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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:

- 2
activity sorbed/cm” surface area
activity in solution/mL of solution

ka (in cm) =

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.
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1. INTROL .TION

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

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

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

relative to that of the groundwater will have been retarded.

The retardation of a radionuclide in a flowing system can be
determined by techniques analogous to chromatography, where the differ-
ence between the transfer time of the transport medium (i.e., the
groundwater) and of the radionuclide is measured. This technique is
only practical when the retardation is not too great and transfer times
for the radionuclides are not too long. However, the long-term nature
of these experiments makes it difficult to study the effect of various
parameters such as groundwater composition. Further, hydraulic para-
meters such as diffusion and dispersion are often difficult to quantify

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

It is usually simpler and more rapid to determine the distrib-
ution ratio of a radionuclide between an aqueous solution and sorbing

surfaces under static conditions, and to determine the effects of various
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parameters on this ratio. From this distribution ratio - which is com-
monly called the radionuclide sorption coefficient - the degree of re-
tardation of a radionuclide in a flowing system can be estimated in some

cases.

2. DETERMINATION OF SORF [ON 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 radionuc] le concentration (i.e., activity
in the solution) 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 container or
by precipita on or colloid formation - may or may 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 coefficients obtained during the sorption and desorption
steps are not necessarily the same. Irreversible processes such as pre-
cipitation and incorporation of radionuclides into the crystal lattice
of the minerals during the ''sorption' step may make new nuclides un-

available for subsequent desorption.

When particulate matter, such as crushed and sieved rocks or

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

activity sor d/gram material
activity in solution/mL solution

kd (in mL/g) =

This coefficient does not include a surface area term and is
thus not directly applicable to fracture surfaces of the type that may
be expected to form in a hard rock boc In that case, it is advisable
to determine the sorption coefficient directly on machined or fracture

surfaces, and to define this sorption co« ficient:

activity sorbed/cm2 surface
activity in sc¢ 1tion/mL solution

ka (in cm) =

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

area, i.e., the roughness factor is con: lered to be unity.

3. RELATIONSHIP BE EN ka AND kd

ka and kd are theoretically r¢ ated through a'specific surface
area term, SSA, defined as the surface area per gram of particulate ma-

terial:
ka = kd/SSA

This relationship holds when the particulate material has the same che-
mical and mineral composition as the bulk rock. However, fracturing and
sieving steps tend to concentrate certain .nerals, such as magnetite
and illite, in fractions with smaller particle size. As a result, the
various size fractions cease to be re :sentative of the bulk rock, and
a valid comparison between ka and kd becomes higl " r 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 methods. The
B.E.T.f< 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 mz/g.
When krypton is used instead of nitrogen, the limit of detection is

(2)

somewhat lower. The ethylene glycol (EG) method involves equilibra-
ting the sample with an anhydrous calc im chloride - ethylene glycol
solvate, until a monolayer of EG rema: s sorbed on the surface. Phyllo-
silicates such as micas and clays, which swell in aqueous media, present
a higher surface area to the ethylene glycol sorbate than to nitrogen
and, consequently, surface areas obtained by this method tend to be

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 ra onuclide sorption studies beca e of
their poor sensitivity for low surface areas. A third technique, using
methylene blue as a sorbate in aqueous systems(3) 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 = 6 cmz/g

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

* Brunauer, Emmett, Teller



Fa

™

-5 - TR-120

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

(4)

Table 1. Measured surface areas for Climax Stock granite used at the
Los Alamos Scientific Laboratory (LASL) are orders of magnitude greater

than those calculated using the above equation.

This is not an isolated case, and . ould not be construed as
casting doubt on the LASL results. It is simply indicative 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 e erimental results suggest that
to assume that crushed rock consists of ard 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 are based on the geo-
metrical surface area, i.e., no allowance is made for surface roughness
or for the possible presence of micropores_or microfractures in the
rock. Some work has been done to compare the sorptive capacity of a
machined rock surface to that of a fresh fracture with a known projected
surface area. For 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 VARIQUS 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 COMPOSI .ON OF THE GEOLOGICAL MATERIAL

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, many minerals form series ex-
hibiting a wide range of chemical comp ition. For example, the pla-
gioclase feldspars - one of the most common rock forming minerals -
exist as a solid solution series rangi from pure albite (NaAlSiBOB)
through anorthite (CaAlZSiZOB). In the pyroxene group a solid solution
series of enstatite (MgSiO3) ~ hyperst 'ne ((MgFe)SiO3) - ferrosilite
(FeSiO3) exists, each with a potential ; different sorptive behaviour
towards radionuclides in solution. It is thus important that both the

chemical and mineral composition of the geological material be fully

documented.

5.2 PHYSICAL CHARACTERISTICS OF THE GEOLOGICAL MATERIAL

The main physical characteristics that may affect the sorption
X . . . . 5
coefficient are porosity and pore size distribution of whole rock( ),
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, poros y 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 partic 2 sizes is not enough as
very small particles often adhere to 1 ger ones and are only removed by
thorough washing. Thus, wet sieving is the only acceptable procedure to
isolate particulate material of a certain size fraction, and should be
followed by a particle size distributii analysis to describe the mate-~

rial properly.

5.3 COMPOSITION OF THE AQUEOUS Si UTION

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 competing cations will depress the sorption of
the radionuclide. For example, 908r sorption is depressed in the pre-
sence of alkali and alkaline earth cations, 137Cs sorption is decreased
by Rb+ and Cs+ ions but not by Na+ unless large amounts (> 0.1 mol/L)
are present. The concentration of the ra lonuclide 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 radionucl les with a low solubility,
precipitation may occur where the radic clide-containing solution is
brought into contact with the geological material. This decrease in
radionuclide concentration due to precipitation may then be assigned
erroneously to sorption and an unrealistically high sorption coefficient

obtained.

For multivalent radionuclides, the compositon of the aqueous

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

formation of anionic - and hence poorly sorbed - species.

Thus, the composition of the ‘'ueous solution must also be
documented fully, preferably at the end of the equilibration period as
well as at the beginning. It is recogi :ed that the former may present
difficulties, as facilities for wet chemical analysis on radiocactive

solutions may not be readily available.

5.4 TIME

The term "sorption coefficier ' implies that an equilibrium
has been reached in the partitioning of the radionuclide between the
so0lid and liquid phases, and implies that the solid phase is also in
equilibrium with the aqueous phase. 3 1s not necessarily the case in
the experimental determination of sorp! »n coefficients: the reaction
between the geological material and the aqueous solution is 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 coefficient.

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 an the dimensions of these pores

(7

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 partict ite 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 w¢ ls of the containers was men-
tioned earlier. It is not sufficient to include a "blank" in the exper-
iment, as the degree of sorption in the container walls may be affected
by the presence of geological material in the container(g). 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 cen aging or filtration may have

(10)

to be used to distinguish between colloids and ionic species

6. DATA COMP ATION

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-

(11)

tory Details of the data bank are described in a report by Nuern-

(12)

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

The data bank stores the following information:

1. Geological material
Chemical composition major elements

minor elements
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Mineral composition

Rock properties

Aqueous phase

Experimental details

Reference

For each radionuclide
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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 Eh at the béginning and at the

end of the equilibration period

Meth  used

State of geological material
Solid/liquid ratio
Temperature

Equilibrating atmosphere

Procedure used to separate liquid

from solid after equilibrating
Phase analyzed

Combination of radionuclides used, if

any

Contact time

Initial and final concentration
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Sorption coefficient obtained in the
'forward' (sorption) or 'reverse'
(desorpt ) 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 availi le.

The sorption coefficients for a particular nuclide can be ex-
tracted and tabulated separately. This is done for all nuclides in Ap-

pendix B. It will also be updated peric .cally.

7. CRITICAL EVALUATION OF SO TIt _COEFFICIENTS

Practically all sorption coefficients reported for the indivi-

dual radionuclides cover a wide range of values. 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.,

2. The procedures used to determine so: tion coefficients differ
between the various laboratories and are often still in a
stage of development.

3. The effect of various parameters on the sorption coefficient

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

account for much of the spread in sor; ion 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(l4)

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 variations.

We expect to see improve ;reement as time goes on. In the
meantime, based on the quality of the reported data and on a general
knowledge of the chemistry involve a range of sorption coefficients
and "recommended" (most reasonable) values can be suggested. It is em-
phasized that the range of values ar the '"recommended values' given

here are tentative, and subject to revision.

Appendix C lists the recon :nded 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

COMPARISON BETWEEN CALCULATED AND MEASURED(A)

SURFACE AREAS

Surface Area m2/gl

Range of . . ET . . EG

Sample . . Median Ratio Ratio Ratio 5=

Particle Size Calculated* BET++ EC#* Calc Calc BET

(um) (um) .

CS5 106-210 132 0.017 0.95 8.0 56 470 8.4
CS5 180-500 300 0.008 0.16 4.0 © 20 500 25
CS5 425-1000 688 0.003 0.10 7.0+ 33 . - -
CcS7 106-250 133 0.017 0.80 9.0 47 530 11
CS7 180-500 293 0.008 0.16 3.3 20 410 21
CS7 425-1000 690 0.003 0.12 3.0 40 1000 25
* Based on median particle size, p = 2.65 g/cm3.

++

Ethylene glycol.
Most likely in error.

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

COMPILATION OF RADIONUCLIDE SORPTION DATA

LIST OF ABBREVIATIONS USED

Geological Material

PPM

Rock Properties

CEC
AEC
ME/100G
BET

EG

Experimental Details

BATCH
COLUMN
NW

BC

STATE
RATIO

Parts per million or ug/g.

Cation exchange capacity.

Anion exchange capacity.

Milliequivalents per 100 grams.

Surface area :termination uéing a procedure

developed by Brunauer, Emmett, and Teller (see

Section 4).

Surface area determination using ethylene

| glycol.

Static experiment.

Column or dynamic experiment.

N cold washes i.e., number of contact periods
using non-radioactive solutions.

Blank corrected i.e., corrections made for vial
wall sorption.

Physical state of the geological material.
Solid-to-liquid ratio for static experiments

or pore volume (PV) and flow velocity for

dynamic experiments.




oy

ATM
SEP'N

ANAL

COMB

Sorption Results

TIME (D)
INITIAL [RN]
(M/L)

FINAL [RN]
(M/L)

KAS, KDS

KAD, KDD

- A2 - TR~120

Atmosphere in contact with mixture.

Procedure used ) 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: 1liquid

W: wall, S: solid.

Combination of radionuclides used.

Contact time in degrees,

Initial radionuclide concentration in moles

per litre.

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

ka’ kd in the reverse (desorption) direction.
The experimental notation is used for ka’ kd’
i.e., 2.2 x 103 is expressed as 2.2E + 3.
The relative error at the lo level is given in

brackets behind ka or kd.
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RAOJONUGLIDE SORPTION PARAMETLR DESCRIPT]ON NOV 11, 19a1

AUUEQUS PHASE

EXPERIMENTAL DETAILS

- gy -

L OFOLIGTCAL MATERIAL
ngrBtk 8 R
BAME 3 GRANITE USWISAP RR-1-135

START END
ORIGIN §  CLIMAX STOCK(L.J,RAMPSPOTT {LL) =

e T e eew

PHILOG) 6.9 g-1

METHOD :BATCH(2W,BC)
STATE $CRUSHED,2g~53 MESH,RET SIEV

CHEMCAL b1hERAL YRACE NA §.3

COMPISITION(%)  CAMPOSITIONCY) ELEMEMTS (PPMY) ¢ K 3.5 RATIO :1 G/4E nlL

----- B s ST cmmecemmace-a= | CA 13

sjo02 68.41  AWDESIHE a7 MG 3.9 TEMP. 323 C

AL202 16.35 AUARTZ 28 HEO 61, &

7102 W37 MICROCLTIE 15 Ci 5 ATH, AR

FE203 z 319TITE 2 504 8.6

Fea 2.45 APATITE 2 .2 SEP'N, (GRAVITY

MNO 06 REMATITE NO3 6

MGO 1.25 MAGNETITE ANAL. L

oY) 3.72 SPHENE

na20 3-95 HASTINGSITE COMB.  NONE

~2J 3.91 |
P255 1 REFERENCES ¢ 1) L.L, AMES N
HZD 2 PNL=2797 S
TOTAL $9.97 2) T.T, VANDERGRAAF '

WNRE
PR-WWM=1 P, 79-84

ROCK FROPIRTIES

................. eefmmec—oc—vpesscmaam-

CeC (MEQ/L12Y G) G.85
@ P
CATION SR

SURFACE ARCA (M2/6) 2,28 3.9
mMetHOD BET  EG

(@]
(@]
[\¥]
=<
v on D ew 08 WO WS PG GO 60 w6 GO We My GD Se Ym WS W WD T e W We To WV VU s M WR wd S0 W ST 40 <m ew TP 4 SO T oo

02141



SORPTION RESULTS

FCR MATER14l. NUMBZR=-= 3 :
INITIAL (RNN FINAL [RHN)
RaCIONUCLIDF TIVME (D) (H/7¢0) (ha) KDS D
cS 137 14 S.0Ee2(20)
14 ’ 4,8E¢2(17)
23 . 1.3£42(25)
P8 1.2E¢2(* %Y
Py 237 14 2,4E+2(45%)
14 J.3E«2(4H)
2g " 7:2E02(¢
Sk 90 14 7. TE#2 (1)
. 14 8,0E+8(15)
s 1.4E¢1 (¢
23 1.4Ee5(23)

__.8'V._

07141



nErLOGIcw

MATERI AL

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

L'BFn H 4

i GRANITE USWISAP RR-1-1C

(Al
””'G h 8 CLIMAX STOCK(L.D, RAHPSPOTT (LL)

SURFACE AREA (42/0C)
®¥ETHON

c.28
BET

3.9
£EG

47
23
15
19

CHEMICAL M1NERAL
CCHPCSITICN(%) CONPOSITION(%)
sloz 66.41 AHDESINE
AL2C3 16,35 QUARTE
T[22 .37 MICROCLTHE
FE203 g BIOTITE
FEN 2.45 ARPATITE
MND .o HEMATITE
HGQ 1.25 MAGNETITE
can 3.72 SPHENE
nNA2ZG 3.55 HASTINGSITE
%20 3.91
PZ205 W1
CGe 4
e 2
TOTAL 99.97
_RCCK FROPZIRTIES
CEC (MEQ/102 G) 2,85
@ PH
CATION SR

9 2 1 2 ST )

_RADIONUCLIDE SNRPTION PARAMETER DESCRIPTION : NOV 11,
! AQUEDUS PHASE 3 EXPERIHMENT,L DETAILS
‘ —————— ; ------ ' Aainded T Aot i d S dnd - -
H !
t :
! START END ¢ METHOD :BATCH({2w,BC)
! I :
! PHILOG) 6.3 7 i SYATE :CRUSHWED,28-5@ MESH

TRACE I Nas 115 !

