1.20E-O9 <1 .28E-05 <1 .33E-05 <1.3GE-05 <1 .43E-05 <1 .76n-0S 
<1 .17E-05 < l , l S E - 0 5 <1 .16E-05 <1 .17E-03 O . 2 4 E - 0 5 <1.08E-0B <1 .40E-05 <1.46E-0S 
<1 .20E-05 O . 2 0 E - D 5 <1 .21E-05 O . 1 9 E - 0 5 0 . 2 9 E - Q 5 <1.28E-05 O . 5 4 E - 0 5 <1.39E-0S 
O . 1 4 E - 0 5 <1.16E-05 < l . 1 6 E - 0 5 <1.15E-0S <1.21E-D5 <1.24E-05 < l . 4 3 E - 0 5 <1 .37E-03 
<1 .20E-05 <8 .20E-06 <1.18E-05 <1 .19E-05 <1 .25E-05 <1.2RE-0S <1 .40E-05 < l , 3 6 E - 0 0 
C7.75E-05 <7 .75E-03 <7.eOE-03 -=7.82E-05 <7 .97E-05 <8.18E-05 <4 .26E-05 <7 .93E-03 
<6 .92E-05 <8 .01E-05 <8.0GE-05 <S.00E-05 <7 .12E-05 <7.8<*E-05 <6 .65E-05 <? .14E-05 
<2 .82E-05 <2 .92E-06 <2.93E-06 <2 .94E-06 <2.9"3E-0? <2.95E-06 <0 .20E-06 <3.19£>06 

O . 8 9 E - 0 6 <3 .77E-06 <2 .40E-06 7 .38E-06 0. 1.03E-05 8 .67E-06 1.91E-05 
<1 .25E-05 <1 .33E-00 <1.S6E-05 O . 3 4 E - 0 * ; O . 4 * E - 0 5 <1.4e=E-05 <1 .91E-05 <1 .20E-05 



TITANIUM LEACHRATE -1CP- tG/CIIS.DAY) 

CHAN SOLN TEM? FLOW SAMPLING DAYS 

10 BICA COLO BED <2.33E-07 C2.31E-07 
11 BICA COLD MED 2.09E-05 1.19E-05 
12 BICA COLD NED 1. 64E-05 2.06E-05 
13 B1GA COLD NED I.96E-05 2.10E-05 
14 BICA HOT HED 1.96E-05 1.72E-05 
15 BICA COLD FAST 8.81E-05 1.S7E-04 
IF BICA HOT FAST 7.17E-05 1.59E-04 
17 BICA COLD SLOW e.67E'06 &.SDE-OS 
18 BICA HOT SLOW 8.50E~06 a.7ie-oe 
IS DtsT COLD MED 1. 90E-05 2.13E-03 
20 DIST COLD HED 1.81E-05 2.04E-05 
21 DIST COLD MEO 1.84E-05 2.0GE-05 
22 DIST COLD MED 1.95E-05 2.09E-05 
23 DIST HOT HEO I.65E-05 I.99E-05 
21 DIST COLD FAST 6.69E-05 1.55E-04 
25 DIST HOT FAST 7.09E-05 1.57E-04 
26 DIST COLD SLOW 7.97E-06 7.31E-06 
27 DIST HOT SLOW 0.I5E'06 9.29E-06 
2S BICA COLD HED <2.2SE'07 <2.40E-07 

AVERAGE DETECTION L-IM!T= 1.74E-08 7.4SE-08 5.22E-07 
SLOW MEDIUM FAST 

3 6 37 68 230 420 

2.04E-05 2. 64E-05 £.32E-06 1 . 75E-05 <2. 67E-07 9.05E-06 
2.17E-05 2. 58E-0& S.02E-05 1 , 74E-05 <2. 32E-07 1-03E-O5 
2,0QE-05 2. 47E-05 1.97E-05 1 . 67E-05 <2. 41E-07 1.01E-QS 
0. 1 . .55E-05 2.O2E-05 1 .71E-05 <2, 62E-07 1,O4E-05 
2. t4E-05 2. 5GE-05 1.85E-05 1 , 71E-0S <2. 62E-07 1-01E-05 
6.17E-05 6, .69E-05 0.12E-05 6, .53E-05 <1 , 21E-06 4.15E-05 
8.43E-05 6, 65E-05 7".45E-05 7, . 18E-05 <t . 26E-06 4.32E-05 
6.03E-06 1 .74E-06 A.41E-06 3 ,63E-06 <B 01E-08 4.21E-0S 
e.odE-oc 1 . . 76E-OG #.ote-oG i .3ae-oe <G. , aari-oa 3.0<!e-D5 
£. 15E-05 2. .68E-05 l.99E-03 \ .60E-05 <2, .5SE-07 1 .11E-05 
2.14E-05 2 .21E-05 1.98E-05 1 ,67E-05 <2 ,52E-07 9.30E-0S 
2. 16E-05 2 .50E-05 2.03E-05 1 ,69E-05 <2 .78E-07 9.33E-06 
2. 12E-05 2 .19E-05 2.0PE-05 1 .6SE-05 <2 .37E-07 9.23E-0B 
2.15E-05 2 .50E-05 1.84E-05 1 ,79E-05 <2 .68E-07 9.17E-06 
6.43E-Q5 6 .EBE-05 S.20E-05 S ,98E-05 <7 .69E-07 4.35E-05 
7.92E-05 6 .20E-05 0.33E-O5 G .S4E-05 <1 . .20E-06 3.37E-03 
1.60E-05 \ .37E-06 4-28E-05 3 ,27E-0*5 *5 .93E-0S 3.93E-06 
E-.52E-06 1 .36E-06 o. 7 ,43E-06 «9 .73E-08 3.61E-06 
2.S5E-05 6 .©5E-06 1 .85E-0S 1 ,71E-0B <3 .44E-07 9.76E-0S 



CHAN SOLN TEMP FLOW SAMPLING DAYS 

URANIUM LEACHBATE - I C P - 0/CM2.DAY) 

AVERAGE DETECTION LIMIT= 

2 3 6 37 

10 B1CA COLD MED 
11 BICA COLD MED 
12 B1CA COLD MED 
13 BICA COLD MED 
14 B!CA HOT MED 
15 DICA COLD FAST 
IS BICA HOT FAST 
17 BICA COLD SLOW 
16 BICA HOT SLOW 
19 OlST COLD MEO 
20 D1ST COLD MED 
21 DIST COLD MED 
22 D1ST COLD MED 
23 DIST HOT MED 
24 DIST COLD FAST 
25 OIST HOT FAST 
26 DIST COLO SLOW 
27 DIST HOT SLOW 
26 BICA COLD MED 

<4.27E-06 <4.30E-06 <3.S!E-06 <4.32E-06 <2.16E-06 <4.79E-08 <4.89E-06 <4.61E-06 
C3.92E-06 <3.94E-06 <;3.93E-0e <3.B9E-06 C3.38E-06 <4.03E-06 <4.24E-Q6 <4.60E-Q6 
<3.87E-0S <3.91E-06 O.91E-06 <3.78E-0<> O.99E-06 <4.04E-06 <4.42E-06 <4.53E-06 
C4.09E-06 <4,08E-06 O. <4.06E-06 <4,20E-06 <M.24E-06 <4.S1E-OS <4.72G-06 
2.71E-05 2.41E-03 3.04E-05 1.40E-05 3.8OE-05 3.H2E-03 6.51E-05 6.13E-03 
«2.56E-05 <2.53E-05 <2.57E-05 <2.43E-05 <2.51E-05 <1.88E-05 <2.2tE-05 <1.7GE-05 
<2.68E-0S <2.70E-05 <2.70E-05 <2,70E-05 <2.91E-05 C3.00E-03 <2.32E-05 <2.10E~05 
O.37E-07 O.44E-07 <9.5QE-07 <9.57E-07 O.56E-07 O.07G-07 O.18E-07 <1.04E-06 
5.79E-05 3.33E-05 3.S3E-05 6.27E-05 5.nOE-05 5.S0E-05 5.07E-0S 2.32E-05 
<4.21E-08 <4.26E-06 C4.24E-06 «:4.23E-06 C4.40E-O6 C4.36E-06 C4.72E-0B <3„61E-06 
<3.88E-oe <3.91E-06 O.91E-06 C3.B8E-06 <4.12E-06 <3.49E-06 <4.$2E-05 <4.B4E-06 
O.97E-06 O.98E-06 <3.99E-06 <3.95E-06 <4.27E-06 <4.25E-06 <5.10E-06 <4.39E-06 
O.77E-06 <3.84E-06 O.84E-06 <3.81E-06 O.99E-06 <4.10E-06 <4.72E-0S <4.53E-06 
O.97E-06 <2.71E-06 O.91E-06 <3.93E-06 <4.12E-06 <4.17E-06 C4.91E-06 <4.50E-06 
CZ.56E-05 <2iS6E-05 <2.58E-05 «2.59E-D5 <2.64E-05 <2.71E-05 <!.41E-05 <2.63E-0S 
C2.29E-05 <2.65E-05 <:2.e7E-05 <2.65E-05 <2.36E-05 C2.59E-05 <2.20E-05 <2.36E-05 
O.35E-07 O.68E-07 O.68E-07 O.74E-07 O.79E-07 O.77E-07 <1.09E-06 <1.06E-Q6 
C1.29E-0© <1.23E-06 <7.96E"07 <7.84E-07 0. <1.88E-06 <l.78E-05 0.60E-07 
C4.14E-06 <4.40E-06 C4.52E-06 <4.44E-06 <4.76E-06 <4.84E-06 <6.31E-06 <4.22E-D6 



