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ABSTRACT

A 440-day single-pass continuous-flow leaching experiment was conducted
at LLNL from September 1980 to December 1981. In this report, we present the
data obtained for only one-third of the experiment. The laboratory and data
analysis of the remzining portion is still in progress at this time and @&

second report will follow at the end of FY83.

This report concerns itself with the study of PNL 76-68 glass beads
interacting with crushed uranium flow basalt and a simulated basalt groung-
water under controlled conditions of temperature {(25°C and 75°C) and flow
rate (1, 10, and 300 wml/day). The main purpose of the experiment was to
determine the absorption on basalt of Pu, Np, and some of the stable elements

such as B, Mo, U, and Cs, as they were leached from the glass beads.

Results are presented, as 7incremental and cumulative leach rates and
sorption rates have been calculated for Pu, Np, B, Mo and U. Also sorption
profiles as a function of temperature and flow rate are graphically shown for

Pu, Np, and U.
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J. INTROGDUCTION

Bead Leach Il described in this report was a follow-on experiment to
Bead Leach I1.(1) Both experiments were designed to measure the leaching
stability of PNL 76-68, a borosilicate glass doped with a full complement
of simulated high level waste components plus Pu and Np. Simulated uranium
fuel rods in the form of U0y monoliths were also leached in Bead leach 1l.
Bead Leach 1 and 11 shared many resemblances in temperature and flow rate
conditions. The main differences betwzen them were the type of leachant
solutions and the use of crushed rock in Bead Leach II to test waste form-rock
interactions in a conzinuous flow system.(z) 0f no less importance, the
Bead Leach I experiment was comprised of 72 channels which provided a large
number of teachate samples (more than 1000) during the 443 days of leaching.
Following 15 & 1isting of the experimental conditions and materials used in

Bead Leach 11.

Waste Form: PNL 76-68 glass and UOp monoliths
Rock Material: Umtanum Flow basalt and Nugget sandstone
Leachates: 0.03M NaHC03, simulated basait ground water, and

simuTated brine-sandstone-ground water

Temperature: 250C and 759C
Flow Rate: 1 em3/day, 10 cm3/day, and 300 cm3/day
Matrix

Distribution: 8 channels with NaHCO3 (4-glass, 4-U0p)
28 channels with basalt ground water (14-glass, 14-
U02). In each set ¢f 14, 8 channels included
rock along with the waste form.
4 channels with basalt rock only, run as “blanks"
for the basalt ground water leachant

ol



28 chiannels with sandstone ground water (14-glass,
14-U02}. In each set of 14, 8 channels included
rock along with the waste form.

4 channels with sandstone rock only, run as blianks

for the_sandstone ground water Yeachant.

Figure 1 is a schematic of the entire design and shows the above con-
ditions in a graphic form.

Because of the complexity of the experiment and the on-geing analytical
vork onh the leachate solutions, we have decided to divide the Bead Leach II
report in two parts. This repcrt is part I and will contain only data per-
taining te the "basalt" channels with the PNL 76-68 glass. The analytical
work on the PNL 76-68 sandstone and uranium channels will be completed in
FY83 and a final report on this portion will follow by September 1983. Alsp
inciuded in this latter report will be a section containing data from the
NaHCO3 leachates Tor four PNL 76-68 glass samples. These channels were

designed to tie together the two experiments, Bead Leach I and II.

-2




-E-

Basly squil
water

iy

] e -y o 43 Pump #4 Pomp 45 Pomp ¥ Pomp 47 Pomp 8 Pump e

Felalal |

T o O L

=
—{&)
P

[—=m—12

i

Bath #Y (25°C) Bath #2 125°C) Bath #3 (75°C)

: T l .
L T S A

Bath #4 (76°C) Bath 46 (76°C) Bath #8 {T5°C)

Fig. 1: Schematic of the Bead Leach II experiment.




II. MATERIALS AND METHODS

The Bead Leach II experiment was conceived as a waste form-rock inter-
action study involving two waste forus, PNL 76-68 glass beads and depleted
U0y pellets, and two types of rock, basalt and sandstome. The basalt
experiments were intended to study the behavio: of the two waste forms in a
basalt repositor‘y. The sandstone experiments were intended to study the
behavior of the two waste forms in a salt repository where the brine leachant
enters a nearby sandstone aquifer. The glass beuds were of the same type
and composition as those used in the Bead Leach I experiment“), are
desce ibed in PNL 3152(3}, and whose cocmposition 1s shown in Table 1.
The U0, pellets were prepared and ~haracterized at PNL. {4} The fina array
of Teaching cells vonsisted of 72 cells to permit the various permutations
of the two waste~forms, the two types of rock, and the experimental conditi:ns
of fiow rate, temperature, and leachant solutions. Forty (40) of the 72
veils were assigned to the glass jeaching portion of the experiment and
efghteen (18) of these forty cells were used with the basalt ground water
and are herein referred to as the "basalt" channels. The experimental
matrix for these "basalt" channels as a functicn of temperature, flow-rate,
and glass-rack configuration is given in Table 2. A1l information on
materials, description of procedures, and discussion of results in this
report pertain strictly to PNL 76-68 glass beads leached with the basalt

ground-water.

A. Preparation of tpa Glass, Rock, and Leachant

The glass beads were prepered, and characterized at PNL. The basalt
was from the Umtanum Flow and was also obtained from PNL. At LLNL the

bulk rock was crushed with a chipmunk crusher and ground with a mill

.
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- Table 1. Composition of PNL 76-68 Simulated
High Level Waste Glass

Glass Composition (wt %)

Si0g 40.0 Las03 0.53
NagD 12.5 Pre0yy 0.53
Fe 0y 9.6 237\p0, 0.46
B203 ¢.5 P205 0.46
ZnQ 5.0 Cra03 0.40
:, 23840, 4.2 5r0 0.37
5 Tidp 3.0 Sma03 0.32
< Mo03 2.2 Te0s 0.26
Ca0 2,0 Y203 0.21
. Zr0, 1.7 NiO 0.20
: Nd20g 1.65 Rho03 Q.17
2 CeD2 1.16 Rbp0 0.13
" RuOp 1.07 Eug03 0.070
Csp0 1.03 Gd203 0.050
: Bad 0.56 23%u0, 0.046
Pd0 0.53 cdo 0.033
Ag20 0.031

-5-

R R JE W U U P SO



Channel

{(n°)

0w Oh W

Table 2
Bead Leach II

Experimental Matrix
(Glass Beads-Simulated Basalt Groundwater)

Temperature Flow Rate
(0) (/) Theads )" TRock)  (Beads-Rock)
25 10 X
25 10 b
25 300 X
25 10
25 300
25 300
25 10 X
25 300 X
75 10 £
75 300 X
75 300 X
75 10
75 0
75 300
75 1C X
75 300 X
75 1
75 1
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grinder. The crushed material was sieved with various screen-sizes and the
grain size fraction selected for this experiment was that passing through
an 8-mesh screen [2.4 mm). The chemicel composition of the Umtanum basalt
is given in Table 3. The analysis of the minor components (Zn, Rb, Sr, Y,
Zr, Nb, Cs, U, and Ba) was performed at LLNL using x-ray fluorescence.

Both the beads and the crushed rack were cleaned in an ultresomic bath
by rins{ng first with distilled water for two minutes and thern with ethanol
for another two minutes. Finally, they were allowed to dry overnight at raom
temperature.

The simulated basalt ground water was prepared in two ways. First,
divtilled water was equilibrated with finely ground (< 150 um} rock powder
by adding approximately 50 g of fine powder to <00 liters of distilled waler,
mixing throyghly, and aliowing the mixture to sit for a period of seven
days before adjusting the pH to 7.7-8.2, This method of preparation was
discarded after the first forty days of leaching because of algae problems.
The second method of preparation which was kept for the remaining of the
experiment consisted of the following. The Teachant was prepared according
te¢ a chemical comppsition recommended by PNL. This compasition is shown in
Table 4. Ilnfortunately, this composition omits 5102 which is a necessary
component of any ground water obtained from a silicate-rock aquifer. In
this procedure, the leachant was prepared in a 50-gallon polyethlene-lined
barrel by weighing each reagent individually and dissolving it in a 5-galion
polyethlene container with distilled water. Uhen all the reasgents were
completely dissolved in this small container, the contents were transferred
to the 50-gallon barrel with more water, and made to a total volume of 200
liters. The leachant in the barrel was then thoroughly mixed with a top to

bottom tube mixer and a pH of 7.7-8.2 was obtained by sparaing with Nz or

-7~



Umtanum Flow Basalt Composition

Table 3

Major Components:

Si0p
Alz03
Fe®
Mg0
Ca0
Naz0
K20
Ti02
P20g
Mn0

In
Rb
Sr
Y

Ir
b
Mo
Cs
Ba
u

*

. *t
Minor Components:

* R, G. Johnston and R. A. Palmer 1981,
Geologies for Nuclear Waste Isolation:
Hanford Operations, Richland, Wash.

% | LNL XRFA Measurements.

Micragrams/gram rock

Weight Percent

54,90
14.34
13.10
3.48
7.30
2.66
}.48
2.17
0.35
n.22

-8-
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38
280
29
170
7
<1
<1
520
<1

“Characteristics of Candidate
A Review DOE/ET/41900-6, Rockwell
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Table 4
Simuiated Basalt Grounc Water

Chemical Composition *

Reagents mg/1
NaHCO03 79.8
Naz504 24.85
MgS04° 7H50 9.84
Cas04 4,76
CaCly 14.42
KC1 14,91
KF* 2H50 3.76
Na 30

K 9

Ca 6.5
Mg 1.0
HCO3 58
S04 23

] 16

F 0.7

* Realyea R. F., Serne R, G., Control Sample Program
Publication Ne. 2. Imterlaboratory Comparison of
Batch KD Values PNL 2872 June 1979,

-5~




C0z gases as needed.

B. _Leaching Cell_Assemblage

Prior to 1eachirg. 14 groups of zight beads were weighed to record their
initial weight. They were again weighed at the conclusian of the leaching
phase to record any weight losses. These weights are shown in Appendix 1,
Tahle 1. The beads were placed in leaching cells and crushed vock was added
to eight of the fourteen cells. The beads to be leached without rock,
{channels 2, 3, 6, 35, 37, 38) were placed in a cell having a volume of 2.0
em®. A larger cell with a volume of 15 cm3 was required for the beads-plus-
rock configuration {channels 9, 11, 12, 40, 41, 44, 67, 71). This is shown
in Fig, 2.

The large cell was also used for channels 26, 30, 58, and 60. These
were rock-only channels and were included in the matrix as "blank samples"
to obtain corrections for the glass-rock channels. Both types of leaching
cells used in this experiment are similar to those used in Bead Leach I.
The weight of the crushed rock in each cell was obtained by weighing the
cell and beads before and after adding the rock. This weight was compared
to the final weight when the votk was removed from the cell at the end of
the leaching phase. These weights and percent losses are given in Appendix
1, Table 2. Fach cell was given a leak test after being completely louded
and assembled. This test is described in Bead Leach I. One deviation from
the Bead Leach 1 procedure was that no membrane filters were used between
the filter grids at both the inlet and outlet =nds of the cell {use of these
filters in Bead Leach I proved to be unnecessary and a nuisance in maintain-

ing constant flow rate).

«10=
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C. Starting the Leaching Phase

The continuous flow leaching system in Bead Leach II was assembled
foliowing the pattern used in Bead Leach I[. The system consisted of the
leachant reservair, the manifold, the peristaltic pumps, the constant tempera-
ture baths, and the collecticn bottles for the leachaies. The Teachant
reservoir was a 25-gallen plastic carboy which was replenished every 5-6 days
from the stock solution in the 50-gallon barrel. Lucite manifolds with
multiple outlets were placed between the carboy and the peristaltic pumps.
Plastic tubing w.s used to connect the manifolds and the color coded tubing
used with the peristaltic pumps. The Gilson Model pumps used in this experi-
ment were found to be very smooth-running and almost maintenance-free through-
out the 440 days of leaching. They were pr-'operly calibrated with three
different size Accurated Pump Tubes and pump motor settings to obtain the
desired flow rates of 1, 10, and 300 mT per day.

After the leaching cells were assembled and leak-tested, they were
individually connected to _the pump via the inlet-end at the bottom of the
cell and to the collection bottle via the outlet-end at the top of the cell.
Thus, the leachant-flow through the cell was in an upward direction. Simul-
taneously, as this connection was performed, each cell was carefully immersed
in its respective bath and the starting time was noted.

The constant temperature baths were Léb-lfne Imperial III. Two of them
were connected to a water cooler via coils filled with circulating chilled
water and the temperature control was set at 25°C. Four other baths were
filled with mineral oil and the temperature control was set at 759C. Constant
temperature throughout the experiment was monitored closely with the aid of

thermometers immersed in each bath.

-l2-



With respect to the 750C chamnels, it should be pointed out that the
temperature of the incoming leachant was room temperature ( ~250C). There
was approxi..ately 30 to 50 cm of plastic tubing inside the oil baths through
which the leachant had to travel before entering the leaching cell. We cal-
culate that it takes about 5 minutes for the Jeachant to travel this short
path for a fiow rate of 300 cm3/day (0.21 cm3/min}. For the other two flow
rates of 10 cm3/day and 1 cm3/day, the times would be correspondingly longer.
Thus, it would appear that even for the fastest flow rate, there is suf-
ficient time for the leachant to equilibrate and reach the required 75%C
temperatura before coming in contact with the contents of each cell.

The leachate sémp1es were collected in cleaned and pre-weighed poly-
ethylzne bottles. The sampling schedule and type of analysis performed are
given in Tables 5 and 6. For the 1 ml/day and 10 ml/day samples all leachaies
collected between the scheduled samplings were Saved as historical samples.
For the 300 ml/day samples, only a portion {usualisy 20%) of the leachate
collected between scheduled samplings up to day 120 was saved as historical
samples because of the large volumes involved on a daily basis; after day
120, ali collections between scheduled samplings were discarded.

1t should be noted that not 211 of the scheduled samplings in Tables 5
and 6 represent one day collections. In “act, after the collection on day
70 a1l subsequent scheduled samplings are longer than one day. Three-day
collections were instituted for the 10 ml/day and 300 ml/day channels
through day 2i3. Following this elapsed day, the [0 ml/day collections were
Tengthened to 30 days but the 300 ml/day collections were kept at three days.

Leachate soiutions from the 1 ml/day charnels (67 and 71) were collected
on an entirely different schedule. The intention was to keep the collection

times short during the first part of the experiment in order to establish the

=13~



Table 5
Sampiing Schedule for the Bead Leach II Experiment
10 ml/day, 300 ml/day

Elapsed Historical Sample for Analysis Performed
Days Sample Analysis a=Spec  ICP XRFA
1 1 b X X
2 2 X X X
3 3 X X L
4-3 X
6 6 X X X
7-10 X
11 N X X X
12-19 X
20 20 X X X
21-3% L
37 k¥ X X X
38-62 X
70 . 70 X X X
71-119 X
120-123 120 X X X
124-150 X
151-i54 151 X X
155-182 %
183-185 X
1856-213 X
214-216 233 L X X
217-24 X |

-14-
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Elapsed
Days

246-249
250-278
279-282
283-308
308-312
313-343
342-345
346-374
375-377
378-407
408-410
411-440
441-443

Historical

Sample

Table 5 (cont}

Sample for
Analysis

Analysis Performed

a-Spec

ICP _ XRFA

X
X

= e

280

342

435

=19~



Tanle 6

Sampling Schedule for the Bead Leach II Experiment

1 ml/day
Elapsed Historical Sample for Analysis Performed
Days Sample Analysis a=Spec  ICP_ XRFA
1-10 X X X
11-20 X X X
21-30 X X X
31-50 X X X
51=80 X X X
81-120 X X X
127 -150 X X X
151-182 X
183-213 X X X
214-245 X
246-280 X X X
281-309 X
310-342 X X X
343-374 X
375-407 X
408-443 X X X

«16-



leach rate gattern. Thus the collection times were set at 10 day intervals far
the first 3C days to generate enough solution to perform all analyses. Sub-
sequent to day 30, the next collection was for 20 days, and after day 50, the

remaining collections were for 30 days until the end of the experiment.

D. Analytical Procedures

The procedure used for collecting Jeachate solutions {n the Bead
Leach 11 experiment was the same as that used in Bead Leach I. The only
difference was in the amount of HND; added to the Jeachates at collece
tion time. In Bead Leach II, we added enough acid to the leachate for a
final concentration of 0.5M HWNO3, not &M as in Bead Leach 1. The more
dilute acid solution was surficient)y high to allow ICP analysis directly
without further dilutions and, at the same time, prevented precipitation jn

the leachates.

Leachate Analysis

Shertly after collection, analysis of the leachates was begun, Pu and
Np were done by alpha-spectrometry, usuaily on 100 u1 aliquots, This volume
was carefully evaporated on a Pt disc and then heated with a Meeker burper
far several minutes to fix both Pu and Np on the discs as oxides. An alternate
method was te use 5-10 ml aliquets to separate Pu and Np radtochemically.
This method was used to verify or substitute for data from the 100 ! aliguats
that were at or below the Timit of detection of the counter. The radic-
chemical separation of Pu and Np was used more often with the ] ml/day-
type of leachates because of the extremely low concentrations of Pu and ip
in solytion. The Pu and Np concentrations in dpm/cm3 are given 1n Appendix 5.

Aliquots of the leachate solutions were also taken for [CP analysis and
x-ray fluorescence analysis (XRFA). The elemental concentrations in potend

-17-



dare given in Appendices 6 and 7 respectively. Standard solutions were run
frequently to monitor drifts ard background fluctuations. The ICP capabi'ity
at LLM. is described by Peck, et al.(5)

X-vay fluorescence was used for two reasons. First, ic¢ was able to
provide data on elements for which ICP was not sensitive encugh. Large
volumes (100-200 m1) of leachate solution were evaporated to dryness with
Avicel (microcrystalline cellulose) and them pressed into a round wafer
for counting and analysis with a computerized system.(6) ~lemental con-
centrations were thus enhanced by factors of 100 or more and measurement
of U, for instance, was iore easily achieved in this manner. The limit of
detection for U with ICP is 0.05 yg/cm® and many of the leachates contained
1ess than this amount. The second advantage for using x-ray fluorescance
was that it provided additional elemental corcentrations for elements such

as Cs and Ba for which ICP is nov suitatie.

Rock Analysis

S*nce this Teaching experiment was primarily a waste vorm-rock irterac-
tion experiment, the rock material was also analyzed at the corclusion of
the leaching phasa. In order to evaluute the absorpticn of "radionuclides"
on the rock, the crushed rock was analyzed for Pu, Np, Mo, Cs and U using
the following procedure. Thz rock colum) from each cell was remocved 1n four
separate layers of approximately the same size. The layers were labeled A,
B, C, and D with the "A" layer bs ‘arest to the glass beads ard the “D"
layer farthest awsy trom the beac.. cach rock layer was then “acid washed"
by placing the crushed rock in a tefion peaker, adding 30 mi of 2M HNO3 and
3 drops of conc. HF, and heating or 2 hot plate for 4 hours with frequent

additions of more M HNO3 and water to prevent dryness. The solutions

~18-

1

bl



were allowed to cool overnight and then decanted into a 40 ml glass centri-
fuge tube. After centrifugation, the supernates were transferred into a 100
ml volumetric flask, the rock material in the beaker rinsed twice with 2M
HNO3 and these washes combired in the volumetric flask. Aliquets were
then tiken for Pu and Np radiochemical analysis and for ICP and x-ray fluore
stence analyses. These results are found n Appendix 8, Taoles 1-9.

This "acidwwashing” procedure was repeated with two rock samples {chan-
nels 418 and 44B) to verify that all of the “radionuclides” on the rock were
desorbed during the first acid-wash., Channels 413 and 44B were selected for
this desorntion test because they are high temperature samples and are repre-
septative of the remaining rock samples as far as Pu and Np adsorption is
concerned. The reselts of this test are shown in (ppendix 8, Table 10,

and discussed in Section 111,

E. Calculations

As in Bead leach 1, the leaching data from Bead Leach I{ were stored
in a computer data base program. Three types of calculations were carried
out using th: rew data, dpm/cm3 for Pu and Np or pg,'cm3 fo; elements de-

termined by ICP and x-ray fluorescence.

Leach Rate Calculations

Leach rate data were calculated from the equation:

(a4¥4)

| T3 JAS.

(Ao} {(sA)

where:

-
i

i dpm{f:m3 Teachate or g elenent/cm® leachate

?

inftial activity (dmp/gram glass) or elemental composition (grams

element/gram glass) for the glass beads

=19~
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AL B

volune leachate collected per day (c:malday)
average geometric surface area of beads (cm?) = 11.128 em@ per P

(7]
Jarde
[ ]

8-bead sample
i = channe? number
R: = grams glass leached/cm2 * day, based on the element or radionuclide

analyzed.

Cumuiative Fraction Leached Calculations

Cuiulative fraction leached, Cips for the ith channel up to an including

the mth day, was calculated from the equation

C‘im = X !SA!F]‘H Tn

n<m Woi
vhere:
SA = geometric surface area of beads (11.128 cmz),
Hoi = total weight of glass beads in ith cell (grams),
Rijp = average leach rate between nth ang {n-1)th days (grams
glass/cm? day), and
T, = time (days) between nth and (n-1)th days.

Rock Adsorption Calculations

First, the total amount of radionuclide or element absorbed in each

layer of rock was determined by using:

Ni = Aj X Vj
where:

A; = dpm/emd or pgfemd of “acid w.sh" ’

Vi = volume of "acid wash! .

Nj = total dpm or ug in each layer

=20~
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Next, the totail amounts were normalized by the weight in grams of each
layer. These values are expressed in dpm/g or pg/g of rock (Ni/g).
Finally, the percent amount of radionuclide or element, f; {fraction

in each layer of the total amount in all Four layers) was calculated from

Fi = ___.ELN;/ x 100
ap Mi/9

and the percent fraction adsorbed on the entire rock column was calcuilated
simply by dividing the adsorbed amount by the amount of radionuclide or

elemant initially present in the glass beads.



111, RESULTS

The resuits obtained in Bead Leach 1] pertaining to the "basalt" channels
are prasented in the form of appendices. Fallowing is a discussi~m of each

appendix.

Appendix 1:
Appendix 1 contains 3 tables. Table 1 shows the weights of the glass

beads before and after leaching. Table 2 shows the weights of the crushed
rock, before and after leaching. Table 3 shows the weights of the same
crushed rock, before and after the nitric acid "wash” procedure used for re-
moving the adsorbed nuclides.

Based on the change in weight of the beads before and after leaching
there appears to be three groups of samples. The samples leached at 25°C,
regardiess of flow rate, Yost the Teast amount of mass, less than one percent
of the original weight., The sampies leached at 759C and Tow flow rates
(1 ml/day or 10 ml/day), Tost between 1 and & percent of their original weight
with the exception of channel 71 which Tost 0.3 percent of its original
weight. Finally the samples leached at 759C and 300 wl/day flow rate lost
approximately 10 percent of their original weight. We must, however, point
out that weight-loss measurements are often misleading when leaching glass.
A weight increase is passible because of repracipitation of Teached species
or formation of hydrous silica-gels on the surface of the glass beads or
a weight Toss is often affected by “"flaking" of the surface of the glass
beads. In either case, we should be cautious in making conclusions about
leaching mechanisms based on weight-loss determinations.

This pattern s =smewhat repeated with the rock weights listed in
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TJable 2. Channels 44 and &0 which are the 759C and 300 ml/day samples show
the highest weight loss, 7.3 and 7.1 percent respectively. The remaining
ten samples show less than 1 percent weight loss. A similar trend exists
when one examines the changes in weights before and after the nitric acid
wash treatment. All four fractions of channel 44 and the A fraction of
channel 60 which is a 750C, 30C ml/day rock only sample, show Yosses on the
order of 10 percent. All the remaining samples show iosses on the order
of 5 percent or less.

One conclusion from all of these weight data is that exposure to 750C
and 300 ml/day flow rate conditions by the glass beads and the rock must
alter the surface so that it remains more soluble thereafter. Lower flow
rates (10 ml/day and 1 ml/day} both at 750C and 259C and high flow rate
(300 ml/day} at 259C, seem to affect the vock surface to the same extent,
that is, the weight Toss after leaching {less than 1%) and after the “acid-

wash" treatment {1-5%) is rather uniform for all samples.

Appendix 2:
Appendix 2 contains two tables. Table 1 contains information pertaining
to collection volumes, times, and normalized flow rates {cm3/day). Table 2

shows the average flow rate for each channel based on thirteen collection

valumes.

