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A COMPILATION OF SORPTION COEFFICIENTS FOR
RADIONUCLIDES ON GRANITES AND GRANITIC ROCKS

by

T.T. Vandergraaf

ABSTRACT

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:

activity sorbed/cm2 surface area
activity in solution/mL of solution

ka (in ecm) =

when determined on machined or fracture surfaces, and as:

activity sorbed/gram of material
activity in solution/mL of solution

kd (in mL/g) =

when particulate material is used.

The relationship between k, 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.

Geochemistry and Applied Chemistry Branch
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1LO
1982 May
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RESUME

Les coefficients d'adsorption ou les taux de séparatilon des
radionucl&ides pour les granites et les roches granitiques obtenus au
cours d'expériences en laboratoire ou d partir des données existantes,
ont 8té tabulés et soumis 3 une évaluation critique.

Les coefficlents d'adsorption correspondent &:

. = - 2
k  (en em) = activitd adsorbde/cm” de surface
a activité dans la solution/mL de solution

s'ils sont 8tablis sur des surface usinées ou de fracture; ils corres-

pondent &:
activité adsorbée/gramme de matiére

kd (en ml/g) = activité dans la solution/mL de solution

si 1l'on se sert d'um maté&riau particulaire.

LTauteur tralte du rapport entre kd et ka et des paramétres

affectant les coefficients d'adsorption,

Etant domné le grand &cart existant entre les coefficients
d'adsorption cités pour bien des radionucléides, des gammes et des va-
leurs "recommendées" pour utilisation aux fins d'évaluation sont données.

Le Service de la géochimie et de la chimie appliquée
Etablissement de recherches nucléaires de Whiteshell
Pinawa, Manitoba ROE 1L0
1982 mai
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1. INTRODUCTION

Environmental assessments of nuclear fuel waste disposal
methods must consider the pessibility that groundwater will eventually
enter the vault, corrode the waste container, and dissolve some or all
of the waste material, The extent of radionuclide tramsport to the

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

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
the surface, it will move at the same velocity as the groundwater. How-
ever, if it has a high affinity and is sorbed, it will be removed - at
least temporarily - from the groundwater and its velocity will be equal
to zero during the time it remains sorbed. When it 1s 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
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 technlque 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 sucb 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 aqueocus solution and sorbing

surfaces under static conditions, and to determine the effects of wvarious
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parameters on this ratlo. 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
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 sblution) over this period of time. Corrections for removal of
the radionuclides from solution by processes other than sorption on the
geological surface - either by sorption on the walls of the cantainer or
by precipitatieon or colloid formation — may or mayvy not be made, depending

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 coefficlents 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:

. _ _activity sorbed/gram material
kg (in mL/g) activity in soclution/mL solution

This coefficlient 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:

Kk (in em) = activity sorbed/cm2 surface
a activity in solution/mL solution

where the surface area is normally taken to mean the geometrical surface

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

3. RELATIONSHIP BETWEEN ka AND kg,

ka and kd are theoretically related through a.specific surface

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

terdial:
k, = 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
varicus 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.
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4. DETERMINATION OF SURFACE AREAS

Surface areas can be determined by a number of metheds. The
*
B.E.T. method(l) 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(z) involves equilibra-

ting the sample with an anhydrous calcium chloride - ethylene glycol
solvate, until a monolayer of EG remains sorbed on the surface. Phyllo-
gilicates 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

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 a2 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 = Q__sz/g

dp
where d = particle diameter in cm
p = particle density in g/cms.

* 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 cmz/g.

The different methods give widely ranging results, as shown in

(%)

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

Les 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 indicatiﬁe of the pro-
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,

At the Whiteshell Nuclear Research Establishment (WNRE),
machined rock surfaces are used when possible and sorption coefficients
are expressed as ka’ in units of cm. The results atre based on thg geo—
metrical surface area, i.e., no allowance is made for surface roughness
or for the possible presence of microporeslor 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. TFor 908r 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 COEFFICIENTS

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.

5.1 CHEMICAL AND MINERAL COMPOSITION OF THE GEOLOGICAL MATERTAL

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
granites. This is especially the case when sorption takes place prim-
arily on accessory minerals. Similarly, manv 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 -
exist as a solid solution series ranging from pure albite (NaAlSiBOS)
through anorthite (CaAIZSiZOS). In the pyroxene group a solid solution
series of enstatite (MgSiOB) ~ hypersthene ((MgFe)SiO3) - ferrosilite
(FeSiO3) 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 GEQOLOGICAL MATERIAL

The main physical characteristics that may affect the sorption
coefficient are porosity and pore size distribution of whole rock(s),
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 hy
thorough washing. Thus, wet sieving is the only acceptable procedure to
isolate particulate material of a certain size fraction, and should be
followed by a particle size distribution analysis to describe the mate—

rial properly.

5.3 COMPOSITION OF THE AQUEQUS SOLUTION

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-
anism, the presence of competihg cations will depress the sorption of
the radionuclide. For. example, 9OSr sorption is depressed in the pre-
sence of alkali and alkaline earth cations, 13705 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 radionmuclide itself in solution
has 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 anioniec - 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 radicactive

solutions may not be readily available.

5.4 TIME

The term "sorption coefficient' implies that an equilibrium
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 thF aqueous solution 1s slow and has
most likely not reached a steady state after the limited time over which
sorption is determined(6). Alteration of the surface affects the

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

sorption ceoefficient,

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

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

(8

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 coantainer walls may be affected
by the presence of geological material in the containercg). The actual
amount of radionuclide sorbed on the container walls in the presence of

the rock must be measured.

Colloid formation in solution may affect the concentration of
the radionuclides in solution, and centrifuging or filtration may have

to be used to distinguish between colloids and ionic species(lo).

6. DATA COMPILATION

Because of the potentially sigrificant 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(ll). Details of the data bank are described in a report by Nuern-

l'(12)

berger et a » which also contains a user's guilde.

The data bank stores the following information:

1. Geological material
Chemical composition major elements

minor elements
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2.

3.

4.

5.

Mineral composition

Rock properties.

Aqueous phase

Experimental details

Reference

For each radionuclide

- 10 - TR-120

Cation and anion exchange capacities,
including ions used and pH at which

measurement was made.
Surface area, method used
Carbonates

Hydrous oxides

Cation and anion concentrations at
the beginning and at the end of the

equilibration period

pH and EFh at the béginning and at the
end of the equilibration period

Method used

State of geological material

Solid/f1liquid ratio
Temperature
Equilibrating atmosphere

Procedure used to separate liquid

from solid after equilibrating
Phase analyzed

Combination of radionuclides used, if

any

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 lo 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 alsc be updated periodically.

7. CRITICAL EVALUATION OF SORPTION COEFFICIENTS

Practically all sorption coefficients reported for the indivi-
dual radionuclides cover a wide range of wvalues. Reasons for this in-

clude:

1. The geological material used by the various experiments is

usually. obtained from different sources and is by nature not

homogeneous,

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 warious 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—phése round robin pro-

gram(l3) which has already(14)

shown that, even with a prescribed proce-
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 wvariations.

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.

Appendix € lists the recommended ranges and best' values for
sorption coefficients by increasing atomic numbers, These are dated and

will also be updated as appropriate,
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TABLE 1

(4

SURFACE AREAS

Surface Area mzlgl

Range. of e ~ ... BET .. EG . EG
Sample Part%ﬁi? Size ‘#?:;?n~ Cgléglated* — EG**m Ratio Calc Ratie Cale Ratio RET
€85 .106-219 132 0.017 "0.95_ 8.0 56 470 8.4
CS5 180~500 300 0.008 0.i16 4.0 t 20 500 25
CS5 425~1000 688 0.003 0.10 7.0+ 33 - -
CS87 106-250 133 0.017 0.80 9.0 47 330 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

W

EES

<+

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

Ethylene glycol,

Most likely in error.

Brunauer, Emmett, Teller.
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APPENDIX_A

v ormp g o DMLY BRIVE S LT, T, {;_'- -~
Biian woort Wbt bl YR Todme O3 PeRG srnboaeai Vit

LRI R T R LT TeTd LI LT Y T

s+ .. COMPILATION. OF, RADIONUCLIDE SORPTION DATA

coat ety e ridor R 000 Yoo LERIwmris ot

LIST OF, ABBREVIATIONS.USED

Ladioone 1o e o isah .
hitbear e Lafa 1w
Geological Material .., ..crpst to anrdigsdo0) ae
PPM Parts per million or ug/g.
T ‘_-:‘Elﬂ riv i ternn
Rock Properties z [ LTI FOVURNES HT I U S S P B B Lhia 30t s
tultad I
CEC Cation exchange capacity.
" TAEC 7 Anion exchange capacity.
e b d Y
ME/100G Milliequivalents per 100 grams..
o r'{ CEo
BET Surface area determination u51ng a procedure
B L TN BN B AT PRI T By SHVa BILTTUI e A
developed by Brunauer, ‘Emmett, and Teller (see
b0V sl teen e 1X0f cwer i Bantiab osw o4, M ol AR
Section 4y, ‘
sit.s v 3 i fr iiTivi Tonn
EG Surface area determination using ethylene
TR I DN PIVE BT L VSR R SR ERRTE- N SR ST 1 N S [N, R Y
glycol. - "
Yoo 0t e U TR LTEIN LR Tanon oy
prreiie e b ] R :
Experlmental Details
" Toaeeal L b o] dn reEn S TIR G mi
BATCH .- BStatic”experiment.
COLUMN Column or dynamic experiment.
NW N cold washes i.e., number of contact periods

using non-radicactive 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.
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ATM
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ANAL

COMB

Sorption Results

TIME (D)
INITIAL [RN]
(M/1.)

FINAL [RN]
(M/L)

KAS, KDS

KAD, KDD

- A2 - TR~120

Atmosphere in contact with mixture.

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(0.4) filtered through 0.4 um
filter.

Analysis of specifed material: L: liquid

W: wall, 8: solid.

Combination of radiocnucliides used.

Contact time in degrees.

Initial radionuclide concentration in moles

per litre.

Radionuclide concentration at time of analysis,
ka, kd as defined in the text (section 2) in
the forward (sorption) direction.

k_, kd in the reverse (desorption) direction.

a

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'
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s102
AL203
TI02
FE203
FEQ

HNO

HGO

CAD
NAZ20
K20
P205
coz

H20

- -

] 1
i GRANITr (WpATHERE ;) ROCK SURF.) 314
A

9

RADIONUZLIDE SCRPTION PARAMETER DESCRIPTION

TRAC

2 1

E

gLEMENTS (PP™)

2

¢
t
i
!
}
i
}
I
I
1
i
i
f
'
L
!
i
1
!
{
!
{
3
¢
¢
}
H
{
i
{
t
i
H
t
H
!
1
!
!
!
t
!

3

N

G
HG
HEOS
tL
504

h 2029

AUUEQUS PHASE

e g v b e

ST@RT END
208

12

75

15

28y

528

15

1.5

}
;
3
1
!
1’
!
1
[
:
i
:
i
:
:
!
i
i
1
i
:
t
:
!
!
t
1
1
t
:
i
!
i
1
3
i
:
!
!

NOV 11,

EXPERIMENTAL DETAILS

METHOR *BATCH

STATE :COUPONS w 34 CH-2 GSA
RAT{O @ )

TEMP, 1125 C
ATH,  :alR
SEP'N. :INONE
ANAL. I,
COMB., !NONE

REFERENCES : 1) B, ALLARD pT.AL
CHALMERS INST, TECH,

KBS; T.R. 55

198¢

._E'V._

0Z¢T~4d



FCR MATERIAL HUMBER=w=

RACIOHWUCLEDE

£s 134

SR 89

1
-

TIME (o)

-
1

-

7

.

Ll ol

9

512562020

SORPT!UN RgsuLTs

INITIAL [RN] FINAL CRNj
{M/L) L%

5

KAS
7+9Es2(w=)
54 BE+8 (~=)

6,3E#0{==)
5.35!3(;.)

3,2EmL{==)
2,8E=1(or)

KaD

LelE+2(~=)

2!55*1("-’

2ogE‘1('-’

- 'y -

02744



9 21 25523270 %6

RADIGMUCLIDE SORPTION PARAMETER DESCRIPTION NOv 11, 1983

AQULOUS PHASE

EXPERIMENTAL DETAILS

Oy . - -

GEALOGICAL “aTERI4L
2]

Py TR P LR ey

(HEL-TR 2
NaMp 1 GRAMITr USHISAP RR-1-1ia

START ERD
ORIGIN ¢ CLIMAY STGCK (L.D.R&MPSROTT (LLY -

- S gy g,

PH{LOG) .9 7.9

METHOD :BATCH{24,BC)
STATE iCRUSHED,-20+53 MESH

St e ww ot wn w A A v

CHEM:TAL MLMERAL TRACE NA B+3

COMP2STTION{%)  COMPOSITION(E) ELEMENTS {PPM) 31 X 3.5 RATIO :1 g/ 18 ML

“em Rt ———— e ——————— Fer e am- - mmnmeecrcame—- Ca 43

s]02 68.41  ANDESINE 47 I 3.9 TEMP, 323 C

AL 202 16,35  GUAATZ 28 HCUS 61,6

T102 37 MICROCLINE 15 cl 5 ATH, IALIR

FE203 e BIPTITE ie sS4 8.5

FEO 2.45 APATITE F .2 SEP'N, !GRAVITY

MKO E6 HEMATITE NO3 6

MGO 1.25 HAGNETITE ANAL, L

CAD 3.72 SPHENE

N2 3.55 EASTINGEITE COMB., :NONE

KZ0 2.91

P20S .1 REFEREHNCES ¢+ 1y L.L, AMES !

co2 2 2

Ha0 z PNL»2797 wn

TOTAL 99.97 2} ToT, VANDERGRAAF !
HNRE

PR-WWH-1, P 79-84
ROCK PROPZRTIES

- -
---------- - o O gy o o Ot i g, v

CEC (MEG/12¢ 6) €.85
o PR
CATION SR

SURFACE AREA (N2/G) &.03 39

H
i
i
!
!
!
]
H
1
1
i
H
H
'
!
!
H
!
'
!
L
H
!
H
.
HETHOD  BET EG :
. 1

W P A WA BT BB el mh BT ek A R el bl T e GE SR B W W Ny e W e o A S g AT A b P

0¢T-4dL



SORPTION RESULTS

o gy T gy Y gy

FCR MATERIAL NUNBER==o 2 ’
INITIAL [RN] FIMAL [RN3

Ral10NUCLICT TINE {p) (H7L) {M/L) KDS KDD

haliadadhadadh ol ok o e o - b e oy Ry Sy b o L ad ekt et i ——— - -
20 . S,8E¢£2(2,2) )
14 1,6E+206. %)
2B 1.4E+2(21)

PV 237 14 1,9E42(28) ' .
28 3,6E42(26)
14 : 9. 4E+2(L.4)
28 5.3E¢2(22) o

SR 93 14 1.1Eed(2M) ‘
28 1o1E43(28) .
14 2.1E+1(24)
28 . 2.BE+1(19)

02141



- GFBLOGICAL MATERI4L

- . - e

VTN T 3
LBaME § GRANITE USHISAP RA-1-13
ORIGIN §  CLIMAX STOCK(L.D,HAYPSPOTT LLL}

CHEF1Cat HiERAL
COAPISITIONE®) COMPOSITIONGH)
sjo2 68.41% AHWDESIHE &7
AL20QZ 16.35  QUARTZ 28
Y102 237 MIGROCLTIE 15
FE203 Z gIOTITE 12
FEO 2.45 APATITE

MNO 26 HEHATITE

HGO 1.25% HAGNETITE

CA9 3.72 SPHENE

Ha20 3.55 HASTINGSITE

ned 3.91

P235 1

rge Z

HZd 2

................. inSecmsmmmcpasnecan.

CEC (MEQ/LZY &) %.85
@ Pr
GATION SR

SURFACE ARCA (H2/6) 2,28 3.9
wpTHOL BET  EG

9 2 1

RADIONUGLIDE SORPY[ON PARAMETLR DESCRIPTJON

TRACE
ELEMEMTS (PPM)

o oy -

e Wk i A% e Bl W W 08 ww W we R weh e wd wnh wn R e A P PR Se S M ma W% e ke

— A AR vk o WA 4% e o e

PHILOG)
NA

K

CA

HG

HCO3

Ci

534

F

NOg

ST&RT

-y e

6.9
6.3
3.5
13
3-9. .
61,6
)

B.6
2

b

2

s

AUBUEQUS PH4SE

e T b

END
g+l

78

. an 4 mmimes A B Sl w ke e R S B B RS A8 A9 WA e Ry VA.8W ew

S S A SR W AW Ay Sw ae e i ew e ed Swt 8O

EXPERIMENTAL DETAILS .

. gy Y o

METHOD :BATCH{2w,8C)
STATE $CRUSHED,2g~57 MESH,HET SIEV
RATIO :4 G/&2 Hi,
TEMP, g3z C
ATH, . fAlR
SEP'N, :GRAVITY
ANAL, fL
COMB. INONE
REFERENCES ¢ 1) L.L, AMES
PNL»2797
2) T.T, VANDERGRAAF

WNRE
PR-WHM-1 P. 79-B4

NOV 11, 1931

- [ -

0CTI-dl



FOR MATERIAL NUMBZR~==

RaCioNUCLIDR

e -

cs 137

PL 237

Sk 90

3
TIvE (p)

T
14
23
Pg

14
14
ag
28

14
14
a3
28

921 253527727379

SORPTION RESULTS

g ™ gy e gy W

INITIAL [RN FINAL [RNjy
(ML) {ha)

g, Y s 8 - .y Y Yy

KDS
5.,8Ee2(20)
4,8E22({17)

2.,4E+2(4%)
J.3E€2(1H)

7. 7EnB {13}
BQBE+Q{15}

KDD

1.36+2(25)
1.2E+2(147

7.2E+2(8.8)
5.6E¢2(7.5)

1.4E+1(10)
1.4E1(23)

1
-
o

!

02T-4L



921 2352932140

.RADIOHUCLIDE SnNRPTIUN PARAMETER DESCRIPTION - NOV 11, 19a1
RERLOGICAL u FRIAL { AQUEOUS PHASE : EXPER[HENHL DETAILS
W R v o TS e wr w py ‘ ------------ t ﬂ"'--- --------------
H 4
NukBER 8 4 ! :
IAVE 1 GRANITE USHISAP RR-1~1D H STARY END ¢ METHOD :BATCH(2W,BC)
CRIGIN ¢ CLIMAX STOCK(L.,D, RAHPSPOTT {LL)} ¥ e emmeme }
t PH{LOG) 6. 7 ¥ STATE CRUSNED,20-58 MESH
CHEMICAL H1NERAL TRACE I NA+ 115 H
COMPCSITIONIY) COMPOSITIOVt%) ELEMEHTS (PPM) 1 K 17,2 T RATIO :1 Grig ML
B e b I L et - 1 CA 9o i .
5102 65.41 ANDESINE 47 i MG 18,4 ! TEWP, 27 C
AL2C3 16,35  QUARTE 28 1 HCO3 2.3 !
LY o3 HISROCLINE 13 § CL+ 174.9 POATH, AR
FE2C3 ¢ BIOTITE 19 i S04 4198 +
FEO 2.45 APATITE i BO3 9.8 ! SEP'N, IGRAVIYY
HND “eh HEMATITE | SR 1.3 !
NGO 1.25 MAGNETITE { Cs 1 T OANAL., L
cad 3472 SRFHENE H 1
NAZG 3.55 HASTINGSITE H T COMB. INONE
K20 3.91 3 ; i
P205 1 H ¢ REFERENCES : 1) L,L, AMES g
COZ z H H B
K20 2 t : PNLw2Y97 \
------ ' H
TOTAL 99.97 4 1 2) 1,7, VANDERGRAAF
1 i WNRE
1 H PR-UWK~-1 P, 79-8B4
t H
. RCCK FROPIRTIES ) t H
e o e A N T LT T H H
CEC {(FEQ/102 G} 2,85 1 §
© PH 1 H
CAT]ON SR ! !
] :
1 :
1 o+ PPY H
H H
SURFACE AREA (M2/06)  &,08 3.9 H i
MRpTHGN BET EG : ;
t :

0ZT~4L



921 2545472321 |

SQRPTION RESULTS

L N L Ll o T T

FCR MATERIAL NUHBEIR=-w 4

INITIAL CRN] FINAIL TRN)
RACIONUCLIDE TIixz (o M/ (H7L) KDS Kob
cs 137 14 - 7 4Ewd 3,0E~1{18?
28 7.4E~8 1,26-1¢130} )
14 7, 4E=6 ; . 3.CE+Q(0)
28 7.4E-6 g.eE+QI(E)
PL 237 14 ' 3., GE«E(30)
28 ‘ 2,3E22¢8%)
14 ) 4.8E+4 {15}
23 2.9E+1 (44}
SR 9% ; i 1,4E-5 1,8E=0(¢1410)
25 1,4E-5 2,8E«3(122)
14 1.4E~5 2.AE+0(143)
28 1,4E-5 2+19E+8 (124}

- Q1°V -

0Z2T-44



921235292212

RADIONUCLIDE SoRPTION PARAMETER DESCRIPTION ) _ NOV 13, 1981

62DLOGICAL MaTERI 4L ABUEDUS FHASE EXPERTMENTL DETAILS

- P 0 sy T Oy By Ty oy - T S w ar e P -

nNUMBER @ LS
NMAME 7 GRAMITE USUISAP RR-1-1D

START  END
ORIGIN ! CLIFAX STOCK(L.DJ.RAHPSPOTT LLL) -

METHOD *8ATCH(2wW,8C)

- T gm R wr

PRHILOGY 6.8 7 STATE :CRUSHED,29-53 MESH,WET SIEVED

SURFACE AREA [MO/6) 3,88 3.9
MeTHOD BET £G

! H
H H
i t
H 1
1 :
i }
H i
CREMICaAL HINERAL TRACE 1 NA* 115 i
COMPCSITIONIS)  COMPOS|TION(X) ELEMENTS (PPH) 1 K 1778 ! RATIO 1 6/12 ML
- o gy Wy - - -n;--b'--—.-—--!--"—--—-w ----—'"“'-;'-"-" ! Gﬁ 9£E 3
s1oe 68.41  AHDESINE Y ! MG 17,4 ! TEMP, 23 C
AL2C3 16.35 QUARTZ 258 | HGO3 18,3 H
1102 v37 HICROGLINE 15 t ClL* 174.% § ATH., AR
£:203 z BIOTITE 13 t S04 4195 ! ]
FED 2.45 APATITE ! 803 9.8 i SEP'N, :GRAVITY
MO 1) HEMATITE 1 SR 1.2 i
HGO 1.2 HAGNETITE { €S 1 1OANAL, L
CAO0 - 3.72 SPRENE H H
Ha20 - 3.55 HASYINGSITE 1 1 COMB. INONE
K20 3.91 H i |
P205 1 1 i REFERENCES 3 43 L,L, AMES >
co2 2 . 1 t s
HZ0 2 1 : PNLw2797 o
————— i
TOTAL 99,97 t i 2) T,T, YANDERGRAAF !
1 ! HNRE
{ : PR-WHH-1 P,79=84
i
ROCK PROPEIRTIES H i
VTl A AR AR S ek e W ne e TR g Ay e P, B O - ‘ ’
CEC (MEQ/13Z 6) 0,85 $ !
@ Py 1 :
CATION SR ! i
' H
1 H
4 !
| « PPT |
} 1
1 !
1 1
! H
H H

0Z1-4%



FOR MATERILAL MUMPER--<

RACIONUCLIDE

€S 13

Py 237

SR 9¢

5

TIHE {n)
16
28
14
26

14
as
i¢
ag

14
25
14
23

SORPTION RESYLTS

o e gy O Y gy s e gy

INITIAL CRNJ FIHAL CRN3
(H/L] tHL)

. g W B T e g P ey

7.4E-6
7,4E«6
7.4E~6
7.4E-6

KDS

§,3E-4(7.2)
3.3E-1164)

4.1E+8(22)
4,3E0C (26}

9+BE~2(158)
3.8E=L(12M)

KOD

-

B.CEepLY)
B.0EeB(2)

4!35.1‘37}
Se7Eeg(28)

3.1feglim
4, 4E+3118D?