ZINC LEACHRATE -ICP- (G/CM2.DAY) 

CHAN SOLN TEMP FLOW SAMPLING DAYS 
1 2 

10 BICA COLD MED 5.77E-05 9.43E-06 
11 BICA COLD MED 3.00E-06 5.00E-06 
12 BICA COLD MED 1.37E-0S 1.3SE-05 
13 BICA COLO MED 7.46E-06 6.62E-06 
14 BICA HOT MED 9.56E-0S 5.32E-06 
18 BICA COLD CAST 3.2CE-05 2.53E-0S 
16 B1UA HOT FAST 2.26E-05 5.24E-05 
17 BICA COLD SLOW 6.35E-06 6.B9E-06 
18 BICA HOT SLOW 1.94E-06 2.45E-06 
19 OIST COLD MED 9.54E-0S 1.50E-05 
20 DIST Ci'LD MED 9.60E-06 1.266-05 
21 DIST COLD MED 8.16E-06 1.38E-05 
22 DIST COLD MED 3.84E-05 3.07E-O5 
23 DIST HOT MED 4.58E-06 3.93E-06 
24 DIST COLO FAST S.44E-05 4.63E-05 
25 DIST HOT FAST 5.65E-05 1.OOE-04 
26 DIST COLD SLOW 2.0BE-06 4.S7E-0B 
27 DIST HOT SLOW 2. 17l£-06 1.29E-05 
28 BIDA COLD MED 1.73E-05 6.01E-06 

AVERAGE DETECTION LIMIT* 3.6SE-08 1.67E-07 1.16E-0B SLOW MEDIUM FAST 
3 6 37 68 £30 420 

6. 52E-06 6. .88E-06 1 . 64E-06 6. 77E-06 4. .54E-06 2. .S4E-0S 
4 ,44E-06 6 ,51E-06 3 .50E-0B 5 23E-06 1. .93E-06 3 .9SE-06 
1 366-OB 1, .66E-05 1 . 99E-05 1. 7RE-05 1 . .64E-05 1. ,21E-05 
0. B. 29E-06 4. 26E-06 S. 74E-06 4. 11E-06 2. 23E-0S 
5. 63E-06 s. 31E-06 6. 7 8 E 0 6 7. 53E-05 S. 27E-06 S. 83E-0G 
t. 526-05 a. 24E-05 1 . 25E-05 a. 72E-05 1 . 29E-0S 5. 03E-06 
2, 426-05 3. 43E-05 S. 46E-05 3. 11E-05 2. 70E-05 1. 36E-05 
1. 546-06 1. 42E-06 t. 63E-06 3. 29E-0S 1, 33E-06 t. 34E-06 
2 176-06 l, 62E-0S 1 .57E-06 9. 56E-06 9, .94E-07 2. 31E-06 
8 076-06 I, 02E-05 6, 22E-06 7. 83E-0G <5, 74E-07 4, 55E-06 
8 .446-06 i. 02E-05 5 60E-06 8. 06E-0S 5. .49E-06 3 •47E-06 
7 .806-06 9 .47E-06 6 .83E-0S 7. • 52.E-06 6 •23E-06 2 .7SE-06 
3 .09E-05 3 .55E-05 3 .33E-05 3 •S2E-05 4 .37E-05 4. .14g-05 
6. .32E-06 7. 4BE-06 4. 38E-06 9. 40E-06 1 . 30E-05 1. e?E-05 
1 .82E-05 2. 21E-05 2 .08E-05 1 . 93E-05 1 71E-0S 7, .69E-06 
<l 32E-05 S .12E-0S 5 .41E-05 6. 74E-05 7 .59E-05 2 ,41E-0S 
1 .BSE-05 4 .46E-0S 2 .G2E-0B 3 •41E-06 3 . 34E-0B 1 . 83E-0S 
8 .94E-07 1 .12E-06 0 5 .36E-06 2 .S4E-06 1 .9SE-06 
4 .OOE-06 0 .43E-06 4 .02E-06 6 .32E-06 3 .95E-0P 2 . 6aE-06 



CALCIUM LEACHRATE -ICP- (G/CM2.DAY) 

CHAN SOLN TEMP FLOW SAMPLIN3 DAYS 

1 0 B I C A COLD MEO 2 . 2 1 E - 0 3 2 . 7 4 G - 0 4 

11 B I C A COLO MED 6 . 3 9 E - 0 4 1 . I 4 E - 0 4 

1 2 B I C A COLD MED 1 . 6 2 E - 0 4 1 . 8 3 E - 0 4 

1 3 B I C A COLO MED 1 . 8 1 E - 0 4 1 . 0 6 E - 0 4 

1 4 B I C A HOT MED 3 . 6 S E - 0 4 1 . 3 8 E - 0 4 

1 3 B I C A COLD F A S T 6 . 0 3 E - 0 4 6 . 2 4 E - 0 4 

1 6 B I C A HOT F A S T 5 . 0 9 E - 0 4 1 . 2 9 E - 0 3 

1 7 B I C A COLD SLOW 9 . 9 3 E - 0 4 6 . 6 9 E - 0 5 

I S B I C A HOT SLOW 1 , 3 S E - 0 4 7 . 3 3 E - 0 5 

1 9 D I S T COLO MEO 2 . 5 7 E - 0 4 8 . 2 5 E - 0 5 

2 0 D I S T COLD MED 1 . 9 3 E - 0 4 1 . 3 0 E - 0 4 

2 1 D I S T COLO MEO 1 . S 6 E - 0 4 9 . 0 1 E - O P 

2 2 D I S T COLO MED 1 . 5 2 E - 0 4 7 . 4 2 E - 0 5 

Z 3 D i S T HOT MED Z . 1 4 E - 0 4 t . S l E - 0 4 

2 4 D I S T COLD FAST 8 . 1 4 E - 0 4 S . 2 2 E - 0 4 

2 5 D I S T HOT F A S T 3 . 8 3 E - 0 4 6 . 7 7 E - 0 4 

2 6 D I S T COLD SLOW 1 . 3 2 E - 0 4 6 . M E - 0 5 

2 7 D I S T HOT SLOW 1 . 1 5 E - 0 4 1 . 0 0 E - 0 4 

2 8 B I C A COLD MED 9 . 0 9 E - 0 < 1 1 . B 3 E - 0 3 

AVERAGE DETECTION I.JWIT= 4.33E-Q8 1.86E-07 1.3QE-06 SLOW MEDIUM FAST 
3 6 37 60 230 420 

4 , 88E-04 7 . 84E-05 3 , 82E-OS 6 .76E-05 9 . 77E-05 1 .17E-04 

1 . 00E-04 9 . .73E-05 9 . 1 I E - 0 5 7 .81E-05 7 . OCE-05 4 .08E -04 

1 . 07E-04 8 , .54E-0S 9 . 84E-0? 5 .33E-05 1 . 40C-04 9.G5E-05 
0 . 6 , B4E-05 7 . S4E-C5 S.47E-05 7 . 30E-05 4 . 4 2 E - 0 5 
2 . 69E-04 1 , .87E-04 J . 73E-04 I .4GE-04 1 . S?E-04 1.04E-04 
6 , 79E-04 a. 5SE-04 R. 74E-C4 9 .07E-04 2 . . sae-04 9.9?t I~0S 

2 . 46E-03 3 , .76E-04 2 . 53E-03 5.T1E-04 5 . .77E-04 2 .18E-04 

2 . 91E-05 A .15E-05 2 . P9E-D5 6.40E-D5 3 , .40E-05 2 . 0 4 E - 0 5 
4 . 9?E-05 3 . . 62FT-05 s. S1E-05 2.90-Z-04 4 . .43E-05 7 .51E-0S 

7 . ,10E-05 1 .07E-04 6 , .5SE-05 4 .23E-05 5 .13E-05 1.71E-04 
9 . 22E-05 5 .46E.-04 G .GO^-0-5 3.*&-»E-C>5 1 .DIE-O/1 S.4SE-D6 

5 , ,S6E-Q5 7 .4GE-05 5 , ,94E-0S S.19E-05 5 .-30E-03 1.71E-0S 
6 , .45E-05 1 .67E-04 7 , .23K-05 1.3CE-CM 3 .90E-0S 1.76E-03 
1 , .15E-CM I .84E-04 8 , . 25E-05 1 ,05E-D4 1 .40E-O4 5.G0E-0S 

2 .32E-04 2 .79E-04 2 . 99E-0<1 2 .73E-04 1 .84E-04 6 .57E-0S 
3 . 65E-04 Z . 31E-04 3 .35E-04 3.e4E-D4 3 .37E-04 5 .04E-05 

7 .65E-05 Z .O lE -05 2 .7GE-05 2.6GE-05 3 .42E-05 I . 1 4 E - 0 5 
3 .94E-05 5 .88E-05 Q I 1 2 2 E - 0 4 5 .07E-05 4 , a 2 E - 0 5 
e .02E-03 I -73E-04 1 . 02E-04 6 .84E-05 8 . 52E '03 6 .6SE-05 



SODIUM LEACHRATE - I C P - (S/CM2.DAY) 