Appendix 3:
Appendix 3 contains the Wp and Pu concentrations in the thirteen col-

lection periods in terms of disintegrations per millititer (dpm/cm3) of

leachate solution. Underneath each value, standard deviations are given
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based on counting statistics only. The majerity of these results originate
from 100 ul aliquots of the leachates; but in some cases where the data were
atv or near the 1imit of detection of the 2lpha counter, then larger aliquots
{6-20 m1) were taken for radiochemical separations of Pu. Thus, better data
were obtained and these values were incorporated in the tables and identified

with the letter C.

Appendix 4:

Appendix 4 contains several tables with ICP (Inductively Coupled Pliasma)
data showing the concentration in micrograms per milliliter { pg/em3) of
solution for many of the elements in the glass. We are presenting data for
B, Mo, U, Si, Sr, Ca, and Na. The first three elements are those for which
there is no contribution from the rock or the leachant and therefore the
measured concentrations represent amounts leached from the glass itself.
Furthermore, B is an element representative of the glass matrix whereas Mo
and U are representative of the additives. The remaining four element
(Si, Sr, Ca, Na) concentrations are partly from the glass and the leachant
but mostly from the »nck., Initially we expected to be able to make "blank"
corrections in order to arrive at the net amounts, that is, the amounts
Jeached from the waste form alone. We now find that these "blank” correc-
tions are too large and thus no further calculations were attempted with

these data.

Ippendix 5:
Appendix 5 contains Mo, Cs and U x-ray flucrescence data for chanmels

35, 37, 38, 40, 41 and 44. As can be seen from the ICP data for the same
channels in Appendix 4, most of the measurements were at or below the limit

of detection of the ICP. X~ray fluorescence, in contrast, yielded absolute
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values which were useful in calculating leach rates and cumulative fractions.
There are gross differences between the ICP and the XRFA vranium analysis
and they appear to be caused by the low toncentrations of U in sotution {<0.05
ug/ml) which fall below the 1imit of detection of the ICP. The Mo comparison
between the two techniques is wore favorable; the results agree within 10-20%
and the reason may be that the ICP limit of detection for Mo {s at Teast 10
times better than it is for U. In this report and for the channels mentioned
above, the calculated leach rates and cumulative fractions for Mo and U

are baszed on XRFA measurements and not on ICP.

Appendices 6, and 7:

Appendix & contains the Yeach incremental rates and cumulative leach
rates for Pu and Np in the leachates from all channels. Appendix 7 contains
similar data for the stabie elements. Many of these results are expressed
as "less than” values; these originate from ICP measurements below the limit
of detection. The algorithm to calculate the cumulative leach rates or
cumulative fraction leached used the upper limit as a value and identified a
cumulative fraction from that point on as "less than". These should be
treated wi*h caution in evaluating the total amounts leached at the end of

the experiment.

Appencix 8:

Appendix 8 coniains data on the radionuclides and elements adsorbed
by the rock during 440 days of leaching. These data are presentet in Tables
1 te 10 on a channel by channel basis and show a) the amounts adsorbed in
each fraction of the rock bed and b) these amounts normalized by the weight
of each rock layer. With the exception of B, Mo, Cs, U, Pu, and Np, the

remaining eTements in each table rapresent nostiy components of the rock
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itself as evidenced from the chemical composition given in Table 4. During
the nitric acid "wash" all glass material adsorbed on the surface of the

rock as well as some of the rock components are dissolved and the analysis

of this solution is, therefore, a composite of glass and rock. Mo was not
detected in any of the rock fractions regardless of temperature or flow
rate. B was analyzed only on channels 9. 41, and 67 and was found to be
present in very small amounts and to the same extent in each of these three
channels. Cs was detectable only in samples from the 750C-10 ml/day channels
{channels 40 and 41) and 759C-1 mifday channels {channels 67 and 71). No

{s was detected in the high temperature-high vlow rate sample (channel 44).

Appendix 9:

) The data for Pu, Np, U, B, and Mo have been svmmarized in Appendix 9
Table 1. Pu and Np are expressed in dpm/g of rock axd U, B, and Mo iny y/g
of rock. These data were then converted to percentages of each radionuciide
adsorbed in each rock fraction. Tnese amounts are presented in "bar form"
for all eight channels and four rock fractions in each channel in Fig. 3, 4,
and 5. Of the three actinides, Np and U appear to be adsorbed on the rock
at the same rate in all 759C channels. The distribution of Np and U along
the 4 layers of rocck is on the order of 30-50% in the A layer, 20-30% in the
B and C Tayers, and 10-30% in the 0 iayer. Neither Np nor U was detected in
the rock samples from the Tower temperature charnels (259C).

The Pu case is different as one might suspect. About B0% of the total
Pu adsorbed on the rock is readily adsorbed on the “A" fraction in the 750C
channe's and the adscrption rapid]y'falls to a few percent on the “C" and
"0 fraction.. The pattern is similar in the 25°C channels. Here, about
50-60% of the Pu is adsorbed on the "A" fraction and about 5-10% on the "C"
and "D* fractions.
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Appendix 10:

Table 1 shows a comparison of the cumulative fraction at day 440
(expressed 1n percent) in the leachate solutions for Pu, Np, and U with the
cumylative fraction (also expressed in percent) for the same radionuciides
adsorbed on the entire rock column. As stated before, only 1imit of detec-
tion values are obtained for Np and U in the Tow temperature channels (channels
9, 11 and 72). However, for these same channels there is more Pu {as much
as 2 to 10 times) adsorbed in the rock than is collected in the leachate.
In the high temperature channels, ({channrels 4Q, 41, 44, 67, and 71) the
amount of Pu adsorbed in the rock escalates to as much as 100-times over
the amounts found in the leachates. At 759C there is slightly more Np on
the rock than in the 1leachate with the exception of channel 44 (759-300
ml/day) in which the leachate contains more Np. At 759, there is more U in
the leachate fractions (regardless of flowrate).

Table 2 is a summary of the total fraction (expressed in percent) leached
for Pu, Np, U, B, and Md. In those channels where rock was present the
values include the amount adsorbed on the rock. These fractions leached
are then compared with weight loss of the beads (also expressed in percent).
n gener;1 the fractions leached are in close agreement with the mass 'oss
of the beads suggesting a congruent dissolution of the g]asls matrix. One
glaring excepticn is Pu with the apparent fractions leached far below the
mass dissolutian rate of the beads.

Anather observation on the fracticns Teached shown 1in Appendix 10,
Table 2 concerns a comparison of chanrels with and without rock. We can
make this comparison for four sets of channels. At 259C and 10 ml/day,

the values for Pu and Np for channels 2 and 3 (without rock) agree remavcably
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wel) with channel 9 {with rock). The 8, Mo, and U data for all these channels
are “less than" values. At 250C and 300 wl/day, the comparison is again
quite reasonable for both Pu and Np for channels € (without rock) and 11 and
12 (with rock). B, Mo, and U are also "less than" values. At 759C and 10
mi/day, the only case where all three channels (channel 35, 40, and 41)
agree well is for Np. It appears that B, Mo, and U are not totally accounted
for in channels 40 and 41 (with rock} or the values for channel 35 (without
rock) are abnormaliy high. In the case of Pu, there is more in the channels
with rock than in the single channel without rock. Finally for the tast set
of chamnels at 75°C and 300 mi/day the Np, B, Mo, and U in channel 44 (with
rock) are slightly higher than their corresponding values in channels 37
and 38 (without rock). Since these results are plus or minus 10 percent,
then the agreement between the two (with and without rock) 1s remarkably
good. The Pu comparison in this last set is very poor as expected. There
is about 10 times more Pu in channel 44 {with rock) than in channels 37 and

38 (without rock).

Appendix 11:

This appendix contains graphs of the incremental leach vrate data
(g/cm2.day) as a function of time (days) for Np and Pu. The graphs are
semilogarithmic with the leach rate data shown as the ardinate and the time
as the ahcissa. The flow rates are designated with the letters F for fast
(300 m/day), M for medium {10 ml/day} and S for slow (1 mi/day). These
symbols, commected with a broken line, represent the 7590 channels; when
connected with a solid Tine, they represent the 259C channels. If the
lines appear disconnected, it weans that the data point causing this

apparent anomaly is at or below the limit of detection of the instrument.
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This is particutariy true of the plutonium data from the "rock" channels.
Thare are éeparate graphs for data from the "no rock" channels (channels
2, 3, &, 35, 37, and 38) and for data from the "rock" channels {channels

9, 1, 12, 40, 41, 44, 67, and 71).

Appendix 12:
This appendix contains graphs of the incremental leach rate data (g/eme.

dzy} as- a function of time (days) for the stable elements. The conventions
for piotting and differentiating the data are the same as inose used in
Appendix 11. However, in aduition to the leach rate data, plotted in each
graph are three horizontal dotted Tines representing the limit of detection
of the instrument; the upper horizontal 1line is the 1imit of detection for
the 300 m}/day leachates, the middle b~ jzontal tine is the 1imit of de-
tection for the 10 mil/day leachates, and the lower horizontal 1ine is the

1imit of detection for the 1 ml/day leachates.

Appendix 13:

This appendix contains graphs of the cumulative leach rate data as a
function of time for Np .ad Pu. See Appendix 11 for discussion of the symbols

used.

Appendix _14:

This appendix contcins graphs of the cumulative leach rate data as a

function of time for the stable elements.

See Appendix 11 for discussion of the symbols used.

Appendix 15:

This appendix contains graphs of the dincremental leach rate data

{afcmZ.day} as a function of %ime (days), Plots are presented only for
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Pu and Np to show a comparison of "rock channels" vs. “no rock channels”
for a particular set of experimental conditions. These plots are logarivhmic
and thus show in greater detail} the behavior of Pu and Np ir the early
stages of leaching. Furthermore each graph depicts oniy two 'ines, N for
"ne rack" and R for "rock" channels. Only one of these symbols in each
graph carries &n error bar; the data point is the average value of two channels

aud the error bar represents the standard deviation from the mean.
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IV. SUMMARY AND CONCLUSIONS

Based on the data gathered in this report we can make the following
observations and conclusions pertaining to the interaction of crushed Umtanum
Flow basalt and PNL 76-68 glass beads in a continuous flow leaching system
using a simulated basalt ground water under varying exparimental conditions

of flow r~te and temperature.

1. Both the glass beads and the crushed rock appear to be affected by
témperature and flow rate as evidenced by their weight loss after 440 days
of leaching. High temperature (759C) and high flow rate (300 ml/day) con-
ditions cause higher weight losses than low temperature (250C) and low flow
rates (10 ml/day and 1 ml/dey) conditions, about 10% at 750 and about 1-5%

at 259C.

2. Pu and Np concentrations were obtained in all but a few of ths leach-
ates either by using a small volume (100 .t) of the raw solution and a- count-
ing directly or by using larger volumes (> 5ml) and doing radiochemical
separations to circumvent the problem of limit of detection. It must be
pointed out in the case of the Pu concentrations that the values reported
are apparent corcentrations in the leachates. Fs demonstrated in the Bead
Leach I experiment,. varying amounts of Pu tend to adhere to different parts
of the systes. No attempt was made ir this experiment to repeat the study of

Pu retention by the different components of the Teaching cell or plastic

tubing.

3. Elemental concentrations in the Teachates were obtained for B, Mo,
u, Cs, 3i, Sr, Ca, and Na. Depending cn the experimental conditions, these

elements were measurable by means of ICP or XRFA. In general, elements in

“3d-




the low temperature {25°C) leachates, regardless of flow rate, were more dif-
ficult to quantify and many results (particularly B, Sr, and Mo} are reported
as "less than" values. At the higher temperature, 759C, all of these elements
were more readily detected. In the channels with rock and glass beaas, the 5i,
sr, Ca, and Na concentrations represent glass, rock, and leachant composition.
The fraction of each was difficult to calculate in spite of having "blank"
valuzs from rock-only channels or Jeachant only. The contributions from the

rock and or the leachanl are too large to make 2 precise correction.

4. Of the radionuclides and elements adsorbed on the rock (channels 9,
11, 12, 40, 41 44, 67, and 71), we have examined the data for Pu, Np, U, Cs,
B, and Mo.

The adsorption of Np, U, Cs and Mo is below limits of detection at 259C
and flow rates of 10 mi/day and 300 ml/day. For these same conditions, the
amount of Pu adsorbed on the rock is about 2-10 times larger than the amount
found in the leachate. 7Tue amount of Pu on the rock appears to be distributed
in a decreasing pattern with 50-6D% in the A layer {nearest the glass beads)
and about 20%, 10%, and 5% in the B, C, and D layers respectively. Only one
series of rock samples (channel 9) at 259C was analyzed for B adsorption.
The results indicate a uniform distribution in the four layers of rock of
approximately 20-30%. Furthermore, the total amount of B (46 pg) adsorbed
is about the same amount found in the leachate (54 ug). We specutate from
these resuits that the other two series of rock samples at this temperature
(channels 11 and 12) but higher flow rate (300 ml/day) would exhibit similar
behavior.

At 750C, the adsorption of Pu, Np, U, Cs and B is somewhat different.
Mp s stil) not detectable in any of the samples; thus we conclude that Mo
is not adsorbed by the rock regardless of temperature and flow rate conditions.
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The adsorption of Pu at the higher temperature follows the pattern at 259C
as far as distribution along the four layers of rock. However, more Pu is
adsorbed in the A layer (80-90%) and about 10%, 5%, and less than 5% in the
B, C, and D layers respectively. As in the previous case of 250C, there is
no flow rate effect on adsorption at 750C. The total amount of Pu adsorbed
on the four layers of rock, however, 15 10-100 times larger than the amount
found in the leachates (channels 40, 41, 44, 67 and 71).

Np and U appear to behave similarly on the rock at 759C. The adsorption
regardless of flow rate, is about 30-40% in the A layer, 20-30% in the B
and C layers and 10-20% in the D layer. Comparing the total amounts on the
rock with the amounts in the leachates, we find that there is about twice
as much Np in the rock for the 1 ml/day and the 10 ml/day samples than in
the corresponding leachates. For the 300 ml/day samples however, there is
about four times more Np in the leachate. We conclude that flow rate certainly
effects adsorption at the higher temperature. In the case of U, the total
amount adsorbed on the rock is always 1ess than what is found in the leachates
regardless of flow rate, from 2 to 6 times less depending on the flow rate.

As in the lower temperature samples, B was selectively analyzed at 75°C.
Two series of rock samples, channel 41 (10 mi/day) and channel 67 {1 ml/day)
were analyzed. We found that the B adsorption at this temperature is much
the same as in the 259C samples in terms of uniform distribution (20-30%)
in each layer. Also the total amourts of B in the rock are about the same
but compared to the amounts found in the leachates fhe rock-boron is about
400 times smaller than the leachate boron (40-50 ug vs 22001 g). We conclude
that B does not readily, if any, adsorb on the rock under any of the experi-

mental conditions.
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Cesium was detected in the 759 rock samples but only at the lower flow
rates of 1 ml/day and 10 mi/day. The adsorption of Cs at 1 m)/day is more
or less uniform throughout the four layers of rock, on the order of 30%
for the A and B layers and 20% for the € and D Vayers. The total amount of
Cs found in a1l four Yayers is 310 .0 (average value of channels 67 and 71).
The total amount of Cs found in the leachates for the entire leaching period
{440 days) is 78 pg (average value of channels 67 and 71). Based on these
results, we can say that approximately 80% of the leached (s stays on the
rock and only 20% breaks through and appears in the leachate at a flow rate
of 1 ml/day and 759C temperature. At the “Fgher flow rate of 10 ml/day,
(channels 40 and 41) the distribution of Cs on the layers of rock is rather
uniform, an the order of 25% in each Tayer. The total amount of (s ad-
sorbed on the rock is 140 ug compared to 200 pg found in the leachates.
Thus, it would appear that about 40% of the total Cs is adsorbed on the rock
with the remaining 60% breaking through in the leachate. However, the sum
of the two fractions - rock and Teachate - does not compare very well with
the Cs value found in the "no rock” channel (channel 35). Based on the
accumulative fraction leached for channel! 35, we calculate 1500 ug of Cs
in the leachate; which is about 5 times more than the Cs found in the "rock”
channels (chanpel 48 and 41). We have no explanation for this large dis-

crepancy.

5. Fipally, a comparison of the totat amounts leached of Np, U, Mo,
and B with the mass loss of the glass beads indicates that indeed there
may be a correlation between the dissolved "radionucltides” and the weight
loss of the beads. For the glass beads-rack channels, the leached amounts in

Appendix 10, Table 2 include the fraction adsorbed on the rock. The agree-
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ment between the -dissolved material and the Toss in weight is remarkably
good particulariy at the higher temperature, thus suggesting congruent

dissolution of these species.
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APPENDIX 1
Glass beads weights (before and after leaching).

Rock weights {before and after leiching).

Rock weights (before and after acid wash).
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Appendix 1:

Table 1

Glass Beads Weights (Before and after leaching)

Temp. Flow Rate  Original Final AW Weight
Channel {°c) (cmd/day) wt. {g)  wt. (g) Loss (%)
2 25 10 2.77115 2.7701 -0.0014 0.051
3 25 10 2.8220 2.3199 -0.0021 D.074
6 25 300 2.8209 2.8168 ~0.,0043 0.19
9 25 10 2.7213 2.7247 -0.0026 0.095
1 25 30D 2.8646 2.8496 ~0.0150 0.52
12 25 300 2.7895 2.7748 -0.0147 0.53
35 75 10 2.8102 2.7052 -0.1050 3.74
37 75 300 2.8354 2.9917 -0.2437 8.6
38 75 300 2.7936 2.5650 -0, 2286 B.2
40 75 10 2.8146 2.7648 -(.0498 1.77
4] 75 10 2.7957 2.7459 -0,0498 1.78
44 75 300 2.8553 2.5663 -0.2890 10.1
67 75 ? 2.8993 2.8653 -0.0340 T.17
7t 75 i 2.8527 2.8435 -0.0092 0.32
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Rock Weights (Before and after leaching)

Appendix 1:

Table 2

Layer weight (g)* Total weight (g) %1oss
Channel A B C 0 Final Original
9 3.0992 5.7435 4.3119 5.37i7 17.9263 i8.00 0.4
1 2.9313 4.6708 4.5437 5.849% 17.953% 18.10 0.58
i2 3.9685  4.258% 4.1826 5.8250 18.2356 18.34 0.57
26 4.5929  5.9939 5.0147 5.1743 20.7158 20.82 0.50
30 5.7100 4.8549 5.6273 4.2634 20.4566 20.57 0.56
40 3.1296 4,8055 4.4270 65,8853 18.2474 18.40 0.84
4 2.8966 5.0891 5,2150 65,2123 19.4130 18.36 0.29
44 2.3111  3.9544 4.7182 5.3908 16.3775 17.57 7.3
58 5.5448 4.8727 5.4646 4.9347 20.8165 21.03 1.0
60 4.7829  4.4965 4,2817 5,149 18.6702 20.00 7.1
67 3.8697 4.7449 5.2822 4.7 18.6085 18.71 0.55
71 2.9365 5.4033 5.1611 4.9395 18.4404 18.54 0.54

* After leaching
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Apperdix 1: Table 3

Rock weights (before and after acid wash} and weight percent loss

Channel Origina? Final Weight Percent
Layer Nt. (g) Wt. (g} Loss(g) Loss
9A 3.0992 2.9718 0.1274 4,1
98 5.1435 4.9172 0,2263 4.4
9C 4.3119 4.1292 0.1827 4,2
gD 5.3717 5.1645 0.2072 3.9
X T1A 3.0992 2.9718 0.1274 3.5
118 24,6708 4,4666 0.2042 4.4
11¢ 4.5437 4.3415 0.2022 4.5
11D 5.8491 5.6248 0.2243 3.8
12A 3.9685 3.8090 0.0595 1.5
12B 4,2595 4.1828 0.0767 1.8
12C 4,1826 4.0030 0.1796 4.3
12D 5.8250 5.6196 0.2054 3.5
26A 4,5929 4.5077 0.0852 1.6
3J0A 5.7100 8.5370 0.1730 3.0
304 3.129 2.9655 0.164) 5.2
40B 4.8055 4.6193 0.1862 3.9
40C 4.4270 4,2328 0.1942 4.4
40D 5.8853 5.7620 0.1233 2.1
41A 2.8966 2.7160 0.1806 6.2
41B 5.0891 4,7800 0. 3091 6.1
41C 5.2150 4.9370 0.2780 5.3
41D 5.2123 4.,9492 0.2631 5.1
44A 2.3141 2.0787 0.2354 10.2
44B 3.9544 3.4520 0.5024 12.7
44C 4.7182 4.1942 0.5240 mna
44D 5.3908 4,8312 0.5596 10.4
53A 5,5448 5.3180 0.2268 4.1
504 4,7829 4.2938 0.4891 10.2
67A 3.8697 3.7739 0.1958 2.5
678 4,7449 4,5537 0.1912 4.0
67C 5.2822 5.1038 0.1784 3.4
67D 4.7117 4.4943 0.2174 4.6
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Table 3 (cont.)

Rock weights (before and after acid wash} and weight percent loss

Channel Original Final Weight Percent
Layer Wt. (g) Wt. (g) Loss(g) Loss
71A 2.9365 2.8070 0.1295 4.4
718 5.4033 5.1808 0.2225 4.1
71¢€ 5.1611 4.9375 0.2236 4.3
71D 4.9395 4,7536 0.1859 3.8
41B* 4.7800 4.6780 0.1020 2.1
44p* 3.4520 3.2612 0.1908 5.5

*Samples were recyclied through a second acid wash.
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APPENDIX 2

ColTection volumes, times, and normalized flow rates (cm3/day). Also
average flow rate for each channel based on thirteen callection volumes.
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APPENDIX 2

Table 1 (cont.)

Tabulation of Sample Volumes, Sample Time, and Flowrates

23 200 42

CHANNEL/OAY

.98
«01.77

a7 691.4%9
2

26
40
40

40

YOLUME
TIME 28
RATE 28
TIME 37
FLOWRATE 237
FLOWRATE

F
FLOVRATE 30 208.74

DELT TIME
DELT TIME 30

DELT

DELT

44
44
44 2p
ss

VOL
DELT TIME
FLOWRATE

-1

1]

an
TE €0 2

E
DB T FiHE
FLOWRATE
ME 8D

DELT T1
5

183-219

121-150

[ X4
[ 14
7

VOLUME
FLOWRATE

DELT TIME
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Appendix 2: Table 2

Average Flow Rate

% Channel Average Flowrate PCT.SD,
‘ 2 9.98 12.2
3 10.71 19.4
6 302.28 3.1
9 10.55 5.7
11 298.17 7.0
12 3141 3.3
26 10.24 15.2
30 303.08 4.6
35 11.05% 20.8
37 298.95 25.5
38 298.29 11.0
40 10.41 32.3
41 10.43* 5.8
44 305.00 3.2
58 10.00 25.5
60 292.40 4.4
67 0.91 34.2
n 0.68 45.3

*Day 1 excluded
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APPENDIX 3
Leachate Np and Pu Concentrations (dpm/em3)

Leachate_Neptunium and Plutonfum activities in disintegrations per
minute per cm® of solution. The percent uncertainty (one standard deviation)
based on counting statistics only is immediately below each concentration
value. Blank corrections to the data have been made. A zero denoctes no
analysis. The letter C denotes @ radjochemical separation. The notations on
the left hand side of each page correspond to the channel number, the
temperature (COLD for 25°C and HOT for 75°C) amd the flow rate (SLOW
- 1 ml/day, MEDIUM - 10 ml/day, and FAST - 300 ml/day).
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CHAN TEMP

-16-

@@ N

12
-3
30
33
ar
38
40
a

44

58
60

67
7t

coLD
coLD
coLo
coLD
coLD
coLb
coLp
CBLD
HOT
waT
HAY
HoY
HOT
HaT
HoT
HS5T

HatT
HOT

FLOW SAMPLING DAYS

1 e
MED  1.53E+0f z 83E+Q1
1, 7€+ GE+O
MEO 1.14E+01 2.80E+01
1.9E+Q .SE+00
FAST 8.43E~0] 5.B1E-01
6,.9E+ Q,4E+0
MED 4,06E+Q0Q 1,33E+01
3. 4E+0 1.6E+00
FAST 5.850E-0] 5,46€E-01
7.8E+00 7.6E+QQ
FAST S.B2E-01 4,73E-~
7.9E+00 B8.0E+00
NED 0. Q.
0. 0,
FAST O, 1i4gg:g:
MED 1.95E+01 7, 7Eo01
1.1E+00 ?,.7E-01
FASY ©.B1E+00 1,.01E+D]
1, 8E+00 1.9E+Q0
FAST 1. 052+Q07 8. 88E+GC
1.6E+00 1.9E+00
MED 6.60E+01 93.61E+01
6.3E-01 1.1E+0Q
MED O, 4, 03E+01
o, 1.0E+00
FAST 7,81E+00 1,09:+0)
2.1E+00 1.8E+00
o % SRR
FAST o, 1,89E-01
o, 1.3E+01
i- 10
sLow 21:402 0.
s QE-D 0.
SLOW 8, 76E'OI 0.
6.4E-01 0.

