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Radionuclide sorption coefficients, or partition ratios, for

granites and granitic rocks, obtained experimentally in our laboratory

and from the literature, have been tabulated and critically evaluated.
.,^.

Sorption coefficients are defined as:
fq•

a
k

activity sorbed/cm2 surface area
f`. a (in cm) = activity in solution/mL of solution

when determined on machined or fracture surfaces, and as:
4i!

activity sorbed/gram of material
C3^ kd (in mL/g) = activity in solution/mL of solution

when particulate material is used.

The relationship between kd and ka and parameters affecting

sorption coefficients are discussed.

Because of the wide spread in reported sorption coefficients

for many radionuclides, ranges and "recommended" values for use in

assessments are given.
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RESUME

C'
Les coefficients d'adsorption ou les taux de separation des

01
radionucleides pour les granites et les roches granitiques obtenus au
cours d'experiences en laboratoire ou a partir des donnees existantes,
ont ete tabules et soumis a une evaluation critique.

Les coefficients d'adsorption correspondent A:

-»- k(en cm) =
activite adsorbee/cm2 de surface

a activite dans la solution/mL de solution

s'ils sont etablis sur des surface usinees ou de fracture; ils corres-

C!e pondent A:

k (en mL/g) =
activite adsorbee/gramme de matiere

d activite dans la solution/mL de solution

si 1'on se sert d'un materiau particulaire.

L'auteur traite du rapport entre kd et ka et des param'tres
affectant les coefficients d'adsorption.

Etant donne le grand "ecart existant entre les coefficients

d'adsorption cites pour bien des radionucleides, des gammes et des va-

leurs "recommend"ees" pour utilisation aux fins d'evaluation sont donnees.

Le Service de la geochimie et de la chimie appliquee

Etablissement de recherches nucleaires de Whiteshell
Pinawa, Manitoba ROE 1L0
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1. INTRODUCTION

Environmental assessments of nuclear fuel waste disposal

methods must consider the possibility that groundwater will eventually

enter the vault, corrode the waste container, and dissolve some or all

of the waste material. The extent of radionuclide transport to the

biosphere, and the rate at which this will occur, must be considered.

%0
The effective velocity at which a radionuclide moves through a

fractured or porous medium, depends on the rate of groundwater flow and

on the affinity of that particular radionuclide for the solid surface in

contact with the groundwater. If the radionuclide has no affinity for

C7 the surface, it will move at the same velocity as the groundwater. How-

',1` ever, if it has a high affinity and is sorbed, it will be removed - at

-Z^ least temporarily - from the groundwater and its velocity will be equal

to zero during the time it remains sorbed. When it is desorbed, its

velocity will again, equal that of the groundwater, but its movement

relative to that of the groundwater will have been retarded.

^ The retardation of a radionuclide in a flowing system can be

a° determined by techniques analogous to chromatography, where the differ-

ence between the transfer time of the transport medium (i.e., the

groundwater) and of the radionuclide is measured. This technique is

only practical when the retardation is not too great and transfer times

for the radionuclides are not too long. However, the long-term nature

of these experiments makes it difficult to study the effect of various

parameters such as groundwater composition. Further, hydraulic para-

meters such as diffusion and dispersion are often difficult to quantify

and may affect the movement of the radionuclide through the system.

It is usually simpler and more rapid to determine the distrib-

ution ratio of a radionuclide between an aqueous solution and sorbing

surfaces under static conditions, and to determine the effects of various
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parameters on this ratio. From this distribution ratio - which is com-

monly called the radionuclide sorption coefficient - the degree of re-

tardation of a radionuclide in a flowing system can be estimated in some

cases.

2. DETERMINATION OF SORPTION COEFFICIENTS

Most sorption coefficients for geological material are obtained

6^l experimentally by equilibrating the material with a radionuclide-con-

taining aqueous solution for a specified period of time. Sorption of

^ the radionuclide on the geological material is usually determined by

measuring the decrease in the radionuclide concentration (i.e., activity

in the solution) over this period of time. Corrections for removal of
01-°

the radionuclides from solution by processes other than sorption on the

geological surface - either by sorption on the walls of the container or

by precipitation or colloid formation - may or may not be made, depending

csa on the sophistication of the experimental approach.

Sorption coefficients can be determined during the desorption

as well as during the sorption step. In the desorption step the geolog-

ical material with the sorbed radionuclide is contacted with a solution

containing no radionuclide, and the degree of desorption determined from

the increase in the activity of the solution.

The coefficients obtained during the sorption and desorption

steps are not necessarily the same.' Irreversible processes such as pre-

cipitation and incorporation of radionuclides into the crystal lattice

of the minerals during the "sorption" step may make new nuclides un-

available for subsequent desorption.

When particulate matter, such as crushed and sieved rocks or

minerals, is used in the sorption experiments, the sorption coefficient
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is usually called kd, and is defined as:

k(in mL/g) = activity sorbed/gram material
d activity in solution/mL solution

This coefficient does not include a surface area term and is

thus not directly applicable to fracture surfaces of the type that may

be expected to form in a hard rock body. In that case, it is advisable

to determine the sorption coefficient directly on machined or fracture

surfaces, and to define this sorption coefficient:

c^?

k (in cm) = activity sorbed/cm2 surface
a activity in solution/mL solution

where the surface area is normally taken to mean the geometrical surface
c_-v

area, i.e., the roughness factor is considered to be unity.
C%,°

v.^

^ 3. RELATIONSHIP BETWEEN ka AND kd

c;q

C14
ka and kd are theoretically related through a specific surface

area term, SSA, defined as the surface area per gram of particulate ma-

0%
terial:

ka = kd/SSA

This relationship holds when the particulate material has the same che-

mical and mineral composition as the bulk rock. However, fracturing and

sieving steps tend to concentrate certain minerals, such as magnetite

and illite, in fractions with smaller particle size. As a result, the

various size fractions cease to be representative of the bulk rock, and

a valid comparison between ka and kd becomes highly questionable, even

if the specific surface area is known.



- 4 -

4. DETERMINATION OF SURFACE AREAS

TR-120

Surface areas can be determined by a number of methods. The

B.E.T.
*
method(1 is based on nitrogen physisorbed on a surface at 77 K.

It is widely used to determine surface areas greater than 0.1 to 1 m2 /g.

When krypton is used instead of nitrogen, the limit of detection is

somewhat lower. The ethylene glycol (EG) method(2) involves equilibra-

ting the sample with an anhydrous calcium chloride - ethylene glycol

solvate, until a monolayer of EG remains sorbed on the surface. Phyllo-

silicates such as micas and clays, which swell in aqueous media, present

a higher surface area to the ethylene glycol sorbate than to nitrogen

and, consequently, surface areas obtained by this method tend to be

r higher - and more realistic - than those obtained using the B.E.T.

method.

.°^

Both techniques are of marginal use for the crushed and sieved

rock particles commonly used in radionuclide sorption studies because of

their poor sensitivity for low surface areas. A third technique, using

(3)methylene blue as a sorbate in aqueous systems is showing more pro-

mise. Its use for low surface areas is being investigated by A. Baweja

of Environment Canada.

In principle, surface areas can be calculated from the geome-

trical shape of the rock particles. If one assumes spherical particles,

with no micropores or microcracks, the specific surface area is given by

the equation:

SSA = ap cm2/g

where d = particle diameter in cm

p = particle density in g/cm3.

^ Brunauer, Emmett, Teller
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Thus, a particle with a diameter of 150 um (0.015 cm) would

have a specific surface area of 151 cm2/g.

The different methods give widely ranging results, as shown in

Table 1. Measured surface areas(4) for Climax Stock granite used at the

Los Alamos Scientific Laboratory (LASL) are orders of magnitude greater

than those calculated using the above equation.

This is not an isolated case, and should not be construed as

casting doubt on the LASL results. It is simply indicative of the pro-

C'.) blems occurring in sorption studies. It is likely that the granite sur-

face in an ethylene glycol/water medium is very much different from that

_ in nitrogen at 77 K, and both sets of experimental results suggest that

to assume that crushed rock consists of hard spherical particles gives

erroneous results.
C."A

At the Whiteshell Nuclear Research Establishment (WNRE),

machined rock surfaces are used when possible and sorption coefficients

fV are expressed as k
a

, in units of cm. The results are based on the geo-

_ metrical surface area, i.e., no allowance is made for surface roughness

or for the possible presence of micropores or microfractures in the

rock. Some work has been done to compare the sorptive capacity of a

machined rock surface.to that of a fresh fracture with a known projected

surface area. For 90Sr and 137Cs the sorptive capacity of the fresh

fractures was about five times that of a machined surface of the same

geometrical area. It appears possible, therefore, to relate sorption

coefficients obtained on machined surfaces to actual rock fractures,

providing of course that the mineral composition in the fracture has not

been altered by weathering.
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5. EFFECTS OF VARIOUS PARAMETERS ON SORPTION COEFFICIE NTS

TR-120

In addition to the vagaries in sorption coefficient measure-

ments for particulate material introduced by uncertainties in surface

area measurements and by the possible segregation of certain minerals

during the crushing and sieving steps, there are a number of parameters

that may affect the experimentally obtained sorption coefficients on

both bulk rock and particulate material. They fall into a number of

categories, which are discussed below.

V1% 5.1 CHEMICAL AND MINERAL COMPOSITION OF THE GEOLOGICAL MATERIAL

r Geochemical terms such as "granite", "gabbro", etc., cover a

relatively wide range of mineral compositions (Figure 1) and a particular

granite can thus not be construed a priori to be representative of all

.r) granites. This is especially the case when sorption takes place prim-

arily on accessory minerals. Similarly, many minerals form series ex-

hibiting a wide range of chemical composition. For example, the pla-

^ gioclase feldspars - one of the most common rock forming minerals -

N exist as a solid solution series ranging from pure albite (NaA1Si308)

GT• through anorthite (CaA12Si20$). In the pyroxene group a solid solution

series of enstatite (MgSi03) - hypersthene ((MgPe)Si03) - ferrosilite

(FeSi03) exists, each with a potentially different sorptive behaviour

towards radionuclides in solution. It is thus important that both the

chemical and mineral composition of the geological material be fully

documented.

5.2 PHYSICAL CHARACTERISTICS OF THE GEOLOGICAL MATERIAL

The main physical characteristics that may affect the sorption

coefficient are porosity and pore size distribution of whole rock(5),

and particle size distribution of crushed material. A porous rock sam-

ple will have a much higher accessible surface area than a "tight" rock,
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and diffusion of a radionuclide into the rock body will be correspondly

of greater importance. However, porosity alone is not enough: the pore

size must be large enough to allow ions to diffuse into them.

Particle size distribution of crushed material is important,

as it determines the effective.surface area of the material. Dry sieving

after crushing into a narrow range of particle sizes is not enough as

very small particles often adhere to larger ones and are only removed by
thorough washing. Thus, wet sieving is the only acceptable procedure to

isolate particulate material of a certain size fraction, and should be

N followed by a particle size distribution analysis to describe the mate-

(7r, rial properly.

r°t
5.3 COMPOSITION OF THE AQUEOUS SOLUTION

ca
The composition of the solution containing the radionuclide

may dramatically affect the degree of radionuclide sorption. In cases

where sorption occurs via a.cation exchange or cation substitution mech-

fY anism, the presence of competing cations will depress the sorption of

p the radionuclide. For.example, 90Sr sorption is depressed in the pre-

sencesence of alkali and alkaline earth cations, 137Cs sorption is decreased

by Rb+ and Cs+ ions but not by Na+ unless large amounts (> 0.1 mol/L)

are present. The concentration of the radionuclide itself in solution

ha$ an effect on the sorption coefficient: where competition for sorp-

tion sites exists, the sorption coefficient decreases with increasing

radionuclide concentration. For radionuclides with a low solubility,

precipitation may occur where the radionuclide-containing solution is

brought into contact with the geological material. This decrease in

radionuclide concentration due to precipitation may then be assigned

erroneously to sorption and an unrealistically high sorption coefficient

obtained.

For multivalent radionuclides, the compositon of the aqueous

solution may dictate the oxidation state of the radionuclide and this
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will affect the extent of sorption: higher oxidation states favour the

formation of anionic - and hence poorly sorbed - species.

Thus, the composition of the aqueous solution must also be

documented fully, preferably at the end of the equilibration period as

well as at the beginning. It is recognized that the former may present

difficulties, as facilities for wet chemical analysis on radioactive

solutions may not be readily available.

5.4 TIME

4r:"
The term "sorption coefficient" implies that an equilibrium

tT`
has been reached in the partitioning of the radionuclide between the

solid and liquid phases, and implies that the solid phase is also in

equilibrium with the aqueous phase. This is not necessarily the case in

the experimental determination of sorption coefficients: the reaction

between the geological material and the aqueous solution is slow and has

^r2 most likely not reached a steady state after the limited time over which

ry^ sorption is determined(b) Alteration of the surface affects the

number and nature of the sorption sites and has thus an effect on the

sorption coefficient.
C^d

The presence of microcracks and micropores in the geological

material may lead to diffusion of the radionuclide into these confined

areas. This is also a time-dependent process, and its effect on mea-

surements will depend on the number and the dimensions of these pores

and fractures(7).

5.5 EXPERIMENTAL PROCEDURES

The experimental procedures used in the determination of sorp-

tion coefficients may affect the results. If the mixture of geological

material and the aqueous solution is not agitated, concentration gra-

dients may form in the solution and deplete the radionuclide in solution
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close to the sorbing surfaces. Vigorous agitation, on the other hand,

must be avoided (especially with particulate matter) as attrition may

occur. This could increase the surface area of the material and present

fresh sorbing areas to the solution, resulting in sorption coefficients

up to an order of magnitude higher than obtained under more quiescent

conditions($).

Radionuclide sorption on the walls of the containers was men-

tioned earlier. It is not sufficient to include a "blank" in the exper-

iment, as the degree of sorption in the container walls may be affected

by the presence of geological material in the container(9). The actual

amount of radionuclide sorbed on the container walls in the presence of

the rock must be measured.

C^

t„ Colloid formation in solution may affect the concentration of

the radionuclides in solution, and centrifuging or filtration may have
`;1 (10)to be used to distinguish between colloids and ionic species
. ry

'.tl

--° 6. DATA COMPILATION

0^
Because of the potentially sigri.fi.cant effects of the various

parameters on the sorption coefficients, as described in the previous

section, they should be reported together. Therefore, a data bank for

sorption coefficients on granites and granitic rocks has been set up at

WNRE, based on a model suggested by Battelle's Pacific Northwest Labora-

tory(11). Details of the data bank are described in a report by Nuern-

berger et al.(12), which also contains a user's guide.

The data bank stores the following information:

1. Geological material

Chemical composition major elements

minor elements
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Mineral composition

Rock properties, Cation and anion exchange capacities,

including ions used and pH at which

measurement was made.

Surface area, method used

Carbonates

Czt

0%

•w"I)

^

N

0^

Hydrous oxides

2. Aqueous phase Cation and anion concentrations at

the beginning and at the end of the

equilibration period

pH and Eh at the beginning and at the

end of the equilibration period

3. Experimental details Method used

State of geological material

Solid/liquid ratio

Temperature

Equilibrating atmosphere

Procedure used to separate liquid

from solid after equilibrating

Phase analyzed

Combination of radionuclides used, if

any

4. Reference

5. For each radionuclide Contact time

Initial and final concentration
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Sorption coefficient obtained in the

'forward' (sorption) or 'reverse'

(desorption) direction with percentage

error at the la level in brackets

Appendix A contains the data presently available for radionu-

clide sorption on granites and granitic rocks. It will be updated per-

iodically as new information becomes available.

^ The sorption coefficients for a particular nuclide can be ex-

tracted and tabulated separately. This is done for all nuclides in Ap-
£?+

pendix B. It will also be updated periodically.

C^

Cy 7. CRITICAL EVALUATION OF SORPTION COEFFICIENTS

.,n

>,l

Practically all sorption coefficients reported for the indivi-

dual radionuclides cover a wide range of values. Reasons for this in-

clude:

N

O` 1. The geological material used by the various experiments is

usually.obtained from different sources and is by nature not

homogeneous.

2. The procedures used to determine sorption coefficients differ

between the various laboratories and are often still in a

stage of development.

3. The effect of various parameters on the sorptinn coefficient

can be large, as was pointed out in Section 5, above, and may

account for much of the spread in sorption coefficient values.
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There is good communication among workers in this field. The

U.S. WISAP* staff organized an international two-phase round robin pro-

gram(13) which has already(14) shown that, even with a prescribed prpqe-

dure and with standard samples supplied from the same source, large var-

iations in sorption coefficients are obtained. Work is now underway to

determine the cause of these variations.

We expect to see improved agreement as time goes on. In the

meantime, based on the quality of the reported data and on a general

knowledge of the chemistry involved, a range of sorption coefficients

^ and "recommended" (most reasonable) values can be suggested. It is em-

phasized that the range of values and the "recommended values" given

^ here are tentative, and subject to revision.

t^'^

CV
Appendix C lists the recommended ranges and "best" values for

sorption coefficients by increasing atomic numbers. These are dated and
+.^

will also be updated as appropriate.

cr,

CY
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COMPARISON BETWEEN CALCULATED AND MEASURED(4) SURFACE AREAS

ample
Range of

Particle Size
edian•

2
Surface Area m /g

alculated* BET++

1

G**

BET
Ratio

Calc
EG

Ratio
Calc

EG
Ratio

BET

CS5 106-210 132 0.017 0.95 8.0 56 470. 8.4

CS5 180-500 300 0.008 0.16 4.0 20 500 25

CS5 425-1000 688 0.003 0.10 7.0+ 33 - -

CS7 106-250 133 0.017 0.80 9.0 47 530 11

CS7 180-500 293 0.008 0.16 3.3 20 410 21

CS7 425-1000 690 0.003 0.12 3.0 40 1000 25

Based on median particle size, p= 2.65 g/cm3.

Ethylene glycol.

+ Most likely in error.

++ Brunauer, Emmett, Teller.
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FIGURE 1: Range of Mineral Compositions of Major Rock Types from H.W. Kirby,
Geochemistry of the Naturally Occurring Radioactive Series, Mound
Laboratory, Miamisburg, Ohio, Report MLM 2111, p. 26 (1974).
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LIST OF.APBREVIATIONS,USED „

Geological Material „• ,.i .,, ,,.,: yi.r: i m i

cli

c^^a

PPM Parts per million or pg/g.
.>i;, r,-:iinlnF:

N

L'3

cy,e

,^j

4°4

N

G^

Rock Properties „_, .,, ...... ,i

CEC Cation exchange capacity.

AEC Anion exchange capacity.

ME/100G
^ i

Milliequivalents per 100 grams.
'

BET
a .^.

Surface area determination using a procedure

developed by BrunauerEmmett, andTeller (see
.:Q,i .!;A4

Section 4).

EG
„t: ^rr•i;:;in.:` ;•.... .^i

Surface area determination using ethylene
. . _ ,F:_n^. i-'.•^c"[li LT`^v9T ,., n.L ^ JIIA ,U•:,

glycol .
_.•. ,...r, fi,.['7L;OR i t'.Y[;_;'qf]"C•!F.

Experimental Detail s
/..• . _ ... ,i. I •nl'.1 71: "t;. lia : ..3E.I. . . .

BATCH Static=ekpbr'iment.

COLUMN Column or dynamic experiment.

NW N cold washes i.e., number of contact periods

using non-radioactive solutions.

BC Blank corrected i.e., corrections made for vial

wall sorption.

STATE Physical state of the geological material.

RATIO Solid-to-liquid ratio for static experiments

or pore volume ( PV) and flow velocity for

dynamic experiments.



- A.2 - TR-120

ATM Atmosphere in contact with mixture.

SEP'N Procedure used to separate liquid from solid

after equilibration, e.g., GRAVITY (i.e., set-

tling) CEN (XXG, YYM): centrifuge at XXG for

YY minutes, or FIL(O.4) filtered through 0.4 pm

filter.

ANAL Analysis of specifed material: L: liquid

W: wall, S: solid.

COMB Combination of radionuclides used.

t^L

r`r

^.f*

0\6

{N

0%

Sorption Results

TIME (D) Contact time in degrees.

INITIAL [RN]

(M/L) Initial radionuclide concentration in moles

per litre.

FINAL [RN]

(M/L) Radionuclide concentration at time of analysis.

KAS, KDS ka, kd as defined in the text (section 2) in

the forward (sorption) direction.

KAD, KDD ka, kd in the reverse (desorption) direction.

The experimental notation is used for ka, kd,

i.e., 2.2 x 103 is expressed as 2.2E + 3.

The relative error at the lo level is given in

brackets behind ka or kd.



GF.OLOGICAL `1ATERIAL

tiUitS:n" 7 I
t;AHE : GRANIT;- (:dEATHERF.j '1QCK SURF,) 31A
ORIGIN : GOETNEOC^G, SaE7)Eti

ChEMiCAL MI':ERAL
COMP;S)TjON(X) CO"POSITIOV(X)
---- ---------- -------- --__-----
102

5AL203
Tj02
FE203
FEO
HNO
HGO
CAO
NA2G
K20
P205
C02
1120

ROCK PROPERTIE9
-------------- ------------------

9 2 12:i 6 2 i^s 2 0 4

RADIONUCLIDE SGRPTIDN PARAMETER DESCRIPTION

AUUEOUS PHASE

TRACE
ELEMENTS (PPM)
-------------

NA
K

C4
MG
HC03
CL
504
F

START END

208
10
75
15
2Y+P0
5'm9
15
1.5

NOV,11, 1981

• EXPERIMENTAL DETAILS
-------------- _---_-

= METHOD :BATCH

STATE :COUPONS .. 31 CH-2 GSA

RATIO

c TEMP. :25 C

ATM. :AIR

SEPqN. :NONE

ANAL. U.

COMB. :NONE

REFERENCES : 1) B, ALLARD ET.AL
CHALMERS INST, TECH,
KBS, T.R. 55 w

H
."d

N
O



9 2 1 2 3 fa 20 2 0 a

SCRPTIUN RESULTS

FCf. MATERIAI_ F:U:+9ER--- !
INITIAL CRN] FINAL CRN)

RACIDNUCLI,[
-

TINF (0) (N/L) (R/L)
-

KAS KAD
--° °-----
A^ 241

-'--'-- --'---'-''-- ---'---
.5 7.9Er0t.-) .
1 5.0Es0(--)
= 1.SE•2(--)

C$ 134 6,3Ei0(--)
1 5,0Et0(^-)
1 2.0E+1(--)

SR 89 3,2E-1(--)
1 2,0E+1(-^)

H

N
O



9 21 22.51'91) 206

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL "ATERIAL
n -

)i1;1^0 L F i 2
RAy4 I GRAh)Tr US;r;SAP RR-1- L+
ORIGIN 7 CLIMAg STOCK (L.O.RAMPSPOTT LLL)

CHEM:CAL NL)=ERAL TRACE
CONP"SITIOh('L) COMPOSITION(:) ELEMEPTS (PPM)
------------° --'-------- --------- --------------
SI02 68.41 ANCESINE 47
AL2C3 16.35 GUART2 28
T102 .37 NICROCLIYE 15
FE203 2 DI!'TITE ie
FEO 2.45 APATITE
MNO .E6 HEi''ATITE
MGO 1.35 MAGNETITE
CAD 3.72 SPHENE
NA20 3.55 FFA:'TINGBITE
K20 3.91
P205 .1
C02 2
H20 ¢

TOTAL 99.97

ROCK PROP=2TiES

HFTH00 BET EC

AQUEOUS PHASE

CEC (ME0/1n G) 0.$5
0 PH

CATION SR

SURFACE AREA ()(2/G) 0.0a 3:9

START END

PH(LOG) 6.9 7.9
NA 8.3
K 3.5
CA 13
MG 3.9
HCO3 61.6
CL 5
S04 8.6
F .2
N03 .6

EXPERIMENTAL DETAILS
R -

NOV 11, 1981

METHOD :BATCH(2H,BC)

STATE :CPUSHEO,-20+58 MESH

RATIO :1 G/ 10 ML

TEMP. :23 C

ATN. :AIR

SEP'N. :GRAVITY

ANAL. :L

COMB. :NONE

REFERE:lCES 1) L.L, AMES

PNL-2797

2) T,T; VANDERGRAAF
WNRE
PR-WWH-1, P 79-84

^

r
N
0



9 2 1 ?:j a) `? 1 2'1 7

SORPTION RESULTS
--------------

F^_R MATEn'IA(. NU!BER--. 2
INITIAL CRN] FIP)AL CRNJ

RACIONUCLICC TIME (0) (N/U (!(/L) KDS KOD
-----------

CS 137

-------- ------------ ._.__-_._-

14

..^

6,6E*2(1.4)
28 5.BE*2(2.2)
14 1.6E•216.1)
26 1.4Es2(21)

Pb 237 14 1,9E1t2(28)
28 3,6Es2(26)
14 9.4Es2(1.4) ^
28 5.3Es2(22)

SF 90 14 1,SES1(27)
28 1'.1Eb1(28)
14 2.1E+1(24)
28 2.8E•1(19)

H

N
N
O



GFCLOGICAL. "ATERIAL
------------ ------

1;URbEn
•

t
I;AME ; GRANITE UF.%1ISAP RR-1-1:•
02:GiA I CLINAX STOCK(L.O.RAF'PSPOTT LLL)

CHEMICAL YIt:ERAL
CCHPJSITIOH('/.) C.^•"POSI"ION('i.)

-'------------ -°-_-_--_--_____-__-
S)02 68.41 AN7ESIHE 47
AL20; 16.35 9UARTE 28
T102 137 NICROCLTIE 15
FE203 2 DIOTITE 1z
FEO 2.45 APATITE
MN0 .06 HEMATITE
HIGO 1.25 MAGNETITE
CAO 3.72 SPaENE
!lA20 3.55 HASTiNGSITE
K20 3.91
P205 .1
C02 8
!+"cJ 2

TGTAL 99.97

ROCK PROP--!tTIES
----------------- --..__--__--

CEC (REO/167 G) F•.85
P PH

CATIOA SR

SURFACE ARCA (H2/C) 0,28 3.9
HETHOD BET EG

92121562,1208

RADIONUCLIDE SORPTION PARAMETCR DESCRIPTION

AOUEOUS FkASE
------------- ^

TRACE
ELE:".EF!TS (PPM)
--------------

START END

PfIII.OG) 6.9 8.1
NA 8.3
K 3.5
CA 13
MC 3.9
HC03 61.6
CL 5
504 8.6
F .2
NJ3 .6

NOV 11, 1981

EXPERIMENTAL DETAILS

METHOD BATCH(2u,BC)

STATE CRUSHED,20-5a MESH,NET SIEV

RATIO :1 G/12 ML

TEMP. :23 C

ATM. . AIR

SEP'N. 7GRAVITY

ANAL. -L

COMB. NONE

REPEREYCES : 1) L.L, AMES

PNL-2797

2) T.T, VANDERGRAAF
HNRE
PR-NHM-1 P. 79-84

N
N
O



9 2 1 2 ^ 5 2 1 2 0 9

SOR?TIU)) RESULTS
----------------

FCn NATERIAL P7U40=R- 3
INITIAL CRN7 FIfUL CR^)]

RACIOyUCLl7C
------------

TI"'[ (D) (R/L) (n,ti)

°
.-------- ---- -"_^ -- _

KOS KOD

CS 137
^ -- - --

14 "'
5.0Et2(20) +--

14 4,8Et2(i7)
28 1.3E+2(25)
28 1.2E•2(14)

PL 237 14 2.4E+2(45)
14 3,3Et2(16)
as 7.2Ea2(8.6)
28 5.6E•2(7.5)

SR 90 14 7,7E.0(13)
14 8,0E+E(15)
28 1.4E+1(10)
as 1.4E•1(23)

H

N
N
O



r.ECLOGICAL MA't:RIAL
-------------------

:)U,,BEn 4
U::E i CRAAITF US:,ISAP R2-1-1C
:^n)G:A CLIMAX STOCK(L:]. RAiiPSPCTT (,LL)

CHEMICAL H;NERAL
CCfliPCSITiCN(Y.)

--- --- -

COHPOSITIOK(X)

- -
S102

-- ---
68.41

--'------------
ANDESINE

--_-_-
47

AL2C3 16.35 OUARTS 28
102 .37 HICROCLI'7E 15

FE203 0 BIOTITE 10
FEO 2.45 APATITE
INC .56 HEMATITE
MC0 1.25 MACNETITE
CA: 3.72 SPHENE
N420 3.55 HASTINGSITE
K20 3.91
P205 1
CO2

zH20 0

-OTA: 99.97

ROCK PROP•;,^.TIES
-'------------ -^___•------
CEC (t^EO/102 G) @,85

P PH
CATION SH

SURFACE AREA ( H2/C) 3,08 3.9
NCTHOD BET EG

921 2-i E') 9.°3 ?( t1

RADIONUCLIDE S(IRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)
--------------

NOV ;1, 1981

AQUEOUS PHASE EXPERIMENTAL DETAILS
--- ---'------ ( ^---^---°----'-----

START END

-

METHOD :BATCH(2W,BC)

PHtLOG) 6.8 7 * ) STATE :CRUSHE0,20-50 MESH
NA+ 115
K 17';2 S RATIO :1 G/10 ML
CA 900 t
MG 1e.4 ( TEMP. :23 C
HC0$ 1-;3
CL' 174.9 t ATM. :AIR
S04 4198 3
B03 9.8 SEP'N. :GRAVITY
SR 1.3
CS 1 I ANAL. :L

I COMB. :NONE

REFERENCES 1) L.L, AMES

PNL•c2797

2) T,T; VANDERGRAAF
WNRE
PR-WWH-1 P. 79-84

• PPT

^

H

r

0



9 2 ! 2 i {-^ 2 0 2 1 !

SORPTION RESULTS
------------

F;;R MATERIAL tiUMSER--+ c
Ih4ITIAL CRN3

RACIONUCLIUr TI"E (0) tM/ U
------------
CS 137

------
14

-------- "-_^
7.4E.6

28 7.4E-6
'4 7.4E-6
28 7,4E-6

PU 237 14
26
14
23

SR 9E 14 1.4E-5
26 1.4E-5
la 1.4E-5
28 1.4E-5

CINA7, ERN]
(M/L) KOS KDO

3,9E-1t181 ---
1,2E-1(130)

0.0E+0(0)
0.0E+0(0)

0Et0(30)
2,1Et0t83)

4.0E+1(15)
2.9E+1(44)

1,8E-S(110)
2,8E-1f122)

2.4E+0(143)
2.9E+0(124)

r
0

H

O



GEOLOGICAL MA ERIAL
-------------------

uI:MBER . r
NAME ) •GRAAITE US:IISAP R^(_1-1D
ORIGiA : CLIMAX STOCK(L.J.RAHPSPOTT LLL)

CHEMICAL HTS)ERAL
COMPCSITIONO:)

_

COFiPOSITION(X)
- - __•_ _____

5102
_____
68.41

----- ---- --
ANOESINE

--___'
47

AL203 16.35 DIIART2 26
Tj02 .37 MICROGLI'iE 15
FE203 2 BICTITE 1-3
FEO 2.45 APATITE
MHO r96 HEMATITE
HGO 1.:5 HAGNETITE
CAO 3.72 SPHENE
NA20 3.55 HASTInGSITE
K2O 3.91
P205 i
C02 2
H20 2

TOTAL 99.97

ROCK PROPERTIES '
-__--'------------------'-
CEC (0EO/10Z G) 6,65

® PH
CATIOh SR

SURFACE AREA Ii'4/C) 0.0B 3,9
H;THOD BET EG

9 2 1 2 : ^ 2 0 2 1 2

RADIONUCLIDE S^RPTION PARAMETER DESCRjPTION

TRACE
ELEMEUTS (PPM)

NOV ii, 1981

AGUEDUS PHASE
_ ...._^___--_

! EXPERIMENTAL DETAILS
'•___^._-__...._^ __--

START ENO • METHOD :BATCH(2H,BC)

PH(LOG) 6.8 7 1 STATE :CRUSHED,28••50 MESH,WET SIEVED
NA• 115 (
K 17':2 RATjO :1 G/i8 ML
CA 9.-e
MG 10';4 t TEMP. :23 C
HC03 iC°:3 :
CL+ 174•9 i ATM. :AIR
S04 4198 t
803 9.6 i SEPIN. :GRAVjTY
SR 1.2 i
CS 1 1 ANAL. :L

COMB. :NONE

t REFERENCES 7 1) L,L. AMES
t
t PNL-2797

( 2l T,T, VANDERGRAAF
NNRe

= PR-WMM-1 P.79-84

t

• PPT

^

H

r

0



92 I 2.; 'S?02 l '3

SDRPTIDN NESULTS

FOR MATERIAL NU`tBER--- 5
INITIAL CRNJ

RA:IDNUCLI7E TIME (0) (M/L)
' -^° ---

CS 137
'^'-----
14

----- ^----'-
7,4E-6

28 7,4E-6
14 7,4E-6
26 7.4E-6

Pl, 237 14
26
14
28

SR 90 14 1.4E-5
26 1.4E-5
14 1.4E-5
23 1.4E-5

FINAL CRNI
(H/L) KDS

6,3E1(7.2)
3,3E-i(64)

4.1E•0(22)
4,3E.e(26)

9,0E-2(150)
3,8E-i(i20)

KDD

0.0E•ete)
0.0E•0(0)

4.eE.i(37)
3.7E•1(28)

3.iF.•0(110)
4.4E•e(1eH)

H

r

O



9 2! ? , 62 0•.? 1`a

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GCOLOGICAL yATERIAL

;.L ;BER 6
'•;p;tE ; OUAnT2 HON7.O41TE NORPHYRY-lA
GR[GIN ) CLIMAX STOCK.NF.9AOA TE ST SITE CS5

CHEMICAL MINERAL TRACE
CCOPCSITION(R)

-
CCMPOSITIOVqX)

-`_ --- - -
ELEME"ITS (PPM)

_-_^_--------°- ----------
S102

------ - -
OUARTZ

-^i- - - _

AL203 PLAGIO+KrLD 48
TI02 ALT,FELDSPAR 2
FE203 RIOT/CHL'3R 13
FEO SPHENE <i
MNC APATITE <1
t1G0 MAGN+ILM 8
CAG
NA20
K20
P205
C02
H20

RCCK PROP_'TIE^

CEC (KEO/1¢y G) <1 1 NONE
@ PH 8.2 8•4

CATION CS SR

SURFACE AREA ( 142/G) Z.95 B.T. 1.3
YrTH00 ©ET EG/CA EC

AQUEOUS PHASE

START END

P:)(LOG) 7.7 8.2
K 4.8
CA 9.6
MG 2
FE 4
SI 7.9
HC03 55
CL 2.3
S04 5.1
F .3
DA .3
LI 0
SR .1
NA 7.5

EXPERIMENTAL DETAILS
1---;

----- ;
-_-____--

NOV 11. 1981

METHOD :BATCH(1M,DC)

STATE :^10¢•140 MESH

RATIO :1 G/22' ML

TEMP. :22 C

ATM. :AIR

SEPTN. :CENTRIF;,16000 RPM.1 HR.

ANAL. :L

COMB. :NONE

REFERENCES ; 1) B.R, ERDAL ET.AL

LA•'7456-MS

N
w

r
N
O



9 2 1 sc^rl^N R^sur^^rs ''^ 2 ! 5
------ --------

F,;R MATERIAl NC"nER_.- 6
INI7IAL [¢N] FINAL CRN3

RaD IDNUCLiCF TIME (;) (M/L) (M/L) KOS KDD
_.. -

pA
__-__--__
133 F•92

---- ---- ---- ----__-.--

2.4E-8
.,.