!
.
s
N
i

0ZT-41



921 2562021 4

RADNIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV 11, 191

BCOLDGTINAL HATZRILL AUUEOUS PHASE EXPERIHENTAL GETAILS

B L T Ll L A Ty T -

- -

:
H
+L4BER ¢ % ! :
A€ 3 QUARTR HONZOIN{TE PORPHyRy-1A START END ¢ METHOD :BATCH({Lw,BC)
ORIGIN ¢ CLIMAX STOCK,NEYAOA TEST SITE C5§ wemmw o= -1
PHILDGY 7.7 8.2 ! STATE i~ipE2ei4p MESH
CHEMICAL HINERAL TRAC L 4.8 t .
CCHPSSITION(N) cohPo°ITIuv1x) ELEMEHTS (PPH! Ca 9.6 f RATID 1 G/22 Wl
---------------------------------------------- He 2 H
sje2 QUARTZ al FE o4 t TEMP, :22°C
AL203 PLAGIO+KFLD 48 §1 7.9 '
Ti02 ALT,FELDSPAR 2 HeO3 55 i ATH, tAIR ,
FE203 BIOT/CHLIR 13 CL. 2.3 i ) :
FEQ SPHENE < sS04 5.1 t SEP'N, ICENTRIF,,16gpg RPM,1 HR,
KNG APATITE 41 F ] i - )
HGO MAGN+TLM . BA 3 T ANAL, L
Can LI g i
tia20 SR .1 P LOMB. SNDNE 1
129 NA 7.5 ! ) .
Pens ! REFERENCES %3 1) B,R, EROAL ET.AL L
H
K290 : LA=7456-HS T’
H
!
H
!

RCCK PROPZRTIES

-..’----—-----------p---—-—-n-—n-——_-w—-

CEC (MEQ/183 G) < 1 HONE
& PH 8.2 8.%
CATION ¢S SR

SURFACE AREA (H2/6) 2.95 842 4,3
FETHOD BET  EG/CA g6

a9 Sp a3 ot an e seisd wd mh we en Su

0Z1-¥1



9 2 !Se;}PTI_‘U:'N R%sux?rsg 2 153

. v o g W T Y ey T g

FOR MATERTIAl HUMBER=-- [
INITIAL [RM) FIIAL (RN}

RaGIoNuCLInr TIME (£} (8713 (Hs0) . KCS ®oh

Ba 133 0,02 2.49E-8 2.6Ee2(4)
16,98 2,4E-B 2,0E+2(4)
27.91 2,40L~8 2,7E+2(4)
62.E4 2,40-8 4,2E+2(4)
13,67 2.6C+2(8)
27.66 2.5E+2(8)

CE 141 $.92 1,3E~6 1.3E+2(5)
27'91 1-3E'6 1!45*2‘5’
62,64 1,3E~6 1.,3E43(4)
13,67 7.BEe2(8)
27.56 1.6E+3(8)
85,72 5.2E¢3(13}

Cy 137 ®.92 1.46-9 4,6E02(3)
16.98 1,4E~9 4,2E£2(3} |
27-91 1.,4E-9 4,5E42(3)
62,04 1,4E-9 5,2E62(2) >
13,67 - S.8Ee2tT) =
27,66 6.2642(7y &
85.72 T.6E+2(7) 1

£y 152 .92 8.0E~8 J+5E¢2(4)
16.938 §.00L~3 2.7E42{4)
B7,91 8.0E~8 J.5E42(4}
52 .F4 8,.8E~8 I,6E43(4)
13.67 L.1E#3(6)
27 .66 1.9E+3(6)
55,72 . 4.6E+3(8)

SR 85 9,92 1.2E-6 ’ 2.2E+L{4)
16.98 1.2E-6 1.6ta3(4?
27.91 1,2E~6 L.7E«l(5)
62.%4 1.2E«6 1.9E+3(9) .
13.67 2434 L)
27 .56 2+2E+1(8)
55.72 S 8EYL{L)

u 237 ‘ 6,95 5.4E-8 9,5E+p122) ;
22,95 5.4k~8 1.8Ex1(21) - =
7.89 2,9E+4 (31} o
13,64 2.7E+1(33)

19.76 , ' 2.0E+1(45}



321 254520216

k.

AADTONUCLIDE SORPTION PARAMETER DESCRIPTION NOV. 11, 1981

EXPERIMENTAL DETAILS

R

GrOLOGICAL *ATLRIAL AQUEQUS PHASE

- e . gy -

LUMBER ¢ 7
GAME ¢ QUARTZ MGNZONITE PORPHYRv.2A
ORIGIN 3 CLIMAX STOCK.WEVADA TEST SITE CSS%

ST&RT END METHOD :BATCH{iW,BC)

PHILOGY 7.7 8.2 STATE ‘tng5+4f MESH

CrptiCaL MIHERAL TRACE NA 7.5

CONPCSITICN(X)  COMPOSIYIANGL) ELEMENTS (PPY) | K 4.8 RATIO i G/28 ML

----------- cmm metseesseecesws-ce—=w wmmmmwwmnomene | CA 9.6

S102 OLIARTE 29 HG 2 TEMP, 22 C

AL203 ’ FLAGIO+KFLP 55 Fr o4

T102 ALT.FELDSPAR 4 51 7.6 ATH,  tAlR

FE2C3 BI0T/CHLIR 7 HEO3 55 )

FEO SPHENE 1 cL 2.5 SEP'N, (CENTRIF,,16ppg RPH.1 HR,

MND APATITE . <1 So4 5.1

NGO | MAGN+ILH 1 F .3 ANAL, 2L,

CAD . NO3 8

Aa20 BA o3 COMB, $NONE .

K20 L1 )

Paas SR Wb REFERENCES * 1) B.R, ERDAL ET.AL >
- =

H20 LA-7456=M5 v

|

ROCK PROPLATIES

- e A A S gy T e e PR O - gy — -

CEC (MEQ/LRE ) <1 Cl
® PH g.2 g.%
CATION cs SR

SURFACE AREA (1'2/G) .16 4.2 4.4
¥rTHOT BET  EG/CA g6

MR BN B BE Pa He e wd EBCA B SE we Ae A0 Gd S8 4B A8 B B4 S5 4% Sured w8 Sdr T S8 S S TR EE SF S8 S8 S8 du o we e

H
1
¢
H
1
t
H
i
!
H
H
!
!
H
:
L
t
'
4
!

cQ2 " . H
. 3
H

f

3

H

t

:

i

t

t

H

H

1

t

H

t

!

1

H

0ZT-41



9241 2:95203217

SaRPT|ON RESULTS

Ty T - -

F o HATEQIAL NUMEER=-=« 7
INITTal CRN) Final CRN] ;
Ral10ONGTLIDE TIHE (p) {H/Le (ML Kps KpD
Ba 133 293 2,408 7.5Es1(4.1)
16,58 2,400 G 6ENL (4.8}
27.91 2,4E~8 B.BE*+5{4,3)
62,53 2.4E-8 1,5E42(3.32
13,67 8.4E+1(56.7)
27.66 ) T9E+11(5%,2)
35,72 8.3E¢11(5.5)
CE 141 9,91 i.3E-6 1,0E42(4.3)
16;98 1.3E96 91@5*1(403,
27-91 1.3E“6 8|6E*1(4'6’
62.23 1,3E-6 J.TEX2(3.6)
13,47 6.6E%2(7.1}
27,66 6.1E¢2(5.8)
§5.,72 LBE+3(7.7)
£s 137 2,91 1,4E=9 2,2E02(2.8)
16,98 1.4E~9 . 2]5£f2<296)
27-91 1-‘5‘9 2,8£$2‘2c9’
62,83 1,4E-9 2,8E92(2.3)
13,67 . 4,8Ee2(7,3)
27.66 . J:BE+2(7.4)
55.72 - 4. 1E+2(7.3)
£L 152 9.7 6.8E=-8 $.9E4204.9)
16.98 8.0E~B 2.0802(4.8)
27-9& B.QE-B 1!aa°2‘4-3}
52.93 8,0E~8 L.0Ee3(3.4}
53,67 B1E*2(6.7}
27.66 T:2E02(5.2)
95.72 1.4E«3(5,8)
Sk 8% 9,91 i.2E~6 1.354415.2)
16.98 i.,08e8 1.2825(5.8)
27,91 1,28«6 1.8881(56.2}
62.23 1.7E-6 1.3Ee1(3, 1)
13.67 1.7E+1(%.5)
27 .86 1.3E+4(7.7)
55,77 1.3E#1(8.5)
L 237 6,95 5,4t-8 2e2E42(72)
13.95 5,AE-8 2, 3E«Z (80
2g.95 5,4E=8 ) 3,15+3(52} )
7,89 2.8E+1t87)
13.64 . 1.5E+1(149)

7.69 1.1E+1(169)

= 91"V -

02T-41L



GEOLIGICAL MaTERIAL

—— . -y

LUNBER ! b)j .
NAME 1 QUARTZ MONRONITE PORPHyRy=3A

9 21 2535627321

RADIONUCLIDE SARPTION PARAMETER QESCRIPTION

ORIGIN & CLIVMAX STOUCK,HEYADA TEST SITE. (35

CTREMICAL MIUeRAL
COMPSSITION(%)  COPOSITIONGRN)
5102 QUARTZ 24
AL203 PLAGIG+KFLD 6%
7102 ALT,FELDSPAR 5
FE203 BIOT/CHLOR 7
FED SPHENE 1
MKO ARATITE <1
MGO HASN+ILH 1
CAD '

NAZD

%20

p20%

co2

HZ2O

ROCK PROPIZTIES

S S T o e A T T g g

CEC (*EQ/7133 &) <1 b3
? Py 8.2 §.8
gatlon ¢s SR

SURFACE AREA (u2/G6) Q.18 72.&2 2.9
MpPTHOR BET  EG/CA £G

TRACE
ELEMENTS (PPH)

- - iy P

!
}
!
4
i
i
!
t
i
t
:
¥
}
i
¥
i
H
H
!
1
¥
'
§
!
1
!
!
}
f
¥
!
i
t
!
4
§
!
H
H
t
t
i

PH
i A

CA
MG
Fg

HECO3
CL
504

BA
L]
SR

AQUEOUS PHASE

START

a o a
O~

VI~ B |

_END

8‘02

Sh o BE BE B F8 P8 Bu 4n p e adidmidp Bh S SErAd wudh S8 S8 wh S ek W e S8 AT Y SRS A% Sw e G wk TS S S

g

EXPERIHENTAL CETAILS
METHOD :BATCH{1M,8C)
STATE :-2@+35 MESH
RATIO 1 G/28 wi,
TEMP. 122 C
ATM,  :AIR
SEP'N. !CENTR,,i8gpg RPH,i HR,
ANAL. L

‘COMB.,  INONE
_REFERENCES ! 1} B,R, ERDAL ET.AL

LA=7456-H5

NOV-11, 1951

LT Y -

02T-8L



921 2252321279
SORPT .+ KESULYS T

e T g W

FOoR MATERIAL NUMBER=== 8 ’ .
TINITIAL CRNG FINAL TRNJ
RsLIONUCLIGE TIHE (5} (ML) i (KL} KDS KD
-BA 133 201 2.,4E-p 7+3E¢1(4.2)
16'97 2.4E"'B 7|BE¢1(‘-B)
29,97 2.4L~8 T 7E01(3.:9)
62.93 2.4L-8 7+8E08(3.4)
13,67 7+7E+1(6.4)
27.66 9.LE+1(6,3)
85,72 7.9E+4(5.9}
16,97 1,366 1.2E%2(4. %2
29.97 1.3E-6 1,2E¢204.8)
62.83 1,3E=6 1,9Ee2(3,:6}
13.67 S.4E*216,8)
27.66 9.1E+2(7.8)
5%,72 1.1E+3(8,4)
Cs 137 2,91 1,4E=9 2,7E42¢2,4)
16,97 1.4E-9 . J,4E¢2(2.6)
29.97 1.4Ee9 - 3,0Ee2(2,:6)
62.23 1.4E~% 4,1E+2{2.4) -
&3|67 5025"2(7.3)
27.66 4, 7E+2(7.3)
55.72 G.6E+2(7. 5}
EL 152 2,91 8,B0E8 2+5E+2¢(3.9}
26,97 3.0E-8 2,2E¢2(4.0)
BG.97 8,6E~8 2,.1E+2¢(3,9)
62.63 8,058 I TEX2{T4)
13.67 G BE+2(5.M)
27 .66 . 8,8F+2(6.3)
55,72 9.4E+2(6.3)
SR 85 .91 1.28-6 . 1.,3E¢145,4)
: £6,97 1.2E=6 142E¢4(5.7)
29.97 1.2E~6 1.2821(5,8)
87.3% 1.2E-6 3,1E+1(5.8)
£3,67 . $+8E21(8.4)
27 .86 . $+6E21(9.2)
85,72 ’ $+TE«L(8.8)
v 237 6,95 5.4E~8 3.3E43(8T)
£3.95 5,4E~8 4,BE~1{362)
25.9% . 5.4E-3 1.3E2¢(487)
7,89 1.3E+3{21®
13.64 “J.6E¢B{731)

19.76 ’ 3.9E+11652

- 81V ~

0Z1T-4L



921 2546202 21
RADIOHUCLIDE SCRPTION PARAMETER OESCRIPTION ' NOV-11, 1981

- T e o

I MBER 3 o
LAME t  QUARTZ KONECNITE PORRHYRY.4C
OR1GIN ¢ CLINMAX STOCK,NEVADA TEST SITE €8S

. we wa aa

_START END METHOD :BATCH{1w,BC)

-y e Ty 0~y

Py 8.4 7.9 ! STATE :-1PPai4p MESyY

CHE¥iCaL HINERAL TRACE NA 7.7 1
COMPESITION(®Y  COMPOSITIONTY) FLEMENTS (PPu) g 2.9 1 RATIO :1 G/28 ML
o — e - T - . - - A 11
sio2 CUARTE 31 Mg 2 TeMP., 22 €
AL203 PLAGIO+KFLD 48 FE .1
TI02 ALT,FELDSPAR 2 5] 10 ATH,  3AIR
FE203 BICT/CHLOR 10 HoOg 57 . .
FEG SPHENE <4 Gl 2.3 SEP'N. CENTRIp,, L2050 RPM,1 HR.
1RO APATITE < S04 3.9
MGD HAGN+ILM 8 r X ANAL, 3L
£af 8A 3
na20 Ll @ COMB, tNONE i
%20 SR g

REFEREYCES ! 1) B,R, ERDAL ET,AL =
coz -
H20 LA=7455+-M5 \o

f

ROCK PROPEHTIES

- 00 o e Y o W T -

CEC (VEQ/1B2 ©) 4 3
@ P 8.2 8.3
CATION ¢S SR

SURFaCE AREA (H2/6) 2.9% B+8 1.3
MpTHOL BET EG/CA go

BE UE BE WS RSB B EE bh A B A SO BT PH B A ST B TE S8 M B ST SR PR SR P S5 4% @9 WR Te

0ZT-4%



SORPT1ON RESYLYS

TH e e B g S e g e g

FCR MATERIAL NUMBER=== ?

INITIAL [PN] FINal ERN}
KaClonucLIDe TINE (n) {H/L) (ML} KDS K00
Al 243 7.7 1,8k-6 1,2E43(a=)
: 14,7 1.0E-6 J.E4307.0)
28.7 1.86E-6 5y3Ea3{wn)
56.7 1.98«6 7,8E63¢17y
15.7 ' 2.9Ce3(~-~) '
16.8 ’ T+TE€2(3.7y =
19.7 &, 7Ee2(~=) no
o
PV 237 747 1.0E=12 1
14,7 1,8E-19 114Ee3{em)
23:7 1-35‘12 1.25413(--3
56.7 1.8E-12 2,3Ee3{~n)
15,7 )
16,8
19,7

0274l



9 21 23 hH 723272

“RADIONUCLIDE SORPTION PARAMETER DESCRIPTION ' NOV.11, 1981

GEGLOGICAL MaTERIL4L EXPEQIHENTAL DETAILS

T S - - W

ABUEQUS PHASE

HIREAS l 19

HAME 1 QUARTEz HOMzONITE #ORPHyRy-2C START END METHOD *BATCH (4W,BC)

JRIGEIN 3 CLIMAX STOCK,NEVADA TEST SITE ©S5 ——— —m——.-

Pi 8.4 8.4 STATE ~45+4% MESH

CHEMECAL MINERAL TRAGE N4 7.7

COMPLSITIONGK) co“Posx?loﬂtH: ELEHENTS {PPH) g 2.8 RATIO 11 G720 wmL

e m— - -s smemascces e —a e B s el A 11

sj02 OJARTE 29 HG 2 TEMP, ¢

AL2G3 PLAGID+KFLTD 58 FE o1

TI02 ALTFELDSPAR 4 51 i ATH, tAIR

FE203 BI0T/GHLIR 7 HCO3 57

FED SFHENE 1 oL 2,3 SEP'N. !CENTRIF,,12pgz RPH, 1 HR,

“NO APATITE <1 304 3.0 .

KGO MaGN+1LM 1 F W1 ANAL, L

CAD ga .3

NAZ0 L1 g COME. INONE |

K20 SR 4

P205 . REFERENCES ¢ 1) B.R, ERDAL ET.AL »

coz2 . ] . N

H20 LA~7456-H5 =
|

- .

ROCK FROPTRTIES

-..---.---—q-——d-n-o--w-----.--—-u--v-n——u..-a---

CEC (FEQ/1u2 5 <4 <4
& PH 8.2 8.%
CATION cs SR

SURFACE AREA (M2/6} &.la 4.2 4.4
METHGD BET  EG/fA EG

S gmn sk B A A MG S8 BE W S WS BN wn Y P aw o W A A T e S M W AN W e Sd B S A VS W AR A T P T ma e
SR S S A EE TE 0 BP S A6 N hiem 4u UE S Se 88 Wa wa @d Be G S ew: @0 @E Sacge SN AE T A4S BT A 48 B WE 6 Ne TN aw

0ZT-4dL



921 2346232273

SORPTION RESULYS

o Sy T

FCR MATERIAL HUHBER-w= 13 -
INITIAL [RH3 FINAL [RN)

Raf10oNUCLIDE TIME (o) {H/L} . {MrL? K0S KoD
Ak 244 Te? 1,8E-6 T16Ew2 (==}

14,7 l.ﬂE"ﬁ 1.3E43 (==}

28,7 1,986 1,7Ee3 (=)

5.5-7 1-05"'6 3'QE¢3‘-"’

16,6 414E¢2(~=)

19'7 3-2['2(““}

29.7 ) 3,3Ee2(~=)
Py 237 7.7 1.968«12

14|? 1.GE~12 ?|BE*2‘%"’

8.7 1.8E-~12 7|1Eﬁ2(-5"’

56,7 1.9g~12 2,53 {~n)

16,8

7.7

29.7

0¢T—dL



921 23546202724

SURFACE ARZA (H2/GY 2.1 7490 2.9
MpTHOD BET  £G/CA g6

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV-11, 1981
GEALOSITAL MATERI sL ! AGUEOUS PHASE : EXPERIMENTAL DETAILS
--------- Ty, ‘ —’;-;—;——-ﬂn— : -"'-"-;0--0---’--—_--——--
H H
HUNBER 3 14 H :
NAME 5 OQUARTZ MONpONITE PORPrAyRy-3C : t START END ! MHETHOD :BATCH(1W.BC)
ARIGIN ¢ CLIMAY STOCK,NC¥aDn TEST SITD CS86 ! e m=—a. :
i PH 8 8.2 ! STATE :-28+35 MESH
CHEMTCAL MINERAL . TRACE t Na 7.7 t
COMP2SITIONI%) CNUPASITIONS) ELEMENTS (PPM} 1 K 2.9 t RATIO 31 G720 ML
---------------- CmmmmsunT . ——— memmmwmmammee= } C4 11 H
5102 QUARTZ 24 1 MG 2 t TEMP, ¢
AL203 PLAGIOU+KFLD . 61 { Fp .1 1
Ti02 ALY,FELDSPAR 5 {51 i€ U OATH, $AIR
FE203 B1OT/CHLOR 7 } HEO3 57 '
FED SPHENE 1 H 2.3 i SEP'N. :CEWTRIF,. 12gpg RPM, L HR,
NNO APATITE <1 t Sp4 3.9 H
MGD MAGN+ILH 4 1 F «1 ! ANAL. L
can } BA 3 H
Hazo 1Ll g 1 CcOMB, NONE 1
K20 1 SR 8 :
P205 1 t REFERENCES ! 1) B.Ry ERDAL ET,AL >
o2 ! 1 P
H20 t : LA=7456-HS w
- H 1 1
f t
H H
H H
} H
ROCK PROPZSTIES . 1 1
L EE DL L L B P s ae .. -——— I 1
CEC (FMEQ/LEZ G <% 1 H H
P PH B.1 &-% 1 :
CATION cs 5R ' 1
t :
t :
H H
H :
1 $
] {
1 ]
t H

0ZT-4dL



FCR MATERTAL NUMBER-w=

RaD [ORUCLIGE

Fy 237

11
TIHE ()

7.7

14.7
20.7
6.7
15,7
6.8
19.7

7.7

14.7
28,7
96.7
15,7
16,8
iv.7

9

2 1 2

SORPT{ON RESULTS

T g PO TR T e e o gy

IMITIAL [RN]
{HAL)
1.0E-6
1,888
1|BE"6
1.3E"6

1.2E-12
1.PE~32
1,8E-12
1. LE-12

FINAL TRNJ
{H/1)

- g ey

KDS
Mk
3.65.2‘--)
4,8E2 (==}
1,6E43(83)
4'1E¢3t'-,

4, BE+2{ar}
B RES2{~r)

KoD

3|ZE’3{“')
4,0E92(7.1)

- 9T~

07T-¥L



HUMBER &

12
HAME 1 QUARTZ HONZONITE PORPHyRyad(

GEOLOGICAL ¥ATERILL

T

9 2 1

RAD]OWUCLIDE SORPTION PARAMETER DESCRIFTION

ORIGIN ' CLIMLX STOCK.NEVAJA TESY SITE CS5

CHEMIZAL
COMPCSITION(%)
5102
AL203
Tjo02
FEZ03
FEO

HNG

GO

CAD

HazC

K20

P2as

coz

H20

-

ROCK FROPZIATIES

e T k7 g U

CEC (MEQ/1E% G)
® PH
CaTION

SURFACE AREA (H2/G) .93

HMIKERAL
‘COMPOSITIONtz!
OLARTE 31
PLAGIO+KFLD 48
ALT,FELDSPAR 2
pIoT/CHLOR i3
SPHENE <1
APATITE <4
MAGN+ 1LY 8
<1 b3
3.2 8.9
] SR
Bl 1.3
Metuod  8eT E£G/CA £6

TRAC

£
ELEMEMTS (PPH)

- vt e gy

PH
NA

GA
HG
Fe

HCO3
CL
504

BA
L1
SR

AGUEOUS PH4SE.

- By g -

START END
8 8.1
8.6

3.7

i1

.2

1

iz

49

2.5

6.5

o1

3

)

o1

S SR PP He An b AE P Se EE S N S UG T BN P U TS P4 S TE S e G e ew a4 S BhBE B4 04 wn ke ov Jdu AP SR aies e

EXPERINENTaL DETAILS
METHOD (BAYCH{1iwW,BC)
STATE :~-ip@+1d4g MESH
RATI0 i1 G722 ML
TeMp, 178 C
ATH, ) tAIR

SEPT'N, !CENTRIF,, 12gpg RPM, 1 HR,

ANAL. fL

CoMB, :NOME

REFERENCES * 1) B,R, ERDAL ET.AL
LA=7456-MS

NOV- 11, 1981

-5’V -~

0¢T-41



921 2562173227

SORPTION RESULTS

e Wy Ty

FCR MATERIAL HUMBER=~~= iz ;
INITIAL CRri FINAL £RNY

Ral1ONUCLIDE TIRE (n} (M/L) {HsL? KDS Xpo

Al 241 7.7 1.9En6 6.2E83{=m)
14.7 1,0E~6 4,5E¢3{mm) : .
15,7 1,8E-6 Le7Eed(om) i
56,7 1,8E-6 - 1+ 8E4d (=v) o
16,8 - 1,868 4.6E420~=) |,
19,7 1,8E-6 3.8E+42(~=) &

Py 237 7.7 1,0E~12 :
14,7 - 1.8E-12 3,5E42(-=}
15.9 1.0E=12 4,3E42(wn)
36,7 1,0E~87 9y 4E2{a=)
16,8 1,0E~12
19,7 1.BE~12

0ZT—4L



921254920228

RADIOHUCLIDE SORPTION PARAMETER QESCRIPTION NOV.1l, 19p1

GE“LOGICAL “ATERIAL AQUEOUS THASE EXPERIMENTAL DETAILS

-------- P bt - g oy o g P e = g e P o e

HUHBLR ¢ 3 Y .