ELEM[NTS (PPH) 1K 17.2 i RATIO :1 G/40 ML

------------ t CA 9ce t
MG 16,4 1 TEMP, :23 C
! HCOJ 12, :
i CL+ 174.9 IOATH, AR
t S04 4198 t
t BO3 9.8 ! SEP'N, GRAVITY
I SR 1.3 H
1 CS 1 1 ANAL. L
: t
H ! COMB. :NONE
! t
t t REFERENCES ¢ 1} L,L, AMES
1 H
! H PNL=2Y97
! :
! t 2) T,T, VANDERGRAAF
! H WNRE
{ H PR~WWHK-1 P, 79-84
t H
t :
H 1
t t
t H
H H
! H
’ :
1 :
1 & PPY !
i !
t $
} i
! 1
! i

31

_.6'V_.

[eyvY}

O..




FCR MATERIAL NUMBZIR=--+

RACIONUCLIDE

SR 9%

[

TIMz (o)

o
.
Nt
——
Ve
.
v
L)
“ag
N

SQRPTION RESULTS

TNITIAL CRN) FIMA! [RNj
(M/70) tM71L)

104:'5
1.4E-5
1.4E~5
1.4E-5

KDS
3,9E~1(18)
1,2E-11138)

3. 0E«@(30)
2,1E+2(03)

1,8E=$(110)
2,8E-1(122)

KDD

2.CE+0(3)
2.CE+q(@)

4'ﬂE01¢15,
2|9E1 ‘4)

2,4E+0(143)
2.9E+8(124)

- 0TV -

02T-¥L



HUMBLR ¢ 5

MAME 3 GRANLITE USUISAP RR-1-1D
ORIGIN * CLIMAX

CHErICAL HILERAL
COMPCSITION(%) COMPOSITION(X)
S102 68.41 AHGESINE

AL2C3 16.35 QUARTZ

T}o02 037 MICROCLINE
Fg203 z BIDT1Tg

FEOQ 2.45 APATITE

MNO 26 HEMATITE

MGO 1.2 MAGNETITE

CAO 3.72 SPRENE

Ha20 - 3.55 HASTIMNGSITE
K20 3.91

P205 o1

cec2 Z

HgC 2

TOTAL 99.97

CEC (MEQ/l»Z G
® PH
CATION

SURFACE AREA (12/6)
MeTHOD

STOCK(L.J.RAMPSPOTT LLL?

0.85
SR

2.8 3.9
BET €6

GEDIOGICAL MATERI AL

RADJONUCLIDE SRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS gPPM)

[ el L L

- 0 we se wm B0 e e

@0 G0 G0 ov VT S8 S0 S0 Go TO S0 S0 GO TP o WS BT GE WE BB TS S BB G0 PP e SR WD He Gn A @O

PHLL
NA+
K

Ca
MG
HCo3
ClL+
504
803
SR
cs

s PP

AGUEOUS PHASE

STARY

6.8 7

0G)
115
17,2
9se
1Z,4
12,3
174-?
4196
9.8
1.2
i

T

END

METHOD
STATE
RAT]O
TEMP.
ATH,
SEP'N,
ANAL .

COMB.

REFERENCES ¢ 1)

NOV 14,

EXPERTHENT,L DETAILS

Eladada - P T AR P P o

‘BATCH(2W,BC)
:CRUSHED,29~53 MESH,WET SIEVED

1 G747 ML

23 C

TAIR

GRAV]TY

L

!NONE
L.L. AMES
PNL=2797

2) T,T, VANDERGRAAF

HNRE

PR-WMM-1 P,79-84

il

0CT4L




FCR MATERIAL NUMBER-~<

RaCIONUCLIDF

Py 237

SR 9¢

5

TIHE ()

'
—
o

SORPTION RESULTS

INITIAL [8N)
(N7L)
7.4E-6
7.4E-6
7.4E<6
7.4E-6

1.4E-5
i1.4E-5
1.4E-5
1.4E-5

FINAL [RN)
(M/7L)

F]
LAt

KDS

6.3[‘1(7.2)
3,3E-1(64)

401:‘0‘22)
4,3E0C(26)

9,0E=2(150)
3,8E~£(120)

KDD

0.2E+3(Q)
B.CE+Q(0)

4,CE¢1 (37}
317E01(2a’

S.1fegtta®)
4.4E+8(100)

- IT'V -

02T-¥1
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RADIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV 11, 198l

GCOL””ICAL MATZRIAL EXPERI"ENTAL DETAILS

AUUEOUS PHASE

STARY END

PH{LOG) 7.7 8.2

. 6
t QUARTZ MONZINITE PORPhyRy-1A METHOD :BATCH(1w,BC)
GRIGIMN ¢ CLIMAX STCCK,NFVADA TEST SITE CS5

STATE $~1PPe3140 MESH

8 oo o7 =e 48 @v we o= oo e oo

CHFH'CAL MINERAL TRACE K 4.8
CHPZSITICN(%) COMPOSITIONCX) ELEMENTS (PPM) Ca 9.6 RATIO :1 G/22 ML
mreceeeccme e T —— ceeccae= g e MG 2
s|e2 QUARTZ 31 FE o4 TEMP, 22 C
AL203 PLAGIO«KFLD 48 S 7.9
T102 ALT,FELDSPAR 2 HEO3 55 ATH, tAIR
FE203 BJOT/CHLIR 13 CL 2.3 . :
Fgo SPHENE <1 S04 5.1 SEP'N, :CENTRIF,,163g8 RPM,1 HR,
MNC APATITE <1 F .3 : :
MG0 MAGNeILM [} GA 3 ANAL. L
CAG LI [}
tia20 SR .1 COMB., SNONE 1
w2 NA 7.5 ’ >
PLo REFERENCES ¢ 1) B.R, ERDAL ET.AL L
H20 LA=7486-MS T

D)

CCK PROPZZTIES

--—-_------—----------—-—--—---—------

CEC (MEQ/122 G} <1 i HONE
® PKH 8.2 8.3
CATION cS SR

SURFACE AREA (M2/6) 2.95 8.2 1.3
¥pTHON BET  EG/CA €6

«1
(=)
~n
TP T Se Bt G B DO GO BE G W WE WD CE VD G0 T CE VT U GG TO CY VE B CE SO GO Vo T WD SO Ww I SB BE AW T T W VO S

40 S0 66 T e WS DG GO ST TE v G4 TE GO GE U 44 O Be GU SE TE GO VD TE T SO T Gu Su- 20

027141



FOR MAYER]L! HNUYMRERe-~

RaCICNuCLinr

Ck 141

€S 137

Ey 152

SR 85

u 237

[

TIME (1)

)

&

Y 2

73 N “
201 sofPTION RESULTS

memempcrameanmen

INITIAL (RN
(4700

-y e -

1,469
1,4E~9
1,4E-9
1.,4E-9

FltaL CRNj
(MsL)

KOS

2.6E¢2(4)
2.ﬂ£02(4,
2.7E+2(4)
4,2E92(4)

1,3E¢2(5)
9'8Eﬁ1(4)
1,4E22(5)
1.,3Ee3(4)

4,6E02(3)
4,2€42(3)
4.5E¢2(3)
5,2E¢2(2)

J,5E¢2(4)
2.7E¢2€4)
J.5E¢2¢4)
3.6E43(4)

2,2Ee1(4)
1.6tei(e!
1,78¢1(5)
1.9€«1(9)

9.9tep{22)
1.,AEe31¢22)
1.,8Eed(21)

KD

2.6E¢2(6)
2.5E92(6)
J.9E+2(9)

705:’2(6
1.6E+3(8)
5.2E¢3(13)

5-8[02(7
6.2E«2(7,
7.6E¢2(7)

1.1E+3(6)
1.9E+3(6)
4.6E¢3(8)

S 2.3E01(T)

2,2E¢1(8)
2-8501(10)

2.9€¢4 (3
2.7E+1 (3!
2.8E+1 (44

- %T'v -

0CT-¥d1
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RADIONUCLXDE SORPTION PARAHETER DESCRIPT]ON NOV 11, 1981

EXPERIMENTAL DETAILS

GEOLOGICAL *AT RIAL AUUEQUS PHaSE

R i Rd L T R - . gy = - = - gy o Ty Y o o

AME 3 QUARTZ MONzONITE PORPHyRy-2A METHOD :BATCH(1W,BC)

START END
ORIGIN & CLIMAX SYOCK.NEVADA TESTY SITE CSS -

SURFACE AREA (1'2/6) 0.16 4.2 4.4
¥rTHOD BET  EG/CA G

; !
' :
! i
1 !
H H
1 :
! PH{LOG) 7.7 8.2 i STATE t~45¢6C MESH
CHpMiCaL '“ERAL TRACE ! Na 7.5 !
CCHPCSITION(X) COMROSTTINNIE) FLEMFNTS (PPM) ¢t K 4.8 "1 RATIO 1 G720 ML
-------- dmceea mefecmccccmmececesc~a cmewmcmmmcnece= | CA 9.6 :
S102 QUARTZ 29 i MG 2 t TEMP, 22 C
AL203 : FLAGIO«KFLD 58 } FE o4 1
T102 ALT,FELDSPAR 4 1 S1 7.9 ! ATH, tALR
FE2C3 B10T/CHLOR 7 1 HCOJ 55 i
FEO SPHENE 1 tcL - 2.5 i SEP'N. :CENTRIF,,16p@g RPM,1 HR,
MNO APATTE '$! 1 S04 5.1 !
MGO MAGN<ILM 1 t F .3 .4 ANAL., L
CAO : T 8 '
%A20 i Ba .3 t COMB, :NONE
K20 1Ll ) !
P205 1 SR o1 t REFERENCES * &) B,R, EROAL ET.AL >
co2 b : -
H20 ! : LA~7456-MS b
~——ema 1 t 1
1 t
$ :
1 !
t !
ROCK FROPCATIES g !
B R T R R R adalt e habatadeakaduiednahe Lol Kl K REE R b L ] ' '
CEC (MEQ/LEE G) <1 <1 1 !
@ PH 8.2 8.% t 1
CATION c3 SR § s
1 !
1 :
: 1
! H
! !
1 t
t :
1 i

O¢iL—aw




92 2 1 2

SIRPT[ON RESULYS

NP ang®ra“~wwa™,w

e
S
-
 a
e

F R MATERTAL NUHMEER==- 7
INIT1aL [RN) FINAL CRN)
RaCioOnuCLICE TIHE (D) (/L (M/70) KDS KDD
Ba 133 2.91 2,4E-8 7.5€¢1(4.1)
16.98 2.4E-8 9.6E43(4.2)
27.91 2,4E~8 B,BE+L(4.3)
62.33 2.4E-8 1,5E42(3.3)
13.67 8.4E+1(6.7)
27.66 ' 7.9E¢4(%,2)
95,72 8.1E¢1(5.5)
CE 14) 9,91 1.3E=6 1,0E62(4,3)
16,98 1.,3E-6 9.,0E+1(4,3)
a7.91 1.3E=6 8,6E93(4.6)
62.23 1.3E~6 3,7E42(5,6)
13.67 606E‘2(7.1)
27.66 6.1E+2(5.8)
§5.72 1.8E¢3¢(7.7)
C§ 137 9,91 1,489 2,2E42(2.6)
16198 1.45'9 Z;EE'Z(th)
27.91 1,4E-9 2:8E42(2.9)
62,063 1,4E-9 2.,8E¢2¢2.,3)
13,67 . 4,0E2(7, %)
27.66 3,8F+2(7.4)
55.72 . 4,1E+2(7.3)
£elL 152 9.9 8.0E-8 1,9E42¢4.0)
16-98 B.QE'B 2.%5‘2(405)
27.91 B.GE-B 1-8&*2(403)
52.33 8,.0E-6 L.0Ee3(3.4)
:3.67 8.1E¢2(6.7)
27.66 7.26¢2(5,2)
55.72 1.4E3(5,6)
SR 85 998 1,2E=6 1.3204(5.2)
16198 1522.6 1|2E°1(5-8)
27191 1.25-6 1.1E°1(6~2)
62~53 1.22'6 1.3:‘1(301)
13.67 1.7E+4(9.%)
27.66 $.3664(7.7)
55,72 1.3E+1(8.5)
L 237 6,95 5.4t-8 2:.2E2C(72)
13.95 5.4E-8 2,3Ee6C(393)
2@.95 5,428 J,1E822¢52)
7,89 2.0E+4(387)
13.64 ' 1.56+1(149)

7.569 1.1+ (369

- 9T°'V -~

02141



RADIONUCLIDE SORPTION PARAMETER DESCRIPTICN

GEOLOGICAL YATZRIAL AQUEQUS FHASE

P e R R R P, LRl L

H
H
!
LUMBER 2 5 t
HAME 1 QUARTZ MCNaONITL PORPHyRy.3A ' START  END METHODR
ORIGIN ¢ CLIVMAX STSCK.HEVADA TEST SITE, (55 { B L
! PH 7.7 8.2 STATE
CHEMICAL MI{leRAL TRACE t NA 7.5
COMPISITICN(Y) CO'PISITIONGR) ELEMENTS (PPM) 1t K 4.8 RATIO
~esemcecconcana L L Fecteceeme  cewm-e weccwemen CA 9.6
sice QUARTZ 24 MG 2 TEMP.
AL203 PLAG]GeKFLD 64 Fg o4
7102 ALT,FELDSPAR 5 S| 7.9 ATM,
FE202 B1OT/CHLOR 7 HCO3 55 -
FEOD SPHENL 1 cL 2.5 SEP'N,
MNO APAT(TE <1 504 5.4
MGO HAGN+ILN 1 F 3 ANAL .,
CAQ 8A o~
NA20 Ll 8 ‘COMB.
k20 SR .1
P2C5
co2
Ha2o

ROCR PROP"TIES

Ll el L 2 R L R Y aladatadad TS - - -w-

CEC (P;O/iaz 6) <1 b
? Pp 8.2 6.8
CaTION (] SR

SURFACE AREA (42/6) 0.18 7.2 2.9
MrTHOR BET  EG/CA £G

O @B GO RE G4 PO 85 O% G4 00 0 SO GRG0 VI -GN 4D VP TP WE SO TH OF DB Wh CO. WE G SO St GV Bv o Gu-BE Be S t= GBS0 26

T G TP VT GE GO GO TO GO GH @O GT D AD Ve WD WO R GB WGP T Y WS SO W GO WD —E G WO W VO WY

NOV-. 14,

EXPERXHENTAL GETAILS
tBATCH{1W,BC)
1-20+35 MESH
11 G728 ML
122 C
tAIR
:CENTR.,{6ggg RPM,1 HR,
0
tNONE

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

LA=7456~M5

= LT v -~

velLTdw




Fch MATERIAL NUMBRER==--

RACIONUCLIDE

CE 141

€S 137

EL 152

SR 85

¢ 237

8

TIME (5
2.91
16,97
29,97
62.23
13.67
27.66
95.72

9,91

16.97
29.97
6€2.03
13.67
27.66
98,72

9,01

16,97
29.97
62.23
33,67
27.66
55,72

9.91

16.97
29.97
62.23
13.67
27.66
85,72

2,91

16,97
29.97
82.3%
13,67
27.56
85.72

6,95
£3.9%
2%.95
7.89
13.64
19.76

9 2 |
P

A
¥

. ;‘} )
£ y

[J

SORP( .+ #ESULTS

P e wE Pt P aT e o e

INITIAL [RM]
(M/L)