2,6E+2(4)
•.•

16.98 2.4E-8 2.0E+2(4)
21.91 2.4E-8 2.7E*2(4)
62.C4 2.4E-8 4.2E+2(4)
13,67 2•6E+2(6)

27,66 2.5E+2(6)
55.72 3.9E+2(9)

CE 141 9,92 1.3E-6 1,3E+2(5)
56.98 1.3E-6 9,8E*1(4)
27.91 1.3E-6 1,4Ef2(5)
62.04 1.3E-6 1,3E+3(4)
13,67 7•5E•2(6)
27.06 1.6E+3(8)
55.72 5.2E•3(13)

CS 137 9,92 1.4E-9 4,6Er2(3)
16.98 1.4E-9 4,2E42(3)
27.91 1.4E-9 4,5E42(3)
62.04 1.4E-9 5,2E+2(2)

a

13.67 5.8E+2(7) F
27.66 6.2E+2(7)
55.72 7.6E+2(7)

Ep 152 9.92 8.0E-8 3,5E*2(4)
16.98 8.0E-8 2,7Et2(4) •
27.91 8.0E-8 3.5Et2(4)
62.F4 B.OE-8 3.6E+3(4)

13.67 1•1E+3(6)
27.66 1.9E•3(6)
55.72 4.6E+3(8)

SR 85 9,92 1.2E-6 2,2E+1(4)
16.98 1.2E-6 1,6Ea1(4)

27.91 1,2E.6 1,7E•1(5)
62•04 1.2E-6 1.9E+1(9)
13 . 67 2. 3E+i (7)
27.66 2,2E+1(8)
55.72 2.8E+1(iD)

u 237 6,95 5.4E-8 9,9E+0(22)
x23.95 5.4E-8 i,RE41(22) J

20,95 5.4E-8 1,0Eo1(21)

7,89 2,9E+1(31) o
53.64 2.7E+1(33)
19,76 2,0E•1(40)



9 2 i 2 S `) 2 0 2 ( 6

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL MATERIAL

':UMB;R ?
NAML ; OUAKT7 HGN20NITE PORPiiyRY-2A
ORIG(A CLIMAX STOCK,WEVADA TEST SITE CS5

CHLMICAL MI!%ERAL TRACE
CCiiPCSITION(X) COMPOSITIQN4v,)

_------------
ELEMENTS (PPM)

------ ---___-__^- _---------------

S102
__
OUARTc

29

AL203 PLAGIO+KFLO 58
T102 A(.T,FELDSPAR 4
FE203 BIOT/CHLJR 7

FEO SPHENE 1
NNO APATITE <1
MGO MAGN+ILM 1
CAO
MA20
K20
P205
C02
H20

ROCK PROP^nTIES

CEC- -(kE0/18:: G)--- -
9 PH

CAT10h-

<1 <1
8.2 8.S
CS SR

SURFACE AREA (I42/G) 0,16 4.2 4.4
YrTNO:, BET E6/CA EG

ADUEOUS PHASE

START END

PH(40G) 7.7 8.2
NA 7.5
K 4.8
CA 9.6
MG 2
FE 4
SI 7.9
HC03 55
CL 2.5
S04 5.1
F .3
N03 0
BA .3
L1 0
SR ,1

EXPERIMENTAL DETAILS
-----------

NOV. 11. 1981

METHOD :BATCH(1N,BC)

STATE :^45•60 MESH

RATIO : 1 G/20 ML

TEMP. :22 C

ATM. :AIR

SEPfN. :CENTRIF;,16000RPM.1 HR.

ANAL. :L

COMB. :NONE

REFERENCES : 1) B,R; EROAL ET.AL

LA-7456-MS
r
^

H

N
N
O



9212i 52lJ 217

SORPTjON RESULTS

F'n MATERIAL N(IHBER--- 7
INIT1aL CRN] FINAL CRNa

RaC 10NliCLICf TIHE (0) f))/L) (M/L) KOS
-

KDD
----

6A
---------
133

--------
9.91

------------ ---------
2.4E-8

--
7,5Et1(4.1)

--

16.98 2.4-8 9,6£M1(4.0)
27,91 2,4E-8 8,0Et1(4,3)
62,03 2.4E-8 1,5E*2(3,3)
13.67 8.4E+i(6.7)
27.66 7.9E•1(5.2)
95.72 B,SE+1(5.5)

CE 141 0191 1.3E-6 1,0E42(4.3)
16,98 1.3E-6 9,0Es1(4.3)
27.91 1.3E..6 8,6E•1(4.6)
6243 1.3E-6 3,1Er2(3,6)
13,67 6,6E+2(7.1)
27.66 6.1E+2(5.8)
95.72 1.0E•3(7.7)

CS 137 9,91 1.4E-9 2,2Et2(2.6)
16,98 1.4E-9 215Et2(2.6) a
27.91 1.4E-9 2,BEe2(2,9)
62.03 1.4E-9 2,8Et2(2,3)
13,67 4,0E+2(7.3)
27.66 3.8E+2(7.4)
55.72 4.1E+2(7.3)

E6 152 9.91 8.0E-8 1,9Er2(4.0)
16.98 8.0E-8 2.0E+2(4.0)
27.91 B.OE-8 1.8£+2(4.3)
62.03 8.CE-8 1.0E•3(3.4)
1^3.67 B.SE+2(6.7)
27.66 7.2E+2(5.2)

,7255 1.1E+3(5.6)

SR 85 9,91 1.2E-6 l..3E41(5•2)
16,98 1,2E•6 1,2E+1(5.8)
27.91 1.2E-6 1,1Eo1(6.0)
62.03 1.2E-6 1,3Ea1(3.1)
13.67 1.7E•1(9.5)
27.66 1.3E•1(7.7)
55.72 1.3E+i(8.5)

U 237 6,95 5.4E-8 2,2Es0(72)
13.95 5,4E-8 2,0Ee2(80)
20.95 5,4E-8 ' 3.1Es0(52> - o
7,89 2.0E+1(87)
13.64 1.5E•1(149)
7,69 1.1E•1(169)



9 2 I. 2 :i 5? l 2 1 8

RADIONUCLIDE S^RPT10N PARAMETER DESCRIPTION

GEOLOGICAL M ATERIAL
-------------------

I:Ut16ER i fl
MAME I OUARTj HCN2014ITE ''ORP6;YRT_3A
CRIGiA ) CLIMAX STOCK,RE4A7A TEST SITE, C55

LHEM,CAL 4I'^ERAL TRACE

COMPCSITIOY(y) CO'(POSITIOV($)
- -- - ---

ELEMENTS (PPM)
- - ------_-_-----______________

5102
- -___-- •.

OUARTxT
-- ^-
24

A4203 PLAGIG•KFLD 61
T102 ALT,FELDSPAR 5
FE203 BIOT/CHLOR 7
FEO SPs1ENE 1
NNO APATITE <1
MGO MAGV+ILN 1
CAO
NA20
K20
P205
C02
i120 ^-_-_-

ROCR PROP.C:TIES
_----------------------------
CEC (FE0/132 G) Cl. I

2 PP 8.2 8.5
CATIOh CS SR

SURFACE AREA ( H2/G) 0.18 7.m. 2.9
MFTHOP. BET EC/CA EG

AQUEOUS PHASE

START END

___PH -_7•7 8.2
NA 7.5
K 4.8
CA 9.6
MG 2
FE .4
S1 7.9
HC03 55-
CL 2.5
S04 5.1
F .3
BA .3
LI 0
SR .1

EXPERIHENTAL DETAIL9

NOV-il, 1981

METHOD :BATCH(iW,BC)

STATE :-28+35 MESH

RATIO s1 G/20 ML

TEMP. :22 C

ATM. :AIR

SEP'N. :CENTR,ii6BBB RPM,1 HR,

ANAL. U.

COMB. :NONE

REFEREMCES :. 11 B,R; ERDAL ET,AL

LA-7456-MS

H
^

N

O



9 2 12": a23239
SORPfy.,v REc(jLTS
-------•--•----

FOR MATERIAL NUflBER--- 8
INITIAL CRN] FINA(. CRN3

R;.CI ONUCl10E TIME (0) (M/l) (R/!,)

---------

KOS
--.

K00

----
BA

--------
133

-----"
2.91

------------
2.4E-8 7,3Ea1(4.0)

16,97 2.4E-8 7.8Eo1(4.0)

29.97 2.4E-0 7,7EW3.91

62.03 2.4E-8 7,8Eo1(3,4)

13.67 7.7E+1(6.4)

27.66 9.1E•i(6.3)

55.72 7.9E+1(5.9)

CE 141 9.91 1.3E-6 1,8Ev2(4.2)

16.97 1.3E-6 1.2Et2(4.4)

29,97 1.3E-6 1,2Et2(4.0)

62.03 1.3E-6 1,9Et2(3,6)

13.67 9.4E•2(6.8)

27.66 9.1E+2(7.0)

55,72 1.1E+3(8.4)

CS 137 7191 i.4E-9 2,7E+2(2.6)

16.97 1.4E-9 3,1E+2(2.6) y

29 97 1.4E-9 3,0E+2(2.6) •.
62.03 1.4E-9 4,5E+2(2,4) co

6713 5,2E•2(7.3).
27.66 4.7E•2(7.3)

55.72 6.6E+2(7.3)

Eb 152 9,91 8.0E-8 2,5E+2(3.9)

16.97 8•0E-8 2,2E+2(4.0)

89.97 S.OE-8 2,1E+2(3,9)

62.03 8.0E-8 3,7E+2(3.4)

13.67
9.0E•2(5.9)

27.66 8.8F.+2(6.3)

55,72 9.4E+2(6.3)

SR 85 9,91 1.2E-6 1,3Eo1(5,4)

16.97 1.2E-6 1,2E+1(5.7)

29,97 i.2E-6 1,2E*1(5.8)

62.33 1.2E-6 1.1E+1(518)

6713 S.SE+1(8.4),
27.66 1.6E•1(9.2)

55.72 1.7E•1(8.8)

U 237 6.95 5.4E-8 3.3E+Z(50)

s.3.95 5.4E-8 4.DE-1(360)

2Z.95 5,4E-8 1.3E+2(117) 0

9.89 1.3E+1(213)

13.64 -3.6E+0(731)

19.76 3.9E+1(65)



9 2 1 ? 'i 5 2 0 2 °? 0

RADIONUCLIDE SCRPTIOY PARAMETER DESCRIPTION

GEOLOGICAL `+A'.ERIAL
---------------

;:LeBER : o
I:ANE I QUA'nTZ P.UNFCNIIE PDRRHYRY_SC
ORIGEA : CLIPAX STOCK,NEVAOA TEST SITE CS5

ChEPICAL MINERAL TRACF.
COMPCSITIO`J(R) CDHPOSITIONtB) ELEMENTS (PPN)

-------------- ----------- w --------- --_---------_-
S102 QUART2 31
AL2C3 PLAGIOaKFLO 48
T102 ALT,FELDSPAR 2
FE203 9ICT/CHLOR 10
FEO SPHENE <1
HNO APATITE <1
MGU MAGNaILM a
CAD
NA2D
K20
P205
C02
H20

ROCK PROPEI:TIES
--------------
CEC (MEO/100 G)

P PL

CATIDN

SURF,;CE AREA (M2/G)
MFTHOf'i

• w 1 ..

C1 t
8.2 8•5
CS SR

@.95 8r0 1.3
BET EG/CA EG

AQUEOUS PHASE

$TART END

-PH 8.1 9.9 w_w
NA 7.7
K 2.9
CA 11
MG 2
FE .1
Si 10
HC03 57
CL 2.3
$04 3.9
F
SA .3
LI 0
SR 0

EXPERIMENTAL DETAILS

NOV-11, 1981

METHOD :BATCH(SW,BC)

STATE :w100t140 MESM

RATIO :1 G/20 ML

TEMP. :22 C

ATM, :AIR

SEP'N. :CENTRIF.. 12000 RPM,1 HR.

ANAL. :L

COMB. :NONE

REFERENCES : 1) B,R"; ERDAL ET,AL

LA-7456-MS
r
^

H

r

0



9 2 1 2 i 5 '2 9 2 2 !

SORPTION RESULTB

FOR MATERIAL NUMBER--- 9
INITIAL [?N7

kA[:IUNUCLIpr
- ---

TIliE (n) tM/L)
- -------
AH 241

--------
7,7

"__---_-----
1.0E-6

14.7 1.0E-6
28.7 1.0E-6
56.7 1.8E-6
15.7
16.8
19,7

PU 237 7,7 1.0E-12
14.7 1,0E-12
28,7 1,0E-12
56.7 1.0E-12
15.7
16,8
19,7

FINAL CRN3
(M/L) KDS K00

---
1•2E^3(--)
3.'^Ey3(7.0)
5,3Es3t.-)
7,8E•3(17)

2,9E•3t--) ^
7,7E+2(3.7) 9
4.7E+2(--) no

0

1,4Ee3t--)
1.2EO3(--)
2.3Er3(--)

H
71

r

O



9 2 ! 2 :; 5 2 ) 2 2 2

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL 'rATERIAI.

cLr^BE6 ( 10
:;AME ( OUARTZ hDr:gDNITE :'ORPHpRY-2C
JR,G1A CLIvA% ST^,CK,NE('ADA TEST SITE CS5

CHE"ICAL MINERAL TRACE
COMPCSITION(X)
- -----------

CO"POSITI09d$)
-----------^---

ELEMENTS (PPM)

--'- --------------- -
S102 DUARTE

29

AL203 PLAGIO+KFLD 58
T102 ALT,FELDSPAR 4
FE203 BiOT/CHLJR 7
FEO SPHENE i
MKO APATITE Cl.
MG0 MAGN.ILM 1
CAO
NA2C
K20
P205
C02
H20

ROCK PROP::ZTIF.S
-------------- ------------------------
CEC (K'c0/id,2 G) <1 <1

9 PH 8.2 8.5
CATION CS SR

SURFACE AREA ( 142/0) 0,14 4.E 4.4
N[TIi03 BET EG/CA EG

Pi(
NA
K
CA
MG
FE
SI
HC03
CL
S04
F
BA
LI
SR

AQUEOUS PHASE
---°__ _-_-- i

START END

8•i 8•1
7.7
2.9
11
2
.1
11+
57
2.3
3.9
.1
.3
0
0

EXPERIMENTAL DETAILS
--------------------

NOV-11, 1981

METHOD :BATCH (1W,BC)

STATE :^45'60 MESH

RATIO :1 0/20 ML

TEMP.

ATM. :AIR

SEPtN. :CENTRIF,,12000 RPM, 1 HR.

ANAL. :L

COMR. :NONE

REFERENCES : 1I B.R, ERDAL ET,AL

LA-9456-MS
N
r^•

H

r
N
O



9 2 I 2 'i 'S 9- ^J 2 ? 3

SORPTION RESULTS
----------------

FCn MATERIAL NUMBER--= 18
'INITIAL [RN]

RACIONUCLIDE ?INE (0) (M/L)
------------
AM. 241

--------
7.7

•--------_--
1.0E-6

14,7 1.0E-6
28,7 1.OE-6
56.7 1.CE-6
16.6
19.7
29.7

pl; 237 7.7 1.8E-12
14.7 1.8E+12
2E.7 1.zE-:2
56,7 1.OE-12
16.8
19.7
29.7

FINAL CRN]
(M/L) KOS

7,6E*2(--)

3,0E*3(--)

9,8Er2( -)
7.1E*2(^-)
2,5Ea3(--)

KDO.

4.4E•2(--)
3.2E•2(--)
3.3E•2(--)

N
N

H
.'tl

N
O



9 2 1 2 a521) 2°2 -1

RADIONUCLIDE SORPTION PARAMETER OESCRIPTION

r,ECLD,ICAL hATERIAL
---------------

!:VMOER

•

11

:WHE ( OUART; MON70NITE PORP^iyRy_3C

ORIGiA ( CLIMAX STOCKrNEVADA TEST SITE C$5

CHE"iCAL MINERAL TRACE
COMPp,SITION(Y.) Cn:1POSITION(R) ELEMENTS (PPM)
______________ ___--------r--- ------ -__-___--_,._--

S102 OUART7 24
AL203 PLAGIO+KFLD 61
T102 ALT.FELDSPAR 5

FE203 RIOT/CHLOR 7
FEO SPHENE 1
MNO APATITE 0.
MG3 MA"uN+ILM 1
CAU
NA20
K20
P205
C02
H20

ROCK PRDP.STIES
-------------- -----------'_--__---_--
CEC (kEO/122 G) <1 1

P PH B.1 B•5
CATION CS SR

SURFnCE AReA (M2/C) 7•1 7:0 2.9
METHOD BET EG/CA EG

NOV-11. 1981

AOUEOUS PHASE

' -^ ---- "

• EXPERIMENTAL DETAILS

--------------

START END METHOD :BATCH(iW#BC)

PH 8 8•2^ 1 STATE :- 20+35 MESH

NA 7.7 t
K 2.9 RATIO :1 G/22 ML
CA 11 i
MG 2 3 TEMP.

FE 1
SI 1C ATM. :AIR
HC03 57 t
CL 2.3 SEPIN. :CENTRIF,r 12000 RPM, 1 HR•

504 3•9
F ,1 t ANAL. :L
BA .3 I
LI 0 ( COMB. :NONE
SR 0

t REFERENCES 1) B.R; ERDAL ET.AL

s LA-7456-MS

N
w

^

N
O



9 2 I 2 .1 ra ^ "'^ 2 2- 5

SpRPTION RESULTS

FCK MATEaIA(. NUUOER--- 11
INITIAL ERNI

RnC1JNUCLIpE TIME (n) (M/L)
-----------
„N 241

-°-----
7.7

------------
1.0E-6

14.7 5.0E-6
20.7 1.0E-6
56,7 1.OE-6
15.7
16.6
19.7

PL 237 7.7 1.6E-12
14,7 1.0E-12
28.7 1.:,E-12
56.7 1.(".E-12
15.7
16,8
19,7

FINAL ERNJ
(N/L) KOS KOO

.._.. -..---- ..-w
---

.
4,8E+2(.-)
1.6E*3($3)
4,SE*3(--)

9

4.0E*2(7.1) a`

4,0E*2(+-)
5,2Er2(.-)
8,4Er2(-w)

H
N
O



9 2 1 2 ; ^) 2 ^^ 2 111 6

RADIONUCLIDE S7RPTION PARAMETER DESCRIPTION

GEOLOGICAL MA"ERIAL

IiU!t6ER : 1?
tiA?1L I DUART7 HOtI70NITE PiTHPHYaY-4C
ORIG,k : CLINAX STCCK.NEVAJA TEST SVE C55

CHEMICAL H1-NERAL TRACE
COMP^SITION(%) COMPOSITION;1O ELEMENTS (PPM)

-------------- --; -------- ^-------- --------------
S102 OI:ART^T

3
1

AL203 PLAGIO.KFLD 48

T102 ALT.FELDSPAR 2

FE203 DIOT/CHLOR ia
FEO SPHENE <1
HNO APATITE <1
MGO MAGN.ILM 8
CAD
NA2G
K20
P205
C02
H20

ROCK PROPEr:TIES
------------------"--°----
CEC (REO/109 G) <1 1

0 PH 3.2 6.5
CATIOk CS SR

SURFACE AREA ( H2/C) 0.95 84 1.3
M,.THOD BET EWCA EG

AUUEDUS PHASE.

PM
NA
K
CA
MG
FE
SI
HC03
CL
S04
F
BA
LI
SR

START END

--8 8.1
8.6
3.7
11
.2
.1
12
49
2.5
6.5
.1
.3
0
.1

EXPERIMENTAL DETAILS

NDV• 11, 1981

METHOD :BATCH(1W#BC)

STATE :-100+140 MESH

RATIO :1 G/22 ML

TEMP. :70 C

ATM. :AIR

SEP'N. :CENTRIF., 12008 RPM, 1 HR.

ANAL. :L

COMB. :NONE

REFERENCES = 1) 8,R, ERDAL ET.AL

LA-7456-MS
lJi

H

^
r

O



9 2 I 2S 6 '? 3 2 2 7

SORPTION RESULTS

FCk MATEKIAL 11UMoER--- 12

INITIAL ERN)
RADIONUCLIDE
- -

TIME (n) (M/L)
- ---------
AM 241

--------

7.7

____-___-__-
i.oE-6

14.7 i.0E-6
18.7 1.0E.-6
56,7 1.0E-6
16.8 1.0E-6
19.7 1.0E-6

PU 237 7.7 i.0E-12
14.7 1.0E-12
18•7 1.0E-12
56.7 1,0E-12
16.a i.0E-12
19.7 1.EE-12

rINAL ERN3
(M/L) KDS KDp

---
4,5Er3(--)

9

4.6E+2(--) N
3.BE+2h-) rn

9,4E+2(;-)

r
N
O



9 2 ! Z

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GE^LOCICAL "A'ERIAL

`+UHBcR : 14
NAME I OUAqT2 HONgONITE PO•:PHYRY-6C

ORIGIA t CLIMAX STOCK.'IEVA6A TEST SITE CS5

CHEMICAL MI,%cRAL TRACE
COMPCSITION(X) COMPOSISIONM

- ----------
ELEMENTS (PPM)

------ -----__-'--•.----------------
SI02

--- -
OUART2 24

AL203 PLAGIO+KFLD 61
TI02 ALT.FELDSPAR 5
FE203 BIOT/CHL0R 7
FEO SPHENE I
MNO APATITE <1
PiGO MAGN+ILN 1
CAO
HA20
K20
P205
C02
H20

_-_-_-

ROCK PROPERTIES

CEC (MEO/1E+2' C)
(a PH

CATION

--^i----i -_---_--
8.1 8•5
CS SR

AOUEOUS PHASE

START END

_PH 8_--- B•1 -_
NA 8.6
K 3.7
CA 11
M"u .2
FE .1
SI 12
HC03 49
CL 2.5
S04 6.5
F .i
BA .3
LI 0
SR ,1

i EXPERIMENTAL DETAILS

NOV-il. 1981

METHOD :BATCHt1WrBC)

STATE :-20•35 MESH

RATIO :1 G/20 ML

TEMP. :70 C

ATM. :AIR

SEPIN. :CENTRIF,r120p0 RPM.1 HR.

ANAL. :L

COMB. :NONE

REFERENCES a 1) B.R. ERDAL ET.AL

LA-7456-MS

N
J

SURFACE AREA (112/G) 7.10 7.0 2.9
METHOD BET EC/CA EG =

! f
N
O



9 2! 2: sa ? t3 229

SORPTION HESULTS

FCF MATERIAL NU!'SER-- 13
INITIAL CPN] FINAL CRN3

RACIO>JUCLIDC TIKE (0) (M/L)tN/L)
'

KOS

------ -
------ -----

-------------
M 241

-

7.7 S.BE-6 1..ZE•3(.•)

14.7 5.OE-6 1,8Et3(--)

26,7 1.0E-6 2,4Et3(..-)

56.7 1.0E-6 2,9Et3(-->

15.7 1.0E-6

Pt, 237 7,7 1.0E-12
14.7 1.0E-12 2,BEt2(--)

26.7 1.6E-12 54E*2(--)

56.7 1.6E-12 7,9Et2(--)

15.7 1.L'E-12

K00

1.9E*3(--)

N
w

t-^
N
O



9 2 1 2 3 '^ 2 0 2 3 0

RADIONUCLIDE S,RPTION PARAMETER DESCRIPTION

GEOLOGICAL 4AT[RIAL

NUMBE.R : 14
:';AME I OUARTg MOMPC>lITE PORPHyRy 7A

ORIGII• c CLIMAX STOCK,NEVADA TEST SITE CS7

CHEMICAL MINERAL TRACE

COMPCSITION(X) COMPOSITIOV;Y,) ELEMENTS (PPM)

__ ___________ __ ____ ___^------__- --------------

S102 OUARTY + 40
AL203 PLAGIOrKCLD 46

T102 ALT,FELDSPAR 2

FE203 BTOT • CHLOR 5
FEO SPHENE 2
MNO APATITE <1
MG0 MAGN+ILM 5

GAO
NA20
K20
P205
CG2
H20

ROCK PROPERTIES
--- -------- -
CEC (MEO/102 GI

e PH
CATION

<1 2
8.2 8•5
CS 5R

SURFACE AREA ( 112/G) 0•88 9.0 4.5
MrTH00 SET EG/CA EG.

NOV 11. 1981,

AQUEOUS PHASE • EXPER)MENTAL DETAILS
---------------

START END t METHOD :BATCH(1HrBC)

_ _ - -----
P14 7,7 8-3 STATE :-100s140 MESH

NA 7.5
K 4.8 1 RATIO :1 G/20 ML
CA 9.6 1
M, 2 S TEMP. :22 C

FE .4
51 7.9 i ATM. :AIR
CL03 55

1 SEP'N. :CENTRIF,,16000 RPM, 1 HR,

S04 5.1 1 •
F ,3 ANAL. U.

BA .3 1

LI 0 1 COMB. :NONE

SR ,1 1
I REFERE NCES 1 1) B.R, ERDAL ET.AL
{

LA-7456-MS

t

I i

i

{ •
t

N
w

H

N
O



9
2 ^^Rx1^^'IOW^)RES^jLr^ 0 2 3 ^

fC;; narEii(aL NUNBER--« 14
INITIAL CRN] F(rIAL CRN]

RAC ICYUCLIOF. )SME (G) (M/L) (fl/L) KDS KD0
---
BA
-°------
133

-------
1.9

'-----------
2,9E-3 -------- 2,3E+2(4.2) ---

16.99 2.4E-8 2,9Ea2(4.3)
27.96 2.4E-8 3.8Er2(4,3)
62,62 2.4E-8 4,7E+2(3.8)
13.67 3,6E+2(6.4)
27.66 3.6E+2(5.9)
55,72 3.2E+2(5.5)

CE 141 9e9 i.3E-6 7,7E+1(4,3)
16.99 1.3E-6 1,8Ea2(4,5)
27,96 1.3E-6 3,5E+2(4,6) .
62.82 1.3E-6 6,8E+2(7,8)
13.67 1.4Ea3(6.9)
27.66 2.2£+3(6.9)
55.72 . 3.2E+3(8.4)

CS 137 9,9 1,4E-9 3,5Er2(2,6)
16,99 1.4E-9 4,0Er2(2,7)
27,96 1,4E-9 5,5Ea2(2,8)
62,02 1.4E-9 7,2E+2(2.5) w
13.67 6.3E+2(7.3) °
27.66 6,4E+2(7.3)
55.72 6.8E+2(7.2)

EL 152 9.9 8.fE-8 2,SE+2(4•1)
16.99 D.ZE-B 4,6E•2(4.3)
27.96 8.0E-8 7,BEr2(4.4)
62,02 8.0E-8 2,7rE.3(8•1)
13.67 2,0E•3(6.4)
27,66 2,7E•3(6.0)
55,72 3,4E+3(5.6)

5F 85 9,9 1.2E-6 2,3Er1(4,1)
16.99 1.2E-6 2,3E61(4.2)
27.96 1,2E-6 2,4E+1(4.0)
62,02 1.2E-6 2,6E+1(3•6)
13.67 5.EE+1(7.8)
27,66 2.7E+1(7.5)
55,72 2,7Ee1(7.2)

U 237 6,95 5.4E-8 1,1E+1(21) z
13,95 5.4E-8 8,2E+0(24)
20.95 5,4E-B 8,8E+6(23) n~.^
7,69 2.4E+1(37) °

2.2E+1(39)
19,76 1,7E•1(39)



9 2 2 3 ?

RADIONUCLIDE SQRPTION PARAMEIER DESCRIPTION

GF.GLOGICAL MATERIAL

NUHBR : 17
NAME ) AUARTg WON70NITE PORPWyRy 78
ORIGIN : CLI^aX STOCK,NEVAOA TES T SITE CS7

CHEN:CAL MINERAL TRACE

COHPCSiTIC!+($) COMPOSjTIONtX) ELEHEF:TS (PPM)

---•-'-------- --'------ _r - --- ----- --------------
S102 QUARTZ 49

AL203 PLAGIQ-KFLO 46
TI02 ALT,fELDSPAR 2
FE203 BIDTaCHLOR 5
FEO SPHENE 2
MNO APATITE <1
NGO MAGN.IiM 5

CAD
NA2C
t;2U
P205
C02
H20

ROCK PROPERTIES

CEC (MEQl10Z G) <1 2
P PH 8.2 8.5

CATION CS SR

SURFACE AREA ( 12/G) 2a8(f 9:0 4,5
MFTHOD BET EG/CA EC

AQUEOUS PHASE

START END

-PH _-7.6 8.1--
NA 7.7
K 2.9
CA 11
MG 2
Ff .1
S) S0
H003 57
CL 2.3
504 3.9
F .1
BA .3
LI 0
SR 0

EXPERIMENTAL DETAILS

NOV ii, 1981

METHOD :BATCH(SH,BC)

STATE :-100+140 MESH

RATIO :1 G/22 ML

TEMP. :22 C

ATH. :AIR

SEP'N. :CENTRjP.,16000 RPM, i HR.

ANAL. :L

COMB. :CS,TC

REFERENCES t 1) B.R. ERDAL ET.AL

LASL-7456-MS

w
r

H

r
N
O



9 2 ! 2^f:)? ,'.) 2 3 3

SORPTjON HESULTS

FCR MATCr.Iat. NtJf'nCR--- 15
INITIaL CPN7 CINAL CRN3

RACIONUCLi^C TPF (0) ( 11/0 (P)/L) KOS KDD

- -- -------- ------------ --__------ _-^ __------- ---
C: 137 6,49 1.44E»9 1,4Ea2(1.2)

13,53 1,44E,.9 1,6Er2(i,2)

27,6 1,44E-9 1,7E*2(1,7) 9

55.58 1.44E-9 1,9E+2(1,6)

W14,01 3.9E•2(11) n

27,7 4,5E•2(Si)
$6.78 5,8E•2(11)

TC 95M 6,49 1.92E-12 3,2E*1(3,4)

13,53 i.92E-f.2 4,4Ee1(3.3)

27.6 1.92E,12 1,6Eo2(2.9)
55.58 1.92E-12 8,0Et,1(2,5)

14.01 6,9E•2(30)

27,7 2.1E•2(29)

56.78 2,ZE+2(21)

H
7y

N
O



9 2!2°:: 6202 34

RADIONUCLIDE Si,RPTION PARAMETCR DESCRIPTION

CEOLOGICAL ':ATFRIAL

NUtIBER : 16
NAME I QUARTZ MOqGVITE %'ORPFY RY 7C

ORIGIN : CLIMAX ETCCK. NEVADA TEST SITE CS7

CHEMICAL MIyERAL TRACE
COMP;,SITION(8)

-
COMPOSITION<%1

----------- -----
ELEMENTS (PPM)
------------------------ ---

S102
---

QUARTZ
Qa

AL203 PLAGIO+KFLD 46
T102 ALT,FELDSPAR 2
FE203 BIOT+CHLOR 5
FEO SPHENE 2
HNO APATITE <1
MGO HACN+ILN 5
CAD
NA20
x20
P205
C02
H20

ROCK PROPC^.TIE+
---------------

CEC (PED/102 C)
® PH

CATIOk

<i . 3
8.2 8.5
CS SR

SURFACE AREA ( 112/G) 0.80 9.2 4,5
METHOD BET EG/CA EG

AUUEOUS PHASE

START END

-P4 8.2
^-

':.1_••
NA 7.7
K 2.9
CA 11
MG 2
FE .1
SI 10
HC03 57
CL 2.3
S04 3.9
F It
BA .3
LI 0
SR 0

EXPERIMENTAL OETAILS

NOV 11. 1981

METHOD :BATCH(SW.BCI

STATE :-100t143 MESH

RATIO :1 G/20 ML

TEMP. :22 C

ATM. :AIR

SEP'N. :CENTRIF;,16000 RPM. 1 HR.

ANAL. :L

COMB. :NONE

REFERENCES : 1) B.R; EROAL ET.AL

LASL-7456-MS

w

H

O



9 Z 1 2 ^- 5 2 0 2 35

SOftPTIBN RESULTS

Fi,F MATERIAL NU»CER--- 16
INITIAL EPN7 C)NAL 'flN)

RACICNUCLICF TIME (0) fM/L) fM/L) KOS KDO

I------------
Ab 241

--------

7.7

------------ ..-.,------••
1.f:E-6

--^
2,2Er3(--)

---

14,7 1.0E-6 2,3E•3(.-)
29,7 1.0E-6 8,5E•3(--)

56.7 1.QE-6 3,9Ea3f22)

15.7 1.8E•4(--)
16,8

PU 237 7,7 1.CE-12
14.7 1,8E-17
28.7 1.CE-12 1,5Er3(--)
56.7 1.2E-12 2,9Er31.-)
15,7
16.8

H
0

H
N
0
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:
RADIO`lUCL)OE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL yATERIAL

NUYBER : 17
NAME : DUAzT} MONgCNITE PORPHYRY 64
ORIGiA I CLIMAX STOCK, Nt',VADA TEST SITE GS7

CHEM)CAL HI'%ERAL TRACE
COmP05IT)Oh(Y.) COIIPOSITIOVtX)

----^----^---

F.LEN,E)ITS (PPM)

'--^ ---'------- -----------------
SI02

--
QUARTZ

^
2

AL203 PLAGIO*KFLO 54
T102 ALT,FELDSPAR 7

FE203 OICT.CHLJR 6
FE0 SPHENE 2
HNO APATITE <i
MGD MAGArILM 1
CAO
NA20
K20
P205
C02
H20

ROCK FROPEkTIES
--------- ----- '------------- _

CEC (MEO/108 G) <1 2
P PH 8.2 8•§

CATID%c Cs SR

PH
NA
K
CA
MG

Si
HC03
CL
S04
F
BA
LI
SR

AQUEOUS PHASE

START END

7.7 8•2
7.5
4.8
4.6
2
,4
7.9
55
2.5
5.1
.3
.3
0
.1

EXPERIMENTAL DETAILS

NOV it. 1981

METHOD :BATCH(SW.BC)

STATE :-45+60 MESH

RATIO :1 G/22 ML

TEMP. :22 C

ATM. :AIR

SEPfN. :CENTRIF:. 16000 RPMr 1 HR,

ANAL, :L

COMB. :NONE

REFERENCES : 1) B.R; ERDAL ET.AL

LA-7456-MS

9

w
Ln

SURFACE AREA ( '12/G) 0e16 3:; 3 3•6
M:.THGn SET EG/CA EG ( .• . r

0



3 79 2 ^ S.^TtpN-R(OUV!S 3 2

FCR HATERIAL Nu^:CER--- 17
INITIAL CRN1 FINAL CRNJ

R.tC IONUCLICP 7;aĉ (_ D) (N/L) (H/L) KDS KDO
---
n A

---------
160

--------
909

------------ ----------
2.4E.6

---
6,8Eo1(4,0)

---

16.98 2.4E-8 8,4E+1(4.0)
27.96 2.4E^B S,0Ea2(4,0)
62,22 2.4E-B 9,7E*1(3.6)
13.67 8.3E•1(6.0)
27,66 1.1E+2(6.1)
95.72 7.5E+1(5.5)

CE 141 9,9 1,3E-6 5,7Ev1t4.3)
26•98 1.3E-6 8,6E4),l4•3)
27.96 1.3E-6 S,1E•2(4,3)
62,22 i.3E-6 2,5Er2(3.8)
13.67 5.5E+2(6.4)
27.66 6,0E•2(7.3)
55.72 S.iE+3(8.6)

CS 137 2.9 1.4E-9 2,5Eo2(2•6)
16,98 1,4F.-9 3,4Er2(2.6)
27,96 1,4E-9 3,4E*2(2,6) >
62,02 1.4E-9 5,3E•2(2•4)
13.67 4.5E•2(7.3)
27.66 7,3E•217.3)
55.72 6.1E•2(7.3)

E6 452 219 8.GE-8 1,2E+2(4,0)
16.98 8.6F.-8 1•7Ea2(4•0)
27.96 8.0£-g 2,4E+2(4.0)
62.12 8,6E-8 6.7E42(3•6)
:3.67 7.0E+2(6.0)
27.66 9.5E+2(6.1)
55.72 1.0E+3t5.6)

SR 85 9.9 1.25-6 1,45e1t5•2)
16.98 1.2'c-6 1.6Ea1(5,01
27.96 1.2E-6 1,<E•1(5.3)
62.22 1.2E-6 1.aE+1(5.0> _
13.67 1.6E+1(8.1)
27.66 2.3E>1(8.4)
55,72 1.4E<1(8.6)

U 237 e,95 5.4E-8 2.3E•0(70) yPd
13.95 5.4c.-8 2.8EaZ(55) I
20,95 5.4E-8 1,9Er0(g0) tv
7,89 1,2E•11163) o
13.64 2.3E•i(85)
39.76 1.2E+1(158)



92 ^ 9..a °a `? 0238

RADIONUCLIDE SORPTION PARAIIETER DESCRIPTION

GEOLOGICAL "ATERIAL

NLMBER : 1A
NAME I QUARTZ MON20NITE PORP4YRY 68
JRIG14 : CLIMAX STGCK, NEVADA TcST SITE CS7

CHENICAL t:I!:ERAL TRACE
CCMPCSITION(S) COMPOSITIUN{S) F.LEt'ENTS (PPM)

______________ __;-____-__w--- ------ __-__--_--__--
5102 QUARTZ 32
AL203 PLA:.IO*KFL7 54
TI02 ALT,FELOSPAR 7
FE2C3 BIOT+CHL"JR 6
FEO SPHENE 2
MNO APATiTE C.
I't"v0 MAGN+ILM 1
CAJ
NA20
K20
P205
C02
H20

ROCK PROPinTIES
---------------
CEC (MEO/184 G)

P PFi
CATION

<1 2
8.2 8.9
CS SR

AUUEOUS PHASE

START END
-__-

PH
^ •-T- 6 -

NA 7.7
K 2.9
CA 11
MG 2
FE .1
SI 1C
HC03 57
CL 2.3
S04 3.9
F ,1
BA .3
LI 0
SR 0

EXPERIMENTAL DETAILS

*^_ '-___--- _

NOV 11, 1981

MET;00 :BATCH(1W,BC)

STATE :-45•60 MESH

RATIO :1 G/20 ML

TEMP. :22 C

ATM, :AIR

SEPIN. :CENTRIF.,16000 RPM, 1 HR.