JELE I QUARTz MONZONITE PORPHyRy-4C $TART END METHOD :RATCH{LW,BC)

: H ey e

DRIGIA 1 CLIMAY STOCK,“EVADA TEST SITE CSB i " "l STATE  1~28%35 HESH

CHE®ICAL HIMERAL TRACE N4 8.6 .
ceEPéSrTruutx cnPPosxv'ov<z) ELE"ENTS {PPM) g‘ ii? RATIO 31 G/20 ML

stz T QUARTZ 24 MG 'i YEMP. 72 C

AL203 PLAGIO+KFLD 61 FE . \

Ti02 ALT FELDSPAR 5 géos %g ATH,  IAlR
;Egos gégéagﬁLaR Z cL 2.5 SEPYN. :CENTRIF,,12gpg RPM.,1 HR.
MNO APATITE <1 504 6.5 N 0w
NGO MAGN+TLH 1 F Wi ANAL., ¢ .
) BA .3 . o
MA20 gé al coMg, INONE 4
h205 ) REFERENCES § 1) B.R, ERDAL ET.AL ~
2 i
H20 LA=7486~HS

-

ROCK PROPERTIES

- o A 0 Y o B A 0 S gy 0

CEC {MEQ/1K2 G) <1 i
@ PH 8-1 305
CATION ¢S SR

SURFACE AREA (N2/6) 3.48 7.5 2,9

H
]
H
H
t
H
H
H
3
]
i
I
)
H
'
i
H
1
i
H
i
H
H
H
H
H
H
H
!
t

MeTHOD BEY  EG/DA g6 :

:
t
]
|
13
H
H
1
§
1
f
{
t
I
H
H
H
1
1
{
H

‘ i
co2 .
H
i
1
i
1
i
H
t
t
!
4
t
t
}
1
H
{
H]
t

0Z¢1-41



FCR MATERTAL HUYSER-=-

RACIONUCLIDY

PL 237

13

TIKE (T}
747
14.7
25.7
56.7
5.7

17

4.7
26.7
6.7
15,7

9

21 2

"

4

SORPT{ON RESULTS

- T Oy o S gy

INTTIAL [C=N]
M/

1,8E~6

1.,8t-12
1.86-32
1,86-12
1.0E~%2
1,.00k~12

FINAL CRNY
LuS

- ———

KOS

11ﬂ£'3tu-’
1|BE*3{-"’
2edE43 (w1}
Z'QE'S(Q-}

2,0E42 (an)}
5.85&2(7*)
7 .0E42(=n}

XoD

1:9E+3(~-)

- g7’V -

0ZT-4L



921 25522238

AADIOHUCLIDE SHRPTION PARAMETER DESCRIPTION L : NOV 11, 1981

AUUEOUS PHASE EXPERIMENTAL DETAILS

GEGLOGICAL “ATFRIAL

----------- oy o T g o
- - -

NUMBER ¢
HAME GUARTg MOKzONITE PORRHYRy 7A START END METHOD :BATCH{iuW.BC)
ORIGIA t CLIMAX STOCK.HEVADA TEST SITE CS7 D
PH - 7.7 8.3 STATE :~190214g MESH
CHEMICAL MIMERAL TRACE N& 7.5
COHPUS[TION (%) CONPOSITIONC) ELEHE“TS (PPH} g 4.8 RATIO 1 G/2B ML
------------------ ot el 8 o 5 on 8 g 0 g oy o . 1 gy v P A Qe
s102 oLARTz 49 MG 2 TEMP, $22 C
AL203 PLAGIG+KFLD 46 FE od
T102 ALY (FELDSPAR 2 5103 ;éq ATM,  :AIR
FE203 BICT + CHLOR 5 c .
Pgo SPHENE 2 oL 2.5 SEP'N. :CENTRIF,.16882 RPH, 1 HR,
HNO APATITE ' 14 S04 5.4 . .
MGO MAGN+ILY 5 g .g AMAL. L i
CA0 A . .
Ha20 L1 g . GOMB. INONE >
K20 SR |1 g
P205 1
H20 LA=7456~KS

ROCK PROPEZGTIES

- g b T T

CEC (MEQ/12Z &) <L 2
8 PH 8.2 B-%
caTiON - cS Sk

SURFACE AREA {112/G) 0.88 9.8 4.5

1
!
H
H
L
1
:
H
!
H
1
H
H
= B
t REFERENCES t ) B,R, ERDAL ET.AL
b
H
H
'
'
H
L
H
H
!
H
i
1
:
!
MpTHOD BET  EG/CA EG !
1

i
'
{
{
1
I
!
'
'
H
'
]
!
i
!
H
t
1
|
!

. t
co2 ' :
1
1
i
1
!
1
'
H
1
t
1
!
!
L
L
H
H
4
4

0ZT-4dl



9 2 49:&;%0&7;;{59‘&1.72 0231

g 0y g

FCR MATERIAL NUMBER=ww 14

INITIAL [RN) FINAL (RN3

Ragienyclipe TIRE (o) (M/L) {#sL} KDS XDD
BA 133 9.9 2.‘”:'8 2|3£‘2(4|2,
16:99 2.45"8 2.98*2{4v3)
27,96 2.4E-8 J.BES2(4.3)
62.22 2.4E+8 4,7Ew2(3.8)
13067 3’65‘2(60‘)
#7466 J.6E42(5.9)
35,72 J.2E+2(5,5)
CE 141 2.9 1.,3E-6 T.7E08{4.3)
16,99 1.3k-6 1,8E+42(4.5)
27.96 1.3E-6 3.5E+2(4,86)
82,22 1,3E=6 6.8E42(7,8)
13.67 1.4E+3(6,9}
27.66 2.2E43(6.9%)
$5.72 . J.2E+3(8.4)
cs 137 .3 1,4E~9 3.5E%2{2,6}
16(99 i 4E"9 4,“5‘2‘2.7)
27196 1.4E-9 5.55*2{2!&)
62.@2 1,4E~9 7.2E42(2.5)
13.67 6.3E+217,3)
27,66 b 4E¢2(7. )
55,72 5.8E+2(7.2)
EL 152 9:9 B-EE'S 2|1E+2(4’1)
35,99 8.8E-B 4,6E42(4.3}
27,96 8.0E=-8 7+8E¢2(4,4)
62,82 5.8E-8 2.0E«3(8.1}
13.67 2.BE+3(6.4)
27.66 2.TE3(6.8)
55,72 T 4E+3(5.6)
SR 8% £.9 1.2E-6 2,3E9L(4.1)
16.99 1.2E-6 2.3E61(4,2)
B7.96 1.2E-6 2,4E21{4.9)
62!@2 1-2E‘6 2!62‘1(3-6}
13,67 S.PE+1(7.8)
27.66 2+761(7.5)
55,72 2.7€+1(7.2)
v 237 6,95 5,40-3 1,4E+1¢21)
13,95 5.4E-8 B.2ual {24}
RZ.95 5.4E«8 8,8cs2(232
7,69 2,4E44137)
13,64 2.,2E41(39}
19,76 1,76+1¢39}

- 0LV -~

0ZT-¥L



9 21 2362023 2

RADIONUCLIDE SGRPTION PARAMETER DESCRIPTION ROV 11, 1981

AUUEOUS FHASE

i

EXPERTHENTAL DETAILS

.y ae W A e -

HUMBLR ¢ 18

NAME § OUARTz MONONITE PORPKyRy 7B START END HETHOD :BATCH(4W,BC)

ORIGIN ¢ CLI¥&X STOCKsMEVADA TESY SITE €57 A wm—— H

PH 7+4 8.1 STATE :=ip@e149 MESH

CHEM [CAL MIMERAL RACE NA 7.7

COHPLSITICNLS) OPPOSITIOHix} ) LEHEhTS (PPHJ K 2.9 RATIO 1 G/28 Wl

T e etttk wmtmEr A, eessamscea=se CA 11

S}od GUARTZ 43 hit) 2 TEMP, 322 C

AL203 PLAGIOKFLI 46 Fe 1

Tio2 ALT(FELDSPAR 2 31 ie ATH, = AR

FE2Q3 BI10T+CHLOR g HEO3 57

FEO SPHENE 2 cL 2:3 SEPTN, :CENTRIF.,16803 RPM, 1 HR.

MNO APATITE <1 S04 3.9 .

HMGO MAGN+ LY 5 F '3 ANAL, ‘L :

cal Ba o3

NA2C Lt e coMg, :CS,TC s

K20 SR [ w

p2us REFERENCES ¢ 1) B,R, ERDAL ET.AL L
i

H20 LASL-7456=MHS

- -

ROCK FROPERTIER

D h Y e O T 8 oy g 2w

CEC (MEQ/L3Z Gy <4 2
CATION ¢S SR

SURFACE AREA {N2/6) £.88 3

!

i

}

!

;

1

i

;

!

i

§

;

i

{

1

i

t

i

- I
cg2 1
' 1
:

!

i

1

{

i

t

i

1

t

t

t

H

H

1

!

MeTHoD BT }
: 1

1

0¢1-4l




MATERTAL MHBEg~=-

s ———

SQRPT{ON HESULTS

B e gy TP e gy e e g

IHITIAL [PN)

(M/7L)

R e T

1.92E~12
1.92E=12
1,92En12
1,92Er12

FINAL [RNJ

KDS
1,4E42(1,2}
1,6E¢2(1.2)
1,7E42(3.7)
1.9E+2(1,6)

JRERL(3 4
4,4E%31(3.3)
1.6E92(2.9)
§.0Ew1(2,5)

KDo

3.9E%2(11)
4,5Ee2(81)
5.8E+2(11)

6,0E+2(36)
2.1Es2(280
2.8E+2(21)

- TEV <

0ZT-dl



GEOLOGICAL %ATERIAL

- Y Ty P ) g T =y g W

NUnBER ¢ 16 )
NAME ¢ QUARTZ HOK2CNITE #0RFRyRy 7€

ORIGIN ! CLIVAX STDCK, HEVADA TEST SITE CS7

CHEMICAL EIMERAL
COMPSSTTION(%)  COMPOSITIONCY%)
5102 QUARTE 43
AL203 PLAGIO+KFLD 46
7102 ALT,FELDSPAR 2
FE203 BIO0T+CHLOR " 5
FEO SPHENE 2
HND APATITE <
MGD MAGN+ LY 5
Cal

NA20

K20

p20%

co2

H20

-

. ROCK PROPLRTIESR

s - U g e o o S s P TS gy e

CEC (FEQ/1ZE &) 4. 1
@ PH 8.2 5.9

CATION CS . SR

SURFACE AREA (N2/6) 5,88 9.2 4,5
METHOD BET  £G/CA £G

9

2 |

TRACE
ELEMENTS (PP}

1
I
H
§
!
H
1
}
1
H
$
H
H
}
}
H
I
I
1
H
H
H
H
H
t
H
}
1
H
t
H
H
3
H
H
H
]
7
H
H
H

g

253623234

AUUEQUS PHASE

- gy -~

T T g gy

START

Py B.1
Na 7.7
K 2.9
Ca i1
H6 2
FE 1
S1 10
HCOS 57
CL 2.3
S04 3.9
F .1
Ba '3
L! @
SR [}

END

Be2

RADJONUGLIDE SCRPTION PARAMEYLR DESCRIPTION

'
:
!
1
!
!
!
t
1
:
!
i
t
:
:
:
!
1
1
1
i
t
!
:
1
t
t
:
H
!
i
|
1
1
t
:
!
i
!

EXPERIMENTAL DETAILS
METHOD :BATCH(1W.BC)
STATE :-10fvl43 MESH
RATIO 31 G/28 ML
TEMP. 22 C
ATH, tALR
SEPTN, ICENTRIF,,16883 RPH, 1MHR.
ANAL. 3L
COMB. *NONE
REFERENCES ¢ 1} B,R, ERDAL ET.AL
LASL“7{56—HS

NOV 11, 1931

— E:s:.1q -

0¢T-4dlL



FCR MATERIAL HUMEER==~

RalLICNUCLICKE

FU 237

16
TIME ()

-P—--h’-ﬂ
77
14.7
28,7
56.7
15,7
16,8

7.7
14,7

9 2 1 2

SORPTIIN RESULTS

T L -

TNITIAL [PNj
(70}

-------- -

1.,28-42

FINAL ZRN)

{

M7

. -

KDS

22643 ~v)
2¢3Ee3(vn)
BySES3{om)
I,9E+3{22)

1,1E¢3(em)
1,5Ew3{-=)

2, FE43{aw}

Koo

1,8E+4(~=)
574E“2(""')

- BE'V -

0ZT-4&



9 21 2354520236
RADIONUSLIDE SORPYIIN PARAMETER DESCRIPTION ' ' NOV 11, 1981
CEﬁLOGICAL Ma TERI;' AQUEQUS PHASE EXPERIMENTAL DETAILS
NUMBER 3 17
NAME 3 QUASTZ MONZCNITE PORPHyRy a4 STARTY END METHOD tBATCH{1W,BC)
ORIGIN 1 CLINLY STOCGK, NTVARA TEST SITE 457 e o= - :
PH 7.7 8.2 STATE ~45+66 MESH

CrEMiCAL HIHERAL NA 7.5 -
COMPRSITICH{%)Y  CONPESITIONUD FLEFEdTS (PPM) K 4.8 RATIO t4 G728 ML
-------------- -uv:--—--o--ﬂ"r-—-—----- - am . CA 4.6 R
s1a2 QUARTZ 32 MG 2 TEMP, 22 C
AL203 PLAGIO*+KFLY 54 FE 4
T102 ALT,FELDSPAR 7 ] 7.9 ATH,  :AIR
FE203 gICT«CHLIR 6 HCU3 55 ]
FEO SPHENE 2 oL 2.8 SEP'N. IGENTRIF,, 16882 RPM, 1 HR, |
MNO APATITE <L 504 5,1 .
KGO MAGN+ILM 1 F 3 AMAL, L v
A BaA .3 t:
Naz20 Ll 43 COMB. *NONE
Kz0 SR .1 . A
Pz0%H REFERENCES ¢ 1) B,R, ERDAL ET.AL
H29 LA=7456-M5

-

ROCK FROPERTIES

o 72 A g B 8 P T 5 O g PO

CEC (MEQ/1GZ G) <3 2
@ PH 8.2 86-%
CATION cs R

SURFACE AREA (M2/8L) J.18 3u3 316
HrTHOD BETY EG/CA g6

m ek me ww e e Be 46 S8 M wm Al neS R WY WE W4 e ey SR S PE WY TH W W A e WR e S e W S S me e e 4R 2R
e 4 4 BE S N SN e B A TS NS VE VE S ST ST O N0 ah i B BT AP0 A RS HE40 SR SF uy i ew db S BT S8 S0 o ood

02141



FCR MATERIAL MNUMDER---

RaDIBNUCLIGF

CE 1431

£s 137

Ly 152

Sk 8%

L 237

9 2

INITIAL RN
: (M/71)

- . . -

5,4L-8
5,488
5,458

| S28eTIN Kgsylrs O 2 37

TPy T O gy O g g vy gy

FINAL [RN}
ta/L)

- oy

KDS
6,6E0i(4,3)
B4kl (4.2}
1+AE2{4,2)
g, 7E+1({3.6)

5y7Eell4.3)
B, 6EeL (a3}
1,1F+2(4.3)
2+5E#2(3.8}

2,5E+2{2,4)
3.4Ee2(2.8)
3|4E¢2(2'6,
5.3Ee2(2,4)

1,2E%2(4,8)
1.7842{4.0)
2.,4E+2(4.8)
6.0E42(3.6}

1545#1:5‘2’
1. 6E¢5(5,8)
1,4E41(5,3)
1,48+1(5.0)

2.35«2(78)
2+8E¢Z(58)
1,9E«2(38)

KnD

303E*1(6'g)
L.1Ee2(46.0)
T.5E+1(5.5)

5,5E+2(6.4)
6. OE«2{7.3)
1.1E+3(8.6)

4,5E+2(7.3)
7:3E2(7.3)
6. 1E+2(7.3)

7T.0E+2(6.8)
O.5Ee2(6.1L)
L.EE+3(5.8)

1.6E¢1(8.1)
2.3E+1(8.4)
1.4E+1(8.6)

1.2E448163)
2,3£+1(8%)
1.2E¢11158)

- 9Ly -

0Z2T-4L



RADIONUCLIDE SORPTIUM PARAMETER DESCRIPTION NOV 14, 3igat

EXPERIHENT,L DETAILS

”--ﬁ'-—----q- -------

GEMLOGICKL YATERT AL, AUUEQUs PHASE

- e o O - A - g

NULMBER ¢ ia
HAME 1 QUARTZ HouzONITE ADRPHYRY &P START END METHOD :BATCH(1wW.BG)
JRIGIN ¢ CLIMAX STSCK, MEVADA TESY SIYE £S7 e —v=——.
P 7.6 8 STATE i=45+40 MESH
CHEMICAL LERAL TRACE NA 7.7
COHPESITIONCE)Y CGHPnSITION(%) FLEMENTS (PPM} 1 K 2.9 RATIO t3 G720 ML
renr—ea—————— —mn,———— T L L wwmmammm= | CA 11
3102 QUARTE 32 MG ] TEMP, 122 ¢
AaL293 PLAGIC#KFLD 54 FE .1
TiO2 ALT,FELDSPAR 7 1 ic ATH, 1AIR
FE202 E10T+CHLUR 6 HED3 57
FEO . SPHENE 2 cL 2.3 SEP'N. :CENTRIF,,160062 RPH, 1 HR, |
MND APATITE <3 504 3.9
HGO MAGN, 1LY 1 F .3 ANAL, 3L P
CAD BA 3 L
NA20 L1 8 COMB, :CS,TC ~
K20 SR g I
P25 REFERENCES ¢ 1) 8.R, ERDAL ET,.AL
co2

LA=7486~MS

ROCK PROPInTIES

- P T PP o e TP U e PV e W O i g T A e VT D gy i,

CEC (kEDQ/132 G} <1 2
@ PH B2 8.9
CATION cs SR

SURFACE AREA (H2/G) £.16 3.3 3.6
¥pTHOD BET  EG/CA £G

SR B A we B an ok SE ey At od B S Y el S S WS B SE S 4T W S0 Sai s wé @ wm 4 bd b S8 ES BB SR S5 S ea

t
H
i
H
¢
i
1
i
!
i
I
H
i
H
'
H
i
|
I
t
1
HZ0 i
)
L
H
¥
¢
i
H
t
H
!
H
1
H
H
i
1
1
1
1

0214l



FCR MATERIAL MUMPER---

RACIONUCLIEF

TC 95M

15

TIME (D}

SOoRPTION RESULTS

INITTAL IRN]
(M/L}
1.44€-9
1,44£-9
1,44E=9
1,44E9

1.92E%12
1,92Em12
1.92E-12
1.92E-4.2

FIMAL CRNJ

(LV4W]

KpS
BeSE#L(4,1)
1.PE#2(g.8)
1,1E+2(1.8)
Ly3E2¢1. )

=7.6E-1¢51)
m3 BE-1 1114}
"g|EE“1(38J
=0, FE=1 (358}

kDD

209E02(11’
3.4E92(LD)
S«4Ev2(45M)

=2,3E+11{9.1}
=4,2E+1(16)
”3-gE¢i{12)

- 8¢V -

02744



RADTGHUSLINE S2RPTION PARAMETER DESCRIPTION NOvV- 11, 198t

EXPERIHENTAL DETAILS

.,-—-.., --------------

GEOLOUIL“L “kTLQIAL

o -y

AUUEOUﬁ PHASE

-y - o

HLUHELAR 3 15
MAME t  OUARTz MONzONTTE POAPHyRy 8C START END ‘METHOD :BATCH{4LW,BC)
JRIGIMN ¢ CLIFAX STOCK,NEVAOA TEST SITE 87 cmpmem mm——— :
PH | 8.4 8.2 STATE ‘=45+60 MESH
CHEMICAL MI'ERAL A 7.7
COMPCSITIGN (%) CoMPASITIONCYK) FLEHE'iTS {PPM) K 2.9 RATIO s G/22 ML
L R ST e mmwn mmemmaeseome—- -t CA 13
sioz - QUARTE 32 HG 2 TEMP. 22 C
AL202 PLAGIOKFLD 54 FE o1
Tjoe ALT,FELBSPAR 7 51 it ATH, $AIR
FE203 B10T+CHLOR 6 HCO3 57 _ :
FEO SPHENE 2 GL 2.3 SEP'N, :CENTRIF,,16083 RPH, 1 HR,
HKRO - APATITp <4 504 3.9 1
HGo HAGN+ TLH 1 F o1 ANAL. L .
CAD BA 3 :
NA2C L1 3 COMB. :NOKE v
K20 SR - @
p205 REFERENCES ¢ 43 B,R, ERDAL ET.AL i
H20

LA~7456=MS

-

ROCK PROPEHTIES

o e o e T T e Y ke Pl ol Y gy, 5

CEC (MEG/162 G) <1 2
e PX 8.2 8.9
CATION ¢S SR

SURFACE ARELA (H2/6) L6 33 3.6
HpTHeD BET  EG/CA £6

- e bd A BB AR R B A BE SE Se S5 P B PR U N4 TE S My S SE ek dd B0 ST EE B G S EA 4 i dn SR SR A A e

021T-3L



FoR MATERD AL INIMAER==w

RaCIOHULLIGF

PV 237

19
TINE (P}

28,7

9

2 1 2

SCRPTION HESULTS

g WY g T T v gy

THITIAL [RN)
(M7}

1,6E~32
1¢ﬁE'12
leBE"12
1'2E'12

FINAL [RNj
(S FAIp)

e . #7

KOS
738E02‘~')
1|1£*3""
1.75*3t-"
2|4E*3(-"’

Se1Ee2¢{«=}
G.QEOEE--I
9.7[‘2{;',

Xob

1

2AE+3{81) »

2e2EeR (=)
642E42(==)

o
'.

0ZT-4L



221 2589202 409 )

RANIONUCLINE SORPTION PARAMETER DESCRIPTION . NOV 11, 1931
GEOLO rcAL 4ATFRIAL ! AQUEQUS PHASE EXPERIMENTAL DETAILS -
---------------- 1 —mmm———————— N r e tama-——————————
I
NUMBER ¢ 20 : 7
HAME 1 QUARTZ #Ho»alNITE PORPHyRY 94 1 STARY END METHOD :8ATCH{1iW,.BE)
IRIGIN t CLIMAY STCCK,HEVADA TESTY SUYE CS7y f e Lt T
: 1 PR 7.7 8.2 STATE t«eR2p+35 MESH

ChEMIGaAL MINERAL TRACE I NA 7.5
CRAP STTINR(Y) COMPOSITIONX) rngENTS {PPH} 1 K 4.5 RATIO %1 G728 ML
-------- Serece  eeRmemmsmetmeaecneme. sweeemmmmaanne (4 9.6
stoz QUARTE 26 NG 2 TEMP, 22 C
AL203 PLAGTO+KFLD 68 FE o4
Ti02 ALY FELD3PAR 5 SI 7.9 ATH, tAIR
FE203 B810T+CHLOR 8 HCO3 55 )
FEO SPHENE <1 CL 2.5 SEP*N. ICENTRIF,,16P82 RPM, 1 HR,
MND EPATITE 14 504 5.4 !
MGU HAGN+ ILM <1 F '3 AMAL, i, b
CAD 8a '3 : =
NAZ2G LI ¢ coMB, IRONE =
K20 SR A i
P205 REFERENCES t 1y B,R, ERDAL ET.AL .
cee
H20 LA~7456M5

-y

ROCK PROPEZRTIES

e o o e O e e

CEC (MEQZiZZ G) <i 3 R
® PH 6.2 8.5
CATION cs SR

SURFACE AREA (H2/6) 2.42 "3.2 2.8
MpTHOD BET  £G/CA &6

BE Al bk e S 4% A% SN AT B8 A0 B0 S0 4V SP DO SU IS AP S % +h P el Gm SR R D TS BT U 4% B MR R S b b e e me W

02T-4L



Fin MATER]AL HUMBER=---

RaC1ONUCLIDF

CE 141

£s 137

ELV 152

i
a3
[+
ut

L 237

23
TIHE (2}

P59

16.98
27,96
g2.92
13,67
27.566
85,72

¥,89

16|?5
27,96
82.02
13.67
B27.66
$5.72

9,89

26,98
27.96
62,62
23.67
27.66
55,72

9.89

16.98
27.96
f2.22
13.67
27.66

- .