1,3E~6
1.3E.6
1.3E-6
1.3E-6

1,4E-9
1.4E-9
1.4E«9
1.4E<9

5.4t-3

FINAL CRN)
{4/}

PR
s

~i

KDS
7'3E¢1(4QB)
7.85¢1(4.0)
T7E#1(3,9)
7.8808(3.4)

1,8E42(4.2)
1.2E42(3.4)
1,2E42(4.0)
1,9E€2(3,6)

2,7E¢2(2.6)
3,4E92(2.6)
J,0E¢2(2,6)
4.1£.2‘2"’

2,5E¢2¢3.9)
2,26¢2(4.2)
2,1E82(3,9)
3.7Ee2(3.4)

1,3E¢1(5.,4)
1,2E¢1(5.7)
1.2e+4(5.8)
1,18¢1(5.8)

3.,3E42(82)
4,2E~1(360)
1,3E¢Z2(s17)

KDD

7.7E+2(6,.4)
9.1E¢1(6.3)
7.9€+4(5.9)

9.4£¢2(6.8!
9.,1F«2(7.9)
1. '3(6.‘)

5,2E¢2(7.%)
4,7E«2(7.3)
6.6E42(7.3)

9.0E+2(5.9)
8.8F+2(6.3)
9.4E+2(6.3)

1.8£¢1¢8.4)
$1.6E¢4(9.2)
1.7€+1(8.8)

1.3E¢3(218)
=3.6E¢B(731)
3.9E¢1(65)

- 81°'v -

0¢I—¥lL



921 2 522 g

iy

RADIOHMUCLIDE SCRPT{ON PARAMETER DESCRIPTION _ NOV-11,

GEOLLGICAL MATT RIAL AQUEQUS PHASE

EXPERJMENTAL DETAILS

HUMBER 1 0
tiAME 1 QUARTZ WORZCNITE PORRHYRY.y(
ORIGIN & CLIMAX STOCK,NEVADA TEST SITE CS5

START  END METHOD :BATCH(1W,BC)

- o 4w 46 wm e o= s

Py 8.4 7.9 STATE :-~4PPei14pg MESH
CHEMICAL MINERAL TRACE NA 7.7
COMPCSITICN(X COMPOSITIONCY) ELEMEYTS (PPY) K 2.9 RATIO :1 /208 ML
- - --;—-——--——'- -------------- e w T w CA 11
5102 QUARTZ 31 MG 2 TeMP., 122 C
AL2C3 PLAGIO+KFLD 48 FE W1
T102 ALT,FELDSPAR 2 S i0 ATH, tAIR
FE203 BICT/CHLOR 10 HCOj3 57 )
FED SPHENE <1 cL 2.3 SEP'N. :CENTRIf,» 12028 RPM,1 HR,
HMND APATITE <1 So4 3.9
MGO HAGN+ILM 8 F el ANAL., L
Can BA '3
Ha20 LI 2 COMB., INONE
2o SR z _
P205 REFERENCES ¢ 1) 8,R, ERDAL ET.AL
coz
120 LA=7456+-MS

ROCK FROF’"'TIEJ

L U R R R R R e e k. halnd Vwavrmrsmtegmawe

CEC (rzo/1aw G) < 1
@ P 8.2 8.9
CATTON cS SR

T SR B0 MG GT G an @n 00 S0 @R CN VA TP G0 VO GO TO A GV Gn- G0 S CP ST G O4 ST A8 GO S Gu S= VS so A8

URF CE AREA (12/G) 2.9% 8.0 1,3
MPTHON BET  EG/CA G

0 ST Sh @e GO ST WO AR ST P D W WY S0 IV S0 Tw Gw WG GU TE GY SR G G WE PO BE PP WS @ Be -y

v -

= 61



FCR MATERIAL NUMBER--- 9
INITIAL [PN] FINAL CRN)
kaClOnUCLIDP TI8E (D) (M/L) (M7} KDS KDD
Ak 241 77 1.¢k-6 1,2Ea3(a=)
1‘.7 l.OE"6 3.?Et3(7-9)
28.7 1.BE~6 5,3E23 (=)
56,7 1.9E-6 7.8E¢3(47)
15.7 2:9€e3(~-=)
16,8 T.7E¢2(3.7)
19.7 4,7Ee2(-=)
Py 237 7.7 1.0E-42
14,7 1,2E-12 L 4Ee3 (=)
28,7 1.,0E-12 1,2Ee¢3 (=)
56.7 1.08E-42 2.3Ee3(==)
15.7
16,8
19.7

- 0Z'V -

0¢1-¥1L



GEOLOGICAL “MATERI,L
LnBLk !} 10
GAME t QUARTZz KONzONITE PQRPHyRy.2C
TRIGIN 3 CLIMAX STOCK,NEVADA TEST SITE €S5
CreM1CalL MIHERAL
COMPCSITION(Y) CG“POSITIOV(%)
Si02 OUARTZ 29
AL 2C3 PLAGIO¢KFLS 58
T]02 ALT,FELDSPAR 4
FE203 BIOT/CHLIR v
FED SEHENE 1
MNO APATITE <1
GO MAGN«ILM 1
Cal
MNA2C
K20
P205
co2
H20
RQCK FROP’<TIF<
CEC (MEQ/1s2 G) L <L
@ PH 8.2 8.5
CATION cS SR

SbRFACE AREA (M2/G) 2,14 4.7 4.4

MpPTHED  BET £G/CA g6

A e
o

’ v
LS

(3]

[

RADIONUCLIDE SORPYION PARAMETER DESCRIPT]ION

TRACE
ELEMENTS (PPM)

40 °v o 20 o o v as oo

P e Be SO GO GO GO TS TO O WO WO W Gu W PP Ve Ww GO T GO TV TP Gu GO GE Gh GO Ga VI SO OB o

AQUEQUS PHASE

BO 06 B B S8 GB G GO D B0 SO VP . TA 00 TP OU Gv 53 T G VO TP B WS OB ST CE Sa- GO S0 V6 TP CO BT G4 G4 SO SF Sm B 4 S

NOV.11, o,0.

EXPEQXMENTAL DETAILS

METHOD :BATCH (yW,BC)

STATE
RATIO
TEMP.
ATH,
SEP'N.
ANAL,
COMB.

REFERENCES ¢

1~45*62 MESH
1 G20 ML

tAIR
‘CENTRIF,,12gg92 RPHM, 1 HR,
T
!NONE

1) B,R, ERDAL ET,AlL
LA~7456-MS

- 1¢°Vv -



9 21 2 492 19 o0g

SORPTION RESLLYS

L P T L T T

FCR MATERIAL NUMBER=-« 13 :
INITIAL [RH) FINAL CRN)

RaCIONUCLICE TiME (o) (M/1) (M7 K0S KDD
AV 241 7.7 1,0E-6 7:6E02(-=)
14,7 1.0E=~6 1.3E43(==)
28,7 1.0E-6 1,7€63(-=)
5447 1.0k-¢ J.0Ee3{=m)
16.6 ’ 4,4C¢2(=~=)
19'7 3!25.2("-)
29.7 J.3E02( )
Py 237 7.7 1.9E-12
14,7 1.8E=12 9,8E02(==)
287 1.8E-42 7:1Ee2(==)
56,7 1.9g~12 2,503 (==)
16,8
19.7
29'7

A

Ucl—dd



&
by
(")
[
[
.
A=
T’
-
Y
e
X,
P

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV=11, ...l
GECLOGITAL “aTERIAL ' AQUEOUS FHASE : EXPERIMENTAL DETAILS
------------------ 1 Ry S H e
1 H
HUMBER 3 11 H t
JVAME + QUARTz MONzONITE PORPHYyRy~3C : t START END ¢ METHOD :BATCH(iW,BC)
ORIGIN ¢ CLIMAX STOCK,NCVADN TESY SIYC €SS t —rmeve mececa. H
! PH 8 8.2 STATE :-20+35 MESH

CrEMICAL MINERAL TRACE 1 Na 7.7
COMPOSTTION(%) COMPOSITIOM(%) ELENENTS (PPM) 1 K 2.9 RATIO 1 G/2C ML
B T B Fecmcecere  ecmeecesocmeo= ' CA 11
5102 QUARTZ 24 MG 2 TEMP, ¢
AL203 PLAGIOeKFLD . 6% FE o1
T102 ALT,.FELDSPAR 5 S1 ic ATHM, tAIR
FE202 B1JT/CHLOR b HEO3 57
FEO SPHENE 1 CL 2.3 SEP'N, :CENTRIF,, 12gpg RPM, 1 HR,
MNO APATITE <1 504 3.0
MGJ MaoN+ILM 4 F 1 ANAL. L
Ca0n BA 3
iia20 Ll 2 coMB. ¢NOME 1
K20 SR ¢ ‘ .
P205 REFERENCES ¢ &) 8.R, ERDAL ET,AL .
coz e
+20 LA=7456-MS ‘

CEC (rEO/1zz G) <, %
@ FH 8.1 5.5
CATION cs SR

SURFACE ARZA (H2/GY 2.1 Ted 2.9
METHOD BET  E€G/CA gG

o P T G WD PO A BB ST TS DU CE B TO GO TE DO U S GO OV WA G G CE 6L Gp WO DS GO GV wy
D S0 G G Bn AB 40 GG 00 SO 0N TO VL GO LY 09 U W b P BU ST V6 VO SO VT Gv I 4D B SO So o 4O SO am

0CT—ilL




FCR MATERTAL NUNBLR--=

KiClONUCLIGE

FL 237

11
TIME ()

7.7

14,7
28.7
56.7
3.7
16,6
19.7

7.7

14,7
28.7
26.7
15,7
6.8
19,7

e

9 2 |

SORPT{ON RESULTS

LI R P iy

INITIAL [RN]
(M/7L)

1.0E-6
1.0E-6

1,2E-~12
1.0E-12
1,gE-12
1,08-42

65 2 % 2
FINAL [RNJ

{M/71)

KDS
306E‘2‘-_l")
4,88e2(-~)
1,6E43(33)
4'1E.3“'.)

4,PE+2(am)
5,2E42(a=)
B,4E¢2(~")

Koo

J.2E* 3
4,8E%2(/s 02

1
>
N
Ea

0214l




NUMBER ¢
NANE )
ORIGIN ¢

CHEM: CAL
CCMPCSTTION(X)
S102

AL 203
T102
FECC3
FEO

MNO

MGO

CAQ

NazC

K20

P205

co2

H20

RCCK FROP’dTIES

CEC (PEQIIQV G)
@ PH
CATION

SURFACE AREA (42/6)

GEOLOGICAL “ATERI,L

R e e ke Rk e T S

12
QUARTZ HONyONITE PORPHYRy-4(
cLiraX

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPH)

STCCK.NEVADA TESTY SITE €SS
MINERAL
chPoSITIOV(%)
OQLARTZ ' 31
PLAGIO®KFLD 48
ALT,FELDSPAR 2
B1OT/CHLOR 12
SPHENE <l
APATITE <l
MAGN+ILY 8
<3 b 3
3.2 8.5
cS SR
.99 8.2 1.3
MrTHOD BET  EG/CA ¢

TO o0 O0 TV BB TO CE WL WY PO TP P WD GO TO TO ML GE TP CH VO VO TT VO VD VD CO VP VS W VI GO G ww GO Py 9 DL SO Sv o G

ACUEOUS PHASE

START END
8 8.1
8.6

3.7

i1

o2

o1

12

49

2.5

6.5

I1

.3

g

o1

SO BB GO OV G0 ST B P G SO 08 GV OV TG TN DU CO GY VS TS S0 GO GO TS DO To-GP Ca P 40 GV GO 90 VO PP Gv 6o W6 SO Gu- G o

EXPERIHENTAL DETAILS

METHOD :8ATCH(1W,BC)

STATE :-10€+143 MESH

RATIO :31 G/2€ ML

TEMP, 78 C

ATH, tAIR

SEP'N. (CENTRIF,, 12gpg RPM, 1 HR,
ANAL. L

COMB, :NOME

REFERENCES ¢ 1) B,R, ERDAL ET.AL

LA=7456-MS

NOV- 11, 1981

-~ G¢'V -

02141




SORPTION RESULTS

FCR MATERIAL NUMBER-~= 12 -
INITIAL [RN3 FIMAL [RNj3

Rag1osucLler TIHE tr) (M/70L) ) kDS KDD
Ak o241 707 1.0E-6 '  6,2Ee3(em)
14.7 1.8E-6 4,5E¢3(am=)
15,7 1,B6E-6 1,7E¢d(.-=) !
56,7 1.0E«6 1,8Bed(.=) >
16,8 - 1.6E-6 4.6E-c )i,
19.7 1,08E-6 3.8E42 ) o
PV 237 7.7 1.0E- !
16.7 1,CE-42 3.5E¢2(ww)
1g.7 1.0E-12 4,3E42(em)
96,7 1,0E-42 9. 4E02(ae)
16,3 1,0E-12
19,7 1.CE-1?
3
w
1
=
[y~
(e




ty W
¥
——
K
o
-
L
—a
L9
b
s

RADTONUCLIDE SCRPTIUN PARAMETER DESCRIPTION NOV.11, %981

CEOLOGICAL ¥ATERILL

------------ [ R

AQUEOUS THASE

-y W e

EXPERIMENTAL DETAILS

Lk P L P L L2 i)

HUMBEZR 3 13 .
HAME 1 QUARTz MGNZONITE PORPHYRY-6C START END METHOO :BATCH(1W,BC)
ORIGIN 3 CLIMAY STOCK.NEVADA TEST SITE €S5 ecomas e-== -
P+ 8 a.1 STATE :-20+35 MESH
CHEMICAL MINERAL | TRACE N4 8.6
COMPCSITION(YS COMPQOSITIONCY) ELEMENTS (PPM) K 3.7 RATIO 1 G720 ML
~rmececcee—e—. B L T R L L R el CA 11
S102 QUARTZ 24 MG o2 TEMR, 72 C
AL203 PLAGIOKFLD €1 FE el
T102 ALY, FELDSPAR 5 S1 12 ATM, $AIR
FE203 B1OT/CHLAR 7 HEOS 49 ,
FEO SPHENE i CL 2.5 SER'N. tCENTRIF,,12ggg RPM,1 HR,
MNO APATITE < So4 6.5
NGO MAGN+ILH 1 F i ANAL., L \
CAO BA '3
NA20 LI 2 COMB, :NONE ‘ ?
K20 SR o1 ) N
P205 REFERENCES ' 1) B,R, AL ET.AL ~
co2 |

LA=7486~HS

ROCK PROPERTIES

------------------------- EXT R L L T T Lt )

CEC (MEQ/1E2 G) <4 1
@ PHK 8.1 8.3
CATION cS SR

SURFACE AREA (112/6) 3,48 7.3 2.9
MpTHOG BET  £6/CA €6

45 08 0P AB G T BT AL GO GO 4O G0 G5 GO GO WE. VP WE WD 90 GV VI SV Vw - VP TP GV GO VO SV SO 4 SE. B8 49 W Sv S¢ °8 O we

H
i
'
¢
1
!
1
{
!
i
{
t
{
!
i
{
{
!
{
{
i
K20 !
!
{
'
!
!
!
1
1
t
{
!
1
3
!
|
t
$
!
!