ANAL. :L

COMB. :CS,TC

REFERENCES s 1) B.R, EROAL ET,AL

LA-7456-MS

W
V

SURFACE AREA ( H2/C) 0e16 3.3 3.6 I ^_ • ^
MFTHOD BET EG/CA EG I = NI ^
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SORPTION RESULTS

FCR MATF.61A(. MUMPER--- 1S

INITIAL ERN)
RACIONUCLICC TIME (D) (M/L)
------------ -------- ------------
L5 137 6,58 1.44E-9

13.52 1.44E-9
27,59 1.44E-9
55,58 1.44E*9
14.21
27.7
56.78

TC 95M 6,58 1.92E-12
13.52 1.92E-12
27.59 1.92E-12
55.58 1.92E-9.2
14.31
27,7
56.78

FINAL CRN]
( M/L) KCiS

8,3Ea1(i.1)
1.c7E^2(0.8)
1,SE•2(1.8)
i.3E*2(i.7)

-7,6g-1(51)
-3,6E-1tii4)
^9,8E-1(38)
-9.EE-1(36)

Kpp

2.9E•2(11) y
3.4E+2(19) •
3.4E+2(1(7) ^

-2.3E+1(9.1)
-4.2Es1(16)
-3.0E+1(12)

7y

F-^

O
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RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL HATERIAL
-------------------

IjL112t.h ) 19

NAME I OUART^ M0N79NITE P0•(P.HyRy BC
ORIGIK : CLIMAX STOCK.VEVAOA TES T SITE CS7

CHEMICAL MI')ERAL TRACE
COMPCSITIGN(X) COMPOSITIO`(ti)

-----------_- ----
ELE:'E`iTS (PPM)

--'----'----_---------------
SI02 -

-__
OIIART2

-
32

AL203 PLAGIO+KFLO 54
TI02 ALT,FELDSPAR 7
F"E203 BIOT+CHLOR 6
FEO SPHENE 2
MNO APATITE <1
)IG0 MAGN+ILM I
CAD
NA'l0
K20
P205
C02
H20

ROCK PROPE;:T[ES

CEC (MEO/1D2 G)
N PH

CATION

<1 2
8.2 8.9
CS SR

AOJEOVS PHASE

START END

PH 8.1 8.2
NA 7.7
K 2.9
CA 11
MG 2
FE .1
SI 10
HC03 57
CL 2.3
S04 3.9
F .1
BA .3
LI a
SR 0

EXPERIMENTAL DETAILS

NOV• 11, 1981

METHOD :BATCMt1W,BC)

STATE :-45+60 MESH

RATIO :1 G/20 ML

TEMP. :22 C

ATM. :AIR

SEPIN. :CENTRIF.,16000 RPM, 1 HR.

ANAL. :L

COMB. :NONE

REFERENCES 1 1) B.R. ERDAL ET.AL

LA-7456-MS

I

a
w^

SURFACE AREA (112/G) 0.16 3•3 3.6 t . = z
MrTHCD BET EG/CA EG I

I N
) ) O
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ScRPTIaN MESULrS
----------------

c:P HA'qQ ]AI. qU"RER___ 19 .
INI'IAL ("nNI

6AeteNU6L:H(' TIME (C) (M/L)

---------
A 241

--------
7.7

-----n------
5,,.E-6

14.7 1.3E^6
it8.7 1.HF.-6
56.7 1.HE-6
15,7
16.6
19.7

P^ 237 7,7 i.EE-12
14.7 1.0E-12
e8.7 1.HE-12
56.7 1.GE-12
15.7
:6,6
19.7

CIfJAL ERN^
(M/L) KOS KHO

7,8E^21--)

1,7Er3(--)

2.4E*3(81) y
2.2E•2('-)
6,2E<2(--) o

5,1Ee2(--)

9,7E•2(--)

r

0
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RADIONUCLIDE S:?RPTION PARAI4ETER DESCRIPTION

GEOLOGICAL MATERIAL I AOUEOUS PHASE
---'-------'---- -' t ------------'

1 t
NUr;'eER : 20 t - i
tlAt'E { 3JAKT2 HC!'}:VITE aORPF?YaY 9A START END
ORiG;R t CLIMAX S?CCK,nEUAJA TE3T SITE CS7 ------ ------

I PH 7.7 8.2
CHEKICAL MINERAL TRACE I NA 7.5
CC!+P"F±T1nhtx) CO•"POSITIONtY.)- ELEMENTS ( PPM) I K 4.6
-------------- -- ---- ------------- -------" --'-- t CA 9.6
SI02 OUARTE 26 t HG 2 i
AL203 PLAGJO+KVI.D 6e i FE 4 t
T102 ALT,FELD3PAR 5 i SI 7.9
FE203 8IOT.CHLIR 8 I HCO3 55
FEO ,;PHENE C. I CL 2.g
NNO APATITE <1 t $04 5.1 t
MCt+ HACN+ILM <1 I F ,3 I
CAD 1 8A .3 t
NA20 t LI 0 S
K20 1 SR ,1 3
P205 ( (
CC2 t
H20 3 t

t t
t t
I t
t t

ROCK PROPERTIES

-"--'--'-'---'------------- '------- t t
CEC (MEO/18C G) <1 3 S t

9 PH 6.2 8.9
CATION CS SR )

t t
SURFACE AREA ( 112/G) 0.12 ' 34 2.8 1

KPTHOD BET EWCA cG ")
t
F

t
•

NDV 11, 1981

EXPERIMENTAL DETAILS '

METHO`J :BATCHt1W,8C)

STATE t-20+35 MESH

RATIO :1 G/20 ML

TEMP. :22 C

ATM. tAIR

SEP'N. :CENTRIF.,16000 RPM. 1 NR,

ANAL. :L

COMB. tNONE

REFERENCES 1 1) B,R; EROAL ET.AL

LA-7456wHS

r

r
0



9212 ,5 52,1243
SORPTION
--------

MESULTS
--------

FL+ NATER;AL NU49ER--4 2,T
INiTIAL CRY] PIHAL CRN]

RaC 10NUCLIDr TIHE (c) (M/L) (M/L) XDS K00
---
?A
---------
133

__-•
9,b9

-----_-_--^-
2,4E-8

---------- __^
9,SE^1(4.3)

---

16.98 2.4E-8 9,5E*1(4.5)
27.98 2,4E-9 9,3Et1(4.2)
62.02 2.4E-8 9,6Er1(3.7)
13.67 9.6E+1(6.0)
27.66 9.9E•1(5.7)
55.72 9.7E+1(5.9)

CE 141 9199 1.3E-6 1,7Ea2(4.5)
16198 1.3E-6 2,7E*2(4.7)
27,96 1.3E-6 1,3Ek2(4.5)
82.:2 1.3E-6 4,2Et2(4.0)
13,67 1.0E+3(6.5)
27.66 1,1E+3(7.2)
55,72 1.4E+3(7.7)

CS 137 9.89 1.4E-9 4,6E+2(2.7)
16.98 1.4E-9 6,SE*2(2.9) 9
27,96 1.4E-9 4,8Ea2(2.7)
62,02 1.4E-9 7,8Er2(2,5)
.3.67 8.2E+2(7.2)
27.66 1=aE+3(7.3) ^
55.72 1.0E+3(7.2)

EL 152 9.69 81ZE-8 2.8E+2(4.3)
J.6.98 B.CE-8 4,4Eo2(4,4)
27.96 8.0E-8 2.6E+2(4•2)

62.Z2 B.CE-8 8,4Er2(3•8)
13.67 1.SE•3(6.0)
27.66 1.2E+3(5.7)
55.72 1.2E*3(5.9)

SR 85 9.89 1.2E-6 1,7Es1(4.7)
,T.5.9R 1.2E-6 1,7E•1(4.7)
27.96 1.2E-6 1,6Eo1(5.0)
82.22 1.2E-6 1,5Er1(4.7)
13,67 2,0E+1(7.6)
27.66 2.2E+1(7.2)
55,72 2.0E+1(8.3)

l+ 237 6,95 5.4E-8 6,OE-1(260)
23,95 5.4E-8 1,aE+2(147)
20,95 5,4E-8 1,1Et2(143) ^
7,89 7.4E+0(361)

E3.64 1.2E•i(28S)
19,76 1.7E+0(600)
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RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION

CEOLOGICA6 MATERIAL

e

^lUMBEk : 21
NAME I OUART? HOt:;<'^NITE a0'TPHYRY yp
OR!GIA CLIMA% ^TOr,K.4E`IA3A TEST SITE CS7

CHEMiCAL HI'7ERAL TRACE
COMPOSITIOFi(%) C0MPOSITIOY(X) ELEMENTS (PPM)
--^----°°--
SI02

---------------------
O:IART'T

-----^- --- --
- -s 26

AL203 PLAGIO+Y.FLO 62
TI02 ALT.FCLOSPAR 5

C3
^

BIOT+CHLOR
OF SPHENE Cl.

MNO APATITE <1
MCO MACN+ILM <1
CAD
NA20
K20
P205
C02
H20

ROCK PROPE}:TIES
-•----------------- -------------------
CEC (t!EO/138 C) <1 3

P PH 8.2 8.5
CATION CS SR

SURFACE AREA ( H2/G) Z.12 3:a 2.8
MFTH00 BET ETi/CA rG

t

{ PH
I NA
1K
I CA
MG

FE
SI
HC03
CL
S04
F
BA
LI
SR

AUUEOUS FHASE

START END

7.6 6.1
7.7
2.9
11
2
.1
10
57
2•3
3.9
.1
.7
a
0

EXPERIMENTAL DETAILS
-------------

NOV 11. 1981

METHOD :RATCH(iW,BC)

STATE :-20+35 MESH

RATIO :1 G/20 ML

TEMP. :22 C

ATM. :AIR

SEPIN. :CENTR(F';r16082 RPM,j HR.

ANAL. :L

COMB. :CS,TC

REFERCWCES : 1) B.R; EROAL ET.AL

LA-7456-MS

9

.'p

F-•
N
O



9 Z i <2

SORPTION RESULTS
---------------

fC'n 1`ATERIAL 111;MBER--^ 21
INITIAL LRNJ PI"AL CRN7

RACIONUCLIO[ TIYE (L) (N/L) (N/L) KOS

CS 137 6,58 1.44E-9 7,7E41(1.1)

13.52 1,44E^9 1.0E+2(1.1)

27.59 1.44E^9 1,2Et2(1.8)
55.57 1.44E-9 1,2Et2(1.6)

14.31
27.7
96.77

TC 95rv 8,38 1>92E-i2 -8,@E-1(42)

13.52 1.92E-12 ^9,0E-1(38)

27,59 1,92E-12 ^7,0E-1(49)
55.57 1.92E-12 -1,1E•0(29)

14.21
27J
56.77

KDD

3.2Et2(1©)
3,7Et2(11)
3.4E•2(10) .^

-3.3E•1(14)
-3.4E+1(13)
-3.7E+1(15)

H

N
O
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RADIONUCLIDE SCRPTIUN PARAMETER DESCRIPTION

GEOLOGICAL "ATERIAL
_-_-____-_-__--_-..

NUW
-
e : 22

NAME I OUART} MON29NITF. 'URPH YRY 9C
ORIG.N : CLIMAX STCCK,NEVAOA TEST SITE CS7

CHEMICAL HII''RAL
'^

TRACE
PCONPOSITIDN(X)

- - -
/.OSIT:ON.COH

z _ ---_--
)
---_-_

e)ELEMENTS (P
_-__-'_^_--- --- --

SI02
_ --__

OUART2
26

AL203 DLAGIOsKFLJ 60
T102 ALT,FELDSPAR 5
FE203 BIOT+CHLOR 8
FEO SPHENE <1
MNO APATITE <1
NGO HACN+ILM <1
CA0
NA20
K20
P205
C02
}12a

ROCK PROPELTIES
---------------
CEC (PED/12? C)

P PH

CATiON

<1 3
8.2 8.5
CS SR

SURFACE AREA ( :•12/'.) c.12 3:E 2.8
PrTHOD 3ET BG/CA EG

PH
NA
K
CA
HC
FE
SI
H003
CL
S04
F
BA
LI
SR

AUUEOUS PHASE

START END

B.i 8.2
7.7
2.9
11
2
.1
Sa
57

2•3
3.9
.1
.3
a
a

EXPERIMENTAL DETAILS

NOV 11. 1981

METP07 tBATCH(SWrBC)

STATE :-20+35 MESH

RATIO :1 G/2Z ML

TEMP. :22 C

ATM, :AIR

SEP'N. :CENTRIF,,16090 RPM,1 HR.

ANAL. :L

COMB. :NONE

REFERENCES : 1) B.R, ERDAL ET.AL

LA-7456-HS

t

1F
^

H

r

O
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S;RPTIDN RESUL*S
----------------

F;F nATEFIAL NU"9ER- 22
INITIAL EaN7

RACI

'

ONUCL?;F YILE tU (N/L)
-'-
;.r

--___--
2q,

--------

7•7
----------_-

1.2E-6
14,7 1,OF.-6
28,7 1,.'.E-6
55,7 1,2E-6
16,8
19.7
89,7

Fl; 237 9,7 1.0E-12
14,7 1.ZE-12
28,7 1.0E-12
56.7 1.9E-12
16,8
19.7
29,7

FIKAL ERN]
(M/L) KOS KDO

----------
5,4Es2(1.3) y
1,OEt3(23) " •
1,7Et3(18) 'Arn
3,7Et3(49)

5.0E•2t--)
1.5E•2(^^)
3,4E•2(42)

6,9Et2(--)
1,2Er3(--)
2,5Er3(.-)

H

F-^
N
O
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RADIONUCLIDE S^RPTION PARAMETER DESCRIPTION

NUHBER : 23
NAME t OUARTj HOMFCNITE PORPRyRY 12 A
ORIGIA : CLIxAX STOCK.)tE:'ADA TEST SITE CS7

CHEMICAL HI"CRAL TRACE
COMPCSlT10N(X) C0WPOSITION4X) ELEMENTS (PPM)
-------------- ----------- ---_4u--- ----------- ---
S102 O(lART2 0
AL203 PLAr,IO+KFL7 46
TI02 ALT.FELe+PAR 2
FE203 BICT.CHL7R 5
FEO SPhENE 2
HNO APATITE <1
HGO MACN«ILM 5
CAO
NA20
K20
P205
C02
H20

ROCK PROPERTIES
---------------
CEC (MEO/102 G)

R PH
CATION

CF.OLOGICAL y r.TrR1Al. EXPERIMENTAL DETAILS
--------------------

<1 2
8.2 8.5
CS SR

AOUEOUS rHASE

START END

-----^ -"--•-
PH 7.7 8
NA 8.6
K 3.7
CA 11
nG .2
FE .1
SI 12
HC03 49
CL 2.5
S04 6.5
F .1
BA .3
41 0
SR .1

!

NOV 11, 1981

METHOD :BATCH(iH,BC)

STATE :+10E414Z MESH

RATIO :1 G/20 ML

TEMP. :70 C

ATM. :AIR

SEP'N. :CENTRjF.r16000 RPM,1 HR.

A4AL. :L

COMe. :NONE

REFERENCES t 1) B,R, EROAL ET.AL

LA-7456-MS

r
V

1 y

SURFACE AREA ( 142/G) u•89 960 4.5
"rTHOD 9ET EG/CA EG ) o
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SORPTION RESULjS

FCR MATE;tIA(_ NUyRER--^ 23
INITIAL [Ry] FINAL ERN3

F,:C
--'

IONUCLIC^
-"---'--

TIHE fr1

----'- -

(M/L) ( M/L)
---- '- ' -

KOS KOD

aA 133
'

7•08
-- - ' ----'----'

2,4E-8
-'••

7,2Et2(4,4)
---

17.25 2•4E-B 1,3E+3(4.6)
27,93 2.4E-8 1,3Ei3(4,8)
66.12 2•4E-B 2,9Et3(15)
13•69 1.2E+3(6.2)
27'72 1.8E•3(6,2)
55,75 i•SE+3(5.7)

CE 141 9,C8 1.3E-6 5,5Ea1(4•3)
17.35 1,3E-6 5,0Ee1(4•3)
27,93 1.3E-6 5,5ER1(4,7)
66,12 1.3E-6 7,7Et1(15)
13.69 6,6E•2(6.9) co

1.4E+3(7,9) I
55.75 1.3E+3(8.3)

CS 137 7,36 1.4E-9 3,2E.2(2,6)
17.05 1.4E-9 4,4Et2(2,6)
27.93 1,4E-9 6,7Et2(2,8)
66.12 1.4E-9 2,8Ex4(7.l)
13,69 1•5E+3(7.2)
27,72 8.0E+2(7.3)
$5.75 9,9E+2(7.2)

Eb 152 7,08 8,0E-8 1,0E•2(4,1)
17,Z5 8,0E-8 8,8Et1(3•8)
27,93 8,OE-8 1,0E+2(4•3)
06.12 8.'dE-8 1,6Et2(15)
13.69 8.1E+2(6.2)
27.72 1.6E+3(6•3)
55.75 1•4E+3(5.7)

SF 85 : •c8 1.2E-6 4,7Et1(3•0)
'7.E5 1.2E-6 6,2E+1(2•9)
27.93 1,2E-6 5,7E41(2,9)
66.12 1•2E-6 1.5E+2(15) . 0
3.o9 5.4E+1(6.7)

27.72 6.2E•1(6,9)
55.75 5•9E+1(6.3)
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RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL yATERIAL

NUMBER ( 7.6
NAME I OUAaT2 MOP:Z^+NITE •'OMPHYRY 1$8

ORIGIA I CLIrAX ST9CK.4EY47A TEST SITE CS7

CHEMICAL MI'iERAL TRACE
COMPCSIT101i(X) COMPOSITIOV(X)

- - - --- - -
ELEMENTS (PPM)

- ----_-_------------------
SI02

-- ---- - -,---- ---'-_
OUARTS

- --- - -- - -
4;

AL203 PLAGIO+KFLD 46
TI02 ALT.FELDSPAR 2
FE203 DIOT+CHLOR 5
FED cPHENE 2
MNO APATITE <1
HGO IiACN+ILM 5
CAO
NA2D
K20
P205
C02
1120

ROCK PROPERTIES

CEC (hEG/102 G) <1 a
(d PH 8.2 8.5

CATiOh Cs SR

SURFACE AREA ( H2/G) 0.86 9.0 4.5
METHOD OCT EC/CA EG

AQUEOUS PHASE

START END
------ ------

PN 8.1 8.1
NA 8.6
K 3.7
CA il
MG .2
FE .1
SI 12
HG03 49
CL 2.5
S04 6.5
F .1
8A .3
LI a
SR ,1

e EXPERIMENTAL DETAILS
--------------------

NOV 11. 1981

METHOD :BATCH(1W,BC)

STATE :-100*140 MESH

RATIO :1 G/20 ML

TEMP. :70 C

ATM. :AIR

SEP'N. :CENTRIF..16003 RPM.1 HR,

ANAL. :L

COMB, :C$,TC

REFERENCES 1 1) B,R, ERDAL ET.AL

LA-7456+MS

^

H

t-'
N
0



921 2.36? 0251

SORPTION RESULTS
----------------

FUF MATLRIAL NUNEER--= 24

I'diT 9NJ^
FaCi04UCLirF
-----------

TIME (n)
_-----

(^ -^

-
CS 137

--
6,33

----------"
1,44E-9

13.84 1,44E^4
27,84 1,44E-9
55.83 1.44E"9
14,84
27.71
56.76

'C 95M 6,93 1.92E-i2
13.84 1.92E+t2
27.84 1.92E-12
55.83 1>92E^12
14,04
27.71
56.76

PIqAL CRN]

(M/L) KDS
^-------

K00

2,2Ew2(1.3)
---

5,OE*2(1•7)
1,6E•3(2.2)
3,6E63(2,8)

2.8E+3(14) ^
8,6E+2(11) .
8,6E+2(11) o

2,3E*1(4.0)
6,1Es1(3,1)
2,7Et1(3,5)
1,3E+0(29)

4,2E+2(30)
2,4E+2(21)
1.8E+2(i9)

O



9 2 12'i 69-02 32

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION

NU(:BEIJ : 2,
!JAME I OUARTr M0142[NITE PORPHyRy 1.C
ORIGi'. : CLIMAX STCCK,NF.VADA TES T SITE CS7

CHEMICAL MINERAL TRACE
COI:P-'SITION(X)

-
COMPOS;TION(X) ELEMENTS (PPM)

--- ----------
SI02

----------------
OUARTt

_--a^ ---'-'----'--..

AL203 FLAGIO+KFLO 46
TI02 ALT,FELBSPAR 2
FE203 BIOT+CHLJR 5
FEO SPHENE 2
MNO APATITE <1
MGO MACNaILl1 5
CAO
IJA20
K20
P205
C02
H20

ROCK PROPEZTIES
---------------

CEC (MEO/106 G)
P PH

CATIOk

GEOLOGICAL ':1TcRIAL
---------------

EXPERIMENTAL DETAILS
'- -^-'-"^^--=----'

_-<i..._z---__••-'_

8.2 e.;
CS SM

AOUEOUS PHASE

START END
- -

PN
^ 7- --_---

8

NA 8.6
K 3.7
CA 11
MC ,2
FE .1
$( 12
HC03 49
CL 2.5
S04 6.5
P .1
BA .3
LI 0
SR .1

,

NOV 11, 1981

METHOD :BATCH(iW,BC)

STATE :'100#140 MESH

RATIO :1 G/22 ML

TEMP. :70 C

ATM. :AIR

SEP+N. :CENTRIP,,16000 RPM, 1 HR,

ANAL, :L

COMB, :NONE

REFERENCES j 1) B.R, ERDAL ET,AL

LA-7456-MS

SURFACE AREA ( 112/C) 0.84 9t2 4.5
METHOD BET EG/CA EG

in

H
^

r

0



9 2 i 2 : 6 2 1 2 5 3

SORPTiON RESULTS

FCR HATE"nlAl HU'fBER--- 25
INI'lAL CRN7 FfI;AL CRN3

MACICNUCLL^,C TIME (C) (N/L) („/L)

Ar 241 7.7 1.0E-6 ---____---
14.7 1.¢E-6
28.7 1.OE-6
56.7 1.2E-6
16.8 1.2E-6

PU 237 7,7 1.DE-12
14,7 1.6E.12
28.7 1.aE-12
56.7 1.eE-12
16.8 1.8E-12

KOS KDD

2,3E.3(.-)
4,4E.3(,)
1,1E•4(_-) ^
b.3Et4(.,+)

4.0E•2(--)
^
N

3.6E+3(--) i
4,4E.3(^-)
2.5E.4(=^)

N

O



9 2 1 2 z z.^ ^ 0 2 3 4

RADIONUCLIDE SnRPT1022 PARAMETERCESCRIPTIDN

GEOLOGICAL 44TERIAL I
---'--- -- --------

NUMBER i ib (
NAME i QUART? MONZCNITF. PORPHYRY 11A
ORIGiN i CLIhAX STCCK,I•IEYABP TEST SITE CS7 1

I PN
CHEMiCAL P(NERAL TRACE I NA
COMPCSIIION(%) COHPOSITIOtiY%) ELEMENTS (PPy) i K
______________ ------------------ --------- ----- I CA
S102 OUARTZ 32 1 MG
AL203 PLACIO+KFLD 54 1 FE
T102 ALT.FELDSPAR 7 1 SI
FE203 BIOT+CHLOR 6 i HC03
FEO SPHENE
MNO APATITE <1 2 504
MGO MAGN+ILM 1 I F
CAO I BA
NA20 I LI
K20 t SR
P205
C02 1
H20

--°-'

ROCK PROPERTIES i
------------ .'-------------•.---_--_--

CEC (MEO/10C G) <1 Y I
a PH 8.2 8.5 2

CATIOA CS SR

SURF{CE AREA (tt2/G) 0,16 3+3
6MFTHOD BET E6/CA EG

NOV 11, 1981

AQUEOUS PHASE . EXPERIMENTAL DETAILS
-----------------

START END METHOD :BATCH(SW,BC)

7•7 8 t STATE 2..45+60 MESH
8.6 1
3.7 RATIO :1 0/20 ML
11
.2 i TEMP. :70 C
.1 2
12 i ATM. :AIR
49 t
2.5 t SEPfN. :CENTRIF.,16000 RPM,j HR.
6.5 )
.1 ANAL. iL
.3
3 COMB. :NONE
.1 1

REFERENCES t 1) B,R, EROAL ET,AL

i LA-7456-MS

. .

^
w

H

r
O



9212a 6? t? 2555

SCRPTION MESULTS

FOR MATERIAL NUMBER--- 26
1)JITIAL CRN7

;aCIONJCLICP

---------°

T(f1E (C)
--

(M/L)
-

BA 133
------

7,i7
--------8---

2.4E+
17.04 2.4E-B
27.93 2.4E-8
66.11 2.4E-8
13.69
27.72
55.75

CE 141 7,07 1.3E+6
17.84 1.3F.-6
27.93 1.3E-6
66.11 1.3E-6
13.69
27.72
55.75

CS 137 7,07 1.4E-9
17.24 1.4E-9
27.93 1.4E-9
66.11 1.4E-9
13,69
27,72
55.75

Et, 152 7,87 8,9E-B
17.e4 8.8E-8
27,93 8.0E-8
66.11 8.8E-B
13.69
27.72
55.75

SR 85 9,07 1.2E-6
17.04 1.2E-6
27,93 1.2E-6
66,11 1.2E-6
13.69
27.7<^
55,75

FINAL CRN7
(M/L) KCS

1.7Ea2(3.7).
3.2Et2(3.9)
4,7Et2(4.3)
5,7EF2(11)

3,5Ea1(4.1)
2,5E#1(4.2)
2,3Ea1(4.5)
3,4E41(il)

1.BEf.2(2,4)
2.3E*2(2.5)
4,5Ee2(2.7)
1,4E44(7,4)

4,9E*1(3.8)
3,9E(r1(3.9)
3,9Ei1(4,1)
5.4E*1(ii)

2.2E*2(4.8)
2,9Ee1(3.6)
3.4Ep1(3.3)
8,7Ec1(il)

KCC

4.7E+2(5.6)
3.8E+2(6.3)
3.BE+2(5.6)

9.5E+2(6.9)
9.2E+2(8.8)
7.7E*2(18)

F

7.8E+2(7.2)
5.7E+2(7.3)
1.4E+3(7.2)

1.2E•3(5.9)
1.2E+3(6.6)
9JE+2(5.7)

3.3E^1(6.3) ^
3.4E^1(7.7)

1,,3.2E+1t7.1) ^
0



9 Z 12.-i ra ? t3 2-56

RADIONUCLIDE SORPTIUN PARAMETER DESCRIPTION

GFnLOGICAL "ATERIAL

NUN"o:R
'

27
NAME I QUARTZ MON20NtTE ?ORPi{YRY liR
ORIGIA ( CLIMAX S*OCK,NEVADA TEST SITE CS7

CHEMICAL MI°:ERAL TRACE

COMPCSITICN(') GOHPOSITIO>7<X) ELEMENTS (PPM)
-------------- ----------------___ _--_-----__ _

SI02 OUARTL

3

2

AL203 PLAGIO+KFLD 54

TI02 ALT,FELOSPAR 7

FE203 BIOT.CHLOR 6
FEO SPHENE 2
MNO APATITE <1
MGO HAGNaIL11 1
CAO
NA20
K20
P205
C02
H20

ROCK PROPERTIES

CEC (MEO/100 G) <1 2
P PH 8.2 B.9

CATION CS SR

SURFACE AREA ( 142/G) E.16 3 3 3.6
MFTHOD BET EG/CA EG

AUUEOUS PHASE
-------------

START- ENfl

PH

'

8.1 8.1
NA 8.6
K 3.7
CA 11
MG .2
FE .1
SI 12
HCO3 49
CL 2.5
S04 6.5
F .1
BA ..3
41 0
SR .1

EXPERIMENTAL DETAILS

NOV It, 1981

METHOD CBATCH(1H,BC)

STATE :^45+60 MESH

RATIO :1 G/20 ML

TEMP. :70 C

ATM. :AIR

SEP'N. ICENTRIP,r16000 RPM,1 HR.

ANAL. :L

COMB. :CS TC

REFERENCES $ 1) O.R, ERDAL ET,AL

LA-7456-MS

in
Ln

I

H

^
N
N
0



92 12^620)2 a 7

SORPTION HESULTS

FCR MATERIAL NlY4rER--- 27
INITIAL CRN]

RAGIONUCLIO%
- - --

TIHE (0)
'----

(M/L)
---- ---- ---° ^^ --

Ca 137
---

6.43
- -

1.44E-9
13.83 1.44E-9
P7,84 1.44E-9
55.82 1.44E-9
14,24
27.7
55.76

*C 95M 6.83 1.92E^i2
13.83 1.92E-12
27,84 1.92E-12
55.82 i.92E-i2
14,24
27.7
56.76

FINAL CRN]
(n/L) KOS KDO

-'---^-'-- 1.4Et2(1,7)
3.3Et2(1.4)
1,4Eti3(2.4)
2,5E*3(j.9)

2.7Et3(15)
1.3E•3(13)
1.6E•3(13)

7,0E•+1(60)
4,0E+1(97)
3,0E.-1(108)
-1,3Ea0(24)

-8.9Et0(6.7)
-8.0Eo0(17)
-8.0E-1(415)

^
rn

H
7y

F-^
N
O



9 2 i 'Z ^ 6 ? 0 2 3 8

• RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICAL MATERIAL

NUM6ER 23
NAME I QUART7 MO t:734ITE aOqPHYRy 12A
ORiG1A t CLIFAX STOCK,NEVADA TES T SITE C57

CHEMiCAL MINERAI. TRACE
COMPCSITION(S) r.0SaOSITIO1(X)

- ----------- ----
ELEMENTS (PPV)
----------'--_-_-'-_-_------

SI02

--- -

QUARTZ

-

26
AL203 FLAGIO•KFLD 66
TI02 ALT,FF.LDSPAR 5
FE203 RI^.T+ChLOR 8
FEO SPHENE <1
MND APATITE <1
MGO MA"N+ILM <1
CAU
NA20
K20
P205
C02
H20

ROCK PROPERTIES
-------------- ----_---`___--_-__
CEC (PEO/100 G) <1 3

a PH 8.2 8.5
CATION CS - SR

AQ'JEDUS PHASE

START END

-PH 6.17.7__
NA 8.6
K 3.7
CA 11
MG .2
FE .1
SI 12
MC03 49
CL 2.5
S04 6.5
F .1
8A .3
LI 0
SR .1

EXPERIMENTAL DETAILS
--------------------

NOV il, 1981

METHOD :BATCH(iw,BC)

STATE :-20+35 MESH

RATIO :1 G/22 ML

TEMP. :70 C

ATM, :AIR

SEP'N. :CENTRIF:,16000 RPMr1 HR.

ANAL. U.

COMB. :NONE

REFERENCES i 1) B.R, ERDAL ET.AL

LA-7456-MS

tn
v

SURFACE AREA ( 112/C) 0.12 3:6 2.8
RETHCD BET EG/CA EL' ; ? N

C



9 2 d 2 1 6 1 '? 2 a 9

SORPTION RESULTS

FLF MATE;IAL NUr9ER--- 28
INITIAL LRN7 CINAL CRN]

RAOIONUCLI1F' TI'+E ([) (M/L) (M/L) KOS KOD
----
2A

-----^--
133

--------
7,28

-'---------- ----------
2.4E-8

--^
1,3Ee2(3.9)

---

17.24 2.4E-8 1.8Et2(3.9)
27,92 2,4E-8 1,9E*2(4,1)
66.11 2.4E-8 3,7Et2(5.9)
13.69 1.6E•2(5.6)
27,72 2.3E•2(5.9)
55,75 3.1E•2(6.1)

CE 141 7,28 1.3E-6 2.3E*1(4.3)
17,574 1.3E-6 2,2E•1(4.3)
27.92 1.3E-6 2,8E*1(4,4)
66,11 1.3E-6 6,5E*1(6,1)
13.69 4.6E+2(6.6)
27.72 6.6E•2(8.0) y
55,75 2,3E+3(19)

oo.
CS 137 9,58 1.4E-9 1,4Er2(2,5)

17.24 1.4E-9 1.9Ei2(2,5)
27.92 1,4E-9 2,1Et2(2,6)
66,11 1,4E-9 4,3Ea3(4.1)
13,69 4.9E+2(7.3)
27.72 4.5E+2(7.4)
55.75 4.8E•3(7.4)

El, 152 7,C8 8.0E-8 3,2E+1(4,8)
17.04 8.OE-8 3,2Ea1(3,9)
27.92 B.OE-8 4,5E;1(4.9)
66.11 8.0E-8 1,1Et2(5.9)
13.69 5.9E•2(5.8)
27.72 7.5E•2(6.1)
55.75 1.9E+3(6.4)

SR 85 7,28 1.2E-6 2.1E•1(4.0)
17.84 i.2E-6 2.5E+1(3.8)
27.92 1.2E-6 2,5E+1(3.9)
66.11 i.2E-6 8,6E+1(6.2) H
$3,69 2.5E+1(6.6) T
27.72 3,1E+1(7.5) ^
55.75 3.8E+1(7.1) 0



9 2 i 2 : 6 1 0 2 6 Cl

RADIONUCLIDE SORPTION PARAMETEH OESCRIPTION

GEOLOGICAL MATERIAL

NUpBE& : ?9
NAME ) OUART2 HON2oNITE PORPHy Ry 126
ORIGIA t CLIMAX STCCK, NEVADA TEST SITE CS7

CHEMiCAL MI'!ERAL TRACE
C07+PCSITION(X)
-------------

Cnt:POSITION<%1
--- -

ELEMENTS (PPM)
--

SI02

-- -
OUART2

- -- ---26 ----------- --

AL203 PLAGIO+K:L] 60
TI02 ALT.FELDSPAR 5
FE203 BIOT+CHLOR y
FEO SPHENE <1
MNO APATITE <1
MGO HAGN+ILM <1
CAO
NA20
K20
P205
C02
H20

ROCK PROPE::TIES

CEC (MEO/i67 G)
P PH

CATION

-------- ^--------
<1 3

8.2 8.5
CS SR

AUUEOUS PHASE

START END
-

PH
--- --

--9.2
Ni 8.6
K 3.7
CA 11
MG .2
FE .1
SI 12
HC03 49
CL 2.5
504 6.5
F ,i
BA .3
LI 0
SR .1

EXPERIMENTAL DETAILS
--------------------

NOV Its 1981

METHOD :BATCH(1W,BC)

STATE -20+35 MESH

RATIO :1 G/22 ML

TEMF. 72 C

ATM. AIR

SEP'N. :CENTRIF;,16083 RPH,1 HR.