35.72

9.8%

25.99
27,96
62.02
13,67
27.56
55.72

6,95
23,95
26,95
7.39
33,64
19,76

9

2 |

235

SoRPTION HESULTS

S By TR g gy

INITIAL [RN7Y
(ML)
2,4t -8
2,4E-8
2,46-8
2,4E-8

FIMAL CRM]

(/L)

-y ———

KDS
9,1E41{4.3)
9.5E+1(4,.5)
9,3E¢1(4,2)
9.65*1(3!7’

L.7E82(4.5)
2.7E«2(4. 7
1:,3E#2(4.5)
4,2E¢2(4,.3)

4,6E+2¢2.7)
6,1E2{2.9
4,8E+42({2.7)
7.8E¢2(2,5}

2,8E+2(4.3)
4,4E%2(4,42
2,6E42(4.2)
B,4E«2(3.8?

1.TELL(L.T)
1!7E‘1(407)
1,6e01(5.3)
1,5E«8(4.7)

6,BE~1(2608)
1.2E+2(447)
1, E«@143)

Ko

F+6E+1{6,8)
9.9E+4(5.7)
9.7E«1(5. %)

1.BE+3(6.5)
1.1E4317.2)
1.4£43(7.7}

8.2E+2(7,2)
L.BE3(7. 0
L.BE+3(7.2)

L.1E+3(6.6)
1.26+43(5.7)

T i.2E+3(5.9)

2,BE«1(7.6)
2.2E+1(7.2)
2.BE+1(8.3)

7.4E+8(367)
1.28¢1(288)
1.7E+80620)

- Z“?.V a—

0Z1-3dL



921234620244

RADIGHUCLIDE SnRPTION PARAMETLR DESCRIPTION NOV 11, 1931

SEOLOGICAL %aTERIL A0UEQUS PH,SE EXPERTMENTAL DETAILS

e gy T ST g o P o v o

} H

H 3

1 :
HUMBER 3 2% H ] H
NaME 1 QUART= MOHZINITE POAPHYRY ¢n H START END 1 HMETHOD :BATCH{1W.B()
TORIGEN ¢ CLEMAX S7OGK,NEVADA TEST SITE gS9v ! wmwme meme—. )

t PY 76 G2 I STATE :-28+35 MESH
CHEMiCAL HINERAL TRACE 1 HA 7.7 H
uOHPGSITIuh(%) -o“Posrrlow(x) ELEHEHTS (PPH) 1 XK 2.9 I RATIO 1 G722 Wi
----------------------- rm——————— et —.———— | [ 11 H
sxoz QUARTZ 26 G 2 T OTEMP. t22 C
aL203 PLAGIO+KFLD 62 fE 1
Ti02 ALT,FELDSPAR 5 5§ 1% ATH, tAIR
FE203 RINT+«CHLOR 8 HEo3 57 : N
FEQ SPHENE <1 CL 2.3 SEP'N. CENTRIF, 14387 RPM,4 HR.
MND ARATITE <t S04 3.9
MGO MAGK+ILH <1 F ol CANAL. L |
CAQ Ba .3
HAZ0 L1 2 coOMB. :€%,TC >
K20 SR [} ] o
PZO% REFERENCES 1 1) B,R, ERDAL ET.AL had
cg2 1
H2U LA=74B6~M$

-

ROCK PROPEXTIES

TN P e A U 0 g 0 g P S e vy v -

CEC (MEQ/12C G) <l 3
# PH 8.2 8.5
CATION (4] SR

SURFACE AREA (M2/6) 2.12 352 2.8
KeTHOD BET  EG/CA 6

GR A me Sh A4 LGS S TR TR B ST T B BN S At WE B e W e e e W ee e S e e
RS S0 SN R B NS 4% dA AR S8 WS AT S8 WD Ad SN BN VR SE eb ST TS G e . e e BE A

02T-¥L



FCi MATURIAL WUMZEQR--~

RaCcionucLIne

e Y Y

IC 95N

2%
TIFE (g}

6.58
13,52

S50RPT10H RESULTS

Y gy Y u T g S g W

INITIAL £8N]
(M/L)

%.92E~12
1,92E~12
1,92E~12
1.92E"12

FIMAL [RN]
{M/1)

T s s -

kDS

7g7£¢1(101’
1.0E+2{¢.1)
1,2E+2{1.8)
142E#2(1.6)

=B EE~1142)
"9'25'1{38’
7 BE~1(40)
~1,1€¢0(29)

Kob

3.2E+2(40)
307E*2(11,
J.4Ee2(12)

'3.3E01(14)
*3. 4B {13
=3 FE+LLL5)

- Uy -

0Z2TL



9 21 2 7 4 20 2 4 4

RADIOHUCLIDE SoRPTIUN PARAMETER DESCRIPT]ION NOV 11, 1981

-

GEnLOGIuaL *ATERT AL E*PERIHENTAL DETAILS

-------- R

AUUEQUS PHASE

-y

NURBER 1 27
NAME §  QUARTz LONzINITE PORPHyRy 9C
DREGIN ¢ CLIMAX STOCK,NEVADA TEST SITE CS7

START END METROD sBATCH(1W,BC)

- gy ey

SURF4CE AREA {M2/0 .12 B 2.8
¥eTHGD RET EG/SA €6

H
] H
1 H
H t
1 H
y PH B.t 8.2 t STATE :-2B+35 MESH
CHEMLCAL HIFZRAL TRACE 1 NA& 7.7 1
CONPASITION(Y) an?esxv DNL%) ELEMENTS (PPM} 1 K 2.9 ! RATIO 1 G/2E ML
e ———— e emteames o r———— B e I ] 11 i
5102 QUARTZ 26 1 MG 2 POTEMP. 22 C
AL2D3 PLAGIO+KFLY €9 VFE ol 4
TI02 ALY, FELPSPAR 5 1 St 1g I ATM, -tAlR
FE203 . BIOT+GHLOR 8 1 HCOS 57 b
FEO SPHENE <L t CL 2:3 { SEP'N, 3CENTR1F.116993 RPH, 1 HR.
MND ARATITE 41 I S04 3.9 : 1
MGO MAGN+ILN <4 1 F .1 ! ANAL. 'L
CAD } Ba .3 ¢ ?
NAZ2O t LI g ! COMB. INONE &
K20 t SR g i o
205 1 ! REFERENCES ¢ 1) B,.R, ERDAL ET.AL [
coz H H
H2G t : LA=74B6-H5
—————— '
H H
! !
[ |4
t i
ROCK FROPELTIES ; :
A S W e b gy S % - - i - ‘ :
CEC (¥ED/1%2 §) 141 3 1 :
& PK 8,2 8.5 3 3
GATION cs SR 1 i
H H
H H
H H
t H
H L
] H

0Z1-41



FCR MATERIAL HUYRER--=

RaCIONLCLINF

PL 237

22
TIRE (c)

-

7:7

14,7
28,7
55‘7
16.8
19.7
29,7

7.7

14.7
2607
56.7
16,8
19'7
£29.7

921 25

SSRPTIIN RESULTS

Ty Ty T R g gy

IHITIAL [RANJ
(H/L)

1,3E~42
1.3E~12
1.0E-~42
lth‘la

FINAL [RN)

{

M7L}

1

7

KOS KQo
5.4E+2{1.+3}

1.88¢3(23)

1,7E¢3(18)

I, 7E€3(49) ’
B.GE¢D =n)
1-55*2t‘“)
3.4E+2042)

6,9E42(=w)

12803 (w=)

2;5E*3‘W‘)

- 9%y -

0214L



9 21 2 15 4 20 2 4 3

RADIOHUCLIDE SoRPYION PARAMETZR DESCRIPTION NOV 11, 198t

CEOLOGICAL MaTERT 4L AGUEQUS FTHASE EXPERIMENTAL DETAILS

--------- - o oy gy = e 4y .-'—.------q-------

! !
1 H
! !
NUMBLR 3 23 ' u t
NAME §  QUARTz MonzONITE PORRRyRy 17 A 1 START END 3 HMETHOD :BATCH{iW.,B(?
ORIGIA 3 CLIMAX STOCK,NEVADA TEST SITE CSy ! e mwm—pa
$ PH 7.7 B b STATE i-182+1i42 MESH
CHEMICAL MIMERAL TRACE i NA 8.6 t
COMPUSITION(%) anPoSI?10v1x> ELENEHTS (PPM) 1 K 3.7 I RATIO 1 6728 ML
------------------------ ety e Yy S Y l c‘ 11 t
siez mumz a3 1 G .2 i TEMP. 7B C
AL203 PLAGIO+KFLD 46 t Fp .1 !
7102 ALT.FELD3PAR 2 1 8] 12 1 ATM, TAlR
FE203 BICT+CHLIR 5 I HCO3 49 3 '
FEQ SPHENE 2 tCL 2.5 ! SEP'N. :CENTRIF,,16080 RPM,1 HR, b
HND _ APATITE <1 1 S04 6.5 : 2
e BAGN+ILM 5 tF 1 1 OANAL. il ~
Cal 1 Ba 3 ' A
NAZ2Q . 1L! ¢ i COMB. :NONE
K20 t SR o1 H .
2535 : : REFERENCES ¢ 1) 8,R, ERDAL ET,AL
H20 ! t LA~7456-45
- - 1 H
$ t
t '
t !
! i
RGCK FROPERTIESR _ H H
- - o oy o W g O e e e O H {
CEC (MEQ/10E G) 14 2 i i
& PH 8.2 8.5 { 3
CATION cs b1 1 i
{ H
1 H
1 t
1 ! =
{ : 7
SURFACE ARES (M2/G) .88 948 4,5 1 ! Ly
¥eTHOD BET  EG/CA 6 H H o
i !
1 H



FCR MATERIaAL NUMBERe~w

Ritrdgnuctlior

CE 141

CS 137

€L 152

SR B85

9

2 1 2

Y2

SORPTION RESULTS

e g Ty gy

INITIAL [RN3
(/L)

1,3E-6
1,3E-6
1 '3E~6
1,366

i.,4E-9
i.4E-%
1,4E-9
1v 4E"9

1'2E'6
1.2e-6
1.2E-6
1 ] 2E'6

FIHAL [RNy
;H/L)

- e

?

kDS
7.2{.*2(4'4)
L.3E%3(4.,6)
L:3Ex3(4.8)
2.,9E+3{15)

5,5Ea1(4,3}
5!55&1(4-3’
5:5E8(4.7)
T 7TE4L{15)

3,2E2(2.:6)
4,4E%2(2.6)
6,7E+2(2,8}
248Ewd(tL)

1,0Ee2¢4,1)
8.8E+1(3.8}
1,6E¢2(4.3)
1.6E¢2(4H)

4|7E¢l(3rﬂ)
6,2Eeli{2,9)
S.7E¢i{2.9)
1.5E+2(15)

KOD

1,2E+3¢6.2}
1:8E«3(6.2)
1.8E+3(5, M)

G.6E+2(6.9)
1. 4E+3(7.%)
1.3E+3(8.3)

1+iE+3(7.2)
B.BE+2(7.3)
Q.9E+2(7.2)

B.1E+2(6.2)
1.6E+3(6.3)
L. AE+3(5.7)

5.40«106.7)

6. 2E41({6.9)
5.9E+1(6.3)

- 8%V -

02T-¥L




NyMBER 1 24
MaME 1
GRIGI™ ¥

CHeEnICAL
COMFLSITION(E)
s102
AL20S
T102
FE2032
FEO

MO

MG

Cal

NAa20

K20

P205

coz

H20

ROCK PROPZRTIES

S e e ey W e A P TR g

CEC (MEG/1E% G
@ PH
CATION

SURFACE AREA (H2/G)
METHOGD

GEALDGICAL MATERIAL

QUARTZ MONZON[TE “OHPHYRY 2B
cLIvaX STICK.MEVAIA TEST SIYE CS7

HIYERAL
COUPOSITION(Y)
QUARTZ 4z
PLAGIO+KFLD 46
ALT . .FELDSPAR 2
DI0T+CHLAR 5
SPHENE 2
APATITE <1
HAGN+1LM 5
<1 2
8.2 8.5
cs Sk
1 9-2 445
BT EG/CA EG

9 2 1 2

RADTONUGLIOE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMERTS (PPY)

O = S gy 48 ™ s

AQUEOUS PHASE

- gy WP 4y

START END
4.1 8.1
8.6
3.7
i1
.2
1
12
- 49
2.5
6.8
1
3
3
.1

N SR N A e SR e S sa S a B e R MR T B T SS we BT USRS Wa Y R Sd g wh eaims 45 wEime B4 ok #4544 TS A e ew

NOV 11, 1981

EXPERTHENTAL BETAILS

e gy o W A Y S T A

NETHOD :BAYCH{{W.BC)

STATE '-40Ee¢l4p MESH

RATIO :1 G722 ML

TEMP, 78 C

ATH, tAIR 1

SEP'N, :CENTYRIF,,158¢3 RPM,1 HR, >
£

ANAL, L o
L

CUHEu =csch

REFERENCES 3 1) B,R, ERDAL ET.AL

LA=7456~MS

]
7
=
o]
(]



FUR MATERIAL HUNMEER-ws

RaCioONUCLIGE

TC 95K

9 21 2

SORPT|ON RESULTS

Y T T gy v gy

IMIT1AL L[23N2
(470
1,44E~g
1,44E~9
1.,44E-9

1.92Ew~12
1.92E=12
1.92E»12
1.92E~12

FINAL [RN]
(M7L)

KDS
2,2E42(4.3)
S.pEe2(147}
1.683(2,2)
I,6E93(2.8)

2.3E2104.0)
416240312
2!75*1(3053
1.3E+8(29)

Kpb

2.-PE+3(14)
8.6E+2(11)
B.6E+2(11)

2.4g42(21)
1,8E+2(19)

- 05V -

gzT-alL



921 23520235079

RADIOWUCLIDE SORPTION PARAMETER DESGRIPTION , ) CONOV 14, 198t

GECLOGICAL “ATERTAL AUUEOUS FHASE EXPERIHENTAL DETAILS

R e L Y e me e —————— . e ey - -

H H
i !
H i
NUBBER % zn f H
Namb 1 QUARTz MOWzTNITE PORPHyRy 12C H START END ¢ METHOD :BATCHC1u,BC)
ORIGIN ¢ CLIMAX STUCK,KREVADA TEST SIYE CS7 } g arwaw. |
{ PH 8 7.7 I STATE ~3i2P#147 MESH
CHEMICAL H{MERAL TRACE § NA B.6 H
cenes SITION(%) CNMPRSITIONCE) ELEHEHTS !PPH) 1K 3.7 ! RATIO 1 6/2¢ ML
T B L T T, wema | emmsemem—aw—- ~ 1 Ca 11 1
g102 OUARTZ T 4 } MG ' 2 t TEMP, 78 C
AL203 PLAGIO+KFLD 46 i Fg ! f
Ti02 ALT FELDSPAR 2 -1 2 I OATH, tAIR .
FE203 B10T+CHLIR 5 } HEDS 49 { !
FEO SRHENE 2 1 QL 2.5 1 SEP'N., CENTRIF,,1600C RPM, 1 HR, g
HNO ARATITE < 1 504 6.5 1 th
MGO MACH+ILH 5 {§ F .1 P OANAL, 'L =
CA9 1 8a 3 i '
HA20 f Ll g ! COMB. INONE
K20 t SR .1 5
Eggs H ; REFERENCES ¢ &) 8,R, ERDAL ET.AL
; .
H20 ' : LA~7456-M5
—————— '
t H
i !
t t
1 i
ROCK PROPLAYIES t t
. sy . o - T 4n gy iy PUve 1 H
CEC (KEQ/12L &) <1 2 t H
@ PhH 8.2  8.% ! t
CATION ¢S S8R i t
H 3
! i
: i
H : g
1 H 1
SURFACE AREA (N2/G) 2+88 9% 4.3 ! ! o
HpTHOD BET  ES/CA g6 ; : o
! :



FCH MAYERIAL HUYBER==-

RACIONLCLIDE

Py 237

25

TIME (5)

W v

7

14.7
28,7
56'7
16.8

747

4.7
28,7
56,7
16,8

9

2 12

L&

SORPTIUN RESULTS

- T -

INTTV1AL [RNZ
{M/1)

1-‘35"12
1.8E-12
105&’12
1.9{0"12
L.9E-82

FINAL [RN)

{

H/0L3

o

KDS
2.3E03‘—")
4,4E43 (=)
1,1E+4(-n)
6.3E’4‘w*)

3'6E‘3€-')
4|4E‘3"_l")
2.5Eed{0wm)

Kob

4.0E42(=~}

I
>

ot
N
|

02T-4L



RADIDHUCLIDE SORPTIIN PARRMETER GESCRIPTION NOV 11, 1ig¢81

GLOLIGICAL “ATERIAL AOUEOU§ PHASE EXPERIMENTAL DETAILS

B T R R e T A — Py A gy b o e P gy oy S ap g W

MpTHOD BET  EG/CA ¢4

1 H
[ H
H H
NyMBLR ¢ Zh ! b
HAME T QUARTZ MONZONITE PORRHYRY 344 H START END ! METHGD :BATCH{1W,8C!}
ORIGIA t  CLIMAX STCCK.MNEVADR TEST SITE €Sy H roe—am ammmpe |
I PH 7.7 8 I STATE iwg5+f MESH
CHEMICal MIBERAL TRACE b Na 8.6 !
COMPCSTTIONIX)  cOMPOSITIONSH) ELEHENTS tPPH} 1K 3.7 ! RATIO 11 g/29 ML
et cresetee mameeecreerheaconnetn  smmeeeema— wrew | Ch 11 i
8102 QUARTZ 32 t MG . 2 ! TEMP. (79 C
AL203 PLAGIO+KFLD 54 1 FE o1 i
TIO2 ALT.FELDSPAR 7 1 81 12 it ATH, IAIR ;
FE2G3 BIOT+CHLOR & § HCO3 49 t
FEO SPHENE 2 t L 2.5 ! SEP'N. !CENTRIF,,16880 RPM,1 HR, >
MNO ARATITE <1 ¥ S04 6.5 } L
MGO HAGNLILH 1 t F .1 tOAMAL, L i
CAQ I Ba .3 14 I
NA2DQ 1Lt ] ! COMB, INONE
K20 } SR W1 H
Eggs : : REFERENCES ' $) B,R, ERDAL £T.AL
H20 : : LA=74B6=M5
t 1
! H
1 H
4 H
ROCK PROPEZRTIES 1 :
T e P o g 0 e P e T e % A e Y e Ty ' t
CEC (MEQ/18E G <1 a ] }
@ Py 8.2 8.5 } 1
CATION ¢s SR t 1
] H
1 :
| 1
1 i e
: t L
SURFACE AREA (H2/6) 2,16 3.3 3.6 H ! Eg
$ ]
! :
H H



FCR MATEARIAL NUMBER-=&

RagjondcLIor

CE 142

£s 137

EL 152

3R 8%

26
TIHE (n}

7,37

17.%4
27,93
66,11
13.69
27.72
35.75

¥.+87

17,24
27.93
66,11
13,49
ar.72
53.75

7,37

17.24
27.93
64,11
13,69
27.72
55.75

7,37

27,93
66.11
i3.69
27.72
$5.75

7,487

17.84
37493
66,11
13.69
27472
55,75

9 2 |

)

«
[}

51

Lo

SGRPTION HESULTS

B gy A gy

INITIAL [RN]
{tnL)

2,4E-8
2.4E-8

1,3E~56
1,3E~6
1,3E~6
1-3E"'6

- ——

FIMAL [RN3
(H/L?

KDS

-y

1,784203.7).

3.28¢2(3.9)
4,7E£2(4.3)
5, 7E+21(11)

305Etli‘|1'
2.,58e1(4.2)

2,301 (4.5

3.4E¢1(11)

1,8E42(2.4)
2.3E+2{2.:%)
4!55*2(2-7’
1.4E+41(7,4)

4,7E%1(3.8)
J.OERL{3.,
3)9Et1f4|1}
5.4EaL(1L)

2.,2E22(4.0)
219E#1(3.6})
314E2L (3. )
8,7Ewl{1l)

KDO

4,7E+2(5,6)
S+BE+2(6.3)
3'8E.2(506,

9.5E+2(6.9)
9.25+2(3.8)
T 7E+2040)

7.8E02(7.2)
3'7E*2{7|3,
1.4E+3(7.,2)

1.2E#3{5.9)
1.2E+3(6.6)
9"5‘2(5-7,

SIEeL (5. D)
J.AEe (7.7
S«2Ee1(7.4)

=~ 95V -

0ZT-4L



9 21 23520235
RADIOHUCLIDE SORPTION PARAMETER DUSCRIPTION NOV 11, 1981

AUUEOUS PHASE EXPERTMENTAL DETATLS

-y T e T T Y 0 e T

MUM3TAR 2?7
NAME 1 GQUARTz MomzONITE P0RPHyRy 148
ORIGIA ¢ CLIMAX SYOCK.NEVADA TEST SITE GS7

STARY END METHOD :BATCH{1W.BC}

P Ll T
-

MpTHOR BET  EG/CA g6

1 :
H t
t !
t '
! H
1 H
t PH 8.1 8.1 ! STATE 3~45+62 MESH
CHEMICAL MIMERAL TRACE T N B.6 !
COMPCSITICN(N COMPOSITIONGR) © ELEMENTS (PP¥) ¢ K 3.7 i RATIO %1 G722 ML
B it LT LT L L B L LT B ] | i1 H
sio2 QUARTZ 32 } HG 2 {1 TeEMpP, 78 C
AL203 PLAGIO#KFLD - 54 t Fg -1 ¢
T102 ALT,FELPSPAR 7 t 51 12 ! ATH., IAlR
FE203 BIOT+CHLOR & 1 HEO3 49 i . '
FED SPHENE 2 i CL 2.5 { SEP'N, tCENTRIF,,16008 RPM,1 HR, ]
MNO APATITg <1 1 504 6.5 ! w
HGD MAGN+ILM 1 } F .1 ! ANAL. L )
Cad ! BA 3 H [
NAZD 1Ll g 1 CcOHB. IC5 TC
K20 { SR .1 H
P205 L { REFERENCES ¢ 4) B.R, ERDAL ET.AL
coz2 H }
H20 i ! LA=7454=HS
—————— 1 1
1 t
t t
] t .
. H 4
ROCK PROPERTIES ) ) ¥ :
g S 0. - i e S 2 ) v A S ; ‘
CEC (MEQ/12% G) <i 2 H :
& PH 8.2 B.9 1 t
CATION cs sn 1 !
! i
t :
! :
' 1 =
! H ‘
SURFACE AREA (H2/6) €.18 3.3 3.6 $ H t;
H - o
H H



FCR MATERIAL HUHMEER~--

RAGIONUCLIGT

L R e e T

TC O5M

27

TIHE (M)

T -————

9

SORPTION KESULTS

W Yy TP T e g gy

INITIAL CRN]
(ML)

. g T Wy

1.44E~9

1,92E-12
1.92E~42
1.92E~12
1.92E-12

FIMAL CRN]
. {171}

P e T bl bt

KOS
144E22(¢.7)
J,3E42(1.4)}
1,4E43(2. 4}
2.5E¢3¢1.9)

7,2E=1{68)
4,8E-5(07)
3.8E~1(15a}
4 3E$P(24)

KDD

-

2.7TE+3(15)
1.3E+3013?
1.6E+3(13)

'8-95’5(6-7)
-8, BE+B(17)
~8.fE=1(415)

t
i
w
Ch
i

0ZT-4L



921 23520258

- AANIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV 11, 1981

FXPERIMENTAL DETAILS

.y T AR Y

AQUEQUS PHASE

- = g b

GENLOGICAL MATERIAL

- —— o Y

NUKMBER 2%
HAME §  QUARTZ MDHZIMITE PORPHYRY L2A
ORIGIN & CLIMAX STCCK,NEVADA TEST SITE €S7

START END METHOD :BATCH{iw,:BC)