0C¢I—-dL




SORPTION RESULTS

P T, ha e el e

FCR MATERIZL HWUMBER--= 13
INITIAL [7N) FINAL CRN)

RACIONUCLIDY Tiwe (o) (M/7L) {rs1) KD$ XDD
Ly 241 77 1.[’E"6 1-36‘3(~-,

14.7 1,0E-6 1,8E43 (=)

268.7 1,0E-6 2,4E¢3(e=)

56.7 1,066 2:0E83(~=)

15.7 1.0E-6 L 9E+3(~~)
pL 237 7.7 1,0E-12

14,7 1.8E-12 2,08E62(-w)

28.7 1,2E~12 5,0Ee2(<w)

56,7 1,BE-12 7.,0E92(-=)

15.7 1,0E-12

- gV -

02141




92 1 2 52y 1

RADIOVUGL [OE SARPTION PARAMETER DESCRIPTION . ' . NOV 11, 1 |

EXPERIMENTAL DETAILS

e L . L T g

AOUEOUS PHASE

E"LOGICAL *AT'RIAL

NUMBER ¢ 14
“AME | QUARTZ MONzONITE PGRRHyRy 74 STARY END METRCD :BATCH(1wW,BC)
CRIGIM ' CLIMAX STOCK,HEVAJA TEST SITE €S?7 4 e-a=es e=-- -
PH 7.7 8.3 STATE :-100+14p MESH
CHEMICAL MIMERAL TRACE o 7.5
COMPCSTICN(%) COMPOSITION(X) ELEMENTS (PPM) K 4.8 RATIO 1 G/28 ML
csemmeececccmens emmreceWeockesccomes «  eemeacm=no= == 1 CA 9.6
sloe2 OUARTZ 42 MG 2 TEMP, 22 C
AL203 PLAGIC*KFLD 46 Fe .4
T102 ALT,FELPSPAR 2 S1 7.9 ATH, ‘AIR
FE203 BIOT + GHLOR 5 HCO3 55
FEOQ SPHENE 2 CL 2.5 SEP'N. :CENTRIF,,16982 RPM, 1 HR,
MNO APATITE <l S04 5.4 :
MGO MAGN«ILM 5 F 3 ANAL. ‘L
CAO 84 3
H1a20 ' g COMB., :NONE
v.20 ! o3
P205 REFERENCES ¢ 1) B,R, ERDAL ET.AL
li2o LA=7456~MS

ROCK PROPERTIES

CEC (MEQ/122 G) <L 2
® PH 8,2 .8
CATION cS SR

SURFACE AREA (112/G) 0.88 9.€ 4.5
MFTHOND BET  EG/CA ¢G

S8 40 0 90 40 @6 OB S5 WE 00- 00 BH Gb SO CU SO WO Gy O CP VR LD 4D SV WD OO S0 OF Pu OO GO GG GH Gm . 90 SB Sb VP S S0 S O

071341




FCR MATERIAl MNUMBER-=n

Ragi1eNucLIne

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

CE 141

Ccs 137

EL 152

v 237

:) Y j 4 I3 -
9 !lgap{-;onfkgsbus)- Vo2

INITIAL [RN)]
(M/70)

2.4E-«8
2.4E-8

1,3E-6
1035’6
1,3E-6
1,3E=6

FIMNAL CRNjJ
(G VA

KDS
2,3E42(4.2)
2.9E42(4.3)
3.8E€2(4,3)
4,7E9%2(3.8)

Te7E03(4,.3)
1,8E+42(4.5)
3.5E¢2(4,8)
6,8602(7,8)

3.95E42(2.6)
4,0E42(2,7)
5,5€¢2(2.8)
7.2E¢2(2,5)

2,1+42¢4. 1)
4,6E02¢4.3
7:8E¢2(4,4)
2.9T«3(8.1)

2,3E%3(4.1)
2.3E01(4,2)
2,4L+1 (4.8
2,6E+1(3.6)

1,183 (21
8.2E20(24)
8,8teZ(23)

KpD

- -

3.6E02(6.4)
J.6E42(5.9)
3.2€92(5,5)

1.4E3(6,
2,2E+43(6,
3.2E+3(8.4)

6.3E+2
6,482
5.8E¢2

2.0E+3(6.4)
2o7E‘3(6:g)
3.4£43(5.6)

5,0€¢1(7.8)
2.7Ee1(7.5)
2.7E«1(7.2)

2.4E+4(37)
2.2E41(39)
1.,7£¢4(39)

V¢4l




GECLOGICAL “ATERIAL

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

NUMBIR ]
MAME 3 UUARTz MONpONITE PORPRyRy 7B
ORIGIN ¢ CLIvAX STOCK.NEVADA TEST SITE CS7
CHEMICAL MINERAL
COHPCSITICON(Y) COMPOS]TION(X) _
S102 QUARTZ 49
AL203 PLAGIO«KFLD 46
Tio02 ALT,FELDSPAR 2
FEZ03 810T+«CHLOR 5
FEO SPHENE 2
MNO AFATITE <1
HGO MAGN+ILM 5
CAG
NA2C
K20
P2us
cc2
H20
ROCK FROPERT[ER .
CEC (MEQ/1d2 G) <1 2
3 PR 8.2 8.5
CATION cs SR
SURFACE AREA (N2/6) £.89 9.2 4.5
METHOD BET  £6/CA G

RADIONUELIDE SGRPTION PARAMETER DESCRIPTION

TRACE
ELEMERTS (PPM)

“o oo 20 ov ea eu wo o ve

GO B SP s GO D GV TO T TS WE T GO DU WP B D GO GO P DS P SO WO G S NG OB S G Wy

PH
NA

CA
MG
FE

HCO3

cL
So4

BA
L1
SR

AQUEOUS FHASE

e g o= woa

e o0 mw TS on =

00 20. 900 e G0 PP S0 40 V6 BE CT. De SU G TV G WD DG ST TO G CH. GO TE GV GO SO G TS GV WD SB S8 B G SO

EXPERIMENTAL DETAILS

METHOD :BATCH({1W,BC)

STATE :-1@0+143 MESH

RATIO 1 G/22 ML

TEMP, 22 C

ATH, = :AIR

SEP'N. :CENTRIF,,16863 RPM, 1 HR.
ANAL., L

coMg, :C§,TC

REl _!ENCES * 1) B,R, ERDAL ET,AL

LASL-7456-MS

NOV 1%,

1981

- 6V -

07141l




SQRPT]ON RESULTS

FCr MATE 1AL NyHEER-=-~ 15
INTT1AL (PN FINAL RN}

RaC1onucLIer TIHE (p) (M/0) (M/L) KDS KDD

cs 13y 6,49 1,44E=9g 1,4E¢2(1,2)
13.53 1.445'9 106E'2(i|2) !
27,6 1,44€~9 1'7E‘2‘107) >
55.58 1.44Em9 L.9E$2(1.6) o
14,81 J.9Ee2(L1) O
27.7 4.5E02(81)
56'78 508[’2 '

TC 95M 6,49 1.92E~12 SREL(3,4)
13.53 1.92E=12 4,4E44(3.3)
27'6 1,92Em12 1'6502‘2'9)
25.98 1.,928~12 8,0Exs(2,5)
27.7 2.1FEe2(22.
56,78 2.CE%2(21)

02T-¥1L




RADJONUCLIDE SCRPTION PARAMET[R DESCRIPTION , NOV 11,

GEOLOGICAL MATTRIaL AUUEQUS PHASE EXPERIMENTAL DETAILS

emeY Rt e P PSSt .y emeesepgves*s== §  me== Yerreopeamreen=®

! !
1 i
1 H
NUNBER ¢ 16 i !
NAME & QUARTZ MOKHaCONITE P0ORPRYRY 7€ t START END ¢ METHOD :BATCH({1W.BC)
ORIGIN ¢ CLIMAX STCCK, HEVADA TEST SITE €S7 I ecamem a~== - $
$ Pu f.1 8.2 § STATE :~-10P+142 MESH
CHEMICAL FIMERAL : TRACE $ Na 7.7 {
COMPISITION(%) COMPOSIFIONCY) ELEMENTS (PPM) 1 K 2.9 1 RATIO 1 G/20 ML
Rt T ettt LS LY PN Y L R - 1 Ca 11 !
S}o02 QUARTZ 43 t MG 2 ! TEMP., 22 C
AL203 PLAGIO®KFLD 46 tFE o1 !
Tl02 ALT,FELDSPAR 2 i S1 10 !OATM, tAIR
FE202 B10T«CHLUR " 5 t HCO3 57 H
FEO SPHENE 2 t CL 2.3 t SEP'N, (CENTRIF,.:16088 RPM, 1 HR, >
MNO APATTE <4 1 S04 3.9 ¢ ' o
MGO HMAGN«ILY 5 1 F W1 T ANAL., L -
CAO ' 1 BA .3 t \
Na20 LI g t COMB, :NONE :
K20 t SR g !
p205 t i REFERENCES ¢ 1) B,R, ERDAL ET,.AL
co2 $ t
H20 ! ! LASL~7456~MS
pome—— ! H
t 1
1 !
t t
{ :
ROCK PROPCLTIESR ) 1 :
------------------- Breeoveecraateswe = H
CEC (FEQri22 G <1 2 } L
@ PH 8.2 8.9 H i
CATION €S = SR t t
! i
} :
! H .
! :
) ' G
SURFACE AREA (n2/6) 95,89 9.2 4,% : H E
MpTHON BET  EG/CA £G ! ! o
! H
! t




FCR MATERIAL HNUMEER---

Ral JCNUCLICOF

FU 237

16

TIRE (n)
cheme—e
77
16,7
29,7
56'7
15,7
16,8

7.7

14,7
2g.7
56.7
15,7
16,8

SORPT|ON KESULTS

INITTAL [PNY
(ML)

1.0E-12
1.8E-42
1.0E-12
1,9E-12

FINAL £RN)
(M/71)

P L L L

KDS
2,2E63(=e)
2,3E63(an)
BeSEe3(re)
3,9E¢3(22)

101[03(7')
1,5Ee3 (=)
2,9E63{ =)

KL -
1. 4
5;4[‘2(' *

- wev -

L

Vo




RADIONUCLIDE SORPTIIN PARAMETER DESCRIPTION ' NOV 11,

CEMLOGICAL MATERI4L AQUEOUS PHASE EXPERIMENTAL DETAILS

DR AP P P T T

H
!
NUMBER ¢ 17 H
NAME §  QUASTz MONECNITE PORPHYRy #4 STARY END ¢ METHOD :BATCH(1W,BC)
QRIGIN 1 CLIMAX STOCK., NZVARA TESYT SITE 287 1 ece=es w=e- - 3
. PH 7.7 8.2 ! STATE 1=45+60 MESH
CHEM:ICAL HINERAL TRACE ‘ NA 7.8 : s
COMPCSITION(%) cONPOSITIONTY ELEMEHTS (PPH) é 4.8 t RATIO 1 G/2Z ML
reemcmcmcemm—e  metee—me—a= S - A 4.6 1
S102 QUARTE 32 MG 2 ¢ TEMP, 122 C
AL2C3 PLAGIO+KpLD 54 fg o4 !
T102 ALY, FELDSPAR 7 S| 7.9 ! ATH,  GAIR
FE203 8I1CT+CHLOR 6 HCO3 55 ! i
FEO SPHENE 2 CL 2.5 ! SEP'N. tCENTRIF,, 16880 RPM, 1 HR,
MNO APATITE <4 S04 5.4 !
MGO MAGN+ILM 1 F '3 t OANAL, L
CAO BA .3 !
NA20 Ll 2 ! COMB. INONE
K20 SR .1 H
P205 i REFERENCES ¢ 1) B,R, ERDAL ET.AL
t
H29 § LA=7456-MS

CEC (MEO/182 G) '$ 2
@ PK 8.2 8.9
CATION cs SR

SURFACE AREA (M2/G) 316 353 3.6
¥eTHOD BET  EG/CA g6

o«
o
~n
B 06 Mo PP 20 C6 CE SE G0 T GE WR MY BE Gm GO WD Ve WO EE VP Gd TP Vo TH GO TR GO WE CB G Bo G4 SO St GO G S= we e e OO

@0 8o 44 84 Ba GO @ DO ¢e P 00 TE @8 B8 TB 44 o &= Se



FCR MATERIAL NUMPCER==-

Rl IONUCLIGF

CE 141

Cs 137

L 237

35,72

6,95
13,95
2¢,9%
7,89
13,64
19.76

9

D l SORPTION RESy

C&S } ZE

e I SR A AR

INITIAL [RNY
) (M/L)

ey e

2.4E~8
2.4E-8

1.36-6
1.3E-6
1,3E-6
1.3E-6

1,4E-9
1,40-9
1,4E~9
1.4E-9

8.6e-8
8.2E-8
8.2%-8
8.06E~8

1!22'6
1-2:'6
1.28<6
1.2E-6

(S IRVIIRY; ]
. o
SN
morm
[esos et

FINAL [RNj
(M/L)

KDS
6,8E01 (4,3}
B,4E¢3(4.0)
1,AEe2(4,2)
9,7E+1(3.,6)

5,7E¢1(4.3)
B.6EeL (4,3}
1,162(4,3)
2,5E#2(3.8)

2,5E42(2,6)
3,4E02(2.6)
J.4E92(2,6)
5.,3Ee2(2,4)

1,2E¢2(4.,2)
1.7862(4.2)
2,4E42(4.0)
6.0E«2(3.6)

1,42041(8,2)
1.6E¢1(5,8)
1,48«¢1(5.3)
1.48+1(5.0)

2.3E«C (70
2|8E‘2(55)
1,9t«2(aB)

KDD

8,3E+1(6.2)
1.1E2(6.3)
7.5E+3(5.5)

5.5€+2(6.4)
6., 0E«2(7.3)
1.1E+3(8.6)

4,5€2(7.3)
7.3E¢2(7.3)
6-1E.2(7-3)

7.0E42(6.6)
9.5E¢2(6.4)
L-CE+3(5.6)

1.6E¢1(8.1)
2.3E21(8.4)
1.4E91(8.6)