ANAL. :L

COMB. CS TC

REFERENCES t 1) B,R; ERDAL ET.AL

LA-7456-MS

^
^

SURFACE AREA ( 112/C) 0.12 3.0 218 ) . ^
NETH00 BET EG/CA cG 1 t ^

f r O



0
N
r-i

Ar

9L'9A(6'6)t+3b'Z-
L'LE(L'9)t*364T- 40'Vt

(£'£)T+35'3 ZT^3Z6'z T8'S5
(06T)T-30'Z- ZT+3Z6'T p9'LB
(L9t)t-30'£- ZT.386'T £B'£T
(5t)0+3T'£ ZT.3Z6'T Z4'9 1456 31

(Z'L)£+3T'S 9L'95(£t)£.3£'t - L'LZ(£t)£+3941 62'bT
(6•S)£d39'Z 6.3b6'T t81S6
(6'T)2*39'b 6-3bb'T bB'LZ
(4`T)Zr30'£ 6=3bb'T £6'£T

^ •
(T'T)Z430'T

.__ 6-36V'T
-______-_ _ _ _ _

y

Z8'9
_

L ^ T. S3

OoK S01f (7/N)

__ _

(i:) 3h;i1

_

3J1^3^NOI9Yv
CN83 ltlNld CNh7 ]tlIlINI

6Z r.--839nNiV itl18317i1 403

0
^

- - - -- - - - - - - - - -

S1lOS3N NOl.aiJCS

19ZC i;cvL?^€ Z b



9 2 1 9- ^ 6 ? 1 2 5 2

RADIONUCLIDE SIRPTION PARAMETER DESCRIPTION

ICOLuGICAL "•AT_RIAL
---------------

NUN6i6 : 30
NA`IE ; OUART? HONFONITE PORP:iyRY 144
ORIGIN I CLINAX STOCK,NEVAOA TEST SITE SPL UE15E7

CHEMICAL MIF%ERAL TRACE
CCMPCSIT ION(%) CCMPOSITION(F)

- ----------- ----
ELEMENTS (PPM)
--------------

________
S102

______
68.4

- -__"
ANORTHITE BA 92y

AL203 15.9 OUARTZ
T102 .29 BIOTITE
FE203 2 ALBITE
FEO 2.62 RRCOKITC
HNU Z PLAGIOCLASE
MGO .86 ORTHOCLASE
CAO 3.37 HAGNETITE
NA20 3.37 TITANITE
K20 3.61 APATITE
P205 .23
C02 2
H20 2

TOTAL 98.65

ROCK PROPERTIE+
------------------- -------------

AUUEOUS PHASE

STAR! END

- ---NA -- _ _-83
CA 144
H003 219
504 345

F.XPERIMENTAL DETAILS
♦ n .

NOV 11r 1981

METHOD :BATCH(2W)

STATE :CRUSHED

RATIO :5 G/30 ML

TEMP. :23 C

ATM. :AIR

SEPIN. :FILTER 0,3 UM MILLIPORE

ANAL. :L

COMB. :NONE

REFERENCES : 1) G, SCOTT BARNEY

PNL.SA-7352 VOL2P1

rn
Y

SURFACE AREA ( '12/G) 0.9 ( z
. NETHOD BET

l • O



9 2 3 2'i /a 292(3 3

SORPTION RESULTS
----------------

FCR MATERIAI. NUiIPER---

RACIORUCLiCr
241

CS 137

AP 237

PL

SR 85

3)

TIME (0)
INITIAL [7N]

(H/L)
------------

1.5E-1
1.6E-9
1.1E-B
1.5E-7

i.lE-8
1.1E-7
1.1E-6
1.1E-5

9.2E-7
7.BE-6
9.0E-5
7.eE-4

1.0E-8
i.EE-7
1.OE-6
1.i'iE-5

1.1E-7
1.5E-6
1.1E-5
1.1E-4

PINAL [RN3
tM/L) KOS

6,1Ea3(:+)
1.BEa4(--)
2,7E*4(--)
5,9Et4(-+)

9.1Er2(--)
2,3E#2(--)
1.1Et2(..-)

2,6Et2(--)
3,2E+1(--)
1.5Et2(--)
1.5Ea2(--)

6,4Er2(--)
8.3Ea3(--)
7,7Et2(.-)
1,7E.5(-^)

6,1EF2(--)
7,EE.0(--)
6,3Es@(_-)
7,9E#E(--)

KOD

rn

H

N
O



92 1 2 .; 6 1 0 1 a4

RADIONUCLIDE SORPTION PARAMFTER DESCRIPTION

GEOLOGICAL MAtERIAL

N1.+:2:4 1 31
NAME t OUARTZ NO?.tOYITE PORPFirRv 1.48
ORIG;N : CLIMAX STGCK,NEVAOA TEST SITE SPL UE15E7

CMEP_iCAL MINERAL TRACE
COHP:SITION(%) COhPOSITICN(X) ELE"ENTS (PPM)

- ----------

S102

-----

68.4

---------- ---------- ----------- _•
ANORTHITE BA 9iZ

AL2C3 15.9 OUART'a
T102 .29 BICTITE
FE203 S ALBITL
FEO 2.62 BROOKITE
MN0 2 PLAGIOCLASE
MGO .86 ORTHOCL6$E
CAO 3.37 hAC4ETITE
NA20 3.37 TITANITE
K20 3.61 APATITE
P205 .23
C02 0
H20 0

TOTAL 98.65

ROCK PROPERTIES

SURFACE AREA (112/G) 3.9
MFTHOD BET

AUUEOUS PHASE ?
-------------

START END

_ --_
PH

- -_-_--8

NA 83
CA 144
HC03 219
S04 345

EXPERIMENTAL DETAILS

NOV 11, 1981

METHOD :BATCH(2W)

STATE :CRUSHEO

RATIO :5 G/30 NL

TEMP. :23 C

ATM. :AIR

SEP'N. cFILTER 0.3 UM MILLIPORE

ANAL. :L

COMB. :NO•'JE

REFERENCES : 1) G, SCOTT BARNEY

PNL-SA^7352-VOL2P161

rn
w

H

r

O



9 Z i?S 6 20 26 5

$ORPT(Oh RESULTS
----------------

FCF MATERIAL !)UMRER--- 31
INITIAL ERN7 rINAL ERN3

NACICNUCLIOF' ?I!fE (C) (M/L) (M/L)

------------ ^`------ ------------ ----------
AM 241 14

CS 137 14

t.o 237 14

P1. 239 14

S( 85 14

KUS

2,7E•4f44)

1,1E*3f18)

4,5Et1(4.4)

1,2Es4(83)

6.2Es2(8•1)

K00

rn
^

H

N
O



9 2 ! 2 .: <^ 2 0 2 6 b

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEnLOGICAL NATCRIAL

---'-'------t------

)fUMBEti 32
NAifE ) QUARTZ HON20NITE POHPHYRY 14C
ORIGIA : CLIMAX STOCKrNEVADA TEST SITE SpL t)E15E7

CHEMICAL HItIERAL TRACE
COMP•.SITIONfX) COMPOSITION(X) ELEMENTS (PPM)
-•-'-------°- --------------------- --------------
SI02 68.4 ANORTHITE BA 900
AL203 15.9 GUARTS
T102 .29 f:IOTITE
FE203 2 ALBITE
FEO 2.62, BROOKITE
MNO 2 PLAGIOCLASE
MGD .86-- ORTHOCUISE
CAD 3.37 MAGNETITE
NA20 3.37 TITANITC
K20 3.61 APATITE
P205 .23
C02 2
H20 Q

TOTAL 98.65

ROCK PROP_riTIES

AOUFOUS PHASE
-------------

START END

PH
6----- _-----

NA 83
CA 144
HC03 219
504 345

EXPERIMENTAL OETAILS

NOV il. 1981

METHOD :BATCH(2W)

STATE :CRUSHED

RATIO :5 G/30 ML

TEMP. :R T

ATM. 9AIR

SEPIN. :ND

ANAL. :L

COMB. :NONE

REFERENCES : 1) G. SCOTT BARNEY

PNL-SA-6957

rn
^

I H

SURFACE AREA (::2/G) 0.9
NCTH00 BET f • 7 ^'0



9 2 1 2 S 6 2 0 2 6 ?

SORPTIUn HESULTS
----------------

FCR NpTERIa), vU-RER--- 32
INITIAL CPN7 FINAL :RN3

KaCIONUCLICE TIqF (0) (N/L) (NiL)
'-'-'------- -------- -'------'--- -'-'--°--AN 241 2 7.9E-6

CS 137 2 4,4E-9

PU 2

RL 106 2 2.0E-1;

SA 9E 2 6.0E-8

KDS

6,0Et4(4A)

6,5Ee2(7.1)

5,4Et3(21)

2,iEt2(0,2)

g,5Ea2(10)

KDD

^
rn

r
N
C



9 l 1 2: ()9-02 0'3

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GF.'1LnGICAL MATERIAL

°-' ----------

( AQUEOUS PHASE

- ----------

NUMBER 33
NAME I OUART= t40tt77NITE pORP.HYRY-(A,W.) 1A0 I STAR1 END
ORIGIn i CLIt+A X STOCK,NEVAOA TEST SITE SPL UE15E7 I ------ ------

i PN a
CHEKICAL NINF.RAL TRACE NA 83
CCMPOSITION(S) CCl•POSITIONdX) ELEMENTS (PPM) t CA 144
-------------- -----------^-------- -------------" HCO3 219
SI02 68.4 BA 9E2 I S04 345
AL203 15.9
TI02 .29
FE203 2
FEO 2.62 t
HNO Q t
MGO _,.,96 (
CAO 3.37
NA20 3.37 1
K20 3.61
P205 .23
C02 Q t
H20 2

'--
(

° -
TOTAI. 98.65

(

ROCK PROPE:.TIES
-------------- ----------------------

t •

t

t
t

EXPERIMENTAL DETAILS

NOV li, 1981

METHOD :8ATCH(2M)

STATE :CRUSHED

RATIO :5 G/3¢ ML

TEMP. :23 C

ATM. tAIR

SEP'N. tFILTFR 0,3 UM MILLIPORE

ANAL. :L _

COMB. :NOwE

REFERENCES t 1) G, SCOTT BARNEY

PNL-SA-1352-VOL2P1

rn
^

H
^

N
O



9 2 1 2 i ^ 1 .0 2 6 9

SORPTION NESULTS

F(;A MATERiAI IiUr,GER--- 33
INITIAL CRN7 rINAL CRN7

RACIONUCLIOf TIyE (r) (M/L) (M/L)

--^-------° -------- ------------ ----------
•kr 241 14

C$ 137 14

I.P 237 14

rl. 237 1-4

SR 85 14

KOS K00

2.iEo4(24)

1,1E+3(27)

3,9E+1(7.7)

1.2E*4(98)

6,4E*8(13)

rn
co

I

H
7y

r
N
O



9 2 ! 2 2 ? 0

RADIONUCLIDE SCRPTIUN PARAMETER DESCRIPTION

GECL9GICAL hA'F.RIAL

NUMBER :
MAME I QUA•^T}4H0!;?^,NjTF PORPHYRY 2.5A

ORIGIN : CLIMAX STOCK.''lEVADA TEST SITE-SHEAR EN 1

CHEMiCAL MI!)ERAL TRACE

COMPi,S?TIOt)(a) C0!'POSITIOV(X) ELEMENTS (PPM)

-----'-'------ - '--------------'--- '--------'----
S102 QJARTZ M
AL203 Y„NA FELDSPAR F.
T102 MII:C - ILL w
FE205 CALCITE 12
FEO MONTMO.Z. 1%
HNO
MGO
CAO
NA2C
K20
P205
C02
H20

ROCK PROPC'{TIES

SURFACE AREA (o-!2/G) 4+37
METHOD BET

AOUEOUS PHASE

PH
NA
K
CA
MG
SI02
HCO3
CL
504

START END

7.8
6.7
1.5
8.3
1.5
26;2
4 7,7
2.1
2.7

EXPERIMENTAL DETAILS
------

Nov 11, 1981

METHOD :BATCH(2Y,BC)

STATE :-i8¢+325 MESH

RATIO :1 G/15 ML

TEMP. :25 C

ATM. :AIR

SEP,N. :FILTER 0,1 UM NUCLEOPORE

ANAL. :L

COMB. :SR TC CS

REFERENCES = 1) S,C, MACLEAN ET.AL

UCID - 17928

^
^

H

N

O



9 2 1 2`3<, 92027f

SoRPTI;IN RESt1LTS

FCn M4TEnIAL p;J'4ER--^ 34

INITIAL [RN] FIIiAL CRN7
aaLIOYUCLIDe T;:z (0) (tv(J (M/L)

' '-'--- - ' ' - -' ------------ ----------
CS 137 7

SR 85 7

'C 95ta 7

KDS

4,6E•2(4.6)

1,86r2(2.0)

-5,0E-1(14)

KDD

v
0

H
7y.

r
N
O



9 2!2i F^ 9-0i2 7'?

RADIONUCLIDE SJRPTION PARAMETER DESCRIPTION

GEOLOGICAL 4ATERIAL

NUMBF.F 35 t
NAME tQUAnT2 hON7CR)TE PORPFYRY 16A I
OR1G:A t CLIPdX STOCK,NEVAOA TEST SITE-SHEAR ZN 2 1

1 PH
CMEH:CAL MSNERAL TRACE I NA
COHPGSITION(X) CnhPOSIT1nN(R) ELEMENTS (PPM) i K

___•___^__^_ _ _--_____ __- -------------"
-

CA
5102 QUARTS HW I MG
AL203 K,NA FELOSPAR H 1 $102
T102 HUSC. - ILL T t HC03
FE203 CALCITE 15-20 i CL
FEO MQNTMOR, >4Z 1 S04
HNO I
HGO 1
CAO , t
NA20 t
K20 I
P205
C02
H20

ROCK PROP:RTIES

AU'JEOUS PHASE

START END

7.8
6.7
1.5
8.3
1.5
26'; 2
47';7
2.1
2.7

EXPERIMENTAL DETAILS
---------------

Nov 11, 1981

METHOD :BATCH(2W,BC)

STATE :-325 MESH

RATIO :1 G/15 ML

TEMP. =25 C

ATH, 9AIR

SEP'N. :FILTER 0,1 UM NUCLEOPORE

ANAL._.?L

COMB. :SR TC CS

REFERENCES ; 1) S,C, MACLEAN ET.AL

UCID - 17928

v
r

H

r
N
O



9 2 1 2 ? ^

S^RGTIDN RESULTS

FOR MATERIAI. NUK3ER--= 35
INITIAL CRN] fIqAL CRN3

„aClCNUCLIDr TINE Cr) (M/L) (M/L)
- ' ^ - - - -------- --------^ ---------
CS 137 7

SF 85 7

^: 95M 7

KUS

1,qE;3(a.5)

6.DE+2(1<2)

^6.SE-1(23)

KDO

V
N

N
O



9 Z 6 2^i,2F.l `j 74

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION

CCCLOGICAL "A'ER1Al
-------------------

NbrBi.„ t 36
NAME I OUARTZ HOIJi.ONITE PORPHYRY 163
ORIGIA : CLIwAX ST^CK,vEVAOA TEST SITE-S4EAR 2H 2

CHErICAL NI)4ERAL TRACF.
COr:POSITIGN(;) CONPOSITIO")(X) F.LEMENTS (PPM)

---- ----------- ,•--------- -___--_----_--
S102 OUART? MH
AL203 KOA FELJSPAR N
TI02 wiSC. - 144 T
FE'L03 CALCITF. 15-28
FED HO'7TMOR. >4Z
MN0
MGO
CAD
NA20
K20
P205
C02
H20

ROCK PhOPERTIER
---------------------------- t.---------

AOUEOl1S PHASE

START END

--- ---PN - _-7.8
NA 6.7
K 1.5
CA 8.3
)(G 1.5
5102 26;2
HC03 47;7
CL 2•1
S04 2.7
F 0

EXPERIMENTAL DETAILS
--------------------

Nov 11. 1981

METHOD :BATCH(2H,BC)

-STATE :-10¢+325 MESH

RATIO :1 G/15 ML

TEMP. :25 C

ATM. :AIR

SEP'N. :FILTER 0.1 UN NUCLEOPORE

ANAL, :L

COHB. :SR TC CS

REFERENCES : 1) S.C. MACLEAN ET.AL

UCID - 17928

V
w

SURFACF, AREA (H2/G) 13.6 t H
M{7THC0 8F•T

( ( I^1
( t O



9 2 ! 2 i a 2 0 2 ? 5

SORPTIOIu RESULTS
------------

F.4 HATEaIAL r•:U!'7ER---

RarIONUCLIOC

CS 137_----

s^ 35

95F'

36

T('aE (r.)
.;.-___..

7

7

TuI'IAL ERNJ FINAL ;RNa
(R/L) (H/L)

------------ ----------
KDS K00

1,OEa3(1.5)

6,SE*2(1.6)

-7,¢E-1(22) ^

H

O



9 2 1 2 i 5 2 0 2 7 6

RADIONUCLIDE S;)RPT(0ti PARAMETER DESCRIPTION

CEOLOG;CAL NgTERIAL
-------------------

NUMdEK : 17
NphE t OUARTj MDP)'CNITE PORPHYRY 16C
ORIGiA : CLIKAX S*OCK,AF.VAOA 'EST SITE-SHFAR Bq 2

CHEHICAL MINERAL TRACE
COMPCSITION(%) C.^.RPOSITIO44:) ELF."tE`)TS (PPM)
------------ -- ^i-----•---^•--------- ..--.---------..
SI02 ,,.)ARTZ r;;
AL207 K,";A FELDSPAR H
TI02 MIJSC. - ILL T
FE203 CALCITE
FED HOFtTMUR: >42
MNO
MGU
CAD
)iA20
K20
P205
C02
H20

ROCK PROP_;tTIE^
-------------------

PH
NA
K
CA
NG
5I02
HCO3
CL
504

NOV 11, 1981

AUUEOUS PHASE
-------------

t EXPERIMENTAL DETAILS
---------------_----

START END

------ ------
I
t

METHOD :BATCH

7.8 1 STATE -5e•300 MESH
6.7
1.5 RATIO 1 G/15 ML
8.3 t
1.5 ^ TEMP. :25 C_
26.2
47.7 ATM. :AIR
2.1
2.7 t SEPIN. :FIt.TER 0,1 UM NUCLEOPORE

ANAL. tL

COMB. SR TC CS

REFERENCES 1) S,C, MACLEAN ET.AL

UCID . 17928

2 .

9

v
tn

N
O



92 !2 36 20 27 7

SORPTION RESULTS
----------------

F:R `tATER)AI. NU^ir.-ER--- 37
IIdITIAL CRNI FINAL ERN3

HACIONUCLI^P !PE (C) --_(I(/L) -.- (M/L)
------------ --------

_

;,S 137 7

59 85 7

TC 95A 7

KDS

1,5Ei3(47)

6,:!E+2(3.8)

^5,¢E-1(21)

KOO

rn

7y

N
N
O



9 2 ! 2 3621)27 8

RADIONUCLIDE SCRPTION PARAMETFR DESCRIPTIDN

GEOLOGICAL YATERIRL
-------------------

NUr.BER :
NAME I OUART^BMON^.')NITE aORPHYRY 17A

ORIGIA : CL1-A% STBCKrNCYAOA TEST SITC SHF.AR Ft; 3

CHEriCAL MINERAL TRACE
COMPCSITION(X) CONPOSITIOVtX) ELEMENTS (PP4)
--------°---- -'-------------- --- ---------- ----'-
SI02 CIIART^i

Y
M(^

AL203 K,•'7A FEL•JSPAR ;iN
T102 MUSC. - ILL V. N
FE203 CALCITE 5
FEO woNT+tOR. 32
MNO
MGO
CAD
1420
K20
P205
C02
H20

ROCK PROPtI.TIEa

PH
1 NA
i K
t CA

MG
SI02

i HCO3
I CL
i 504

AQUEOUS PHASE

START END

7.8
6.7
1.5
8.3
2.5
26';2
47': 7
2.1
2.7

EXPERIMENTAL DETAILS

NOV 11. 1981

METHOD :BATCHI2W,BC)

STATE :-325 MESH

RATIO :1 G/15 ML

TEMP. :25 C

ATM. :AIR

SEPIN. :FILTER 0.1 UM NUCLEOPORE

ANAL. :L

COMB, aSR TC CS

REFERENCES 1 1) S,C. MACLEAN ET.AL

UCID - 17928

V
J

H

N

O



9 2 1 2:562-027 9

S^RPTIOw HgSULTS
----------------

FCii MATERIAL NUM:ER-_- 39
INITIAL CRN1 FI)dAL CRN7

RaC10NUCLI]F ?'-tiE- (") (H/`) (M/L)
----------- -------- _ __ _
CS 137 7

5= 85 7

.C 95N 7

KOS K00

]„4E•3(1.2) ---

4,4Ea2(2.7)

-2,QE-1(6e)
V
00

N
O



9 21 ? `a 4)17 2'30

RApIONUCLIOE SORPTION PARAMETER DESCRIPTION

GrnLnGICAL MATE"n1AL
-------------------

t1Ut"e:"n : 39
`1ANE I 4L'ARTi= t10N70N1TE POHMHYRY 173

OR;G!h : CLI>'AX STCCK0iC'/A0A TFST SITE-StfEAR ZW 3

CHEMiCAL NIIJERAL TRACE
COMP;SITION(R) COMPOSITION(%) ELEMENTS (PPM)

-------------- --------------------- ------___---_-
SI02 OUARTt Hii
AL20'd K.NA FF.LDSPAR MW
TI02 tIUSC. - ILL NN

FE203 CALCITE 5
FEO HONTMOR. 3.''.
MI\0
MGO
CAO
NA20
K20
P205
C02
H20

ROCK PROPEi.TIES

AUJEOUS PHASE

PH
NA
K
CA
HC
$102
HC03
CL
S04

START END

7.8
6.7
1.5
8.3
2,5
26,2
47.7
2.i
2.7

EXPERIMENTAL DETAILS

NOV 11# 1981

yETH00 :OATCH(2W.BC)

STATE :-100+325 MESH

RATIO :1 G/15 ML

TEHP. 25 C

ATM. AIR

SEPIN. :FILTQR 0.1 UM NUCLEOPORE

ANAL. L

COMB, :SR TC CS

REFERENCES : 1) S.C. MACLEAN ET.AL

UCIO - 17928

^
^

SURFACE AREA ( t42/G) 7.081
HFTHOD BET

t j tN

O



9 2 1 ^ ^ ^ 2 0 2^; 1

S;RpTIJN RESULTS
----------------

FCF nATERIAL. NiMRER--1 39
INITIAL ERN7 pINAL (RN7

kACIONUCLIOC TINE (C) fM/lJ (M/L)
------------ -------- ------------ -__-_---_-
CS 137 7

SR 85 7

7C 95V 7

KUS

9,4E;2f2.8)

3,1E#2(2.9)

-2,2E-1(137)

KDD

co
0

N
N
O



RADIONUCLIDE SnRPTjON PARAMETER DESCRIPTION

GEOLOGICAL yATERIAL

MUI'E: R
,

40
P:AI-:E I QUARTZ HD'JEOHITE ''ORP.HYRY 17C
ORIGIn : CLIMAX STOCK.4EVADA TEST SITE-SaEAR 611 3

CHEM:CAL 110ERAL TRACE
CCMP•:SITIOP+(S) C.^.MPOSITION(S) ELEME"1TS (PPM)

'------------- _-'------------------ --------------
S102 OUART2 KH
AL203 K,):A FELOSPAR MW
T102 Hil£C. - ILL u,14
FE20y CALCITE 5
FE0 HOi9TMUR; 30
MN0
NGO
CAO
IJA20
K20
P205
C02
H20

ROCK PROPERTIES
---------------

PW
NA
K
CA
MG
SIOZ
HCO3
CL
S04

AQUEOUS PRASE
-------------

START END

7.8
6.7
1.5
8.3
2.5
26;2
47;7
2.1
2.7

EXPERIMENTAL DETAILS

NOV iir 1981

METHOD :RATCH(2W,BC)

STATE :-50•1¢0 MESH

RATIO :1 G/15 ML

TEMP. :25 C

ATM. :AIR

SEP'N. :FILTER 0.1 UK NUCLEOPORE

ANAL. :L

COMB. :SR TO CS

REFERENCES : 1) S.C. MACLEAN ET,AL

UCID - 17928

^
H

H
77

F+

O

2: ,f. ZG^ ^ 9S2,' 1 Z 6



SaRPTION RESULTS

FCR MATE2IpL NUµ?ER--= 40

ACIONUCLICr TI>^E (0)
INITiH^LiRN] Fj`M^L^RN]

R
--•_'_'____. °----- ------------ -------
CS 137 7

SR 85 7

TC 95M 7

KOS

1,SE^3(5,7)

3,2E*2(2,2)

-4,0E-1(30)

K00

co
N

H

^-+
N
O

LIC. ZOi',^FZi Z 6



RADIONUCLIDE S^RPTION PARAMETER DESCRIPTION

G^OLIGICAL MATERIAL'
-------------------

NUMBEF I a±
IiAIIE I 0(jARTZ MON20NITF PONPHYRY 16A
ORIGIX i CLIMAX S'OCK,NEVAOA TEST SITE / USNISAP

ChEr•ICAL MT14ERAL TRACE
CC`fPCSITION(X) CDNPOSITIONIg)

_
ELEKEUTS (PPM)

_-______________ _______ ____-.---
SI02

_.__.'----_.

AL203
T102
FE203
FEo
MND
MGO
CAO
nA2D
K20
P205
C02
H20

ROCK PROPE:TIE-
--------------------

NOV 11f 1981

AQUEOUS PHASF. • EXPERIMENTAL nETAILS
------ ----_- ^-- •_____^^__T____•

START END METHOD :BATCH(2Wr8C)
.

PH 7 .8 t STATE :-2045E MESH

A
6.7 9

K 1.5 t RATIO :1 G/15 ML
CA 8.3 S
MG 2.5 S TEMP. :25 C
S102 26;2 t
HC03 47;7 S ATM, :AIR
CL 2.1
504 2.7 t SEP+N. :FILTER 0.1 UM NUCLEOPORE

I ANAL. SL

COMB. :SR TC Cs

f REFERENCES S 1) S.C; MACLEAN ET.AL

UCIO - 17928

00
W

H

I^

O

CC c. 0 G 4{' F iZ: 6



SORPTION RESULTS

FCR MATE3IAL NUMBER--- 41
INITIAL C4N3 FINAL CRN]

RaLlONUCLfOf TIME (D) (t(/L) (M/L)
--^--------- -------^ --------'-'- --------
LS 137 8

SR 85 8

lC 95H 8

KDS

3,BE42(3s)

1,7Ea1(7,3)

-8,0E-1(26)

KDD

^

H
.'rJ

F-^
N
O



RADIO`1UCLIDE SORPTION PARAMETER DESCRIPTION

GE^.LOGiCAL MATFRIAL
---'--------------'

tjuH@Ln 1 42

NAME : QUARTZ MOt!7GNITE PORPHYRY 193
ORIGIN 1 CLI^/.% STGCKrNCVAUA TEST SITE / USWISAP

CHEM:CAL HIMERAL TRACE
COMPOSITION(S)

-- --"----
CDHPOSITION(y,)
---------"---'-------

ELEME`)TS (PPM)
-'--------' -'--- -

5302
AL203
T102
FE203
FEO
MNO
MGO
CAO
NA20
K20
P205
C02
H20 ------

ROGK PROPEiTIES
-------------------

PH
NA
K
CA
MG
SI02
HC03
CL
S04

ADUEOUS PHASE

START END

7.8
6.7
1.5
8.3
2.5
26.2
47';7
2.1
2.7

EXPERIMENTAL DETAILS

NOV 11t 1981

METHOD :BATCHI2Wr8C)

STATE :-20+52 MESH

RATIO :1 G/15 ML

TEMP. :25 C

ATM. :AIR

SEPIN. :FILTER g.1 UM NUCLEOPORE

ANAL. :L

COMB. :NONE

REFERENCES : 1) S.C. MACLEAN ET.AL

UCID - 17928

00
Ln

N
O

96 F C G 9 :^! i i Z 6



S-^RPTID:: RESULTS

FCR MATERIAL NUlloER--= 42
INITIAL CRN) PINA(. [RNJ

r7nCI0NUCLICE TI4E (R) (M/L) (M/L) KOS KOD
-------- ------------ _-_ _'" __-____________

^ 5.6Ei2(27)al, 237 1 co
rn

H
p

O

I rc F (; Zr 9 f- ?' I Z 6



9 2 12 ,: 6 20 2 3 8

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOG)CAL yATERIGL I AOUEOUS PHASE ExPERIMENTAL DETAILS

---'-------- "----- I ---'-'----°- --- ."'_--___"---'

`:UMBE(: : 4;1

NAME I aESTERLY GRANITE 19A

ORIG:K • NEW rF;GLh'-'D

CHEMICAL P.I":ERAL
COMPCSITIOfr(w) COMPOSITIUN(Y.)
-------------- ---------------------

5102 69.5
AL203 16.7
Tj02 .37
FE203 2
FEO .3
MAO .64
MGO 1.12
CAO 2.25
WA20 3.3
K20 4.5
P205 .08
C02 0
H20 Z

TOTAL 99.96

ROCK PROPE_RTIE'
-------------- ------------------ .
CEC (NEO/10Z G) 3.6

F P)(

TRACE
ELEMENTS (PPH)
--------------

STA((T END ,

PH

-

7 7.5
EH 324
NA• 118
CL+ 181

♦ PPT

NOV 11p 1981

METHOD :OATCM

STATE :CRUSHED -150 MESH

RATIO :0.5 G/15 ML

TEMP. RT

ATM. :AIR

SEP'N. CENTRIF,,7000 RPM.20 MIN.

A")AL. L

COMB. :SR TC CS

REFERENCES : 1) J,F, RELYEA ET.AL

PNLeSA-6957 P,125

2) J,F, RELYEA ET.AL

PNL-SA-7352-V0L2P259

3) A,N, MUCCIARDI ET.AL

PNL-SA-7352-V0L2P333

4) L,L. AMES

PNL-2797

^
V

SURFACE AREA ( 112/G) 6(3> f . 'a
f :̂

0



9 2 I 2 :i 6 2 "1 2 "3 9

SORPT)ON RESULTS
---------------

FCn MATERIAL NNHbER--- 43
INITIAL CRd]

RADIONUCLIDE TIh:E (0) (N/L)
°°5--°°°-

-
---- -'--__-----_

(i
1i

SR 3
12

7C 3
12
3 0

FINA(. CRN]
(K/L) KOS KDO

6,PE+O(61) ---
5.5E-1(999)
1,2E+1(45)

6,9E+0(70)
-3,2E+0(239)
1,6E+9(57)

7,2E+2`(60)
^4,3E+0(117)
9,4E+Q(45)

^
^

H

r
O



R 21 2H,{, 2.0290

RADIO':(ICLIDE SCRPTION PARAMETER DESCRIPTION NOV U. 1981

CE^LOGICAL `7ATfRIAL AQUEOUS rHASE EXPERIMENTAL DETAILS

_ _------------------- t --_-_------- - - -__-_---_-_-__-_

"JL:'BLF t 4 i
::AmE ( W:STER4Y Gt_AyITE 193' t START END . METHOD :BATCH
ORIGln f NEW EF:;,LAND t ------ ------ t

I PH 7 7.9 S STATE :CRUSHEO -150 MESH
CHEMiCAL (::t:ERdL TRACE: I EH 470 3 _
COMFCSITI91) (X) C:I(POSITIU.'4(3) ELE!'ENTS (PPW) t CA 6++2 S RATIO :0,5 G/15 ML
______________ __________________ -------------- ) CL 1034
S102 69.5 t t TEMP. :RT
AL203 16.7
T102 .37 ATM, :AIR
FE203 2 t
FEO .3 t SEP'N. :CENTRIF.17000 RPM,20 MIN.
MNO 04 t
MGO 1.12 t ANAL. :L
CAO 2.,5 t i
14420 3.3 t COMB. :SR TC CS
K20 4.5 t
P205 .28 1. REFERENCES 1) J.Ft RELYEA ET.AL
C02 t i
H2U 2 I t PNL-SA-6957 P.125

°--^ t t
T07AL 99.96 ) 2) J,F, RELYEA ET.AL

t s PNL-SA-7352-VOL2P259
t t

ROCK PROPEteTIES 3) A,N; MUCCIARDI ET.AL
-------------- ---^---_-_'-__-^_--_-'-
CEC (MEO/13? G) 3.6 t ) PNL-SA-7352-VOL2p333

P PH t
t 4) L,L; AMES

t t PNL-2797

SURFaCE AREA (1:2/G) 6
'

( .
. )

co
^

H

F-•

O



9 2 12°: 69.J? 9I

SORPTION RESULTS

FCR KATERIAL t)LH6ER--- 44
INITIAL (aNl FINUI. CRN]

nACIDNuCLICr TI`'E (r) (H/L) (M/L)

--5--------- -3•----- --------^ ^- "

3S

SR 3

TC 3
17
3Z

KDS

7.9Ea2fe•7)
2.7E•3(i2)
5,9Ea3(27)

4,4E*0(31)
5,4E*0(73)
4,SErE(13)

3,7E*0(30)
6,3E*6(80)
7,4E*1(9.5)

KDO

^
O

H
77

N
N
O



9 2I 2,i ()? •;3 2.92

CECLOCICAL MATERIAL

4prr•iTEh ; 45
tIAME I W.STERIY G"ANiTE .9C
Od'.G:n I NEW Etr.LAND

ChLMICAL M;^)cRAL
COhPCS1TiON(Y) CUMPOSITIONF$)

- ------ ----- -------••--_^-'
5102 69.5
AL203 16.7
Tj02 .37
FE203 2
FEO .3
HNO F.4
wGt% 1.12
CAG 2.Z5
NA2C 3•3
K20 4.5
P205 .a7°.
C02 Z
H20 S

TOTA;. 99.96

ROCK PRCP:nTIES
---------------------------- -_-------
CEC (PEO/122 G) 3.6

(+ P N

SURFACE AREA (H2/G) 6

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)

NOV li, 1981

AQUEOUS PHASE EXPERIMENTAL DETAILS

_ ---__ - ----- -__ -_-_--'-'°_-_--

START END ) METHOD iBATCH

PH 8.3 i STATE iCRUSHED -150 MESH
EH 384 t
NA 690 RATIO :0.5 C/15 ML
CL 1¢34

) TEMP. :RT

ATM. :AIR

I SEPIN. iCENTRIF;,7008 RPM,20 MIN.