CHAN SOLN TEMP FLOW SAMPLINS DAYS 

10 BICA COLD MED 3.59E-03 4.92E-03 
11 BICA COLD MED 3.B6E-03 <4.12E-07 
12 BiCA COLD MED 3.19E-03 1.70E-03 
13 BICA CO'-D MED 3..3E-03 2.51E-03 
14 BICA HOT MED 3.55E-03 1.40E-03 
15 BICA COLD FAST 1.48E-0Z \ .SSE-Ol 
16 BICA HOT FAST 1.52E-02 2.05E-01 
17 BICA COLD SLOW 1.33E-03 3.66E-04 
IB BICA HOT SLEW 1.23E-03 3.21E-04 
19 DIST CO' D MED 2.42E-04 1.85E-04 
20 DIST COLD MED 1.06E-04 3.12E-05 
21 DIST COLD MED 7.01E-05 2.68E-05 
22 DIST COLD MED 1.24E-04 2.28E-05 
23 DIST HOT MED 5.20E-04 7.35E-05 
24 DIST COLD FAST 1.39E-03 1.27E-04 
25 DIST HOT FAST 3.73E-04 2.62E-04 
26 DIST COLO SLOW 9.61E-0S 2.35E-05 
27 OIST HOT SLOW 6.20E-04 8.09E-0* 
28 BICA COLD MED 2.69E-03 2.40E-03 

AVERAGE DETECTION L I M I T = 3 . 3 1 E - 0 8 1 .44E-07 1 .00E-06 
SLOW MED1UM FAST 

3 6 37 f8 230 420 

3. 74E-03 1 . 60E-04 2. 14E-03 2. 35E-03 4. 07E-03 <4. 83E-07 
1. 50E-03 4. 94E-05 3. 69E-03 1 , 32E-03 3. 44E-03 1. 51E-03 

•1 .8&E-03 <3. 96E-07 4. .27E-03 1 , 34E-03 3 ,32E-03 9. .03E-04 
0, <4. SSE-D7 4. 29E-C3 2, \3E~03 3. 48E-03 e. «IE-05 
1 . S6E-03 3. 09E-04 4. 32E-03 1, 71E-03 3. 38E-03 <4. 50E-07 
6, 13E-03 2. 96E-03 1. 89E-02 5, 95E-03 1 . 11E-02 <1. 81E-06 
5, 58E-02 3. 56E-03 2. 5IE-02 1 , 05E-02 1. 52E-02 1. 63E-03 
<9 ,94E-08 <1 . 00E-07 1 . ,12E-03 6, OOE-04 1 .52E-03 <1 •OBE-07 
<1 ,01E-07 2. 38E-04 1. .34E-03 2 03E-03 1 .60E-03 <1 .OSE-07 
2 .18E-05 5. 32E-05 7. •45E-05 2, 23E-05 1 .01E-04 1 .63E-05 
1 91E-05 4, 41E-05 5. ,63E-05 5, 01E-05 8 .S4E-05 1 .42E-05 
1 .82E-0S 2 , 79E-05 3 .61E-05 2 , 82E-05 4 • 7QE-05 3 .10E-05 
2 .57E-05 2 .42E-05 4 .02E-05 3 .19E-05 1 .50E-04 1 50E-05 
8 .68E-05 9. 11E-05 9. .32E-05 9. .50E-O5 1 .05E-04 4 57E-05 
6 ,47E-05 5, 45E-05 1. ,77E-04 8 .79E-05 1 .34E-04 4 .17E-05 
1 .25E-04 1 , 11E-04 2. .23E-04 1 .29E-04 6 .OOE-04 6 .29E-05 
1 .13E-04 6 .22E-06 1 .27E-03 6 .73^-05 2 .4SE-05 5 .91E-06 
5 .71E-05 6 .24E-05 0 7 .'2E-05 5 .85E-05 3 .70E-05 
1 .58E-03 1 .15E-03 4 .51E-Q3 2 .?5E-03 5 .43E-03 <4 •4IE-07 

file:///3E~03


BORON CUMULATIVE FRACTIONAL LEACH (CFL) 

CHAN SOLN TEMP FLOW SAMPLING DAYS 
1 2 

10 BICA COLO ruo 6.38E-05 <8. 09E-05 <9 
n B'CA COLD MED 2.39E-05 •O.92E-05 <S 
12 OICA COLD MED O .34E-05 <3.09E-05 <4 
13 BICA COLD MED 2.04E-05 O.62F.-05 <o 
14 BICA HOT MED 3.85G-04 6.S8E-04 1 
15 BICA COLD FAST «t 016-04 <2.02E-04 <3 
16 BICA HOT FAST 5.00E-O4 I .39(1-03 1 
1? BICA COLD SLOW I.57E-05 2.33E-05 2 
is B'CA HOT SLOW 2.976-04 4.&6E-04 e 
19 D1ST COLD MED 2.936-05 4.63E-05 C6 

ij 20 DIST COLD MED 2.646-05 <4.35E-05 <S 

Szi OIST COLD MED 2.266-05 <3.77E-05 <S 
22 DIST COLD MED S.57E-D5 7.69E-05 1 
23 DIST HOT MED 3.6SE-04 4.95E-04 6 
24 DIST COLD FAST <9.70E-DS <1 . 94E-04 <2 
25 DIST HOT FAST \. 99E-04 5.04E-04 6 
26 DIST COLO SLOW 2.1IE-05 3.49E-05 5 
27 DIST HOT SLOU 2.60E-04 4.56E-04 5 
28 BICA COLD MED 2.56E-05 I 26E-04 *1 

AVERAGE DETECTION LIMIT* 3.16E-07 1.36E-0G 9.48E-06 SLOW MEDIUM FAST 
3 6 37 66 230 420 

.BtE-as < \ • flBE-Oa t©. 5SE-04 O . 2IE-03 <S.18E-02 <4.5PE-03 
•45E-05 <1 . 01E-04 <5, 37E-04 <9, .99E-04 <3.59E-03 <6.84E-03 
.S4E-05 <9. 19E-05 <5 .see-tM <1 . ,DOE-03 <3.7SE-Q3 <7.13E-03 

<8. oeE-os <5. .77E-CM <1. ,JOE-03 <3.91E-03 «7.3SE-03 
.O1E-03 2. 00E-03 I . E2E-02 2 .29E-02 6.13E-02 1.48E-D) 
•04E-04 <5, 96E-04 <3 ,61E-03 <K .30E-00 <1.94E-02 <3.41E-02 
.84E-03 3. 30E-03 1 . 01E-02 3 .27E-02 t.11E-01 1.Q6E-01 
.99E-05 5. .S1E-05 3 . IC-O'! 5 .57E-04 1.55E-03 3.16E-03 
.62E-01 I , ,35E-03 8. .50E-03 I . SKE-02 5.52E-G2 9.275-02 
.31E-05 <1 .12E-04 <6 ,23E-04 <1 .17E-03 <4.D3E-03 <7.83E-C3 
.87E-05 <1. . 04E-04 <5, ,03E-04 <1 .0!>E-03 <3.G8E-03 <7.Q4E-03 
.28E-05 <9. .82E-05 <5 ,80E-04 <1 .10E-03 <3.95E-03 <7.41E-03 
.04E-04 2. .03E-04 I , I5F-03 2 .BIE-03 1.07E-02 1.S5E-02 
.S3E-04 I .29E-03 7 , 5Fc:-03 1 .43E-02 4.50E-02 7.29E-02 
.92E-Q4 <5 .89E-04 <3 ,64E-03 <6 .80E-03 <}.94E-Q2 <3.3BE-02 
.56E-04 1 .17E-03 6 .16E-03 1 . IOE-02 3.C2F-02 S.64E-02 
.6SE-05 <6 ,82E-05 <1 .65E-04 <3 .05E-P4 <9.4SE-04 <1.73E-03 
.26E-04 9 .60E-04 0 I .23E-02 4.26E-02 6.97E-02 
.43E-04 «1 .96F-04 <7 .47E-04 <\ .33E-03 <4.75E-03 <8.61E-03 