BEADLEACR 1

TABLE OF NEPTUNIUM CONCENTRATION (DPM/CM3)
3 6 ) 20 a7
1,93E401 4.S1E+00 7,22E+00 6,69E400 @ SgE-
J.BE+0D 9,1E+QD 2.4E+0Q0 2.9E+00 _6.B8E+
9.03E+0] 8,01E+00 3,93E+00 9.071E+00 1.96E+00
1.3E+0 2.3E+00 3.7E+ L 1E+ A, 6E+00
4.57E-01 3.34E-01 d.i9E-01 1;38E-01
7.7E+00 ©,)E4OD B, 2FE+ 1.2E+01  _1.3E+01
1,86E+01 1,02E+01 4.54E+00 3I.91E+00 9, 6DE-D)
i.6E100  2.0Ee00  2.9Es 3.2E+00 6,3E+00
6.55E-01 1.93E-0] 9.00E-0) 1.67E-0] S.i7E-O2
6,8€400 1.06+01 B, 4Ew 1,DE+0) . 1.BE+D1
3,86€-01 2.71E-01 2,53E-01 1,0JE-D] O,
8.9E+00 _9.4E+00 8.5E+QC t.2E401 _{.6E+Q
0. 0. [ 0.
0. 0, o, ()
1.23€-01 2.02E-01 1,63E-01 1,02E-01 O,
359E+0] 1.6E+01 i.7E*@] _2.2E+01 O,
1.i7E+02 1,1SE+02 8, 42E+Q] S,52E+0] 5, 56E+01
&, 7E-Q1 &.0E-01 6.7€E-Q1 6. \E-0O1 8.%E-01
1,01g+01 8. B8E+00 g i7E-00 9.63E-00 4 50E:00
2.2E+00 2,2E+00 2.3E+00 3,2E+00  2.8E+00
8.47€+0Q @.23F+00 €. 78E+Q0 4q.08E+00 4. 39E+00
2,0E+400 2.1E+00 _2.3E+00 3,1E+00 3.0E+Q0
15736+0) 9L 23E+01 2, 47E+D1 4, 2AE+DI B, B2E+0D
iygEs00 ii1E+00 i.2E+00 i,0E+00 - 1E+00
2,A3E+0] 2,89E401 2,86E+01 4,17E+01 3,71E+Q0
1.2E+00 1.1E+00 :2E+00 1.0E+00 3. 4E+00
9,87E+00 8.93E+00 @,10E+00 2 62E+00 3. 9BE+OC
5.46+00 3.8E+00 3.SE+00 6.BE+00 3.2E+
o, 0, . °. o,
a. 0, [ o, 0.
1,i98-01 6,38£-02 6€.91E-02 1,28E-01 O,
5.3E401  3.8E+07  4.1E¢ 3.2E+01 0.
11- 20 2i- %8 3i- 50

0. o, o, 7.62E401 1.30E+02
a. 0. 3. 8.6E-01 _§.E5E-~01
o, o, o, 1577E502 8 F7E01
Q. o 5.BE-D1 . BE~01

~
@
Y
mm
+ ¥
i=
00

31- 80
8, 22E+40}
8.9E-01
1, 24Ev01

E+00

120

2.52E-D)
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1.1E+00Q
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CHAN TEMP

> 1)

12
26
30
33
a7
38
a0
4
a4
58
80

&7
71

-26-

coLp
coLp
coLo
coLD
coLn
coLe
CoLp
coLD
HOT
HoT
HoT
HOT
HOT
HeT
HOT
HOT

HOT
HoT

FLAW SAMPLING DAYS

280 3
MED O, 8. 44E-
0. i,qE
MED O, 1.27E40
o, QE+
FAST O, 2.80E-0
(-} i,2€+
MED  o©, 1,20E+Q
0. 5 2E+0
FAST O, 2.38€-0
a. 8. 1E+
FAST O, a.31E-
0. 9. 8E
MED  O©. 2,20E-0
0. 1, 4E+0
FAST O, 84
. 2, 3E
MED O 1, 79E+
FasT 0 1234
0. é‘;E
FAST O, 1,0
0, 4 QE+0
MED O 4.5
CH 2
MED O, 1
0, i.7
FAST ©. 0, 58£+0
. LIE*
MED O, 1580E-0]
0. i.2€
FAST O, a,78E-02
. 3
za6-260 31
sLew 0, P
SLoW O, 7.9
0. é.

TABLE OF NEPTUNIUM CONCENTRATION (DFM/CMI)




BEADLEACH 11!

TABLE AF PLUTONLUM CONCENTRATION (DPM/CM3)
CHAN TEMP FLOW SAMPLING DAYS
1 2 a & 11 20 kg 70 120 181 213

2 coLD MED 1.87E+01 2.66E+Q1 6.00E+QQ 1.3BE+00 2.20E+DQ 1.B%9E+Q0 3.32E-0) 2 I4E-0i 1.88E-0 1.20E-0 1.07E-0
1.5E+0Q 1,.6E+00 2.BE+DO 5, 6E+ON 4. 3E+00 5, 8E+00 8.5E+00 2.3E+0 1,2E40 1,%5E+0 1.9E+0Q
3 COLD MED 1,72E+01 1.82E+01 1,55E+01 1.85E+0) 1,23E+00 1.42E+00 4.14E-01 7.39E-02 1,34E-0 2.56E-0 3, 49E~0.
1.6E+00 i.9E+00 1.BE+0D _4,BE+DD _2E+ DI S, dE+0 9. 7E+00 _1.BE+Q 1,3E+0 1,1E40 2, 8E+D
5 CTOLD FAST &,41E-0O! 3,3%E-01 4.09E-01 2,18E-0 1,9BE-Q1 9.49E-D2 1.0%E-01 9.28E-02 6.21E-02 2.07E-0 1,08E-0
8, 8E+0 1,9E+0 8, SE+QH 1,2E+0 1, 3E+01 1,7E+01 1.5E+01 1. 7E+D 1,9E+0 1,2E+0 1.7E+D
9 COLD MED 5.99E-01 3.13E-01 2.08E-0) 60E~ 1,22E-02 1.68E~0, 8.31E-02 O,
C 1.SE+Q0 C 2.4E+Q00 C S5.2E+Q0 C 9.8E+00 C 1.3E+0} C 8.9E+00 3 * 2. BE+01 1.7E+Q1 A, 0E+0 8. QE+
11 COLD FAST 4,78E-O1 12E- 3. 31E- 1.81E~01 @.20E-02 1.28E~0] 7.31E-03 O. 4. 73E-02 22E-02 1.77E-02
9.0E+Q0 1. 1E+0 9. 9E+Q0 1.2E+Q 1.7E+Q} 1.4E+0} 3.0E+01 2.8E+0 2.0E+Q’ 1.8E+Q 2.6E+*0Q
12 C4LO FAST 2.78E-01 07E-0 8.36E-01 1,76E-Q 8.43E-02 1.35E~01 ©. 1.99E-0 1.58E-0! 1.02E-0 1.97E-02
1.2E+01 1. 1E+ 1,0E+ 1.3E+ 1.7E+01 1.56+01 3.5E+01 2.4E+Q 2 8E+0Q 1.6E+0 2,6E4
28 CJLD MEO 0. \ . . 0 5 0. 3.97E~0; 3,60E-02 2.34E-02 O.
0. 0. o 3. 2E+0 2,0E+0 3.8E+0 0.
30 COLD FAST O, S,34E-D2 6,8BE-02 6.91E-02 4 3!E g2 1.,36E-01 O §.34E-02 5.88E-02 3.81E-02 O,
. 2,8E+0 2, 5E+01 2. 7E+ 3, 3E+ 1.8E+0 o, « BE+Q 1,6E+Q 3.2E+0 Q.
3% HOT MED 2.96E+00 3.52E-01 2.B5%E-0) B3,92E-0 1.38E-01 8.07E-02 1.60E-D2 7.42E-03 9.91E-02 1,49E-0 1.S50E~02
C 6.7E-01 C 3,0E400 C 8.3E+00 C_1.7E+Q0 C _3.6E+00 C 6.2E+ 2, 4E+01 2,.6E+Q 1.7E+0] +4E+0 2.7E+0
37 HAT FAST 8&.25£-01 1.03E 8. 14E-D 6.09E -0 B.43E- B8.33E-02 2. 51€E-02 1,B1E-0 2.84E-0 1.78E-0 4.46E~0
$.6E+0Q0 1,6E+ 1,9E+ 2.0E+0 2.0E+01 1.7€+01 2.2E+0Q1 t.4E+Q 1.1E+Q 1,3E+0Q 9. 9E+
88 HOT FAST 1,30E+Q0 8,.43E-02 E-Q2 1.99E-02 6.93E-02 &, 43E-O 2,88E-02 1.20E-0 2.04E-0 2,47E-0 4,p4E-0
4.6E+00 1, 7E+ 2.1E+01 2.4E+0 1.8E+0) 1.9E+ 2.2E+01 1.8E+0 1,8E+ 1.9€+ - 4E+0Q
40 HOT MED 5.?73E-01 1.565E-Q §.63E-Q1 4.91E-0 4.87E-02 .S1E-02 0. 0. Q. 2.72E-0
€ 2,7E+00 C_4.7E+00 € 1.%E+Q0 C_4.8E+00 C_6.2E+00 C_6,6E+00 3E+01 4, 1£+0 0. .3E+0) 1.2E+D
41 HOT MED 0. 7.19E-0z2 25E-02 2.57E-0; 1.17E 2,84E-02 © 1.926~02 0. 0. 1.13E-0
. ¥, BE+ 2,5E+0 2. 2E+0 2,BE+0 2. 3E+C) 3.0E+01 2, 8E 3.3E+01 JEY01 1, BE+
44 HOT FAST _1.12E-01 3,71E-O! 5.90E-03 3.07E-0 1.296-03 4.96E-03 O, 3.14E-~02 8.63E-02 O, 3, 64E~03
£ 2.3E+00 € 1,4E+01 C ).JE+01 C 1.8E+Q1 € _1.9E+01 C_1.2€+01 3.SE+01 _2.2 1,8E+01 J.B5E+Q 2.SE+0
58 HOT MED o, S,02E-02 O, 0, 0, 0. Q. 2.62E~0: G.UOE-OZ 3.32E-02 0,
, 3, IEAD’ 0, 0, Q. . 0. 3, BE+ 2, 1E+01 .3E*Q .
60 HOT FAST O, 9.66E-02 6.5@E-02 9.5BE-02 B8.06E-02 6.42E-02 O, 3,60E~0: 4.64E-02 4.02E-0 0.
2.1E+0 4,.5E+01 3.8E+01 3.BE+01 4.56+01 0. J.2E+0 1.6E+01 .2E+0Q 0.
1- 10 11- 20 21- 30 31- 5q ol- 80 81-120 127-150 183-213
67 HOT SLeW 7.38E-02 O, qa, 0, 0. 9.63E-03 Q. Q. 4.445-04 O, 5 DOE'OZ
C_7.8E+090 0. o, O. 0. 3, E'Oi 3.0E+01 1. 0E+02 2, 6E+01 3.2E+01
7' HOT SLoW 1.83E-01 O. 0. Q, Q. 8, 74E o, 0. [N Q. 5 47E'02
C 7.7E+00 0. 0. 0. o, 2, 0E'01 2,9E+01 1.0E+02 2, BE+D1 4.1E+01? 2, 4E+D]
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CHAN TEMP

2 coup
3 ceaLb
8 coLD
$ coLD
11 caud
12 coLb
26 coud
30 cart
a3 HoT
37 HoT
38 Het
a¢  HoT
41 HoT
44 HOY
58 HIT

80 HoOT

67 Hot
71 Her

1
o
S

]

FLOW SAMPLING DAYS

MED

FAST
MEO
FAST

SLow
sLow

280

-N
0,

a o ©

oo

o _Q

-] L= -IK-]
o ~o o of

Q0 O

310-342
1.90E-01

.BIE-0
¢ 2.0E+00

TABLE OF PLUTONIUM CONCENTRATION (DPM/CM3)

1
5. d2E-02
2.6E+01

408-438

2.46E~
C 2.8E+00

BEADLEACH I

ol §




APPEUDIX 4
ICP Concentration Data (ug//cm3)

a. Leachate concentration {micrograms per cm3) of stable elements as
determined by ICP.

The reparted detection 1imit expressed as “less than" is four times the
standard deviation of an average of ten blank runs. The blank used is dis-
tilled water which has been passed through a Millipore Ion Exchange system.
A zero denotes no analysis was performed. Concentrations are reported for
8, Mo, U, Na, S5i, Ca, and Sr. The last fcur elements are also rock or
leachant components and their concentrations in this appendix include all
three sources, the glass beads, the rock, and the leachant.
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CHAN TEMP

-
H -~ 0 a6 wR

30
a5
a7
KL
40
41
44
88
&0

67
n

-9G~

caLb
coLd
coLd
coLo
coLD
coLD
coLb
coLD
HOT
HoeT
HOT
HOoT
HAT
HOT
HOT
HAOT

HOT
HOT

FLOW SAMPLING DAYS

1

MED 4.30E-02
MED  %.40E-02
FAST <1.00E-02
MED 4,10E-22
FAST ¢1.00E-02
FAST ¢1,00E-02
MEO 1.40E-02
FAST O,

MED 1.57E-01
FAST €.00E-02
FAST 6.8B0E-02
MED 6.32e-01
MEQ 0.

FAST 8.10E-02
MED 1.50E-02
FAST <1.,Q0E-02

1- 10

SLow  2,55E+00
SLOW 1, 84E+00

2

1.30E-01
9, 20E-02
<1.00E-02
9.90E-02
<1, 00E-02
<1,00E-02
Q.

o.

6, 32E-0}
6.30E-02
6. 40E-02
0.

S, 0BE~-DY
8. 20E-02
4, 29E-01
<1.QOE-Q2

TABLE OF

3

8.70E-02
1.0BE-01
<1.00E-02
1.31E-09
<1.00E-02
<1.00E-02
<1,00E-02
<1,0LE-02
8.62E-01
7.10E-02
6. 10E-02
2.16E-01
2.6BE-0)
8. 40E-02
€1.00E~02
<1.00E-02

BEADLEACH (1

{CP DETECTION LIiMIT= 0.010

s o

°9o0

sooco0000000¢0

2.
<1.
<,
<1,
<i.
<1.
<1,
<1,

6.

2,

3.

3,

3,

3.
<1.

<.

1

o,
0.

1

SOE-02
0OE-02
OCE-02
Q0E-02
Q0E-02
D0E-02
GOE~02
00E-02
26E-01
9OE-02
10E~-02
67E-01
73E-01
40E-02
00E-02
OOE-0D2

1- 20

20

2.00E-02

0.

0.
<1.0DE-02

0.

0.

Q.

0.

2.47E-01

0.

Q.
6.02E-01
0.

o 0o o

a21- 30

7. 08E+00
6. 95E+00

BORON CONCENTRATION ( UG/CN3)

37

<1.00E-02
<1.00E-02
<1.00E-Q2
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
3.47E-01
1.70E-02
1.60E-02
4.32E-01
a.22e-0t
1.80F-02
<1.00E-02
<1,00E-02

31- 50

7.26E+00
4.86E400

70

<1.00E-02
<f.00E-02
<1.00E-02
<1.00E-02
<1.00E-D2
<1.00E-02
<1.00E-02
<1,00E~-02
4.68E-Dt
1.28E-0Y
3.40E-02
%.30E-01
4.93E-01
&,R0E-02
<1.00E-02
<1,00E-02

&1- 80

&.30E+00
4.6%E+00

120

<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
1.01E400
8,30E-02
7.60E-02
1.33E+00
8.05E-01
1.06E-01
<1,00E-02
€1.00E-02

81-320

7.89E+00
1.82E+01

16t

<|.00E-02
<1.0CE-02
<1.00F.-02
<1.00E-02
<1.00E-02
<1.0Q0E-02
<}, 0DE-02
€1.00E-02
1.22E+30
1.04E-01
1.04E-01
5.72E-01
7.03E-01
}.155-01
<1.00E-Q2
<1.00E-02

121-1%0

5. 14E+00
1.19E+01

213

<1.00E~02
<1,00E-02
<1.00£-02
<1,00E-02
<1.00E-02
<1.90E-02
<1 ,0UE-D2
<4 ,00E-02
1.18E+00
8.30E-02
7.50E-02
a.067e-01
5.21E-01
8.70E-02
<1.00E-02
<1.00E-D2

183-213

q,47E+02
4,58E+00

TE I
R




CHAN TENMP

2
3
6
2
(3]
12
28
30
s
37
a8
40
41
44
58
&0

67
kal

~{G-

caLo
CcoLD
caLo
coLD
caLo
COLD
coLp
coLp
HOT
HOT
HaT
HOT
HaT
HOT
HOT
HOT

HOT

FLow

MED
HED
FasT
MED
FAST
FAST
MED
FAST

FAST
FAST
MED
MED
FAST
MED
FAST

SLow
SLOW

SAMPLING DAYS

280
0.
0.
Q.
o,

o o

(-2~ - - T - T - - I -

4

Q.

246-280
4.98E+00
7.24E+00

a4z

<1.00E 02
<1.060E~02
<1.00E-02
<1,00E-02
€1,00E~02
<1.00E-02
<1,00E-02
o.
1.80E+00
8.10E-02
6.90E-02
6,26E-01
4.92€-01
9. d0E-02
<1.00E-02
.

510-%42
5. 14E+00
8.138E+00

BEADLEACH 1!

TABLE OF BORON CONCENTRATION ¢ UG/CH3)
ICP DETECTION LIMIT: ©.0M0D

433
<1.00E-02
<1.00E-02
<1.00E-02
<1.00E-02
<1.0CE-02
<1.00E-02
<1.00E-02
<1.00E-02

1.93E+00
7.60E-02
7.80E-02
$.39E-01
6. 43E-01
9, 20E-02
<1.00E-02
<}.00E~-02

408-435
5. 44E+00
5.01E+00




CHAN TEMP

A QN

12
26
30
IS
37
3
40
41
44
S8
(1]

&7
71

-85-

coLb
coLb
caLb
coLb
coLD
coLD
coLD
coLD
HOT

HOT

HAT
HOT

HOT

HOT

HOeT
HoT

. W SAMPLING DAYS

MED
HED
FAST
MED
FAST
FAST
MED
FAST
MED
FAST
FAST
MED
MEC
FAST
MED
FAST

SLOW
SLow

1

5.90E-02
6.80E-02
<%,00E~03
4.10E-02
<5.00E-03
6.00E-03
2.60E-02
0.
8.40E-02
3.40E-02
3.70E-02
3.05E-01
0.
4.30E~-02
1.80E-02
<%,00E-03

1- 10

1.13E+00
8.08E-01

2

3.00E-02
2,50E-02
<5.00E-03
5.30E-02
<5.00E-03
7.00E-03
0.
0.
2,99E-01
3.40E-02
3.60E-02
0.
2.46E-01
4,40E-02
2,13E~01
<5.00E-03

0.
0.

BEADLEACH 11

TABLE OF MOLYBDENUM CONCENTRATION ( UB/CM3)
ICP DETECTION LIMIT= 0.00S5

<]

2.80E-02
4.10E-L?
<5.00E-03
6.00E-02
<5.00E-03
<5.00E-03
<5, 00E-03
<5, 00E-03
3.91E-01
3.80E-02
3, 40E-02
1.05E-01
1.28E-01
4,60E-02
<5.00E-03
1.10E-02

0.

0.
0.

1

<5.00FE-03
1.*0E~Q2
<3.00E-03
1.10E-02
<® . 00E-03
<5,Q0E-03
<%,00E-03
<5.00E-03
2.90E-01
1.90E-02
2,70E-02
1.778-01
1.74E-01
2.10E-02
<5,00E-03
<5.00E-03

11~ 20

0,

20 37
i.10E~02 <5.00E-03
0. <5.00E-D3
0. <5.00E-03

<5.0GE-03 <5.00E-03
Q. <%5.00E-03
o. <5.00E-03
0. <5.00E-03
o, <5.00E-03
1.21E-01 1.S54E-01
0. 1.20E~02
0, 1.00E-02
S.85E-01  1.97E-00
Q. 1.55£-01
0. 7.00E-03
0. <5.00E-03
Q. <3.00:-03
Z]- 30 31- 50
3.16E+00 3.32E+00

3.11E+00 2.17E+0C

70

<5,00E-03
<3.00E-D3
<3.00E-03
6.Q0E-03
<5.00E-Q3
<5.00E-03
<5.00E-03
<5.00E-03
2.17E-01
6.80E-02
2.60E-02
2.42E-01
2.90E-07
2.80E-02
9.00E-03
8.00E-03

51- 80

2.84E+00
2.08E+00

120

<5.00E-03
<3.00E-03
<5.00E-03
<S5.00E-Q3
<%5.00E-03
<5.00E-03
<S5.Q0E-03
<S.00E-03
4.62E-01
<35, 00E-03
3.80E-02
€.05E-0)
8,73E~01
5.00E-02
<5,00E-03
<%5,00E-03

81-120

3.59E+00
6.89E+00

151

&.00E-03
<%S.00E-03
8.00E-03
€.00E-03
<5.00E-03
<S.00E-03
<5.00E-03
<5.00E-03
5.63E-01
5.60E-02
6. 60E-02
2.68E-01
3.32E-01
6.20E-02
<5,00E-03
<5.00E-03

121150

2.40E+00
5. S3E+00

213

<3.00E-03
<3.00E-03
<3.00E-03
<5.00E-03
<S5.00E-(J
<3.00E-03
<35.00E-03
¢5.00E-03
S.89E-01
4.50E-02
4.40E-02
2.02E-01
2.81E-0%
4.70E-02
<5.00E~03
<5.00E-03

183-213

2.20E+00
2.26E+00



CHAN TEMP

[ I Y

12
26
30
a3
a7
38
40
4a1
44
B8
60

&7
k4l

-65-

coLD
coLp
coLD
coLD
coLp
cOLD
ceLo
coLD
HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT

HOT
HOT

FLOW SAMPLING DAYS

SLOwW
SLow

280

0.
0.

246-200
2.40E+00
3.48E+00

a4z

<5.00E~03
6.00E~03
<%.00E~-03
6.00E-03
<5.00E-03
<%,00E-03
<5%.00E-03
0.
§,33E-01
4., 40E-02
3.60E-02
3.09E-01
2.4BE-01
5.00E-02
<5,Q0E-03
0.

310-342
2.41E+00
3.86E+00

BEADLEACH I

TABLE OF MOLYBODENUM CONCENTRATION ( UG/CM3I)
ICP DETECTION LIMIT= 0.005

433
.00E-03
1.00E-02
<5.00E-03
1.00E~02
<%5.00E-03
<%, 00E-03
<%.00E-03
6.00E-03
6.59E-01
4.30E-02
4., 40E-02
2.62E-01
3.127-01
5. 2uc-02
<%5.00g-03
<5,00E-03

[

408-43%
2.46E+QD
2,23E+00

|
1
s




CHAN TEMP

87
kdl

-09-

coLp
CoLD
coLD
HaT
HOT

oy
HOT
HOT
HOT
HaT

HOT
HeT

FLow

MED
MED
FAST
MED
FAST
FAST
MZzD
FAST
MED
FAST
FAST
MED
MED
FAST
MED
FAST

SLOW
SLav

SAMPLING DAYS

1

<5.80E~02
<5.60E~02
<5, 6DE-02
5. BUE-02
<5.60E-02
<5, 60E-02
<5. 6DE-02
0.’
1.12E-01
8, 20E-02
<S.60E-02
5.90E-02
a.
5. 80E-D2
5. GOE-02
<5, G0E-02

t- 10

&. 50E-02
<5.60E~02

2

<8,80E~02
<8.80E-02
<S.60E-02
<S.80E-02
<5.€0E-02
<3.60E-D2
0.

0.
6.G0E-Q2
<8, 60E-02
<8,60E-02
0.
2,.43E-01
<3, B0E-02
<35.60E~02
<%5.8DE-02

a.
0.