- Sm AP Ay gy

PH 7.7 8.3 STATE :~2{1+35 MESH
CHEMiCAL HINERAL - TRACE NA 8.6
COMFCSITION(Y) roVPoSiT'04<%) rLEMEMTS (PPW) K 3.7 RATIO 33 6/22 ML
B T sttt P L e Tt D) CA 11 g
sio2 UART2 24 MG .2 TEMP, 7@ C
AL203 FLAGJO=XFLD 68 fE 1
Ti02 ALTFELDSPAR 5 51 12 ATH, tAIR
FE203 RINT+CHLUR 8 HCOS 49 .
FED SPHENE <1 Ct. 2.5 SEP'N, :CENTRIF,,ls038 RPH,1 HR, '
MNO : APATITE <i 504 6.5
MGD HAGN+ILH <1 F W1 ANAL. L >
cad ~ BA ' ¥
NAZ2C L1 o COMB, YNONE ~
K2n SR o1 [
P205 REFERENCES ¢+ 1} B,R, ERDAL ET.AL )
H20 LA=7456-M5

ROCK FROP’FTIES

- T o e . T A Y . - e T g T dnd ik ot R U 00 gy, i

CEC <Psu/192 6 <4 B
& PH 8,2 8.5

CATION ¢8-SR

SURFACE AREA (M2/0) £.12 38 2.8

4
H
H
H
t
:
1
H
!
H
H
H
1
H
H
]
i
1
4
!
1
§
:
H
H
H
1
1
1
1
reTHOD BET  EG/CA £G 3
H

- wn e ek WME AN TR e MR B W W Wl R U A W W SR S A s SeE TR M W W e W AR W A G e ek ek e A e e

0ZT-4L



FCR MATERIAL NUMBERe--

RAGIONUCLIDF

CE 141

Cs 137

EV 152

5k 8%

25
Tise )

9 2 1

SORPT{ON RESULTS

o s

INITIAL [RN3
(/L)

- -

2,4E~8

1|3E'6
1|3E'6
1,366
1.35'6

1,4E-9
1.,4E~9
1.4E~9
1,4E~9

FINAL [RNj
(H/1)

KDS

-y

1.35‘2{319’
1.8Ex2(3.9)
1,9E92(4,1?
3,7E+2(5.9)

2,3E¢1(4.3)

2,2E+1{4.3)

2.BE«l({4,4)
6,5E01(4.1)

1,4E92{2.5)}
1,9E+2(2,5)
2,1E¢2(2.6)
4,3E63(4, 1)

3.2E+1(4.0)
J.2E01({3.9)
4|5£’1(4|ﬁ)
1.,18%2(5,9)

RuiE+1(4.9)
2.5E¢5(3.8)
2,5801(3.9)
B.6E+1(p,2)

KDD

LT

1|6£’2(5-6)
2'3E*2(5-9’
3.1E+2(6.1)

4.6E+2(6,6)
6.6E42(8.8)
2,3g+3(49)

4.9E¢2(7-3’
4,BE+2(7.4}
4.8E¢3(7.4)

5.9£+2¢5.8)
7.5E+2(6,1)
1.9E¢3(6.4)

2.1E+1(6.6)
3.1E41(7.5)
J.8E+2(7.1)

- 85"V -

071-4L



GEOLOGICAL MATERI4L

- TP o T oy T Oy

9 2 1

TRACE
ELEMENTS (PPM)

P o e gy O g

HURBLR ¢ 29
MAME 1 QUARTz HOMzONITE PORPHyRy 125
ORIGIN 1 CULIMAX STSCK, WEVADA TEST SITE 257
CHEMICAL MI"igRAL
COMPCSITION(R} CNEPOS[TIONLR)
S10% NUARTE 24
44,203 FLAGIO+KFLD 63
Tioz ALT.FELDSPAR 5
FE203 EI0T+CHLOR &
FED SPHENE <3
MNO APATITE <4
MGO MAGN+ILN <1
CAD
Na20
K20
P205
coz
H20
ROCK PROPZIATIES
CEC (FMEQ/182 6 <1 3
® PH 8.2 8.9
CATION s SR

SURFACE AREA (H2/G) 0412 3.8
METHORD BET

2.8
EG/CA tG

NI

B S S Bd Gk Gk GW G NG R G W SR S AR EE Al el h o WD e T G 6 M Gy e e R A NS G e G e e e e me e

,‘
w5

AtU

EQUS PHASE

- g ok T e

STaRY END
8.4 B+2
8.6

3.7

11

2

o1

12

49

2.5

6.5

el

.3

g

-1

RAOINHUCLIDE SGRPTION PARAMETER DESCRIPTION

T AS Sd R IR AT AT BRCEE AL RE YE A wE T TEIBE AN S0 B EE R S Y s A e Gl eSS BT e G B mb bl Bd vl S e Sa

EXPERIMENTAL DETAILS

METHOD :BATCH{1W,BC)

STATE :~2@+35 MESH

RATID 1 G/28 ML

TEMF. 170 C

ATH. IR

SEP*N, ICENTRIF,,16882 RPM,1 HR.
ANAL., L

CoMB., LS TC

REFERENCES ¢ 1) B,R, ERDAL ET.AL

LA=7436+-M5

ROV 11, 1951

~ 657V -

02T-4L



TR~120

- A.60 -

(Tr)2+32°3

(661 T+3p 2~
(L*9)T+36° T~

(2*41E+31%
(£T)8+3041
(CT)E239'%

gax

{€*€)T236'2

(861)T-38'2-

{LBT)1=30"'E~
{sT1d+37'¢

(6*3T)p438'2
t6:3)2e39'y
(peT)zeqo'e
(T*1)z38° T

Sax

(/1)

Cnyl vNId

-y s 8

sitnsdy no

ciadgs’s
Z2l=336°%
2lw3gs° T
STu326°T

{1/H)
CNud vILINI

-,

Iia&ﬁs

6

9L'94
L*LE
PE T
11:083
y8'ig
£B'EY
299

998
Lt L8
YE'eT
j3: 0811
va*ie
£g'eT
A AL

{C) 3Imry

62

HEs JlL

..

301120801 9Yy

wemY3dH0N TVIEILYH 404



Pf@LUGIuAh HATERIAL

HUMBER 3 30
NAME 3 NDUARTZ MONgONITE PORPHyRy 144

9 2 1|

ORIGIN t  CLIPAX STOCK,NEVADA TEST SITE SPL UELSEY

CHERICAL MIMERAL
CCMPCS[TIDN(X) COMPOSTITION(%)
5102 66.4 ANORTHITE
AL203 15.9 QUARTZ

T102 ' 26 BIOTITE
FE203 z ALBITE

FEO 2.62 BRCOKITE
HMND z FLAGIOCLASE
HGU .86 ORTHOCLASE
CAD 3.37 HAGNETITE
NA20 3.37 TITANITE
K20 3.61 APATITE
P205 .23

€02 2

H20 2

TOTAL 98,65

ROCk PROPZRTIES

- T Uy e e T A a8

SURFACE AREA {"2/6) 2.9
MeETHOD BET

TRAC

ELEMENTS (PPH)

E

- g

M4

HEO3
504

AUQUCOUS FHASE

Ty

START

——————

ENG

-y g

RADTONUCLIDE SARPTION PARAMETER DESGRIPTION

B AR AR SR e AR NP e ok B ah BE b Bk B Sl A mh B A B PR T TN el B AR B TR AW W R Sm ed s S S8 BF W e

FXPERTKENTAL DETAILS

METHOD :BATCH{2W)

STATE ‘CRUSHED

RATIO S /730 ML

TEMP. 223 C

ATH, *AIR

SEP'N, 'FILTER 2,3 UX MILLIPORE

ANAL, :L

COMB.  $NONE

REFERENCES ¢ 1) G, 5COTY BARNEY
PNL=SA-7352 VOL2P4

NOY 11, leB1

- 19°V -

0¢1-4L



FOR MATERIAL RURNBER---

RaC10MUCLITr

- gy

4

cs

AF

Py

[ %3]
1

241

137

237

B5

33
TIKE (g}

oy gy

9

2 1 2

SORPTION KESULYS

gy

IRITIAL [2M)
(ML)

9.BE~5
7,BE=4

1.0E-~8
1.BE-7
1,3Ew6
1.8E-5

1,1E-7
1.1E«6
loiE-s
1,1E-4

FINAL [RNj
{HrL)

-y % s sy

KOS

6|1E‘3(—'}
1.,8Eed4(-v}

- 37Eed(-n}

5,9End (~n)

Le4E43 (wm)
9 1Ee2(=~)
2¢3E02(w=)
Le1E42 (=)

2 6EaZ{~~)
Ji2Eel{~=)
1|5E*2‘-")
1,5E62{aw}

By3E43{w=)
7e7Ek2(om)
1,7E¢5(=n)

S 1lE#2({-=)
T1BE€B(en)
6,3Es0{ )
7 9E#E{wm)

Koo

- 9°V -

02144



921 2546920254

RADTONUCLIDE SORPTION PARAMFTER DESCRIPTION NOY 1%, 1981

c:“LOGIcaL “A'EQIAL AVUEQUS PH4SE EXPERTHENTAL DETAILS

------------------- V- g - qd-——--——-n.-- - v

! !
H H
1 !
MULLBRR 2 31 H !
NAME | QUARTz MOLzONITE POREHvRy 148 ! START END 1 METHOD :BATCH{zZW)
DRIGIN 1t CLIMAY STSUK,WEVADA TEST SITE SPL UE15E7 } m——mmm mmmmma ]
1 PH 8 t STATE iCRUSHED
CHEr;CAL HINERAL TRACE 1 Ny 63 $
COMPZSITION(%)  COMPOSITICN(X) ELEMENTS (PPM) |} Ca 144 { RATIO 35 G/30 WL
------------------------- e semmme—cmaumn= | HEO3 219 H
slo02 68.4 ANORTHITE BA ofz 1 504 345 § TENMP. 23 C
aL2C3 15,9 OUARTE ’ | H
T102 29 GIGTITE i !OATH, tAIR )
FE203 z ALBITE t ! ' !
FED 2.62 BRONKITE I ! SEP'N, :FILTER #,3 UM MILLIPORE e
MNO z PLAGTDGCLASE 1 3 oy
HGo +B6 ORTHOCLASE t T ANAL. IL w
NA20 3437 TITANITE : I COMB. INONE
K20 3.6% APATITE t H
P205 .23 1 : REFERENCES ¢ 1) G, SCOTT BARNEY
co2 £ !
H20 4 i s PNLSA-7352~VOL2Pi 6L
——— t :
TOTAL 98,65 t 1
1 H
1 H
i 1
ROCK PROPEITIEQ ! t
A A g PR W R Y S AR S -ﬁ—--;“-—-ﬁ---ﬂ--'d--ﬁﬂ- ‘ ‘
§ i
H i
H ]
i H
t .
1 t
H H g
H t 1
SURFACE AREA (H2/G) 5.9 ! H el
#pTHOD BET : de ©
! 3



921 23620245

SORPT{ON RESULTS

T T W e g,

FCk MATERIAL NUMBER--- 31
THITIAL [RN] FIKAL CRN3

RAC [ONUCLIOP TiMg (ny i (M7L) {M/L) KOS KoD
PR w - T " 2, 7Eed (44) - |
c8 137 14 1, 1Ee3(18) -
xP 237 14 4,5E£104,4) N

i |
Fu 239 14 1,2E4(33)

0ZT-4L



921 23hH21025¢6

N RADIONUCL{DE SORPTION PARAMETER DESCRIPTION NOV 11, 19gt

GRALOGICAL MaTERIyL ABUFOUS PHASE EXPERIMENTAL DETAILS

e RS S —— rreSsan = et g 4 T = gy g - o o

HUKBIR ¢} 32

! 1
! 1
{ H
1 _ t
NAITE ¢ QUARTz HONZONITE PGRPHyRy 414C ' START END 1 METHOD :BATCH(2uW}
ORIGEN ¢ CLIMAX STOCK.NEVADA TEST SITE SPL UELSE? ! wmpeer emn—e. ]
1 PH 5 ! STATE iCRUSHED
CRE¥Cal KINERAL TRACE I NA 83 !
CONPISITION(®) COBPOSIYIONTY) ELEMENTS (PPM) | Ca 144 T RATIO :5 G/308 ML
et e L Ll L mmreewemeew-—e | HEO3 219 1
sjoz 65.4 ANORTHITE BA 923 1 S04 345 i TEMP, R T
AL203 15.9 GUARTZ H H
T102 «29 - BIOTITE H I ATH, IAIR
FE203 z ALBITE i $ !
FEQ 2.62 . BRODKITE t i SEPT™™. IND >
HNO z PLAGIOCLASE i i o
HMGO +86 «—— DORTHOCLASE 1 P ANAL., =L wn
CAD 3.37 MAGNET]TE H i ;
NA20 3.37 TITANITE H ! COMB, INONE
K20 3,61 APATITE H i
P20% .23 t t REFERENCES @ 1) G, SCOTT BARNEY
cg2 2 i L
HZ20 g I 1 PNL»54-6957
————— 1 t
TOTAL . §8.65 { :
) H 5
i H
1 :
ROCK PROPZIATIES 1 :
e e e [ A T - op - o o e Y e - ‘ :
H H
t i
H :
1 :
H :
! : 3
' : v
SURFACE AREA (M2/G) 6.9 : ! 5
MrTHOn BET t 1 o
: 1
H 1



F2R MATERIAL NUMBER=--

RafionucLice

o

AV
£s
Py
Ry,

SR

241
137

186

9o

32

TINE ¢p)

gy, -

9

21 2356292%6

SORPTUN RESULTS

R T -

INITIAL CRN) FINAL TRN)
(ML) (M/s1)

KCSs
6,0E+4(4p)
6.5E42(7.:1)
5,4E«3 (21}
2,1E¢2(8,2)

SesEe2 (40}

KDD

-

- 99°'V -~

0C2T-¥1



GEMLAGIcAL “ATERILL

NUMBER ¢ K4
NaHE 3

9 2 |

RADIOHUGLIDE SORPTIUN PARAMETER DESCRIPTION

OUARTZ MOMZONITE PDRPHyRy-({a,4,) 140

ELEHENTS {PPH)

ORIGIK 3 CLI¥AYX STOCK,NEVADA TEST SITE SPL UE15E?
ChERICAL HIKERAL TRACE
CDHPGSITIGN( COLPOSITIONLX?

S102 68.4 BA 93
AL203 15.9

T102 +29

FE203 2

FEQ 2.62

MNO 4

NGO P—-T 1

Ca0 337

NAZO 3+37

K20 ©3.61

pP20% «23

coz g

H20 g

TOTAL 98,65

ROCK PROPE .TlE'

T e B g o o e o g o

. S RS AU B S% B A drb ek B8 W ek SeE i el e W Y e e ek v mal ek Wb w el dd S e BE Y e e e S W M wE

Py
N&
Ch
HCO3
S04

AQUEOUS FHASE

- g g Y

STARY

B
83
144
219
345

END

SR B B S EE GG BTSSR B eSS Gk B S S8 Sb SUEIGT BG PP S GF e G WS G5 TGS WA AP AL TR SN Gu Em P s du dd b

METHOD
STATE
RATIO
TEMP,
ATH,
SEP'N.
ANAL .
cowrg,

REFERENCES t

EXPERIMENTAL DETAILS

Ll D P e e

tBATCH(2W)
TCRUSHED
is 6732 ML
283 C

tAIR

SFILTER 9,3 Un yILLIPORE

LR
tNORE

NOV 14, $981

- 19°V -

1) G, SCOTT BARNEY
PNL=-SA-7352-V0L 2Py

02T-¥l



FLR MATERIA] LUNBER=--

RaCionucy lern

)

A}
[0
wm

221 23542924509

SORPT{ON RESULTS

Ve T - e

33
INITIAL (RN] FINAL [RNJ
TIMNE (r) (H7L) (ML)

KOS

2,1E04({24)
1,1E#3(027)

3,9E¢4¢7.7)

1,2E«4 (838,
6.4E0B {13}

Kno

- 89"V -

02T-4L




921 2252327070

RADIOHUCLIDE SORPTIYN PARAMETCR DESCRIPTION NOy 11. 3981

EXPERIMENTAL DETAILS

crcLDGICAL *A'FEIAL AWUEQUS PHASE

P

NUMBER @ 34
MAHME 1 QUAARTE HOMRINITE PCAPHYRY 134
ORIGIN I CLIMAX STOCK.4pVADA TEST SITE-SHEAR 24 )

START = END METHOD :BATCH{2W,B¢}

W gy

H H
1 H
1 !
1 1
1 !
! !
§ PH 7.8 ! STATE :=102+325 HMESH
CHEM;CAL MINERAL TRACE t HA 6.7 ;
CONPSSITION(K)  CQMPOSITION(R) ELEMENTS (PPHY 1§ K 1.5 i RATIO :1 /15 ML
----- T e T L T e PR Ll B LU L T B3 i
§102 QGUARTZ ¥ 1 MG 1.5 1 TEMP, 2% ¢C
AL203 ¥, HA FELDSPAR M t S102 26,2 !
T102 HUSE -~ LEL W ! HCOs 47,7 1 ATH, tALR
FE203 CALGTITE 12 t CL 2.4 1 . f
FEO MOMNTMOR, 18 1 504 2.7 1 SEP'N. FILTER p.1 UM NUCLEOPORE 2
MNO 1 H .
NGO ! U ANAL, L o N
cal H !
Na2e t ! COMB. ISR TC C§ !
K20 1 !
P205 H i REFERENCES ' 1) 5,0, MACLEAN ET.AL
1} t t
H20 i : UCID «» 17928
B 1
1 1
: 1
1 3
1 H
ROCK PROPZHTIES H 1
——rem—- —r - R e ot $ t
L t
t t
H 1
t '
1 H
1 1
1 : 3
! : 7
SURFACE AREA (M2/6) 4.37 1 ! e
) METHOD  BET LI i PR
t s



FoR MATERIAL MUWGER-==

RaDionucLlpe
sz
SR 85
TC ¥#54

.~

SORPTIIN RESULTS

o oy O g 9 g

INITIAL ([AN]
(ML)

- - -

FINAL ERNJ

(ML}

|

KCS
4,6E42{4.,6)
1.,8E+2(2,8)

=S BE=i{14)

KpD

- 0LV -

02T-¥L




52027 2

L]

9 2 1 2

RADIGNUCLIDE SORPTION PARAHETER_DESCRIPIIUN o NOV 13, 1981

AUYEQUS FPHASE

- an gy O -

GENLOGICAL MATERIA| EXFEBIHENTAL DETAILS

- v e - S - - gy Yy o A

NUMBER 1 s
NAME & OUARTZ WONZCNITE PNORPRYRY 164 START END HETHOD :BATCH{2W.BC)
ORIGIN ¢ CLIMAX STICK HEVADA YEST SITE~SHEAR ZN 2 A~ am———
Pu 7.8 STATE tn325 HESH
CHEMICAL HINERAL TRACE NA 647
COMPGSITION{X) COMFGSITINNGYS) ELEMENTS (PPM) K 1.5 RATIO 1 G/i5 ML
o W e - - oy 8% e o oo bk oy - A B o v -y CA BL3 -
sjo2 QUARTZ MM MG - 445 TEHP, 25 C
AL203 ¥,NA FELDSPAR §102 26,2
Ti02 HUSE, - ILL T HCO3 47,7 ATH, $AIR
FE203 CALCITE 15-20 CL 2.4 '
FED MOKTMOR, »43 S04 2.7 SeP'N. 3FILTER @g.1 UM NUCLgOPORE =
HNO . ~
HGD ANAL . L o
CAD - I
HAz0 comg, SR 1€ S
K20
p205% REFERENCES ¢ 1) 5,0, MACLEAN gT,al
HZD UCID =~ 17928

ROCK PROPERTIES - _

- -~ - " - - - - -

RS AR BE e bk dd Gk Bk 0k AP PY FATEE SR S0 A B BT B Y B BE S S R R i B bh Sk bt B Bm ek SN B e =k 19 WY SR B0

H
I
t
$
1
i
§
H
L
H
s
§
H
;
1
i
§
H
H
$
i
o2 H
f
i
i
L
t
H
i
H
i
i
!
s
i
H
t
t
'
H



921 25629327 3

SNRPTION RESULTS

T

FCR MATERIAL NUNBER--< 3s .
: IMITIAL TRN) FINAL CRNJ

Ral1CihucLIDR e (M (M/L) LS
a0 7 T T T )
Sk 85 ?

G 95w 7

KDS
1,0Ee3(2.5)
6,0E2(1,2)

~&,BEeg(25)

Knd

—- oLV -

0ZTdL



921 235529274

RADIONUCLIDRE SGSRPY{OIN PARAHETER DESCRIPYION ' NOy 11, 198}

CCeLOGICAL MATERIaL ABUEQOUS PHASE EXPERIHENTAL GETAILS

- ke TS W P e - g e ™ T g g O T T S G e

H H
H I
i !
NUBBIR 8 34 ! i
HAME ©  QUARTZ HONEGNITL PORPKYRY g8 _ : START ENH ¢ METHOD *BATCHIZ2W,BC)
ORIGEN ¢+ CLIMAX STRCK,VEVADA TESTY SITE~SupAR 7H 2 i mmeeev eecwaa }
. ! PH 7.8 I STAYE :=10f¢325 MESH
CREMICAL MIHERAL TRACE 1 N 6.7 :
COMPASITICN(Y) COMPOSITINN(Y) ELEMENTS {PPM) t K 1.5 ! RATIO :1 G/15 ML
- e - T S TP W e S gy b bbb ok ob o bt ade L L Sall bl ’ CA 8-3 ‘
s102 OYARTEZ Hil i HG 1.5 ¢t TEMP., 25 C
AL203 K,NA FELISPAR W t 5102 26,2 t
T1o2 BUSG, - JLL T i HCDR3 47,7 I ATM, tAIR
FE203 CALCITE 15-28 1 CL 2.1 !
FED MRNTHOR, 48 H go4 2.7 1 SEP'N. IFILTER g.1 UM NUCLEOPORE .
HAD H ) :
GO 1 T OANAL, L >
CAD H H ~
HAZO : } COMB. ISR TC C§ w
K20 H ! !
P20% 1 ! REFERENCES ¥ 1) S,C, MACLEAN ET.AL
co2 H H
B2 H : Uclio - 17928
————— 3
H [l
H t
1 ¢
t H
ROCK FKOPEATIES H 1
Y 0 e 0 2 e e e Y A1 L2 Tl sy 2y A t
; 4 X
H '
1 $
1 ]
1 H
1 H
! $
t : -
SURFACE AREA (#2/G) 13.8 1 t i
KpRTHOD  BET 1 L L
1 ! X
1 H =



FIF MATERIAL. KUMRER---

RaL10HYCLIDN

36
TIHE ()
oeanes
7

7

9

2 1 2

SORPT{ON RESYLTS

T g =

INITIAL [RY)
(H/71)

ey S

FIMAL CRNj
{M/L}

KDS
10ﬂE¢3(1|5,
6.1E#2(1.6)

~7:EE=1(22)

KDD

- §L°V =

0ZT-dlL



921 25%52027%

RADIONUCLINE SORPT(IN PARAMETER DESCRIPTION ) NOV t1, 1981

AUUEDU§ FHASE

gy gy

EXPER{MENTAL, DETAILS

LAakadad L0 2 2 - - -

GEOEOG{CAL MATERTAL

-y o - - -y

NUMBLR @ 17
¥ QUARTZ NMONFONITE PORPHYRY 140

HAME START END METHOD :BATCH
ORIGIA ¢t CLIMAX STOCK,NEVAQA TEST SITp-SHEAR 2N 2 A

PR 7.8 STATE :~30+100 MESH
CHEMICAL HINERAL TRACE HA 6.7
COMPCSITION{®) COMPESITION.S) ELEMEMTS (PPH) K i.5 RATIO 1 G715 ML
bl il el L L L el Dol -y A - T g T D 0 - CA 8.3
s102 CUARTZ My He 1.5 TEMP, 25 C
ALz(Z K,MNA FELDSPaR W 5102 26,2
TI102 HUSG, - ILL T HCO3 47.7 ATH, AR
FE2G3 CaLCITg 15-2¢ CL 2.4
FED MGHTMORT >47 So4 2.7 SEP*N, !FILTER @,1 UM NUCLEOPQRE !
MNO
460 ANAL. >
Cal ~
Na20 CoMp., SR Tg ¢s b
K20 1
P205 REFERENCES ¢ 1) §,C, MACLEAN pT.AL '