ANAL. iL

COMB. : SR TC CS

REFERENCES 1) J.F; RELYEA ET.AL

PNL-SA-6957 P.125

2) J.F. RELYEA ET.AL

PNL-SA-7352-V0L2P259

, . i 3) A.N. MUCCIARDI ET.AL

4) L.L. AMES

•

PNL-2797

i

t^

H

r
N
O



9 2 1 ^ ^ 5 2 0 a 9 3

SORPTIJN RESULTS

F(,F MATEKIaL PJ(1M2ER--- 45
INITIAL CRN7 FIIiAL CRNa

R::10'JU^.L:'^C ?P'r'_ lD) (R/L) (M/L)

------------
-------- ---------_-' ----------

f; S 3
SZ
3t

12
311)

TL 3
1:
3Z

KDS KDD

5.8E^2(17)
___

3.9E<3(1D9)
8.4E•3(79)

1.3ES1(45)
1.5E*y(24)
2,6Es1(11)

-1,1E^0(139) .
1,7Es0(139)
7,9Er1(3,5)

^

7y

N
O



9 2 1 ^ i 6 ? 0 2 9 4

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

CECLOGICAL •1A'ERIAL t A'.1UEOUS PHASE I EXPERIMENTAL DETAILS

--------------- ------------- ------------°-°---

ti0M8ER ; 46
NAME I H7STE4LY GKA9iTE 9J
CaIGIn ; NEH ENCL:",)

CHEMICAL MI'iERAL
COHPCSITION(%) CoHPOSITION(%)

-------------- --=--------*---------
5102 69.5
AL203 16.7
TI02 .37
FE203 2
FEO .3
>ND .04
NGO 1.12
CAJ 2.25
I4A20 3.3
K20 4.5
P205 .DB
C02 2
H2D 2'

TO•'AL 99.96

ROCK FR0PEFTIE;

-------------------------------------
CEC (rE0/10i G) 3.6

p PN

TRACE
ELE`!ENTS (PPM)
--------------

PH

EH
NA
HC03

START END
------

•9.4
-

364
690
1830

NOV ilr 1981

METHOD ;BATCH

STATE :CRUSHED -150 MESH

RATIO :0.5 G/15 ML

TEMP. :RT

ATM. :AIR

SEPtN. :CENTRIF,r7000 RPM,20 MIN.

ANAL. :L

COMB. :SR TC Cs

REFF.RE`ICF.S : 1) J,F, RELYEA ET,AL

PNL-SA-6957 P.125

21 J.F. RELYEA ET.AL

PNL-SA-7352-V0L2P259

3) A,N; MUCCIARDI ET,AL

PNL-SA-7352-V0L2P333

4) L.L. AMES

PNL-2797

^
w
i

SURFACE AREA ( r2/C) 6 1

1 i
1 1 r

0



9 2 t 2^ 5 9- 3 2 9 5

SORPTION RESULTS

FCk M-ATERIAI NU'79ER--- 46

INITIAL E9N3 FINAL [RN3
ns^IONUCL.D[

"-- -
TIME (r) (N/L) (M/L)
-

KDS
- °

CS
---°-' ^---"---'-3

-----
--^ 6,5E;1(22)

1Z 1,5E*2(11)
3Z 3,9Et1(8,7)

5F 3 1,9E*1(47)
12 3,8Et1(15)
30 3,3E#1(6,2)

D 3
1Z 2.1E*2(198)
33 2,7El1(5,0)

KOD

^o
r

N
O



GE;LOGICAL MATERIAL

-------_•---"-----•

h^F'B_n : 47
aAME : uCS*ERLY G.7AHITE 20A
?a;GIK : NEW 17INGLA'10

GhCMICAL MIiJERAL
COMPCSITION(X) COtiPOSIT;09(X)

-------------- -'----------_-
SI02
AL'203
1102
FE2C3
FEO
NND
t1G0
CAO
NA20
K20
P205
C02
H20

ROCK PROP..,TIES
---------------

92 I 2 3 ta 2 0 2 9 b

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

t

TRACE
ELEMENTS (PPM)
--------------

NOV 11. 1981

AOUEOUS PHASE EXPERIMENTAL DETAILS

"---' ----- --_-•-_----' --------

START END I METHOD :RATCH(2W,0C)

PH
- ---- --'---
7 0 STATE :-20+50 MESH

NA 6.7
K 115 RATIO :1 G/15 ML
CA 6.3 I
MG 2.5 I. TEMP. :25 C
S)02 26;2
HC03 47;7 • ATM. :AIR
CL 2.1 j
S04 2.7 ( SEP'N. :PILTER 0.1 UM NUCLEOPORE

ANAL. :L

COMe. :SRTC CS

: REPERENCES 1) S.C. MACLEAN ET.AL

I UCIO - 17928

t

t̂-n
t

H
^

F'
N
O



9 2 12 1 2 9 7

S^RPT(ON RCSULTS

FCR nATERIAi_ NlY16F.R--= 47
INITIAL Ni

C7RACIONUCLICr?I'4E fC) (M/L)
- - ---° - ^------ ------------
;.5 137 0

SR 85 8

: G 95'< fi

FINAL CRN^
(M/L) KDS

2,SE;2(41)

6,5E*6(30)

-9,1E-i(9.1)

KDD

^
rn

H
1d

r

O



GCOLCGICAL MATERIAL
-------------------

NUMBER : 48
HAME I N_STERLV GRANITE 208
OR;GIA I NEW i'MGLA^:O

CHEr.;CAL MINERAL
CC!1PGSITION(Y.) COMPOSITI09(X)

-'------'- ----^-------------
SI02
AL203
T102
FE203
FEO
NNC
MG0
CAU
NA20
K20
P205
C02
H20

ROCK PROPE.XTIES

9 2 1 2:^ sa '? 02918

RADIONUCLIDE S.^,RPTION PARAMETER DESCRIPTION

AUUEOUS PHASE •

----- ------- t

^

START END

PH 7.8--- ------
NA 6.7TRACE

ELF.mE'1TS (PPM)
--------------

K 1.5
CA 8.3
MC 2.5
SI02 26;2
HC03 47.7
CL 2.1
S04 2.7

NOV il, 1981

EXPERIMENTAL DETAILS
--------------------

METHOD !RATCH(2N,BC)

STATE :-20+50 MESH

RATIO al G/15 MI.

TEMP. :25 C

ATM. :AIR

SEP'N. :FILTER 0.1 UM NUCLEDPORE

ANAL. :L

COMB. :NONE

REFERENCES : 1) S,C; MACLEAN ET.AL

UCID - 17928

N
O



FCF MATERIAL ilUls(iER--1

Rau10NUCLID'

Pb 237-----

9;2 12 >^^ 2 0 7 9 9

SORPTION RESULTS

48
INITIAL EFl+7 FINAL ERN3

TINE (61 (M/L) (M/U
^^------ ------------ --------

KDS

5,2E*2(16)

KDD

^
co

H

O



GEOLOGICAL MATERIAL

NUM6Ek : 40
NAME i GRAnITF (FRESHLY PRACTURE0) 3^A
ORIGIA : GOETHEBORC, SNEJEh

CHEMICAL t'ItIERAL
CCHPCSITIOt.(Y.) C1:1POSITIGYtS)

---------- --'-------- -----"---
SI02
AL203
T102
FE203
FE0
MNO
MGO
CAD
N A 20
)•20
P205
C02
H20

ROCK-PROPEhTIE-

RAOIO;dUCLIDE S:!RPTION PARAMETER DESCRIPTION

TRACE
ELCHCNTS (PPM)

NOV 11. 1981

AQUEOUS PHASE
-------------

EXPERIMENTAL DETAILS
--------------------

START END t METHOD :BATCH

--- -- --°-- t
NA 268 t STATE :COUPONS - 27 CM-2 GSA
K le
CA 75 t RATIO
MG 15 t
HC03 204! : TEMP. :25 C
CL 5Da )
S04 15 ATM. :AIR
F 1.5 i

1 SEP'N. :NONE

ANAL. :L

COMB, :NONE

REFERENCES 1 1) B, ALLARD ET.AL
• CHALMERS INST. TECH.

KBSj T.R. 55

^
^

H
7.7

r
N
C



9 2 12 a''9 2 Q 3 0 (

SGRpTIGN RESULTS
--------------

F^R MATERIAI. NU`IpER--- 49
INjTIAL CRNJ FINAL CRN7

R;,;.IGNUCLIu' TIME (G) (H/L) (H/L)
------------ ------ ^----------- ------ ---
K" 241 .5

1
1

CS 134 .5

1

SF 89 •5
1
1

KAS KAD
-- --- r

2,0E•1(--) °0

1:1E•p(--)

6,3E-1(--)
3.2E+0(--)

2,5Er1(-m)
5.IDE+1(--)

r

0



9 2 1 2 5 fa 2 :) 3 3 2

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION

GE^LOGICAL `+ATERIAL

46nBEF 1 50
NAIfE,I GRA\ITF (p.USTRIAN) 22A
ORIGIK : bE86ARTS, RALJVIEaTEL, LOWER AUSTRIA

CHEM.CAL MI"ERAL TRACE
CCNPCSITION(ti)

--------- ---

CONP0SIT10N(R)
------

ELE'^ENTS (PPry)

-- -
S102

-"----' - ------ ----------- --

AL203
T102
FE203
FED
t1N0

MGO
CAD
NA20
K20
P205
C02
H20 ------ ,

ROCK PROPERTIE.^.
-------------------

AUUEOUS PHASE

Pil 3.5---

EXPERIMENTAL DETAILS

START ENU

--------------------

NOy 11. 1981

METHOD :BATCH(BC)

STATE :CRUSHED 144-324 CM-2

RATIO :10 G/108 ML

TENp. :RT

ATM. :AIR

SEPfN. :NONE

ANAL. 4L

COMB. :NONE

REFERENCES 1 1) M. TSCHURLOVITS
AUSTR,-UNIV. NUCLEAR
WORKSHOP.BRUSSELS-79

9

F-^
0

.'v

N
O



9 2 12 i 'a a;a 3)^ 3

SORRTI3N H^ySULTS

Fl-.S MATE.2IAL )lUIIgER--- 50

RACIONUCLIqr TII•E (I))

'- -' 'YE 144'------ o ' -

11.8
12.9

CS 137 .17
2.3
6.3
14.2

SR 85 .17
2.3
6,3
14.2

INITIAL CpN] cINAI. CRN7

(N/L) (M/L)

------------ ----------
KDS

2.2E42(--)
8.7E•2(--)
3,5E+3(--)

11Er1(--)
2.1E.2(--)

>S.QEr2(--)

2.8E+0('-)
2,9Es2(--)
3,SErQt--)
4,0Er@(--)

KDD

i^
0
N

H
So

H
N
O



9 2! 2^,i^'a ^ .; 3'34

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GEOLOGICA(. MATERIAL
-------------------

hUMBER : 51
NAME I GRA4ITr (Ai1STRIAN) 229
ORIGit. ; HERRSCHE::EERG,NpLOYIERTEL,LCrER AUSTRIA

CHEMICAL HI'%ERAL TRACE
COMPOSITION(X) cOMPOSITIOUtX) ELEME'ITS (PP4)

__________ ------------------ --_-_-__--
5102
AL203
TIU2
FE203
FEO
MNO
MGo
CAO
NA20
Y,20
P205
C02
H20

ROCK PROPEFTIES

PH

NOV 11, 1981

AQUEOUS PHASE 3 EXPERIMENTAL DETAILS

------------- ) "-__-'_'-_-___-_--_-_

START END I METHOD :BATCN(BCI

•
-

3.5 STATE :CRUSHEO 144 - 324 CM-2

RATIO :10 G/100 ML

t TEMp. :RT

1 ATM, :AIR

I SEPIN. :NONE

( ANAL. :L

COMB. :NONE

( REFERENCES r 1) M, TSCHURLOVITS
I AUSTR, UNIV. NUCLEAR
( WORKSMOP,BRUSSELS-79

0

H

N
O



921 2:a ra 203 ;1 5

SORPT(OR RESULTS

FCR nATERIAL. F;VEER--- 51

RACIONUCLICr '16E (0)

144-----CE b------

11.6
12.9

CS 137 .17
2,3
6,3
14.2

SF 85 .17
2.3
6.3
14.2

IUITIAL [ Rr^3 FINAL. [Rha

(M/L) (H/L)
----------- ---------

KOS

3,4E;2(--)
5,5E+2(--)
6,6E+2(--)

1,4Et1(-^)
4,OEc1(--)
9,0Et1(--)
9,0E*1(--)

2,5EaU(--)
2,4E*6(--)
3,2E*0(--)
4.9EtB(--)

KOC

r
0
41

7y

H
N
O



R Z I255 203^06

RAOIO,)UCLIDE SCRPTION PARAMETER DESCRIPTION

GEOLOGICAL NATrRIAL I AQUEOUS PHASE E%PERIMCNTAL DETAILS

------------°----- I --"--'w ----I -- .----_-___°---"'

NUMBEn : 52
NAME 7 GRANITr (ANSTRIAN) 22C
ORIGIA : NEUHAUS LOWER AUSTFIA

CMEMICAL MINERAL
COMPCSITION(I4) COt'POSITION(X)

-------------- -------- ^-_------
SI02
AL203
TI02
FE2C3
FEO
MNO
MCO
CAO
NA20
K20
P205
C02
H20

ROCK PROP:ATIES

TRACE
ELEMENTS (PPM)

PH

--------------

START END
--- ------

3.5

NOV 11, 1981

METHOD :'DATCH(8C)

STATE :CRUSHED 144 - 324 CM-2

RATIO :iZ G/100 ML

TEMP. :RT

ATM, :AIR

SEP'N. :NONE

ANAL. :L

COMg, :NONE

REFERENCES : 1) M, TSCHURLOVITS
AUSTR, UNIV, NUCLEAR
WORKSHOP,BRUSSELS-79

N
0
^

7y

N
O



9 2 ! 2 "1 5 2 1 3 ;3 7

SORPT1ON RESULTS

FCF >7ATEKIAI. P)UN3ER--= 52

qACIOKJJLICP TIME (0)
-------------

CE 144
-------
6,7
11.3
12.9

CS 137 .17
2.3
6,3
14.2

ST, 85 .17
2.3
6.3
14.2

1NI'IAL C4NJ CI)IAL CRk)

----^N/L)
_-- --(M/L) ---

KOS

6,7E+2(--)
2,0F.3(--)
2,DE+3(--)

O,NEaO(--)
5,DE+1(--)
>5,4E+2(--)
>5,0E+2(--)

2.5E+0(--)
2,3Et2(--)
4,3E+0(--)
5,0EnE(--)

KDO

0
rn

H

H
N
C



9 2 ! 2 i 6 ? 0 s 0 8

RAUI0%CLIDE S^RPT10H PARAMETER DESCRIPTION

GE^LiGICA, MATERIAL I AO'JEOUS rHASE .• EXPERIMENTAL DETAILS
---"-----°-------- ----- ^ ----- • - ^ _ _'----°-------

MUMB£R : 53
:+AME ) GRARITr (AUSTRIAn) 220
ORiGIN ) NEUSTADEL PLATTr LOt:ER AUSTRIA

CHEMICAL MI"ERAL
CoMPCSITIUN(8) C'i"POSITIOh(i:)
------------ •_ --'-------_-_---_----
5I02
AL203
TI02
FE203
FEO
Mh0 -
I-)G D
CA0
NA2C
P,20
P205
C02
H20

ROCK PROPEATIE!

TRACE
FLEHENTS (PPM)
--------------

PN

START END

3.5

NOV It. 1981

METHOD :DATCH(OC)

STATE :CRUSHED 144 - 324 CM-2

RATIO :1Z G/100 ML

TEMp. :RT

ATM, :AIR

SEPIN. :NONE

ANAL. :L

Cong. ;NONE

REFERENCES ) 1) M, TSCHURLOVITS
AUSTR, UNIV. NUCLEAR
WORKSNOP,BRUSSELS-79

0
^

H
7y

N

O



9 2 1 2 .i (:) '? 0 3 0 9

SORPTIS!) RESULTS
----------------

F,R MATERIAI. 1•!U1+uER--- 53

RsCIONUCLIQE TI".E (D)
-------------

CE 144
--'----
6.7
11.8
12.9

^S 137 .17
2.3
6.3
14.2

SR 85 .17
2.3
6.3
14,2

INITIA(. CRN7 FINAL CRNJ
(H/U (H/L

------------ ----------
KDS

4.NE+2(--)

2.2E+3(--)

1a0E+1(...)
1,5E*2(--)
>5,2E+2(--)
>5.2E+2(--)

3,5E+^(-••)
2,BEt@(--)
3.2E+@(--)
4.0Eo0(--)

KDD

i-^
0

H

h-^

O



9 2 1 2:°i 4) 2 0 3 10

RAOIC'!UCLIOE S'^RPTIOV PARAMETER DESCRIPTION

GE^•L'JGICAL MATERtAL

NUI^ci.5 : °4
NAPiE 4 GRA\ITS' (AL'TRIAN) 23A
ORi+IA GLCrWALP, UPPErt AUSTRIA

CHErICAL MINERAL
COHPOSITIONI%) CP!'.POSITIONdR)

-------------- --"-_-----_'+--__-
S102
AL2G;
TI02
FE203
FE,)
MNO
MG0
CAO
NA20
K20
P205
C02
H20

TSACE
ELEMENTS (PPN)
--------------

ROCK FROPERTIES

I AOUEOUS PHASE

-----_ __----

I START END

4 -- -- ------
I PH 3.5

EXPERIMENTAL DETAILS

NOV ji, 1981

METHOD :BATCH(BC)

STATE :CRUSHED 144 - 324 CM-2

RATIO :1E G/SEO HL

TEMP. 7RT

ATM, :AIR

SEP'N. :NONE

ANAL. :L

COMB. :NONE

REPERENCES : 1) M, TSCHURLOVITS
AUSTR, UNIV. NUCLEAR
KORKSHOP,BRUSSELS-79

0̂
^

H

r
N
0



9 2 12 .i 6 `? 0 3 1 1

S3RPT101+ RESULTS

iCh nATLRIAI. NU`tCCR--- 54

RaS; ONUCL(Dr TIME (D)
----- --------

144
-------
6,7
11.8
12,9

:S 137 .17
2.3
6,3
14.2

SR 85 .17
2.3
5,3
14.2

INITIAL CnN] rINAL CRN)
(d/L) (M/L) KDS

2,3E•2(.-)
4,4E12(--)
5,9Ea2(--)

B,HEtI(--)
3,5Es2(--)

9,HEn1(-+)
1,3E•H(--)
3,HEaH(--)

KDD

r
0

H
Pd

F-^
N
O



GEnLOGIr,AL MATERIAL

NUIieER : gr
I GRA-%ITF (AUSTRIA?!) 238

OR;GiN 7 GRFI^. A!)"UEHLE URPrR 01STRIA

CHErcICAL FI-NERAL
CCHPCSITIOt.(X)COMPOSITIOatg)

^----------° ---------------------
SI02
AL203
TI'l2
FE203
FEO
FlM1O
HGO
CAO
NA20
K2D
P205
C02
H20

ROCK PROP.h'IES
------------------------

9 2 1 2 a f ? 0 3 1;j

RADIONUCLIDE SCRPTIUN PARAMETER DESCRIPTION

I ADUEOUS PHASE

( ------ ------- )

TRACE
ELEME9TS (PPM)
--------------

PH

START END
3.5°- ------

ExPERIMEWTAL DETAILS
----------------

NOV llr 1981

METHOD :RATCH(BC)

STATE :CRUSHED 144 - 324 CM-2

RATIO :SZ G/12T ML

TEMp. :RT

ATM. :AIR

SEPIN. :NOVE

ANAL, :L

COHR. :NONE

REFEREVCES i 1) M, TSCHURLOVITS
AUSTR, UNIV. NUCLEAR
NORKSHOP,DRUSSELS-79

r
N
r

'-3

t-^

O



9 2 12 ^i 1 2 -1 3 13

SORPTION RESULTS

FOk t!ATERIAI. NU!+6ER--- 55

R„EIaNUCLIEF TIME (!`)
_______
CE 144

__-____-
6.7
11.8
12.9

CS 137 .17
2.3
6.3
14,2

SR 85 .17
2.3
6.3
14.2

INITIAL CRN3 FIOAL CRNI
(M/L) (M/L)

------------ --------
KCS

4,3Ee2(--)
6.9E*2(--)

2,8EsI(-+l
1.3Ea2(--)
>5,IDE+2(--)
>5,0E42(-)

2.2Ere(^-)

2,9EsE(--)
4,qE*0(--)

KDO

N
r
N

r

0



GEOLOGICAL "ATEF'IAL

Nl,M6Ea : 56
NAME i GRAh1TF (A'!!TGIAN) 23C
ORIGih ( GREI!!. AUVUEHLE UP7FR AUSTRIA

CHEMICAL "'I'iERAL
COMPCSITION(7.) C:1)'POSITIO'.(X)

-------------- -------- _--------
SI02
AL203
T102
FE203
FE0
MNO
MGO
CAO
NA20
K20
P205
CO::
H20

ROCK PROPc..ITTE^

9 2 f 2 5 6 2 :3 3 I 4

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

AQUEOUS PHASE I

TRACE
ELEM0TS (PPM)
--------------

PH

START END

3.5__-

EXPERIMENTAL DETAILS
-----

Nov 11. 1981

METHOD :DATCH(BCI

STATE :CRUSHED 144 - 324 CM-2

RATIO :10 G/102 ML

TEMp. :RT

ATM. :AIR

SEPtN. :NONE

ANAL. :L

COMB. :NONE

REFERENCES ) 1) M. TSCHURLOVITS
AUSTR, UNIV. NUCLEAR
HORKSHOP,BRUSSELS-79

t-^

w

H
$tl

r
N
0



9 2! 2 : ^ ^ 143 ! 5

S^RPTIJN HESULTS

F;F MATEPIAI_ NI!'IBER--- 56

RACIONUCLIC^ TI°.C (^)
---

-- -
-----------^
CE 144 - -6.7

114.8
:2.9

CS 137 .17
2.3
6.T
14,2

SF 85 .17
2,3
6.3
14.2

I'JITIAL CRN] FIF'AL CRN]

(M/L) (M/L)
------------ ----------

KOS

9,9E*2(

1,5E•1(--)
>S,EE+2(--)

>5,0Er2(--)

5,6E.e(--)
6,5E*0(.+)
1,2Er1(-+)
1,5E+11--)

KOD

r

41

1

^
r
N
O



q 2 ( 2 a 6) 2 0 3 # b

RADIONUCLIDE S'RPTIOW PARAMETER DESCRIPTION

GE^.LDGICA: MATERIAL AOUEOUS rHASEr

NUHBER ( 57 1
MAHE I GRANITF (A!iSTRIAN) 230
ORIGIA I KASTFRHCF. UPPER AUSTRIA-SURF. WEATHERED

CHENICAL HV(ERAL TRACE
CONPJSITIOiv(X) COHPOSITIUNeX7 ELEMENTS (PPM)
-------------- --^----..---p--------- --------------

S302
AL203
T302
FE203
rEO
MNO
HGO
CAO
NA20
K20
P205
C02
H20

ROCK PROPE7TIES
-------------- ----- '

START END

-- - ---- _
. 3 5PH

EXPERIMENTAL DETAILS

NOV ii. 1981

METHOD :OATCH(OC)

STATE :CRUSHED 144 - 324 CM-2

RATIO :10 G/100 ML

TEMp. :RT

ATH. :AIR

SEP#N. :NONE

ANAL. :L

COMB. :NONE

REFEREYCES : 1) H. TSCHURLOVITS
AUSTR, UNIV. NUCLEAR
WDRNSNOP.BRUSSELS-79

N
r
^

H
.^cf

F+
N
C



9 2 1 2-.i 5 ?;J :3 ! 7

SORPTION RESULTS

FCR MATERIAL NU."EER--= 57

RAGIONUCLICr TItiE (0)
-- --------------

CE 144
°•-

6,7
11.8
7.2.9

CS 137 .17
2.3
6.3
14,2

SR 85 .17
2,3
6,3
14,2

INI7IAL ERN] FI(•)A(. [RN]

(M/L) (N/L)
------------ ---------

K0S KDD

2,0E-1(--)
2,0Er1(--)
2,0E•1(--)

9,0E#0(-+)
4,0Ea1(--)
1,9Et2(.-`
1,4Er2(--)

1,0Et0(--)
2,0E••lf-^)
3,0E.1(-+)
1,0Et0(--)

r
r
rn

O



9 2 ! 2 S 6 1 0 3 € 3

GEOLOGICAL MATERIAL
'_-"---_^_--''--'--'

NbMBER ) 50
NAME i GRANITE 29A
ORIGIA t GOETHEOORGi SWEDEN

CHEPICAL MI'IERAL
COMPSSITION(X) COMPOSI3IONiX)
-"-----'-----
SI02
AL203
TI02
FE203
FEO
MNO
MGO
CAD
NA20
K20
P205
C02
H20

ROCK PROPC):TIES
------------_-_--__ '-----'----°'

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION NOV it, 1981

t AOUEOUS PHASE t EXPERIMENTAL DETAILS

t I
_______________

-
7

START END I METHOD :BATCH
_--' ------ ;

I NA 288 I STATE :CRUSHEO, -140•230 MESH
TRACE I K 10 (
ELEMENTS (PPM) I CA 75 : RATIO :1 G/10 ML
--------- --^-- t MG 15

t HC03 260 t TEMp. :25 C
I CL 500 1
t $04 15 1 ATM. :AIR
3 F 1.5
I I

t
SEPIN. :CENTRIF.r4000 RPH.50 J11N.

ANAL. :L

t
t

• COMB. :NONE

t
t
t REFERENCES I S) B. 6LLARD ET.AL

CHALMERS INST. TECH.
t
I

t
t

KBS, T.R. 55

3
1
I

i

I
I
t

t (

1
t i

(
t
i
7

i
t

• t

t

1
:

( i

H

~
N
O



9 2 121,552;'l 31 9

SORPTION RESULTS

FCR MATERIAL Iti`+2ER--- 58

R;,DIONUC6IOL T1ME ((`)
--^------ --------

241

CS 134

SR 89

INITIAL ERNT rINAL LRN]
(M/L) (M/L)

------------ ----------
KOS

4,OE*3(--)

KOD

ir

N
O



GEOLOGICAL NATERIAL

NUMBER : 54
NAME I GRANITE 24A
ORIGIN I SWEOrN

CHEMiCAL MINERAL
COMPOSITION(X) COHPOSITION2X)
______________ ____-___..____-___.

S102
AL203
T102
FE203
FEO
HNO
MGO
CAD
NA20
K20
P205
C02
H20

ROCK PROPERTIES_
__ a ♦ - F

9^ 1 2 r^^ ?J3'? 0

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

I AQUEOUS PHASE
: .. _-^--'----'

TRACE I
ELEMENTS (PP!t) I
______________ I

START END I

NA 288
K 10 I
CA 75 ^
MG 15
HC03 200 ^
CL 500
S04 15
F 1•5

ExPER=MENTAL DETAILS

NOY 11t 1981

METHOD :BATCH

STATE :CRUSNEO

RATIO :1 G/10 ML

TEMp. :25 C

ATM, 1AIR

SEPIN. :CENTRIF,r4000 RPM,50 MIN.

ANAL. :L

COMQ. :NONE

REFERENCES : 1) 8, ALLARD ET.AL

KDSr T.R. 55

r

^

H
77

r
N
O



9 2 1 2 6 6 1 0 3 2 !

SpRPT(3N RESULTS
----------------

FCR nATERIA). N03ER--- 59
INITIAL CRN7 CINAL CRN)

R;GICNUCLICP TIME (G) (N/L) (H/L)

------------ ------- ----------- --"-------
ak 241 .13

.25
7

CS :34 .13
.25
7

SR 89 '13
.25
7

KOS

2,5Es3(--)
1.8Ew4(--)

2,5E.2(--)
4.OE*2(--)
6r3Et2(--)

1^6EtZ(--)
2.5Et0(--)
2,6Es0(--)

Kpb

r
N

H

N
N
O



GEOLOCICAL hATERIAL

NUMBER : 6D
NAME ) GRANITF 25A
0R1GIN : SkE7EN

CHEM;CAL MINERAL
COMPCSITION(X) COMPOSITIOV("/.)

r

SI02
AL203
T102
FE203
FEO
HNO
MGO
CAO
NA20
K20
PQ05
C02
H20

ROCK PROP:::TIES
------------ ----'-_---r-"'r-----'--

9 2 I:2 i 2 -0 35 '21 2

RADIONUCLIDE S^RaT10N PARAMETER DESCRIPTION

AOUEOUS PHASE
_-r"__•------ I

START END

TRACE
ELENENTS (PPM)
--------------

NA
iK

CA
MG
HC03
CL
S04
F

288
10
75
15
200
5EZ
15
1.5

EXPERIMENTAL DETAILS
---------------

Nov ii. 1981

METHDO :BATCH

STATE :^140r230 MESH

RATIO :1 G/10 ML

TEMp. :25 C

ATM. :AIR

SEP'N. :CENTRIF",,4000 RPM,50 MIN.

ANAL. :L

COMB. :NONE

REFERENCES : 1) 9, ALLARD ET.AL

KBSj T.R. 55

2) B, ALLARD ET.AL

KBS, T.R, 98

r

H

r^
N
O



FCR 'AATE+IAL NU"3ER--- 60

RAGIOMUCLIrr TI°E (U)

AM 241
4--_-.

186

CE 144

CS 134

!^?
EL 152

1324-"

,4
,4
186
186

,4
.4
186
186

.4
,4
186
186

.4
,4

CO! NC 147

NF 237

;13
FL 23g

C%4
RA 226

^ SR 09

TC 99M

?h 232

U 233

2R 95

.4

.4
186
166

.4
186

.4
166

,4
106

.4

.4
18b
166

.4

.4

.4
,4
186
166

,4
.4
186
186

.4

.4
166
186

- A.122 -

SBRPTION M^SULTS

INITIAL EaN7
(M/L)

-
_

1.0E-8-_

1,0E-8

1,0E-8
1,0E-5
1,0E-8
1,0E-5

1,0E-8
1,0E-5
1.0E-8
i,0E-5

1.0E-8
1,0E-5
1,0E-8
.0E-5

1.0E-8
1.0E-5

1,0E-8
1,0E-5
1,0E-8
1,0E-5

i.f:F_6
1.8E-6

1.0E-8
0F.-8

1.0E-8
1.0E-8

1,0E-8
1,0E-5
1.0E-8
1.0E-5

1.0E-6
i.0E-5

1.0E-6

,0E-8
1,0E-5

0E-8
1.0E-5

0E-6
1,2E•5

1.0E-8
1.5E-5
1,0E-8
1,0E-5

FINAL CRNa
(M/L) KDS

5,0Et3(--)
1,6E*4(--)

6,3Et3(--)
5,0Et3(.+)
2,5Et4t--)
2.0E•4(-.)

6,3Eti(--)
2,0Er1(=-)
2,5Ea2(;-)
4.0Et1t--)

1,0Et4(--)
1.3Et4(--)
3,2E*4(.-)
1,0Et4(--)

0,00
0,00

2,0Er3(=-)
1,6E+3(•)
7.9Et3( --)
5,0E*3(--)

2,5E11(--)
7e9E+1(--)

6.3Eti(--)
3,2Ea2(--)

1,0E*2t--)
2,5Ei2(-^)

6,3Et0(--)
6.3Et0(--)
1,0E+1(--)
i.0En1(--)

0,00
0,00

6,3Et2(=-)
S,yEt2(--)
1,0Et4(--)
2.0Et3(--)

6,3Et0(--)
4,0Et0(--)
6,3Et0(--)
5,0Et0(--)

1,3Ek3(--)

1,0Ea3f-^)

TR-120

KOO



9 2 ! 2 'a 'a 2 0 s 2 4

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION NOV 11, 1981

GEILOGICAL MATERIAL I AOUEOUS PHASE EXPERIMENTAL DETAILS
__________________' ) ------ -__- _-_ f - ._-__-___--____-I I .

NUMBER 1 •} . I 1
AaME I GRANIT^ 25B I START END I METH00 :BATCH
ORIGI4 I s"4EC^H i ---- ------ I

I NA 288 1 STATE :CRUSHED. -143•230 MESH
ChEM,CpL IiI9CRAl. TRACE 1 K 12 )
CGIlF;iITIOa(t:) CD':POSITIONTK) ELEME)1TS (PPv) I CA 75 I RATIO 11 G/10 ML
-------------- --------------------- -------------- 1 MG 15
S102 HC03 2Z0 0 TEMP. :25 C
AL20;5 I CL 500 I
T1U2 1 504 15 1 ATM. :AIR
FE2C? 1 F 1.5
FEO i SEP'N. eCENTRIF.r4008 RPMr50 MIN.
MNO I I
MGO ANAL. :L
CAO 1 ) w

NA20 I C048. :NONE
K2^
P205 1 i REFERENCES 1) S. ALLARD ET.AL
C02 i I
M20

-----
1(BS, T.R. 55

- )
I t

I1 .

1 I
ROCK PROP2,.TIr.^,

-_ __ ___ ___ _ _ t_- -'_____ _______ _ __ __ ____ _

I i
I 1

•

1 y
i 1
) N

) I
I i



9 2 I 2:. 5 20 32 5

SoRaTIOh RESULTS
----------------

FCR MATERIAL ML'w^oER--Q 61
INITIAL [RN] F1NA1. CRN]

R.;C to+^ucLtcr Tt"E (n1 R+IU (M/L) KCS
--- --------- ------- ------------ "---_--__-
AN 241 .13

.25 3,2E*3(--)
7 1,0E•4(--)

CS 134 .13 3,2E*2(--)
.25 4,0E*2(--)
7 6.3Er2(--)

SR 89 .13 2,5Et0(--)
.25 3,2Et6(--)
7 3.2Et2(--)

KOU

^

H
71

H

0



9 2 1 2.z'620:3 2b

RADIONUCLIDE S(%RPTION PARAMETER DESCRIPTION

Gc")LOGICAi yATERIAL I AUJEOUS PHASE I EXPERIMENTAL DETAILS
'---------"°-"-' ---------'--- j .- r....._--_° > ._..

NUMBER . 62
NAr:E I GRA\iTp 25C
ORIG11 I S4ECi'N

CHEMICAL NI"ERAL
COMPOSITION(n) COHPOSITION(X)
-'------------ ------'^---"'-
SI02
AL203
TI02
FE203
FEO
Mv0
MGO
CAO
MA20
K20
P205
C02
H20

ROCK PROPe:iTIES

START END

TRACE
ELF.hE`7TS (PPM)
--------------

NA
I K

CA
I MG
HC03
CL
$04
F

288
li.
75
15
200
590
15
1.5

NOV-11. 1981

METHOD :BATCH

STATE :.148+230 MESH

RATIO :j G/10 ML

TEMP. :65 C

ATM. :AIR

SEP'N. BCENTRIF.r4800 RPMr58 MIN.