TABLE OF

3

<5,B60E-02
<8.60E-02
<5.60E-02
<3.60E-02
<5.60E-02
<5,60E-02
<5, 60E-02
<6,80E-02
1.3E-01
<5.60E-02
<5.80E-02
<3, B60E-02
<5,60E-02
<5.60E-02
<%.60E-02
<%.60E-02

BEADLEACH 11t

1CP OETECTION LIMIT= 0,056

0.
0.
0.

o.
o.
0,
0.
0.
0.

coeo

e

n

<%, 60E-02
<$§,60E-02
5.60E-02
~§.60E-02
<6.60E-02
<5, 60E-02
<5, 60E-02
<8, 60E~-02
1,29€E-01
<5.60E-02
<5.60E-02
«3.80E-02
<%.60E-02
<6,.60E-02
<%.60E~02
<%,60E-02

11- 20

Q.
o,

20

<3.60E-02
o.
0.
<5.60E-02
a,
0.
0,
n.
<5.60E-02
0.
0.
1.04E-01
0.
o,
0.
0.

21- 30

4, 22E-01
2.61E-01

URANIUM CONCENTRATION ( UB/CM3)

a7

~5.60E-02
<5,B0E-02
<%5.60E-02
<5,60E-02
<5,60E-02
<%.60E~02
<5.60E-02
<&.E6CE-02
<% ,60E-02
<5,6DE-02
<5,60E-02
9,00E-02
7.90E-02
<% .60E~-02
«%5.60E-02
<%.60E-02

31- 50

7.41E+00
4.09E-D1

70

<5.60E-02
<&, 60E-02
<%5.60E-02
<%, 60E-C2
<5, 60E-02
<5, 60E-02
<5, 60£-02
¢S, GOE-02
7.90E-02
<%.60E-02
<E.60E-02
3.14E-01
2.06E-01
¢5. 6DE~02
<5, 60E-02
<. .60E-02

51- 80

7.12E-01
6. 06E-Q1

120

<5,60E-02
<3.60E-02
<%.60E~02
<5.60E-0?
<%.60F
<3.60E
<5,.60E-02
<5,.6CE~02
3,72E-01
<3.60E-02
€5 ,60E-02
2,540
2.08E~01
<5,BOE-D2
<5,60E-02
<S8, 60E-02

81-120

7.96£-01
3. 2Q0E+D0

151

<5.60E-02
<5.60E-02
<8.60E-02
~*%.GOE-02

nE-02

~E=02
<3.60E-02
<5.80E-02
5.82E-01
<6.B0E-D2
<5,60E-D2
1.78E-01
2,24E-01
<B.60E-02
<5 .60E-02
<3.60E-02

121-1%0

6.3%€-01
1.79E+00

213

<%.60E-02
<5.60E-02
<5.860E~02
<5.60E-02
<5.60E-02
<3.60E-02
<%.60E-D2
<8.60E-02
%.0BE-O1
<5.80E-02
<5, 80E-02
7.BDE-O2
6. 80E-02
<5, 50E-02
<%.60E~02
<5.60Z-02

183-213

9. 22e-01
1.11E+00




CHAN TEMP

L

12
26
3o
ax
37
a5
40
a1
44
58
50

67
7

-19-

cOLO
coLp
coLD
coLD
coLD
ceLD
GaLo
coLo
HaT
HOT
HoT
HOT
HAT
HaT
HOT
HoT

HOT
HaT

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FoST
FAST
HEo
FAST
HED
FAST
FAGT
MED
HEQ
FAST
MED
FAST

SLoW
SLaw

280
a.

eeooo0

246-280
7.83E-01
1.26E+0Q0

342
<5.60E-02
<5.60E-02
<5, 60E-Q2
<%, G0E-02
<%.60E-02
¢5.60E-02
<S.60E-02
0.
4,08E-07
S.70E-02

<5.60E-02
7.60E-02
6.30E-CZ

<5.60E-02

<5.60E-02
Q.

310-342
3.33E-01
7.67E-01

BEADLEACH I

TABLE OF URANIUM CONCENTRATION ¢ UG/CM3)
1CP DETECTION LIMIT= 0.056

438
<5.60E-02
‘S, 60E-02
<5.60E-02
<5.60E-02
<5.60E-02
<5,60R-02
<S.60E-02
<%.60E-02
3.21E-01
<5,60E-02
<5.60E-02
<8.60E-02
<5.680E-02
<5.60E-N2
<5.60E-02
<5.8Q0E-02

408- 435
1.92E-01
2.82€-01




CHAN TEMP

* QN

n

26
30
s
a7
as
40
41
44
S8
60

87
n

~29-

coLo
coLp
coLb
coLo
coLp
coLp
coLo
coLp
HoT
Hot
Het
HaT
HoT
HOT
HeT
HAT

HoT
HaT

FLOW

NED
FAST
MED
FAST
FAST
MEO
FAST
MED
FAST
FAST
MED
MED
FAST
MEO
FAST

SLaw
SLaW

SAMPLING DAYS

1

2,81E+02
2,38E+02
2,10E+02
2,14E+02
2,11E+02
2,08E+02
8.91E*02
0.

2,10E+D2
2,23E+02
2,aseEe02
6.84E+02
0.

2.43E+02
3.038E402
2.0SE+02

1- 10

3.09E+02
3.39E+02

2.82E+02
2.36R+*02
2.17E+02
2.03E+02
2.08E+02
2.07E+402
©.

Q.

2,3BE+02
2, 1S5E+02
2.12e+02
0.

2.92E+02
2.16E+02
3.67E+402
2.04E+02

Q.
o.

TABLE oF

2.00E+02
2,02E+02
1.93E+*02
1.84Ev02
1.97€+02
1.98E+02
2.29Ev02
1.88E+02
2,03E+02
1,90E+02
2. 02E+Q2
1,81E+02
2. 06E+02
1. 91E+02
1.82€+02
1.77E+02

sooo0ooaogoooooO

o,
0.

BEADLEACH 1

"

1.97E+Q2
1.96E+02
1.89E:-02
1.9?E+02
1.88E+02
2.00E+D2
1.91E+02
1.B7E+02
1.98E+02
1.94E+02
1.98E+02
1.94E+02
1.,96E+02
1.94E+0D2
1.98E+02
1.80E+02

11- 20

9.
0.

0.008
20

2.25€E+02
0.
0.
2.18E+02
0.
0.
Q.
o.
2.27E+02
0.
Q.
2.35e+02
0.
0.
0.
a.
21- 30
2.41E+02
2.57E+02

SODIUM CONCENTRATION { UG/CM3)
ICP DETECTION LIMITe

3?

1.90E402
1.91E+02
1.97E+02
2.00E+02
2.01E+02
1.9BE+D2
1.92E+02
1.94E+02
1.95E+02
1.92E702
1.96E+02
1.93E+02
1.93E+02
1.89E+02
1.94E+02
1.70E+02

31- 80

2.81E+02
2,37E+02

2?0

2, SoE+OR
2,626+02
2 ~Er02
2.62E+02
2. 61E002
2.83E+02
2.66€+0z2
2,80E+02
2.7dE+02
2.89E+02
2.64E+02
2.72Ev02
2.70E+02
2,64E+02
2.78E+02
2.60E+02

u1- 80

2.73E+02
2.97E+02

120

1,79E+02
1.79E+02
1. 74E+02
1.83E+02
1,74E+02
1. 75E+02
1.76E+02
1,76E+02
1.86E+02
1.74E+02
1,76E+02
1.84E+02
1,79E+02
1.72E+02
1.79E+02
1.72E+02

81-120

2.56E+02

3,86E402

181

1.03E+02
1.03E+02
9. 91E+D1
1.01E+02
1.02E+02
1.02E+02
1.11€+02
9. 71E+01
1.10E+02
1.01E+D2
9.97E+01
1.QVE+02
1.17E+02
1.01E*02
1.18E+02
§,78E+01

121-130

1.37E+02
2.61E+02

213

3.84E:02
4.28E+02
8.78E+01
3.82E+02
8. 78E+01
3.74€+01
B, 208+02
5.63E+01
J.79E+02
8,80E+01
8.78E+01
4.08€+02
4,88E+02
S5.78E+0)
5. 23E+02
5.068E+01

163-21d

1.61E+02
2.99E+03




BEADLEACH 11

TABLE IF SODIUM CONCENTRATION ( UB/CM3)

iCP DETECTION LIMIT= 0,008
CHAN TEMP FLOW SAMPLING DAYS

200 242 aas
2 coLD MED 0. 7.38E+01 3, 32E+0!
3 coLo MED O, 7.1SE401 3, 226401
€ COLD FAST O, 8,63E+01  4,21E+01
o cow MED O, 8.47E+01  3,50E+Q1
11 CcOLD FAST 0. 8.48E+01  4.126+01
1R COLD FAST 0. a.58E+01 a4, 36E+0)

26 COLD MEO 0. 8.40E+01  3.BOE+0}

30 COLD FAST O. a. 3.99E+01

3% HoT MED oO. 8.61E401  3,78E+D1

37 HOT FAST O. B.79E+01  4.14E+01

3% HOT FAST 0O. B8, 95E+01 4. 27E+01

40 HOT MED  ©. 9. 19E+D) 4, 13E+01

a1 wei MED O, 8.82E+01 4.18E+01

ad HOT FAST o. 8.99E+01  4.52E+01

#8 HOT MED  O. 9. 1SE+01 3. 02E+01

60 HOT FAST O. o. 4. 10E+01

248-280 31Q-342 408-433
67 HOT SLOW 2.60E+02 1.8OE+02 1.03E+D2
71 HOT SLOW 4.73E+D2 2,00e+0R 7.09E+01

-$9-




BEADLEACH Il

TABLE OF SILICON CONCENTRATION ( UG/CM3)

ICP DETECTION LIMIT= 0,022
CHAN TEMP FLOW SAMPLING DAYS

1 2 a 6 1 20 37 70 120 151 212

2 CcOLD MED $.17E-01 1.54E+00 4,9SE+00 O. 9.92€-01 1.02E400 9.89E-~01 1.12E+00 2.88E-01 2.685E-01 3.49E-01

3 CcOLD MED 2.32E~00 t.18E+00 1.28E+00 O. 1.03E+00 Q. 1.04E+00 1.16E+00 2.80E-01 9.18E~01 3,33E-01

6 COLD FAST 6.71E-01 6.S0E-01 7.29E-01 O, 8.06E-01 O. 9.78E 91 1,07E+00 2.18E-01 2.26E-01 4,17E-0%

9 COLD MERD 3,72E+00 S5.69E+00 4.74E+00 O, 2.45E+00 2.45E+00 1.91E+00 1.74E*00 1.1ZL+00 8.83E-01 ©.32E~01

11 COLD FAST 1.18E+00 9.S51E-O1 8.98E-0t O, 8.84E~01 Q. 1.03E+00 1.06E+00 2,72E-01 3.71E-0i1 4.48E-Q1
12 COLD FAST 1,29E+00 9.29E-01 9.40E-01 O, 8.50E-01 O. 9.,77E-01 1.09E+00 2,S8E-01 3.I9E-D1 4,47E-01
26 COLD MED 4.99E+00 O. 3,98E+00 O, 2.76E+00 O, 1,98E+Q0 1,78E+00 1,80E+00 1.49E+00 $9,28E-01
30 COLD FAST O, o. 9.05E-01 O, 8.15E-01 0. 9.42E-0) 1.07E*00 2.S7E-0%1 2.84E-01 4.37E-01
35 HST MED 1,66E+00 4,20E+00 5.8SE+00 O, 4.38E400 2.51E400 93.08E+00 3.73E+00 5.84E+00 ~ ° <.82E+00
37 HOT FAST 1,03E+00 1.08E+00 1.15E+00 O, 1.01E+00 O. 1.13E+00 1.81E+00 7.40E-01 03E-01
38 HOT FAST 1.08E+00 1,07E+400 1.14E+00 O. 1.05E+00 O, 1.08E+G0 1.33E+00 ¥.08E-01 . 99E~01
40 HOT MED 2.2%E+01 O. 1.78E+01 G, 1.47E+01  1.32E+0% 1,13E+01 1.31E+01 1.S7E+01 8.99%+00
41 HST MED oO. 1.14E+01 1,87E+01 O, 1.42E+401 O, 1.12E+01  1,16E+01 1 26E+01 <+01 1,00E+01
44 HOT FAST 6.04E+00 4.43E+00 3,70E+00 O. 2.15E+G0 O, 2,08E+00 2.69E+00 3,325:00 6.92E+400 &, 99L+00
B8 HOT MED 2.23E+01 2.20E+01 1,88E+401 O. 1.37E+07 O, 1.18E+01  1.46E+0t 1,07E+01 9.43E+00 8,81E+00
60 HOT FAST 6.06E+00 4.20E+00 3,34E+400 O, 2.10E+400 O, 2,11E+00 2.34E+00 2,81E+00 6.58E+00 4,06E+00
1- 10 1~ 20 21- 30 31- 50 51- 80 81-t20 121-1%0 183-213

67 HOT SLOW B.72E+01 O. o, 0, o. 3.8%E+01 4.45E+01 3.SBE+01 4q,20E+01 3.32E+01 2.60E+01
71 HOT SLOW 3.66E+01 O, 0. 0. 0. 3.78E+01 3,67E+01 3,57E+01 4,38E+01 4.72E+01 2.71E+01

-bg-



BEAOLEACH 1

TABLE OF SILICON CONCENTRATION ( UB/CM3)

ICP DETECTION LIMIT= 0.022
CHAN TEMP FLOW SAMPLING DAYS

280 342 438

2 coLD MED 0. 1.78E-01 1.48E-03

3 CcOLD MED 0. 2.01E-01 1.67E-01

6 COLD FAST oO. 1.65E-01 1.18E-01

9 COLD MED 0. 7.31E-01 7.23E-01
1% COLD FAST O. 1.89E-01 1.44E-0Y
12 COLD FAST O, 2.00E-0t 1.40E-01
28 COLD MED . +.23E-01 6.24E-01
30 COLo FAST O. 3. 1.83E-01
3% HeT MED Q. 7.00E+00  7.D9E+DD
37 HOT FAST o. 6.357E-01 B.5SE-01
38 HOT FAST 0. 8.72E-01 &.3SE-0%
40 HOT MED 0. 1.13E+01 9.92E+00
41  HOT MED 0. 1.04E+01 1.710E+01
44 HOT FAST 0. 3.B64E+00 3.10E+00
58 HOT MED 0. 8.71E+00 9.72E+00
60 HOT FAST DO. Q. 2.69E+00

246-~280 310-342 408-43%5
67 HOTY SLOW 2,820+01 2.79E+0t  2.BOE+01
71 HOT SLOW 3,38E+01 3.42E+01 2.53E+0}

-Gg-



CHAN

11
12
26
30
35

38
40
41
44
us
0

67
7n

-g9-

TEMP

HOT
HaT

FLOW

MEO
FAST
MED
FasT
FAST
MED
FAST
MED
FasT
FAST
MED
MED
FAST
HED
FAST

SL.oW
SLoW

SAMPLING DAYS

1

2.56E+00
1.29E+00
2.17E+00
1.88E+QY
$. 25E+00
6.44E+00
4.25E+01
0.

1.97€+00
3.07E+00
£.83E+00
38.67E+01
0.

5. 48E+00
2.63E+01
6.59E+00

1- 10

3.69E+01
4. 42E+01

2

6.34E+Q0
1,353E+00
2.30E+00
7.90E+0}
2,78E+00
7.57E+00Q
0.

0.
2.76E+00
2,93E+00
4.34E+0Q
0.
4.43E+00
3.41E+00
1.65E+01
4,73E+00

TABLE OF

3

2.28E+00
1.86E+00
2.40E+00
1.20E+01
2.68E+00
4,.63E+00
8.92E+00
3.00E+00Q
2.34E+00
3.49E+0Q
4.40E+00
6.938E+00
7.00E+00
2.87E+00
9.17E+00
&, 29E+00

o

00000000 ROOOQCEOO

BEADLEACH It

CALCIUM CONCENTRATION ( UG/CM3)
1CP DETECTION LIMIT= 0,012

1"

2.90E+00
4.35E+00
2.51E+00
6.22E+00
3.36E+00
6, 98E+00
6.18E+00
2,63E+00
2.72E+00
3.13E+00
2.87E+00
4,90E+00
4,62E+00
3.18E+00
6,03E+00
2,63E+00

11- 20

0.
0.

20

2.98£+400
0.
0.
4,80E+0D
o.
o.
o.
o,
3.32E+00
0.
o.
4.65E+00
o.
0.
0.
o.

21~ 30

2.32e+01
3. 16E+01

a7

4,17ELQ0
2. 84E+00
2.86E+00
3.91E+00
3,28E+00
3.75E+00
3.88E+00
3. 18E+00
2, 99E+00
3, 69E+00
3.36E+00
3.22E+00
3, 13E+00
2.83E+00
3.57E+400
2.67E+00

21- S0

1.67E+01
1.40E+01

70

4,02g+00
4.29E+00
4. 196+00
4,26E+00
4.36E+00
4.34E+00
4.52E+00
7.14E+00
4,89E+00
4.64E+00
4.31E+00
4.68E+00
4.29E+Q0
4.83E+00
6.86E+00
4.70E+00

31- 80

1,37E+01
1.27E+01

120

4.13E+00
3.89E+00
3.52E+00
4.48E+00
3.57E+00
3.88E+00
4.80E+00
3.62E+00
3, 93E+00
3.63E+00
3.64E+Q0
%.59E+00
4.21E+00
3.72E+00
4.32E+00
8.78E+00

a1-120

8,84E+00
1.86E+01

151

2.33E400
2.40E+00
2.19E+0C
2.87E+00
2.33E+00
2,.35E+00
3.88E+00
2,24E+00
2.91E+00
1. 77E+00
1.81E+00
2.39E+00
2.39E+00
1.383E+00
2.65SE+Q0
1.48E+00

121-1%0

2. 25E+00
7.97E+00

213

3.28E+00
3. 12E+00
2.02E+00
1.02E+00
1. 93E+00
1.8%E+00
1.93E+00
1.95E+00
3, 3BE+00
2. 03E+0D
2.14E+00
9.97E-01
9.18E-01
2.36E+00
2.13E+00
2.38E+00

183-212

<1.20E-02
<1.20E-02



CHAN TEMM

aQa n

12
26
a0
as
a7
a8
48
a1
44
58
60

67
Al

=19~

COLD
coLD
CcoLD
coLD
coLo
coLo
coLp
coLp
HOT
HOT
HOT
HOT
HAT
HOT
HOT
HOT

HOY
HoT

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST
MED
FAST
FAST
MED
MED
FAST
MED
FAST

SLow
SLOW

280
0.
o,

o.
0.
D.
o,
0.
0.
0.
0.

246-280
3.76E-01
1.28E+00

342
2.33E+00
1.735E+00
2,.17E+00
7.40E~01
2.01E+00
2.02E+00
9.01E-0}
o.
3.46E+00
2. 16E400
., 26E+Q0
3.21E~01
4.38E-01
2.42E+00
1.11E+00
o,

310-342
1.36e-01
2.09E-01

BEADLEACH 11

TABLE OF CALCIUM CONCENTRAT!ON ( UB/CM3)
{CP DETECTICON LIMITa 0.012

43s
2.56E+00
8,17E+00
7.97E+00
8, 73E+00
7.20E+00
7.52E+00
6. 44E+00
6.93E+00
9. 19E+2D
7.10E+0OQ
7.33E+00
9.21E+00
4, 23E+00
8.01E*00
5:07E000
7. IBE+DOD

408-43%
2.35E-01
5.25E-01




CHAN TEMP

- © ™ o N

26
ao
"
a7
a8
40

41,

44
%8
60

87
k4)

-89-

coLo
ToLo
oy

HOT
HOT

HOT

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST
MED
FAST
FAST
MED
MED
FAST
MEQ
FASY

SLow
SLaw

1

2.20E-02
1.D0E-D2
<8.00E-03
3.80E-02
<3.00E-03
<8,00E-03
1.28€-01
0.
2.30E-02
1.80E-02
1.10E-02
1.46E-D1
0.
<8,00E-03
7.60E-D2
2.00E-D2

1- 10

1.58E-01
1.89E-01

2

1.80E-02
1.80E-02
<B.00E-03
4.20E-02
<8.00E-03
1.00E-02
o,
0.
5.60E-02
1.20E-02
1.20E-02
D.
1.30E-02
<B.00E~D3
3,60E~02
1,30E-02

0.
0.

BEADLEACH t1L

TABLE OF STRONTIUM CONCENTRATION { UG/CM3)
1CP DETECTION LIMIT= 0,008

3 6 1" 20 a7 70 120 81
1.80E-02 O. <8.00E-03 <B.0DE-03 <8§.00E-03 <8.00E-03 <8.00E-03 <8,00E-03
2.10E-02 0. <8.00E-03 0. <8.00E-03 <8,00E-03 <8,00E-03 <8,00E-03

<8.00E-03 O, <8,00E-03 O. <8.00E~03 <8.00E-03 <3.00E-03 <8,00E-08
2.10E-92 0. <8.00E-03 <8,00E-03 <8,00E-03 <B,00E-03 1.00E-02 <8,00E-03
1.00E-02 O. <8.00E-03 O©O. <B,0DE-03 <8.00E-03 <B.00E-03 <8.00E-03
<B.00E-83 O. <8.00E-03 O. <8.00E-03 <8.00E-03 <8,00E-03 <&.00E-03
1.S0E-D2 O©. <8.00E-03 O. <8.00E~03 <B.00E-03 <8.00E-03 <8.00E-03
<8.00E-03 ©. <8.00E-03 0. <8.00E~03 <8,00E-03 <8,00E-03 <8,00E-09
B.6OE-D2 O. 3.80E-D2 2.3DE-02 3,30E-01 A,30E-02 @.90E-02 1,25E-0!
<8.00E-83 O. <8.00E-03 O. <8.00E-03 <8,00E-03 1.80E-02 9,00E-03
<8.00E-03 O. <8.0CE-03 O. <8,00E-03 <8,00E-03 1.,40E-02 1.40E-02
1.80E-02 O. <8.00E-03 <B8.00E-03 <6.00E-03 <8,00E-03 2.20E-02 1.50E-02
2.00E-02 O. <8.00E-03 0. <8.00E~03 <8.00E-03 2.60E~02 <8,00E-03
<B.00E-08 0. <8.00E-03 O. <8,00E-03 <&.00E-03 1,60E-02 <8,00E-03
2.10E-02 O, <8.00E-03 O, <8,00E-03 <8.00E-03 1.10E-02 <8.00E-03
<B.DDE-03 0. <8.00E-03 0. <8.00E-03 <B8.00E-03 <8.00E-03 <9.ODE-03

11- 20 21- 90 81- 50 51- 80 81-120 121-180

0. o. 1.07E-01 9.20E-02 &.30£E-02 8.00E-02 3.40E-02
0. 0. 1.98E-01 6.30E-02 7.60E-Q2 1.21E-01 7,40E-0@

212

+.70E-D2
1, 90E-02
1.20E-02
<8.00E-03
<8, 00E~03
1.00€-02
1.80E-02
9,00E-03
1.02E-01
2.00E-02
1.70E-02
<8.00E-0)
<8, 00E-03
1.60E~02
<8.00E-03
<8, 00E-03

183-213

<8.0D0E-0)
<8.00E-03




CHAN TEMP

- 0 & G N

-

25
a6
3
a7
38
40
a

a8
e
60

1.7
k4l

69-

HOT
HOT
HAT
HOT

HOT
HOT

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST
MED
FAST
FAST
MED
MED
FAST
MED
FAST

SLoW

280
.
0.
0.
0.
o.
0.
0.

0.
o,
o.
o,
a.
0.