UcID » 17928

Hao

2QCK PROPCRTIE$

DT RS SR BA S0 48 4B o AP AT W A0 G0 Hh C1 T PN PE BP VA BE G B e e SE RN AN A A BB Wb e Sw me e M g EE e

i
i
|
!
i
H
t
!
¢
!
i
1
1
!
H
!
H
$
!
i
coz : ) }
i
!
!
1
¥
H
!
L
1
H
t
t
'
H
}
i
H
H
1

02T-4L



921 236202277

SORPTJON RESULTS

----- - - gy

FoR MATERIAL NUMRER=-- 17

THITTAL [RMY —FINAL LRN]
RADIONUGCLIRF TIHE (g) (H/LY - {HsL? KbS Ko
e seemeen e e - 1,5E+3047) o
3k 85 7 : 6,0E¢2(3.8)
¢ 954 7 -5,8E-1(21)

- 9LV -

0ZT-4L



9 21 23469202748
RADTOHUCLIDE SORPTION PARAMETFR DESCRIPTION ' NOV g1, 1981

GECLOGICAL YATERIgL

Ty -

EXPERTHENTAL DETAILS

-v-—--a--—----———--

AQUEOUS PHASE

-y o gy -

NUEBEA 38
KakE 1 QUARTZ MINZSNITE SORPHYRY (74 : STARY END METHOD :BATCH{2W,BC)
CRIVER 1 CplvAY sTYO0OK.NOVADA TEST SITC SKREAR B 3 e m—— s mw.
PH 7.3 STATE :=325 MESH
CHEMICAL HIHERAL TRACE Na . 6.7
COHPLSIVION(X) rnHPOSI7I0Vf%) ELEMEHTS (PPY) [ 1.5 RATIO 1 G715 ML
L L LT T RSP PR B i s DI PO LT wew= | OA 8.3
S102 QHARTZ My MG 2.5 TEMP, 25 ¢
ALZ03 K,4A FELOSPAR sl 5102 26,2
T102 Msc, - ILL *i HeO03 47,7 ATH, SAIR
FE203 CaLl1Tg 5 CL, 2.1 )
FEC BANTHOR. 3z sS04 2.7 SEP'N. $FILTER g.1 UM NUCLEOPORE .
MNO . .
MGO ANAL, L bl
CAD g
Ha20 ¢0HB, SR T& CS ~1
K2l . - I
gggS REFERENCES ¢ 1) S,C, MACLEAN ET.aAL
H20

ucin - 17928

-

ROCK PROPZILTIES

o T A e O g o oy T - -

e g e v gy Wmh alnk e g b gl o ek ek S el U el B wd B b Gl B A BA TR FE AN BN B PP WY W TS Sw wa W A ed e W
Se s mh wd s 4B Bl g G Fh G BEIER PR Gh SR AR R AT BN AR S N S e Be Se enivd b dh e md bk -k SR AE T S a9 s ee

0Z2T-41L




FoR MATEARIAL WUMBERw==

RaCONUCLIDr
X
&8 8%

.C 95K

35

TMgE (0

- -

9

2 1 2

3620279

SARPTION HESULTE

o i S g T

INFTIAL £RNY
(M/7L)

........ -

FLNAL CRNj

{M/L) K0S
1|4E*3‘102)
4, 4E42(2.7)

n2,EE~1(6€}

Koo

-

- BLTV -

0¢T-4L



9 21 2352921339

RADIOHUCLIDE SORPTION PARAMETER DESCRIPTION ) NOV 14, 1981

GroaLnslicat MaTIRIal AQUEDUS PHASE

- -

EXPERIMENTAL DETAILS

-,y - gy g T8 = e gy = M

P e L Y

HUMBLA ¢ 19

NanE t OUARTZ vanZONITE PORBHYRY 173 START END YETHOD :0ATCH(2uW,BC)

ORIGIN ¢ CLIMAX STCOK NpYalda TRST SITg-SupAR ZN 3 ——— me—— -

PH 7.8 STATE :~380a325 MESH

CHEMICAL HINERAL TRACE NA 6.7

COMPISITION(® COMPDSITION(%} ELEMENTS (PPM) t K - 1.5 RATIO $1 G715 Wl

B T e e T - B T - | Ch 8.3

5102 QUARTZ Ml s 2.5 TEMp, 25 C

AL202 K.HA FELDSPAR i s102 26,2

7192 HUst, - ILu HH HCO3 47,7 ATH,  IAIR

FE202 oF AN RN 5 CL 2.1

FEO HMONTHER, k! 504 2.7 SEP'N, :FILTER p.L UM NUCLEOPORE

¥AhD

MGO ANAL, L |

CAD

Ma2d cOMB., ISR 7C CS >

K20 ) ~l

p2n% REFERENCES ¢ 1) S.0, MACLEAN £T.AL bl
i

H28 uclo - 17928

RGCK FROPZ.TIES

o o O Dy 0 o S e W S 4 G

SURFACE AREA (M2/G) 7.J8%

I
]
1
'
1
1
1
1
'
i
)
!
!
1
1
t
H
}
!
H
coz . i
1
)
H
t
!
}
t
!
H
t
H
;
H
1
t
1
H
#pTHOL BET :
t

et mis S W G B GE AF 45 dE B SR me b R S TS WY s e e A B4 TE S8 TF TA RS PR W4 B¢ S5 o 4 S As

QZT-41



FCR MATERIaL NUMBER~-s

KaZloKuCLInr

921 2352023

SGRPTIIN RESULTS

Ty T W gy

3? INITTIAL [ang -FINAL RNy
TIME (0 (/L) R L4R
';---*-' ------------ - -
7

7

K0S
9.4Ei2‘2-8’
J,1E%2(2.9)

=2.PE-1{337)

KDD

-

—- 0BV -

02T~4L



RADTONUCLINE SoRPTJON PARAMETER DESCRIFTION - NOV 1%, iggy

GENLOGICAL *ATrRIAL ABUEQUS PHASE EXPERTMENTAL DETAILS

- e e g T 09 s g - oy o = e oo

HUNEZR ¢ 49 -
HAME | QUARTZ MONZONITE PORRHYRY 7€
JRIGIA ¢ CLImaAX STOCK:MEVADA TEST SITL-SHEAR 2H 3

START £ND METHOD :BATCH{2W,BC)

-——— T s g oy

H :
' 1
H !
t :
H H
H H
1 PH 7.8 } STATE :-5@+4{F8 MESH
CHEMIEAL HINERAL TRACE 1 Na 6.7 t
T GLHPISITIONCY) canosxrch(xJ ELEHEHTS (PPH) 1 K 1.5 ! RATIO 1 G/45 ML
B T e ———— - memeamnnane~e= |} (A - 8.3 H
sjoz2 nuARTZ LAY 1 Mg 2.5 t TEMP. 25 C
ALZ203 K, WA FELOSPAR ¥H 1 5102 26,2 H
Tio2 - MUZC, - ILL My t HEO3 47,7 tOATH, tALIR
FE203 CALEITE 5 b GL 2.4 }
FEC HOWTHOR 38 1 304 2.7 3 SEPTN, !FILTER 0,1 UM NUCLEOPORE
MNO t t :
Heo { TooaNal. 2L i
Ca0 1 i .
NAZE H t CcOMpg. SR 10 Ccs '
K20 H t &
p2us t : REFERENCES + 1) S,C, MACLEAN gT.AL .
coz H
H20 _ | ; UcID « 17928
Ll aadod 4 J =
1 :
t t
i H
f :
ROCK PROPERTIES H H
----- Ty e W e 00 g ey b e } 13
' H
t H
t H
' :
t i
H :
1 $
H H
! H
t t-
! t AR
[
Q



SORPTION RESULTS

L DT T TP T iy

FLR MATERIAL NUM2ERe-s 44

INITIAL £RN] - FINAL [RN)
Rag1onucLlIcr TIME (p} (H/L) X (ML) K05 KDD
“es 131 3T T T $11643(5,7)
SR 85 7 S,2E42(242)
1€ 95H 7 4 BEw1(30)

- Z8°v -

0Z1-4L



RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION NOV 11, 1981

SCOLOGICAL MATE Rm. AGUEDUS PHASE EXPERIMENTAL NETAILS

- — e ——— - - -

H '
1 '
H H
MUNBLR 41 1 H -
GAHE 1 QUARTZ HOh2ONITE POMPHYRY 18A H START ENp ¢ METHOn :BATCH{2W,BC)
CRIGIN 3 CLIMgY STOCK,HEVAUA TEST SITE / USWISAP § e wrecwe ]
P PH 7.8 ! STATE !-20+5€ MESH S
CRERICAL MYNERAL TRACE 1 N4 6.7 H
CCHMPCSITION(X) rnvPosxfrovxx ELEMENTS (PPHI I K i.5 i RATID 1 G/4i5 ML
RN e reemene e - ——— e ——————— 1 C4 B3 !
s1u2 MG 2.5 t TENP., 125 C
AL203 1 8102 26,2 i ’
Tio02 t HEO3 7.7 t ATH, SAIR |
FE203 1 CL 2.4 ! o
ffo {1 Spo4 2.7 ? SEP'N, FILTER 3,1 UM NUCLEQPORE
MKO t :
MGO i ! OANAL. L {
CAD t H
1420 T ! CcoOMB., SR TC CsS b
K20 i : : =)
2205 I ! REFERENCES ¢ 1) S5,C, MACLEAN gT.AL w
c2 i H : I
R20 ! i uclD - 17928
[ we——- i 3
H H
t H
t t
' t H
ROCK FROPZATIES . 4 :
----------—----.---.------q--------..;--- I }H
t 1
{ {
i t
H 3
3 :
H H
! H
H H
: :- -
t i w
t g L
o~
o



SORPTION RESULYS

o B A g TV N ar % g gy BT g e

FCR MATERIAL NUMBER=ww 41 . .
INITIAL [aN3 FINAL CRN)

RACIONUCLIDF TINE (D) {H/L) L) KDS KOD
s 13, e . T e T X 3,5E42(3%) T
SR B85 8 _ 1,7E+107.3)

TC 95M 8 ) ~B8,0E-1(26)}

- $8'Y -

0ZT-4lL



RAD]OHUCLIOE SORPTION PARAMETER OESCRIPTION NOy 11, 1981

GEILOGTISaL MATERIAL AQUEQUS FHASE EXPERIMENTAL DETALLS

--------- - e e B - T -yt T by

' H
H i
1 !
LUMBER 2 49 1 H
fAME § QUARTZ Mpn7?oONiTg PORPHYRY 184 1 START END ' METHOD :BATCH{Z2W.BC)
ORIGIN ¢ CLIMAX STGOK, NEVADA TESY SITE / USHISAP : - mm——ma )
! PH 7.8 I STATE :-2p+5p MESH
CHEMICAL MIHERAL TRACE 1 NA 6.7 i
COMPOSTTION(X)  COMPDSITION(%) ELEMENTS (PPMY | K 1.5 : RATIO -:1 G715 ML
----- D T el DL P UL Y B L L L LT S o B.3
5102 } MG 2.5 t TEHP, 28 C
AE203 t 5102 26,2 H
TI102 t HCO3 47,7 1 ATH, TAIR
FE203 1 CL 2.1 :
FEO 1 504 2.7 : SEP'N, :FILTER @.1 UM NUCLEOPORE |
HMNO H
CAD t 1 o
NA20 H t COMB. INONE s
K20 ] 1 !
g%gﬁ ! 1 REFERENCES t 1) S.C, MACLEAN gT.AL
1 ]
H20 ! : ycip » 17928
rermna H
] H
! )
] 1
t H
ROCK FROPERTIES i H
--o-----——--—--;—-—n.*--'-r--"'t!w—‘——o--'ﬂ-— ' l
t H
[ H
{ !
; H
H 1
H H
H 1
3 i i
t H
‘- : P
1 ' e
! 1 =

Y o)
o0
o™~
e
o
Sty
ey
™~

¢ 6



SZRPTION KESULTS

Ty T O T gy vy gy

FCR MATERIAL HUNBER-w-= 42 :
INIT1Al. [RN3 FINAL LRN]

RACI1ONUCLIELF TIME (n} (M7 (/L) KDS Knb

o -—- - -
-------------- - e ey gy o - - - L

fl 237 7 . ) : S.ebe2(27)

- 98'v -

0Z1-41



GEGLOGICAL “MATERIaL

-y

NUMBER ¥ 43
HAME 1 WESTERLY GRANITE 194
oRIG;N ¢ NEW rhgLab)

CREMICAL MINERAL
COMPCS1TION(S) ca@PosirluN(x)
s102 69.5

AL203 16.7

Tio2 v37

FE203 2

F 0 03

MG JE%

HG0 1.12

Cav 2.25

HA20 3.3

K20 4.5

P205 T

coz2 R

H20 3

TOTAL 99.95

ROCK FROPSRTIES

CEC (FEQ/132 G) 346

8 PH

SURFACE alEa (x2/06y 6(3)

[ T T X

92 21 25

t
!
|
L
t
i

TRACE I EH
ELEMENTS (PPH) ¢ HA*

wmmmmmemmn—mn== } CL*

s mm e Gm ew T B MG SR G e S mmb kR R PN AR W S we e wm T Ak AR g me e W

*
.
<
—

STARY

P i Satadnd

7

1in
181

5 2

2218

AUUEOUS FHASE

- 5 gy

END

7!5
324

1
1
!
:
3
1
:
:
:
1
!
]
!
1
:
:
!
:
1
1
!
t
4
:
!
:
!
H
:
:
L
1
!

HADTONUCLIDE S2RPTION PARAMETER DESCRIPTION

HETHOD
STATE
RATIO
TEMP,
ATH,
SEP'N.
ANAL.
coup,

NOy 11, 19581

EXPERTMENTAL DETAILS
tBATCH
{CRYSHED =158 HESH
1d.5 G/ig ML
IRY
$AIR
:CENTRIy., 7802 RPM,20 MIN.
L
ISR T¢ CS

REFERENCES ¢ 1) JoF, RELYEA ET.AL

PNL=SA-6957 P,125
2) J.F, RELYEA ET.AL

PNL=5p-7352~YOL2P259
33 A,N, MUCCIARDI ET,AL
PNL~-SA~7352-VOL2P333

43 L.L. AMES
PNL=2797

- {8V -

0Z71-4L



9 21 23546232739

SNRPTION RESULTS

e e V0 gy TP T 4wy e gy

FCR MATERIAL NUMBERw-= 43 )
INITIAL [RHY FINAL CRND

RACTONUCLIDE TIKE (5 (R7L) kL) KDS K0
s 5 T - 8,2E4g(61) B
13 5,5E71(999)
3¢ 1, 2E+1(45)
SR 3 _ §.9E+D(78)
17 -3, 2E+5(239)
3z 1 6E46(57)
1C 3 7,2892(62)
12 w4, SEEG(117)

3z F1aEeR(45)

- 88"V -

0ZT—¥lL



GEOLOGIGAL MATERIaL

—r i Ty e W -

NUMBLR 8 4
HAME 1 WESTERLY GRANITE 108
QRIG:MN ¢ NEY pRaLabd
CHEMICAL KINERAL
COMPCSITION(%) COMPOSTTIANC))
sIce 6%.5
L2032 16.7
Ti02 37
FE203 2
FED o3
HND L
MGD .12
Ca0 2ez5
Wa20 3.3
K20 4.%
P205 28
cp2 g
HZo 2
TOTAL 99 98

RGCK PROPENTIES

CEC (VEQ/182 6) 3.6
& PH

SURFACE AREA (R2/6) 6

9 21 2

RADIOHUCLINE SORPTION PAREMETER DESCRIPTION

TRACE
ELEMENTS (PPY)

e L T e L L Y

——--“—--Q‘

et G md Wh Ss W ep W Ve WN AT T W W P T e WA WG ML S AU VH S B AT R WA AR M 4 W

~

-
-

QaOmMmT
[ il s o= =

& 2 02 20

AQUEQUS FHASE

- -

STARY

P L T b T

7

662
1634

END

7-9
e

. REFERENCES ¢! 1)

i me caime pa B BA BT B VA SE BRINE Ak hd BE AN B4 Bw be S odrdd oo bu on ddime he wa me b A A SR B du md dm bk dw B4

cXPERIHENTAL DETAILS

METHOD $BATCR

STATE $CRySHED w~158 MESH

RATIO 8,5 G/i5 ML

TEMP. :RY

ATH,  fAIR

SEP'N. SCENTRIF,. 7808 RPM,20 MIN.
ANAL. L

£oMg, SR TG CS

J.Fy RELYEA ET,AL

PNL=5A-6957 P.125

2) J.Fy RELYEA ET.AL
PNL»5A-7352-VOL2F259

3) AN, MUCCIARDY ET,aL
PNL=~S4-7352-V0L2p333

4) L.Ly AMES

PNL-2797

NOy 11, 1981

- 68°V -

0¢T-4L



FCR MATERIAL MNUMBER==~

RAD

-

Tg

10HUCLITT

- ——

¢d

TI¥C (n}
3
1z
32
3
15
’L"
3
13
32

9 21 2

ScRP11

- -

IHITIAL RN
{H/1)

s ot T T

ON RESYLTS

g

FINAL [RN)

(M/L3

KOS
709E“2(8!7)
2.TE«3(12)
5.9E43{27)

4,4E0B(31)
5.4E48 (73}
4,4Eeg {1 H)

J.7peR{30)
&, 3E+E(gd}
7.4E01(9,5)

KDO

- 06'V -

02141



921 2355652232322

RADIOHUCLIDE SGRPTION PARAMETER DESCRIPYION NOV 11, 1981

GEC'OGIFAL 1’H\TERU\I AGUEQUS PHASE

- gy

EXPERMENTAL DETAILS

gy W e b 5 PP A =

LpHBER 3 45
MAME +  WISTERIY GRANITE 1oC START END HETHOD 'BATCH
GAIGIN ¢ NEW EERLAMND R S
o et ~ PH 7 8.3 STATE :CRUSHED ~158 HESH
CreMICAL HINERAL TRACE EH 384
COEFGSITIONCX) CO"PGSIT'OV(A) ELE“E?TS (PPM} NA 498 RATIO :92,5 G/45 HL
gk e e A gn R T ap T A e L P ihubadaddndd) et CL 1234
sicd 5%.+% TEMP. 3RY
£L203 6.7
T%oa %37 _ ATH,  :AIR
iE§°3 . fs SEP'*N. ICENTRIF,,7200 RPH.28 MIN,
NG JE4
HGG 1.12 ANAL. L |
CAU 2.25
T KRo 4.5 o
P205 , =
525 5 PNL=-SA~6957 P,125 !

T0TAL 99,96 2) J,F, RELYEA ET,AL
PNL=-SA-7352-VOL2P2590

ROCK PROPZATIES

o T o Y S R 0 B g A

3) AN, HUCCIARDI ET. L
CEL (FER/1E2 G 3.6 PNL.=-SA~7352~V0L2P333
@ Pr
4) L,L., AMES

- PNL-2797

1
H
H
}
!
t
L
H
H
i
1
1
}
t
t
H
I
§
i
i

we ]
i

H

H

H

!

t

t

'

H

H

H

H

1

i

H

SURFACE ARXEA (42/6) & :
}

i

H
!
H
!
{
!
!
!
L
!
L
H
!
1
t
i
!
! REFERENCES ' 1) J,F,y RELYEA EY.AL
H
i
!
4
!
1

0ZT-4L

H



9212355202793

SoRPTIIN RESULTS

FLR MATERIAl, HUMBER==~ 45 .
IHITIAL CRN) FIKAL CRN)

RabIONUELinE TIKE (D) (H/L) LY KDS KOD
LR R T SRR Y R, SEmEmEmE - e s R S 3 s ~» -y - l
c§ 3 B.abe2tl1y) =
12 J,.5E¢3({18M .
32 : 8.4E43(79) 2
5R 3 L.3E21(495) ]
. 12 1.,5E¢3124)
30 2, 6Es3(11)
Te 3 T mL,AEsA(139)
12 : L. 7ESD( 139}

02T-41



£EOLOGICAL MATERIAL

g e T T A s gy P S Py gy ey

LigMBER 3 4n

NAME | WISTRALY GRANITE 292
CRIGIN 3 HEW FHOLLND
CHEMICAL HINERAL
GOMPCSITION(Y) cnhPoSlT'ONCX)
.y - T ....---------'!-------—u-
s102 69+5

AL20Z 16.7

FE203 2

FEO '3

MND L

nGo 1.12

Cad 2.25

14420 3.3

K29 4.5

F20% 28

co? &

HZ20 2

TOTAL 99. %%

ROCK Faop::r15~ .

CEC (PEQI;OZ Gy 3.6

® PR

SURFACE ARERA (r2/CG) 6

9 2 |

RADIONUCLIOE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPY)

- e o VY O

1
i
i
|
t
H
H
i
t
1
¢
}
!
1
H
H
{
i
t
:
}
!
1
!
'
{
i
1
!
H
i
¢
1
{
L
H
}
1
1
!
i

Py
EHx

NA
HGI3

ANVEQUS PHASE

gy -y i Ty -

START

-y R g R

696
1839

END

Q4
364

e mmd Y T dd G B WSS B s mE wb AT GE R es BT A S em e Mg ee BT SR T Ec A W He Wh o ex B8 4 24 ob S0 e w8

METHOD
STATE
RATIO
TEMP.
ATH,
SEP'N.
ANAL .
coMB.,

REFERENCES ¥ 1)

NOV 41, 1984

EXPER{MENTAL DETAILS
tBATCH
ICRUSHED ~158 MESH
10,5 G/15 ML
tRT
tAIR
tCENTRIF, 7690 RPH,20 MIN,
‘v
1SR TG €S
JoF. RELYEA ET,AL
PNL~SA=6957 P,125
2) J.F. RELYEA ET.AL

- £€6°V -

PNL~SA-7352-VOL2P259
33 AN, MUCCIARDI ET,aL
PNL-§4-7352-VOL2P333
4) L.L, AMES
PNL=2797

0¢T-aL



Fik MATERIA

KalIONUCLEID
-Sg ........

SR

T

t
F

-

NUNIER= =~

4é

TIMNE (M)

LT T Y.