1.2E21(1632
2,3E+1(85)
1.2E¢1(158)

- 967V -

02141



? ZE i ‘3 H i‘? } R 3 ,}
RADIONUCLIDE SQRPTIUH PARAMETER DESCRIPTION NOV 4, !
GEOLOGICAL “ATERIaL t AQUEOQUS FHASE EXPERTMENTAL DETAILS
------------------ 1 Mt Eecaeg e - - Ll L L LT X -—7-———-
H
NUMBER ¢ 14 $
NAME 1 QUARTZ MONZONITE FORPHyRy &P H START END METHOD :BATCH(1w,BC)
JRIGIN ¢ CLIMAX STOCK, MEVADA TESY SITE ¢S7 : R -~
1 PH 7.6 8 STATE :-45¢6C MESH
CREMICAL M{NERAL TRACE 1 Na 7.7
CCHPCSITION(Y) conpnsxrtouxx) FLEMENTS (PPM) | K 2.9 RATIO 1 G/22 ML
------------------------ benc . cmcnmemmcaa=aa | CA 11
S102 ouARTz 32 MG 2 TEMP, 122 C
aL203 PLAGIOeKFLD 54 FE .1
Ti02 ALT,FELDSPAR 7 St iC ATH, tAIR
FE2C2 P10T«CHLUR 6 HCO3 57
FEO . SPHENE 2 cL 2.3 SEP'N. :CENTRIF,,16202 RPM, 1 HR,
MNO APATITE <1 S04 3.9
HGo MACNGILM 1 F .1 ANAL. L
CAU BA o3
NAZ2O L1 <] COMB, :CS,T¢
K20 SR ]
pP20s REFEREMCES ¢ 1) 8,R, ERDAL ET,AL
co2
HeQ LA-7486~MS

CEC (NEOI1$L G) <1 2
e PH 2,2 8.9
CATION cs SR

SURFACE AREA (M2/CY @.16 343 3.6
¥pTHOD BET  EG/CA ¢G

S0 00 . B SE AB TT V0 OW SO OD G0 2B TG 6 OF 6U 0 Gu PR W PO VO 46 G4 TV 68 G0 09 S TG @y T* 6P o we Nu L9 G= 6 Ve oo oa

B B G WY A T OO WE WD D TL DD GO G ST PP Go Gm WE W TH WO Ge T PP CD WO GO AR G4 Wy @0

L v —

vUu e uw




SORPTION RESULTS

FCrR MATERTAL NUMPER--- 15

INITIAL CRN) ’ FIMNAL CRN3
RACIONUCLICF TIME (D) (M71.) (M/7L) KBS KDD
s 137 6,58 1,44€-9 Be3Fel(f,.1)
13,52 1,44£-9 : 1.PE%2¢(p.8)
27,59 1,44E-9 1,1E+2(1.8)
%5.58 1.,44€-9 L.3E#2(4.7)
14.21 2:.9€¢2011)
27.7 3.4E2(10)
36.78 3.4E+2(10)
TC 95M 6,58 1,97F=12 «7.0E*1(51)
23,52 1.90 12 ~3,.CE=1(114)
27,59 1.,928-12 ~0.ZE~1(38)
55,58 1.92E-12 =9 . EE=1(36)
14,21 =2.3E¢1(9.17
27.7 ~4,2E+1(16)
56,78 ~3.0Ee1 (12}

- 8LV -

0¢T-4L



RADIGHUSLINE S2RPTION HARAMETELR DESCRIPTICN NOv- 11, & L

CEOLOGICAL ®ATZRIAL AUVEOUS PHASE EXPERIMENTAL DETRILS

LHVIBER ¥ 15
NAME ©  QUARTz MONZONITE PoRPHyRy BC
JRIGIN ¢ CLIMAX STACK,VEVADA TEST SITE CS?

STARY END 'METHQD tBATCH{4W,BC?

SURFACE AREA (H2/6) .36 3.3 3.6
MpTHOD BET  EG/CA ¢6

i 4
t !
t :
t 3
1 t
i H
t PH 8.4 2.2 ! STATE $«45+60 MESH
CReMICAL MI'ERAL TRACE ! NA 7.7 :
COMPCSITIGN(%) COMPOSITION(%) ELEMENTS (PPM) 3 K 2.9 t RATIO 23 G/2C8 ML
recmnmeemeen—. cmlcemmecnreeammcmmen  eessce~—eo=see t CA 11 H
sice - QUARTZ 32 I MG 2 i TEMP. 22 C
ALZOZ PLAGIO+KFLD 54 ! FE .1 t
T102 ALT,FELRSPAR 7 1 51 iC 1OATH, SALIR
FE203 BIOT+CHLOR 6 § HEO3 57 : )
FEO SPHENE 4 ¢ CL 2.3 ! SEP'N. 'CENTRIF,,16882 RPM, 1 HR.
MND ARATITE <1 t S04 3.9 t
ngo MAGN+ILH 1 1 F W3 ¢ ANAL. LU >
can ! DA .3 $
NA2C t Ll 2 ! COMB, :NOHE 2
K20 t SR : ] !
P205 ' ! REFERENCES ¢ 4) B,R, ERDAL ET.AL !
co2 $ !
H20 t $ LA=7456=MS
...... t :
1 :
t ]
1 t
t !
ROCK PROPEZLTLIES _ t t
. B G ST Ay e e P g T S g W ' :
CEC (MEQ/1L2 G) <1 2 ! !
@ PH 8.2 8.9 i !
CATION cS SR t 3
t H
1 H
g 1
$ :
t $
t ]
1 H
t 3
1 !

UclL—dd




FIR MATECD N HNUMAZR---

RaCronycLior

PL 237

TINE (D)
Y W)
14,7
28,7
56.7
15,7

SCRPT}ON KESULTS

LR P Tl Tl T R S e

HIT1AL (AN
(M/70)

1.66~12
1,0E=-12
1.0E~12
1.2E~12

FINAL RNy
(M/L)

- e - gy

KCS
7.8E¢2(a~-)
191E‘3(—"
1,78¢3(-~)
2,4E43(wm)

5,1C42¢~=)
6'EE.2(T-)
9:7ER2(ww)

2. o381
2ece®? - *
6|2E*2 re=} g

021-¥L



NULBER ¢ 20
NAME 1 QuUARTz MCMplNITE PORPHyRy 94

QRIGIN t CiLIMAX STCCK,dRVADA TEST SI17E CS7?

CheMiCaL
COMPASTITINNL(%)

R L L T .,

ROCK FROPZRTIES

CEC (MEG/LZC G)
@ PH
CATION

SURFACE AREA (H2/0)
MpTHOD BET

GEOLOSTICAL MaTERTAL

MINERAL
CO”POSITION(x
OUARTZ
PLAGIOeKFLD
ALTFELOSPAR
810T+«CHLIR
SPHENE
LRATITE
MAGN«+ ILM

2.42 3.2

GT PL CD D CE CH WP D WO TE GO O WE 40 WH TP GV Wo G GO VO B GP v P GO GO G SO GS G S

26 MD SW. 06 G S8 GO B9 DO 90 4T GO G0 00 SO UD Su PO Gd BT G VU GE GV TP TH G 0O C6 SO GO 0% Gv on " Sw

;2 d%
RADIONUCLIDE SORPTION PARAMETER DESCRIPTION . NOV 11, ! 1
! AQUEQUS PHASE ! EXPER!HENTAL DETAILS -
1 . a e —————— H LA LT P L LY L LT L
1 !
! $
1 t METHOD :BATCH{1wW,B8C)
| erwmem eacemcen 1
1 PR STATE '=20+35 MESH
TRA i NA
rLEwEuTs {(PPM) 1 K RATIO :1 6/20 ML
-------------- 1 CA
T MG TEMP., 22 C
FE
S! ATM, tAIR
HCO3 .
CL SEP'N. :CENTRIF,,16822 RPM, 1 HR,
S04
F AMAL, L
8 A . ~
Ll COMB, {NONE 4
SR l

REFERENCES ¢ &) B,R, ERDAL ET.AL
LA=7456=MS



Fim MATERJAL NUMBER=-<

RagiONUCLIDF

CE 141

s 137

EL 152

(%]
a3
e 9
Ut

L 237

2%

TIHE (D)

P59

16.93
27.9¢6
62.92
13.67
27.56
55.72

v,89
16,98
82,3
;143‘67
27'66
95.72

¥,89

26,78
27.96
62.02
23.67
27.66
55,72

9.589
16.98
27.9¢6

82.22

13.67
27.66
33.72

9,89

25.98
27.96
62.22
13,67
27.56
55,72

6,95
23,95
26,95
7.89
33,54
19.76

SARPTION HESULTS

INITIAL [RND
(M/L)
2,4E-8
2.4E-8
2,4E-8
2,4E-8

1,3E=6
1,3E-6
1,3E-6
1.3E=6

1,4E-9
1,4E~9
1,4E-9
1,4E-9

1.2E-6
1.2e~6
1,2E-6
1.2E-6

S.4E-8
5.4E-8
5,4E-8

FIMAL CRMJ
(M71)

KDS
9.1E41(4.3)
9,5E01(4.5)
9,3E¢1(4.2)
9.6£.1(3‘7)

L.7Ee2(4.5)
2.7E#2(4.7)
1,3E¢2(4.5)
402E.2(4-2)

4,6E02(2.7)
6,1E02¢(2.,9)
4,88e¢2(2.7)
7,8E¢2(2.5)

2,8E42(4.3)
4,4E¢2(4,4)
2,6E«2(4.2)
5,4E22(3.8)

1,7e21(4.7)
1.7E61(4.,7)
1,6t01(5.3)
1,5€631(4.7)

6.,9E~1(268)
1.2822(147)
1.1Ee2(143)

KDO

9.6E+1(6.8)
9'9501(5a7)
9.7E+1(5.9)

1.CE+3(6.5)
1.1E+43(7.2)
1.4E43¢7.7)

8.2E¢42(7.2)
L. 0E«3(7.3)
1-EE*3(7'2)

1.1E+3(6.8)
1.2E+3(5. 7

TL1.2E30 9

2.BE«1(7.6)
2.2841(7.2)
2,0E+1(8.3)

7.4E+0(367)
1'2E01(280)
1.7E+0(628)

- 7vV -

0214l




P

RS S N E A
i : : .

RADIGHUCLIDE SNRPTION PARAMETLR DESCRIPTION NOV 11, 1

GEOLOGICAL MATRRILL

P T T R R ey

AUUEQUS FHaSE

EXPERIMENTAL CETAILS

Ll Ry L L L L T Tt

HUMBER 3 2%
NAME 1 QUARTZ HONZANITE PORPHYRY ¢R
TORTGIN ¢ CLIMAX STORK.NEVADA TEST SITE CS7

START £ND

METHOD (BATCH(L{W.BC)

o me B0 me wm Se v ee we

PY 7.6 6.1 STATE :-29+35 MESH
CHEMICAL MINERAL TRACE NA 7.7
COMPOS{TIGN(%)  ¢OMPOSITION(X) ELEHENTS (PPH) 1 K 2.9 RATIO :1 G/2E WL
------------------------- e —em——— LI DL L Ca 11
sie2 NUALRTZ 26 MG 2 TEMP. 222 C
AL203 PLAGIO+KFLD 62 FE o1
T102 ALT,FELDSPAR 5 S 12 AT, ZAIR
FE203 EIDT+CHLOR 8 HCO3 57 : -
FEO SPHENE <1 CL 2.3 SEP'N. :CENTRIF,,16202 RPM,1 HR,
MNO APATITE <1 S04 3.9
MGO HACN+ILN <1 F o1 ANAL, L
CAC BA ]
Na20 Ll 2 coMp. :CS,TC -
K20 SR 2 , =~
P205 REFERENCES ¢ 1) B,R, ERDAL ET.AL w
co2 {
H20 LA=7486~MS

RQCK PROPEATIES

-
P T E S e e S -- Smacemoe~

CEC (MEC/132 G) 4 3
@ PH 8.2 8.5
CATION cS SR

SURFACE AREA (12/G) .42 352 2.8
MpTHOD BET £G/CA £G

S0 08 T AU 25 G0 TG V. 98-80 G5 U 0 G0 40 24 OO OB GO G0 G BV Y BE GBI VI B . G0 TO ON SR VE BT VB TP B Wm So SO T o So

CE S0 S0 R C0 MN GO U S0 GE WGP T BE VO VI G0 GO GE BD Gv VO T GD B GO G G0 GO W BT SB w0 —-s



SORPTJON RESULTS

FCR MATLRIAL NUMEER--= 21

INJTIAL ([8]N] FIMAL TRN)
RaC10NUCLIDE TIFE () (M71) (H/70) KDS KpD
€S 13 6,58 J1,44E-9 ’ 7¢7Eei(1,1)
13.52 1,44E~9 1,0E¢2(1.1)
27,59 1.44€~9 1,26+2(1.8)
95,57 1.44E-9 1,2E¢2(1,6) !
14.J1 J2E%2(40)  n
27,7 J.7Ee2(L1) -
96,77 3.4E42(12) R
TC 95N 6,58 1.92€~12 -8.CE~1(42) !
33,52 1.92E~12 ~9,8E-1(38)
27.59 1.92E~12 ~7,8E=1(49)
55.57 1.92E-12 -4 :1Ee0¢(29)
i4.21 ~3.3F+1(14)
g7.7 =3, 4Fet (1™
96.77 =3.7Eeli (L

021Ul




SURFACE AREA (M2/0
Ve THOD  BEY

2.12 3. E 2.8
EG/CTA €6

&
' .
B s
S

i

RADIOMUCLIDE SCRPTIUN PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPu)

GENLOGICAL “AT RIal
NUMBER ¢ 22
NAME 1 QUARTz MONZINITE PORPHYRY §C
DRIGIN ¢ CLIMAX STCCK.NEVADA TEST SITE €S7
CHE”xCAL MIMERAL
COMPCS|TION(%) an OSITIONLY) .
S102 OUARTZ 26
AL203 DLAGIOSKFLD €9
T]02 ALT,FELPSPAR 5
FE203 B810T+CHLOR 8
FEO SPHENE <1
MNO APAT]Tg <1
MGO MAGN+ILN <1
CAQ
NA2C
k2"
P2
coz
H2G
ROCK FROPELTIES
CEC (¥EQ/132 §) <4 3
e P 8.2 8.3
CATION ¢S SR

*t @0 wn ae @v o we = ww

WS G MO A0 SN PO GP PP TP S0 S G4 SU VE OO U TO W SN SN B9 G N 4D BN N6 SO BF SE SN S8 @y

PH
NA

CA
MG
FE

HCO3
CL
S04

BA
LI
SR

AUUEQUS FHASE

-

80.00 20 S5 S8 O G5 PU 5D 0. 6P 1T 9% DO TP TH DO OP G4 O GH AT . 00 o FH-Sn OU SL TE G0 SNV G0 GP 66 VS G6 On Sn 4¢ 05 @ e

METHON

STATE
RATIO
TEMP.
ATM,

" SEP'N,

ANAL .
coms.