CADMIUM CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION L1MIT= 
CHAN SOLN TEMP FLOW SAMPHNQ DAYS 

1 2 3 6 37 63 230 420 
<1.9DE-04 C3.S2E-04 <5.52E-04 «l.14E-03 C5.56E-03 <1.06E-02 C4.53E-02 <8.53E-02 
<l,71E-04 O.43E-04 <5.14E-04 -O.03E-03 <5.92E-03 O.11E-02 <4.01E-02 <7.65E-02 
<1.72E-04 O.46E-04 <5.19E-04 <1.03E-03 <6.37E-03 <l.21E-02 <4.23E-02 <7.99E-02 
*1.77E-04 C3.53E-04 cO. <B.88E-04 C6.42E-03 -;I.23E-02 <4.38E-02 <9.27E-02 
<1.69E-04 C3.16E-04 <4.63E-04 O.19E-03 <7.33E~03 <1.26E-02 «4.19E~02 <7.76E-02 
<1.14E-03 C2.27E-03 <3,41E-03 <6.68E-03 <4.05E-02 <7.14E-02 <2.18E-01 O.82E-01 
<1.14E-03 <2.29E-03 <3,4?E-03 <7.12E-03 <4.49E-02 <G.39E-02 <2.67E-01 <4.44£-01 
<4.15E-05 <6.34E-05 O.25E-04 O.27E-04 O.99E-03 O.32E-03 <:9.83E-03 O.80E-02 
<3.94E-0B <7.48E-05 «1.t6E-04 <3.01E-04 <1.05E-O3 O.IOE-03 O.53E-03 <1.74E-02 
<1.80E-04 <3.63E-04 «5.45E-04 <2.57E-03 <1.55E-02 <2.46E-02 <7.1BE-02 <1.14E-01 
<1.68E-04 <3.30E-O4 <5,08E-04 <2.46E-03 <1.S0E-02 <2.34E-02 <6.66E-02 <t.05E-G1 
O.68E-04 O.37E-04 C5.07E-04 <2.45F-03 O.49E-02 <2.37E-02 <7.05E-02 <1.Q9E-01 
<1.69E-04 -:3.41E-04 <3.13E-04 O.26E-03 O.96E-02 <2.87E-02 O.16E-02 <1.4SE-01 
O.72E-04 <2.S0E-04 <4.59""-04 <1.73E-03 <1.08E-02 <l.95E-02 <6.60E-02 <1.Q4E-01 
O.09E-03 <2.18E-03 C3.27E-03 <6.60E-03 <4.08E-02 <7.71E-02 <2.17E-01 <7.97E-01 
<9.97E-04 <2.15E-03 O.S1E-C3 <7.73E-03 <4.58E-02 <B.44E~02 <2.75E-01 <4.62E-01 
<4.04E-03 <0.23E-05 <1.24E-04 <2,80E-04 <1.72E-03 <3.0<3!:-03 <1.0SE-02 <1.97E-02 
7.39E-04 <7.92E-04 <8.27E-04 <t.02E-03 <0. <1.10E-02 O.71E-02 <4.82E-02 
C1.80E-04 O.72E-04 <5.6DE-04 <M.16E-03 <7.34E-03 <1.38E-02 <5.22E"02 O.54E-02 

10 BICA COLD MED 
11 BICA COLD MED 
12 BICA COLD MEO 
13 BICA COLD MED 
14 BICA HOT MED 
15 BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
18 BICA HOT SLOW 
19 DIST COLD MED 
20 OIST COLD MED 
21 DIST COLD MED 
22 DI*T COLD MED 
23 OIST HOT MED 
24 DIST COLD FAST 
25 DIST HOT FAST 
26 DIST COLD SLOW 
27 DIST HOT SLOW 
28 BICA COLD MED 



IRON CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION l r lMIT= 
CHAN SOLN TEMP FLOW SAMPLIN* DAYS_ 

10 BICA COLD MED 
11 B1CA COLD MED 
12 BICA COLD MED 
13 BICA COLD MED 
14 BICA. HOT MED 
15 BICA COLO FAST 
16 blCA HOT FAST 
17 BICA COLD 'JLOW 
18 BICA HOT oLCW 
19 DJST COLD MFn 
SO DIST COLD MCD 
21 DI5T COLD MED 
22 DIST COLD MED 
23 01 ST HOT MED 
24 DIST COLD FAST 
25 DIST HOT FAST 
26 DIST COLD SLOW 
27 DIST HOT SLOW 
26 BICA COLD MEO 

1 2 3 6 37 66 230 420 
2 .76E-05 0 .13E-05 5 .02E-05 9 .60E-05 0.77E-O4 1,61E-03 6 . I 4 E - 0 3 1 .27E-02 

1.17E-05 <1.22E-0C < i . 8 1 E - 0 5 <4 .34E-05 <$ .30E-04 <6,99E-04 O . 0 5 E - 0 3 O . 1 I E - 0 3 
9 .90E-05 1.22E-04 1.29E-04 1.52E-04 3 -77E-04 7 .04E-04 3 .05E-03 9 .28E -03 

6 .S3E-06 1.44E-05 0, 4 . 8 0 5 - 0 5 J 3 9 E - 0 4 <S.62E-04 <1 .53E-0? <6.9DE-03 
2 . 2 6 E - 0 5 0 .24E-05 4 ,06E-03 2 .55E-04 1 .41E-03 1 71E-03 3 .76E-03 P.46E-03 

9 .19E-06 4 .30E-05 <4.!19E-05 < I . 1 7 E - 0 4 <$-3?.F.-0<\ <1.64E-03 <6.91E-03 <2 .90E-02 
1.39E-05 5 .15E-05 6 .86E-05 I . 34E -04 0.69E-O4 1.79E-03 7 .17E-03 3 .04E-02 

1.38E-05 2.7QE-05 5 .05E-05 5 .55E-05 1 .33E-04 2 .49E-04 8 .65E-04 3.39E-D3 
7 .24E-06 2 . 41E-05 2.S7E-05 3. 94E-05 1 • 37E-04 4 .25E-04 1 . 821--03 3 .94E -03 
e. BftF-nfi i eae-QS v rtoc-n-i T. 7 o = - o 5 *i acc-o-« a . « c - < ? i i . i ? 6 - o a a. M E - O S 
4 .97E -06 2 .43E-04 2 .46E-04 2 .69E-04 tf.66E-04 9 .25E-04 3 .00E-03 9 .57E-03 
5 .77E-06 I 07E-05 1.48E-05 3 .97E-05 3 -64E-04 1.13E-03 6 .55E-03 1 .64E-02 
1 . 10E-05 1.69E-05 2 .12E-05 7.00E-05 4 .32E-04 7 .66E-04 5 .02E-03 1.34E-02 

8 .41E-0S 1.77E-05 2 .95E-05 5 .21E-05 3 -41E-04 6 .16E-04 2 .97E-03 6 .47E-03 
4 .41E-06 3 .68E-05 4.S6E-05 6 .99E-05 4 -62E-04 9 .37E-04 6 .09E-03 3 .04E-02 

<£.5SE-06 <1 .03E-04 < l , 1 5 E - 0 4 •; 1 . 67E-04 e7".40E-04 <1.77E-03 <7.5SE-03 <S.99E-02 
1.1SE-05 1.54E-05 2 19E-05 2 .87E-05 1.2ZE-04 2 .75E-04 1.18E-03 3 .67E-03 
6 .11E-05 7 .55E-05 <7.36E-03 <8 .60E-05 > 1>- <1 .61E-02 <6 .33E-02 <6 .5?E-02 
2 .24E-05 4 .24E-05 4 .96E-05 9 .89E-05 4 -02E-04 8 .31E-04 3 .28E-03 8 .66E-03 



HOLLY CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION LIMIT* 2.04E-O7 0.77E-O7 6.I2E-06 SLOW MEDIUM FAST CHAN SOLM TEMP FLOW SAMPL1NS DAYS 
1 2 3 6 37 66 230 420 

10 BICA COLD MED 3.91E-0S <S.02E-05 <<5.57E-05 O.44E-04 < l .B !E-03 C«.P.3E-0X C4.98E-03 O.73E-02 
11 BICA COLD MED 3.35E-05 3,<i?.E-04 <3,S»E-0<1 <5.2SE-04 <! .SiE-03 <2.ME-00 <5,59E-03 <4.)2E-02 
12 BICA COLD MED 5.12E-05 <S.12E-05 <7.P2E-03 C2.99E-04 <t,71E-03 <B.77E-03 O.27E-03 <4.75E-02 
13 BICA COLD MED 1.34E-05 <P..2SE-05 <0. <1.86E-04 <1.30E-03 O.78E-03 <3.S0E-03 O.63E-02 
14 BtCA HOT MED 4.O2E-04 7.03E-04 t.DSE-03 2.32E-03 1.45E-02 2.6SE-02 <5.30£-O2 <1.«3E-OI 
15 BICA COLD FAST CS.53E-03 <l.31E-04 S1.96E-04 t5.16E-04 <3.11E-03 <4.B9E-03 <1.33E-02 < 1 . 5EE-OT 
16 BICA HOT FAST 4.03E-04 1.3SE-03 1.8IE-03 3.73S-03 2.0TE-02 3.S3E-02 I.21E-0! 3.39E-OI 
17 EICA COLD SLOW 2.05E-05 3.49E-0S 4.48E-05 8.B9E-05 4.15E-04 7.41E-04 2.19E-03 1.SSE-OS 
18 BICA HOT SLOW 3.33E-04 5.33E-04 7.32E-04 1 . 47E-03 9.13I--03 1 .73E-02 S. 03E-02 1.13E-01 
19 DIST COLD MED 6.42E-05 S.53E-05 C9.5SE-05 <3. BOE-04 C2.20E-03 O.57E-03 <1.21E-02 <5.S4E-02 

• 20 DIST COLD MED 4.1SE-05 6.6SE-05 7.S9E-05 2,S7E-04 1.83E-03 3.10E-03 1.O6E-02 4.79F-02 
' 21 DIST COLD MED 3.33E-05 5.80E-05 7.D8E-05 2.01E-04 1.30E-03 2.57E-03 8.95E-03 4.56E-02 

22 DIST COLD MEO 1.31E-04 1.82E-04 2.42E-04 6.E1E-04 3.75E-03 6.35E-03 2.4SE-02 7.53E-02 
23 DIST HOT HED 3.6SE-04 5.21E-D4 7.37E-04 1.61E-03 9.30E-03 1.70E-02 5.56E-02 1.20E-CT 
24 DIST COLD FAST 7.51E-05 1.87E-04 3.75E-04 <5.67E-04 <3.10E-03 <!5.73E-O0 <2.25E-02 <t.P4E-0! 
25 DIST HOT FAST <5.74E-0S <5.0«E-04 <6.42E-04 <1.69E-03 O.52E-03 <I.78E-02 <6.97E-02 <2.4SE-01 
26 BIST COLD SLOW 2.55E-0S 4.62E-0S 8.SEE-05 1.13E-04 4.11E-04 7.5SE-04 3.IOE-03 1.92E-C3 
27 DIST HOT SLOW 2.92E-04 5.11E-04 <5.13E-04 «1.02E-03 <0, <1.35E-02 <4.75E-02 <3.0CE-02 
28 B!CA COLD PEO 1.S2E-05 O.93E-05 <4.06E-O5 <2,01E-04 <1,l8E-03 <I.SSE-03 <4.SSE-03 <3.78E-0Z 



NICKEL CUMULATIVE FRACTIONAL LEACH (CFU 

CHAN SOLN TEMP i LOW SAMPLING DAYS 
10 BICA COLJ MED C 1 . 0 6 E - 0 4 < 2 . 7 9 E - 0 4 < 3 . 

u BICA coi.o F1ED C 9 . 5 1 E - 0 5 <1 9 1 E - 0 4 « 2 . 