246-280
9.00E-03

a42
1. 40E-02
1.40E-02
1., 00E-02
<8.00E-03
1.50E-02
1.10E-02
<8.00E-03
a.
1.44E-01
2.60E-02
1.70E-02
<8.00E-03
<8.Q0E~-03
2.90E-02
<8, 00E-03
0,

310-342
<8.00E-03

SLOW <B8,00E-03 <8.00E-03

TABLE OF STRONTIUM CONCENTRATION ( UG/CM3)

493
1.80E-02
1.50&-02
1.70E-02
1.10E-02
1.80E-02
1.60E-02
1.40E-02
2.20€E-02
t.66E-01
2.00-02
2.30E-02
2.00E-02
1.%50E-02
2.60E-02
9,00E~03
1.90E-02

408 -438
<8, 00E~03
<8.00E-03

BEADLEACH T1

ICP DETECTION LIMIT=

0.008




APPENDIX 5
XRF Concentration Data {ug/cm3)

Stable element concentrations in leachate, determined by X-ray fluores-
cence. Concentrations are reported for Mo, Cs, and U as micrograms of
element per c©m3 of solutien. A zero denotes no analyzis was perfromed,

~70-




CHAN TEMP

-~ o 6 @ N

26
a0
as
a7
L]
40

44
a8
1}

l-12
7t

—‘(_L~

coLp
coLp

coLo
coLn

caLo
coLD
HOT
HOT
HOT
HOT

How
HOT
HOT

HOT
HoT

FLOW SAMPLING DAYS
\ 2
MED 0. 0.
MED ©. o.
FAST O, 0.
HMED O, 0.
FAST ©. Q.
FAST oa. Q.
MED 0. 0.
FAST O. 0.
MED o, 3.00E-01
FASY 2.70E-02 3.00E-02
FAST 3,00E-02 2.80E-02
MED O. 0.
MEO Q. o.
{AST 2.80E-02 3.S0E-02
MED 0. 0.
FAST <5.00E-03 <5.00£-03
1- 10
Stew 0. 0.
Stow  o. Q,

BEADLEACH 11

TABLE OF MOLYBDENUM CONCENTRATION ( UG/CM3)

XRFA ANALYSIS

3 13
Q. 0.
0, 0.
0. Q.
0. 0.
0. 0.
0. 0.
0. 0.
Q. 0,

3,30E-01 2.80E-01
3,20E-02 1.90E-02
2.70E-02 1.,60E-02
2.00E-01 1.60E-01
1.70E-01 1.0QE-Q1
4,10E-02 2.2DE-02
Q. 0.
<5.00E-03 <5.00E-03

T

2.00E-01
1.6CE-02
1.60E-02
2.30E-01
2.90E-01
1.70E-02
0,

20

0,
0.
9.00E-02
5.80E-02
0.
2.00E-01
1.,90E-01
4. 40E-02
0.

37

). 10E-D2
0.

70

0.

0.

Q.

0.

a,

0.

0.

0.
2.90E-01
3.00E-02
0.
2.40E~01
2.00E-01
2.30E-02
0.

120

+30E-~-01

o0 O0O0COQOGBO OO

3, 50E-02
0.
3.50E-01
4, 720E-02
Q.

<5, 00E-02 <5, 00E-03 <%,00E-09 <S.0DE-03 <%, 00E-03

11- 20

0.
o.

21- 30

0.
0.

31- B

Q.
0.

si1- 80

81-120

181

Q.
0.
o0,
0,
0.
0.
0.
Q.
5. 50E-01
o0,
[+ 1
2.70E-01
3,3CE-O1
D.
Q.
<$, Q0E-03

121-150

213

3.90E-02
0.
0.
9.
4. b0E-02
0.
<S. QOE-¢

183-213

.
0.



CHAN TEMP

B QN

12
‘26
30
as
”
a8
40
43
44
-1
60

87
n

coLD
c¢oLD
coLD
coLn
GoOLD
coLD
¢oLD
coLo
HOT
HET
HOT
HoT
HOT
HoT
HOT
HOT

HoT
HOT

FLOW SAMPLING PAYS

HED
MED
FAST
MED
FAST
FAST
MED
FAST
MED
FAST
FAST
MED
MED
FAST
HED
FAST

SLOW
SLOW

289

0.

0.

g.

qa.

0.

0.

Q.

0.

6.30E-0O!

6.00E-02

3.00E-02

1.S0E-0Ot

2.60E-01

6.70E-02

0.
<%.00E-Q3

246-200

0.

0.

342

6.20E-01
3.90E-02
2.90E-02
2.90E-09
2.80E-01
4. 40E-02
o,

TABLE OF MOLYBDENUM CONCENTRATION ¢ UG/CTM3)

43%
0.
0.
0.
0.
0.
0.
o,
0.
6.D0OE-01
3.60E-02
3.80E~02
2.60E-01
2.90E-91
4.70E-D0Z
0.

<S.00E-03 <B.00E-03

310-3492
0.
0.

408-43%
o.
0.

BEADLEACH 11|

XRFA ANALYSIS




CHAN TENMP

- o 0 QN

-

26
30
35
37
38
40
41
44

coLD
coLD
coLD
coLo

coLD
coLb
KT
HaT
HoT
HOY
HeT
HOT

BEADLEACH 11

Sa
60

HOT
HOT

67 HOT

KAl

_EL-

HOT

TABLE OF CESTUM CONCENTRATION ( UG/CH3)
XRFA ANALYS(S
FLOW SAMPLING DAYS
A 2 3 ] " 20 a7

MED O, 0. 0. 0. a. 0. 0.
MED  O. 0. 0. Q. a. o. 0.
FAST O, o, 0. a. o. o, 0.
MED O 0. 0. 0. 0. o. 0.
FAST ©. °. 0. a. 0. o. 0.
FAST 0. 0. o, 0. o, 0. 9.
MED O, a. o, 0. 0. 0. o.
FAST oO. 0. 0. 0. 0. o. 0.
MED o, 1.80E-07 2.90E-t¢! 1,90C-N1 1,50E-01 &,00E-02 oO.
FAST 1.90E-02 2.40E-02 2.20E-C2 1.30E-02 1.00E-02 4,00E-03 7,00E-03
FAST 1.90E-02 1.80E-02 1.30E-C. 1.50E-02 1.30E-02 O, $.00E-03
MED O, <1,00E-02 <1,00E-02 <1,00E-02 <1.00E-02 1.10E-02 O,
MED o, Q. % Q. o, 0. 0.
FAST 93.00E-0% 1.00E-02 1,60E-02 1.40E-02 ;.10E-02 6.00E-03 7.00E-03
MED «¢).00E-D2 <1.DOE-D2 <) OQE-02 <1.0DE-02 <t.00E-G2 <i,00E-02 <{.0GE-02
FAST <2.00E-03 <2.PQE-03 <2,00E-03 <2.00E-Q3 <2,00E-08 <2,00E-02 <2,00E-03

1- 10 11- 20 21- 30 31- 30
SLoOW O, 0. o0, o, 9, <5.00E-02 Q.
SLOW O. 0. 0. 0. 0. n. S.0D0E-02

70

0.
0.
Q.
o.
a.
Q.
0.
0.
1,30E~01
2.00E-02
o,
4,S0E-02
2,60E-02
1.30E-02
<t.0ge-02

<2.00E-023
51- 80

1.00E-01
8.00E-02

120 151
Q. o,
Q. 0.
Q. 0.
Q, [sH
Q. u.
Q. 0.
Q. 0.
0, 2.
3.00E-01 4.20E-01
Q,40E-02 O©.
2.00E-02 O.
Q, 6, 40E-02
§,50E-02 O,
3.10E-02 0O,
<!,00e-0Z <1,00E-02
<2,00E-03 <2,00E-03
81-120 121-150
Q, 1.,30E-0
a, 1.60E-01

213

3.20E-01
2.90E-02
0.
1.40E-02
0.
2.70E-02
<1.00€E-02
<2,00E-03

183-213

6.90E-01
1.07E+00



CHAN

- 0 0 0N

25
a0
ans
arz
k1]
40

g2

.74
7

YL

TEMP

coLn
&oLo
coLn
coLd
coLd
coLo
caLd
coLp
HOT

HOT

HOT
HOT
HAT
HOT
oY
HOT

FLOW SAMPLING DAYS

sSLow
SLow

280

o,
3.60E-01
2,60E-02
2.10E-D2
1.10E-02
0.
3.10E-02
<}.00%8-02
<2.00E-03

246-280
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APPENDIX 6
Incremental and Cumulative Leach Results for 237Np and 239y

Incremental teach rates (R, in grams glass leached per cmz-day) and
cumilative fractions leached (CFL) for Np and Pu. See text for equations
and calcutation method. A zero in the rate table signifies "not analyzed";
the CFL calculation method replaces this zero value with the average of the
gdaacent data points for the purposes of cumulation. The letter C in the
39py Table indicates a radiochemical separation of plutonium.
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CoLD
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MED
MED
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FAST
MEO
FAST
FAST
MED
MED

FAST
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1
2,26E-us
1,7E+00

2,74E-06
1.9E+00

3,58E-06
6.9E+00

6.03E-07
3.4E+00

2.44E-06
7.8E+00

2.96E-Q08
7.9E+00

4.20E-05
1.1F+00
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BEADLEACH 11
PLUTGNIUM LEACH RATE ( G/CM2.DAY)

CHAN TEMP FLOW SAMPLING LAYS

1 2 3 6 1 20 37 70 120 15 213

2 COoLDb MED 3, I7E~O7 4.B6E~G* 1, OdE -07 2.49E-08 3.77E-08 2,91E-08 9,73E-09 4,03E-10 1.87E-09 1. 87E 09 1.63E~09
1.9E+0 1.5E+00 2.8E+00 5,6E+00 4.3E+00 5, BE+0D 8.5E+DO 2,3E+01 1.28+0Y .BE+01 1.3E+01
3 COLD MEU 4,74E-Q7 2.90E-07 2.43E-07 2,99E-08 1.84E-08 2, 23E-08 6,46E-09 1.13E-09 2.68E-09 3.46E-09 ¢.03€E-10
E 1.6E+00 1.9€+00 1.8E+Q0  4.8E+00 6.2E+00  5.4E+00 9.7E+00 1.8E+01 1. 3E+0Y 1L 1E+0Y 2.BE+01
8 CcoLp . V11E= BSE-07 . - 1,06E-07 9,50E-08 4, SEE -08 S5.17E-08 4.66E-08 3.03E-L8 9.60E-08 . 51E-08
FasT 30!35583 'l?gE gl ‘B?;E*gg 1.2E+0} 1.3E+01 i.7E+01 1.8E+01 1.7E+01 I?QE*O' 1.2E+01 1.7€+01

9 COLD MED 1,02E-08 8.68E-09 3,76E-09 0.58E-10 2.16E-10 3.03E-10 1.32E-09

- 0, o, = o, o,
+00 € 5.2E+00 ¢ 9.BE+00 € 1.3E+01 C &.9E+00 a.8E+01 2.8E+01 t1.7E+01 3.0E+01 8.0E+01

7 1.6QE-07 8.72E-08 3.9]E-08 6,18BE-08 3,%2E-09 O, 1.B0E-08 3.40E-08 8.34E-09
1 9.9E+00 1.2E+01 1.7E+01 1.4E+01 3.0E+01 2.8E+01 2.0E+01 1.8E+01 2.6E+01
7

t. 70E -0? 9.13E-08 4.26E-0B 6,93E-08 O, 9. 46E-09 6.268~12 4,32E-08 1,02E-08

1.2E+01 1. 1 .OE+01 1.3E+01 1.7E+01 1.5E+01 3.3E+01 2.4e+01 2,8E+01 1.6E+01 2.6E+01
38 HOT MED 7.90E-Q7 1.04E-08 A.10E-09 8.61E-09 2, 13E-09 B8.60E-10 2.70E-10 1.26E-10 1.99€-09 2.51E-04 2.31E-18
¢ 6.7E-01 C 3.0E*00 C 8.3E+0C C 1,7E+00 ¢ 3.6E+00 € 6.2E+00 2.4E+01 2.6E+01 1.7E+01 1.4E+01 2.7E+01

37 HWOT FAST 6.07E-Q7 &,7BE-0B 3,97E-08 2,94E-08 2.835'08 4,03E-08 1, 21E -08 2 09E-08 1,22E-07 8,53E-08 2.11E-07
5.6E+00 1.6E+01 1.9E+01 2.DE+01 E+0 1.7E401 .2E+01 .4E+01 1. 1g+01 1.3E+DY 9. 9E+00

€ 1.5E+00 C 2.4

E

E

11 COLD FAST 2,33E-07 1.BSE
9.0E+0D 1.1E

E
E

12 COLD FAST 1,38E-07 1,35

98 HOT FAST 7.095-07 1E-D 1.E69E-08 6.78E-09 3,11E-08 3.15E-08 1.40E-08 5.61E-08 9.95E-08 1.19E-07 2.33E-07
4.6E+00 7E+0 2.1E+01 2.4E+01 1.8E+01 1.9E+01 2.2E+D1 1.8E+01 1.3e+01 1.3E+01 9.4E+02

AD  HWOT NED 1.5%E-08 3.47E-09 1.%8E-08 7.%0E-09 G 1SE-10 8.%52£-10 0. 0, [+ 0. 4.42E-09
¢ 2.7E+00 © 4.7E+00 C i.SE+00 C 4.BE+00 C 6.2E+00 C &, 6E+00 3.3e+01 4.1E+01 Q. 3. 3E+01 1.2E+0V

41 HOT MED 0. 1.24E-09 2.255-\0 4.64E-10 2.04E-10 4,.65E-10 O, 3.21E-10 O, 0. 1.74E-09
0. 1. 8E+01 2.3E+01 2.2E+01 2 GE+01 2.3E+01 3.0E+O1 2.5E+01 3, 3E+01 4,1E+0Y 1. 3E+01

44 HOT FAST 5.72E-08 l SPE-09 2, rg S0E-Q 6,29E-10 2.43E-09 O. 1,46E-08 4 12E-08 O, 1.76E-08
¢ 2.8E+Q0 € 1.4E+01 C i 35'01 c it BE‘OI C i QE‘OI c 1.2E+401 3.8E+01 2.2E4+G7 1.8E+01 3.8E+01 2.3E+01

1~ 10 11- 20 2%- 30 - 30 51- 80 81-120 121-180 183-213

67 HOT SLOW 1,00E-10 O, Q. 0, 0. 1.67E-11 0. D. 5.81E-13 O, 9,.83E-11
¢ 7.BE+*0D 0. S ] Q 9.0E+01 3.0E+01 T.0E+02 2.6E+01 3.2E+01 2,2E+01

71 HOT SLOW _1.35E-10 O. 0, 0, o, 1,07E-10 O, 0, 0. 0. a,28E-11
C 7.7E+00 0. 0. . ] 2.0E+01 2.9E+01 1.0E+02 2.ee+01 4.1E*01 2.4E+D1

-08-




CHAN TEMP

2 coLp
3 coLb
8 couLb
9 CcoLb
11 caLp
12 cowo
a8 WOV
37 HOT
38 WOT

40 HOT

44 HOT

67 HOY

71 HoT

_19-

FLOW SANPLING DAYS

280 342

MED o, S.00E-09
o. 1. 4E+0)

MED Q. 4, 15E-08
0. 1.6E+01

FAST O, 2,73E-08
n. 2.5E+01

MED Q, 1.1BE~10
. C 1.3E401
FAST O 4.47E-08
0. 1.6E+01
FAST O, 4.71E-09
0. 2. 8E+01

MED 0, 3,07E-10
0. C 8.3E+00
FAST O, 2 93E-07
Q. . 2E+01
FAST 0O, 2,83E-07
0. 8, 4E+Ga

MED 0. 1,16E-08
[ 18 c 9.2E-01

HED 0. 6,46E-11
a, 2.7E+01

FAST O, 1.18E~08
0. C 5.3E+0D
246-280 310-342
SLOW o, 3 40E 10
0. BE+0OD C
SLOw o, 3,39E-10
0, ¢ 2.0E+00

PLUTONIUM LEACH RATE

435

1.39E-09
t.5E+01

4 13E-09
2E+01

1.66E-09
2.7E+01

2,46E-10
C 7.0E+400

5 425 09
5.5E+00

B 88E-08
£ 4.3E+00

3.04E-10
C 9,2E+00

1.67E+07
9.4E+00

3,038E-07
7.8E+Q0

2,90E-09
C 1. 4E+00

3 11E-Q
c ae+oo

6.32E-
e, 95*01
408-435

1 10E-1
3, 3”*00

4,B89E-10
c 2 BE*OD

BEADLEACH 11

¢ G/CM2.DAY)



CHAN

1"

s

37

40

a1

a4

7
kal

-28-

TEMP

FLOW SAMPLING DAYS

HEDQ
MED
FAST
MED
FAST
FAST
MED
FAST
FAST
MED
MeD

FAST

SiLow
SLow

1

8.98E-08
1.08E-Q3
1.40E-03
2.45E-08
8.91E-08
1.02E-0%
;.4IE‘04
2.13E-04
1.93E-04
5.B87E-05
.

1.30E-04

i- 10

%.46E-05
3.00E~-03

2
2.83E-03
C.68BE-0%
2.97€-08
1.13E-05
1.82E-03
1.86E-05
2.27E-q04
4.26E-04
3.88E-04
8, 90E-03
2.61E-08

%.35E-04

BEADLEACH 11

NEPTUNtUM CUMULATED FRACTIONAL LEACH(CFL)

a
3.76E-0%
4,23-05
3.126-05
2.27g-05
2.8B6E-05
2.46E-03%
2.92e-04
0.93E-04
3.932E-04
1.03E-04
4.10E-05

4.98E-04

3
5. 55E-0%
5:555“05
S, 11E-08
4.83£-08
4,62E-05
4.16E-03
4.97E-04
1.03E-03
9.64E-04
1.82E-04
9. 35E-05

9.668E-04

n
7.33€-05
B.20E-03
8.20E-03
5.87E-Q5
6.84E-08
6.39E-05
7.64E-04
1.73E-03
1.68E-03
2.2BE-04
1.7%€-04

1.66E-03

11- 20

20
1.12E-04
1.13E-04
¥, 21E-04
9.26E-0%
9.93E-05
9.07E-05
1.11E-03
2.57€-03
2.38E-03
3.99E-04
4.63E-04
2,42E-03

21- 30

1.49E-04
1.57E-04

37

1.S1E-04
1.62E-04
0.
1.1BE-DA
1.28E-04
0.
1.68E-03
3.72E-03
J.60E-03
6.29E-04
§.88E-04
3.39E-03
31- 50

1.79E-04
2.45E-04

70
1.60E-04
1.80E-04
1.94E-04
1.E-04
1.66E-04
1.84E-04
2.55E-03
6.40E-C3
6,57E-09
1.12E-03
6.4€E-04
6.68E-09
Si1- 80

2.60E-04
2.81E-04

120

1.64E-04

1.85E-04

2.83E-04

1.41E-04

2.64E-04

3.18E-04

4.57E-03

1.40E-02

1. 44E-02

0.

1.09E-03

1.61E-02

81-120

3.09E~04
2.69g-04

151

1,66E-04
1.88E-04
4.06E-04
1.46E-04
9.54E-04
4.70E-04
6,29E-03
1.82E-02
1.90E-02
2.56E-03
1.84E-03
2.12E-02
121-180

4.39E-04
3.69E-Q4q

213
t.70E-04
2,02E-04
7.02E-04
1.36E-04
a, 87E-04
7.87E-04
9,24E-03
2,76E-02
2,98E-02
3.08E-03
Q3,03E-03
3.13E-02
183-213

1,16E-03
7.0GE-04




BEADLEATH 11

NEPTUNIUM CUMULATED FRACTIGNAL LEACH(CFL)Y
CHAN TEMF FiOW SAMPLING DAYS

280 34z 4as
2 €OLD MEOD O, 1.976-04 2.37€-04
3 C€OLD MED 0. 2.75E-04 3.75E-04
8 COLD FAST oO. 1.29E-03 1.62E-03
@ COLD MEM O, 2.18E-04 3.12E-04
$1 COLD FAST oO. 8,19E-04 1.80E-03
12 COLD FAST O, 1.32E-03 2.07E-03

a8 HOT MED O, 1.18E-02 1.27E-02

a7 HOT FAST 0. 5.35E-02 7.21E-02
ot WOT FAST O. B.49E-02 7.4BE-02

40 HOT MED O, 3.33E-03 4.49E-03

41 HOT MED 0. 4.02E-02 4.59E-03

44 HOT FAST 0. $.826-02 7,28E-02

246-280  310-342  408-435
¢7 HOT SLow o. 2.33E-03 2,96E-03

71 HOT SLOoW o0, 1,27:-03 1.53E-03

—88-



CHAN TEMP

12
"B
”»
as
40
a1

a8

&7
71

-43-

coLo

FLOW SA'PLING DAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST
FAST
MED
HED

FAST

SLOW
SLow

1

1.26E-06

1.86E-06

1.22E~08

4,13E-08

B8.87E-07

5.49E-07

2.45E-08

2.31E-08

2.74E-08

$,84E-08

0.

2.14E-07

1- 10

3,82E-08
6.00E~09

2
3.12E-06
3.04E-06
1.89£-06
6.33E-08
1.50E-06
1.18E-06
2.50E-06
2.56E-06
2.93E-06
7.33E-08
B.32E-09

2.22g-07

BEADLEACH 11

PLUTGNI UM CUMULATED FRACTIONAL LEACH(CFL)

3
3.82E+06
3.96E-06
2.64E-06
7.99E-08
2.10E-06
1.83E-06
2,.52E-06
2.71E-06
2.99E-06
1.97E-07
6. 20E-09

2.328-07

B
4. 1SE-06
5.17E-08
4.33E-06
1.04€E-07
3.45E-08
3.30E-086
2.60C-08
3. 10E-06
3.12E-06
2.6NE-07
1.03E-08

2.595E-07

1n

4. 78E-06

5.61E-06

6.22E-06

1.14E-07

4.54E-06

4.43E-06

3.54E-06

3.27E-07

1.69E-08

2.73E-07

11- 20

0.
0.

20

5.97€-06 7.

6.34F-08

~

8.63E-06

1.23€-07 0.
6.35E-06 B
6.55E-06 O.
2.73g-068 2
4.84€-06 6.
4.65E-06 8.
3.51E-07 oO.
2.93E-08 O.

3.31E-07 oO.

37

26E-06

.27E-06

. 19E-0%

. 40E-08

.76E-06

€23E-06

15€-06

21- 30 31- 50

6.70E-09 O,
1.53E-08 O,

70
7.91E-06
7.76E-08
1.84E-03
a.

D.
1.43€E-0%
2.79E-06
6.70E-06
1.09E-05
Q.
1,08E-07
2.02E-08
%t~ 80

a.
0.

120
8.16E-06
8.16E-06
2.63E-05
4.71E-07
1.21g-08
1.5:5-05
3.02E-06
2.41E-056
2.75€E-0%
0.

o,
7.81€E-06
81-120

8,49E-09
0.

13

a.39E-06

8, 354E-06

3. 44E-03

a.

1.53E-05

1.89E-05

3.30E-06

4.G5E-05

4.11E-0%

v,

o,

o.

121-150

O.
0.

213

8. 83E-08

9. 03E-08

5. 20e-0%

0.

2.03€-05

2.68E-05

3.62E-06

7, 40K-03

8.59E-03

2.91e-08

7.15E-07

1.S6E-0%

1893-213

3,21E-08
€. 10E-08




CHAN TEMP

7

aa

40

41

44

.7

n

_SB-

coLb
caLo
caLp

coLo

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FAST
FAST
MFD
FAST
FAST
MED
HMED

FAST

SLOM

SLOW

280
0.

246-200
0.

0.

842
1.07E-08

1.045-08
7.35E~05
1,03E~06
3,37E-00
3,04E-08
3,76E-06
2.01E~04
2.10E-04
6, 73E-06
1,05E-06

1.80E-08

310-342

-

-

-

3

2.

3.

9.

1,

2.

BEADLEACH 11

PLUTONIUM CUMULATED FRATTIONAL LEACH(CFL)

435

. 18E-0%
. 20E-03
. 90E-D3
.12E-0B
.31E~08
.31€-03

,8BE-0B

90E-04
20E-Q4
O1E-08
BOE-06

14E-08

408-435
1.55E-07 2.27€-07

1.73E-Q7 3,47E-07



APPENDIX 7
a. Incremeptal and Cumulative Leach Rates for Stable Elements (ICP)

Incremental leach rates (R, in grams glass leached per cmz-day) and
cumuiative fractions leached (CFL) for stable elements delermined by ICP.
See text for eguations and calculation method. A zero in the rate table sig-
nifies "not analyzed", and the CFL calculation replaces it with the average
of the adjacent R values. A "less than" rate value is derived from the
detection 1imit for those samples where the net concentration (Appendix 4)
was below detection limits. In the CFL calculation, t.ue detection limit
value is used when present and all CFL values incorporating any “less than®
rate data are identified as "less than". Results are reported for B8, Mo,
U, 8i, Ca, and Sr. For the last three elements, we report results only
from the "no rock" channels {channels 2, 3, 6, 35 37, and 38). Refer to the
text for explanations about not reporting data from the "rock” channels.

b. Mean) Incremental and Cumulative Leach Rates for Stable Elements
(XRFA

Results are reported only for Mo, Cs, and U from the high temperature

channels. A zero value denotes that no analysis was performed and the CFL
calculation replaces it with the average of the adjacent R values.
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CHAN

1"
12
38
a7
as
40
4

d

87

7

~{8-

TEMP

coLD
caLo
coLn
coLo
caLo

coLo

HOT

FLOW

MED
MED
FAST
MED
FAST
FAST
HED
FAST
FAST
MED
MED

FAST

SLeW

stow

SAMPLING DAYS

\

1.38E-08

2.82E-06

<9, 23E-06

1.33E-06

<9, 25E-06

<9.45E-06

7.3%E-08

8, J9E-08

7,07€-03

3. 20E-03

o.