REFERENCES ¢

NOV 11,

EXPERIHENYAL DETAILS
tBATCH{1W,BC)
$-20435 MESH
t1 G/22 mi
:22 €

“tAIR

ICENTRIF,, 416087 RPM,1 HR,

a8

SNONE

1) B,R, EROAL ET.AL
LA-7486-NS

1

~ S0V -



FCR MATERLAL NUYRER--=

RiCIOKNUCLInF

FL 237

SSRPTION RESULTS

INITIAL [RN)
(/1)

1,9E-42
1,3E~12
1.0k-12
1.9E-12

FINAL [RN3
(M/L)

KBS KpD

5.4E42(4.3)

1.8E¢3(23)

1,7E+3(18)

J.7E¢3(49) ’
5.4 2(==)
L.SEs2(~=)
S.4E+2 |2)

6,9E¢2(am)

1.2E03(==)

2.5:'3(")

- 97y -

02T-dL




b
"
IR
.
[
~
~
b
LN
.
s

RANIONUCLIDE SARPYTION PARAMETER DESCRIPTION

CROLGGICAL “eTERI4H AGUEOUS FHASE

1
!
NUMBCR ¢ 23 : !
NAME | QUARTZ MONRONITE PORPHyRy 12 A STARY END 1
ORIGIN ¢ CLIMAX STOCK,HNEVADA TEST SITE CS7 ccpom= omempa §
PH 7.7 B 1 STATE
CHEMICAL MIMNERAL TRACE NA B.6 !
COMPUSITION(%) COMPOSITIONtX) ELEMENTS (PPu) K 3.7 { RATIO
- S reamcemena emewmrccace=e= 1 CA 11 !
sjece QUARTZ a2 MG o2 t  TEWHP.
AL203 FLAGIOeKFLD 46 Fp o1 $
T102 ALT,FELDSPAR 2 S 12 1 ATH,
FE203 BICT+CHLIR 5 HCcO3 49 :
FEO SPHENE 2 CcL 2:5 t SEP'N.
MNO . APATITE <1 504 6.5 !
MGO MAGN+ILM 5 F 1 ! ANAL.
CAO B4 .3 $
NA20 L1 ¢ { COMB.
K20 SR o1 !
P205 :
H20 !

RCCX FROPEKTIES .

Ll R e e alnbate Andehatak A LT P L Y

CEC (MEQ/19Z G) “ 2
& PH 8.2 8.%
CATION cS Sk

SURFACC AREM (1M2/C) Z.88 Y3 4,5
¥rTHOD BET  E£6/CA G

Q
Q
N
WG S0 BB SD P CH TP PN WD D W 00 YD CN D @O WS M @e WO DS A0 ST wm WO S Gy TS GV WD e pe TE WE 4% we T T 0 wa me

OB 60 90 00 Th 6 4O 00 0. 4% -0 LA B 0 ve V.U S0 sa

NOV 1g, !

EXPERIMENTAL DETAILS

L2l g PO PR 2 e -----

METHOD :BATCH(1W,BC)

t=4AL+14g MESH

t1 G/20 ML

78 C

IAIR

PCENTRIF, 16880 RPM,1 HR.
‘L

tNONE

REFERENCES ¥ 1) B,R, ERDAL ET.AL

LA~7456-M5

(B

-~ 19V -

Ve iLE au




FCR MATERIAL NUMBER~-«

CE 141

CS 137

el 152

SR 85

SORPT

INITIAL RN
(H/L)

1,3E-6
1,3E-6
1.3E~6
1,3E-6

1.2E-0
1,22-6
1.2E-6
112['6

10N RESULYS

FIHAL CRNj
(M/L)

kDS
7.2E42(4.4)
1,3E43(4.6)
1:.3E93(4.8)
2,9E¢3(15)

5,5E&i(4,35
5.0E¢1(4.3)
5.5E¢1(4.7)
7.7E¢L(15)

3|2E*2€2e6)
4,48E92(2,6)
6,7t¢2(2,8)
2,8Ew4¢4L)

1,0E02(4,1)
8.BEe1(3.8)
1,0E¢2(4.3)
1.6E¢2(¢45)

4,7E«1(3.0)
6,2E81(2,9)
5,7E41(2.9)
1.5E¢2(1%)

KoD

1.2E+3(6,.2)
1.8E+3(6.2)
1185‘3(5.7)

6+6E+2(6.9)
1.4E+3(7.9)
1.3£+3(68.3)

1.4E+3(7.2}
8.0F+2(7.3)
909[*2(7.2)

8.1E+2(6.2)
1.6E+43(6.3)
1.4E+3(5.7)

5.4E+4(6.7)

6.,2E41(6.9°
5.9€41(6.3

- 8%V -

0¢T-4L



RADIONUCLIDE SORPTION PARAMETER DESCRIPTJON : NOV 11, 1

EXPERTMENTAL CETAILS

GEALOGICAL MATERTA|

AQUEQUS PHASE

NUHBER 3 24
NAME 1 QUASTZ MOMZONITE ORPHYRY 428 STARY END METHOD :BATCH({wW,BC)
GRIGIN ¥ CLI¥AX STICK,MNEVADA TEST SITE CSy cmpeme wce—e
Py 8.1 8.1 STATE :-4pCe¢l4p MESH
CHEMICAL HIMERAL TRACE NA 8.6
COMPCSITION(X) COMPOSITION(Y) ELEMENTS (PPYW) K 3.7 RATIO :1 G/22 ML
e it e cmecmcTnecnrcceen eccmcececaemos Ca 11
S102 QUARTEZ 43 MG .2 TEMP, 78 C
AL2C3 PLAGIO*KFLD 46 fe o1
T102 ALT FELDSPAR 2 S1 12 ATM, tAIR
FE2C32 R10T+CHLOR 5 HEO3 - 49
FEO SPHENE 2 cL 2.5 SEP'N. :CENTRIF,,168828 RPM,1 HR,
MND APATITE < S04 6.5
MGC HAGN+1LM 5 F o1 ANAL, L
CAD BaA 3
Na20 LI 2 COMB. :C§,TC
K20 SR 1
P205 REFERENCES ¢ 1) B.R, ERDAL ET.AL
coe2

LA=7456=MS

CEC (MEG/1CT G) <1 2
@ PH 8.2 8.5
CATION cs SR

SURFACE AREA (H2/G) .86 9.2 4.5

t
:
]
!
H
t
|
!
]
i
]
1
H
!
]
:
i
s
|
H
:
i
t
H
1
t
t
H
:
:
i
H
METHOD BET  EG/CA G :

X
~N
o
WP e 4 W ee S0 Co Be TH G0 WO CH CO VO GV GO SO e GT T BT B Co GO U GO W o Pv G G Do Be wn Cr o G v oe <o o



FCR MATEARIAL MUMEER-~s

RallONUCLInF

TC 95

SORPTION RESULTS

IMITIAL D3N
(470)

1,.44€~9
1,44E-9

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

FINAL CRN3J
(M/7L)

- -

KDS
2,2E¢2(4.3)
S5.0Ee2(1.7)
106[’3(202)
J3.,6E93(2.0)

2.3Ee1(4.2)
6.1E24(3.1)
2,7E24(3.5)
1,3E+8(29)

Lk
2.AC23(14)
8, 2(11)

8.6E*2(¢<)

402E*2(3ﬁ)
2,4F+2(21)
1.0E+2(¢(L9)

- 05"V -

0CT-ulL



NUhBER ¢ z

en
NAME | QUARTz HONzCNITE PORPHyRy 33C

ODRIGIN ¢ CLIMAX

CHyMICal
CONPISITION(X)

R R R e L

ROCK FROPZTIES

CEC (MEQ/12¢ G)
@ P
CATIONM

SURFACE AREA (12/0)

CCOLOGICAL MATERIAL

N L T TR R e

l\;

RADIONUCLIDL SNRPTION PARAMETER DESCRIPTION

STGCK,NEVADA TEST SITE €CS7

MIMZRAL

COMPOSITION(X)

P e bl e el R

QUARTZ

FLAGIO#KFLD
ALT,FELDSPAR
R1GT+CHLIR

SPRENE
APATITg
MAGH+ILN

MpTHOD BET

2.88 942

4.5

£EG/CA g6

TRACE
ELEMEHTS (PPM)

PH
NA

Ca
MG
FE

HEDS
CL
S04

Ba
L1
SR

AUUE0U§ FHASE

START EMO

7.7

@t PO WO M0 0o WD B R4 G G4 B VO WO WG T TB S1 S0 v 04 40 Sm s 48 08 &v. G &e

CONOV 18, 8t

EXPERIMENTAL DETAILS

L R e T

METHOC :BATCH(1W,BC)

STATE :=128+147 MESH

RATIO 1 G722 ML

TErP, 780 C

ATH, ‘AIR i

SEP'N, ICENTRIF,,16002 RPM, 1 HR, >
w

ANAL, L =
[

COMB. :NONE

R _RENC i 1) B.R, ERI |, ET,AL

LA=7456-M5

=
P
!
[
[\
o







NL,HB 76
NAME

ORIGIN 2

R ¢
!
cLIid

CHEMICAL
COMPCSITION(X)
Sl02
AL203
1102
Fg203
FEO

MNO

MGO

CAQ

NA20

K20

P205

co2

K20

ROCK PROPERTIES

X

RADIOHUCLIDE SCRPTIIN PARAMETER GESCRIPTION

GEOEOGICAL MRTERT AL

------- MemTwoee -, w

QUARTZ MONZONITE PORRMYRY {14

P R R FPencaman™ meece,semn

CEC (MEO/18C G)
@ PH
CATION

SURFACE AREA (H2/G)
MeTHOD  BET

STCCK,HEYAOR TESTY SITE CcSy
MINERAL TRACE
COMPOSITIONIX) ELEHENTS (PPY)
PE LI A Rl A A LA A Al T L L 2 Gabaindad L L dud 4
QUARTZ 32
PLAGIO+KFLD 54
ALT,FELDSPAR 7
B10T+CHLOR 6
SPHENE 2
APATITE <1
MAGNLILM 1
<1 2

8,2 8.5

cS SR

2:16 3.3 3.6

£6/CA £G

e

O ww GO TP AS WP GE GO GO D GV GO TV CD GO WP TP GO N DO GO mi T TP GO Gy 4 SO wo " SO o

s @8 w0 wa oo wo eo mn oo

AQUEQUS PHASE

RmEpeme® oeeope

STaRT

PH 7.7
NA 8.6
K 3.7
Ca 11
MG .2
FE o1

St 12
HCO3 49
cL 2.5
S04 6.5
F .1

Ba .3

L! 2

SR o1

8

END

T 20 o0 @S- 00 Su AE +0 Ve BP DO GRS T 06 GU GO GO OF V6 U 0 GO GV VI G GE G v SV VO S Wt 06 Gn G0 WL WO 46 €O S8 0@

NOV 11,

EXPERIMENTAL DETAILS

METHOD :BATCH(1iW,BC)

STATE $~gq5+68 MESH

RATIO 31 G728 ML

TEMP, 72 C

ATM, tAIR

SEP'N. :CENTRIF,,16P280 RPM,1 HR,
ANAL. L

COMB. NONE

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

LA=7456-MS

81

- €5V -

0CT-4dlL




FCR MATERTAL NUNSER---

RagrondJcLlor

CE 14

CS 137

EL 152

SR 85

- e -

SCRPTION RESULTS

MmNy T® o™ me o= gy

INITIAL [RN]
th71)

2,4E-8
2.4L-8

1,3E-~6
103E-6
1,3E=6
1.3E-6

1,4E-9
1.4E-9
1.4E-9
1,4E-9

FINAL [RN3]
{M/7L)

KDS
1.7E.2(3'7)
3.2842(3.9)
4,7E22(4.3)
5.,76+2(41)

3,5Eel(4.1)
2.5E¢31(4.2)

2,3E¢3(4.5)

J.4Eel(1)

1.8E42(2.4)
2:3E#2(2+5)
4,5E92(2.,7)
1,4E [7.4)

4v9E'1(3-8’
J.PE01(3.9)
309E'1(4'1)
5.4E41(11)

2.2E82(4.0)
2.9E#1(3.6)
3.4E¢3(3.3)
8.7E01l(11)

KDD

4,7£+2(5.6)
J.8E%2(6.3)
3.8E92(5.6)

9.5E+2(6.9)
9.2F+2(8.8)
7. 02048}

7. #2(7.2)
S./E92(7.3)
1.4£+4317.2)

1.2E3¢(5.9)
1.2E3(6.6)
9.7E+2(5.7)

J.3E64(6.3)
3-4E.1(7.7)
3-2:‘1(7.1)

AR A

0¢T-41L




RADIONUCLIDE SORPTION PARAMETER DCSCRIPTION NOV 11, 81

"EHLOGICAL ATFRIAL AUUEOUS FHASE EXPERIMENTAL DETAILS

ettt e —.  erececa=m=T=es L Y T g oemTwmwm=

NUMBIA ¢ 27
NaAME 1 QUARTZ MOMzONITE PORPHyRy 14R
ORIGIN ¢t CLIMAX 3TOCK,NEVADA TEST SITE CS7

STARY END METHOD :BATCH{1iw,BC}

SR BT e ey

MpTHOR BET  EG/CA G

' H
' :
t :
' t
! '
1 i
1 PH 8.1 8.1 ! STATE :e45¢6f MESH
CHEMICAL MIMNERAL TRACE 1 Na 8.6 !
COMPCSITION(X) COHPOSIVIOVKX) ' ELEMEHTS (PPM) 1 K 3.7 ! RATIO 1 G/2€ ML
------------------------------------------------ 1 CA 11 $ ‘
sjo2 OUARTi 32 t MG 02 i TEMP., 73 C
AL203 PLAGIO®KFLD - 54 't FE .1 H
T102 ALT,FELPSPAR 7 1 St 12 }OATH, tAIR
FE203 BINT+CHLOR 6 I HCO3 49 : !
Feo SPHENE 2 t CL 2.5 1t SEP'N. 1CENTRIF,,1608¢ RPM,1 HR, >
MNO APATITg <1 1 S0¢ 6.5 1 n
MGO MAGNeILM 1 1 F .1 t ANAL. L O
CaQ | BA L3 t |
NA20 Ll g 1 COMB. :CS T¢C
K20 } SR o1 !
P205 1 ! REFERENCES % 4{) B.R, ERDAL ET,AL
coz2 1 }
H20 i i LA=7456-MS
e——e=- 1 1
! t
] t
t '
H :
ROCK PROPERTIESR | :
- e S e G W An A Am D D S g T A o .---—----.. --------- l
CEC (MEQ/123 G) <1 2 H :
® PH 8.2 8.9 3 t
CATION (b SR $ t
! i
t :
x :
t t ;
! : f
SURFACE AREA (H2/6) €.18 3u3 3.6 ! : 5
H i o
1 H