1 2 BICA COLO MED < 9 , 5 8 E - 0 5 <\ 9 3 E - 0 4 < 2 . 

1 3 BICA COLO MED < 9 . a 3 E - 0 5 <1 . 2 7 E - 0 4 < 0 . 

1 4 BICA HOT MED e S . 4 3 E - 0 5 <^ 7 6 E - 0 4 <Z. 

1 5 BICA COLO F A S T 1 6 . 3 3 E - 0 4 <1 2 6 E - 0 3 < 1 . 

1 6 BICA HOT F A S T < 6 . 3 4 E - 0 4 < l . 2 7 E - 0 3 <1 . 

1 7 BICA COLD SLOt l 2 . 6 C E - 0 5 < 5 . 0 2 E - 0 5 <7. 

1 6 BICA HOT SLOW 2 . 4 9 E - 0 5 < 4 . 4 6 E - 0 S <S. 

19 DI-T.T COLO MED 1 . 1 6 E - 0 4 < 2 . 1 & E - 0 4 < 3 . 

2 0 DIST COLO HEP < 9 . 3 S £ - 0 S <1 . 8 8 E - 0 4 < 2 . 

2 1 Bisr COLO MED < 9 . 3 S E - 0 5 <1 . 8 8 E - 0 4 < 2 . 

2 2 OIST COLD MED 1 . 5 6 E - Q 4 < 2 . 5 4 E - 0 4 < 3 , 

2 3 OIST HOT MED 1 . 1 S E - 0 4 < 1 . 8 2 E - 0 4 < 2 . 

2 4 DIST COLD FAST < 6 . 0 E F - 0 4 <1 . 2 1 E - 0 3 <1 . 

2 5 DIST HOT FAST 1 . 1 2 E - 0 3 <1 . 7 6 E - 0 3 C 2 . 

2 6 DIST COLD SLOM 6 . 5 6 E - 0 5 <li . G 9 E - 0 5 <1 . 

2 7 OIST HOT SU3U 5 . 8 4 E - G 5 < S . 8 2 E - O S < 2 . 

2 8 BICA COLD MED 1 . 3 1 E - 0 4 < 2 . 3 6 E - 0 4 < 3 . 

AVERAGE DETECTION L1HIT= 1.97E-Q6 8.48E-0e 5.91E-05 SLOW MEDIUM FAST 
3 6 3? 68 230 420 

74E-04 < 6 . 20E-D4 < 3 . 90I--03 <e. 80E-03 <2. 62E-02 « 1 . 55E~Q1 
86E-Q4 < 5 , 73E-04 < 3 . 30E-00 < 8 . &SE-03 <3. 60E-Q2 <1 , QOE-01 
99E-Q4 < 5 , 74E-04 < 3 . 5 5 E - 0 i <6. 73E-03 < 2 . 36S-02 <\. 58E-01 

<•&. 97E-04 < 0 . 95E-03 <1 . 09E-02 < 3 . BSE-02 <\ . 81E~01 
70E-04 < 5 . B5E-04 O . 47E-03 <7. 36E-03 < S . 83E-DS <). 62E-0 I 
9QE-03 < 6 , 17E-03 < 3 . 71E-02 < G . S3E-02 <1 . 41E-01 < 7 . 4DE-01 
91E~03 < 5 ,53E-03 < 3 .43E-02 < 5 .60E-Q2 <7 56E-01 < 7 . .92E-GI 
37E-0S <1 ,79E-04 <1 . ,07E-03 < 2 .45E-03 <e .23E-03 <©, . 4 i E - o a 

74E-05 < 2 ,?5E-04 <1 .3SE-D3 <2 .05E-03 < 5 .64E-03 < 5 . .84E-02 
19E-04 <1 .01E-03 <e .39E-03 <1 .26E-02 « 4 .06E-02 <1 .98E-01 
03E~04 <1 .5SE-03 < 9 .SOE-03 < 1 .55E-02 < 4 .7SE-02 <1 , . 84E-0 I 
ft?.E~04 < 1 .09E-03 <H .5CE-03 < 1 .4GE-02 < 5 . IBE-02 < 1 -79E-01 
50E-04 < 6 ,30E-O4 < 3 , G5E-03 <1 , .KOE-02 <S •48E-02 < 2 , 09E-01 

77E-04 <S .26E-04 < 5 .11E-03 <1 ,C4E-02 <S .22E-02 <Z . 56E-0 I 
&2E-03 < 3 .60E-O3 < 2 .83E-D2 < 5 . 3<5E-02 < 1 .36E-01 <B .75E-D1 

4 I E - 0 3 < 5 .47E-03 < 2 ,96E-02 < 5 , CME-02 <1 .78E-01 < 7 ,90E-01 

1SE-04 <1 .53E-04 <1 .49E-03 < 3 .D6E-03 <& .36E-03 <B ,76E-02 

\SE-Qd <a .16E-Q4 < 0 < 5 .6QE-CV3 <\ .97E-Q2 <1 . 10E-02 

,47E~04 < 6 .74E-04 < 4 . 11E-03 <1 .09E-02 <4 .78E-02 Cl •94E-01 



HAN ROLN TEMP FLOW 
10 B1CA COLD NED 
11 BiCA COLD MED 
12 BICA COLD MED 
13 BICA COLD MED 
14 BICA HOT MED 
15 BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
la BICA MfflT euew 
19 DIST COLD MED 
20 D1ST COLD MED 
21 DIST COLD HEO 
22 DIST COLD MED 
23 DIST HOT MED 
24 DIST COLD FAST 
25 DIST HOT FAST 
25 DIST COLD SLOW 
27 DIST HOT SLOW 
2d BICA COLD MED 

SILICON CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION L IM IT -

SAMPLING DAYS 
1 2 3 6 37 66 £30 420 

1.42E-D4 1.78E-04 2.02E-04 <2.05E-04 <2-26E-04 <2.50E-04 <4.13E-04 C2.29E-03 
1.24E-04 1.3ISE-04 1.58E-04 O.61E-04 <|.B4E-04 <2.0BE-0<! <3.45E-04 ea.01E-03 
3.61E-05 5.37E-05 6.78E-05 C7.02E-05 O.54E-05 <T.22E-04 <2,65E-a4 <l.42E-03 
8.83E-05 1.16E-04 0. <1.18E-04 <) .44E-04 O.72E-04 O.20E-04 O.49E-03 
4.01E-04 7.11E-04 1.06E-03 1.45E-03 6-04E-03 1.27E-02 4.B7E-02 1.07E-01 
6.17E-05 S.10E-04 <2. 15E-04 <2.30E-04 <3-90E-0*1 <;5.33E-04 O.22E-03 <3.97E-03 
6.Q5E-04 1.75E-03 2.2CE-03 <2.30E-03 <4-70E>03 <6.SCE-03 <3.01E-02 O.51E-02 
6.63E-05 I.IOE-04 1.23E-04 O.24E-04 <|.30E-04 <l.P6E-04 <2.51E-04 <1.38E-03 
s . e s c - o s t .*0E"O>4 i . o » c - o i o . i f tE -o^ &r TOE-OS i . 30E-0H 4 . 32E-02 7, 30E-02 
1.15E-04 1.48E-04 1.73E-04 <1.75E-Q4 <2 r02E-0fl <2.31E-0<1 <3.82E-04 <1.33E-03 
1.40E-04 1.69E-04 1.C7E-04 <1.69E-04 <2-14E-04 <2.39E-04 <3.73E-04 C1.12E-Q3 
1.11E-04 1.42E-04 1.G3E-04 <1.65E-04 <1,91E-04 O.18E-04 O.68E-04 C9.7SE-04 
1.15E-04 1.46E-04 1 .74E-04 O.77E-04 <2,02E-04 <:2.29E-04 <3.79E-0fl O.36E-03 
3.85E-0*! 5.54E-04 7.85E-04 8.37E-04 2.93E-03 4.35E-03 1.78E-02 4.4BE-02 
I.69E-04 3.08E-04 3.56E-04 6.50E-04 C2.18E-03 <K.68E-03 <4.94E-03 <7.34E-03 
2.99E-04 8.42E-04 1.10E-03 <t.1IE-03 ci,S7E-03 O.43E-03 O.48E-02 <4.47E-02 
8.5IE-05 1.09E-04 1.47E-04 <1.48E-04 <1 ,5411-04 <1.60E-O4 <1.94E-04 <6.07E-04 
2.23E-04 4.02E-04 4.56E-04 8.50E-04 0, 9.27E-03 2.85E-02 4.96E-02 
6.8SE-05 1.11E-04 1.32E-04 <I.3SE-04 <1,64E-04 <1.94E-04 <3.75E-04 <I.36E-03 