7.8%5%-0%5

1- 10

6, 59E-06

3. 53E-08

2
4.25E-06
2.79E-08

<9.38E-06
3,42£-06
<9,43E~-06
<9, 39E-06
3.B4E-08
6.73E-05
6.036E-09
o,

1.B65E-03

7.99E-05

3

2.85E-06

3.22E-06

<9, 16E-08

4.502-06

<9, 20E-06

<9.359E-06

2.63E-03

&,83E-05

5. 70E-05

8,81E-06

9.18E-06

7.80E-03

BORON LEACH RATE

BEADLEACH 1

1CP ANALYSIS

1
8,02E-07
<2.86E-07
<9.13E-08
<3,37E-07
<9,07E-06
<9, 60E-06
1,.86E-05
2.67E-05
2.89E-05
1.17€-0B
1,23E-05

3.16E-0B

11- 20
o]

0.

( G/CHM2Z.DAY)

20

6.94E-07

Q.

Q

<3.44E-07

[}

0,

7,96E-06

0.

0.

1. 80E-03

[}

[+

21- 30

2.34E-0%5

1.62E-0%

<R,

<9,

<9.

<9.

-

4

1

37

. Q9E-07

Q7E-07

3S5E-00

.89E-Q7

15E-06

6BE-06

.11E-0%

.56E-0%

.47E~0B

.36E-0F

. 08E-05

.B6E-03

31 - S0

.63E-05

.38E-0%

70

<3,27E-07

<2.92€-07

<S.53E-06

<3.32E-07

<8,29E-06

<9, 05E-06

1.51E-08

3. 15E-05

3,03E-05

1.44E-03

1.57C-05

3. 72E-08

51- an

1.13E-03

1.06E-0%

120
<2,10e-07
<3,80E-07
<9, 29E-06
<3.02E-07
<7.25E-058
<9, 94E-06

3, 85E-08
7.73E-05
7.043-05
9. 44E-06
2. 34E-08

9.63E-05

81-120
1.96E-0%

2.60E-06

1

151

.95E-07

.B7E-07

.B2E-06

-11E-0Q7

. 94E-0B

. 88E-06

. 90E~0S

.5BE-05

.S0E~-0%

. 75E-05

-19E-05

.02E~04

121-1%0

1

1

.B68E-05

.76E-0S5

213
<2.91E-07
<3.28E-07
<9.$8E-06
<2.93E-07
<8.95E-06
<9.B86E-06

9. 46E-0S
7.4BE-0S
6. B7E-0%
1.26€-03
1.52E-0%

8.02E-0F

183-213
1.87€-0%5

8.23E-95




CHAN

40
41

44

[\rg

71

-g8-

TENP

coLp
coLp
coLp

coLp

coLp
HOT
HOT
HoT

HOT

HOT

HOT

HOT

FLEW SAMPLING PAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST
FAST
MED
MED

FAST

SLow

SLOw

280

246-280
1.71E-0S

1.42€-05

342
<2, 98E-D7

<3.43E-07
<9, 06E-06
“8.07E-07
<$9.99E-06
<9, 76E-08
4. 11E-05
7.40E-0S
68.47E-05
1,50E-05
1,.61E-03
9,09E-05
310-342
1.735€-05

2.01£-0%

435
<2,48E-07

<3.372-07
<8.55E-06
<3.03E-07
<8,.82E-08
<8 B9E-0B
4,265-03
6.74E-05
7.03E-05
1,B1E-0%
1.84€-0%
8.37€-03
408-433
1.66E-05

1.,908-0%

BEADLEACH 11

BORON LEACH RATE ( G/CM2.DAY)

1CP ANALYSIS



CTHAR

a7z

38

40

a1

~q

87

7

-68-

TEMP

coLp

coLY

coLe

coLD

ceLp

HoT

HOT

HaT

HAT

HOT

HOT

BEADLEACH 11

BORON CUMULATED FRACTIONAL LEACH(CFL)

1CP ANALYSLS
FLOR SAMPLING DAYS

1 2 3 6 n 20 37 70 120 151

“ED 8.49E-06 2.29R-05 93.38E-05 O. 8.89E-05 1.15E-04 <1.49E-04 <1.92E-04 <2.47E-04 <2.79E-04
MED 1.11E-05 2.24E-0F% 73.46E-08% O, <8.,40%-05 O, <1.14E-04 <1.53E~04 <2,23E-04 <2.61E-04
FAST <%.62E-0% <?,44E-O5 <).09E-04 O, <3.98E-04 0. <1.95E-03 <2.68E-03 <d4,54E-03 <S.6SE-03
NED 8.40E-06 1.977.-05 9.72E-05 O, <1.08E-04 <1.20€-04 <1.44E-Q4 <1,90E-04 <2.57€E-04 <2,.96E-04
FAST <3.53E-08 <7,23£-08 ¢<1.07E-04 O, <3.91E-04 <O, €1.31E-03 <2.43E-03 <4.02E-08 <5.00E-03
FAST <3.78E-0%5 <7,86E-05 <1.13E-04 O, <4,20E-04 <O, <1.42E-03 <2.66E~03 <4.66E-03 <5, 89E-03
MED 2.47E-04 4.,14E-04 S.18BE-04 U, 1.21E-08 1.67E-03 2.31E-03 4.10E-03 9.74E-03 1.,4%€-02
FAST 3.19E-04 6.0BE-04 B8.60€-04 O, 2.23E-03 0. 4.36E-03 7.46E-D3 1.90E-02 2.97E-0O2
FAST 2.73E-D4 B.46E-04 7.70E-04 O, 2.08E-03 Q, 4.30E-03 7.32E-03 1.81E-02 2.8%E-02
MED 1.228-04 q. 2.51E-0a4 O, 8.92€-04 1.13E-03 2.18E-03 4.07€-03 6.49€-03 8.19E-03
MED 0. 7.32E-05 Y O7E-D4 0. 4.54E-D4Q  O. | 1.65E-03 2.47E-03 7.56E-03 1,03E-02
FAST 2.394E-04 6.31E-04 9.33E-04 O. 2.54E-03 oO. 4.95E-03 8.46E-33 2.28E-02 3.45E-02

1- 10 - 20 21- 30 31- 50 5t- a9 at-izg 121-150
SLOW 2.351E-04 0. 0. 0. 0. 1.74E-03 2.09E-03 3.44E-03 6.36E-03 8.37E-05
sLew 1.37E-04 Q. 0. 0. 0. 1.16E-03 2.22E-03 3.52E-03 3.91£-03 6.0%5E-03

213

<3,.53E-04

<3.34E-04

<7.93E-03

<3,74E-04

<7.19E-03

<8.37E-03

2,36E-02

S.07E-02

4.89E-02

1.19E-02

1.50E-02

S, S7E-O2

183-213

1.24E-02

8.E%E~0d




CHAN

a3

a7

33

41

44

&7

7

-06-

TEMP

¢oLD

coLo

Hat

HOT

HOT

HaT

HOT

FLOK SAMPLING DAYS

MED
MED
FAST
MED
FAST
FAST
MED
FAST

FAST

MED

FAST

SLOW

SLOW

280
4,28E-04

4.17E-04
1.03E-02
4.80E-04
9.84E-03
1.Q9E-02
3.327-02
6.93E-02
6.5BE-02
y . BAE-D2
1.87E-02
7.80E-Q2
246-280
1.67E-02

1.18E-22

342
<3.02E-04

<9, D0E-04
€1.26E-02
<S5, 27€-04
<1.19E-02
<1.34E~-02
4,27E-02

8.80E-02

.28E-02

-

.89E-D2
2.25E-02
9.94E-02
310-342

2.09E-02

1.64E-02

BORON CUMULATED FRACTIGNAL LEACH(CFL)

435
<6.08E-04

<6.33E-04

€1.61E-02

<6.52E-D4

<1.5%E-02

<1.71E-02

5.81E-02

.1SE-01

1.00E-01

2.56E-02

2.98E-02

1.33E-01

408-435

2.749E-02

2.41E-02

BEADLEACH 11

ICP ANALYSIS




CHAN TEMP

12
kL
a7
38
40
4at

a4

67

n

-16-

coLo

coLD

coLD

coLp

coLb

coLo

HaT

HoT

HOT

HOT

HOT

HOT

HOT

FLOW SAMPLING DAYS

MED

MED

3,68E-06

6.80E~-06

FAST <8,94E-06

MED

2,%8E~Q86

FAST <B.95E-08

FAST
MED
FAST
FAST
MED
MED

FAST

SLOW

SLow

1.10E-0%
7.62E~0S
9.21E-0%
7.43E-03
2.99E-03
0.

B.07E-03

1- 10

3.63E-06

3.02E-08

1.

1.

<9,

3,

<9.

\B

3.

7

2

S0E-06

47E-D6

OSE-Q8

S4E-06

13E-08

3J0E-0%

25E-05

.03E-0S

.S3E-03

.56E-0S

.30E-05

MOLYBDENUM LEACH RATE

3

1.78€E-06

2.37g-06

<8.87E-06

3.99€E-06

<B.90E-06

<9,.28E-06

2.31E-05

6.BJE-0S

6.1S£-05

9.23E-08

8,47E-06

£.27E-08

BEADLEACH 11

1£P ANALYSIS
11

<3, 10E-07
6.09E-Q7
<8,84E-08
7.1BE-07
<8.78E-06
<9.30E~06
1.689E-05
3,39e-0%8
4.88E-05
1.0SE-DS
1.11E-05

3.78E-05

1= 20

0.

0.

{ G/cM2.DAY)

20

7.40E-07

Q.

o.

<3,33E-07

21- 30

2.02E-05

1.40E-05

<2,

<9

<8

<9,

-

a7

. 98E-07

87E-07

. UBE~DE

. 2BE-07

. 85E-08

38E-06

. 54E~- 06

13E-03

. 78E-0%

. 20E-05

.01E-0S

. 25e-05

31- S0

4.

1.

10E-06

19E-03

70
<3.18E~-O7
€2.83E-07
<9.22E-06

3.86E-07
<8, 03E-QB
<8,76E-06
1.36E-05
3.24E-03
4, 49E-03
1. 28E-05
1.42E-0S

4.60E-0S5

51- 80

9.87E-06

9.26E-05

e

1

2

120
. D4E-07
.67E-07
. O0E- 08
. 93E-07
- 02E-06
.B2E-Q6
.41E-0%
. 86E-06
.81E-05
. 32E-06
. 10E-0%

. BOE-Q%

81-120
«73E-0%

.28E-06

159

3.43E-07

<2.49E-07

1.37E-03

3.61E-07

<8,65E-06

<9, SBE-06

3.48E-05

9,99E-0%

9.91E-0%

1.58E-03

2.01E-05

1.086E-04

121-1%0

1,52E-05

1.58E-05

213
€2.82E-07
<3.18E-07
<9.28E-06
<2.83E-07
<8.67E-06
<9,53E-06

3,34E-05
7.8%E-05
7.80E~0S
1.21E~0%
1.47€-0%

&,38E-05

183-213
1.59E-05

7.87E-73
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37
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40
41
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67
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-26-

coLb
coLD
coLo
coLD
coLD
coLD
HOT
HOT
HOT
HOT
HOT

HOT

Hart

FLOW SAMPLING DAYS

HMED
HEO
FAST
HED
FAST
FAST
MED
FAST
FAST
MED
MED

FAST

sLow

sLaw

280
0.

248-280
1.09E-05

1.32€-05

J4az
<2.90E-07

3.99€-07
<8,78E-C6
3.86E-07
<9.67E-06
<9,45E-06
3.87E-05
7.79€-05
6.33E-05
1.44E-03
1.46E-03
9.36E-0S
310-342
1.B9E-D5

1.85E-03

BEADLEACH 1]

HOLYBDENUM LEACH RATE { B/CM2.DAY)

439
d.32E-07

6.52€-07
<8.28E-06
$.87E-07
<8.54E-06
<8.60E-06
3.97E-05
7.38€E-03
7.68E-0%
1.70€E-08
1.862E-05
9.16E-05
408-433
1.45E-03

1.65E-03

ICP ANALYSIS




CHAN TEMP

12

33

37

38

40

a1

44

87

71

-6~

coLp

caLD

coLo

coLo

caLo

caLo

HOT

HOT

HOT

HAT

HOT

HOT

HOT

HOT

FLOW S/MPLING DAYS

MED 1.
MED 2,
FAST <3,

MED

FAST <2,
FASY 4,
MED 2.
FAST 3.
FAST 2.

MED

MED O

FAST 3,

SLOW 2,

SLOW 1.

1

46E-08

71E-03

S1E-03

.0SE-03

42€-03

QA7E-0%8

S6E-04

S1E-04

87E-04

.14E-04

02E-04

i~ 10

18E-D4

17£-04

2.

@

2

23E-0%

.30E-05

-20E-03

.S3E~05

.O0E-0%

.E5E-D%5

. 09E-04

. 49E-04

.85E-04

. 70E-05

.52E-04

BEADLEACH 11

MOLYBDENUM CUMULATED FRACTIONAL LEACH(CFL)

3

2.92E-0%5

4. 20E-05

<1.06E-Q4q

4.08E-08

<1.D4E-04

<1.32E-04

S.0DE-04

9. 13E-04

8.27E-04

2.96E-04

1.00E-04

9. 73E-04

ICP ANALYSIS

1

<5.87E~05

8.34E-05

<3.8GE-04

1.11E-04

<3.78E-04

<4,28E-04

1.12E-03

2.44E-03

2.53E-03

$.54E-04

4.16E-04

2.75E-03

11- 20

0.

0.

20

<7.96E-03

Q.

g.

<1.29E-04

<.

<0.

1.53E-03

1.06E-03

21~ 30

1.S0E-03

1.00E-Q3

37

A

- 14E-04

<1.31E-C4

<1.30E-03

<1.352E-04

<

. 27-03

<

. 40E-03
2.11E-03
5.22£-03
5.83E-03

2.03E-03

-

.51E-03

5. 25€-03

31- 50

1.81E-Q3

1.92E-03

70
<1.56E-04
<1.69E-04
<2.5Q0E-03
<2.02E-u4
<2.36E-03
<2.60E-03

9.69E-03
8.78E-03
1.0tE-02
3.70E-03
3.17E-03

9.25E-03

51- 80

2.99E-03

3.05E-00

120

<Z2.10E-04

<2.36E-04

<4,40E-03

<2.7JE-04

<3.89E-03

<4.54E-03

8.70E~03

<1.29E-02

2.22E-02

5.83e-03

6.85E-03

2.34E-02

B1-120

5.57E-03

3.39E-03

151

<2,45E-04

<2.73€-04

<5.81E-09

<3 . 15E-04

<4.84E-03

<5.72E-03

1.29€-02

<2.00E-02

3.26E-02

7.36E-03

9.37E-03

3.33E-02

121-150

7.38E-03

5.32E-03

213

3. 23€E-04

€3.449E-04

<8.63E-03

<3.98E-04

<6.9BE-03

<8.12E-02

2.14€-02

<4, 20E-02

5. 47E-02

1. 0BE-O2

1.37€-02

S. 85E-02

183-213

1.12E-02

7.24C-03




BEADLEACH 11

MULYBDENUM CUMULATED FRACTIONAL LEACH(CFL)

[CP ANALYSIS
CHAN TEMP FLOW SAMPLING DAYS

280 342 435
2 CcOLb MED 3.98E-04 <4.67E-04 <§.20E-04

3 C¢OLD MED 4,34E-04 <5.25E-04 <7.47E-04
6 COLD FAST 1.09£-02 <1.32E-02 «<1.635E-02
9 CCLD MED 4.81E-04 <S5.G5E-04 <7.74€-04
11 COLP FAST 9,24E-03 <1,1BE-02 <1,50E-02
12 COLD FAST 1.08E-02 <¢1.30E-02 «<1,65E-02
35 HOT MED 3.03E-02 3.96E-02 S5.S1E-02
¥7 HOT FAST ®.16E-D2 <8.12E-02 <1.1ME-O)
38 HOT FAST 7.30E-02 9.12E-02 1.19E-01
40 HOT MED 1.41E-02 1.73E-02 2.38E-02
47 HOT MED 1,79E-02 2.10E-02 2.77E-02
44 HOT FAST 8.08E-02 1.03E-01 1.39E-0)
246-280 310-342 408-435
67 HOT SLC. 1.52E-02 1.90E-02 2.4BE-02

71 HOT stoWw 1.07e-02 1.50E-02 2.17E-02
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~G6-

coLo
coLp
coLp
coLD
coLp
HIT
HaT
HOT

HoT

HAN TEMP FLSW

MED
MED
FAST
MED
FAST
FAST
MED
FagY
FAST
MED
HED

FAST

SLow

SLewW

SAMPLING DAYS

]
<1.49E-08B
<2.31E-08
<4.08E-08
<i.44E~08
<4,10E-05
<4,19E-08

4, 15E-03
1.02E-04

£4,80E-08

' 2.37E-06

0.

<4,30E-08

1- 10

1.33e-07

<B,B4E-DY

2
€1.4BE~08
<1.34E-08
<4.16£-05
<1 ,8%¢-08
<4, 18E-08
€q.24E-08
2.88E-06
<4,73E-08
<4, 40E-08
0.
©.33E-06

<4.3RE-00

BEADLEACH 11

URANIUM LEACH RATE (

3
<1.45E-08
<1.32E-06
<4,06E-0%
<1.B62E-08
<4,07E-03
<4.2%E-05

3.21E-08
<q.11E-09
<4q.14E-0%
<2.01E-08
<1.81E-06

<4.12€-08

ICP ANALYSES

i1
<1.42E-06
<1.27E-086
<4,04E-0%
<1,49E-08
<4,02E-08
<4,25E-08
3.07E-06
<4,08E-0S5
<4,13E-0%
<1.41E-06
€1.46E-06
<4,12E-05
1t- 20
0.

o,

B/CM2. DAY)

20 37
<1.5%54E-06 <1 .37E-08
0. <1.31E-38
G. <4,14£-0%8
<1.52F-06 <1,50E-06
0. <4,08E-08
Q. <4.29E-05

<1.43E-06 <! ,42E-08
0. <4,06E-08
0. <4.06E-0%
2.46E-06 2.23E-06
Q, 2.10E-08

o. <4,09E-08

21- 30 a- 30
1.10E-06 3.74E-06

4.81€-07? 9.15E-07

70
<1,43E-06
<1.29E-06
<4,22E-03
<1,47E-06
<3,67E-05
<4,01E-05

2,02E-06
<1,09E-08
<3,95€-0%
6,77E-086
5.19E-06

<3,92E-03

51- @0
1.01E-08

1.10E-08

120
<9.32£-07
<1 .BBE-06
<4,12E-05
<1,34E-08
¢3.élE-05
<4.40E-05

1.12e-0%
<4,06£-09
<4,10E-0%
1,43E-D6
4.78E-06

<4,03E-08
81-130
1.57€-06

4,32E-07

81
<1.31E-08
<1.14E-06
<3.91E-08
<1.38E~06
<3.96E-D%
<4.38E-08

1.47€-03
<4.08E-05
<4.03E-02
4,31E~08
%.53E-~08

<3.92E-0%

121-1%0
t.84E-08

2.02E-08

213
<1, 20E~06
<1.485E-06
<4, 25E-03
<t.30E-06
<3.97E-05
<4.37E-05

1.17E-08
<3,.99E-0%
<4,06E-05
1.90E-06
1.57E~06

<4.0eE-0%

183-213
2.73E-~06

1.5eE-086




CHAN TLNF

12
I
37
a8
40
A1

44

67

-gg~

COLD
coLb
coLD
coLD
coLp
coLo
HOT
HOT
Hat
HoT
HaT

HOT

HOT

HOT

FLOW SAMPLING DAYS

FED
MED

FAST

FAST
FAST
HED
FAST
FAST
MED
HED

FAST

SLOW

SLOW

280
0.

246-2080
1. 84E-08

1.54€E-06

342
<1.33E-08

<1.52E-08
<4,02E-0%°
<1.309E-08
€4, 43E-08
«<4,32E-05
1.02E-0B
4.12E-05
<4,15E-0B
1.44E-08
1,83E-06
<d4.,2BE-0%
310-342
9,.51E-07

1.B80E-06

BEADLEACH I1

URANIUM LEACH FA\TE { 6/CM2.DAY)

435
<1,10E-08

«1,49E-08
<3.79E-0%
<1.34€-06
<. 91E-08
<3,94E-0%8
7.89E-08
<3.93E-08
<3.99E-08
<1.,49E-08
<1.34E-08
<4,03€-03
408-433
4,82E-07

8.44E-07

ICP ANALYSIS

e -

b alom -



' BEADLEACH 11

URANIUM CUMULATED FRACTIGNAL LEACH(CFL)
ICP ANALYSIS

tHAN TEMP FLOW SAMPLING DAYS

1 F 3 é 1" 20 37 70 120 151 213
2 COLD MED <5.63E-06 <1.1BE-05 <), 72E-03 O. <6.33E~05 <).17E-04 <2.16E-04 <4,09E-04 <6.53E-04 ¢?.35E-04 <1.12E-03 ;
3 COLD MED <9.11E-06 <1,45£-08 <1,95E-0% O. <6.03E~05 <O0. <1,93E-04 ¢3.68E-04 <6.74E-04 <8.44E-04 <1,17E-03 i
6 COLD FAST <1.61E-04 <3.30E-04 <d,84E-04 O. <1,76£-03 «<0. <5.97E-03 <1.14E-02 <2.01E-02 <2.30E-02 <3.52E-02 |
¢ COLD MED <5.B3E-06 <1.22E-05 <1,B2E-08 O. <6,74E-0% <1.23E-04 <2.28E-04 ¢4.3S5E-04 <7.31E-04 <3,03E-04 <1.25E-038
11 GOLD FAST <) ,36E-09 <3.21E-04 <4,74E-04 O. <1,73E~03 <0. <5.81E-03 ¢1.08E-02 <1.78E-02 <2.22E-02 <5, {9E-02 .
12 COLD FAST <),66E-04 <3.39E-04 <S5, 02E-04 O. <1,86E~03 <0, <6.30E-03 ¢1.18E-02 <2,07E-02 <2.61E-02 <3.71E-02 i
i
8% HOT MEO 1.39E-04 1.53E-04 1.66E-04 O. 2.64E-DA4 <3.41E-04 <A4.36E-D4 ¢6.71E-D2 <2.08E-03 <2 70£-03 <6.97E-03 }
@7 HOT FAET 0.00C 04 <9,80E-0d <7.47C~04 Q. <2.03E-03 <0, <6, 16E-03 ¢9.46E-03 <1.49E-D2 <i1.99E-02 <2.99E-02 i
38 HOT FAST <),78E-04 <3.87E-D4 <B5.30E-04 O. <1,84E-03 <0, <6.08E-03 ¢1.14E-02 <).99E-02 <2.49E-02 <3.31E-02 ;
40 HOT MED 9.04E-08 O, <2.65€-05 O. <7.89E-0% <1.50E-04 <3.07E-04 ¢9.32E-04 <1.74E-03 <2.)1E-03 <2.87E-03 %
41 HST MED o©. 2.73E-05 <3,32E-08 O. <8,02E-05 <0. <2,66£-04 §7.73E-04 <1.B80E-03 <¢2.44E-08 <3.31£-03 ;
a4 HOT FAST <1.51E-04 <3.43E-04 <5.02E-04 O. <1.78E-03 <0. <%.93E-03 ¢1.11E-02 <1.93E-02 <2.41E-02 ¢3.39E-02 3
1- 10 1t- 20 21- ag 31- so s1- 8y 81-120 121-150  183-213 f
67 HAOT SLOGW S§.06E-06 O, 0. 0. 0. 7.17E-05 8.5SE-04 4.77E-0D4 7.10E-04 9.06E-04 1.S0E-03 :
71 HOT SLOW <3.30E-06 O. 0. o. 6. <3.34E-05 ¢1.04E-~-04 <¢2.3BE-04 <3.03E-04 <5.49F-04d <9. B3AE-04

-16-
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CHAN TEMP

35

a7

38

40

a1

449

67

"

-96~

coLD

coLD

coLD

coLD

cOLD

coLp

HOT

HOT

HOT

HOT

HIT

HOT

HOT

HOT

FLOW SAMPLING DAYS

MED

MED

FAST

MED

TAST

FAST

MED

FAST

FAST

MED

MED

FAST

S5LOwW

sL.ow

280

342

1.43%E-03 < ,7BE-03

1.