9 2 1 2 5 2 32 13

~ AADIONUCLIDE SHRPTION PARAMETER DESCRIPTJON NOV 11, 8t

GCNLOGICAL MATERIAL ] AQUFQUS PHASE FXPERIMENTAL DETAILS
------------------- t crmcm—amm——-~ B e
i
NUMBER ¢ rE) !
NAME §  QUARTz MOHZINITE PORPHyRv 124 ! START END METHOD :BATCH{1w,BC)
ORIGIN & CLIMAX STOCK,NEVADA TEST SITE €S7 1 B R .-
' I PH 7.7 8.1 STATE :~20+35 MESH
CHEMiICAL MINERAL, TRACE 1 NA 8.6
COMFCSITION(X)  £OMPOSITIONCX) FLEMENTS (PPM) | K 3.7 RATIO =4 G/22 ML
---------------- R ittt T Y B L LT T L Ca 11
s102 CUARTZ 26 MG .2 TEMP, 78 C
AL2032 FLAGIOKFLO 69 FE .1
T102 ALT,FELDSPAR 5 S! 2 ATH, tAIR
FE203 BINT+CHLOR 8 HCO3 49 .
FEO SPHENE <1 CL 2.5 SEP'N. :CENTRIF,,1683¢ RPM,1 HR, \
MNOD APATTE <i S04 6.5
MGO HAGN+ LM <1 F o1 ANAL. L >
cCab BA 3 w
NA2C Ll B COMB, NONE ~
K20 SR o1 I
P205 REFERENCES ¢ 1) B.,R, EROAL ET.AL
ce2
H20 LA=7456-MS

CEC (MEG/102 G) <1 3
¢ PH 8.2 B.5
CATION cs - SR

SURFACE AREA (M2/6) £.12 3.8 2.8
MeTHED BLT  EG/CA ¢6

90 50-55.00 S6.00 C6 20 S0 B0 VT A0 VS TP TU CP VS SO TG VO VNGO - TE GV SO T AT GO M S0 Gh GO T SO S0 WP ¥ S e Gu- Ve oo

- BE T GG GU WP DO N G5 DO SO G R WY D G WE P DO e GE e OB U Ae BN W we BB B SO SS

0Z1-3d1






HUMBER ¢ 29
MAME 3
ORIGIN 1 CLIMaX
CHEMICAL
COMPCSITION(%)

CEC (MEQ/102 G)
e PH
CATION

GEALOGICAL YATERT4L

QUARTZ MONZONITE PORPHyRy 125

RADINHUCLIDE SCRPTION PARAMETER DESCRIPTION

STICK, NEVADA TEST SITE £S7

SURFACE AREA (112/6) @.12 3.2

MeThOD BET

MI"iERAL
CAKPOSITION(X)
QUARTZ 26
FLAGIOeKFLD 62
ALT.FELDSPAR 5
BI10T+CHLIOR &
SPHENE ¢
APATITE 3!
MAGN+ILM <
<1 3
8.2 8:9
(%] SR
2,8
EG/CA cG

TRACE
ELEMENTS (PPV)

AUUEOUS PHASE

]
1
H
:
:
{
]
1
t
!
i
:
t
!
i
t
t
!
t
:
!
!
i
:
'
t
$
.
!
t

NOV 11, 8%

EXPERIMENTAL DETAILS

L b Al RO PR e =

METHOD :BATCH(1W,BC)

STATE :-28+35 MESH

RATIO :1 G/22 ML

TEWF. 178 C

ATH,  :AIR

SEP'N. :CENTRIF,,16083 RPM,1 HR. |

ANAL.  iL 4
(¥, ]

COMB. :CS TG °

REFERENCES ¢ 4) B,R, ERDAL ET.AL

LA-74%6-MS

02141






r[QLUGIulL “ATERIL

NUMBER ¢ 39
NAME 1 NUARTz MONgONWITE PNRPHyRy $44

RADIONUCLIDE SARPTIUM PARAMETER DESCRIPT]ON

ELEMENTS (PPH)

ORIGIN & CLIMAX STOCK,NEVADA TEST SITE SPL UE15C7Y
CHEMICAL MINERAL TRACE
CCHPC51T10N(X) CC§P051110N(%)

S]o2 68.4 ANORTHITE BA
AL2G3 15.9 QUARTZ

Ti02 29 B10T1TE

FE203 z ALBITE

FEO 2.62 BRCOKITE

MNO 4 FLAGIOCLASE

MGU .86 ORTHOCLASE

CAO 3.37 HAGNETITE

NA20 3.37 TITANITE

K20 3.61 LPATITE

P205 .23

€02 2

H20 2

TOTAL 98,65

ROCK PROPIRTIES

SURFACE AREA (“12/6) 2.9
“rTHOD BET

922

¥ e

NA

HCO3
S04

AGUCOUS FHASE

STARY END
83
144
219
345

BE 20 00 00 U GE TG 60 S8 06 Gt B G0 G 9 U G4 At Gr G U VH. WS GO TH WD CF SO TP VY GO G . 0P SO SO OO S0 0. S0 SO WS S0

NOV 14,

EXPERIMENTAL DETAILS

METHOD :BATCH(2W)

STATE :CRUSHED

RATIO 5 G/30 ML

TEMP. 23 C

ATH,  tAIR

SEP'N. :FILTER 3,3 UN MILLIPORE
ANAL. L

COMB. :NONE

REFERENCES ¢ 4) 6, SCOTT BARNEY

PNL=SA~7352 VOL2P3

81

- T19°V -

uci=didd







GCoLGIcaL “A'ERIAL

NULLEBER 1 31
NAME §  QUARTZ MOLONITE PORFHvRy 148

ORIG:N ¢ CLIMAX STOCK,NEVADA TEST SITE SPL UE1S5E7

CHEMCAL MINERAL
COMPISITION(X) COFPOSIT'CN(%)
Sioz2 68.4 AJORTH!TL
AlL2C2 15,9 OUARTZ

T102 .29 EICTITE
FE203 2 ALBITE

FEO 2.62 BROOKITE
MNO 4 P £G]OCLASE
MGO .86 I 'HOCLASE
CAQ 3.37 MAGHETITE
NA2G 3.37 TITANITE
K20 J.61 APATITE
P205 .23

co2 z

H20 4

ROCK PROPZRTIES

SURFACE AREA (H2/G) 2.9
#eTHOD BETY

I B R S
RADIONUCLINE SORPTION PARAMFT[R DESCRIPTION NDV 4%,

TRACE

ELEVENTS (PPM)

B S GO S0 S0 G0 Ch G6 W Ww GE W WE GO TT GT O SO CT T VA W BT Ch C WP GV W ST GO G0 G GO WP Wo G A PO SO Vo Cw o

AUUEQUS PH,SE

START END
8

83

144

219

345

PP 00 00 25 40 00 0 40 GO 4B B 0D 6 Ww T VD 9 VO VS P CP. 4o Vv SO G LU ST T S OF VD VY N VS Qo P 40 4 T Go 0% - S

EXPERTMENTAL DETAILS
METHOD :BATCH(2wW)
STATE :CRUSHED
RATIO :5 G/30 ML
TEMP. 23 C
ATH,  :AIR
SEP'N. :FILTER g.,3 UM MILLIPORE
ANAL. L
COMB. :NONE
REFERENCES ¢ 1) G, SCOTT BARNEY
PNL=S4~7352-VOL2P161

181

V -

- ¢

0Z1uL







5
NS
-
IR
o

.
Ve
e
L
o
rd
&~

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION NOV 11, 1981

CRALOGICAL YaTERILL ! AUUFOUS PHASE i EXPERIMENTAL DETAILS
—-—: -------- -y, - ‘ ------------ ’ Eodaliadendl 2 Rl il ol R R deal adl e it
t !
HiUMBER 2 32 ' t
Nal'l€ 3 QUARTZz KOMNZONITE PORPHYRy 14C ! STARY END | METHOD :BATCH{2W)
ORIGIN ¢ CLIMAX SYOCK,NEVADA TEST SITE SPL UEL5E? ! rmene ermmeo !
' 1 PH 6 ! STATE :CRUSHED
CHEN:CaAL HINERAL TRACE 1t NA 83 !
COMPZSTITION(X) COMPOSITIONTY} [LE“ENTS (PPH) t Ca 144 t RATIO :5 G/38 ML
cacrimcmmeme=a eeme—receccmerseoenre emesesccacwsc® t HCOS 219 t
sjoe 68.4 ANORTHITE BA 9@3 1 S04 345 t TEMP., R T
AL 203 15.9 GUARTZ 1 t
T102 .29 EIOTITE ! U ATH, tAIR '
FE203 z ALBJTE ! :
FEO 2.62 BROOKITE t I SEP*'N. :ND ?
MNO 2 PLAGIOCLASE ! H : o
MGO 86 .— ORTHOCLASE ] I ANAL, *L w
CAO 3.37 MAGNETITE i § 1
Na20 3.37 TITANITE ! ! COMB. :NONE
K20 J.61 APATITE i !
P205 223 ! ! REFERENCES ¢ 4) G, SCOTT BARNEY
coz2 z t t
H20 4 § ! PNL=SA=-6957
...... 1 t
TOTAL $8.65 t !
t 3
t :
t H
ROCK PROPZIATIES ! :
- e P e D D e 0 e D e o o e H :
t :
H H
1 :
! H .
! f 5
SURFACE AREA (12/G) 6.9 H : :
MrTHOn BET LI ! o
t H







RADIOHUCLIDE SORPTIUN PARAMETER DESCRIPTION , NOV 1,

GEALAGIcAL MATERIL

........ P T L T L R

AQUEQUS FHASE

EXPERIMENTAL DETAILS

NUMBER ¢ 3
NAME | OQuARTz MOMaONITE PORPHyRy-(A,w,) 140 STAR?Y END METHOLC :BATCH(2wW)
DRIGIN ¢ CLIMAX STOCK,MEVADA TEST SITE SPL UELS5EY R
Py 8 STATE :CRUSHED
CHEMICAL MINERAL TRACE NA 83
COMPGSITICN(%)  CRMPOSITIONSX) ELEMENTS (PPM) t Ca 144 RATIO 5 G/32 ML
---------------- L L et HCOS 219
sjoe 66.4 BA 963 S04 345 TEMP, :23 C
AL203 15.9
7102 .29 ATHM, tAIR
FE203 2
FEo 2.62 SEP'N. :FILTER @,3 UM MILLIPORE
MNO g
MGO —e s 88 AMAL. L L
Ca0 3.37
NA20 3.37 COMB. ¢NONE
K20 3.561
P205 .23 REFERENCES ¢ 1) G, SCOTT BARNEY
H20 2

PNL=SA~-7352-VOL2PY

ROCK PROPELTIES

L R T e ettt bt 2L L LT

T G S0 B0 40 29 20 SU O V8 I OO SH ©O CO 49 GO U . on G GF G0 VI GO GO WO GO PO GU G° SO . GO V4 LV 4u G SO S0 Oo 45 Ou . av

_ Lgov -

UclLl—~dd






RADIONUCLICE SCRPTION PARAMETCR ODESCRIPTION NOy 11, 1981
GRCLIGICAL YMATERIAL ! AQUEQUS PHASE : EXPERIMENTAL DETAILS
-—--; -------- -, - l -’-—--—; ------ ' ---'-_-—------—;- -----
1 t
NUMBER 3 14 t :
MAME 1 QUARTZ HONRONITE PCAPHYRY 154 | STARY END ¢ METHOD :8ATCH(2w,BC)
ORIGIN ¢ CLIMAX STOCK.gVADA TEST SITE-SHEAR 24 1 I eemses e-seea !
t PH 7.8 ! STATE :-10£+325 MESH
CHEM:CAL MIYERAL TRACE t Na 6.7 !
COMPCSITION(R) COMPOSITION(R) ELEMENTS (PPM) 1 K 1.5 ! RATIO 1 G/45 ML
LR ST T TP R L T R L e D 1 CaA 8.3 !
S102 QUARTZ M 1 MG 1.5 1 TEMP, 25 C
AL202 K,Na FELDSPAR ¥ t S102 26,2 t
T102 HUSC ~ ILL W 1 HCO3 47,7 1 ATH, tAIR
FE203 CALCITE 12 1 CL 2.4 ! : '
FEO MOMTMOR, 17 1 S04 2.7 1 SEP'N. FILTER g,1 UM NUCLEOPORE .
MND ' 1 ,
MGO | tOANAL,  iL - A
Ca0 { !
NAZC 1 ! cOMB. :SR 1C C§ !
K20 ] i
Pzgs t i REFERENCES ' 1) S,C, MACLEAN ET.AL
co ! '
H20 ! : UciD ~ 417928
B !
! !
: t
! !
! H
ROCK PROPCHTIES ' !
-------- e e L L L bl ol et oddeda ot b ol ot ' '
! !
' 3
t 1
1 t
! H
! 1
! H 3
H ! =
SURFACE AREA (112/G) 4.37 ! = e
: MpTuon  BET ! Lk S
! s






cEALOgICAL *A*ER{AL

AW

-
N

.
[ 2

RAQIONUCLIDE SORPTION FARAMETER DESCRIPTION

TRACE
ELEMENTS (PPwM)

NUMBRR ¢ ki

NAME & DUARTZ MORZCNITE PNRPHYRY 464
ORIGIN ¢ CLIVMAX STOCK,HEVADA TEST SITE-SHEAR 2ZMN 2
CHEMICAL MINERAL
COMPCSITION(X) COMFOSITINN(R)

Sjo2 QUARTZ MW
AL203 K.NA FELDSPAR
Ti02 HMUSC, - ILL T
FE203 CalCITE 15-29
FED MONTMOR, 42
MNO

MGO

CAD

NA20

K20

P205

coz

H20

ROCK PROPZRTIES

SO 40 GO CO wu BB YO VU Cu G G0 V2 PO DY GO TV WP WH G0 WD W GO Vh Do GH Do WS WS Wo GO Ah WH ST Gv OB b o mw Sv G we  Sw

Py
NA

Ca
MG
S102
HCO3

So4

AUUEQUS FHASE

D ek

START

7.8

END

FC 02 TV S0 B0 S0 IS CO ST AP GO 00- 00 Gm GG 96 VO CT Gm GO Gt VU GO PO TE SR - GH-OF G4 0O LT GO Bv Su 65 S5 o= o 8 oo Go o8

METHOO
STATg
RATIO
TEMP.
ATH,

SEP'N,

ANAL .

cOmMB,

REFERENCES ¢ 1) 5,C, M

NOV 1%,

EXPER;HENTAL DETAILS
'BATCH(2wW,BC)