STRONTIUM CUMULATIVE FRACTIONAL LEACH (CFL> 

AVERAGE DETECTION LIMIT= 
CHAN SOLN TEMP FLOW SAMPLING OAYS 

1 2 3 6 37 66 230 420 
<5.19E-03 <1.04E-04 <1.50E-04 O.10E-04 <1.51E-03 <2.88E-03 <1.24E-02 <2.32E-02 
<4.<35E-05 O.33E-05 <\.40E-OA <2.3OE-04 O.6IE-03 <:3.02E-03 0.09E-02 <2.0£E-02 
<4.69E-0B <9.42E-05 <1.42£-04 <2.81E-04 <1.74E-03 <3.29E~03 <l.15E-02 «2.18E-02 
<4.82E-03 <9.63E-03 <0. <2.42E-04 <1.75E-03 O.34E-03 <l.l9E-02 <2.Z3E-02 
<4.61E-05 <8.60E-05 <1.32E-04 <2.72£-04 <I.70E-03 <3,l4E-03 <t.24E-02 O.2ZG-02 
C3.10E-04 <6.18E-04 C9.28E-04 <l.B2E-03 <1.10E-02 O.95E-02 <5.93E-02 O.04E-01 
O.10E-04 <e.23E-04 C9.36E-04 <1.88E-03 <1.19E-02 <2.25E-02 <7.24E-02 O.21E-01 
O.13E-05 <2.27E-05 c3.42E-05 <6.93E-05 <4.26E-04 <7.86E-04 <2.56E-03 <4.79E-03 
C1.07E-05 <2.04E-0B O.15E-05 <3.19E-04 O.07E-03 <5.65E-03 O.72E-02 <=2.72E-02 
C4.92E-05 <9.89E-05 <1.4BE-04 <2.98E-04 <1.86E-Q3 <3.S3E-03 <1.23E-0g <2.39E~02 
C4.59E-05 O.22E-0B <1.38E-04 <2.78E-04 <1.74E-03 O.18E-03 <1.09E-02 C2.15E-03 
C4.59E-05 O.19E-0B <1.38E-04 <2.77E-04 <1.75E-03 <3.32E-03 <l.Z0E-0? <2.26E-02 
<4.60£-05 O.29E-05 <1.40E-04 <2.81E-04 <1.75E-03 O.33E-03 <1.20E-C1 <2,27E-02 
<4.69E-05 <7.89E-0B <1.25E-04 <2,6SE-04 O.73E-03 <3.25E-03 <1.17E-02 <2.22E-02 
<2.96E-04 <3.93E-04 <8.91E-04 O.80E-03 <1.IlE-02 <2.I0E-02 <S.92E-02 <1.03E-C1 
<2.72E-04 <5.66E-04 O.02E-04 O.B6E-03 O.10E-02 <2,OlE-02 <6.50E-02 <1.16E-01 
<1.10E-05 <2.24E-03 < ; ' . 3fiE - 05 <P.?7E-05 <4.24E-Cd <7.93F.-04 <2.75E"03 <5.13E'03 
O.50E-05 <2.96E-05 <3.B9E-05 <1.25E-04 CO. <2.24E-03 <8.02E-03 <l.S2E-02 
•C4.9IE-05 <I.0IE-04 <t.55E-04 <3.15E-04 <2.00E-03 <3.7SE-03 <1.42E-02 <2.S0E-02 

10 BICA COLD MED 
11 BtCA COLD MED 
12 BICA COLD MED 
13 B1CA COLD MED 
14 BICA HOT MED 
15 BICA COLO FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
is BICA HOT SLOW 
19 DIST COLD MED 
20 DIST COLD MED 
21 DIST COLD MED . 
22 DIST COLD MED 
23 DIST HOT MED 
24 DIST COLO FAST 
25 DIST HOT FAST 
25 DIST COLD SLOW 
27 DIST HOT SLOW 
28 BICA COLD MED 



TITAN 1UI1 Cl'MULAT 

CHAN SOLN TEMP FLOW SAMPLING PAYS 

10 BICA COLD MED «9.3SE-07 <\. BBE-06 
11 B1CA COLD MED B.21E-05 1 .29E-04 
12 BICA COLD MED 7.39E-05 1. .56E-04 
la BICA C P U ) WED 7.7TE-05 1 .59E-04 
u BIOA MOT MEO 7.32E-05 1. 38E-04 
15 BICA COLD FAST 2.72E-04 s, 39E-04 
IB •jlCA HOT FAST 2.75E-04 8 .85E-04 
1? BICA COLD SLOW 3.47E-05 s .90E-05 
IS BICA HOT SLOW 3.K4E-05 e .56E-05 
la DIST COLO MED 7.35E-05 i .56E-04 
20 OIST COLD MED 7.1DE-03 i .51E-04 
21 D1ST COLD MED 7.05E-05 I .49E-04 
2? DIST COLO MED 7.89E-05 i .S3E-04 
23 DIST HOT MED 7.23F-05 i .50E-04 
24 DIST COLD FAST 2.HSE-04 s .37E-04 
2S DIST HOT FAST 2.70E-04 9 .94E-04 
25 DIST COLD SLOW 3.11E-05 S .9SE-05 
27 DIST HOT SLOW 3.15E-05 8 .74E-08 
26 BICA COLD MED <S. 67E-07 <1 .83E-06 

IVE FRACTIONAL LEACH (cFL) 

AVERAGE DETECTION LlMlT= 1.74E-08 7.49E-08 5.22E-07 SLOW MEDIUM FAST 
3 6 37 68 230 420 

8. 41E-05 <4. 07E.-04 <S.. S3F.-03 <A. 2\E-03 <9. 94E-03 <1 . 35E-02 
2. 14E-04 5. 23E-04 3. 31E-03 5. S6E-03 <1 . 12E-02 <1. S1E-02 
2. 40E-04 S. 40E-04 3. 28E-03 5. 60E-O3 <1 . 10E-02 <I. SOE-02 
0 3 .43E-04 2 .S1E-03 4 .03E-03 <1 .03E-02 <1 .42E-02 
2. I8E-04 5. 09E-04 3. 04E-03 5. OS.E-03 <1 . O2E-02 <1. 38E-02 
1 . 27E-03 2. OBE-03 1 , 13E-02 2. OSE-02 C4. 19E-02 <5. 80E-02 
1 . 21E-03 1. 98E-03 1 . 03E-02 1 . .90E-O2 <4. 1SE-02 <5. 78E-02 
9. 64E-05 1 . 17E-04 5. 03E-O<> 1 , .02E-0.3 <2 .19E-03 <3, .S1E-03 
8 .20E-05 1 .12E-04 4 ,90E-04 9 •37E-04 <2 .25E-03 <3 .69E-03 
2 ,3!»E-04 S. 53E-04 3 .S2E-03 5 .5SE-03 cl .O9E-02 <1. .50E-02 
2 ,35E-04 4 •98E-04 3 ,03E-O3 5 31E-03 <1 .O6E-02 «1 .42E-02 
2 .32E-04 5 •23E-04 3 .19E-03 S •4?E-03 <1 . 07E-02 <! .42E-02 
2 .49E-04 5 .tSE-04 3 .14E-03 5 .S6E-03 <1 .I1E-02 <1 .47E-02 
2 .34E-04 5 •32E-04 3 .I4E-03 5 . 3<!E-03 <I .09E-D2 <1 . 44E-02 
1 , 21E-03 I, 98E-03 1 , ,08E-02 2 01E-02 <4, ,17E-02 <5 .77E-02 
1 ,20E-03 1 •94E-C3 1 .08E-02 1 .90E-O2 <4 ,07E-02 <5 .SSE-02 
1 .22E-04 1 .38E-04 4 .84E-04 9 .5C1E-04 <l .99E-03 <3 . 47E'-03 
9 .26E-05 1 •08E-04 0 1 .17E-03 <3 .45E-03 <4 .81E-03 
= 9 .00E-05 <1 •72E-04 <1 .73E-03 C3 .89E-03 <9 ,26E-03 CI .30E-02 



URANIUM CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION LIMlT= 

CHAN SOLN TEMP FLOW SAMPLING DAYS 
1 2 3 6 37 68 330 420 

cl.72E-05 O.45E-05 <4.98E-05 <t.Q3£-04 <5.0lE-04 O.54E-04 <4.0BE-03 <7.69(=-Q3 
el.54E-05 O.09E-05 <4.63E-05 >:9.28E-05 <5.33E-04 O.00E-03 <3.S2E-03 <6,90E-03 
(1.55E-05 <3.1RE-05 <4.68E-05 O.29E-05 <5.75E-C4 <1.09E-03 <3.82E-Q3 <7.Z0E-03 
<1.60E-05 O.19E-05 <0. <8.OQE-05 <5.70E-O4 <1.1tE-03 <3.95E-03 <7,45E-03 
1 .OtE-04 1 . 92E-04 3. 05E-04 4. 64E-94 3. 50E-O3 7.74^-03 3. 74E-02 8.20E-02 