9

212535232775
SORPTIOW HESPLTS
INITIAL [aN3 FIHAL CRN3

(M/L) (MrL3

—————————— - - g e gy

KBS KDD

-y -

-6,5E«L(22)

1.5Ee2({41}
3,9E1¢8,7)

1|9E*1‘47’
3,8E43(15)
33E0li(6.2)

~2,2E98(218)
2.1EpE(198)
2,7E+1(5,8)

- %6V —

0¢ZT-41



9 21 2356 20222%6

RaDIONUCLIDE SQRPTION PARAMETER pESCRIPTION NOV 11, 1981

GaagngxcuL MATZRIAL

o — -

AQUCQUS PHASE

EXPERJMENTAL DETAILS

Ty gy -

ngMBIR 47
ANE §} WISTERLY GSANLITE 2pa START END METHOD :RATCH{2uW,BC)
QQ:GIR : HEW RNGLA”D -
PH 78 STATE :~-2p+58 MESH
ChCMICAL MINZRAL TRAGE NA 6.7
COMPUSITION(X} cOBPOSITIONIYY ELEMENTS {PPM) K 1.5 RATIO 1 G/15 ML
--------- hadafadad S SRS ke T Sk L e R s 0 0o S0 CA 8'3 -
§102 MG 2.5 TEKP, 1125 C
aL203 staoe 26,2
Ti02 HCOS - 47,7 ATH, fAIR
FE2C1 cL 2.1 .
FEO S04 2.7 SEP'N., 'FILTER g.: UM NUCLEOPORE
HKO i
MGO ANaL. L
CAG >
NA2G COMB. SR TC CS fﬁ
K20
coz
H21 Ucip « 17928

-

ROCK PROPIWTIES

Yy U ke A

1
1
]

L]
]
4
1
]
]
3
1
[}
1
]
]

1
1
)
]

AR S Sk Y B AR M wd BB B A SR AR S5 S BT AL A PUEIME OU S0 BE WS S8 BN P PP NS AT &8 P5 S8 e SW @ b 4E SN W we

0ZT-4L



FCK MATEGTAL HUMSER==u

RagjonvcLicr

47
TIHE ()

ey =

9

2

INITVIAL [3H)

25465292937

SARPT{UN RESULTS

o T ey gy

(ML}

FINAL [RNj
(H/7L3

- g e g

K0S
2,1862041)
6,5+ (38}

=%,1E~1(%. 1)

Kon

- 96V ~

02T-41L



9 2123520278

RADJOHUCLIDE SoRPTION PARAMETER DESCRIPYION MOy 11, 198%

AUUEOUS PHASE

-y gy -

GLOLCGICAL MATERIAL

- T o O g

EXPERJMENTAL DETAILS

NUMBER ¢ 48

HAME t  W-STERLY GRANITE 2pB START END METHOD *8ATCH(2W,8C)
DRIGIA ¢ NEW pHGLAND e mew—ma

PH 7.8 STATE :=20+5¢ MESH

CHEX Cal nI"ERAL TRACE NA 6.7

CGHPuS!TiONt?) Pos'Txov{x) rLrurde (PPH) X 1.5 RATIO 1 G/i5 ML
B L L L TR T T T Ch B.3

si02 MG 2.5 TEHP, 25 C

AL203 5102 26,2

Tice HCO3 47,7 ATH,  :AIR
FEZ03 CiL. 2.1 1
FED 504 2.7 SEP'N, SFILTER pg.% UM NUCLEOPORE
HKC >
MGo ANAL. L o
CAU ~
NA2D COMB. !NONE !
K20 )
P05 REFERENCES * 1) 5,0, MACLEAN ET.AL

coe
H20 Ucip - 17928

ROCK PROPEXTIES

t-dlb-—.--n-‘--—-—---—-o--"‘--H-u-ﬂ-q---

" S B NS B0 NE B ek em M S MR WEeE AR WA SO B AR wmik.me o ki G B S ARG P 9 SE Wk S S s S8 As G4 B8 4E &8

s w o B S A W D W WY BE AR ST WE e WE PR G P B S wa 4B S8 WS wd S A MRS R e e e e WA R A AW e = S we



FCR HATERIAL HUHBER =+

RapronucLig:

48

TIHE ()

S -

7

SGRPTION RESULTS

Ty T g T e gy

INTTIAL [RN)
{H7L)

L e

FINAL [RN3
i (ML) KDS
- e hadak | -y

5,2E«2(16)

KDD

- 86'V -

0ZT-4L



CFOLOGICAu MATERIAL

e —tm———— - e ™

HUMBER & 46
MAME 1 GRAMITE (FRESHLY FRALTURED) 334
ORIGIN ¢ GOETHEBORG, SWEIEN

ChekICal KINERAL
COMPCSITIONY) CQHDOSITIOka)

- o —-w—-—-——-"———-—-—-—-—

v

ROCK PROPthIEa

P L EL Y T --..---..--—-—u--—r-n——n-q-nq

9 2 1

RADIOWUCLIDE SOoRPTITY

TRACE
ELCHLNTS (PPX)

e St g T

NA
CA
MG
HCO3

S04

AQUEQUS PHASE

[

START END
268

ig

75

15

2EF

562

15

1.5

cab B BB B B B BY BA AA SR SN NG Wi PG HE SE NG w4 A Gw wh sk we 48 S S U 0d ok e b4 S8 SY S4 WP e wn e

| PARAMETER DESCRIPTION

HETHOD (84

STATE €0
RATIO ¢
TEHR. 2%
ATH,. AT
SEP'N, NGO
ANAL . L4
coHB., 'NO
REFERENCES

NOy 11, 5984

EXPERIMENTAL DETAILS
TCH
UPONS = 27 CM-2 GSA

C
R
NE

NE

t 1) By ALLARD ET.AL
CHALMERS INST, TECH.
KBS, T.R, 5%

=~ 66V ~

0¢T~¥L



FER MATERIAL WUMBER===

RaDICGNUCLIGE

SR 89

921 25

2039

SORPTIIN RESULTS

-y T S gy -

49
INITIAL L[RNJ

TivE () (H/L)
!5

1

1

5

i

1

.3

1

1

FIMAL CRNJ
{M/L)

KAS

2.ﬂE¢1CTwi
2.8E+1{~-~)

T¢9E=1{m)
6|3E’1""

1,8En1{a")
2:5ErL (=)

KAD
1{1E*2('-)

3.2E+8(~=)

5.8E+41(~=}

- Q01*'V -

0C¢T~44



GEALOGICAL “ATERIAL

-------- B e e )

LUMBER 8 %0
NAliE T GRAMITE (pUSTRIAR} 224

9 2 1

RADICNUCLINDE SORPTION PARAMETER DESCRIPTION

ORIGIN ¢ GEBRARTS, WALOVIEHRTZL, LOHWER AUSTRIA

CHE¥ . CaL MIMERAL
COKPESTTICN{ %) COFPOSITIONCX)

- A

TRACE
ELEMENTS (PPY)

o . -

e me gw e e S e vh wa

-

WY M o PR WM e e M WS BN A ek ek R el i ek W e mrl wem drm e ek el o e Vad el e

P

AGUEQUS PHASE

- gy T

START END

- Wy Wy Oy gy

345

R e 4w em A EE e BN PA AN WE AR W TR eh md b wh wh de Wk mm e b R BA Be. SR BE 44 A M e e we we a8 Ak

- o e ea

METHOD
STATE
RATIO
TEHP,
ATH,
SEP'N.
ANAL .
COMA .

Ney 11, 1981

EXPERIMENTAL DETAILS
SRATCHIBE)
ICRUSHED 144-324 CH-2
11¢ G/1gp My
IRT
TAIR
TNONE
L
TMONE

REFEREMCES ¢ 1) M, TSEHURLOVITS

AUSTR, -UNIV. NUCLEaR
WORKSHOP,BRUSSELS-79

- 0TV ~

0ZT-4L



921 2356233723

$oRPTION RZSULYS

. ey Ty -

F:R MATERIAL NUNSER=~-- &0 )
INTT1AL CRND eikAl, CRN]
RAaL1ONLCLIRT TIME (p} (ML LN KBS KDo

-y wr - - - e ——— ———

7 2, 2E42{ =)
.8 By TE#2 (=)
.3 AT KT ELY

=5 137 7 L 1E€1{am)
5 ' : 2,1E+2(~)
3 >5,0E42 (=)

2 35, PES2 (==}

5R BS ? 2,8E%@ (=)
3 2. 9E#B{n~r)
8 3e1E0 (um)

2 : 4,8EeE (=)

A LN

0¢T~¥dd



GEOLOGICAL MATERTAL

-y bl b 4 T A gy

NUMBER ¢ {
NAME 1 GRANITP (AUSTRIAN) 223
ORIGIN § HERRSCHLCHEERG, MaL3VIERTEL,LIuER

CHEMICAL MINERAL
COMPOSTTION(Y) caNPOSIIIOVt%>

ROCK FRUP RTIES

[ Sy e B

9 2 1

4

RADIOHUCLYINE SORPTION PARAMETER DESCRIPTION

AUSTRIA

TRACE
ELEPEHTS tPPﬂi

PH

ABUEGUS PHASE

ey Ty - .

STéRT END

- e,

3.5

NOy 4%, 1981

EXPERIMENTAL DETAILS

T e g o Y e G WP ge

METHOpD $BATCH{BE)

STATE :CRUSHED 144 - 324 CM=-2

RATIO 318 G/12g ML

TEMp, :RT

CATH, TAIR

SEP'N. INONE
ANAL, 'L

CCMB., INONE
REFERENCES f

1} M, TSCHURLOVITS
AUSTR, UNLV. NUCLEAR
YORKSKOP,BRUSSELS~79

- €0T°V ~

02T-4L



FCR HMATERIAL HUYEER=~w

HACIOHUCLIDF

Sk 85

9

SORPTION RESULTS

FINAL [RNj

THITTAL ERN]
(n/sL)

(H/L

e - oy -y - g an -

KBS
3.45.#?(—-)
5,5L+2({-~)
6,6E+2(mw)

1|4E"1“")
4,DE£1(~m)
9,0Eel{en}
F+BExL{wn}

2]5E1’E("")
2,4E2B (=)
S 2Ewf (-~}
4,068 (=~)

KDo

- R0T°'V -

0¢T-41L



921 2362035716

-

RADTOHUCLIDE SCRPTION PARAHETER DESCRIPTION Noy 11, 1961
GENLICICAL HATCRIAL { AQUEOUS PHASE : EXPERIMENTAL DETAILS
------------------ - ‘ -n"'---—;-_-—--—-' ‘ n---;;—¢--;-——e--—“ﬂ
1 t
HuRBZR ¢ 58 ' i
NAME 1 GRANIT, (AUSTRIAN) 220 1 START gND 1 METHOD #BATCH{BC)
ORIGIN ¢ MEUKAUS LOWER AUSTRIA H = - we |
i1 PH 3.5 ! STATE :CRUSHED 144 - 324 CM~2
CHEMICAL MINERAL TRACK. ¢ {
COMPCSITION(X) cOlPOSITIONAY) ELEMEHTS (PPH)Y 1 P RATIO iig G/lgp ML
----- - _..;-o-n----—g--r-n—----— ;--—--N-'o--..-——— {
s1c2 i TEMp. RY
Al.202 L
1102 1 ATH, tAIR I
FE2CZ i
FEG i SEP'N. !NONE >
MND : =
HGO OANAL. L Tt
CLD ! i
Na2l i COMB, INONE
K20 !
p205 I REFPRENCES ' 13y M, TSCHURLQVITS
co2 : AUSTR, UNIV. NUCLEAR
H20 t HORKSHOP,BRUSSELS-79
t
t
!
1

- s Ay e g SR BE S BE Gm e gm W S T S G WE Th GE wr wd Wl e e AR EE A AN e M e e

48 ew e sa pe ee as e =P we ewiap



FCR MATERIAL HUMIER-~~<

Rl 10KJCLICT

. — -

cs 137

52
THIE (0}

14.2

9212552313237

SORPT{OH RESULTS

IMITIAL [3N3 FIHAL [RN)
(470 (M)

KOS
6,7202(--)
2:%5*3‘-"’
2,0E33{~")}

B,0E&L{w~)
5,0E#l{wm)
25,4562 (-~)
2B BE2(~=)

2!5{‘B{")
2, 3ERE(=»)
G4 3E4Q(~=)
5,0ExC{~")

KDD

- 90tV ~

0ZT-UL



9

RADIGUUCLIDE S2RPTION PARAMETER DESCRIPTION

GLOLOGICAL MATERIsL

Y g, aa

MUMBSH @
HAME 3
ORIGIN ¥

3
GRANITI (AUSTRIAM)
NEUSTADEL PLATT:

<en
LOWER AUSTRIA

CHEM!CAL
COMPCSITION(X)
slo2
AL203
Y102
FE203
FEC

HAhG

HGO

CAl

Na2l

K20

P2as

€02

HaQ

HITERAL
CHMPOSITION(Y)

e T e gy

TRACE

- -

ROCK PROPERTIE?

e T By e Sy W Ty O e g O g, Y P gy

2

ELEMENTS (PPM}

. 07 g

e e gu s mw ot e e

W B W d B wd el e A% BE PR R U RS Sk A S S dh bl md WA b A ww e me e WA e wd e

PH

AQUEQUS FHASE

- gy -

STARY END

- T ey

3.5

H
i
]
H
§
H
{
}
H
!
i
H
;
1
H
H
H
i
1
H
1
H
H
!
L]
;
H
H
H

EXPERIMENTAL DETAILS

PO gy e -~ - -

METHOD ¢BATCH(BE)

'ST&TE CRUSKHED 144 - 324 CM-2
RATIO :17 G/igp ML

TEMp. IRT

ATH, tAIR

SEPTN, INONE

ANAE. L

COMB., INONE

REFERENCES * 1) M, TSCHURLOVITS
AUSTR, UNIV. NUCLEAR

WORKSHOP,BRUSSELS-79

NOy 1%, 1981

- [OT'V =

0ZT-4L



FCR MATERIA| MUMGERw=-

RaCIONUCLINE

e -

5k 85

53
TIHE (B)

6.7
11.8
12.9

l17
2+3
6.3
4.2

+17
2,3
6.3
14,2

9

SARPTIIN RZSULTS

THITIAL CRH) FINAL £RNj
(ML) (H/L:

KDS KbD
9 HE$2(an) o
1|6E13(—'l
2.2E03 (=)

1,0E+5i{~m)
1,5E%2{-=)
>5|EE*2("*’
?5 ,RE*2 (=~}

scig‘gt;“)
2.8E#8 (-~}
Ge2E+Z({~=)
4,BEeB (-~}

- 80T°V ~

0Z1-4L



GESLIGICAL “ATERIAL

-t - oy ey

NLMBLS ¢
NANE 1
ORisIN

T4
GRANITE (AL3TRIAN}
GLOXWALR  UPPgR

234
AUSTRIA

CHEMICAL
CONPESITION(K)

-

HINERAL
COMPOSTTIONSH)

Dy

ROCK FROPZRTIES

RADICNUCLIDE SLRPTION PARAMETER DESCRIPTION

T
£

9 2 1

BACE
LEMENTS (PPM)

- T

et Wt e we mm ww

EE AL B TR e Ne e e R SY B BT BT NN M AS wh wE wa ww Ad A WR W e e e e ma e E e

P

AQUEOUS PHASE

- e gy . —

. STARY END

.y g - -

3.5

SEEP % S8 4w Sk G ES BB GG 4P SE BE S0 SN WO B SR W BRSBTS SE bt B e wd Se e S8 WA s B R e G P S be B

EXPERIHENTAL DETAILS

S gy - - -

HMETHOD :8ATCHIB()

STATE :CRUSHED 144 ~ 324 CHM-2
RATIO :ig G/1Cg ML

TEMP. IRT

ATM, TAIR

SEPI'N. INOME

ANAL. L

cOMB. :INONE

REFERENCES 3 %) M, YSCHURLOVITS
AUSTR, UNIV. NUCLEAR

HWORKSHOQP,BRUSSELS~79

NOV 11, 1981

- 60TV -

0ZT-4L



92123562031 |

'SORPTION RESULTS

FCh MATLRIal NUMEER=-w- 54
INITIAL [RN] FINAL CRN3Y
RaTidnucLigr TiHE (o} {H/L} ) {M/1) KDS KoD
ot 144 6;7 2|3EI‘2‘-“,
11.8 4.45'2""
12,9 5,9E#2¢wn)
8 137 17 : 1.2Es5 (-}
2.3 8,0Ex% (-~}
6.3 3.55*2(—")
14,2 3!2E‘2("')
SR 85 +17 . 2,858 (o=}
2,3 9.BEni{="}
5,3 1,3E42(w=)
14.2 3.0E¢B (-~}

~ 0TIT°V -

. OCT-4l



GESLAGICAL MATERIaL

- T T e, W

HIUNBER 3 55
HAME 1 GRANMITE (RUSTRIANY 23B
CRIGIM T GReI": AUMUpHLE  URPrR AUSTRIA

NU1RERAL
COMPOSITIONLR)

- -y W -

CHEMICAL .
CCMPLSITION(Y)
5102

AL203

102

Fe2d3 v
FED

MNO

MGO

Cad

Haz0

K20

P205

coz

H20

ROCK FRCPEhTrgg

- 04 4 e = g e N g o o

9 2 1

i

o
AV

2 03

2

Foun

RADTONUSLIDE SCRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PP}

e gy

-

e ard wE e wmw wS SR B8 S PN WA N NE WS MM MR SA me aE AR EE ey s = mm e b o mm e

P

AﬂUEOUg PHASE

P

O BB Sp S st e AE AE UA ee AR Ad AR e SR S R B Pu Em BB ARl P Suicdnl wmccbh e B ed de e we W

KETHOD
STATE
RATIO
TEMP.
ATH,
SEP'N.
ANAL .
CO¥B,

REFERENCES ¢

NOy 11, 1981

EXPERTMENTAL DETAILS
‘BATCHIBE!?
ICRUSHED 144 = 324 CK-2
¢ 6/12g ML

RY
TALR .
i
tNONE o
L .
[
SNONE 1
1) M, TSCHURLOVIYS
AUSTR, UNIV. NUCLEAR
HORKSHOP, BRUSSELS~79

0z1-¥1



9 21 25520313

SORPTION RESULTS

T P e T D gy

FOoR MATER[ AL, HUMGER=~=~ 55 ’
INITIAL [RM) FINAL C[RN3

Ral1ONUCLICE TINE () (M7L} ; {MsL) KBS KDD
EE 1;; T 6:7 o T ~ G,pEe2lmw) )
11,8 4,3Ea2(~)
12,9 6, 9E#2 (-~}
cs 137 17 2.8Et1!f*)
2.3 1:3E42(-)
63 >SIBE’2"",
14,2 >5,BE+2(~~)
SK 85 017 2 2Eaf (=)
2.3 2,0E08(~m)
6.3 2,9Eeg (-m)
14.2 4,0E4B(wm)

- ZTT'V -

0ZT-4L



9 21 23492031 4

RADIQNUCLINE SORPTION PARAMETER DESCRIPTION NOy 11, 19814

GEOLTGICAL “ATEFRI4L AGUEQUS PHASE EXPERTHENTAL DETAILS

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

H

H

:
HUHGER ¢ 54 !
NaME §  GRARITP (A15TGlaN) 23C START END ! METHOD :BATCH{BQ)
ORIGiN ¢ GREIM, AUMUEHLE UPPER BUSTRIA mmanes emeown

Py 3.5 ! STATE :CRUSHED 144 - 324 CM=-2

CHEMICAL HERAL TRACE i
cnqpnsnwn( ) "‘":’-‘081?10\{‘\:) rmgurs {PPM) t RATIO :1p G/1gg ML
5102 TEHP, IRY
AL2C3
TI02 ATH, AIR
FE203 i
MNO it
MGS ANAL., L =
Cal W
Ha20 COMB, INONE '
K20 :
P205 REFERENCES ¢ 1} M, TSCHURLOVITS
02 AUSTR, UNIV. NUCLEAR
H20 WORKSHOP, BRUSSELS~79

02144



SORPTIUN RESULTS

B e Y e T T 4 AP e gy

FoR MATERTAL NIMBER--- 56
INITIAL [RN] FIRAL RN}
RalIONUCLICE TivME (n) (M/Ly (M7 KOS Koo
ZE 144 6.7 9.9Es2(-=)
1108 2|1E¢3(—"’
12.9 22,5843 ~~)
£S 137 W17 1,56+ (-}
A3 : 5, BEeR (=)
65,2 25,PE«2(~~)
14.2 ?5.QE¥2 (=~}
3k 85 17 5,6Eeglan)
2,3 6 SE#D (m=)
6,3 1,2E44(==)
4.2 1,5E48(==)

- §IT'V ~

0ZT1-4L



92123620316

RADIONUCLIOE SYRPTION PARAMETER DESCRIPTION NOv 11, 1981

' GENLOGICAL MATERIAL AQUEQUS FHASE EXPERIMENTAL DETAILS

T gy . T P L L L

t
H
}
NUMBESR 1 57 ]
HAME t  GRAMITR (AUSTRIAN) 230 ! STARY END METHOD :BATYCH(Bg}
ORIGIMN ! KASTPRHGF s UFPER AUSTRIA-SURP. WpATHERED H e - ]
1 PH. 3.5 STATE :CRUSHED 144 ~ 324 CH-2
CHEMICAL MINERAL YRACE !
CONPISITION(R) coFPOSITIUNrXI . ELEMENTS (PPM) 1 RATIO %3 G/12p ML
sice TEHp, *RT
ALZ203
Ti02 ATH. tAIR |
Fp203
FED SEPT'N. SNONE >
HNO [
HGO AMAL. 'L t;
CAQ
Na20 COMB. INONE !
K20
P30S REFERENCES ¢ &) M, YSCHURLOVITS
coz AUSYR, UNIV. NUCLEAR
H2O WORKSKOPBRUSSELS~79

——

ROCK PROPZRTIES

- 4 e e 8 o e g

B we Bu Ba my W WE oma wm o ww b AT b PE dmp A Nk Sd B PA W W m Be wd SR S 4a by Mk e e R Gm B S BB TP R =e

Bl B e SN BE WM W A Sy T G W W e U we ed WE e mw TP we B el B W W WM e e Sm S owm




FOR MATERIAL NUMEER==<

RagionvcLinr

- e

57
TIME (5}

6.7
11.8
2.9

.17
2,3
6.3
14,2

17
2,3
63
14,2

9

21 25520353

$HRPTION RESULTS

- Wb ™ -

INITIAL [RN] F1MAL CRN3
(M71) (M/L)

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

KDS
2,0E~1(-«)
2.0E%lfe~)
20kl i~}

G OLeB{wn)
4,8Eed(-+)
LyoEe2(-~"
1.,4E2(-»}

£40E4E (=)
2.55"1!-‘1’
3yBExl(wn}
1,8E¢0 (")

KoD

- 9TIT°V —

02744



9 21 255203141 8
RADIONUCLIDE $nRPTION PARAMETER DESCRIPTION © NOV g1, 1981

GEOLOGICAL *aTERIAL AQUEQUS PHASE

Y g P -~

EXPERIMENTAL DETAILS

T gy Yy T e A W e e

"NUMBER ! 58
NAME | GRANITE 2904 _ STARY END METHOD :BATCH
ORIGIN ¢ GOETHEBORG, SWEDpH e —————

NA 268 STATE  :CRUSH -
CHEMICAL HIRERAL TRACE K i2 A ¢ FDe ~149°235 MESH
coaPﬂsszoutxy COMPOSITION(%) ELEMENTS (PPH) 1 Ca I35 RATIO 1 G/40 ML
--------------- W Sk ] T 0 gy g P - e T e S HG 15
s1o2 HCOY 29 TEMp., 25 C
AL203 CL SEQ
T102 S04 15 ATH,  AIR
FE203 F 1.5 :
zgg SEP'N, :GENTRIF.,4009 APM,58 MIN. >

| o

MGO : =
GO ANAL. L. 3
NAZ0 0 tND! !
1Az coMeg, NONE
P205 REFERENCES ¢ 1) 8, ALLARD gT.aAL
H20 KBS, T.R, 55

ROCK PROPCRTIES

e " A e o g 0 kvl P e

OCcT-4dL

1
H
!
t
H
!
t
:
H
H
1
!
i
|
H
:
i
: CHALMERS INST. TecH.
!
|
i
1
{
1
i
{
i
i
L
!
$
1
i
}



221 235520319

SORPTION RESULYS

LT LT L TR JUN Y e

FCH MATERIAL KU4BER--= 5§ ,
INITIAL L3N FINAL TRN)

RaC10WUCLICT TIME (p}) (M7} LR KDS Xop
T 2a1 Tttt T T o A4 0E+3(un) h
CS 134 1,3E42(m=}
5R 89 G3EeB~w)

- 81TV -

0ZT-4L



921235620320

RADTONUCLIDE SORPTION PARAMETER DESCRIPTION NOy 14, 1981

AQUEQUS PHASE

gy W gy ey

GEOLOGICAL “ATERIAL

- 2 e ] e 07

EXPERJHENTAL DETAILS -

= gy W g =

v

NUMBER ! 50
HAME | GRANITE 244 STARY END METHOD :BATCH
ORIGIM 1 SWEDEN e we——- 7

NA 288 STATE $CRUSHED
CHEKiCAL MINERAL TRACE : K 18
COMPGSITION(X) COMPOSTTIONLXK) ELEMENTS (PPM) t Ca 75 RAYIO 1 G/12 ML
———e———— ———— wn e ———————— e —— emmew | Hg 15
sloz HEG3 208 TEMp., 25 C
AL203 Gl 552
Ti02 S04 15 ATH, tAIR
FE203 F 1.5 y
FEO SEP'N. :CENTRIF. 4098 RPM.50 MIN, 2
HNO =
MGO ANAL, L =
CAD o
NAZ0 COMR. tNDMNE [
K20
P205 REFERENCES ¢ 1) B, ALLARD ET.AL
Hz0 KBS, T.R, 55

ROCK PROPERTIES

O D s T a0 g 8 e T T D Y o

W SR AN BE Gn A SR BN be te w B wa T ek L sl S W o BN Gk PR e T A SR G Ne N Pu T Wy mhiew FR wm T Al T S



921 23620321

SORPT]IN RESULTS

et TPy T kg gy

FCR mATERIAL NUMBER=-s 59

INITIAL LRN] FILAL [RM)
rRaCicnucLier TINE (D} (/L) AU KOS kDD
o241 e ) .
.25 245843 (~~)
7 1¢BE#A{~m)
{8 134 «13 249E42{-"}
v 25 4,8E¢2(~)
7 643652 (=r}
SR a9 + 53 1,6E4Z(==)
.25 2'5E.B("")
7 : 2,0E3D(~~)

~.0TT"V -

0ZT-4L



GEOLOGICAL MATERIAL

- e T

NUMBER ¢ 6D
NAME I GRANITE 253
ORIGIN ¢ ShEDEN

CHEFICAL MINERAL
COMPCSITION(xJ CORPRSITIONGY)

9 2 1

RADIONUCLIDE SnRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM}

- -y o P .