4q,

1.

4.

n

4

3,

3.

4,

S4E-03

86E-02

TE-0I

23E-02

.B1E-02

.63E-03

. DDE-D2

.5EE-02

27E-03

69E-03

4TE-D2

246-280

2,

<1.

01E-03

36E-03

<1.30E-03
<9,8QUE-02
<1,83E-03
<8.27E-02
<B.92E-02
<1,23E-02
:S.OZE'DZ
<5.S9E-02
<3.66E-03
<4.07E-03
<5,47E-02
310-342
2,29E-03

<1,73E-03

BEADLEACH 11

URANIUM CUMULATED FRAGT1GNAL LEACH(CFi)

ICP ANALYS1S

435

<2.28E-03
<2, 48£-03
£7.12E-02
<2,4BE-03
<6.87E-02
<?7.982-02
<1.97E-02
<8.B89E-C2
<7.20€-02
<4.24E-03
<4,83E-03
<7.08E-02
408-435

2.53E-03

<2.14E-03




BEADLEACH 11

SILICON LEACH RATE ( B8/CMZ.DAY)

ICP ANALYSIS
CHAN TEMP FLOW SAMPLING DAYS

1 2 3 5] 1" 20 37 70 120 131 213
2 coLbh MED 4.67E-06 7.95E-06 2.57E-05 0. $.03E-06 5.60E-06 d.83E-06 5.78E-05 ¢.58E-07 1.33E-06 1.61E-08
3 CcoLi MED 1.92E-0% 5.6%E-06 ©.04E-06 O, 4.65E-06 0. 4.88E-06 5.35E-06 i,50E-08 1.29-06 1,73E-06
6 COLD FAST 9.80E-0% 1,02E-04 1.08E-C4 O, 1.16E-04 O, 1.4S5E-04 1.61E-04 3,20E-05 3.15E-05 6.32E-0%5
35 OT MED 1.23E-04 3.72E-05 2.82E-0% O, 2.09E-05 1,20E-05 1.55E-0% 1,91E-05 3,52E-05 3.70E-05 3,16E-0%
37 HOT FAST 2.28E-04 1.82E-04 1.69E-04 O, 1.47E-04 O, 1.64E-04 7,04E-05 1,07E-04 1.1SE-04 1.29E-04
38 HOT FAST 1.78E-04 1.68E-04 1.68E-04 O, 1.55E-04 O, 1.57E-04 1.88E-04 1.04E-04 1.18E-04 1.30E-04

-66-



CHAN TEMP FLOW SAMPLING DAYS

35

37

J8

-001-

€OLD MED
COLD MED
COLD FAST
HOT MED
HOT FAST

HOT FAST

0.

280

342
8.28£-07

1.G9E-08
2.36E-05
3.50E-05
8.49E-05

8.48E-03

St1L1CcON

A3%
S, 80E-D7

8.89E-07
1.%7E-08
3.49E-CT
7.79E-03

9.08E-03




CHAN

as

37

38

-101-

TEMP

coLb

caLo

coLD

FLOW SAMPLING DAYS

MED

MED

FAST

MED

FAST

FAST

1

1.85E-0S

7.54E-05

4. 84E-04

4.13E-04

B.67E-04

6. 85E-04

2

S.11E-05

9. 83E-D5

8,01E-04

S.89E-04

1.€4E-03

1.41E-03

BEADLEACH 11

SILICON CUMULATED FRACTIGNMNAL LEACH(CFL)

3

1.50E-04

1.21E-04

1.20€-03

7.00E-04

2.29E-03

2.D7E-D03

{CP ANALYSIS

1

6.00E-04

2.87E-04

4,73€-03

1.46E-03

7.18E-03

7.17€-03

20
7.93E-04
0.

0.
2.04E-03
0.
0.

2,

37

. 1SE-03

.77E-04

.82E-02

99E-03

»30E-02

.3JE-C2

w

[:3

70

. 88E-03

.47E-03

.82E-02

«34E-03

.B1E-02

.B2E-D2

a

<.

.S5E-03

. 14E-03

. 76E-02

10E-02

.66E-02

B3E-02

N

~

3

151

«70E-03

.31E-09

. 15E-02

.55E-02

.02E-D2

.D1E-02

213

.07E-03

.69E-03

. 34E-02

.40E-02

» ODE-01

.21E-Gi

i
|
!




BEADLEACH 11

SILICON CUMULATED FRACTIONAL LEACH(CFL)

1CP ANALYSI1S
CHAN TEMP FLOW SAMPLING DAYS

280 a42 438
COLD MED 3.9%E-03 J.63E-07 3.83E-03

"

3 COLD MED 3.02E-03 93.33E-L 3,72€-03
6 COLD FAST B8,43E-02 9.52E-02 1.03E-01
3% HOT HMED 8.23E-02 4.06E-02 5.43E-02
37 HOT FAST 1,28E-01 1.36E-01 1,80E-01

38 &7 FAST 1.49E-01 1.76E-01 2.10E-D}

-201-




335

37

38

-£01-

TEMP

coLo

coLD

coLo

HOT

HAT

HOT

FLOW SAMPLING DAYS

MED

MED

FAST

MED

FAST

FAST

1
1.70E-04
1.09E-D4
4.12E-03
1.90E-03
8.84E-03

1.46E-02

4.4CE-04

0.5%4E -08

4,44E-08

3.18E-04

6.44E-03

8.88E-03

CALCIUM LEACH RATE

3
1.54E-04
1.14E-D4
4.52E-03
t.47E-04
6.66E-03

8.46€E-03

BEADLEACH 11

1CP ANALYSIS

1

1.91E-04

2.56E-04

4.71E-03

1.69€-04

8.93e-03

S.51E-03

{ A/CMZ2.DAY)

20
2.13E-04
0.

0.
2.2DE-04
0.
0.

2

37

.6SE-04

. 73E-04

.S1E-03

.97E-04

. 96E-03

.37E-03

N

n

70

.70E-04

.S8E-04

.22E-03

.R6E-04

.33E-03

.91E-03

o

w

120

.79E-04

.8BE-04

.73E-03

.08E-04

.84E-D3

-94E-03

181
1.41E-04
1.27E-04
3.97E-03
1.91E-04
3.36€E-03

3.40€E-03

[~

n

213

. 97E-04
. 11E-D4
. 98E-03
. 02E-04
. 76E-03

. Q3E-03



as

a7

38

~y01~-

TEMP FLOW SAMPLING OAYS

COLD MED
COLD MED
COLD FAST
HOT MED
HOT FAST

HOT  FAST

0.

280

342
1.48€E-04

1.24e-04

4,03E-03

2.23E-04

4.06E-03

4,.36E-03

-

BEADLEACH 11

CALCIUM LEACH RATE ( G/CM2.DAY)

43%

.87E-04

.665-04

.30E-02

.BBE~D4

.90E-02

.36E-02

1CP ANALYSIS




CHAN TEMP

as

37

38

€oLo
coLb
COLO
HET
HOoT

Hat

~G0T-

FLOW SAMPLING DAYS

MED
MED
FAST
MED
FAST

FPAST

1
6.72E-04
8.46E-04
1.62€-02
6.38E-03
3.36E-02

8.84E-02

2
2.47E-03
9.328-04
9. 42E-02
7.89E-03
6.09E-D2

9.48E-02

BEADLEACH 11

CALCIUM CUMULATED FRACTIONAL LEACH(CFL)

3

3.06E-03

1.36E-03

5.14E-02

8.46E-03

8.67E-02

1.28E-01

ICP ANALYSIS
"
8,69E-03
7.51E-03
1.986-01
1.3%E-02
2.82t.-01

3.43E-01

20
1,60E-Q2
o.

o.
2,05E-02
.
0.

3,

37

25E-02

.84E-02

-24E-01

43E-02

.99E-01

.59E-01

)

70

.92€E-02

.B7E-02

.63E+00

.02€-~02

.S4AE+QQ

.91E+0Q0

120

1.15€E-01

1.15E-01

9.17E+00

1.3%E-01

2.51E+0Q

3.48E+00

W

«

[E1)

.IBE-01

.39E-01

.81E+00

.B3E-01

.11E+0Q

. 08E+00

213

1.78E-01

1.82E-01

4.80E+00

2.14E-01

3.99E+00

5.01E+00



CHAN TEMP

306

37

a8

-901-

coLp

coLp

coLn

HaT

FLOW SAMPLIRG DAYS

MED

MED

FAST

MED

FASY

FAST

280
2.19€-01

2.20E-01

B.81E+00

2.84E-™

4.98E+00

6.08E+00

~

adq2

. 60E-0)
.S8E-D1
.82E+00
.21E-01
. 9BE+QD

. 15E+0D

i

BEADLEACH 11!

CALCIUM CUMULATED FRACTIGNAL LEACH(CFL)

435

.09E-01

L228-09

.02E+0)

.08E-01

.32E+00

.D8E+O1

ICP ANALYSLS




CHAN

as

37

a8

=01~

TEMP

coLD

coLo

CcoLD

HaT

HoT

HOT

BEADLEACH 11

STRONTIUM LEACH RATE

FLOW SAMPL!NG DAYS

1
MED 6.49E-06
MED 4.78E-08
FAST <6.76E-QS
MED 9.86E-05
FAST 2.43E-04

FAST 1.05E-04

2 3
5,839E-06 S.41E-06
5,27E-06 3.74E-06
<6.88E-0B <6,71E-0S

2.88E-05 2.41E-05
1.17E-Q4 <6.80E-05

1.09E-04 <6,84E-05

ICP ANALYSIS

n

G/CMZ.DAY)

20

<2.35E-06 <¢2.84E-06 <2

<2.09E-06

<6.89E-05

1.60E-05

<6, 75E-Q5

<6.84E-05

(3

<B

.

<B

<6

a7

. 26E-06

17€-06

. 85E-05

67E-05

.71E-05

. 7SE-0S

70

.39E-06

.14E-06

. 98E-05

. 27E-05

. BOE-03

.54E-05

-

120

. S4E-06

. 78E-06

.BI1E-05

. 46E-0S

.S1E-04

. 19E-04

151

¢2.16E-06

<1.89E-06

<6.46E-DS

3.66E-03

7.60E-0%

1.17E-D4

213

-S4E-06

.71E-06

.QSE-04

. 74AE-0S

.65E-04

.43E-04

prTey



BEADLEACH 11

STRONTIUM LEACH RATE [ G/CM2.DAY)

[CP ANALYSIS
CHAN TEMP FLOW SAMPLING DAYS

~

280 3492 493
2 CcoL0 HMED 0. 9,84=-06 4.08E-06
3 coLD MED 0. 4.40E-06 4.62E-05
& COLD FAST 0. 8,30E-08 1,33E-04
I8 HOT MED o. 4,17E-05 4.73E-05
37 HOT FAST 0. 2.18E-04 1.71E-04
898 HOT FAST 0. 1.,46E-D4 1,90DE-04

-80T~



CHAN TEMP

35

a7

a8

coLD

coLD

caLo

RaT

HoOT

HOT

-601-

FLOW SAMPLING DAYS

1

MED 2.57E-08

MED  1.88E-03

FAST <2.68E-04

MED 3.32E~04

FAST ©.27E-04

FAST d.04E-0d

2
4.76E~03
4,02E-95

<Y, 4%E~04
4.67€~04
1. 42E-03

8.7dE~04

BEADLEACH 1

STRONTIUM CUMULATED FRACTIONAL LEACH(CFL)

. 8SE-0%3

. 19E-08

.00E-04

. B2E-04

. 69E-03

.14E-03

ICP ANALYSIS

"

<1.87E-04

<1.78E-04

<2.92E-03

1.18E-03

<3.80E-03

<3.31E-03

20

<2.76E-04 <4.

<0.

<0,

1,37E-03

0.

0.

<3,

<9,

<1

37

39E-04

97E-04

B7E-03

24E-03

.0B6E-D2

.0JE-02

<7.

<6,

<1

1

<y

<1

70

59E-04

87E-04

.89E-02

.23E-02

.81E-02

.91E-02

120

.16E-03

V9E-Q)

.33E-02

. 73E-02

43E-02

.88E-02

151

.40E-03

.47E-D3

.14E-D2

SV7E-02

.77E-02

.33E-02

213

26E-03
. 44E-03
.27E-02
. 96E-02
. 80E-02

.BOE-~02



CHAN

36

3?7

38

-0t~

TEMP FLOW SAMPLINB DAYS

COLD MED
COLD MED
COLD FAST
HOT NED
HOT FAST

HOT FAST

280
3.08E-03

3.64E-03
8.64E-02
3,85E-0D2
1.26E-01

1.23E-C1

342
<4,31E-03

<4,.85€-05

<1.10E-01

4.7%€-02

<1.74E-01

<1,89E-01

BEADLEACH 1!

STRONTIUM CUMULATED FRACTIONAL LEACH(CFL)

435
<5.91E-D3

S 63E-03
<1.83€E-01
6. 34E-02
<2,49e-01

<2.26E-01

1CP ANALYSIS




CHAN TEMP

B

7

40

41

44

87

k4l

-111-

coLD

coLn

coLo

coLD

ceLo

coLo

HOT

Hor

HaT

HeT

HoT

HOT

FLOW

MED

MED

FAST

MED

FAST

FAST

MED

FAST

FAST

SLOW

sLow

SAMPLING DAYS

1

0.

7.31E-05

6.04E-03

Q.

a.

6.76E-03

- 10

0.
Q.
3.26E-03
6.FJE-05

5.39E-0S

BEADLEACH I

MOLYSDENUM LEACH RATE

0.

0.

1.95E-0%
5,75E-05
4,88E-0%
1.76E-03
1.12e-05

7.87E-0%

XRFA ANALYS1S

ag.

<]

1.74E-05

J3,38E-05

2.88E-0S%

8,99E-08

6, 64E-06

3.96E-05

1R

1.17E-0S
2.85E-08
2.89E-0%
1.42E-05
1.28E-05

3.06E-05

11- 20

/U A

20

8.B1E-06

9.84E-05

Q.

1,16E-05

1.23E-05

7.93E-05

21- 30

[

0.

37

1.77E-05

1.23E-04

0.

0.

1.96E-05

81- 50

-

Q.

70

1.44E-03
1.43E-0%
Q.

1.27e-03
1.23E-0%

3.84E-05

51- 80
[o]

Q.

ter

3.17E-05

0.

©.27€-0%

o.

1.97€-0%

B.27€-0%

81-120

131

t.6QE-0S

1.998-05

121-130

a,

0.

213

0.

7.14E-0%

183-213

0.

c.



CHAN

12
as
37
38
q0
q!

a4

(.14

7"

=211~

TEMP

coLp

coLp

coLo

Hot

HoT

FLOW SAMPLING DAYS

HED
HED
FAST
MED
FAST
FAST
MED
FAST
FAST
MED
MED

FAST

SLOW

SLow

280
o,

0.
3.82E-0%
1.07E-04
3.41E-0S
8.96E-06
1.53E-08
1.26E-04
246-280
0.

Q.

342

0.

3.79E-05

8,90E-05

%.26E-0%5

1.35E-05

1.37E-05

8.24E~035

310-342

o.

o.

BYADLEACH 11

MOLYBOENUM LEACH RATE (¢ G/CM2.DAY}

a.
3.61E-03
6. 18E-05
6,81E-05
1.69E-C5
1,69E-05
8,28E-05%
408-435
0.

0.

XRFA ANALYS!S

]
|
|
i




CHAN
2

3

as

Iz

38

40

Aat

a4

67

ksl

AR

TEMP
coLo

coLD

coLD

caLo

COLD

coLn

HOT

HeT

HOT

HOT

HaT

HOT

HOT

HOT

SAMPLING DAY?
FLOW
MED Q.

MED 0.
FAST O,
HeD <.
FAST Q.
FAST o0O.
MED Q.
FAST 2.78E-04

FAST 2.33E-04

MED 0.
MED 0.
FAST 2.33g-04

1- 10
SLOW 0.

SLOW 0.

Q.

1.54E-04

S5.41E-04

4.63%E-04

0.

0,

$.636-04

MOLYBDENUM CUMULATED FRACTIONAL LEACH(CEL.)
XRFA AMALYS!S

3
0.
0.
0.
0.
o,
Q.
2.31E-04
7 .64E-04
6.57E-04
7.05E£-05
4.40E-05
8.49E-04
a.
0.

BEADLEACH [}

.41E-04

.27€-03

. 09E-03

. 13E-04

.4A4E-04

. 46E-03

1

0.

~

i

1

C11E~04
.85E-03
.B63E-02
LA7E-Q4d

.46E-04

11E-03

1- 20

20

1.00E-03

4.23E-03

D,

8.97E-04

7.92E-04

4.14E-03

21- 30

o.

D.

37

7

9

.9BE-L3

.68E-03

0.

0.

7.30E~03

31-

0.

Q.

S0

70

120
0.
0.
o.
a.
0.
0.
3.08E-03
1, 00E-02
0.
3.35E-03
3.30€-03
1.12E-02
81- BO
0.
0.

151

7.90E-03

4.11E-02

O.

€.65E-03

2.40E-02

81-120
o.

o.

213

8.06E-03

9.10E-03

Q.

121-150

o

D.

a,

c.21E-02

183-213

o,

0.



12

a3

37

a8

40

a1

LL

~b1l-

caLb

toLD

coLD

caLo

coLn

coLD

HOT

Het
HOT
HET

HeT

4107

10T

SAMPLING DAYS
280

HED
MED
FAST
MED
FAST
FAST
MED
FAST
FAST
MED
MED

FABT

SLOW

SLow

0.

0.

a,

0.

3.01E-02
B.6?7E-02
7.17€-02
1.98E-02
1.766-02
? 76E-02
246-280
a.

Q.

MOLYBDENUM CUMULATED FRACTIONAL LEACH(CFL)

342 43%
o 0.
Q. .
Q. [\]
. [+]
a. a,
0. 0o,

38.8%5E-0¢ 5.40E-02

7.81E-92 ' 1,04E-01

[

.26E-J2 1,07E-~01

G9E-02 2.3E-02

2. 1¥E-tz 2.74E-U2

1.03e-01 1.35€-01
310-342 '28-435
o, o,
o, <,

BEAOLEACH 11

XRFA ANALYSIS



CHAN TEMP

67

71

-§11-

coLD

CoLD

caLb

coLb

caLp

coLe

HOT

HOT

HoT

HOT

HOT

HOT

HOT

HOT

CESIUM LEACH RATZ

BEAD! EACH 1

( B/CM2.DAY)

HKRFA ANALYSIS

FLOW SAMPLING DAYS
1 2 3 6

MED 0. 0. 0. 0.

MED 0. a. 0. 0.

FAST o0, a. 0. 0.

MED 0. 0. 0. Q.

FAST 0, Q. 0. 0.

FAST 0. 0. Q. 0.

MED 0. 2.21E-05 Z.68E-05 1.85E-05
FAST 8.05E-05 7.76E-05 6.18E-05 3.62E-0S
FAST 5.98E-0% 5.42E-0% 3.GBE-05 4.22E-05
MED 0. <1.29E-06 <1.38E-06 <8.7SE-07
MED 0. 0. 0. 0.

FAST 8,81E-06 2.99E-05 4.S5UE-05 3.95E-05

1- 10
3LeW 0. Q. 0. 0.
sLoaW 0. 0. 0. 0.

1

Q.

Q.

0.

a.

Q.

0.
1.37E-05
2,79E-05
3.67E-05
<9,65E-07
0.

3. 10E-05

11- 20

0.

0.

20

Q.
?.81E-06
1.12E-05
0,
9.98E~07
0.

1.69E-05

23~ 30

<5.01E-07

Q.

a7

1.94E-05

1.40E-0%

4.29E-07

70

w

1.47E-05

1.49E-n5 6.

0.

o

3.71E-06 O

2.57E-08 5.

3,49E-05 8.

51- 80

§.43E-07 O.

§.54E-Q7 O.

120

. qBE-Q0%5

65E-0C

.81E-0%

73E-08B

S3E-0%

81-120

151

121-150

1.29E-086

7.16E-07

213

o,

2.84E-0S

6.82E-05

0.

1.31E-06

0.

7.54E-05

183-213



CHAN

12
I3
37
38
40
41

44

&7

Al

-971-

TEMP

coLp
caLo
caLp
coLp
caLo
coLD
HoT
HOT
HOT
HOT
HOT

HoT

HoTt

HOT

FLOW SAMPLING DAYS

MED

MED

FAST

MED

FAST

FAST

MED

FAST

FAST

MED

MED

FAST

sSLOwW

SLOW

280
0.

0.

0.

3.42E-05

7.26E-05

3.73E-05

1.03E-06

0.

2,15E-05

246-280

9.57e-07

7.53&-07

342

Q.

o.

9.923-05

6. 92€-03

5.96E-05

2.83E-08

4.74E-06

8.79€-05

310-342

9.28£-07

6. 73E-07

435

0.

4.14E-03

6.72E-03

7.37E-08

9.76E-06

7 .95E-06

8.27E-03

408-433

S, 22E-07

8.17E-07

BEADLEACH {1

CESIUM LEACH RATE ( B/CM2.DAY)

XRFA ANALYSIS



CHAN
2

3

-]

o7

38
40

a

a4

BY

7

=L11-

TEMP
coLD

coLD

toLD

coLD

coLD

coLp

HOT

HOT

HOT
HOT

HoT

HOT

HOT

HOT

SAMPLING DAY?

FLOW
MED

MED

FAST

MED

FAST

FAST

MED

FADT

FAST
MED

MED

FAST

SLOW

sLaw

0.

D.

0.
0.
d.00E-04

2.31E-04
0.

o.
3.30E-0%
1- 10

0.

0.

0,
0.
1.04E-04

8.3BE-04

BEADLEACH 11}

CESIUM CUMULATED FRACTIONAL LEACH(CFL)
XRFA ANALYSIS

4.84E-04 6.09E-04

o,

1.57€-04

o.

3

32=-04

3
Q. 0.
[ B 0.
0. 0.
o, 0.
Q. 0.
Q. 0.
2.10E-04 4.
8,75E-04

1.
«5,33E-06 <1.10E-03 <2

0.

8.

0.
0.

3IE-D4 7.35E-04

.43E-03 2.01E-03

10E-02 1.86E-03
36E-05 <4.16E-05

0.
22€-04 1.46E-03
11- 20

0.

0.

20

o

0

1.10E-03

2.B6E-D3

0.
<7.83E-05

0.

2.29€E-03

21~ 30

«<1.93€-03

0.

37 70 120
[¢] 0.
o, 0.
o 0.
o o
0. 0.
Q. 0.
0. 3. 41€-03

3.70E-03 5.93E-03

4.43€-03 O,

<0, <5.B83E-04
0. 2.01E-05
3.50E-03 7.06E-03

31- 50 51- BO
Q. <1.24E-04

3.30E-0% ).01E-04

151
o,
0.
o.
0.
Q.
0.
B.59%E-03
1.47e-02
1.867€-02
<9,
8.89E-04
1.97E-p2
81-120
<0.
0.

213
0 0.
0. ]
o o
o 0.
0. 0.
0. 0.

1.32E-02 2.18E-02
0. 3.95E-02

0. 0.
<2.18E-D3 <3.03E-03

0. o.

0. 4.91€-02
121-150 183-219

<4.14E-04 <1.90E-03

2.84E-04 1.099E-%



35
37

a8
40

41

44

67

-811-

coLo
caLp
coLp
coLp
coLp
coLp
HOT

HOT

HaT
HOT

Hat

HOT

HBT

SAMPLING DAYS

HED

MED

FAST

MED

FA!

FAST

MED

FAST

FAST
MED

MED

FAST

sLow

SLOW

280
o.

0.
2.98E-02
S.76E-02

4,82€E-02
<3.30E-03

0.

7.04E-02

1.90E-03

342

0.

o.

3.93E-02

?.80E-02

S, 84E-02
<3.89E-03

S.38E-03

9,22E-02

2.07E-03

CESIUM CUMULATED FRACTIONAL LEACHICFL)

435

3. 59%E-02
1.02E-01

8, 48E-02
<6, 82E-03

8,10E-03

1.25E-0Y

408-435
<3.15€E-03

2. 40E-03

BEADLEACH 11

XRFA ANALYSIS

I
|
|
|
i
i




BEADLEACZH !