ANAL. :L

COMB. :NONE

REFERENCES :

N

lJt

H
."rl

N
0



• -.. 1G ^ 5,9 4/ 4J :2(

SORPT(ON RESULTS

FQF< MATERIAL NUnBER--; 62
INITIAL LRN]

R,,CIONUCLIOr. 1I`1' Cr.) (M/L)

---°-----°
..P 241

-------^
.4

--------^---
1.Of.-

CE 144 .4 1.dE-8
.4 1.CE-5

CS 134 .4 1.0E-B
.4 1.0E-5

EL152 .4 i.0E-8
.4 1.0E-5

: 132 .4 ,.,CE-8
,4 1.0E-5

NO 147 .4 1,0E-B
.4 1.0E-5

NF 237 :4 1.0E-8

Pl; 239 .4 i.OE-8

RA 226 .4 1.0E..8

SF 89 .4 1,0E-8
.4 1.0E-5

TC 99M .4 1.dE-8

Th 23Z .4 1.0E-8
.4 .,0E-5

U 233 -,4 1.0E-8
.4 1.CE-5

ZR 95 .4 1.0E-8
:4 1.0E-5

FIN4L [RN]
(M/L) KOS K00

6,3E+3(--)

5,0E+3(-^)

4,0E+1(--)
7,9E+1(--)

2.5E+4(--)
2.5E+4(--)

0,00
0,00

2,0E•3(-^)
1,0E+3(--)

4,0E+1(--)

1,0E+2(--)

7.9E+1(--)

1.0Esi(--)
1.aE*1(--)

0.00

7.9Er2f--)
7.9E+2(--)

6,3Et0(--)
4,0E:0(--)

3,2Ei3f--)
6,3E+3t=-)

N

0

H
z

i

N
O



GEOLOGICAL MATERIAL
-------------------

NUMBEF : R3
tJAVE ; GPA\ITF 25D
ORIGa. : SwVrFv

CHENICAL MINERAL
COMPJSITIGN(Y.) Cn:''POSITION(Z)
______________ __________________
S102
AL203
T102
FE203
FEO
MNO
MGn
eao
b,A20

K20
P205

C02
H2J

ROCK PROPE%.TIES

9 2 1 2 ^ ''a 2 0 3 2 3

RADIONUCLIDE S^.•RPTION PARAMETER DESCRIPTION

AQUEOUS PHASE

START END

TRACE
ELEMENTS (PPM)
--------------

NA
K
CA
MO
HC03
CL
504
F

42
5
37.5
7.5
132
93
7.5
.8

EXPERIMENTAL DETAILS
---------------

-NOV 11, 1981

METHOD :B4TCH

STATE :-14e•230 MESH

RATIO :1 G/1e ML

TEMP. :25 C

ATM, tAIR

SEP'N. :CENTRlP:,40e9 RPH,Se MIN,

ANAL. :L

COMB. :NO`7E

REFERENCES :

r
N
V

H
.'V

F-^
N
O



- A.128 -

SORPTION RESULTS

FCF MATE,?IaI NW+.BER--4 63

INITIAL CRN]
nACIDNUCLICE
---------^-

((wE (D) (M/L)
-

„N 241
--------
,4

------------
1,0E-8

186 1,0E-8

CE 144 ,4 1,0E-8
.4 1.0F.-5
186 1,0E-8
186 1.0E-5

CS 134 ;4 1.0E-8
•4 1.0E-5
186 1.0E-8

^ 186 i.OE-5

152 .4 1.0E-8
.4 i,0E-5
286 1 , of -8

Sv} 186 1,0F.-5

r-b 132 ,4 1.0E^8
.4 1,0E,5

'CWD 147 .4 1,0E-8

Sr
.4 i,0E-5

° 186 1,0E-8
186 1.0E-5.^,

AP 237 .4 S,OE-8
186 1.0F-8

^4 239 .4 1.0E-8
166 1,0E.-8

C4 A 226 .4 S.OE-8
186 1,0E-8

f3^
SR 89 .4 1,0E-8

.4 1.0E-5
186 1,0E-8
186 1..7E-5

;C 99M .4 1.0E-8

TIF 232 .4 1.0E-8
.4 1.0E-5
1"n6 1.0E-8
186 1,0E-5

U 233 .4 1.P.E-8
.4 1.0E-5
156 1.0E-8
186 1.0E-5

dk 95 .4 1,uE-8
.4 1,9JE-5
136 1.0E-8
1"a6 1,0E-5

FINAI. CRN7
(M/L) KDS

1,3Er4(--)
3.2Er4(--)

1,3Ea4(--)
6,3Ea3(--)
2,5Ea4(--)
1.3Ea4(--)

1,3EY2(..-)
3,2Et1(--)
3r2Eq2(^-)
6,3Ea1(--)

7,9Ek3(--)
1,0Et4(--)
1,6E14(--)
2,0E+4(--)

6,3E-i(--)

4,0Et3(-•)
3,2E*3(--)
1,3E*4(,-)
2.OiEi4(-,)

1,6Ee2(--)
3.2E+2(--)

1,0E+2(--)
S,SE+2(--)

1,0Ea1(--)
1,6Eo-i(--)
1,6Ee1(-^)

7,9Es2(--)

4.dE+3(--)
5,0Eo3(--)

6,3Er0(.-)
5,0Er0(--)
6,3Ea0(--)
5,0E+0(--)

1,3E+3(--)
2,0Ea3(--)
3,2E+3(--)
2,5E;31-^)

TR-120

KDD



6ESLGGICAL '"ATEnIAL, ^
------------ ------

t:w.cEH : fr.
r:A!!E t GM1AA1Tr 25r

nnIGIA . S+{;^.Eti

ChEMICAL EiI!ZERAL
CC'"P?SITION(X) C•".t.POSITIONi'ti)

-------------- ---'--------_--_--_--
SI02
AL203
T102
FE203
FEO
MNo
^tG0
CAU
NA20
h20
P205
C02
H20

ROCK PHOPE:tTIE;
--------------------------------------

RADIO'•IUCLIOE.S^RPTION PARAt:ETER DESCRIPTION NOV 11. 1981

I AOUEOUS PHA SE • EXPERIMENTAL DETAILS
I ------------- • ---__-__-_--____-_

TRACE
ELEMF.•dTS ( PPM) i

NA
K
CA
MC
HC03
CL
$04
F

START END ( METHOD :BATCH
------ -_--^-
42 ) STATE :-1404230 MESH
5
37.5 • RATIO :1 G/12 MI.
7.5
1E0 : TEMP. :65 C
93 I
7.5 ATM, :AIR
.B

( SEP'N. :CENTRIP..4000 RPM,50 MIN.

ANAL. :L

t COMB. :NONE

( REFERENCES

ti
N
N
^

H
.`L

F-•
N
O



9 2 1 2 's Ei 21 3 :3 31 f

SORpTIUN RESULT$

F•.".k MATERIA(' NU`tDER--- 64

INITIAL CRNJ
R_CIOwUCLICr TIHE (r,) (M/L)
------------
Ar 241

-------
.4

------------
1.CE-8

•)E 144 .4 1.0Gr-8
.4 1.9E-5

ZS 134 .4 1.0E-8
.4 1.0E-5

El, 152 •4 1.0E-8
.4 1.0E-5

i 132 .4 1.0E-B
.4 1.OE-9

t.C 147 .4 1.0E-8
.4 1.0E-5

I,? 237 .4 1.3E-B

I'L 239 .4 1.0E-8

gA 226 .4 1.0E-8

Sk 89 .4 1.0E-8
.4 l.DE-5

'C 99M .4 1.0E-6

IH 230 .4 Y,OE-8
.4 1.0E-5

233 .4 :.0E-8
.4 1.0E-5

Z^ 95 .4 1.8E-B
.4 1.0E-5

FI>JAL CRN7
(M^L> KDS KDD

--------_-
Y.3Ea4(--)

.-_

2,0E*4(.-)
7,9E+3(.-)

6,3E+1(.-)
3,2E+Y(-+)

2,0E+4(.-}
1,6E+4(--)

0,00
0,0e

4,0E+3(_-) •
7,9E+3(--)

5.0E+1(--)

1,0E+2(--)

1.0E+2(--)

1.0E+Y(--)

0.00

7.9E+2(-.)

6.3Esfl(--) .
5.0E+0(--)

6,3E+3(-+)
3.2E+3(--)

ir
w
0
i

H

O



GEOLOGICAL yATERIAL
-------------------

IJUMB0 br
NAFE ( GRAhITF 261,
ORIGIN : S,.EOFN

CnEr.iCAL MINERAL
CDMPCSITION(Y.) COMPOSITIOV($)
-------------- ------- --_-_-_-_-_
SI02
AL203
TI02
FE2C3
FEO
HNO
:IGO
CAO
NA20
K20
P205
C02
H20

ROCK FROPERTIES

9 2 12.456?-033r

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

I AOUEO(:S PHASE (
1 _______------ )

TRACE
ELEMENTS (PPM)

START END

--- ---AN 28R - R-
K 1 r.
CA 75
MG 15
HC03 2120
CL 506
504 15
F 1.5

EXPERIMENTAL DETAILS
--------------------

NOV 11. 1981

METHOD :BATCH

STATE :CRUSHED, -232+325 MESH

RATIO :1 G/10 ML

TEHp. :25 C.

ATM. :AIR

SEPtN. :CENTRIF.,4008 RPM,50 MIN.

ANAL. :L

COMB. :NONE

REFERENCES: 1) 8, ALLARD ET.AL

KBS, T.R. 55

ŵ
N

H

N
O



9 1 1 a5 ') 2 3 3 3 3

SORPT)UN RESULTS

FCR MATERIAL KUHPER--- 65
[NITTAL CRN7 fINAL CRN]

RAC!ONUCLICC TIKE (n) (H/L) (M/L) KOS

-
'--- ------------ '-"------- ---

tr 241 --- .13
.25 3.2E•31--)
7 1,3Et4(--)

CS 134 .13 4.0Ea2(--)
.25 4,0Ea2(±.)
7 7,9E•2(-+)

SR 89 .13 4,91E^P1-+)
.25 S,OErO(--)
7 5,OEr0(--)

KOD

r
w
N



9 2 ! 2 i 6 9- 0 3 3 4

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

GE^L0GICAL yATERIAL I AUUF.OUS PHASE I EXPERIMENTAL DETAILS
_--'----- - --------- t _-_.._-_------ ---- ;__-___-__-'_°-

NUwcER
'

65
MAtlk I GRA\ITE 27A
ORIGIN : SNECrN

CHEMICAL M1!'ERAL
COMP:.SITIDN(Z) CqkPOSITION(n)
______________ _____________

SI02
AL203
T102
FE203
FEO
MNl
HGO
CAO
NA20
K20
P205
C02
H20

ROCK PROPE".TIES

ELEBENTS (PPM)

START END

TRACE

_ _

NA

_.___ __

288
K 1E
CA 75
MG 15
HC03 200
CL' 50C.
S04 15
F 1.5

NOV 11, 1981

t METHOD iBATCH

STATE iCRUSHEO, -325 MESH

RATIO :1 G/10 ML

TEMp. :25 C

ATM. :AIR
{
I SEPIN. :CENTRIF,,4000 RPM,50 MIN,

1 ANAL. :L

COMB. :NONE

E REFERENCES : 1) B, ALLARO ET,AL

I KBS, T.R. 55

t

r

w

^

F-•

O



9 2 ! 2 .i 6 ? 3 :3 -.3 5

S[FPTIJN RESULTS

F74 nATESIAi. f)U'i°ER--- 66
INITIAL C^N]

R..cIONUCLtc: TIVE (n) (N/u
------------ -------- ------------

,1P. 741 .:J
[$

7

CS 134 .13
.25
7

SR 89 .13
.25
7

FINAL ERN]
(M/L) KOS

4,aE*3(--)
1,6E+4(--)

4,0E#2(--)
4,OEs2(--)
6.3E*2(.-)

S,9ErE(--)
6,3E*6(--i
6,3E•B(--)

K00

H
W

H
.'0

W
N
O



9 2 12 i 6 7:) 3 u 6

RADIONUCLIDE SORPTION PARAMETER OESCRIPTION

GrnLOGICA: MATCRIAL I AUUEOUS PHASE ) EXPERIMENTAL DETAILS
------------------- ------------- +^-----_----'---__--

:dI;HBCF : F7
NAHE ) GRAI.00IORITF' 28A
ORIGiA FINA LAY,e, SHEDEN

CHEMICAL HII+EI2A4
COMPOSITION(X) Co6POSITION{X)

------------^- --'---^'--'----
SI02
AL203
TlU2
FE203
FEO
MNO
MCO
OAO
NA20
K20
P205
C02
H20

RUCR PROPERTIES

TRACE
ELEMENTS (PPH)
-------------

START END
-

NA
----- ------
288

K 10
CA 75
MC 15
HCO3 200
CL sea
S04 15
F 1.5

NOy 11, 1981

METHOD :OATCH

STATE :CRUSHED, -140+230 MESH

RATIO :1 C/10 ML

TEMp. :25 C

ATM. CAIR

SEPIN. :CENTRIF;,4000 RPM,50 MIN.

ANAL. :L

COMB. :NONE

REFERENCES i 1) 8, ALLARD ET.AL
CHALMERS INST. TECH.
KBSi T.R. 55

N

tn

r
N
C



9 2 12-4`> `? 13 37

S3RPTIUN RESULTS

F;;F MATERIAL. 9p'!9ER--- 67
INITIAL [RN) FINAL. CRNa

RAOIONL'CLICc TI!iE (0) tN/L-) (M/L)

----°------ -------- ------------ ----------
Ar 241 .25

7

CS 134 .25
7

SR 89 .25
7

KOS

S,0E^3t:.1
3,2Ei32+w)

1e6E*2t--)
2.5Ea2(--)

2,0Ea0(-^)
3,2E^^t+^)

KDO

w
rn

H

i-+
N
O



- II.1 -

GT

CY

n

APPENDIX B

SORPTION DATA LISTED BY RADIONUCLIDE

ALPHABETICALLY

TR-120

4^•!

^



THIS ^ACn.E INTENTIONALLY
LEFT GLAWK



9 2 1 2 i 5i ') 0 3 ^; 9

SORPTION RESULTS

FOR-. AM
INITIAL CRNJ FINAL CRN3

RECORD NUMBER TIME (0) (M/L) (M/L) KAS KAD
----------- "------ -- --- =' - ^-... ""^ ^--

1 •5 9,9EeO(--)

5>0E•6(--)

1 1.1E•2(--)

---------------- ^--'-^------------------------- -----'^-__ . .----..._...__-. ----------------------- --------- -------------------
49 2,9E:1(--)

2,9E•1(--)

1 1.1E•2(--)

---------------- ---------------------^-'--_°------------ -____•----------------------- --------- ----------------__-

i

w

r

-3

N
N
O



9 XRPjIUN']RESULT^ 2
'J .3 `'I ti

FOR-- AM
INITIAL CRN] FINAL CPN]

RECORD NUMBER
-

TIME (0)
---

(M/L) (M/L)
---- - - -

KOS
--

KOD
------------ -

9
-----

7.7

--- --- - --
1.21E-6

-
1,2E•3(--)

--

14,7 1,2E-6 3.7E*3(7.0)

28.7 1.9E-6 5,3E*3(--)

56,7 1.OE-6 7,8Er3(17)

15,7 2.9E+3(--)

16.8 7.7E+2(3.7)

19,7 4.7F.•2(--)

---------------- --------------------- ---------------------------------------------------------------------------------------

Lo 7.7 1.8E-6 7,6E+2(--)

14.7 1.6E-6

28,7 1.DE-6 1.7E:3(--)

56,7 1.OE-6 3,0E+3(--)

16.8 4.4E+2(--)

19,7 3.2E+2(--)

29,7 3.3E+2(--)

-----------------

11

------- ---------- -
7.7

--------------------- ----------------------

l.f:E-6

-----------------------
3.6E+2(--)

----------- --------

14,7 l.tlE-6 4,8E+2t--)

26.7 1.`3E-6 1,6E•3(83)

56.7 1.ZE-6 4.1E+3t--)

15,7 3.BE:3(--)

16,6

19.7 4.8E+2(7.1)

z
H
N
0



9 2 1 2 .i °3 2`J ► sf I

SIRpTIUra MESULTS
----------------

FDR-- AM
INITIAL C'N7 FI!IAL CRN7

RECORD NUM6ER
---- --

TI'(E (C)
- --

^(M/L) (M/L) KGi KDD
------ -

12

---- -
7,7

------------ ----------
1.GE-6

-_-
6.2Ea3(--)

_--

14.7 1.:E-6 4.5E*3(--)

16,7 1.qE-6 1.7E+4(-.)

56.7 1.ZE-6 1.8E+4(--)

16,8 1,OE-6 4.6E+2(--)

19.7 1.CE-6 3.eE+2(--)

-------------------

13

-------------------

7.7
--------- --_---____----_-_---____-_---

i.

^

..E-6

--_____-----_- _________

1.4)E+3(--)

____________________

14,7 1.::E-6 1,RE+3(--)

28,7 1.aE-6 2.4E+3(--)

56,7

15,7 1.:.F-6 1.9E+3(--)

"^-----------^'--
16

-------- -----------
7.7

-----------a---------------------'---------
1...E-6

-----------------------
2,2Er3(--)

--------------------

14,7 l.CE-6 2.3E+3(--)

25,7 5,;;E-6 8,5E+3(--)

56,7 i.PE-6 3,9E+3(22)

15,7 1.8E+4(--)

16,8 5.4F+2(--)

G1

N̂
O

________________-____--____-_-_---_____--____-_-__________..___-__---__--_____-_-___-



9 2 ! ?_i'a 9. ') 3-7:2
SCRPTIUN KESU(.TS

FUR-- AM

RECORD NUMBER
'.--19"--_'-

....--------__-
22

25

TIME (0)

7.7

14,7

26,7

56,7

15,7

16,6

19,7

7,7

14,7

26,7

56,7

16,8

19,7

29,7

INITIAL ERY]
(M/L)

'--1.@E-6

1.0E-6

1.EE-6

1.0E-6

FIMAL CRN]
(M/L) KDS

7.dEr2(--)

1.1E+3(--)

1.7Er3(--)

2,4E.3(--)

KDD

2.4E+3(81)

2.2E+2(--)

6.2E+2(--)

'--------------'------'--'--'__-" ---
1.8E-6

-------------'-"'-"--'--'-"'-----'--'-""--"---'- a
5,4E+2(1.3) x

1.DE-6
^

1,8E+3(23)

1.DE-6 1,7E+3(18)

1.OE-6 3,7E+3(49)

------------ .------------

7.7

--------- --------"--'-°'-"-'--
1..7E-6

14,7 1.2E-6

26,7 1.UE-6

56.7 1.0E-6

16,6 i..'+.E-6

--'-----------"°-------
2,3E+3(--)

4,4E+3(--)

1,1Es4(_-)

6,3E+4(--)

--- ------------------------------ ----- --------------------------

5.BF.•2(--)

1.5E+2(--)

3.4E+2(42)

-----------------

4.8E+2(--)

-----------------------------

O



_______________________________-__-________--______ _ ______-__ _ _ ___________-_-___._._ _ _ _ _ _ _ _r____--___..__-G --- -^• __^ _ - _ --

(--)b+39'T 8-30'T 994

E (--)E*30'S 8'30'S 09--------------------- ------------------------------------
°----------'-----"------__-___________---_-_-__r--__-__-__-___r.

(--)b+30'T 4

(--)£+35'Z 5Z•

------------------- - - ------- - ----------------------- -- ---------------- ---- ------------------- ^. -----...-_-__..£S 66

(--)E+3N'6 85
-- ----' -----_-------"---------------------------------•_-_----_--------------___-----_-'-_-_-n--___ ----'--_---_-•

(bZ)br3S'Z Ef
_°'_--_-----°-----------------'--°--------'--'---_-----_---_-------- ' -----'----------u'. .. . - -----'-'-°'^--'-----a----------------

(96)Y•30.9 9-36'L 8 Zf
__________________________________________________________________________________________________- .-__________-____-____..

(bb)bs3L'Z bT Tf----------------------------- - --- _------------------- - -------- -- ------- - ---- - ------------------------------ _-__,,.__-__-_-rr

(--)6+36-5 L-35'T

(--)6+3L'Z 8-3S'T

(-')b+3B'S 6-39'S

- -_ (--)£+3S'9 __-_. tT-35'T f'-' ----- -_-____---__ __
00)( S0M (I/w) (l/w)

_

(O) 3W71 838WfiN Ot10238
INa] '1vNI! [Na] lbIlINI

WY --tl0!

Sl'1()S3H NQI1d80S



^
N
'-I

f--)£•3Z'£

f-')£f30't

f--IY•39'T

f--If+30'ti

t^-)Y•3£'S

(-')£+3Z'£

-_------ -------• ------_ -_-^----------------------y--..^----^------------

6

6Z' L9
__---- - ------_-- - -------.°----------"-----` -+_ --------°

d

5Z'

SS' 99
----- -' - --'--_"---- ------'-----------_"-- - --------°

6

5Z'

£T' 69
----------°------- -'------ --------------'------ ------------"---------°----'-----------_--------------------'-_

(--)0•3£'t 8-30't b' Y9
------------------- ------------------------ ---------------------- ----- --------------.

w f--)b*3Z'£ 9-30'T 904

9-30'T Y' 99
_--^-------------- --------- ------ --------- -- -------- --- -- - --_ ------- .-_-_-.------------------- - - ^-_ :--_-^-----••-----•--e.

(--)£+3£'9 9-301T Y• Z9
------------------- ^------------------------- ^------------ ------------ - -_--_------ --------•-----y--.^----^------------.....

(--)6+30'T

(•-)£+3Z'£ 6Z'

_ £t' t9
'_ "

_
_ - "---'- ll- -•-•-------..

QON SnN f^/W) (l/fr) (0) INfl N38NON OynA]N
CN83 ItlNI! CN?!] 1YIIINI

NY --y0!

-- - -a
^j ^. 2 ; 5}9nS3a ^il^ao^ 6



-------------------------------------------------

f6'S)T.36'L ZL'SB

^ (£'9)S.31'6 99'LZC.
(f'9)T.3L'L L9'£E^

tb'£)TO39'L 9-34'Z £0129

(6'£)S*3L'L 9-3V'Z L6'69

(0'b)Ts39'L 9-34'Z • 46'94

(0'f)tr3£'L 9-30'Z T6'6 Y
-- -------°-------'--'-°---_---°----------- -------_. '-_--"--'-----_-----_----------------_-_^-^- ,.----a--__••-------_...

(S'9)t.3T'9
ZL194

(3'9)T.36'L
99'LZ

(1'9)T.30'9
L9'£0

f£'£)ZO35'S 9'30'Z £0'Z9

(£'0)1s30'9 9-30'Z T6'LZ

(0'b)t939'6 9-3Y'Z 96'94

---- -
(t'Y)TW35'4 9-3Y'Z T6'6 L---------------------------------- _- __`_"_-___ --__..--_-_----_--------- -------___--•_- •• -_^-_--"---_-_--..r

(6)Z*36'£
ZL•5S

f9)Z+3S'Z 99'1Z

(9)3•3913 L9'£1

(Y)3*32'Y 9-3Y'Z Y0'L9

tf)Z4302 9-34'Z T6'L8

fti)Z+30'Z 96'91

M3439'2 9-3y'Z Z6'6 9

OOM S0M
----"---' '.'----'- ' •--_.. - .. .. .•.

11/W) ( ^/W) (0) 3WL1 tl7lNflN OtlOU
CNN7 lYN1d CNIf3 IYIlINI

Y9 "YGf

_..._..._ .-
^siin^.s3V lJdao(5 6



_____________rr-_--------__r_.r --r-___r___-_ -r -w--_-___r__r 7 ..-r__rrwwrw .6- rrr ..rww-r.r.

c
N

i

N

^i

(6'G)T.3L'6 2L'ss

(L'4)T•36•6 991L2

(019)Ts3916 L9'£L

(L'£)T+39'6 9-3402 301Z9

(Z'b)1s3£'6 8-34'Z 961LE

(4'b)T+35'6 8-3y6Z 06'9C

(£'Y)Ts3T'6 9-3b'Z 68'6 09°-_-_r__-------r___-__________-rr__r_____________r_ _-_-_--r-rr--_ _.r--r-___-_________--r-__r ---- ___ _-_-w---rr_-_-..

t4'9)Ts3L'L ZL'S5

(4'9)Z•3S'T 99'0

(0'9)7+3£19 L91£4

(9'£)1s3L'6 9-3b'Z Z0'Z9

(0'b)Z+30'7 8-34'Z 96'L8

(0'>)T+3b'8 9-34'Z 96'9C

(0'0)1•39'9 8-310Z 6'6 LL
r-°_---r--------------_--__-----rr__-__°_-___--__----_--___r_-__-_--__-___w--_-r_-----_--yr_r--_------r-_-..

(9'S)Z+3Z'£ ZL'Si

t6'S)Z+391£ 99'L2

191£4

(9'£)Zs3L'Y 8-31'Z Z0'Z9

(£41)Zs38'£ 9-34'Z 900

(£'4)3+36'Z 8r3b'Z 66'94

8+3b'Z 6'6 4T

0
r

- r
i w rr r •y

() N SON (3/N) (^/N) (a) 3N1l tl38NflN (7tl003N
INtlS '1tlN1! CNa] 9VI11N1

we --tl0!

9 f^' 5: C G ^Si^rts^aCMOt^aeo^ 6



92 1 '? ^^'^^^3^3 7
80RPTI()N RESULTS

FOR-- BA ^
INITIAL CRN] FINAL CRN]

RE(;ORD NUMBER TiNE f0) _(M/L) (M/ L) KDS KDO
^

_
T

_
- • .-.

23 7.08 2.4E-8 7.2Es2(4.4)

37,05 2.4E-8 1,3E+3(4.6)

27,93 2.4E-8 1,3Et3(4.B)

66.12 2.4E-8 2,9Es3(15)

33,69 1.2E•3(6.2)

57,72 1.8E•3(6.2)

55,75 1.6E•3(5.7)

...---'-'-'----'+----. --w-------•--------------
26 9.07 2.4E-8 1,7Et2(3.7) )

37,04 2.4E-8 3,2Es2(3,9)
tb
ty

27,93 2.4E-8 4,7Et2(4.3)
>
'w

66,11 2.4E-8 5,7Es2(11) ^

b3,69. 4,7E•2(5.6)

87.72 3.BE•2(6.3)

55,75 3,BEt2(5.6)

...--.-.-....._- _"_^-_ -' -L-T----"---------'--- ---- -- - ' --- -^-^_ _°• - : • _ •- _ -••- -- "`^--'---'-'-----+-'----'--------°__-_-_-•__•.
28 9,08 2.4E-8 1,3Et2f3.9)

i7,04 2.4E..8 S,BEs2(3.9)

^ ,T7,92 2.4E-8 1,9Et2(4,1)

86,11 2,4E-8 3,7Es2(5,9)
H

i3.69 1.6E•2(5,6) ^

t7,72 2.3E+2(5,9) o

75,75 3.SEs2(6.1)

.^.._...-_•_---_ .s-__.^. .p..._. +---------------+___-^.--__..__._._...-__..--^---_--_-•__-__--___
•----_----^ ----_-•_^_^__-...:



THIS PAGE ^NTENT^ONALL^
^^^T htU^p,'K



0
N

ti

U

---------------------------------------- ---------- ---- - - -- -------- - --_--------------------- ^---r---=-------r------

(^'B)£•3t•t ZL'S8

(0'L)Z+3t'6 99'49

(8'9)0+3046 191£T

(9•£)9y36't 9-3£'t £0'Z9

(0'Y)Z*3Z't 9-3£'t L6'63

(4 Y)Z*3Z'2 9-3£'t L6'9T

(Z'0)Z+38'T 9-3£•t 26•6 8

------------------ -------------------- -----`------_.-r-_ . ----"---_-----------_.___•-------- 'y'- ^---__---------------•

(L'L)£+30•t ZL•5fi

(019)Z+3149 99'LZ

(t'L)3•39'9 491£4

C9'£)9*31•£ 9-3£'t £0'39

(9'4)t+39'8 9-3£'t t6'L$

9-3£'t 86'94

(£'f)Z+30'1 9-3£'t t6'6 L
---------- ^--r-r-- -_----r------r---------- ---_ --_ -..r----.-----------r-------_- --r-r"- ^. ---r---r-r-rrrrrr.^.

(£i)£v3Z•5 tC'Sfi

(9)£43901 9011Z

(9)Z•3564 196£1

(ti)£*3£'t 9-3£'t y0139

(5)84361t 9-3£'t t6'Lt

(0)1r39•6 9a3£'t 56'92

(5)Z*3£'T 9-3£'t Z6'6 9
r rr -Yr r r r Y• YYY.•

oaH saM iiiw) (-I/w)(a) 3N9i b3ewnN 08o018
CNtl] 'itlNId CNe] IYI1INi

30 --tlOJ

[^ ^^c r i :^ y r ,, Ŷ- L

d3 ^^ a_

C

(, Ci S^i'1nSZY NC^1dqPS (^



-- __.._.---
- - __ -'------------ ----'

_--_-- -'--_---"-------'_
_ - - - _ _.___ -H_ .^- -_a_ _-....__- ..4.

0
N
H

F

I

N

U

(L'L)£+30't ZL594

(36L)£•3t't 99'15

(6'9)£•30't L9'£4

9-3£'t 30'39

9-3£'t 96148

(L'0)843L'Z 9-3£'t 96194

9-3£'2 69'6 0Z
--- ------------- ---------_-_-_.-__-_._ -___---___ _ -__---______-r--__-__..-_ - _-_-_-_._____-_-.W- - _^..___....-_-_._..a.

(9'9)£•3t't ZL'fiL

(£'L)3•3069 99'1E

(f'9)9.36'S 1.91£2

(96£)3935'9 9-3£'t Z0'89

9-3£'1 96'4Z

(£'0)1*39'9 9-3£'2 9619T

9-3£'t 6'6 Lt

'--'-°----'-----' -------------°----'- -------- -°--.-"'-'---_ --------------------- -'----^'------°--_-_..

ZL'S5

(6'9)£+33'Z 9914Z

(6'9)£+31't L9'£t

(9'L)Z•39'9 9-3£'t Z0'Z9

9-3£'t 96'L8

9-3£'t 66'9S

(£'b)t*3L'L 9-3£'t
_-

• y

64
.___._-

------ -SON

-

(l/W) (^/W) (0) 3W11 838NON Otl003tl
CN83 lvNld CNtl7 'itlIlINI

30 --tl0j

^ ^' ^ ^ ^ C;siins3A^r,oirlda s 6



-------------------------------------------

(6t)£+3£'Z

c (0'8)Z•39'9
N
e
a (969)3+39'6
E

(t'9)ts35'9 9-3£'t

(4'Y)t*38'Z 9-3£1T

(£'Y)t*3Z'Z 9-3£'t

(£'Y)1*30Z 9-3f't
------------------- --------------------- ------ --- ---------- ------------

(0T)Z•3L'L

(8'9)Z++32'6

(6'9)Z+3S'6

(tt)t*34'f 9°3£'t

M (S'ti)t*3f'Z 9-3£'T

(Z'4')t*35'Z 9-3£1I

lt'0lt*35'£ 9-3£'t
----°--___•___--- - ----- - - - ---------------------- -- --- -------

(2,O)C4391%(£'8)£+3£'t

(6'9)Z+39'9

ooN

(ST)t*3L'L

(L'Y)t+35'6

(£'ti)t*35'S

SoH
---`•----'

('1/N)
CNa] IYNId

9-3£'t

9"3£'t

9°3f't

9•3£'t

(l/Hlw_
•

CNa] IY111N2

-_-_rrH--_..--------------s

SL'SS

ZL'LZ

69'£T

tt'99

Z6'LZ

Y0'L4

80'6 8Z
.°-'-"-- c --'!----..r-_--_.,..

SL'S6

ZL'L2

69'£T

tt'99

£6'LE

1•0' L3

L0'L 9Z
--r- '----^----_ ---•_--__--..Y.

5L'G6

ZL'LZ

69'£!

ZT'90

£6'Li

S0'LE

80'6 £Z

(0) 3HL1 ll3eHflN Qtlo03N

30 -tlG^,

_Y.

f^ ^ r^ ^ C, ^Sii^53a^NOldao6 6



9 2 1 2 i 5
SORPTION RESULTS

FDR-- CE
INITIAL CRN] FINAL CRN]

RECORD NUMBER TIME (0) (M/L) (M/L) KOS
..'_'_--•_-.. .-'_'--^ '--^-°--+-- '__-------

5D 6-7
'--

11,8 8,7E+2(--)

12,9 3,5E*3(--)

-'_--_-"°--°-^--'-=---u--------------------- ------'--------- •__------'--------------'--'---------'-'---------"'
51 6,7 3,4Er2(--)

11,8 5,5E+2(--)

12,9 6-6E+2( )--

---------------- •----=------------------------- •____-:------------ _--_-'---------- ------------ ---_----------_
52 6,7 6,7E*2(--)

11,8 2,IDE*3(--)

12,9 2,0E+3(--)

---------------- --------------------- ^----------------------- •----------------------- -_--------'----'----
53 6,7 9,0Ee2(--)

11,8 1,6Es3(--)

12.9 2,2E*3(--)

^.--_----_-••---_f------ ---------------•-_---•-_---_-•----- --•---_----_---------_-_--_"_'--^•_-_-_---_---_•---

54 6,7 2,3E+2(--)

51,8 4,4E+2(--)

12,9 5,9E•2(--)

---------------- ^• -
--4--------------------------'_------------ _----------------------------- --•-_--_----_-------

KDD

tp
n
ta
r

^

^

O



O
N
'-I

^
w
U

nf)N

-------------------------------- - ----
7
------------ -- ---- - ------------------------- __-__--__--_-___---

c--)i•3e't 5-3e•t

(--)£*30'S 8-30'T ;' 99
-------------------------------------

7 ------------
._---__-_-_-____-----._-_--y__-`----_____-_-_-____.r

(--)0*30'8 5-30•T 99t

f-->i•^35'Z 8-30•T 984

f--)£f30'9 6-30't y•

f--)£+3£'9 2-301t y• 09
- ------------------------------- -- --- -------- --_--`----------- _---------------_ -^----r- ---'---------•

f`-)Tr39'Z 6'ZT

L 9 Lfi
-------------------------- ----- --------_----------------------------- .----^---------------.

f--)£s35'Z< 6'64

i--l£• T Z ^

(--)Z+36'6 L'9 99
------------------------------- -_-- --- -- ----------- •_-----_-------------_---- S9- -1----^----•--------•-'

(--)3+36'9 6'B4

(--)Z*3£'Y B'tt

(--)3*30'9 L'9 yS

SOM ---f1/W)-- --.f1/Wl---- t0) 3WI1 M38W11N 0tl003tl
CNN7 1YNI.1 CNIf] 1tlI11NI

33 --tltlj

Si1nS3a NOI1daoS

^: S 2 Cf -c', C> ^ F i F 6



9 2 1 2.zi62035i

SCRPTIUN RESULTS

FOR-- CE

RECORO NUMBER
-'63----'-'

TIHE (D)

:4'---^

.4

186

186

INITIAL CPb] FINAL CRN]
(H/L) (M/L) . KD5

1.0E-8 1.3Er4(--)

1.0E-5 6,3E+3(--)

1.0E-8 2.5E*4(--)

aE-5i 3.3E.4(--)--

--- --'-----'-'-'-----------'-'
1.8E-8

-'-----"-'------
2.dEa4(--)

1.0E-5 7,9Es3(--)

K00

m

0
ta

^

________________________________________
64 .4

.4

i-+

O



9 2I ? .:; 6? C) :3 54

SORPTIDN RESULTS

FDR-- CS
INITIAL ERNI FINAL [RN]

RECDRD-NUMBER TIME (0l ----(M/L)- --(M/L)--- KAS KAD
-•---- --------

1 .5 6r3EaB(--)

1 5.9E+0(--)

a 2.0Ea1(--)

"---------------; ------------------------------ ------=------------ ----------------------------- •---------=---------------49 .5 7,9E-1(--)

Z 6,3E-1(--)

1 3.2E•e(--)

0

ir

H

r
N
O



9 2 i 2 i 6 2 0 3 5 5

S7RPTIUN RESULTS

FOR-- CS

RECORD NUMBER
-------_•--

2

TIME (0)
14._._.