N&

Ca
HG
Heo3
CL
S04

AQUEQUS PHASE

- e W gy W

START END
288

10

75

15

20¢

5¢%

15

1.5

:
t
:
{
:
'
:
:
!
!
!
i
1
i
i
t
t
!
:
!
i
!
i
i
!
;
i
1
1
i
]
t
H
!
:
?
1

EXPERIMENTAL DETAILS
HETHOD :BATCH
STATE :~148#235 MESH
RATIO 1 G/%2 ML
TEMp, 25 C
ATH,  IAIR
SEP*N. ICENTRIF,,4008@ RPM,58 MIN,
ANAL. L
COMB, *NONE
REFERENCES ¢ L) B, ALLARD g£T.AL
K8S; Y.R, 5%
2) B, ALLARD ET.AL
KBS, T.R, 98

NOy 11, 1981

- TeT'V =

02T-4L



e

ot

I

9 2

FCh MATEATAL NUM3SERwa-

Rab [ONUCLIPE

LS 134

Fi 152

132

nEe 147

Wk 237
FL 239
RA 2258

3R g9

TC 99y

Th 232

u 233

ZR 95

60

TIVE ()

166

104

v i
186

186

o4
04
184
166

l4
o 4

4
o4
136
184

' 4
|4
ipé
184

o4

1566
184

- A.122 ~

SORPTION RESULTS

R e A T e VT e TT SR e n gy VR

INITIAL [RM3

(/L)

1025“8
1,0E5

1.@E”8
L,BE-5
1.0E-8
1.06-95

1.9£-8
1.0E-5

1'@E“8
1.3E'5
10“E“8
1,0E-%

i.0E~8
1.RE-B

1,66-8
l.ﬂE-ﬂ

L.DE-8
1,088

1035'3
1.GE~B
1.9€-8
1,9E-5

1.0E-8
1095“5

L.BE-E
loQE'S
1.95-3
1.BE-5

1,CE-8
1-35‘5
1.0E-8
1.2E-5

FINAL [RNj
(M7}

T kg 2 v g gy

KDS
5.%503f-*’
L, 6E¢d(--)

64 3ERT(mn)
5.35*3(*"
2155.4(7"’
2,884 wn)

6.3[*1{:”,
2}55‘1‘1”,
2,5E2( )
4.0E#L{-m)

1,PE#4(an)
1.3E04(wm)
3.22*‘(‘“)
LsBE®g{mr)

.02
7,60

21BE4I{an)
1|5E*3‘?’}
719ERT (=m)
5|BE#3{",

2.5E#*1{<=)

72 PE+L(==)

6’3E*1<--?
J2Em2{ =)

LepER2{nm)
2,5L%2{un)

6!3E*Et-’)
6.35t0i~"3
40E*1 ()
1e0Ei{a)

B.0F
8,082

6436820~}
Sy BE#2{m=)
1,0Ex4{ww)
2.BE+3(~w)

6'3E’gtfﬁj
4.35*“""
6.32*3‘“-’
S'HE'Q"',

LISE*S‘“"}
342663 (ax)
LepEed(an)
3,2E43{w")

TR-120

KoD

-



GEALOGICAL HaTER

-y . e -

HUMBER
HANE &
ORIGTN ¢

i £1
GRAW] T+~ 28R
SwEnrH

CHEMICAL
CONPZSTTIOm (Y

—

NTMERAL
cn"PosiTanth)

ROQCK PROPI,.TICA

T e W o W o oy T, T i ok g o T Tt e P e T

sl

9 2 1

RADTOMUCLIOE SNRPT{ON PARAMETER QESCRIPTION

TAACE
cLeMEHTS (PPY)

P e 1 Lt

W e R AB MW BT WA A WY e wrd MR A BB TN b UM mrh el SHE R GMR R Wk St A WP SR M e Gy A A e G mm g S W W e e

NA

Ca
HG
HEO3
CL
S04

AQUEDUS

= g

STAR

FHASE

[y ————

T gNp

B BN RSP G B AR AR AT Ak e BT BY TR S D R NS SACAN N BB A4 A T WA BRSNS SRS &n R e B 4 e P aa Sw

HETHOD
STATE
RATIO
TEWP,
ATH,
SEP'N,
ANAL.
co4g,

REFERENCES ¢

NOy 11, 4981

EXPERIMENTAL DETAILS

BATCH

tCRUSHED, =1423+238 MESH

11 6740 ML

125 C

TAIR

ICENTRIF,, 4800 RPHM,58 MIN,

L3

$NONE

1} By ALLARD ET.AL
KBS, T.R. 55

- €ZT°V -

0¢T-41L




FCR MATERIAL NUMBER-=-4

Risi0NUCLICE

T e e

8 134

Sk B9

-

SORPTION RESULTS

el Tl L PP Y

INTTIAL [RN} F1MAL C[RN)
(H/L) (ML)

. T e - P e Ty

KCS

-

3.2E‘3“”,
LePE#4{~=)

J.2E42(~-")
498[—"2""‘,
6,382 (~m)

2.55#5(-"’
3, 2642 (=m)
3.2E22 (-}

Kon

- TV -

0ZT-4%



GENLOGICAL MATERIaL

P e el L L L T T T,

NUKBBER 42
RABE § GRAN]Tp 25C
ORIGIEN 1 S«ECFN

CHCkICAL
COMPOSITION(H

T v - g

HIMERAL
CAMPOSITION(X)

-

ROCK PROPELTIES

e 9 8 o g e 4 A O A i e

9 2 1

RADIOHUCLILE ‘SPRPTION FARAMETER DESCRIPTION

TRACE
ELEMENTS (PP%)

2

:
Fy

N4

Ca
MG
HCO3
CL
504

h 20 3 2

AQUFOUS PHASE

STARY END
268

i2

75

i5

290

5258

15

1.5

t
H
:
:
i
L)
:
:
t
i
t
i
t
t
:
t
:
'
i
i
i
'
I
!
i
H
H
:
H
t
H
H
1
i
1
1
1

6

EXPERIMENTAL DETAILS
METHOD :BATCH
t~4404230 MESH
14 G/48 ML
165 C ‘

STATE
RATIO
TEMP.
ATH,  tAIR
SEP'N. :CENTRIF,,4803 RPH,50 MIN,
ANAL, L

coMB, :INOHE

REFERENCES @

N0y 41, 1981

- TV -

07144



FeR MATERIAL MUMBER=-«

RaliONUCLIDE

o Sy oy o0

"

CE

cs

EL-

L4
3

kG

NP

TC
Th

241
144

134

152

132

147

237
239
226
89

oH
232

v 233

- 2R

95

[-¥
TINE (p)

.4

o4
4

‘4
b4

.4
o

14
4

+4
v 4

4
.4
4

)
I4

X

9

2 1 2

4

2

SORPT]ON RESULTS

gy Y %% o e W gy

INITIAL [RN]
{H/L)

- i gy Ty A oy

1|UE"8

mm
i
v o

1
Vi U g Jyoa

FIRAL [RN3

(ML)

- e

9 35 27

KGS
-

6,3E43(wm)

5,CE#3(~=}
1,GEtd (wrm)

4.52*1‘?')
7.9E41 (=)

2;5E*4‘f',
2e5E¢d (ax)

B.og
a,ae

2|6E"3"_"“)
1;95*3‘-'}

4,0E%L(-")
1|gE’2("“,
7.9Ewl{en)

1-55!1(1"
1.2E23 (=)

202

7.9E92(f"
719E*2‘-")

613648 (==)
4.9535(-"

3.2E“3!-")

6|SE?3t;”’

KoD

- 9¢1°V -~

0T7T-4lL



GEOLOGICAL %ATERTAL

NUNBER ¢ 43
MAME 1 GRANITE 2sh
ORIG;h ¢ SwEDER

ChEMICAL
COMPOSITIONIX)

HINERAL
CNAMPOSITIGNCH)

ROCK PROPERTIES

. e W - - - -y = e o

9 2 1

RADIOHUCLIOE SHRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPH)

- P g -

MR G wS TE SE WD mE A A AW dd o mh TS M M A B Anb R T b wd wen e dad G W A A T MR WA P R e B S e W

NA
Cs
HCO3
St4

AQUEDUS FHASE

SEISH a8 4w ok S el be AR AR e S SE Sh WE Ak BT th ks WE TR BE emIma B BN Em h 48 b . dt 4 me me we e e ga B er =

EXPERIMENTAL DETAILS

W gy g W o Ay Y A A RS A v

HETHOD :EATCH
STATE 1-14Qe23p MESH

RATID :1 G/4C ML

TEMP, 25 C

ATM, IR

SER'N. ICENTRIF,,4320 RPH,58 MIN,

AMAL. L
COMB., NONE

REFERENCES !

-NOV 131, 498t

= 42TV -

0ZT-uL



FLR MATEARTAL

RaCiONUCLICH

al 241

CE 144

8 134

0 9

i

L 152

eh 132

o 147

s
NP 237
N
Py 23

QA 226

o
SK 89

iG99

Tk 232

U 233

iR 95

NUHBER~~=

Mg )

-

184
186

&3

- A.128 -

SOHRPTION RESULTYS

T e gy g e gy g o g W

INITIAL AN
(ML)

1,0E-8
1-“5'5

1,8E-8
1,EE~%
1|0E“B
¢ 1.0E-5

10“E”8
1|BE"5
1,8
1,06-5

1,BE~8
1,RE-5

10@E'8
109E'5
ioﬂE"a
1,8E-5

4,8E-8
1.,0F-8

1.pE-8
1.06-8

1.3E~8
i.ﬂE~8

1.06-8
1.EE"5
1.0E-8
1,865

1,6E~8

100E-8
1.2E-5
l.BE*B
1,BE-5

1.RE-8
1.RE~5
1.55-3
11”5"5

1,0E-8
1.,96-5
1.96-8
1,965

-

FINAL TRN]
{H/1.)

——————— LT

KDS
1.35#4?6-)
Se2Evd{u~}

l.SE#4(»-)
HyIE T (=)
215E0d{mn)
L.3E¢4{an)

1.3E42{~=)
3,25*1(7"!
S'ZEQEI*“)
6,3E¢) (=)

TeEed (=)
1|aE.4‘ﬂ“’
16844 (am?
2QEE‘4(")

7|95"1(f')
6|3£"1('“’

4 DEST (=)
3,2E43(mwy
143644 (an)
2.0E04 (om)

4,0Eel(=n}
603E*1‘-',

1,6642(~=)
3.2E+2(~=)

1IQE*2(T—’
540E42(wn)

7 QERD ()
Lidgel(am)
Le6Eei{-=)
116E*1(“‘)

"§,3E1 (=)

7.9E*2‘—“’
Le3Ex3(n=)

4|ﬂ£*3‘-')

5,0E#3(~=)

6|35'@(7”,
5QE¥B{=n)
6932*ﬂt-”’
S5,0E*@{wn)

1,3E43(-=)
2,0E¢3 (-}
I, 2898 leum)
245E33(--}

TR-120

KoD



E

. LESLOGICAL “ATERIAL

—— e -

fyMELR 2 Rd
HAME 1 GRARITE 250

TRIGIN ¥ SwESER
MISNERAL
CoHPOSITIONTY)

- A e S L W O = by

ChEMIGAL
COMPSITION(RY

e ————

ROCK FROPIITIES

T . g gy e o g b -y 00 2 g W

9 2

TRADIONUCLIDE SPRPTION PARAHETER DESCRIPTION

TRACE
ELEMENTS |

PPY}

NA
Ca
HG
HCO3

504

AOUEQUS PHASE

Tt gy Yy

W S WA G4 B HE AR AY FE wE AT WN SN SE SN AW Em S % P Al TR W S e gE AR R R AR R B A S B RN R aeh me e A B

" CXPERIMENTAL DETAILS

P g b -

METHOD BATCH

STATE 1~14@+239 NESH

RATIO 31 G742 i,

TEMP, 3165 €

ATH,  fAlR

SEP'N. CEMNTRIF,,4003 RPH,50 MIN.
ANAL., L

COMg.  SNONE _

REFERENCES 1

NOy 14, 1984

“- 6CT'V ~

0ZT-4L



FOR MATERIAL™ IUMBER=—-

R.CIONUCLIGT

hE

e
i*L
QA

Sk

C
Tk

A

Ik

147

237
239

226

89

994
232

233

95

54
TIKE (r)

9

2 1 2

SORPTIUN RESULTS

o W TP 0wk e gy W

INITIAL CRIM)
(M/L)

1.2c-8
1,8E-5

1.3E-8
1.8E-8

1.,0E-8
1.8g-5

1,9E-8
1,3E-5

i1.8E-8
i,2E-8

1,0E~8
1.DE-8
1.8£~-8

1,0E-8
1.8E-5

1,8E-8

1,0E-8
1,PE-5

- aZE"B
1.0E«5

1,.2E-§
1,8E=5

FINAL CRN}
L™

- gy - -

kDS

1,3E08( )

21”[*4(5')
7e9E#3(um)

6|3E‘1<'-,
3,2E0di({m)

- | A VRSS!
1.:6Eed(nm)

2,89
2,08

4, 9E€T{am)
719E#3{ww)

5-%5.1(1”’
1,BEe2{~~]
L.BE¢2 (=)

1,10E41{am)
1,BE*1 =)

%.09

749£‘2(“"J
1.3E43 ()

6|3E’ﬂ‘-.)
5.0Eef{e=)

61 3EeTlan)
3.2E43(e=)

KDD

- 0ET°V -

02141



} 'gsugacicsL YATERIAL
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APPENDIX C

RECOMMENDED SORPTION COEFFICIENTS AND RANGES OF COEFFICIENTS

TR-120



4

3]

!

9 2

- C.2 — TR-120

1. TRITIUM (T)

Although there is a possibility that tritiated hydroxyl antions
may exchange with hydroxyl ions in clays and hydrated minerals present
in old fractures in reock, 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 3'I'20

through columns of crushed and wet-sieved granitic rock,

Recommended Range

k : -
a

kd : -

Recommended Value

k = 0 cm
a

kq

0 mL/g

Dated

1980 June 1.
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2. STRONTIUM (Sr)

ki values for Sr range from 0.6 to 600 mL/g. Allard and co-
(C.1)
1

workers results on an unknown crushed granite ranged from 6 to

16 ml/g with little effect noted due to increasing the Sr concentration
from 1072 mol/L to 107> mol/L. There is some correlation of k, with
particle size, as would be expected.

Erdal et al.(c'z)

report kd values of 14 to 18 mL/ at 20°C,

38 mL/g at 70°C. Desorption values (kd based on a desorption of the
nuclide from the rock surface) are ahout the same, indicating reversible
sorption.

(c.3)

MacLean et al. report values ranging from 6 to 600 mL/g

(C.4)

on a number of granites from the Climax Stock mine, Barney and Grutzeck

report Sr k, 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.
OQur 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.

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 em (LdB) and 1.6 to 2.2 em (WL) during

desorption.



Recommended Range

k

a

ka

Recommended Value

4
a

kg

Dated

1980 June 1.

~ C.4 ~

0.2 - 2,2 cm

0.6 - 600 mL/g

0.7 em

10 mL/g

TR-120



17

o]
e

9

Allard and coworkers

- C.5 -7 TR-120

3. ZIRCONIUM (Zr)

, (C.1)

values of 1000 to 6000 mL/g on

-1404+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 te zirconium, I would recommend a kd value of

1000 mLfg, and a-ka value of 10 em.

Recommended Range

k
a

k4

Recommended Value

k
a

ky

Dated
: 1980 June 1.

1000-6000 mL/g

10 cm

1000 mL/g
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Our results

granitic rocks.

~ C.6 - TR-120

4, NIOBIUM (Nb)

(C.5)

are the only ones available for granitics and

These results should be used for the time being.

Recommended Range

k
a

k4

Recommended Value

Dated

1980 June 1.

5 - 12 cm

only one value available (210 mL/g)

5 cm

210 mL/g
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5. TECHNETIUM (Tc)

With few exceptions Te 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'ﬁ) have observed a positive kd value for Tc on
"opaque" (magnetite and illite) rich fractions of crushed Climax granite,
(C.7)

and Bondietti and Francis have observed almost complete sorption of

gch under anoxic conditions on Westerly granite.

My earlier recqmmendation(c's) of a kd of 26 mlL/g stands, pro-

viding anoxic conditions will exist in the repository.

Recommended Range

k

a

ky, + 0= 80 mL/g

Recommended Value

k = (0 cm
a

k

d 26 mL/g

Dated
1980 June 1.
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The only available data for Ru are a k

by Barney and Grutzeck

- C.8 - TR-120

6. RUTHENIUM {Ru)

d of 200 mL/g obtained
(C.4)

obtained on White Lake gneiss.

Recommended Range

k
a

kg

Recommended Value

k
a
kd
Dated
1980 June 1.

: _only one value available (0.66 cm)

only cne value available (200 mwL/g)

0.66 cm

200 mL/g

on Climax Stock granite and our ka of 0.66 cm,
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7. PALLADIUM (Pd)

103

Qur results for Pd, determined on Lac du Bonnet granite,

(C.5)

are the only ones available . For crushed and sieved granite with a

particle size of 106 to 180 uym at pH 7, k

4 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
a

k4

Recommended Value

Dated
1980 June 1.

0.4 - 1.1 cm

0 - 23 mL/g

0.7 em

11 mL/g
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8, CADMIUM (Cd)

Qur ka of 1.1 em for Cd is the only one available,

measured on White Lake gneiss machined coupons.

Recommended Range

ka : only one value available (1.1 cm)

Recommended Value

k 1.1 cm

a

i

Dated

1980 June 1,

TR-120

It was
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9, ANTIMONY (Sb)

We have obtained a value of 11 cm for Sb on White Lake gneiss.
It is the only available result on granitic material.

Recommended Range

ka : only one value available (11 cm)

Recommended Value

k = 11 cm
a

Dated
1980 June 1.
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10, TELLURIUM (Te)

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
1t is possible that a higher value can be obtained under anoxic condi-

tions, if Te04m can be reduced to a cationic species.

Recommended Range

k_ i only one value available (1.8 cm)

Recommended Value

k. = 1.8 cm
a

Dated
1980 June 1.
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11, IODINE (I)

Iodine forms no known cationic species and, until information

to the contrary becomes available, a ka and kd of zero must be assumed.

Recommended Range

k : -
a

kd : -

Recommended Value

k = 0 cm
a

k

d 0 mL/g

Dated
1980 June 1.
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12. CESIUM (Cs)

In general, U.S. results(C'Z"C'AD

are in the range 100 to
1000 mL/g, with a few very high values, up to 3 x 104 mlL/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'l). Austrian re-—

(C.8)

sults range from 60 to over 2500 mL/g on uncharacterized granites

from upper and lower Austria.

ka values range from 0.6 em on Lac du Bonnet granite'and 0.6 cm
on WNRE fresh fractured Swedish granite to 3.7 to 5 em on White Lake
gneiss and on old fractures in Swedish granite, Clearly, the rock type
has an effect on ka and i would use our Lac du Bonnet ka of 0.6 cm, OQur
own results in the WISAP round robin on Climax Stock granite were 48 to
60 mL/g (sorption) and 120 to 160 mL/g (desorptiom) but, using crushed
Lac du Bomnet 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
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

suggest that a k, of 100 mL/g be used in cesium migration calculations,

d

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)

A large variation in results exists for cerium. Allard and

coworkers' results(c'l)

Erdal and coworkers‘cc'z) kd values on Climax Stock granite are in the
range 250 to 350 mL/g. We have found that, on crushed material, kd for
l440e 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, ka for
144Ce ranged from 2.2 to 7.9 em. It ranged from 5.4 to 16 cm on CRNL

drill core material. A ka for 8 cm should be used.

Recommended Range

k i 2.2 - 16 cm
a

kd : 250 - 5000 mL/g

Recommended Value

k = 8§ em
a

k

i 1000 mL/g

Dated
1980 June 1.

on Swedish granite ranged from 5000 to 20 000 mL/g.
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14. NEODYMIUM (Nd)

Allard and coworkers<c'l) 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 : 2,2 - 16 cm
a

k; : 250 - 5000 mL/g

Recommended Value

k = 8 cm

k, = 1000 mL/g

NDated

19890 June 1.
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15, EURQPIUM (Eu)

({(C.2)

Erdal and coworkers values are much lower than Allard

and coworkers'(llo and 490 vs. 1.0 x lO4 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.

Recommended Range

k : 2,2 - 16 cm
a

ky ¢ 250 - 5000 mL/g

Recommended Value

k = 8 cm
a

ky = 1000 mL/g

Dated

1980 June 1.
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16. RADIUM (Ra)

(€. have reported the only sorption co-

Allard and coworkers
efficients for granitie rocks. Their wvalue of 80 mL/g should be used.
Because of the similarity in chemical behaviour between strontium and

radium, a "pro-rated" k_wvalue of 6 cm may be used tentatively.
a y

Recommended Range

k : 1 - 18 cm
a

kd : 5 - 5000 mL/g

Recommended Value

k = 6 cm
a

kd = 80 mL/g

Dated
1980 June 1.
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Allard and coworkers
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17. THORIUM (Th)

(C.1)

is the only one available.

Recommended Range

kg

Recommended Value

kq

Dated

1980 June 1.

only one value available (850 mL/g)

850 mL/g

accepted value for thorium of 850 mL/g
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18. URANIUM (U)

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'z) 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

ka : ‘only one value available (0.3 cm)

ky ¢ 0.4 — 10 mL/g

Recommended Value

k 0.3 cm

a

ka

5 mL/g

Dated
1980 June 1.
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19. NEPTUNIUM (Np)

Allard and coworkers(c'l) have reported a value of 40 mL/g.

Barney and Grutzeck(c'a) obtained a k, of 100 + 90 mL/g. Bondietti and
(C.7)

Francis have shown that under anoxic conditions essentially all Np

is removed by Westerly Granite.

Allard and coworkers' wvalue should then be taken as a lower

limit.

Recommended Range

ka :+ 40 - 100 ml/g

Recommended Value

kq

i

80 mL/g

Dated
1980 June 1.
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20, PLUTONIUM (Pu)

There is a large discrepancy in kd values for plutonium.

(c.L)

Allard and coworkers obtained a value for k., of 100 mL/g. MacLean

4 (C.2)

and coworkers' results are much higher, ~ 2 x 10 mL/g + 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.

Qur ka rEfults 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 : 4 - 500 cm
a

kd : 280 - 2000 ml/g

Recommended Value

k = 4 cm

k, = 280 mL/g

Dated

1980 June 1.
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21. AMERICIUM (Am)

k., values for Am are generally in the 1000 to 2 x 104 ml/g

g
range. Barney and Grutzeck(C'4)

report very high (6 x 104 mL/g) wvalues
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 wvalue of 1 x 104 mL/g on crushed Lac du Bonnet
granite but I am not convinced that precipitation did not take plaqe,

and a2 (perhaps conservative) k., of 1000 mL/g should be used.

d

We have obtained a ka value of 30 em on White Lake pleces and
rather low ka results, ranging from 3.4 to 8 em on granite, supplied by

the Geological Survey of Canada. A ka of 8§ em should be used.

Recommended Range

k ": 3.4 - 30 cm
a

kd : 1000 - 2 x 104 mlL/g

Recommended Value

k = 8 cm

k = 1000 mL/g

Dated
1980 June 1,
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22. CURIUM (Cm)

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.

Recommended Range

k : 5 - 24 cem
a

Recommended Value

k = 8 cm
a

ka

I

1000 mL/g

Dated
1980 June 1.
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SUMMARY

RECOMMENDED k, AND k_VALUES
o (=3

9 2

1980 June 1

Element ky (mL/g) anﬁEEl

T 0 0
Sr 10 0.7
Zr io00 10
Nb 210 5
Te 26 -
Ru 200 0.66
Pd 11 0.7
cd - 1.1
Sb - 11
Te - 1.8
I 0 0
Cs 100 0.6
Ce 1000 8
Nd 10060 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
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