URANIUM (EACH RATE ( G/CM2.DAY)

KRFA ANALYSIS
CHAN TEMP FLOW SAMPLIN: DAYS

1 2 3 6 1 a0 a7 70 120 151 ’ 213
2 COLD MED 0. 0. 0. D, D. 0. 0. . 0. 0. 0.
3 ¢©OLD MED 0. 0, a. 0. 0. 0. o. 0. o. a. o.
& COLD FAST O 0. [-B a. 8. 0. 0. a. Q. 0. 0.
§ COLD MED 0. o, Q. o. 0. 0. 0. 0. o. Q. 0.
1t COLD FAST O. ., 0, 0. 0. 0. 0. 0. 0. 0. 0.
12 COLD FASY O, o, 0, 0. 0. o, Q. 0. 0, a. 0.
9% HOT MED 0. 7.99€-06 7.01E-06 7.10E-06 4.29E-06 3.%1E-06 O, §.66E-06 1 54E-0% 1,85E-03 1.60E-03
47 HOT FAST 9.53E-05 4.90E-05 3.74E-0% 2.84E-05 2.04E-08 1.02E-05 1.38E-0% ©.93E-06 4.71€-05 0. 4.3%E-09
38 HOT FAST 4.19E-05 4.01E-08 3.47E-05 2.42E-05 1.77€-0% ©DO. 1.17E-05 0. 4.03E-0% O. 0.
40 HOV MED 0. 3.38E-06 0. 2.76E-06 5.29E-06 S5.%1E-08 0. 8.19E-06 1.40E-06 5.B1E-06 J.66E-O00
41 HOT MED 0. 6.21E-08 0. 4.8BE-06 $.496-26 5.82€-06 Q. 8.82€-06 JT.98E-06 7.63E-06 3.00E-06
44 HOT FAST 3.61E-0% 4.66E-0% 4.56E-05 2,95E-05 2.13£-05 1.2BE-0% 1.17E-0% J.85E-0% 4.39E-0% O, 4. 45E-0%
1- t0 11- 20 2t- 30 31- 50 31- 80 81-120 121-1%0 183-213
67 HOT SLOW Q. 0, 0. 0. Q. 0. Q. 0. 0. Q. o.
71 HOT SLaw 0. 0. 0. a. Q. 0. Q. 0. 0. 0. ]

-611-



CHAN TEWP

35

37

38

40

a1

a4

67

71

-021-

coLp
coLD
coLb
coLD
coLp
coLD
HOT
Hor
HOT
HOT
Hor

HOT

HOT

FLOW SAMPLING

MED

MED

FAST

MED

FAST

FAST

MED

FASY

FAST

MED

MED

FAST

sLaw

SLOwW

DAYS
280 342

0. 0.
0. 0.
o. 0.
0. 0.
o. a.
o, 0.
1.84E-05 1.10E-08
4,82E-05 4.195E-0%
2.65E-05 2.97E-065
3.66E-06 2.09E-06
3.36E-0G 2.05E-06
4.08E-03 2.91E-0%
246-280 a10-342
0. Q.
o. 0.

BEADLEACH |1

URANIUM LEACH RATE ( 6/CM2.DAY)

435

o.

7.87E-06

1.97€-05

2.37E-05

2.07E-06

1.24E-06

2.43E-05

408- 435

o,

0

XRFA ANALYSIS



CHAN
2

3

12

38

37

38

40

41

44

&7

7

~121-

TEMP
coLD

coLp

CcoLD

CcoLD

coLD

coLe

HOT

HOT

HOT

HOT

HOT

HOT

HOT

HOT

SAMPLING DAY?
FLOW
MED Q.

MED a.
FAST 0.
MED .
FAST 0.
FAST 0.
MED 0.
FAST 2.11E-04

FAST 1.62E-04

MED 0.

MED O,

FAST 1,35E-04
1- 10

SLOW 0.

SLow 0.

0.

3.77E-03
4. 18E-04
3.34E-04
1. 44E-05
2.67E-0%5

3.40E-04

BEADLEACH 11

URANIUM CUMULATED FRACTIONAL LEACH(CFL)

0.

6.52E-05

5.B3E-04

4.71E-04

0.

0.

5.16E-04

XRFA ANALYSIS

6
0.
o,
0.
0.
0.
0.
1.51E-04
9.17E~04
8.09E-04
6.22E-05
1,13E-04
9.30E-04
o.
0.

1

Q.

o.

a.

o.

a,

0.

2.56E-04
1.35E-03

1.21E-Q3
1.45E-04

2.16E-04
1.40E-03
11- 20

0.

0.

20

0.

3.89E-04

1.86E-03
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APPENDIX 8.

Radionuc)ide and Elemental Adsorption
on Crushed Basalt

Total contentration {dpm for Pu and Np and micrograms for the stable
elements) and normalized concentration (dpm/gram of rock and micrograms/gram
of rock) are shown in Tables 1-10. For each charnel, there are four rock
fractions labeled A, B, C, and D. The leachant flow is from A to D.

With the exception of B, Mo, Cs, Y, Pu and Np, the remaining elements in

warh table are also components of the rock itself. The concentrations shown
include both sources - the rock and the glass beads.
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Appendix 8: Table 1

Rock Adsorption Data

Total Concentration Normaiized Concentration

Element %A 98 9c 90 A 98 9c 9
Mizrograms x 1000 Micrograms x 1000/gram rock

Ca 14 27 19 23 4.5 5.2 4.4 4.3
Ti 3.8 8.8 6.3 1.7 1.2 1.7 1.5 1.4
Mn 0.7 1.1 0.8 1.0 0.2 0.2 0.2 0.2
Fe 32 66 48 59 10 13 N 1

Micraograms Micrograms/gram rock
In 81 98 71 90 26 19 16 17
Rb ND ND 5.5 ND ND ND 7 ND
Sr 73 78 66 75 24 15 15 14
Y 19 32 26 32 6 6 6 6
Ir 38 54 42 54 12 10 10 10
Mo ND ND ND ND ND ND ND ND
Cs ND ND ND ND ND ND ND ND
Ba 84 82 82 98 27 16 19 18
U ND ND ND ND ND ND ND ND
B 7.5 15 11 12 2.4 2.9 2.6 2.2
dpm dpm/gram rock

Py 890 528 125 160 287 103 29 30
Np <80 <250 <250 <580 25 <50 <50 <108

ND = non detectable
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Appendix 8: Table 2

Rock Adsorption Data

N Total Concentration Normalized Concentration
Element 11A 118 11c 11D 11A 118 1c 1o

Micrograms x 1000 Micrograms x 1000/gram rock
Ca 14 27 24 30 4.9 5.7 5.3 5.1
Ti 3.9 8.4 7.8 8.6 1.3 1.8 1.7 1.5
Mn 0.5 1.0 0.9 1.1 0.2 0.2 0.2 0.2
Fe 32 66 60 71 11 14 13 12

Micrograms Micrograms/gram_rock
Zn 85 146 0 110 29 3 22 19
Rb ND ND ND ND ND ND ND ND
Sr 67 74 78 86 23 a6 17 15
Y 19 0 29 35 6.6 6.4 6.4 5.0
r 30 53 64 57 10 1 14 10
Mo ND ND ND ND ND ND ND ND
Cs KD ND is] ND NG ND ND ND
Ba 76 89 93 106 26 12 20 18
U NOD ND ND ND ND ND ND ND
dpm dpm/gram rock

Pu 3980 3847 1509 1735 1358 824 332 297
Mo <330 <250 <90 <290 <110 <50 <20 <50

ND = non detectable
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Appendix 8: Table 3

Rock Adsorption Data

Total Concentration Normalized Concentration

Element 12A 12B 12C 12D 127 128 12C 120
Micrograms x 1000 Micrograms x 1000/gram rock

Ca 22 21 20 26 5.5 5.0 4.9 4.5
Ti 6.1 6.7 6.7 9.3 1.5 1.6 1.6 1.6
Mn 0.8 0.8 0.8 1.1 0.2 0.2 0.2 0.2
Fe 43 48 50 66 12 1 12 1

Micrograms Micrograms/gram rock
in 129 07 NS 122 32 25 28 21
Rb ND ND ND ND ND ND ND ND
Sr 75 78 72 82 19 18 17 14
Y 26 28 32 36 6.6 6.0 1.6 6.2
r 46 52 58 68 12 12 14 12
Mo ND ND ND ND ND ND ND ND
Cs ND ND ND ND ND ND ND ND
Ba 98 88 L4 93 25 21 22 17
u ND ND ND ND ND ND ND ND
dpm dpm/gram rock

Pu 7980 3554 2084 2233 2010 834 498 383
Np <400 <250 <210 <90 <100 <60 <50 <20

ND = non detectable
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Appendix 8: Table 4

Rock Adsorption Data

Total Concentration Normalized Concentration
Element 26A 304 5BA ‘ 6DA 264 304 58A 60A
Micrograms x 1000 Micrograms x 1000/gram rack
Ca 14 35 53 120 4.9 6.2 9.6 25
Ti 3.8 9.8 15 1 1.3 1.7 2.7 8.5
¥n 0.7 1.4 2.1 4.4 0.2 0.2 0.4 0.9
fFe 32 78 120 248 10 14 22 52
Micrograms Micrograms/gram rock
In 81 163 128 328 16 28 23 71
RD ND ND 6 ND ND ND 1 ND
Sr 73 86 HE 269 17 15 21 56
Y 19 43 48 69 6 B 9 14
Ir 38 79 97 267 9 14 18 56
Mo ND ND ND ND ND ND ND ND
Cs ND ND ND ND ND ND ND ND
Ba 84 105 145 447 20 19 26 94
u ND ND D ND ND ND ND ND
dpm : dpm/gram rock
Pu <70 <N <50 {90 {15 @ <10 <20
Np <20 <270 <20 <20 & <50 <5 <5

ND = non datectabile
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Appendix 8: Table §

Rock Adsorption Data

Total Concentration Normalized Concentration

Element 404 408 400 40D 404 408 40C 40D
Micrograms x 1000 Mierograms x 10'.J/gram rock

Ca 20 35 32 41 6.4 7.3 1.2 7.0
Ti 5.7 8.8 8.8 n 1.8 1.8 2.0 1.9
Mn 0.8 1.3 1.2 1.9 2.3 0.3 0.3 0.3
Fe 4% 69 65 93 15 14 15 16

Micrograms Micrograms/gram rock
In 230 116 82 103 73 21 18 18
Rb 6 7 7 12 2 2 2 2
Sr %0 124 125 149 29 24 28 25
Y 19 29 29 42 ) b 7 7
Ir 56 77 80 89 18 16 18 15
Mo ND ND ND ND ND ND ND ND
Cs 25 33 28 52 7.9 6.9 6.3 8.8
Ba 170 202 173 z14 54 42 39 36
U 28 34 33 40 8.9 7.1 7.4 6.8
dpm dpm/gram rock
Pu /540 1820 780 530 244C 380 176 80

Np 2.8x10%  4.7x310% 3.9x10% 3.4x10% 9.1x103 9.9x703 8.8x103 5.7x103

ND = pon detectable
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Appendix B: Table 6

Rock Adsorption Data

Total Concentration Normalized Concentratio..

Eiement 41A 418 41C 41D 41A 418 41C 41D
Micrograms x 1000 Micragrams x 1000/gram rock

Ca 21 32 25 25 7.2 6.3 4.8 4.8
Ti 6.0 9.7 6.9 7.3 2.1 1.9 1.4 1.4
Mn ¢.8 1.3 1.0 1.0 0.3 0.3 2.2 0.2
Fe 49 72 56 59 17 14 N 11

Micrograms Micrograms/gram rock
Zn 304 95 65 61 105 19 12 12
Rb 7 ¢ 8 7 2 2 2 1
Sr a9 118 100 92 34 23 19 18
Y 22 35 29 33 8 7 6 6
Ir 46 83 63 60 16 16 12 A
Mo ND ND ND ND NP ND ND ND
Cs 39 35 32 36 14 6.9 6.1 6.9
Ba 196 190 136 129 68 37 26 29
U 33 36 28 25 11.4 7.1 5.4 4.8
B 13 17 14 12 4.5 3.3 2.7 2.3
dpm dpm/gras rock
Pu 22,500 1140 300 380 1768 224 58 73

Np  3.1x30%  3,1x10% 2,7x10% 1.7x10%  1.3x10% 6.1x103  5.2x103  3.2x703

ND = non detectable
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Appendix 8: Table 7

Rock Adsorption Data

Total Cancentration Normalized Concentration
Element 44A 448 44c 44D 44A 448 44¢ 440
Micrograms x 1000 Micrograms x 1000/gram yock
Ca 60 84 88 100 26 21 19 19
Ti 19 31 36 37 8.1 7.0 7.6 6.9
Mn 2.1 3.0 3.6 4.3 0.9 0.8 0.8 0.8
Fe 114 168 198 226 49 42 42 42
Mi.rograms Micrograms/gram rock
Zn 925 589 366 312 400 149 78 58
Rb 26 15 k| 15 11 4 2 3
Sr 149 194 185 218 64 29 39 40
Y 38 59 71 62 17 15 15 12
Ir 21 293 286 308 9 74 61 87
Mo ND ND ND ND ND ND ND ND
Cs ND ND ND N ND ND ND HD
Ba 325 423 398 488 140 107 84 90
U 322 302 219 159 139 76 48 30
dpm dpm/g. am rock
Pu 3.1x10° 8.1x10% 4.0x10% 1.9x10% 1.3x105  2.1x10% 8.5x103 3.5x103
Np 8.0x10% a.6x10%  7,0x104 5,7x10% 3.3x10%  2.4x10% 1.5x10% 1.2x10%

ND = non detectable
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Appendix 8: Table B

Rock Adscrptign Data

Total Concentration Normalized Concentration

EYement B67h 678 67C 67D 67A 678 67C 670
Micrograms x 1000 Micrograms x 1000/gram rock

Ca 19 21 18 24 4.9 4.5 3.7 5.0
Ti 4.8 6.8 6.3 6.4 1.2 i.4 1.2 1.4
Mn 0.8 0.9 0.8 0.9 0.2 0.2 0.2 0.2
Fe 42 53 52 53 11 1 10 11

Micrograms Micrograms/gram rock
Zn 271 urz 78 76 70 25 15 16
Rb i4 16 16 18 4 4 3 4
Sr 102 96 94 116 26 20 18 25
Y 22 30 28 28 6 6 5 6
Zr 32 63 48 40 8 13 9 9
Mo ND ND ND D ND ND ND ND
Cs 73 97 a5 74 19 20 15 16
Ba 127 133 121 143 33 28 23 30
u 38 36 35 38 9.% 7.6 6.6 8.i
e 13 11 13 16 3.3 2.3 2.1 3.8
dpm dpmfgram rock
Pu 1895 30 73 56 290 63 14 12

Np  2.6x10%  2.0x10% 2.9x10% 1.7x104 6.7x103  4.3x103 5.4x103 3.5x103

ND = non detectable
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Appendix B8: Table 9

Rock Adsorption Data

Total Concentration Normalized Concentration

Element 71A 718 71C 710 71A IAL:] ne 710

Micrograms x 1000 Micrograms x 1000/gram rock

Ca 15 24 25 19 5.2 4.6 4.8 3.8

Ti 3.8 7.7 8.3 6.2 1.3 1.5 1.6 1.2

Mn 0.6 1.0 1.0 0.8 0.2 0.2 0.2 0.2

Fe 32 59 61 47 1 1 12 10

Micrograms Micrograms/gram rock

Zn 229 124 94 64 78 22 18 13

Rb 10 18 17 13 3 3 3 3

Sr 93 a4 107 84 32 19 21 17

Y 16 28 32 3 6 6 7 6

ir 25 62 68 53 9 1 13 11

Mo ND ND ND ND ND ND ND ND

Cs 62 93 78 65 21 17 15 13

Ba 122 126 129 99 42 24 25 20

u 21 45 40 42 7.3 8.2 7.8 8.6

dpm dpm/gram rock

P 1045 320 78 51 356 59 15 10

Np  T.2x104  2.3x10% 1.9x104 1.5x10% 4.1x103  4.2x103 3.6x103 3.0x103

= non detectable
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Appendix 8: Table 1§

Rock Adsorption Data

Normalized Concentration

418*

44B*

Micrograms x 1000/gram rock

. Concentration
Element 41B* 44B*
Micrograms x 1000
Ca 6.3 21
Ti 1.5 3.5
Mn 0.3 0.9
Fe 18 42
Micrograms
in 24 40
Rb ND ND
Sr 59 74
Y 7 8
Ir ND ND
Mo ND ND
Cs ND ND
Ba 81 61
u WD ND
dpm
Pu 176 177
Np 132 <18
ND = non detectable

*

Samples treated through a second acid wash

~133-

1.3 6.7
0.3 1.0
0.06 0.3
4.0 12

Microgr. ms/gram rock

5 12
ND ND
13 21

2 2
ND ND
ND ND
ND ND
17 18
ND D
dpm/gram rock
36 52

<26 <5



APPENDIX 9

Summary of Adsorption Data for Pu, Np, U, B, and Mo.
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Appendix 9: Table 1

Summary of Adsorption Data

dpm/g rock g/q rock Percent Adsorbec
Temp. Flow Rate Pu Np U B Mo Pu Np U R

Channel  (OC) (ml/d)

9A 25 wn 287 26 <3 2 43 64 .- - 20 --

9B 25 A 103 50 <2 3 <@ 23 - -- 30 --

sC 25 10 29 50 <2 3 <2 6 -- - 30 -

9p 25 10 30 Qo0 2 2 <2 7 - -- 20 -
11A 25 300 1360 <110 3 - <8 48 -- -- - -
1B 25 300 820 <80 2 - <2 29 -~ -- - --
11c 25 300 330 Q0 2 -~ € 12 -- -- - -
11D 25 300 300 B0 &2 - <2 11 - -- - -
1aa 25 300 2010 00 <3 - ¢33 /%4 - -- - -
128 25 300 830 w0 @ -~ <2 22 -- -- - --
12C 25 300 500 5D 2 - &2 13 e - - --
12D 25 300 380 QW <€ - 2 W - -- - -
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Appendix 9: Table 1 (cont}

dpm/g rock g/g rock Percent Adsorbed

Temp. Flow Rate Pu Np Y B Mo Pu HNp U B Mo

Channel  (0C) {m1/d)
40A 75 10 2440 9.1x103 8.9 - <3 79 27 29 - -
408 75 v 380 9.9x103 7.1 . <« 12 29 28 - -
40c 75 10 176 8.8x103 7.4 - 2 6 271 2% - -
40D 75 10 80 5.7x103 6.8 - <2 3 17 22 - -
41A 75 10 7770 1.1x104 11,4 4.5 <3 96 43 40 35 -
41B 75 10 224 6.1x103 7.1 3.3 <2 3 24 25 7% --
41¢ 75 10 58 5.2x103 5.4 2.7 <2 < 20 19 21 -
41D 75 10 73 3.2x103 4.8 2.3 <2 < 13 17 18 -
444 75 300 1.3x10°  3.4xi04 139 - <3 8 40 48 - -
4B 75 306 2.1x10%  2.4x10% 76 - <2 12 28 26 - -
44¢ 75 300 8.5x10% 1.,5x10% 46 - << 4 18 16 - --
44D 75 300 3.5x103 1.2x10% 30 - <2 2 14 W - ..
67A 75 1 190 6.7x103 9.8 3.3 <3 8 3% 3N 30 --
678 75 1 63 4.3x103 7.6 2.3 <2 M 2 28 21 --
67C 75 1 14 5.4x103 6.6 2.1 <2 2 27 20 19 --
67D 75 1 12 3.5x103 8.1 3.4 <2 2 17 25 30 --
71A 75 i 356 4,0x103 7,3 - G 8 28 23 . --
71B 75 [ 59 4.2x103 8.2 - <2 14 28 2 - -
71C 75 [ 15 3.6x103 7.8 - < 2 24 2 . -
71D 75 ) 10 3.0x103 86 - 2 2 20 27 - -
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APPENDIY 10

Comparison of Pu, Np, and U concentrations in the leachate vs. the rock
and comparison of the total fra.tion leached of Pu, Np, B, Mo, and U vs. the
weight 10ss of the glass beads.
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Appendix 10: Table 1

Comparison of Leachate vs Rock

Percent Fraction

Pu Np U
Leachate Rock Leachate Rock Leachate Rock
1.2x10-3 -- 0.024 - <0.2 -
1.2x10-3 - 0.037 - <0.2 --
7.9x10-3 -- 0.16 -- 0.1 --
1.ax1074  1.1x10-3  0.031 <0.004 <0.2 <0.1
4.3x10-3  6.8x10-3 0,15 <0.004  <6.9 0.1
3.3x10-3  9.9x10-3 0.21 <0.004 <7.6 <0.1
3.9x10-4 -- 1.3 -- 2.0 --
2.9x10-2 -- 1.2 - 6.2 --
3.2x10-2 - 7.5 -- 5.1 --
9.0x10=4  6.7x10-3  0.45 0.84 0.67 0.1
1.9x10-4  1.5x10-2 0,46 0. 60 0.76 0.1
2.1x10-3  2.8x10°1 .3 1.8 6.2 1.0
2.3x1075  1.4x10-3  0.30 0.51 0.26 0.1
3.5x10-5  g.4x10-4 0,15 0.38  <0.22 0.1

-138-



ga
112
122
35

37

38

402
412
442
674
714

Temp
(oc}
25
25
25
25
25
25
75
75
75
75
75
75
75
75

Appendix 10: Table 2

Compariscen of Total Fraction Leached vs Beads Height Loss

Percent Leac“ed

Beads
Flow Rate Weight Loss Pu Np B Mo Y
{m1/d) (%)
10 0.05 1.2x10-3  0.02 <0.06  <0.09  <0.2
10 0.07 l.2x10-3 0,04 <0.06  <0.) <0.2
300 0.15 7.9x10-3  0.16 <1.6 <1.7 <7.1
10 0.10 1.2x10-3 .03 <0.07  <0.1 <0.2
300 0.52 0.0%1 0.15 <1.6 <1.5 <6.9
300 0.53 0.013 0.21 1.7 1.7 <7.6
10 3.7 3.9x10°% 1.3 5.9 5.5 2.0b
300 8.6 0.029 7.2 11.5 10.4b 6.2b
300 8.2 0.032 7.5 10.9 10.7b 5.1b
19 1.8 7.6x10°3 1.3 2.7 2.5 0.770
10 1.8 0.016 1.1 <3.0 2.8 0.86P
300 10,1 0.28 9.1 13.3 13.5b 7.2b
1 1.2 1.4x10-3 0.8 2.8 2.5 0.36
] 0.3 1.0x10-3 0.5 2.4 2.1 <0.32

a channels with beads and rock
b values obtained by XRFA
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APPENDIX 1
Graphs of Incremental Leach Rate for Np and Pu vs. Time.

Flaw rates are designated with the letters F for fast {300 ml/day), #
for medium (10 ml/day) and S for slow (1 ml/day). Dotted 1ines represent the
75°C channels and salid lines represent the 25°C channels. Identification of
chaninzls is shown with a number on the right hand side of each graph. There
are separate graphs for "na rock" channels (channels 2, 3, 6, 35, 37 and 38)
and for "rock” channels (channels 9, 11, 12, 48, 41, 67 and 71),
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APPENDIX 12
Graphs of Incremental Leach Rate for Stable Eiements vs. Time

Flow rates are designated with the letters F for fast (300 m)/day), M
for medium (10 ml/day) and S for slow (1 ml/day). Dotted lines represent the
75°C channels and solid lines represent the 25°C channels. Identification of
channels is shown with a number on the right hand side of each graph. There
are separate graphs for "no rock” channels (channels 2, 3, &, 35, 37 and 38)
and for “rock" channels (channels 9, 11, 12, 40, 41, 67 and 71).

The horizontal dotted lines represent limits of detection for the three
flow rates. See text.
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APPENDIX 13
Graphs of Cumulative Leach Rate for Kp and Pu vs. Time.

Flow rates are designated with the letters F for fas™ "°™" ml/day), M

for medium (10 ml/day) and S for slow (1 mi/day). Dott. represent
the 75°C channels and solid iines represent the 25°C channe’ *fication
of channels is shown with a number on the right hand side of There
are separate graphs for "no rock"” charaels (channels 2, 3, ind 38)

and for "rock" channeis (channel 9, 11, 12, 40, 41, 67 and 7
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APPENDIX 14
Graphs of Cumulative Leach Rate for Stable Elements vs. Time.

Flow rates are designated with the letters F for fast (300 ml/day)., M
for medium (10 mi/day) and S for slow (1 mi/day}. Dotted lines represent the
75°C channels and solid lines represent the 25°C channels. Idzntification of
chanpnels is shown with a number on the right hand side of each graph. There
are separate graphs for "no rock" channels {channels 2, 3, 6, 35, 37 and 138}
and for “rock" channels (channeis 9, 11, 12, 40, 41, 67 and 71).
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Graphs of Incremental L
“rock” (R) vs. "no rock” (N)

APPENDIX 15

each Rate for Np and Pu vs. Time:
channels. See text.
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