<1.02E-04 <2.05E-04 <3. 07E-0<1 <6.Q2E-04 <3.66E-03 <6.4<-!E-03 <t.96E-02 <3.45E-02 
tl.03E-0<1 O.05E-04 <3.10E-04 <6.24E-04 O.94E-03 C7.4SE-03 <2.40E-02 <3,99E-02 
<0.74E OS <7.52E-06 <1.13E-05 <2.29E-05 <1.4lE-04 <2.60E-04 O 47E-04 <1.59E-03 
g.20E-04 3.47E-04 4.82E-04 1.21E-03 7.70E-O3 1.41E-02 4.62E-02 7.27E-02 

c163E-05 <3,27E-Q5 <4,91E-05 <9.S6E-05 <6.tdE-04 <1.17E-03 <4.0£E-03 <7.90E-O3 
e1.52E-05 <3.05E-05 C4.53E-05 O.19E-05 <5.76E-04 <1.05E-03 <3.S1E-03 <7.10E-03 
C1.52E-05 O.04E-05 <4. 57E-05 <9.]5E-GS <S.7PE-04 0.10E-03 0.98E-03 <?.48E-03 
C1.52E-C5 O.07E-05 <A. 62E-05 <9.30E-05 <5.8PE-04 <1.10E-03 O.97E-03 «7.50E-Os* 
C1.55E-05 C2.31E-05 <:4.14E-05 <B.B1E~0S <5.7^E-04 O.OSE-03 O.88E-03 <7.35E-03 
C9.80E-05 <1.96E-04 <2.95E-04 <5.95E-04 <3.6fiE-03 <6.95E-03 <I.96E-02 <3.42E-02 
<fl.99E-05 <1.94E-Od <2.96E-04 <6.14E~04 <3. 65E-03 <6.65E-03 <2.15E-02 <3.64E-i'? 
<£.64£-06 <7.42E-05 CT.12E-05 <2.27E-05 <J.4PE-04 <2.62E-Q4 <9. IOE-04 <1.70E-03 
<d.97E-06 O.79E-06 <1.29E-05 <2.21E-05 <0. <3.43E-04' <1.46E-03 <2.46E-03 
<1.63E-05 O.36E-05 <5.13E-05 -M.Q4E-04 <6.S(E-C. <1.25E-03 <4.71E-03 C8.60E-03 

10 BICA COLD MED 
11 BtCA COLD MED 
12 BICA COLD MED 
13 BICA COLO MED 
14 BICA HOT MED 
IS BICA COLD FAST 
16 BICA HOT FAST 
17 BICA COLD SLOW 
18 BICA HOT SLOW 
19 DtST COLD MED 
20 DIST COLD MED 
21 DIST COLD MED 
22 DIST COLD MED 
23 DIST HOI- MED 
2d DIST COLD FAST 
25 DIST HOT FAST 
26 DIST COLD SLOW 
27 DIST HOT SLOW 
28 B!CA COLD MED 



ZINC CUMULATIVE FRACTIONAL LEACH (trfL) 

CHAN 'HLN TEMP FLOW SAMPLING (JAYS 

1 0 B ! C A COLD MED 

\ 
2 . 3 2 E - 0 4 

2 

2 . 7 0 E - 0 4 

11 B I C A COLD MED 3 . 1 4 E - 0 5 5 . 4 2 E - 0 5 

1 2 B 1 C A COLD MED 5 . 4 J 3 E - 0 3 t . 1 0 E - 0 - 1 

1 3 B I C A COLD MEO 2 . 9 1 E - 0 5 3 . 4 9 E - 0 5 

14 B I C A HOT MED 3 . 3 S E - 0 5 5 . S 7 E - 0 5 

1 5 B I C A COLD F A S T 1 - 3 1 E - 0 4 2 . 3 2 E - 0 4 

16 B I C A HOT F A S T 8 . 6 7 E - 0 " , 2 . 0 8 E - 0 4 

17 E ' C A COLD SLOW 2 . 5 4 E - 0 3 5 . 1 7 E - 0 5 

13 B I C A HPT SLOW 7 . 3 9 E - 0 6 1 . 6 7 E - O S 

1 9 D ' . " - ? C L D MED 3 . 6 0 E - 0 3 9 , 4 B E - 0 5 

2 0 D ' C T COLD MED 3 . B 3 E - 0 5 S . 7 5 E - 0 5 

2 1 • M R T C « L D MED 3 . 1 2 E - 0 5 9 . 3 9 E - 0 5 

2 2 D < : . -HLO MED 1 . 5 S E - 0 4 2 . 7 9 E - P 1 

2 3 D 1 S T HOT MED 1 . 7 9 E - 0 5 3 . 3 3 E - 0 5 

2 4 D I S T COLD F A S T 2 . 0 8 E - 0 . 1 3 . 0 5 E - 0 4 

2 5 D I S T HOT F A S T 2 . 2 2 E - 0 4 6 . *ME-D<1 

2 6 D I S T r^i.o SLOW 8 . 0 i i E " 0 6 2 . 5 9 E - 0 5 

2 7 D I S T H' .T SLOW 0 . 3 O E - 0 6 5 . 8 3 E - 0 5 

aa ra t c/. >; MED 6 . 8 0 G - 0 5 9 . 1 6 E - 0 5 

AVERAGE DETECTION LlM I T= 3\86E-0a 1^67E-07 1^16E-06 

3 6 $ 7 6 8 2 3 0 4 2 0 

2 . . 9 F E - 0 4 a ' M E - C 4 9 . . t f O E - 0 4 1 . , 3 0 E - 0 3 4 . 7 2 E - 0 3 7 . 4 4 E - 0 3 

7 . 1 5 E - 0 5 I . AQE-QA 7 . . ^ I E - 0 - - ! 1 . , 3 0 E - 0 3 4 . 5 2 E - 0 3 7 . 8 1 E - 0 3 

1 . 6 5 E - 0 4 3 . 6 7 E - 0 4 2 , t f 3 E - 0 3 5 . 0 0 E - 0 3 t . 5 9 E - 0 2 2 . 6 6 E - 0 2 

0 . 1 . 5 3 E - 0 4 9 . tflE-04 1 . . 5 3 E - 0 3 4 . 6 2 E - 0 3 6 . 9 S E - 0 3 

7 . . 6 8 E - 0 5 1 . 7 1 E - C 4 1 , 0 4 E - O 3 1 . 8 7 E - 0 3 5 . 6 5 E - 0 3 9 . 5 7 E - 0 3 

2 . . 9 3 E - 0 4 5 , fiSE-04 2 . ^ O E - 0 3 5 . 2 6 E - 0 3 1 . 8 1 E - 0 2 2 . 4 9 E - 0 2 

3 . . 8 1 E - 0 4 7 , 8 0 E - 0 4 6 , < ? 7 E - 0 3 1 . . H E - 0 2 2 . 9 2 E - 0 2 4 . 3 S E - 0 2 

5 . 7 9 E - 0 5 7 , 5 1 E - Q 5 2 ,44F.-OA 5 . 0 2 E - 0 4 2 . 0 6 E - 0 3 3 . 0 P E - 0 3 

? . r s n F - n s a a - 7 e - o s a . . - f l E - O - 1 » . M E - D 4 - t . o a e - o a 9 . 8 0 > i - 0 3 

1 . 2 6 E - 0 4 2 . 4 6 E - 0 4 1 , , g 2 E " D 3 2 . D O E - 0 3 < 4 . S 9 E - 0 3 C 6 . 5 6 E - D 3 

1 . 2 D E - 0 4 2 , . 4 2 E - 0 4 1 , . 1 9 E - 0 3 2 . 0 5 E - 0 3 5 . 3 1 E - 0 3 9 . S 1 E - 0 3 

1 . 1 4 E - 0 - 1 2 . PAE-CA 1 , , i S C - 0 3 2 , 0 6 E - D 3 G . 2 9 E - 0 3 9 . B 2 E - 0 3 

4 . 0 4 E - 0 4 8 . .40E-04 5 . , 1 3 E - 0 3 9 , , C 3 E - 0 3 3 . B O E - 0 2 6 . 9 2 E - 0 2 

5 . 6 D E - 0 5 1 , 4 7 E - 0 4 8 . ger.-04 1 , 7 0 E - 0 3 8 . S 3 E - 0 3 2 . 0 4 E - 0 2 

4 . 5 5 E - 0 4 7 . 1 2 E - 0 4 3 . g 4 E - D 3 5 . . 6 9 E - 0 3 1 - S 9 E - 0 2 S . 5 8 E - 0 2 

7 . S 4 E - o < i 1 . 3 0 E - D 3 7 . / / 6 E - 0 3 1 . . 5 2 E - D 2 5 . 9 S E - 0 2 3 . 6 6 E - 0 2 

9 . . 0 3 E - 0 5 1 . 4 3 E - 0 4 5 . j j C E - 0 ' 1 9 . . 1 3 E - 0 4 3 . 0 6 E - 0 3 4 . 9 5 E - 0 3 

6 . 1 7 E - 0 5 7 . d S E - f l S 0 . 0 . 5 B S - 0 < T 3 . 2 6 E - 0 3 4 . 9 0 E - O 3 

1 . 0 7 E - 0 - 1 Z. O 0 E - C M 9 . g 3 E - 0 4 1 , . 5 9 E - 0 3 4 . 7 7 E - 0 3 7 . 2 0 E - 0 3 



CALCIUM CUMULATIVE FRACTIONAL LEACH (CFL) 