26

14

28

..---••--••--__---_--^ ._F-_----_•--

3 14

14

28

28

INITIAL EP.N7
(M/L)

FINAL CRNI
(M/L) KOS

6.6Es2(1.4)

5,BE+2(2.2)

-•-----------------•_---_-_-_

5,0Ei2(20)

4,BE'2(17)

KDO

1.6E+2(6.1)

1.4E•2(21)

3

-- - -------------^-----•--F-•------------'------------------------------'--------
4 14 7.4E-6

28 7.4E-6

14 7.4E-6

28 7.4E-6

..---------•----: -'-- --------------------- ---- ------ -- °--------
•5 34 7.4E-6

88 7.4E-6

14 7.4E.6

28 7.4E-6

•..--•----_•---•^--_..--.r-----------

-----------

-- ••------•-^-------------•------...--_----

1. E•2(25)

1.2E•2(14)

------ - --------- ---------'----'
3,9E-1(18)

1.2E-1(130)

6,3E-1(7.2)

3.3E-1(64)

0.0E•0(0)

0.0Et0(0)

--------------

0.0E*0(0)

8.8E•0(0)

n
^

N

H
.'V

N
O



-•--------------
--

0
N
N

F

(£'L)Z•39•9

(£'L)Z+3L'Y

(£'UZ.3Z'S

(Y'Z)Z+3t'Y

(9'Z)Z+30'£

(9'Z)2s3T'£

(9'Z)Z43L'Z
-------------

6-3Y't

6-3Y'T

6-3Y'T

6-3Y't

(£'L)Z•3T•Y

(Y'LlZ•3((•£

f£'L)Z^30•4

6-3Y'T
i
m (6'Z)Z+30'Z 6-3Y'T

(9'3)Zs35'Z 6-3Y'T

(91Z)Z*3Z'Z 6°30't
( -------------------. - -------- ---------------------- -- __--------------- -----

(UZ•396L

fL1Z•3Z•9

fL)Z#39'6

OOM

(Z)Z*3Z'9

(£)L#35'Y

(£)Z*3Z'Y

f£)Z*39'Y
Y-r

SOM + f3/N1 ^
CNM] ItlNIj

6-3Y't

6-3Y't

6-3Y'T

6-3Y't
-3_r - -

CNtl7 9tlIlINI

ZL'S6

99'LZ

L9'£T

£0'Z9

L6'6E

L6'94

T6'f 9

-------------&----r-r----

ZL'SS

99'LZ

L9'£T

£0'Z9

T6'L8

96'9T

t6'6 L

-'-` '-:----^----------'---•,.

ZL'S5

99'L2

L9'£T

b0'Z9

T6'LZ

96'9!

Z6'i
•---r-y-
(0) 3NLI

9
rr ------r^.

M38NflN OtlOoltl

SO --tlOJ

-



9 29R!TjO^^HESUL?j 7.

FOR-- CS
INITIAL CRN] FINA(, [RN3

RECORD NUMBER TIME (0) _(M/L) (M/L) KOS KDO
------------- --------

14 9.9
___ -_ _;-_ ------s___

1.4E..9
-_^

3,5E•2(2.6)
---

16,99 1.4E-9 4,0E•2(2.7)

27.96 1.4E-9 5,5E•2(2.8)

62.02 1.4E-9 7,2E+2(2.5)

13,67 6.3E•2(7.3)

27,66 6.4E+2(7,3)

15,72 6.8E+2(7.2)

----------------i----, --`------------ --------- °----_ ----------------- ------------------------ ---------------__-------------

16 6.49 1.44E-9 1,4E.2(1.2) te

53,53 1.44E-9 1,6Es2(1.2) vni

27,6 1.44E-9 1,7Ee2(1.7)

55,58 1.44E-9 1.9E•2(1.6)

14,01 3.9E+2(11)

27,7 4.5E•2(11)

56,78 5.EE+2(11)

..^-----_-••__--^_^_-r---I------------- -------------- ----------------------------
-

-------------------------------------------

17 9.9 1.4E-9 2.5E*2(2.6)

36,98 i.4E-9 3,4Es2(2.6)

27,96 1.4E-9 3,4E*2(2.6)

62,02 i.4E-9 5,3Es2(2,4)

53,67 4.SE•2(7.3)

27.66 7.3E+2(7,3) ^

85,72 6.1E+2(7.3)

.-------------_--^-_-_^---4--------------------- ^ ----
-------------- --- -;---_------_--_••-----_-_---------- ;_-------___-------•.



9 2 1 2 .; 6 2 } ^ :a 3
SORPTION RESULTS
.s +•. ...._---

FOR-- CS
INITIAL [RN7 FINAL CRN]

RECORD NUHpER TIME (D) (H/L) fH/(J KDS KDO------------
18

•^_-' _•
6,58

---^ ----^-- -^ ---^
1.44E-9

--•
8.3E#1(1.1)

23,52 1.44E-9 1,0E•2(0.8)

27,59 1.44E-9 1,1E+2(1.8)

55,58 1.44E-9 1,3E•2(1,7)

34,01 2.9E•2(11)

27.7 3.4E•2(10)

56,78 3.4E•2(10)

..--
_-__•-_-_-^-_-_ -^-------------- ----------___-•_-_-__-----^__-------_ _--_____-____; -----

20 0,89 1.4E-9
----

4,6E*2(2.7)
-__------_--__-__•

16,98 1.4E-9 6,1E*2(2.9)

87,96 1.4E-9 4,8E*2(2.7)

62,02 1.4E^9 7,BEi2(2.5)

53,67 8.2E•2(7.2)

27,66 1.0E•3(7.3)

75,72 1.0E•3(7.2)

..-------------- ^'---c -- - -----'---- ------------------------'^----------------------------- ---------- --------------------
21 6,58 1.44E^9 7,7E+1(1.1)

13,52 1.44E^9 1,0Er2(1.1)

27,59 1.44E-9 1,2E•2(1.8)

75,57 1.44E-9 1,2E*2(1,6)

14,01 3.2E•2(10)

27.7 3.7E*2(11)

56.77 3.4E+2(10)

i^

H
71

r
N
O

---------------- ^__-_^-------- ----------------- ------ =----------------- _-----------------^-'---'-----------------------------



0
N
^

Cl)
U

----------------------------------------------------- -7_--------_-- ----_-_-_^-_-------- -----------^---_-_--! --------------

fZ'L)f*34•T bL'66

tf't)Z.3L'S ZL'LE

fZ'L)Z•3o•L 69'£4

(b'L)b*3b'T 6-34'T TT'99

tL'2)Z+35'Y 6-34'T f6'LZ

(5'Z)3*3£'2 6-3b'T b0'LS

tb'2)2*39'T 6-34'T LS'L 93

-------------------- ----------------------- -_--__-_-------------------_--_----__-----_-_
_----•-----q-_------^------------_-

fTT)Z+39'B 9L'96

(TT)Z.391e TL'L8

(bT)9.3013 40'bS

(0'Z)£+39'£ 6-34b•T £9'66

(Z•Z)£+39'T 6-34b'T b8'L8

fL'T)3*3019 6-3Yb'T 06124

(£'T)2*39'Z 6-3bbT £8'9 YZ

` ---------------'- ----------------'---'- --'------ --------_--_---_ - ---------------------
I - =---_a_---^-•_------.•

(3'4)Z.36'6 6L'6i

(f'L)Z.301e ZL'LB

tt•4)2+3T'T 69'24

(TT)b•39'Z 6-34'T ZT,99

(8'Z)Z*3L'9 6-3Y'T £6'LE

(9'Z)Z*34•Y 6-30'T 60'L4

(913)Z*3Z'£ 6-34'T 9014 93
------r.-•^- -_i-------_r

`

Y------ ----

00H 80M O/H) (3/H) (0) 3Ht1 838H0N 0a003a

CNaI 7tlNI! CNa] IYIlINI
S7 --tl(Id

6 S F- C
sllns3a`NOl^ieaos

6



9 2SOAT)Of! RULT^ » '+^ '•3 ^a i,J
-__- -- ----_

FOR-- CS
INITIAL CRN7

RECORD NUMBER TIME (D) (M/L)
-- -------- '------+ --- -----^"

27 6,83 1.44E-9

13,83 1.44E-9

27,84 1,44E-9

55.82 1,44E-9

14,04

27.7

56,76

-------- ------
+__--4---r--_- -

28 7.08

17,04

27.92

66,11

13,69

27,72

55,75

---------7..4E-9

1.4E-9

1.4E-9

1.4E-9

•^- ------------^----.- ---------------
29 - 6,82

13,83

27,84

55,81

14,04

27,7

46,76

---------------- +----• --r----_--------

1.44E-9

1.44E-9

i.44E-9

1.44E-9

FINAL CRN3
(M/L)

------+---
KDS

1,4Es211,7)

3,3E*2(1.4)

1,4E•3(2.4)

2,5E+3(1.9)

-------------------------------------
1,4Ea2(2.5)

1,9Ea2(2,5)

2,1Ee2(2.6)

4,3E•3(4,1)

1,0E*2(1.1)

3,OE*2(1,4)

4,8Er2(1.9)

2,8E*3(1.9)

K00

2.7E•3(15)

1.3E•3(13)

1.6E+3(13)

4.9E•2(7.3)

4.5E•2(7.4)

4.8E•3(7.4)

1.6E+3(13)

1.3E•3(13)

1.1E+3(7,2)

td
n

H
7y

^

0



_•__' •-_-__--__ -- ------- ---------------------- --- -- - - ----- --- - - -- - _-' -------__-- -- --___- -'_ -__--___--'-..

0
ti (Z'S)£*3b'S 6 B£

-----------------------
-----------

'---- ------'-_-___'--_-_ -n_- '_-_'--_-_-.._-..---------------------------- ----'. _

F

6 Lf

'_'--------------°7 -'------°--------° --------- ---- -°°_-°--_ - ------'--------'----_-_----------°°-°--__-...

(5'T)£*30'T 6 9£
___________________7 ______-__- __-__________ ______-__-_ _ - -___._______a-__--±_____-___-_____-___--y_--_--__--_-r.

(9'0)£*30'T 6 G£

_'--'--°-------------'----------'-------- --------------- --'---'-'--_ ---'-----------------'---"---__"'-----__•____--

(9'4)Z+39'4 L tf
__________________ _______ _-_______-_ ________ ______-___--__ _^_ --_ _-_____-___-_-___-_y-__.__ -._ __-_-____-_-..

(LZ)£*3S'T 4T ££
-------------------- _---------------------- --------- ---- - --- --------- ----- - -- 7 -_

____--______--___
'
---_-_-_ _e_ - _____--_--__-.

^

v (S'L)Z*35'9 6"34'b Z Zf
CA ----- -------------------------------------- --------------- -'_-"__'_---_----'--'--'--'---------_--"--c- _-•'------_-'-__-..

(8T)£s3t'S ^S S£

(-->Z*3t'S 5-35't

(--)Z*3£'Z 9-35'T

(-')Z*3T'6 L-3T'T

(-')£*34't 9-35't 09
__- --- --- ---- _ - ___________

00N SOH O/W) (`i/H) (0) 3HI1 b38W(IN 0y099tl
CNa] '1tlNI.d [Na) Itl11INI •

SO --tl0!

511OS38 NOI1dy0S

I 92G -6c/ FZi 2:b



9 21 2^'a 9203 62
SORPTION RESULTS

fOR-- CS
^ INITIAL CRN] FIUAL CRN]

RECORD NUMBER TIME (D) (H/L) (H/L) KDS KDD
-••--------•-- ---'---• --'^--'__^_- •---..._-^ --• -..

39 9 9,4E•2(2.8)

.••__.,.-_..-___-•»--0------------------------- ------------------- ^------------ ---------------- ----------^----------- _-
"
-_---^

40 7 1,1E*3(9,7)

w•--------------•_--_^ ..^.-------^------------------------____---------------- -------------------------_ --__---------------

41 8 3,BE*2(35)

..--_----------- •__"-, --------------- -------- ------'------------------ ..----- -------------- ^--------- --'------------____•
43 3 8,OE•0(61)

10 5,5E-1(999)

30 1.2E#1(45)

^

...__-__'.--_-'-v°°_._..--__'•_'_------------ ------
------------ --__------------------------- •--------- '_'__--------------^

44 3 7,9E*2(8.7)

10 2,7E*3(12)

30 5.9E*3(27)

• T 4 . -

45 3 5,8E*2(17)

10 3,9E•3(109)

30 8,4E•3(79)

.. • 4 w

46 1 6,5EW22)

10 1.5E•2(11)

90 3.9E•1(8.7) °

---------- '_ -- : --------------------- '------ -'--- ------------------------- '--------- --------------------



A ..
! ♦ - f

0
N

0
^

^
V

FC

t--1Z+30'S< Z'>g

t--)Z+30'S< £19

f--7Z+35'T £'L

f--)5+30'S It.
----------------------------- - --------------- _-__-_ -_- -_ -__-___-a-_-_-_--_--_-____-..--_-_--y__

f--)Zs30'S< Z'bT

t-->Z*34'S< £19

f--I5;30'S £'Z

----------------------------- --------------- ------ ----'°-----------. ------------------- ^--- -- -!

(--)S*30'6 3144

f--)T•30'6 £19

£'E

f--)T+34'T IT,
--------------------------------- ------------- ------------------------- _----------------------------- c ---!

f--)Z*30'S< Z'4T

(--)Z+30'S< £'9

f--)Z+3T'Z £'Z

f--)Tr3T'S IT,
---------------------------------------------- ----- _ - --------- -- -----------------------^..--_•

00)1

(T>7Z+3S'Z

S 0>I
tl__

-/N)
[Nii3 ltlNI!

£5

Z5

TS

09

6 It,
--------- -------- -------------

(I/N) (0) 3NI1 a30HnN Otl023tl
[Nd] Itl11INI •

s0 --tl0e

-- - - ----•-
S1`Ins3a NQI1daoS

^. G£ C' ^i `' C(F 6



0
N

1

F

i

^
^

U

(--)Z+36'S

(--)Z+36'S

t--)5+30'b

(--)0+30'6
--------------------------------------

t--)Z•30'SG

(--)Z+30'S<

(--IZ+30'S<

f--1T+35'S
--------------------------------------

( --IZ+30'S<

(--)Z•30'S^

t--)Z+3f'S

-)5+38---------------- --- ' ----

(--)Z+3Z'f

t--)Z+35'C

(-')Ss30'9

U0N S0N r--f'1/u)
CNtl3 IYNId

------------------- -----.-.- .--------------•-

Z'bS

£'9

f'E

[S' LG
`-----'---------------------h--_^-_-_•-------------- a.

Z' /4

f'9

£'8

IT. 99
--------------------- -i.- - ------------•-

Z'f4

f'9

£'E

GGit.
------------------ ----------------i----^--------------^-

Z'tiS'

f'B

£'8

W +s
- ------- -•

(vN) (o) 3N5i a38BflN IItl0038
CNO wIlINI

SD -°Ytl!

_• --- -•-
S19tIS3a Nf)ildaoS



-------------------

0
N

i
E

-------------------

----------------------

----------------------

^

U

("-)Z+3E'9

(--)Z+30'b

(--)Z•36'2
-'--------------------°---------_-____

0UN

f--)T*3£'9

t°-)Z+3Z'£

(--)T+3Z'£

t--IZ+3£'S

(--)5=36'L

(--)T•30'b

(--)Z+3£'9

(--)Z+30'b

(--)Z•3Z'£

c--)T+39'm

(--)Z•35'Z

(--)T+30'z

-_(__)T+3£_9

5-30'T 99g

9-30'S 991

5-30'T m'

9-30'S m• 29
°'---_----- _------------------------- ----`----------------

5-30'T

9-30'T m• 39
__-_--_---'-----------------------'+-- - --------------------

5Z•

£S' T9
---- - ------'------'-----'+--------'---------------'

5-30•T 99T

9-30'T 99T

5-30•T m•

T3^ b 89- - -_-_- -^-- --------- --°8-

L

SZ'

£S• 65
--------------------------------------------------------___-_-__-_--_---_-- '

_ _ _ _95

- (_^/W) -(l/N) (0) 3NI1 839kf1N q8033tl
CN83 ItlNI! CNO ltlI1INI

S3 --tl0!

(--)Z+3£'T

0M

^ G" ^ ^ C. ^l^rls3aCNnt Tiao 6



0
N
^

E --_- -------------------------- - - - - - - -

f--)Z+35'Z

f-->Z+39'T
-----------------------------------------------------------

f--)Z•3£'9

f--)Z*30'4

f--)Z+30'Y
------------------------ ----------------------------

(--)2+36'L

• f--)2+30'Y
--_.------------ 7__-__-__-_------------------------__-

t°)S+3Z'£

f--)S+3£'9

00M SOH
CN8] IYNId

L

S2'
--------------- ------------

L

5Z'

£S'
------------------------

L9
-__--°--------•

99
-------'-------'

6

52'

£S' 69
------------ ----------------------------N---e----^----_---_-----..

5-30'T Y•

9-30-T Y+ Y9
`_ ` _ `_'-•^ - ------'-----•.
(l/H) (0) 3W11 a30Wf1N 0tl0O3N

CNtl] IYIIINI
So --tlC!

'- - -...
Si'If)S3H N0I1d80S

9 9 k U G cf ^^ 1 9 6
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- - ---------- --------------- ------------- - --- --- --------------------------------------- - --------------...

0
N
•-1

ti

rA

(£'9)Z+3b'6

(£'9)Z.38'9

(6'6)Z+30'6

(9'S)£.3T'T

(Z'S)Z.3Z'L

(L'9)Z+3t'9

(9)£.39'b

(9)£+36'T

(9)£.3T't

00>t

(b'£)Z43L'£ 8-30'9

(6'£)Z>31'Z 9-30'9

(0'b)Z+3Z'Z 9-30'9

(6'£)9+36'Z 9-30'9
----------------------------------------------------

(b'£)£+30'T 9-32'8

(£'b)Z*39'T 9-33'9

(0'0)Zs30'Z 9-30'9

(0'b)Z+36'T 8-30'9
----------------------------------------------

(b)£+39'£

(b)Z*35'£

(b)Z+3L'Z

(b)Z+35'£

50N ---('1/H) -
CN8] ItlNI!

9-30'R

8-30'8

9-30'8

9-30'8

--•(l/W) ---
CNa3 ItlIlINI

ZL'S6

99'LE

L9'£4

£0'Z9

L6'6Z

L6'9S

t6'6

ZL'S6

99'LZ

L9'£T

£0'Z9

T6'LZ

96'9T

t6'6
------ ----------•_-

8L'S5

99'LE

L9'£T

b0'Z9

T6'LZ

96'9I

Z6'6

(0) 3WI1

9

L

9
-------------
H39W(IN 080D38

n3 --tl0d

L e: E C ?, Csi^s3^NO4daql 6



9 OR 7;0',QI REI^ULT$ 2 0 3 5J
^

8
t ^-.P ^ ..

FDR-- EU
INITIAL CRN] FINAL CRN]

RECORD NUMBER T$ME ( D) (M/L) (M/L) KDS KDD-----------

14
-------
9,9

--_^---- '-_
8.8E-8 2.1E+2(4,1f

---

36,99 8.0E-B 4.6E+2(4.3)

27,96 8.0E-8 7,8Es2(4.4)

62,02 8.0E-8 2,0E+3(8.1)

33,67 2.0E+3(6.4)

27.66 2.7E+3(6.0)

55,72 3.4E+3(5.6)

^.--------"---'^'---T -------- --------------------------- --'---------------- ----------- ^--------- --------------------
17 9,9 8.0E-8 1.2E+2(4.0)

16,98 8.0E-8 1.7E+2(4.0)

27,96 8.0E-8 2,4Es2(4.0)

62,02 8.8E-8 6,0E+2(3.6)

13,67 7.0Ea2(6.0)

97,66 9.5E•2(6.1)

75+72 1.0E+3(5.6)

&3.67

R7,66

55,72

---------------- i------------------------------------

1.1E+3(6.0)
N

1.2E•3(5.7) °

1.2E•3(5.9)



0
N
e,{

1
x
N

M

m

(b'9)£.36'T

(T'9)Z+35'L

(8'S)Z+36'S

(L'S)Z.3L'6

(9'9)£+3Z't

(6'S)£+3Z'T

(L'S)£.3f'T

(f'9)£+39•T

(Z'9)Z+3T•B

00N

-----------------------------

(6'S)Z+3T'T

(0'b)T+35'b

(6'£)ts3Z'f

t0'b)S*3Z'£

(TT)T+36'S

(T'b)T+36'£

(6'£)t+36'£

(9'£)T+36'b
-----------------------------

(5T)Z+39'T

(£'b)Z+30't

(B'£)T+3B'9

(T•b)Z+30'T

SO)I

^ - . -
J - ^ -- •

5L'S8

ZL'L8

69'£C

8-30'9 TT'99

B-30'B Z6'LZ

8-30'9 40'Lq

8-30'9 80'L 8Z
_________________________y_--...--_t_-__-----------r

5L'Si

ZL'LZ

69'£S

-_'^I/W)
_^

CN8] ltlt:Id

9-30'B TT'99

9-30'9 £6'LL'

5-30'0 40'LT

9-3019
---------------

L0'L
-------------------

9E
-- ----------------

SL'S5

ZL'LZ

69'£t

e-30'8 ZT'99

9-30'B £6'LE

8-30'8 50'LT

e-3018
---------

9011

- ---
£Z

(I/N)
_- -

(0) 3H)1
-------------
M38HNN 0N033tl

CNb7 9YI11NI

n3 --tl0d

-_^..-_-r y
E Li 2 C, t°a (S11ris3aCNn11(dac5' 6



9 2 1`?. )`^! -)s 7-9

SORPTION RESULTS
-r_--- --------

FDR-- EU
INITIAL CRN] FINAL CRNJ

RECORD NUMBER TIME (D) (M/L) ( M/L)_ KOS KDO
------------- -------- ___------ -- ---- "`___ ---

60 .4 1.0E-8 1I0E+4(--)

.4 1.flE-5 1,3Er4(--)

386 1.0E-8 3.2E*4(--)

386 1.0E-5 1,0Er4(--)

---------------- ^- -'---^------------ --------- ^------------------------- --' -----------------°-------------------------
62 .4 1.0E-6 2,5EW--)

.4 1.0E-5 2,5E*4(--)

---------------- i----; -------------------------; ----- --------------------------------------- -----_------------
63 .4 1.0E-8 7.9E*3(--)

.4 1.0E-5 1,0E*4(--)

i86 1.0E-8 t,6E*4(--)

166 1.0E-5 2,0E*4(--)

---------------- --------------------- ---------_-.. -----------------------
- ____-_____________

64 .4 1.0E-6 2,0E•4(_-)

.4 1.0E-5 1,6E*4(--)

..---^----------^--_-T-^ ---------------------------------------------- ---------------------------------------------

ta

c

----°' z
^
N
^



FOR, I

RECORD NUMBER
-------------

60

62

..'-63---------

?IME (0)

.4--'-•

.4

^----'---'--------
.4

.4

--------.4------

64 .4

.4

----------------ii_- ..

9 2 i 3 7 !

SORPTION NESULTS

INITIAL CRN] FINAL CRN]
(M/L) (M/L) KOS KDD

1.2E-8 0,00

1.0E-5 0.00

'---°------ ----------------- -----------
i.DE-8

---------------------- ----"-------.
0.00

i.0E-5 0,02

------------ ----------------- ----------------------------------- ------------_.
1.0E-B 7,vE-11--)

i.0E-5 6,3E-1(--)

-_---------^--------------- ---- ------------
1.0E-8

-------,-----------°------"-_--'-•
0 . 00

1.0E-5 0,00

ed

H

H
N
O
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9 2I 2 :a 'i 2 :7 ,3? ?

SORPTION RESULTS

FOR-- ND

RECORD NUMBER TIME (D)
----------- -' _---

60 .4

.4

186

186

62 .4

.4

..'-°----'-----; --------_"'
63 .4

.4

186

186

INITIAL ERN]
(M/L)

1.0E-5

i.0E-8

1.0E-5

FINAL ERN]
(M/L) KDS

7,9Er3(--)

5,0E•3(--)

KDD

------------ ------ ------------
1.0E-8

------ -----------------'f-------------- -------------'------
2 0E*3(--)

5.@E-5 1,0E:3(--)

---------------------- -----'--
1.0E-8

'----•------ -----------'----------------------------'------
4,0Ee3(--)

1.0E-5 3,2Ea3(--)

i.OE-8 1,3E•4(--)

1.0E-5 2,0Ec4(--)

----------- W--'----'--_-
64 .4

.4

•---'_--'-••--'------'T _--F-'----

-°-----'------------ --_---'----------------';-'--__-__-__-_-_--_--'__--
1.0E-B 4 0E.3(--)

1.0E-5 7,9E*3(--)

(

W

z
c7

r

-j
yl9

O
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9 2 1 2 > t^ 2 0 3 7 3

SDRPTIDN RESULTS
.^ ..............

POR-- NP
INITIAL CRN7 FINAL CRN9

RECORD NUMBER TIME (D) _(M/L) (M/L) KDS KDD

ww•_--•---...- -r•---_-• _-_ --- - r-- -_-_---_-••

30 9.2E-7

..w ._.

2,6E*2(--)

7.8E-6 3,2E*1(--1

9.0E-5 1.5E*2(--)

7.OE-4 1.5E*2(--)

--------------- 4
•^ -_----------'-'------"---^----------^----•-•------------------'--

--------- ----'------------..

31 $4 4,5E*4(4.4)

33 24 3,9Er1(7.7) ro

------------rr-------------- ^___ _._-._-_...___._____-___-__ -_R------ ---_------- -_-__---___--...-_.

60 .4 1.0E-8 2,5Ea1(--)

286 1.0E-8 7,9E+1t--1

-----------"----`---_. --r--------------------- -----'•-----'-----"---------------------------- ------' -_--------------°.-.

62 .4 1.0E-8 4.0E.1(--)

------ -_--------^____^ ------------ --------•_------------------------------------ ------- -----------------_-_--____°__-.--
63 .4 1.0E-8 4,0Er1(--)

186 1.0E-8 6.3E+1(--)

----------------'-------- u--------------------- ^-----+------------^----------------------------------- '-------------_--_--_-_
64 .4 1.0E-8 5,0Er1(--)

- --------------------r..-___--_..._-_^r•___^------------------------- "---^-+----------
--------------- -__•------'__--_---____-_• NO
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9 2 I 2 'i 6 2 0 3 7 =4

SORPTION RESULTS

FOR-- PU
INITIAL CRN7

RECORD NUMBER TINE (D) (M/L)
___________ -___+

2 S4

28

14

BB

---------------- •__-_^---------- --------------------=--
3 14

14

88

26

FINAL CRN]
(M/L)

-----------------'---'__-_--'----____
2.4E•2(45)

3,3E•2(16)

KDS

1,9E+2(28)

3,6E+2(26)

---------- ------------------------- ------------- -_--;------------------------------- __-_-
4 14 3,0Ea0(30)

28 2.1E.0(83)

14

28

---------------- ^--- ^ ^___---- _------------- ______+-_-_'•__-•_______-- ----------------------- ---------
5 14 4.1E+0(22)

28 4,3E*0(26)

14

28

_____________..__.____, -------------- ^------ -------- ----- --_-._____-_-___.__--_______-_-____-__

KD0

9.4E•2(1.4)

5.3E•2(22)

--------------

7.2E*2(8.6)

5.6E•2(7.5)

---------------

4.BE•1(15)

2.9E•1(44)

4.0E+1(37)

3.7E•1(28)

tiy

ro
C

r

H

N

O



9 ,qSORgT15 RESULa ^y
0 3 7 9

FOR, Pu
INITIAL [RNj FINAL [RN^

RECORD NUMBER TIME (D) (M/L)_ (M/L) KDS
RR.- ♦ w .. . ... .

_
..f

9 9,7 1.0E-12

34,7 1.0E-12 1,4E*3(--)

28,7 1.0E-12 1,2E*3(--)

76,7 1.0E-12

15,7

16,8

39,7

•--------• ^---------?---^------------ -------- ---------------°--------------------------------------
10 9,7 1.0E-12

14.7 1.0E-12 9,8E.2(--)

E8,7 1.0E-12 7,1E+2(--)

56,7 1.0E-12 2,SEr3(--)

16.8

19,7

29,7

---------------- '---- '------------------------- ------ ------------- ----------------------------- '---
11 7,7 1.0E-12

14,7 1.0E-12 4,0E*2(--)

28,7 1.0E-12 5,2E+2(--)

56,7 1.0E-12 8,4E•2(--)

15,7

16,8

29,7

KDD

i

p

ro
C

N

^-3

N
0

--_------•------•----T__-^



9 2! 2 :i 5 9-1376

SDRPTIUN RESULTS

FDR-- PU
INITIAL CRN] FINAL CRN]

RECORD NUMBER TIME (D) (M/L) (M/L)
----------- --..-.-• -_- -'-_+-- -_--..-_-'

12 7,7 1.EE-12

14,7 1.8E-12

18,7 1.8E-12

56,7 1.8E-12

26,8 1.8E-12

1917 i.0E-12

----------------•--'-^---------------- --------- -'----'----'---_---_---^--'--
13 7,7 1.0E-12

14,7 1.0E-12

28,7 1.8E-12

76.7 1.6E-12

15,7 1.8E-12

---------------- --- --- -- ....--_-----_. ._.-._-------- --------.--.•---...---
16 7,7 1.8E-12

14,7 1.8E-12

28,7 1.aE-12

56.7 1.8E-12

1517

16,8

---------------- •.-_..s--' --•--_-'."-- --•• ---"-_' -' -'--".._..-_ _... -. _'

KDS

3,5E*2(--)

4,3E•2(--)

9.4E62(--)

-----------------------

2.eEt2(--)

5,BE•2(--)

7,0E*2(--)

2.9E+3(--)

KDD

td
ro
C

H

O



9 ZDRITtRESUL^ 2 j ,^ 7 7
s-'-_-s_•:---'-

FDR-- PU

RECORD NUMBER
...---------

--

19

TIME (D)

7.7

$4,7

28,7

86,7

55,7

16,8

39,7

INITIAL CRN3
(K/L)

----_-••--^--
1.0E-12

1.0E-12

1.0E-12

1.0E-12

FINAL CRN3
(M/L)

-__-_-•r •

--_-_-__-•------^---_a-_-N--_
22 9,7

14,7

28,7

56,7

16,8

39,7

89,7

.0E-12 ------- - --

11.0E-12

i.0E-12

1.0E-12

•------------------------------------ -----_-------- _•-••-------------___-_----
25 7.7 1.0E-12

14,7 i.0E-12

28,7 1.©E-12

56,7 1.CE-12

26,8 1.0E-12

------_-------- - ---- ----------------------- --------------- •

KDS
__-

6,0E+2(--)

9,7E*2(--)

6,9Er2(--)

1,2Es3(--)

2,5Er3(--)

3,6Es3(--)

4,4E•3(--)

2,5Et4(--)

KDO

m

C

N
0



0
--__`Z+30't

---------------------- - ----------

f`-)Z+3Z'£

f--)S+3£'9
----------------------------------------------

(9T)Z+3Z'S
------------------- --------------------------

tLZ)Z+39'S
--------------------------------------------

fb5)b+32'T
N ----------'------°°-__-----------°`------'

] fSL)£•3b'S
w '----------------' ------ ---------------^

^ f£8)b•3Z'T
---------------------------------------------

f-->5+3L'S

f--)Z+3L'L

f--)£*3£'b

f'-)Z*3b'9

a0N SOM

- - -- -- ------------------ --------- -- - •- --------------

b-30'T b' 99

--- - - ------- `- -- ----- ------- -•--_ -n---^-_ _ -_••-----_--.

B-3@'T 993

9-30'T Y' 09
--- -' - - _____________•-__--"- -------------

A 8i

-- -- --- ----
-- ------------- ---- h- ---_ -°----••-----_-_..r

L Zr
----------------- -------------------------------- ----------------

b it
--- - - ---- -• -_ _ --------------------- ---°- -----------...

z z£
---- ------------------ -------------------'-----^-- - --- - ----------------

OT T£
--__---- - -----------------------_-_ -a_ __-_____-__-..,

5-30'T

9-30'T

L-30'T

b-30'T 0£
-_---'_--- ---_----'--- •____-__ -------------

i^/N) fl/N) f^) 3H11 i138Nf1N !)tl033tl
CN83 IVNI! (Na] 9rItIN1

Ad --y0d

Sllf)S3N NOI1dtll1S

G L E U G 5i SZ{ Z 6



9 2 ! 2 /a 2-3379

SORPTION RESULTS

FDR-- PU
INITIAL CGN7 FINAL [RN]

RECORD NUMBER TIME (0) (M/L) (M/L) KOS KOD
----------- ----- ------------ ------- ---- __-

.4 i.'OE-8 1.6Er2(--) [63
rn

186 i.OE-8 3,2E<2(--)

---------------- -------- I --------------------- ------ "------------------ ----------------------------------
-

64 .4 i.aE-8 i,DEa2{--)

..--__-_-•---_--e---------------- ---------------- ----- --------------- ---- ------------°---------------------

H
sd

N
O



FOR-- RA

RECORD NUMBER
----------'--

60

---62_------

TIME (0)
;4

186

--o- ------------
.4

---------------- ------------------

63 .4

186

--------------------- --'-a_-------------
64 .4

---------------- '-----------------------

9 21 2^a 59.0-:^ 319

SORPTION RESULTS

INITIAL ERN] FINAL [RN3
(M/L) (M/L)

-----..---

1.0E-8

1.0E-8

-------------'------------ -_---.
S.BE-8

S.BE-8

--- - ------ -------------------
1.0E-8

K05 KDD

1, 0E:2(--) ---

2, 5E+2(--)

----------- --------- --------------------
7.9E*1(--)

----------- •---------- -----------------
1.0Ei2(--)

5.8E+2(--)

- - --° - - - ' °------------------

tb

N

H

N
^
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9 2 ! 2 3 5 2 J 3 3 1

SORPTION NESU(,TS
^^_-........._..-

FOR-- RU

RECORD NUMBER TIME (0)
pI--^.... ..._ --_--_-7

32 g

-------------- -i_'--s_"°.._.