CHAN SOLN T^MP FLOW SAMPLING DAYS 

t o BICA COLD MED 

1 
B.90E-C-3 

2 
1.00E-02 

11 31CA COLO MED 2 .51E-03 2 .96E-03 

1 2 BICA COLD MED 6 .48E-04 1.36E-03 
1 3 BICA COLD MED 7 .06E-04 1 .13E-03 
1 4 BICA HOT HED 1.37E-03 1 .89E-03 
I S BICA COLD FAST 2 .41E-03 4 . 9 I E - 0 3 
1 6 BICA HOT FAST 1.95E-03 6 .91E-03 
1 7 BICA COLD SLOW 3 .97E-03 4 .24E-03 
1 0 BICA HOT SLOW 5 .13E-04 7 .92E-04 
1 9 OlST COLD HED 9 .93E-04 1 .31E-03 
2 0 DI5T COLD MED 7.56E-04 1.26E-03 
2 1 DIST COLD MED 5.96E-04 9 .40E-04 
2 2 DIST COLD MED 6 . I 2 E - 0 4 9 .12E-04 
2 3 DIST HOT MED 8 36E-04 1.47E-03 
2 4 DIST COLD FAST 3 . I 1 E - 0 3 5 . 1 I E - 0 3 
2 5 DIST HOT FAST 1.50E-03 4 .16E-03 
2 6 DIST COLD SLOW 5.16E-04 7.S6E-04 

2 7 DIST HOT SLOW 4 .46E-04 8 .33E-04 
2 8 BICA COLD MED 3.S7E-03 I .07E-D2 

AVERAOE DETECTION LIMIT= 4.33E-08 1.86E-07 1.30E-06 
SLOW MEDIUM FAST 

3 6 3 7 6 8 2 3 0 4 2 0 

1. .ZDE-02 1 , .29E-0? a.oiE-• 0 2 2 . ,70E-02 8 .05E-02 1.63E-01 
3 . 35E-03 4 . 51E-03 1.59E- OS 2 . G5E-02 7 .35E-02 S.52E-01 
1 , .61E-03 2 . 85E-03 1.43E-• 0 3 2 . 45E-02 9 . 0 3 E - 0 2 1.80E-01 
0 . 1 . 94E-03 1.08E-• 0 2 1 . .97E-02 6 . 3 0 E - 0 2 t . 0 6 E - 0 1 

2 , .B9E-03 4 . 79E-03 2.44E-• 0 2 4 . 29E-02 1.31E-01 2 .22F-01 
7 . 62E-03 1 , 07E-02 4.35E-• 0 2 1 . 20E-0t 4 .93E-01 6.2SE-01 
1 .63E-02 2 . 07E-02 1.98E-• 0 1 3 , 73E-01 7. 11E-01 9.9CE-01 

4 . .95E-03 4 , 8BE-03 9.25E- • 0 3 1 53E-02 4 . 6 8 E - 0 2 6 .73E-02 
9 .79E-04 1 , 40E-03 6.90E-• 0 3 2 .SOE-02 1 .28E-01 1 .71E-01 

1 .59E-03 2 , .85E-03 1.31E-- 0 3 1 .97E-02 4 . 8 8 E - 0 2 1.30E-D1 

1 .63E-03 8 . ,12E-03 A. 4*E ' • 0 2 5 .06E-02 9 4 2 E - 0 2 1 . 35E-01 

1 . 16E-D3 2 .03E-03 P.91E' - 0 3 1 .57E-D2 4 . 9 0 E - 0 2 7 .43E-02 

1 .17E-03 3 ,47E-03 1.91E - 0 2 3 .32E-02 9 .70E-02 1 26E-01 

1 .92E-03 4 . IOE-03 2.00E-- 0 2 3 ,14E-02 1.07E-01 1.80E-01 

3 .99E-03 9 -24E-03 4.35E - 0 2 7 .B4E-02 2 .19E-01 3.09E-O1 

5 .20E-03 7 .95E-03 4.24E - 0 2 8 ,49E-02 3 ,02E-01 4 . 4 3 E - 0 I 

1 .05E-03 1 .S9J -03 3 . 8 I E - 0 3 6 .82F-03 2 .59E-02 4 .27E-02 

9 .S5E-04 1 ,67E-03 0 . 2 . 34E-02' 7 .59E-02 1 . 12E-01 

1 . U E - 0 2 1 ,32E-02 2.98E - 0 2 4 ,OOE-02 8 .77E-02 1.44E-01 



SODIUM CUMULATIVE FRACTIONAL LEACH (CFL) 

AVERAGE DETECTION U M I T = 3 . 3 4 E - 0 8 1 . 4 4 E - 0 7 1 . 00E-O6 
CHAN SOLN TEMP FLOW SAMPLING DAYS 1 2 3 6 37 66 230 420 
10 BICA COLD MED 1. 44E-02 3, 43E 02 4. 93E-02 5. 13E-02 1. 90E-O1 4. see-oi 2.57Z'0D C4. llE->00 
11 BICA COLD MED 1. 52E-02 O , S2E-02 <e. I1E-02 <2. 16E-02 <2. 56E-01 <5. 70E-01 <S.15E4-00 <3.99E->00 
12 BICA COLD MED 1. 20E-O2 1 , 9EE-02 2. 7IE-02 <2. 71E-02 <S. 00E-01 <6. 93E-01 <Z.39E*00 «3.9SE+00 
13 BICA COLD MEO 1. 1BE-02 2, lec-oe a. <2. I6E-02 <2. 8SE-01 <6. 84E-01 <2.45E+00 <3.7SE-H)0 
14 BICA HOT MED 1. 33E-02. 1 , 65E-0S 2. 55E-02 2. SOE-02 3. 04E-01 6. 49E-01 Z.16E*0O <3.34E*0O 
15 BICA COLD FAST s. 91E-02 a, 50E-01 B. 74E-01 9. I0E-O1 2. 29E*00 3, 928*00 9.73E*00 <1.39E*01 
16 BICA HOT FAST 5. B4E-02 a 43E-01 1 , 06E100 1 . 10E+O0 2. 84E+00 4, 926+00 1.29E+01 1.90E+01 
17 BICA COLD SLOW 5. 32E-03 6. .79E-03 <6 .79E-03 <6. 79E-03 <7. 84E-02 <1 .936-01 C9.01E-01 41.«7E*00 
18 BICA HOT SLOW 4. ,92E-03 S i90E-03 <<5 .90E-03 <9, 65E-03 <1 ,0SE-01 <3 .076-01 O.41E*00 O.S8E-H10 
19 DIST COLD MED 9. 34E-04 1 . 65E-03 1 73E-03 2. 3BE-03 1, . 00E-02 1 , .596-02 S.44E-02 9.70E-02 
20 D13T COLD MED 4. .17E-04 5 39E-04 6 .I4E-04 1. 14E-03 7 .23E-03 1 .396-02 5.76E-02 9.53E-Q2 
21 DIST CSLD MED S .68E-04 3 .71E-04 4 . 40E-04 7 .64E-04 4 .56E-03 S .486-03 3.17E-02 5.98E-&2 
22 DIST COLD MED 5 .01E-04 5 .93E-04 e .97E-04 9 .94E-04 5 .04E-03 9 .606-03 6.91E-02 1.32E-01 
23 DIST HOT MED 2. 07E-03 2. 36E-03 2. 70E-03 3, 78E-C3 1 .49E-02 2 .636-02 8.80E-02 1.44E-01 
24 DIST COLD FAST 5-.30E-03 5 .78E-03 6 .03E-O3 6 66E-03 2 .OSE-02 3 .666-Oi: 1.05E-01 1.68E-D1 
25 DIST HOT FAST 1 .4BE-03 2 .49E-03 2 .98E-03 4 .3OE-03 2 .47E-02 4 . 59!*-02 2.73E-01 5.17E-01 
26 DIST COLO SLOW 3 .75E-04 4 .66E-04 9 .05E-04 9. 79E-04 2 .13E-03 3 .335-03 1.32E-02 2.43E-02 
27 DIST HOT SLOW 2 .33E-03 2 .71E-03 2 .96E-03 3 .70E-03 0 1 . 9715-02 5.92E-02 9.40E-02 
26 BICA COLD MED 1 .13E-02 2 .06E-02 2 .70E-02 4 .08E-02 3 .90E-OI e .365-01 3.42E+00 £5. 43E+0O 



APPENDIX 10 

Graphs of Log Leach Rate Data Against Log Time for Z 3?Np and 2 3 9Pu 
Symbols f, m, s are for the fast, medium, and slow flow rate channels. 
Symbols without connecting lines are 75°C data. Symbols with connecting 
lines zre the 25»C data. The PNL data are shown as "delta" (5) symbols 
and are connected with lines since these data, obtained at 22°C, should 
be comparable to the Z5°C data. 
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APPENDIX 11 

Graphs of Log Cumulative-Fraction Leached Against Log Time for 2 3 7Np and 
239pu 

An explanation for the meaning of the various symbols can be found in 
Apendix 10. 
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APPENDIX 12 

Graphs of Log Leach Rate Data Against Log Time for the ICP and 

XRF Analysis fo r 8 . 1 . 1 

As wi th Appendixes 10 and 11- f , m. and s refer to f a s t , medium, and slov; 
f low rate channels* respect ive ly . Connected l ines are the 25°C data and 
unconnected l ines are the 75°C. Since only one bicarbonate channel (14, 
medium f low, 75°C) and one d i s t i l l e d water channel (23, meditrn f low, 75°C) 
were analyzed using the XRF method, these data are represented with a 
"gamma" ( l ) symbol. The dotted l i nes represent the value of the leach 
rate corresponding to the ICP detect ion l i m i t fo r the slow (lowest l i n e ) , 
medium (middle l i n e ) and *ast (upper l i ne ) f low rates. 
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APPENDIX 13 

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

Sde Appendix 12 for discussion of the symbols used. 
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APPENDIX 14 

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