INITIAL GRN3
(M/L)

2.eE-12

FINAL LRN]
(M/L)

--_-•••----
KOS

2,SE*2(8.2)

K00 ta

r

Y

O



)INVIS 1331
A°1IVN01ME1:^^ ^^^^^ ^IR



9 2 l 2 -Z 5 1 0 3 3 2

SDRPTIUN RESULTS

FDR-- SR
^ INITIAL CRN] FINAL CRN3

RECORD NUMBER TIME (D) (M/L) (M/L) KAS KAD

----------- ------- -_--__-__-_•
1 3,2E-1(--)

y 2,0E-1f--)

y 2,0E-1f--)

.-_-'_----.___.------- -------------^--'-'-----.'-'...'---^_-_--•--_'___'_•--'..-..-..
+q

y 5.0E•if--)

-...- .. ., 4 M

td

^n

H

r
N
O



9 2 12 :5)?'a °Z 3 3 3 3

SORPTjDN RESULTS

FOR-- SR
INITIAL CRN]

RECORD NUMBER' TIME (0) (M/L)

_-_2-_---'_ --------
-E4-_-_• _-_____--_--

P8

14

28

w.-_-__-_---•._--i_-_-- -_-__-°-__-__--'-------"_-------
3 • 14

14

e8

e8

FINAL CRN]
(M/L) KDS

1.1E^1(27)

1,1E^1(28)

+------'------------------------'-
7,7Es0(13)

8,0E•0(15)

._-_-_-.-_..__--.__-_t_-_H_____________________.._--_ ___-___-___-___-..- _--__--_-__-____-__-___ _-_-

4 14 1.4E-5 S.BE-1(110)

28 1.4E-5 2.BE-1(122)

14 1.4E-5

88 1.4E-5

---------------- c----------- --- _------ ------ ------------- ____-__________-_-__-__-____

5 14 1.4E-5 9,0E^2(150)

88 1.4E-5 3,8E-1(120)

E4 1.4E-5

Be i.4E-5

KOD

2.SE•1(24)

2.0E•1(19)

1.4E•i(10)

1.4E+1(23)

------------------

2.4E•0(143)

2.9E•0(124)

--------------

3.1E•0(11E)

4.4E•0(100)

--------------------

H
^

r
N
C



SORPTION RESULTS

FOR-. SR

RECORD NUMBER TIME (D)
----------- -_-_^_

6 •,92

56.98

27,91

62.04

23.67

27,66

55.72

--------------- 4--^_^.^-^^---_-

7 9,91

66,98

27,91

62,03

t3,67

27.66

55,72

..-°-'-------^^•-^'------------^---^----
8 9,91

16,97

29,97

62.03

13,67

27,66

85,72

________________; --_-_-__-_-_-_-_-

INITIAL CRN] F3NAL CRN3
_(M/L) (M/L) KOS

.^_ - ---- i-^ -^-^-.----
1.2E-6

^

2,2Er1(4)

1.2E-6 1,6E+1(4)

1.2E-6 1,7Er1(5)

i.2E-6 1,9Er1(9)

.^'^^-.------------ --_-.
1.2E-6

.-------- -^-^^^_'-_-_^--_-^_
1,3Er1f5.2I

1.2E-6 1,2Ei1f5.8I

1.2E-6 S.SEs1f6,0)

1.2E-6 1,3Er1f3.1)

----- ------------- - ----
1.2E-6

---^^^-^^-^-'^^--^---^^^-
1,3Er1(5_.4_)_

1.2E-6 1,2Er1(5,7)

1.2E-6 1.2E•1(5,8)

1.2E-6 1.1Er1f5.8)

----^--------^-^•__--_--.^'-.^"-----`'---
^^

KOD

2.,E•1(7)

2.2E•i(8)

2.8E+i(10)

1.7E•i(9.5)

1.3E+1(7.7)

1.3E•1(8.5)

1.8E+1(8.4)

1.6E•i(9.2)

1.7E+1(8.8)

I

te

cn
7y
w

H
77

r
^
0



SORPTION RESULTS

FOR-- SR
INITIAL CRNJ FINAL CRNJ

RECORD NUMBER TIME (0) (M/L) (M/L)
:- - -_--

KOS KDD

'--------------- ------

14 9,9
.'--'--- -

1.2E-6 2,3E•1(4.1)

16.99 1.2E-6 2,3E+1(4.2)

27,96 1.2E-6 2,4E•1(4.0)

62,02 1.2E-6 2.6E•1(3.6)

53,67 5.0E•1(7.8)

27.66 2.7E•1(7.5)

55.72 2.7E•1(7,2)

---------------- i---- T - ------------------------ ------ ---------------------------

17 9,9 1.2E-6 1.4Es1(5.2)

16,98 1.2E-6 1.6E•1(5.0)

27.96 i.2E-6 1.4E:1(5.3)

62,02 1.2E-6 1,4Es1(5,0)

13,67 1.6E•1(8.1)

27,66 2.3E+1(B.4)

55.72 1.4E•1(8.6)

---------------- i--- --`-----------'-----------'----------- - ---------- - ---------------------- --'-'__-_--°---"____°-^
20 9,89 1.2E-6 1.7E*1(4,7)

16.98 1.2E-6 1.7E:1(4.7)

27,96 1.2E-6 1,6E+1(5,0)

62,02 1.2E-6 1.5Er1(4,7)

33,67 2.0E•1(7.6)

27,66 2.2E•1(7.2)

55,72 2.0E•1(8.3)

,.--------------- ------------ --------- -----_---------- -------- ---------------- ---------- --------------°_

S; £ 2 C>= Z; 9 Z I Z 6

H

r
N
O



SORPTION RESULTS
•i_--- -_-------

FOR-• SR
INITIAL CRN] FINAL CRN]

RECORD NUMBER TIME (0) (M/L) (M/L) KOS KDD
•^--_ _-#---

23
--- - ----
9,08

---
1.2E-6 4,7Et1(3.0)

.--

17,05 1.2E-6 6.2Ea1(2.9)

77,93 1.2E-6 5,7Ea1(2.9)

66,12 1.2E-6 1,5Er2(15)

33,69 5,4E+1(6.7)

27,72 6.2E•1(6.9)

45,75 5.9E•1(6.3)

---------------- ^---- - --------------- --------- ------------------- ----------- ------------------ --------- *---^----------°--
26 9,07 1.2E-6 2,2Ea2(4.0) w

17,04 1.2E-6 2,9Ea1(3,61

27,93 1.2E-6 3,4Ea1(3.3)
n

66,11 1.2E-6 8,7Er1(11)

33,69 3.3E•i(6,3)

87,72 3.4E•1(7.7)

55,75 3.2E•1(7.i)

---------------- ^- ---*------------------------------' ----------- -------------- ---------------- ---------------------------.-_
w28 9,08 1.2E-6 2,1Er1(4.0)

17,04 1.2E-6 2,5Ea1.(3,8)

27,92 1.2E-6 2,5Ea1(3,9)

66.11 1.2E-6 8,6Ea1(6,2)

13,69 2.1E•1(6.6)

27,72 3.1E•1(7.5)

85.75 3.0E•1(7.1)

..-___°_-_°_-_ ___..___________________.E^.-
------------------- -------

___-__-_____.



92 12: t)203'37

.._--_. - _________ --------- ---------------- - ------- -- ---
7 --- -- -------

cc'z)z•3r'^ ¢£e
'------'------------------------------'----

_•`
-------------•-••-- --'--^--- --_".-._.-......

------ ---'------'-----_ -_-- _

(9'£)2+30'9 6 L£
----------------------------- _---`------------ ------- ----------------- _---°_-------------"-------.•---;----.----".--^----.r.

(9'I)Z•3T'9 6 9£

------------------- -------- - -------------- ----- ----------'-------------------------------ti---*--------'--`------r.

lZ'T)Z•30'9 6 6£
_ _ ___- _ _______ ____________ ____ _ _ _- _ - _ _ r

-
r - r _ i _ 6r 9 ^

f0'2)Z•30'T 6 6£

____________________________ __-__-_--_-__ _----___._-_"--_---•-----___-__-__--___•_-_ -y- -_^_____---_-_-__•-

f£I)0•3b'9 bI ££i
-----°-- --°-°----------------------°_- -------_----_------------7-----_------------------_ -^-- -----_------•------'--

^
__.

(¢T)0•35'S 9-30'9 a at

pq
__________________ -__-____-____--____-__-- __--____-_ _---_....--__^--------- ________--_-_-_-np--.i-- -- ---__---__---_r.-

(T'9)0•3Z'9 bx T£

---° ------------------ -------------- ----- _ -----_-------------- - ------------- --- ------------------------- & ----------------

(-')0•36'L 4-3T'T

(r-)0+3£'9 5-3T'T

(--)f9+30'L 9-3T'T

(--)303T'9 L-3T'T OR

- ` - `- - --`.---'-"--' '---'-- --------__-.^

OON SON {')/H) f'i/N) (0) 3HL1 a3BHON 0a003a

[Na3 1tlNId CNaJ IVIlINI
as --dod

silns3H Nolldacs



80RPTION RESULTS
.^.. ..:..........

P__OR•. SR
INITIAL [RN3 i'INAL CRN3

wF^CORO NUN/ER TIME (0) (N/L) (M/L) KDS KDD
^ews. ..w.._ ._..• .__.____.w__ .......__ . .w ....

39 9 3,1E*2(2,9)

ew.-_ •___'--- -i-- ,.• -----'--'-------'-------"^----'-- -•------:.;-' -^- ----------"__^ •; -•-__-__ - -....... .........
40 9 3,2Ea2(2,2)

•...............w-_-...T. __ - ._._.-..w_______w_-„-.,-_,.._-w-.._ .._.,__w-...-----_^---_-.._____ _ .-___. -x_ __.-..___. _w...
• --41 0 1,7Ey.(7.3)

,.^.___w.._..-_-_.__..- ----------------------..-w.-w-_...-w..__._- .....-.-_--.-_-._-_____., .-- --_____ ._w--__.--._._-w_.w.

w

•

43 3 6,9E+0(70)

a0 .3,2E*0(239)

30 1,6E•0(77)

•
...- __•...--- .°._'^^_•B^ ---^-^------------ -----";--^-_^_ •^-•------- - --^----- ---^--^ ---^_^-----'---w..

f4 44E^0t37,> ^

10 5,4E+0(73)

30 4,1E*0(13)

____________w-_N__-.__-..-w_---_--..--_-_---.----•.__.-------- --_..__-__..--_._ -_--_w_- -_--____-.__-____

43 5 1,3Ew1(45)

i0 1,5E*1(24)

30 216E*1(11)

^--___-_-_'-_- ^_--w•y__-F-•-_-__s-------------^----nv--_-..__'__--w--_-_----_--__-____-- -'---'^- ------••---'-
46 3 1,9E*1(47)

30 3,8Ew1(15)

30 3,3E*1(6.2) °
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7 ZDRRrIO2 RE^ULT4 2 0 •7 ^ 1

FDR-- SR
INITIAL ERN]

RECORD NUMBER TIME (D) (M/L)
..--SB------- -------" ------------

FINAL ERN]
(M/L) KDS

6,3E*0(--)

KDD

------------------- ------------------------

59 .13

.25

7

-----------------------------------------------------------
1,6Et0(--)

2,5E+0(--)

2,0E•0(--)

. • - - - - - - - - - - - - - - ; - _ _ _ - - ----------'---'---------- = ------------------ ---------------------------------------------_-_
60 .4 1.0E-8 6,3E*0(--)

.4 1.0E-5 6,3Es0(--)

186 1.0E-8 1,0E*1(--)

186 i.0E-5 1.0Ei1(--)

---------------- ------ --- --------------------- ------------------- ------ ----------------- ----------- --°------------
61 .13 2,5Es0(--)

.25 3,2Ea0(--)

7 3,2Et0(--)

---------------- ; -------- 4--------------------- __-___._-.-_____-_.____-_--_______________-_________-___-______

62 .4 1.0E-8 1,0Et1(--)

.4 i.OE-5 1,0E*1(--)

----------------------------------------------- - ----- ------------------ w--
63 .4 1.0E-8

.4 i.OE-5

186 1.0E-8

186 1.eE-5

td
^

i-^
0

- _ -^ ------------- - ---- - -°-----° ----- _° _^
7.9Ea0(--)

1,0E*1(--)

1,6E•1(--)

1,6Et1(--)

N
O

---------------- •---_'------------------------- ^----'^--------- -- - ---- -
------------------------------
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SORPTIDN RESULTS
•i•-__--- --_---

FDR-- SR
INITIAL CRN] FINAL CRN]

RECDRD NUMBER TIME (D) _(M/L) (M/L) KDS KDD
..-- _---'"_ --- - ---- "-- - " - ----. ._"

64 .4 1.0E-8

.4 1.0E-5 1.0Er1(--)

.- .. - e. ^ _ .. _____________

65 .13 4,0E+0(--)

.25 5,0E*0(--)

9 5,0Er0(--) t~-

---------------- ^----- __F_"__---'-"-------'---'- -"--------- ---'-'..------ -r"--'---'-----*------"--T---------'---"'--"-

66 .13 5,0E*0(--)

.25 6,3E+0(--)

7 6,3E*0(--)

^ . _ ^

67 .25 2,0Er0(--)

7 3,2E.0(-.)

--------------__^.__-__ --------------------- ------ -------- - -------------------------------------------------- -____-_-___-,.
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9 ,S}ORPJ IOt2RESNILT6 2 3 3 9 ,a
-e-'_---'--__--_

FOR-- TC
INITIAL CRNJ FINAI, CRNJ

RECORD NUMBER TIME (D) _(M/L) (M/L) KDS KDD
------------- ------- -------- --'------- - ---

19 6.49 1.92E-12 3,2E+1(3.4)

13,53 1.92E-12 4.4E:1(3.3)

27,6 1.92E-12 1,6E*2(2.9)

95.58 1.92E-12 8,0E.1(2.5)

14,01 6.0E•2(30)

27,7 2.1E+2(20)

56,18 2.0E•2(21)

--------------------- --------------------------------------- -- ------ ---- ------------------------- - ---- - ' ----- -------'°
18 6,58 1.92E-12 .7,0E-1(517

53,52 1.92E-12 -3,0E-1(114)

27,59 1,92E-12 -9,OE-1(38)

$5,58 1.92E-12 ..9,0E-1(36)

14,01 -2.3E.1(9,1)

27,7 -4,2E.1(16)

56,78 -3.0E.St127

----------------; ----_---------------- --------------- ; ------
21 6.58 1.92E-12

13,52 1.92E-12

27,59 1.92E-12

55,57 1.92E-12

14.01

97.7

96,77

---------------- ^---°------------------------- --- -=------

-B,0E-1(42)

-9,0E-1(38)

-7,0E-1(49)

-1,1E•0(29)

-3.3E+1(14)

-3,4E+1(13)

-3.7E+1(15)

H

~
N
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FOR-- TC

9 2
SDiPTRN-R!SU;TS tpi ;'^

3 9 4

(NITIAL ERN] FINAL CRN]
RECORD NUMBER TIME (D) _(M/L) (M/L) KDS KDD.
---__ ---_--" -- - ---- --- ----- -- •----••-__ ---

24 6,83 1.92E-12 2,3E*1(4.0)

13.84 1,92E^12 6.1E+1(3.1)

27,84 1.92E-12 2,7E•1(3.5)

55,83 1.92E-12 1,3Er0(29)

14.04 4.2E+2(30)

27,71 2.4E*2(21)

$6.76 1.0E+2(19)

..----__-_'-_--'+-----------------------------------^----------- -- -----
-
-- _-------------------- '--------- - _-__--___-_-__-___-

27 6.83 i.92E-12 7,0E-1(60)

13,83 1.92E-12 4,0E-1(97)

27,84 1.92E-12 3,0E-1(108)

95,82 1.92E-12 -1,3E#0(24)

14,04 -8.9E+0(6,7)

27,7 -8.0E+0(17)

56.76 -8.0E-1(415)

-------------- ^------------ _----------------- -------------- ^------ ---- ------------------------ ------- _-_- ---------^---------
29 6.82 1.92E-12 3,1E+0(15)

33,83 1.92E-12 -3,0E-1(107)

27,84 1.92E-12 -2,8E-1(190)

55,81 1.92E-12 2,5E+1(3.3)

14,04 -1,9Er1(6.7)

27,7 -2.4Eo1(9.9)

56,76 1.0E+2(41)
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SQRPTIDN RESULTS

FDR-- TC ea
INITIAL CRN7 FINAL CRN]

RECORD NUMBER TIME (0) (M/L) (M/(,) KOS KOD cHi
w F w w
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9 2 f 2 a !a 2 ; 3 9 9

SORPTION RESULTS
°i-'... ._..-..-.

/DR-° U
3NITIAL ERN7 FINAL (RNJ

RECORD NUMOER TIME (D) (M/L) (M/L) KDS KDO
----- ... -.,

6 6,95•
-__ _--...

5.4E-5 9,9E#0(22)
--..

93,95 5.4E-8 1,0E*1(22)

10195 5.4E-8 1.0E*1(21)

9,89 2.9E+1(31)

63,64 2.7E+1(33)

39.76 2.OE+1(40)

------I °-------^-- ---w------------ --------- ----- *----
7 6.95 5.4E-8

33,95 5.4E-8

20,95 5.4E-8

9,89

23,64

9,89

2,2Ea0(72)

2,0E+0(80)

3,1E*0(52)

2.IDE*1(87)

1.5E•1(149)

S.SEK(169)

r

.•-------------- ^°--r---"-------------
8 6,95

Z3,95

20,95

7,89

33,64

19,76

-----; ----'--^-•_------
5.4E-8

5.4E-e

5.4E°8

----- ------°- ---'-'------------
3,3Er0(50)

4,0E-1(360)

1,3E*0(117)

1.3E•1(218)

-3.6E*0(731)

3.9E+1(65)

z

r•

O

..w-_--_-•-_-_-__w--_-7--_F--------------------- ------------------- --------------------- ------- ••---



9 2d 2:; 'a 204 30
SORPTION KESU(.TS

------------

FOR-- U
INITIAL CRN3 FINAL CRN3

RECORD NUMBER TIME (0) _(M/L) (M/L) KDS K0D
--"_ -_•--

•
_ - - - "_- -^-'^-_ ^__----_^- _- -^-

14 6,95 5.4E-8 1.SE.Sf21)

33,95 5.4E-8 8,2E•0(24)

20,95 5.4E.8 8,8Ea0(23)

7,89 2.4E+1(37)

33,64 2.2E•1(39)

19,76 1,7E•1(39)

---------------- -- -------------- --------- --^-°-----_-^"_._-^-------------------^----'^----------^---^--------_-_^__-__
17 6,95 5.4E-8 2,3E•0(70) [

23,95 5.4E-8 2,8E&0(55)

20.95 5.4E-8 1,9Er0(80)

9,69 1.2E•1(163)

13,64 2.3E+1(85)

19,76 1.2E+1(158)

•-------^^---^--r-- --P--------------------- ----^------------- ^---------^---'---^^^-- -'--^^^-'--^-^^^-^-'^^-^^^^^^

-20 6,95 5.4E-8 6,0E-1(260)

53,95 5.4E-8 1.0Er0(147)

20,95 5,4E-8 1.1E+0(143)

9,89 7.4E•0(367)

33,64 1.2E•1(200)

29,76 1.7E•0(600) °

ap-_-••-_---_-__.•-_ _--..------_-•__-_^_^^-^-_n^---^--------------- --- -^------- "--------------- .--------- .------ ..----------
--



0
N
.-i

------------------- -------------------------------------- ------------ __-__--___--___-.__._____..________._.__--_...F

<--)0•30•s 6-30't Y'

!--)0*3£'9 8-30't b' 09
_`_•-__°_____-_ ___--___°-_-..______________•_ -___--- -- - -- -------- _-___•_°_____a_._r-..__ • -_-.-._..__.r:

(--)0•30's s-30'S 991

(--)0'3£'9 5-30't 92T

(--)0•30's 6-30't y•.

(--)0•3f'9 0-300T b' £9
°_ ___°_______••__-° -__---__-'-_--__--___° ___ __ ___-'-_ __-_--_-_ r __•_•___ _h_

.'C. __.--_----•_-•-_•a•

C^ (--)0r30'0 5-30'T f'

^ f--)0r3f'9 8-30't 4' Z9
- __' -___-. __^-.--^ ___•_-___`____ •-_____•- - -__-_-___•_ _ _ __-_ _ ___ _--• _-_ __ -_-_-_•_._ -e- - ___-_..._._-u

(--)0•30'S 4-30't 994

(--)0r3£'9 9-30't 991

(--)04301ti 9-30't f'

(--)0•3£'9 8-30't 09
__- •__.. ___. _•__- ._ _.-i. . -._-.-....-
OON SOM ('1/N) O/N) (G) 3N91 N3lNflN OY003M

CNO 9YN)d CNtl] 9VIlINI
N --YO!

. . _..
S19fIS3U NOI1dN0S

I C V Li it fi ^ 9 1 Z 6



THIS RPm^E IN°^^NTIONALLY
LEFT BLANK



9 2 I2 .z 6 2 0 4 0 2

SORPTION RESULTS
^; ----•..._---_---

FOR-- 2R
INITIAL ERN3 FINAL ERN3

RECORD NUMBER TIME (D) (M/L) (M/L)
----------- --^---- --^

_
^---%-- '-'---

60 .4 1.0E-8

.4 1.0E-5

386 i.OE-8

166 1.0E-5

KDS

1,3E*3(--)

3,2E*3(--)

1,0Ee3(--)

3,2E*3(--)

KDD

'.-----^-^------j----- -_..--------------------- ^----- ---------^--^-----^__
62 .4 1.0E-8

.4 1.0E-5

---------------- -------------------------- -----'----- ---------^-------°^--
63 .4 1.0E-8

.4 1.0E-5

1186 1.0E^8

186 1.0E-5

-^-----3,2E*3(--)

6,3E*3(--)

-------------
1,3E*3(--)

2,0E*3(--)

3.2Ee3(--)

2,5E*3t-^)

i

td
__-_----- N̂

^

---------------- ------------------------------------ ------------- ^-_-------------------------- '---------------------------'-
64 .4 1.0E-8 6,3E*3(--)

.4 1.0E-5 3,2E*3(--)

ew------------ ---_----,.-_____-__________--__--_--___---____-- ---------------------------------------------
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APPENDIX C

TR-120

I t RECOMMENDED SORPTION COEFFICIENTS AND RANGES OF COEFFICIENTS

^

Cr



-C.2-.

1. TRITIUM (T)

TR-120

Although there is a possibility that tritiated hydroxyl anions

may exchange with hydroxyl ions in clays and hydrated minerals present

in old fractures in rock, it should be assumed that tritium sorption is

negligible.

In our studies we have not observed any difference in transfer

time between 14C labelled sucrose - a non-polar compound - and 3T20

through columns of crushed and wet-sieved granitic rock,

iM

^

Recommended Range

tt! ka -

kd -

Recommended Value

ka = 0 cm

^a kd = 0 mL/g

Dated

1980 June 1.



- C.3 - TR-120

2. STRONTIUM (Sr)

k values for Sr range from 0.6 to 600 mL/g. Allard and co-

workers'(C'1) results on an unknown crushed granite ranged from 6 to

16 mL/g with little effect noted due to increasing the Sr concentration

from 10 8 mol/L to 10 5 mol/L. There is some correlation of kd with

particle size, as would be expected.

Erdal et al.(C'2) report kd values of 14 to 18 mL/ at 20°C,
Sl')

38 mL/g at 70°C. Desorption values (kd based on a desorption of the
C^

nuclide from the rock surface) are about the same, indicating reversible

sorption.

C,7

%Nd MacLean et al.(C'3) report values ranging from 6 to 600 mL/g

on a number of granites from the Climax Stock mine. Barney and Grutzeck(C.4)

report Sr kd values of 6 to 8 mL/g, while Relyea at PNL obtained a range

of 1.6 to 39 mL/g on the same material with various aqueous solutions.
re^!

Our values for Sr on Climax Stock granite were 8 to 11 mL/g in the sorp-

^ tion step, 14 to 21 mL/g on desorption.

t'!9

C3% There is some information on ka values. Allard et al. obtained

sorption values of 0.2 and 0.25 and desorption values of 0.5 and 0.2 on

fresh and weathered granite fractions. Our results range from 0.3 cm on

Lac du Bonnet granite to 0.5 to 0.7 cm on White Lake gneiss for the

sorption stage and 0.8 to 1.5 cm (LdB) and 1.6 to 2.2 cm (WL) during

desorption.
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°^..

^F

•4^

e}^

'+ V

- c.4 -

Recommended Range

k
a

: 0.2 - 2.2 cm

kd : 0.6 - 600 mL/g

Recommended Value

k
a

kd

= 0.7 cm

= 10 mL/g

Dated

1980 June 1.

TR-120

+ Y

0%



- C.5 -

3. ZIRCONIUM (Zr

TR-120

Allard and coworkers'(C'1) values of 1000 to 6000 mL/g on

-140+230 mesh materials are the only ones available for zirconium.

There is some evidence of precipitation of zirconium from the solution

which would give too high a sorption coefficient.

In the light of our results for 95Nb (quo vide) which behaves

chemically very similarly to zirconium, I would recommend a kd value of

1000 mL/g, and a•ka value of 10 cm.
r^^

^ Recommended Range

k
a

kd 1000-6000 mL/g

^

- Recommended Value

:`d k = 10 cm
a

cr% kd = 1000 mL/g

Dated

1 1980 June 1.
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4. NIOBIUM (Nb

TR-120

Our results(C.5) are the only ones available for granitics and

granitic rocks.

These results should be used for the time being.

Recommended Range
C^?

k 5-12cm
r;, a

kd only one value available (210 mL/g)

Recommended Value

k = 5 cm
a

kd = 210 mL/g

Dated

^ 1980 June 1.
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5. TECHNETIUM (Tc)

TR-120

With few exceptions Tc does not sorb under oxic conditions.

In dynamic studies, we have not observed any difference between the

elution patterns of 3T and 99Tc from columns of crushed White Lake

gneiss or Lac du Bonnet granite.

Erdal et al.(C'6) have observed a positive kd value for Tc on

"opaque" (magnetite and illite) rich fractions of crushed Climax granite,
C)` (C.7)

and Bondietti and Francis have observed almost complete sorption of

(°"S 99Tc under anoxic conditions on Westerly granite.

v,.

My earlier recommendation(C'S) of a kd of 26 mL/g stands, pro-

get viding anoxic conditions will exist in the repository.

.£+

. ,.,

(\[

Recommended Range

^ ka -

(S^ kd 0-80mL/g

Recommended Value

k = 0 cm
a

kd = 26 mL/g

Dated

1980 June 1.
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6. RUTHENIUM (Ru)

TR-120

The only available data for Ru are a kd of 200 mL/g obtained

by Barney and Grutzeck(C'4) on Climax Stock granite and our ka of 0.66 cm,

obtained on White Lake gneiss.

Recommended Range

C:) ka .only one value available (0.66 cm)

-- kd . only one value available (200 mL/g)

c.-}
^ Recommended Value
4 ''

ka = 0.66 cm

kd = 200 mL/g

`^*t

Dated
CV,

1980 June 1.
CS+
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7. PALLADIUM (Pd)

Our results for
103

Pd, determined on Lac du Bonnet granite,

are the only ones available(C'S). For crushed and sieved granite with a

particle size of 106 to 180 pm at pH 7, kd ranged from 10 to 12 mL/g.

For machined coupons, ka values were 0.4 and 1.0 cm at pH 7.4.

Recommended Range

k . 0.4 - 1.1 cm
a

*7
kd . 0 - 28 mL/g

c°°^

Recommended Value

k = 0.7 cm
a

kd = 11 mL/g
^

IN Dated

43` 1980 June 1.



- C.10 -

8. CADMIUM (Cd

TR-120

Our ka of 1.1 cm for Cd is the only one available. It was

measured on White Lake gneiss machined coupons.

6°+d

C

C`e'
Recommended Range

ka

(V

^ Recommended Value
*.V

k
a

Dated

1980 June 1.

. only one value available (1.1 cm)

= 1.1 cm
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9. ANTIMONY (Sb)

TR-120

We have obtained a value of 11 cm for Sb on White Lake gneiss.

It is the only available result on granitic material.

M

CV
Recommended Range

v^

rZ k
a

^1?

Recommended Value

N k
a

. only one value available (11 cm)

= 11 cm

Dated

1980 June 1.
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10. TELLURIUM (Te)

TR-120

Our ka value of 1.8 cm, obtained on White Lake gneiss, is the

only one available. This number was obtained under oxic conditions, and

it is possible that a higher value can be obtained under anoxic condi-

tions, if TeO
4

can be reduced to a cationic species.

w

^

^

t1°

r
Recommended Range

k
a

CN

C7^ Recommended Value

. only one value available (1.8 cm)

k = 1.8 cm
a

Dated

1980 June 1.
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11. IODINE ( I )

Et3

^

C?

TR-120

Iodine forms no known cationic species and, until information

to the contrary becomes available, a ka and kd of zero must be assumed.

Cyr
Recommended Range

k • -^ a

kd • -

C01

tS^
Recommended Value

k = 0 cm
a

kd = 0 mL/g

Dated

1980 June 1.
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12. CESIUM (Cs)

In general, U.S. results(C.2-C.4) are in the range 100 to

1000 mL/g, with a few very high values, up to 3 x 104 mL/g. Allard and

coworkers' values run between 20 and 120 mL/g after sorption for 0.5

day, but increased to 100 to 800 mL/g after 7 days(C'1). Austrian re-

sults(C'8) range from 60 to over 2500 mL/g on uncharacterized granites

from upper and lower Austria.

^ k
a
values range from 0.6 cm on Lac du Bonnet graniteand 0.6 cm

-- on WNRE fresh fractured Swedish granite to 3.7 to 5 cm on White Lake

gneiss and on old fractures in Swedish granite. Clearly, the rock type

C7
has an effect on ka and I would use our Lac du Bonnet ka of 0.6 cm. Our

t
own results in the WISAP round robin on Climax Stock granite were 48 to

60 mL/g (sorption) and 120 to 160 mL/g (desorption) but, using crushed

Lac du Bonnet granite and a different radionuclide/rock weight ratio, a

kd of 1.2 x 103 mL/g was obtained. We have already shown that kd may

CV be very sensitive to changes in the above ratio, and this may well be

-- the reason for much of the spread in kd values. For the time being I

CM suggest that a kd of 100 mL/g be used in cesium migration calculations.

CY%
Recommended Range

k 0.6 - 5 cm
a

kd . 40 - 1000 mL/g

Recommended Value

k = 0.6 cm
a

kd = 100 mL/g

Dated

1980 June 1.

'< WISAP - Waste Isolation Safety Assessment Program.
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13. CERIUM (Ce)

TR-120

A large variation in results exists for cerium. Allard and

coworkers' results(C'1) on Swedish granite ranged from 5000 to 20 000 mL/g.

Erdal and coworkers'(C'2) kd values on Climax Stock granite are in the

range 250 to 350 mL/g. We have found that, on crushed material, kd for

144Ce is about an order of magnitude higher than for 137Cs, and a value

of 1000 should be used.

On coupons, machined from WNRE drill core material, k for
aM 144Ce ranged from 2.2 to 7.9 cm. It ranged from 5.4 to 16 cm on CRNL

drill core material. A k
a

for 8 cm should be used.

r.

6"

.,

C°J

Recommended Range

ka . 2.2 - 16 cm

tS kd 250 - 5000 mL/g

Recommended Value

k = 8 cm
a

kd = 1000 mL/g

Dated

1980 June 1.
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14. NEODYMIUM (Nd

CO

C'

CY

.yA

^ ft

^

"N3

CT^

Allard and coworkers(0'1) have reported the only result on

granitic rocks (3000 mL/g). Based on the similarities in chemical

behaviour of the rare earths, the recommended values for cerium should

be applied to neodymium as well.

Recommended Range

k
a

kd

Recommended Value

k
a

2.2 - 16 cm

. 250 - 5000 mL/g

= 8 cm

kd = 1000 mL/g

Dated

1980 June 1.
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15. EUROPIUM (Eu)

Erdal and coworkers'(C'2) values are much lower than Allard

and coworkers'(110 and 490 vs. 1.0 x 104 mL/g). There is no chemical

reason why Eu should behave differently from Nd or Ce, and the recommen-

dations for cerium should apply for europium.

^

.,71

f7n

Cd'

Recommended Range

k . 2.2 - 16 cm

,V kd . 250 - 5000 mL/g

CS%

Recommended Value

k = 8 cm
a

lcd = 1000 mL/g

Dated

1980 June 1.
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16. RADIUM (Ra)

TR-120

Allard and coworkers(C'l) have reported the only sorption co-

efficients for granitic rocks. Their value of 80 mL/g should be used.

Because of the similarity in chemical behaviour between strontium and

radium, a "pro-rated" ka value of 6 cm may be used tentatively.

^

C

'4'.

.^

rV
Recommended Range

k 1-18cm

C%.j kd 5 - 5000 mL/g

C3*

Recommended Value

k = 6 cm
a

kd = 80 mL/g

Dated

1980 June 1.
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17. THORIUM (Th)

Allard and coworkers
(C.1)

accepted value for thorium of 850 mL/g

is the only one available.

(+,t

C^

Cd?
Recommended Range

...^

kd only one value available (850 mL/g)

LO'

Recommended Value

C%4
kd = 850 mL/g

rn

Dated

1980 June 1.
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18. URANIUM (U)

£''t4

,+a

t^}

CY

C1Yi

CN

CT

No efforts have been made to obtain anoxic conditions to meas-

ure U sorption, and it must thus be assumed that U(VI) sorption has been

measured. Agreement between Allard and coworkers ( 6 mL/g)
(C.l)

and the

LASL results ( 4.4 mL/g)(C'2) is excellent and a kd of 5 mL/g should be

used. In addition, we have obtained a ka of 0.3 cm for U on White Lake

gneiss.

Under anoxic conditions, U(IV) should be the preferred oxida-

tion state and it should have a higher sorption coefficient. The re-

commended values should thus be considered as a lower limit.

Recommended Range

k
a

kd

Recommended Value

k
a

kd

. only one value available (0.3 cm)

. 0.4 - 10 mL/g

= 0.3 cm

= 5 mL/g

Dated

1980 June 1.
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19. NEPTUNIUM (Np)

TR-120

Allard and coworkers(G'1) have reported a value of 40 mL/g.

Barney and Grutzeck(C'4) obtained a kd of 100 + 90 mL/g. Bondietti and

Francis(C'7) have shown that under anoxic conditions essentially all Np

is removed by Westerly Granite.

Allard and coworkers' value should then be taken as a lower

s"3

"^..

,..^

limit.

Recommended Range

IN ka . 40 - 100 mL/g

ON

Recommended Value

kd = 80 mL/g

Dated

1980 June 1.
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20. PLUTONIUM (Pu)

`o€°

r.!

v

C^

^o

.,(4

C%j

.`4

CSS

There is a large discrepancy in kd values for plutonium.

Allard and coworkers
(C.1)

obtained a value for k of 100 mL/g. MacLean

and coworkers' results are much higher, ti 2 x 10 mL/g(C'2). Our results

are more in line with those obtained by Allard and coworkers, 280 mL/g.

The possibilities of high values due to precipitation of plutonium

compounds should not be overlooked and our kd value should be used.

Our ka results also show great fluctuations, again ranging

from 4 to 1000 cm obtained at different times. The high value may in-

clude precipitation of an insoluble Pu compound. The low values were

obtained on prefiltered tagged solutions and most likely do not include

a precipitation contribution. I recommend a value of 4 cm for Pu.

Recommended Range

k
a

kd

Recommended Value

k
a

4 - 500 cm

. 280 - 2000 mL/g

= 4 cm

kd = 280 mL/g

Dated

1980 June 1.
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21. AMERICIUM (Am)

L£1

kd values for Am are generally in the 1000 to 2 x 104 mL/g

range. Barney and Grutzeck(C'4) report very high (6 x 104 mL/g) values

for 10-7 mol/L Am. This may be due to precipitation of an insoluble Am

compound rather than to sorption, as his kd increases with Am concentra-

tion. We have obtained a value of 1 x 104 mL/g on crushed Lac du Bonnet

granite but I am not convinced that precipitation did not take place,

and a (perhaps conservative) kd of 1000 mL/g should be used.

(`.! We have obtained a ka value of 30 cm on White Lake pieces and

rather low ka results, ranging from 3.4 to 8 cm on granite, supplied by

the Geological Sµrvey of Canada. A ka of 8 cm should be used.

f0'

^..^

.n

N

- Recommended Range

k '. 3.4 - 30 cm
a

kd . 1000 - 2 x 104 mL/g

Recommended Value

k = 8 cm
a

kd = 1000 mL/g

Dated

1980 June 1.
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22. CURIUM (Cm)

TR-120

No kd values for curium have been reported on granitic rocks.

We have obtained ka in the range of 5 to 24 cm on White Lake

gneiss.

Since the chemistry of curium is very similar to that of amer-

icium, the recommended values for americium should be used.

a;?

!o.'

sar

Recommended Range

(`af
k 5 - 24 cm
a

tN

tT Recommended Value

k = 8 cm
a

kd = 1000 mL/g

Dated

1980 June 1.
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SUMMARY

AND k VALUES

Element k (mL/g) (cm)kd a

T 0 0

Sr 10 0.7

Zr 1000 10

Nb 210 5

Tc 26 -

Ru 200 0.66

Pd 11 0.7

Cd - 1.1

Sb - 11

Te - 1.8

0 0

cv Cs 100 0.6

- Ce 1000 8

yy Nd 1000 8

Eu 1000 8

Ra 80 6

Th 850 -

U 5 0.3

Np 80 -

Pu 280 4

Am 1000 8

Cm 1000 8

Dated

1980 June 1
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