$~325 MpSH

1 G785 ML

25 €

TAIR

'FILTER 3,1 UM NUCLgOPORg

AL

SR T¢C
JEAN ET, AL
Uclp « 17928

b

(

- 1L°v -







RADIONUCLICE SZRPTION PARAMETYER DESCRIPTION NOY 11, 198%

CCOLOGITAL MATERIAL AQUEOQUS PHASE EXPERTMENTAL CETAILS

P L L i bl T P

MpTHCD RBET

! ?
' H
MUNBCR kT ! H
HAME | QUARTZ HONZONITL PORPKYRY §48 H START ENOD ¢ METHOD :BAYCH(2W,BC)
ORIGIN ¢ CLIMAX STOCK,NEVADA TESY SITp-SuUpgAR ZH 2 i cmecme e=vcao }
) 1 PH 7.8 t STATE :(=10f¢325 MESH
CHEPICAL MINERAL TRACE 1 NA 6.7 :
COMFOSITICN(%) COMPOSITINN(X) ELEMENTS (PPMy t K 1.5 ! RATIO 1 G/15 ML
- - PESIse  ewSvTacoes Ll ah el dU R - 2  eesewTEocecenTew ' CA 8.3 l
S102 CUARTZ mil i MG 1.5 t TEMP. 25 C
AL203 K,NA FELISPAR W 1 5102 26,2 $
Tio2 HISC, - JLL Y i HCO3 47,7 1 ATM, TAIR
FE203 CALCITE 15-2¢ 1 CL 2.1 !
FED MONTMOR, >4 i S04 2.7 t SEP'N. FILTER g.1 UM NUCLEOPORE |
MNO t F ) :
MGO ) ! ANAL, L >
CAQ ! H ~
NA20 ; ! COMB. SR TC €S w
K20 $ 1 I
P205 1 8 REFERENCES ¢ 1) §,C, MACLEAN ET.AL
co2 H t
H20 ! ' uclo - 17928
...... t H
1 3
t t
t t
t H
ROCK FKOPZATIES { t
. - o - - - - o = H '
! H
t :
1 t
3 t
3 t
3 H
t t
t H 3
SURFACE AREA (12/6) 13.6 1 i o
1 1
3 1






9 21 2 ST T BV R S

RADIONUCLIDE SORPT{ON PARAMETCR DESCRIPTION NOV 11, 81

AUUEDOUS PHASE

EXPER{MENTAL DETAJILS

GEOLOGICAL MATERIAL

------------ CE TR R,

NUMHLR 3 37
NARE ¢ QUARTZ HOMFINITE PORPHYRY 148 START END METHOD :BATCH
ORIGIN ¢ CLIMAX STOCK,NEVADA TEST SITE=SHEAR ZN 2 3 ceiew= cmmcaa
PH 7.8 STATE :~80¢180 MESH
CHEM{CAL MINERAL TRACE Na 6.7
COMPCSITION(%)  COMPCSITINN(N ELEMENTS (PPM) K 1.5 RATIO 1 G/15 ML
--------------------- Y e i cesmemcmcncwe= | CA 8.2
S102 GUARTZ M MG 1.5 TEMP, 325 C
ALZCZ K,NA FELDSPAR W 5102 26,2
T102 MUSC. - ILL T HCO3 47,7 ATH, tAIR
Fg203 caLCrv¢ 15-2¢2 CL 2.1
FEO MOMNTMORY >427 S04 2.7 SEP'N, :FILTER @,1 UM NUCLEOPORE :
MNO
M60 ANAL. :L >
ca0 ~J
1420 COMR., SR TC ¢S w
K20 |
P203 REFERENCES ¢ 1) S,C, MACLEAN gT.AL

UCID «~ 17928

e W S W gy e e = T e R e R R P -

~N

o
TO G0 OO S0 N0 08 TT TP GB CT P S TP 0m VL CT WP TT GD G L GO T e B T WS U G G P VO GO h o om 46 ve G ve oo oo
@B GO 28 0 09 20 T 20 °0 AL BT Gr 20 W2 Y VT CH PO Be TE WY ST OF 09 Sv ¢6 GO We 40 06 T Cu- 04 G0 ce ow on

0CT-auw







RADIOHUCLINE SPRPTION PARAMCTFR DESCRIPTION ' NOV (1, 181

GECLOGICAL MATERILL

AQUEOUS PHASE

EXPERTMENTAL DETAILS

P R e L L T

NUMBER 38
NAHE 1 QUARTZ MANZONITE PORPHYRY (74
ORIGIN ¢ CLIVAY STOCK MOYADA TEST S!ITC SKREAR 24 3

STARY END

METHOD :BATCH(2W,BC)

PH 7.8 STATE :-32% MESH
CREMICAL MIHERAL TRACE . NA 6.7
COMPISITIONCX) CAMPOSITION(%) ELEMENTS (PPY) K 1.5 RATIO :4 G715 ML
................ gy J e L I o 8.3
S102 QUARTZ Miy MG 2.5 TEMP, 25 C
ALEO3Z K,'th FELOSPAR W s102 26,2
T102 Musc, - ILL My HCO3 47,7 ATH, tAIR
Fg203 CALCITE 5 CL 2.1 )
FEG MAMTMOR, 3z S04 2.7 SEP'N, :FILTER g.1 UM NUCLEOPORE |
MNO : :
MGO ANAL, L >
CAO ~
1HA20 coMg., SR 1€ CS ~
K20 . 1
P205 REFERENCES ¢+ 1) S,C, MACLEAN gT.AL
co2
H20 UCID - 17928

ROCK PROPZLTIES — _

P e ) -mo o D P X T R

02T-buw

G0 PP AW GO G AW GV G GO TP WGP GO Be G5 GO Té T PE GE GO TS P P CE S0 Ty C* ws w0a S SO







GroL0GICaLl MaTZARIAL

- - T e e - e w

ligMaLA 8 13

NARE  GUARTZ MonZONITE HORPHYRY £73
ORIGIN & CLIMAX STCCKXNgYADA TEST S[Tp=SupAR 24 3
CHORiCAL MINERAL
CCHPoSITIONCYS) COMPOSITION(X)

5102 QUARTZ Mit
AL2DZ K,'A FELOJSPAR M
1102 Huse. - ILu M
FE203 CALCITE 5
FEOD MONTHCR, 3
MO

MGO

CAU

MAZO

K20

p20%

Coz

H20

RCCK FROPELTIES

SYRFACE AREA (M2/C) 7.081
MpTHOL BET

i

N
A

AUJEQUS PHASE

CE
ELEMENTS (PPM)

NRNLE D=

S0. 08 S0 G0 0 SE W G5 Lo G4 OO SR SO OO GE SO T GO Cu P VO VO BE OB GO TY G0 9O OF S0 U 6P S8 GO O 68 S0 4o SU o8 ov ow

RADIONUCLIDE SORPTION PARAMCTER DESCRIPTION . NOV 11, 1981

EXPERIMENTAL DETAIL
METHOD :GATCH(2W,BC)
STATE :-1P@+325 MESHW
RATIO :1 G/15 ML
TEMP, 25 C
ATH, tAIR
SEP*N., :FILTER g.,1 UM NUCLEOPORE
ANAL. L

v -

COMB. :SR TC €S
REFERENCES ¢ 1) S,C, MACLEAN ET.AL

- ¢

Uclo - 17928

02141







RADIONUCLIDE SNRPTION PARAHETER DESCRIPT{ON NOV 11, 191

GERLOGICAL MATERIAL : AVUCOUS PHASE : EXPERIMENTAL CETAILS
Rl Al Al bl el l L adl B Ll et l : F’--.-----; ---------
. 1 !
net ! 45 t : :
Al QUARTZ MONZONITE PORPHYRY 17C t START END ! METHOO :BATCH({2W,BC)
OR1 ! CLIMAX STOCK.MEVADA TEST SITC-SHEAR 211 3 ' B e t
I PH 7.8 ! STATE :-50¢{€0 MESH
CHE L HINERAL TRACE 1 Na 6.7 !
Rt TION(%) CRHPOSITION(R) ELEMEMTS (PPM) 1 K 1.5 ! RATIO 1 G715 ML
~-— e ——reemccoa- memcccmems cemeemcccceso= t CA 8.3 s
S10 GUARTE v 1 MG 2.5 t TEMP. :25 C
ap2 K, WA FELOSPAR MW 1 8102 26,2 t
710 HUEC., =~ ILL ML t HCO3 47,7 I ATH, tAIR
FE2 CALCITE 5 1 CL 2.1 !
FEO HONTHMOR, 397 1 304 2.7 ! SEP'N, FILTER 0,1 UM NUCLEOPORE
HUNO t t :
Heo ' o aNaL.  fL i
CAC H 1
NAZC ! i CcOMB. ISR 1C C§ >
K20 H 1 s
P205 t t REFERENCES * 1) S,C, MACLEAN ET.AL =
co2 H t '
H20 ! : UCID « 17928
------ H
1 H
t :
i :
' :
ROCKX PROPZRTIER t t
--------- R LT Y R R gy p H 13
H ?
! i
t :
' !
3 H
t :
| t
! !
1 s
1 : -
1 3 "__
N
o






RADIONUCLIDE SARPTION PARAMETER DESCRIPTION NOV 11, 1981

STOLOGICAL MATEZRIAL: ! AQUEQUS PHASE ! EXPERIMENTAL NETAILS
EmE W E e —--- ST T | S R H R g T ew L LR LT
] i
HUE a1 ! ! '
HiAILE NUARTZ MCNRONITE PORPHYRY 18A t START ENp ' METHOD :BATCH{2W,BC)
OR1¢ CLIMAY STOCK,NEVADA TEST SITE /7 USWISAP $ emmeen em-cua !
} P 7.8 ! STATE !-2p¢5C MESH
CHEr MTHNERAL TRACE 1 N4 6.7 !
COMF 10NC%) COMPOSITIONLY) ELEMENTS (PPM) 1 K i.5 t RATIO 31 G/45 ML
———- wecere cecmecceeccscamow em==  eccmescccea-a- t CA 8.3 $
Slue t MG 2.5 ! TEMP., 1:25 C
AL2O 1 S102 26,2 ! :
Ti02 } HEO3 47.7 1 ATH, tAIR
Fe20 } CL 2.4 !
rgo t S04 2.7 I SEP'N. :FILTER @,1 UM NUCLEOPORE
MNO t :
MGO i t  ANAL, L )
CAD 1 t
1420 ) ! COMB, SR TC CS >
ht ! : ‘ ®
zggs ] | REFERENCES ' 1) S.C, MACLEAN gT,AL “
! H . 1
H20 ' ! UciD « 17928
...... ' :
: t
t $
t 1
' 1 H
ROCK QPEZARTIES 3 !
Ll Bl R A A R X ) - oW o twes o guwaa l '
t t
1 t
i t
{ H
H :
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RADIONUCLIOE SORPTION PARAMETER DESCRIPTION NOy 11, 1981

GEALOGICAL MATERIL ! AQUEOUS PHASE ! EXPERIMENTAL DETAILS
S [ - | crememlcem—ae 1 armcGem——e cnemmea——-
1 !
NUMEL .. 47 1 :
NAME ¢ QUARTZ MONZONITg PORPHYRY 183 t START ENO ! METHOD :BATCH{2w.BC)
ORIGIA CLIMAX STOCK,NEVADA TEST SITE / USWISAP : cmmmme === o 1
I PH 7.8 i STATE :-2p+5g¢ MESH
CHEMIC MIMERAL : TRACE 1 NA 6.7 !
COMPCSITICN(X)  COMPOSITION(Y%) ELEMENTS (PPM) ; K 1.5 1 RATIO -:1 G/15 ML
---------------------- Rl sememm=cese~== | CA 8.3 !
5102 I HG 2.5 t TEMP., 25 C
AL26C: 1 S102 26,2 !
T102 § HCO3 47,7 I ATH, tAIR
FE2G! 1 CL 2.1 t
FEQ 1 S04 2.7 { SEP'N, :FILTER g.1 UM NUCLEOPORE .
MNO } !
MGD ! ! aNal. ‘L >
CAD t 1 o
Na20 $ !t COMB., :INONE w
K20 t ! '
P205 ' ! REFERENCES * 1) S.C, MACLEAN gT.AL
co2 ! s
H20 i ! uclp - 17928
...... 1 !
t 1
t H
{ !
t !
ROCK FROPERTIES ! !
’---—-—‘——‘----‘--———;-—"~P-“'H ----- - - ap ‘ ’
' '
1 !
i !
! !
1 i
! :
! t
! t
{ 3 o
i t i
! : .
! 1 o







GEOLDGICAL MATERL L

- - -

NUHMBER ¢ 43
WISTERLY GRANITE 194

HAME

ORIG:N ¢ NEW rHL’,LI.No
CHEM:CAL K INERAL
COMPCSITION(R) CO!:?PGSITIUN(%)
5102 69.5

AL203 16.7

7102 .37

FE203 2

Feo 3

MR D L4

MG 1.12

AV .25

1HA20 3.3

K20 4.5

P205 63

€02 ¢

H20 z

TOTAL 99.95

ROCK FROPSRTIES )

CEC (¥E0/182 G) 3.6

® PH

SURFACE ARCA (H2/6Y 6(3Y

N

RADIOMUCLIDE S2JRPTIUN PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)

€0 BO w U Gw BT Be GO OV ON Gy v D WO W U GO VO TV Gh W Gh GO GO FH SD Sv W GO Th PE G SO T T AU Ge w0 SO A= o= oo

AUUEOUS FHASE

PH
EH
NA+
CL+

+ PPY

20 @@ °b GR. 0@ O AE 6 ST 06 S FT UE VI VT GO Gv Gt SO Gw GV GO Ve Vb GO 4O Cu OV GV G4 Se S& GB GO v o0

=e se oo oo o

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

| 'tRENCES U 8}

NOy 11, 198%

EXPERTMENTAL DETAILS
1BATCH
{CRYSHED =150 MESH
18,5 G/15 ML
IRY
tAIR
$CENTRIF .. 7808 RPM,20 MIN.
L
tSRh T¢ Cs
JeFo RELYEA ET.AL
PNL=SA-6957 P,125

2) JoF, RELYEA ET.AL

PNL=Sy-7352-V0L2P259
3) AN, MUCCIARDI ET,AL
PNL=SA-7352-V0L2P333

4y L,L, AMES
PNL~2797

- [8°V -

02T-uL







GEOLSGIGCAL MATERI AL

MUNELR 3 &g

HAWE 1 WESTERLY GRANITE 103
ORIGIN ¢ NEW pRGLAMD
CHEMICAL KIUERAL
COMPCSITION(X) COUPQOSITIONCK)
s]02 69.5

AL202 16.7

T]02 .37

FE20Q3 2

FEO o3

MNOC .4

MGO 1.12

Ca0 2.25

Na20 3.3

K20 4.5

P205 .28

ook 4

H20 4

CEC (VMEQ/1DT G) 3.6
@ Pk

SURFACE AREA (12/6) 6

RADIODNUCLIDE SCRPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPY)

- - oy -

Ve e EE ML Sa G0 ML GO Ve Wb Ge GP CO G0 TP GO SO GO SO Vs WE 4V TS PU SO 4w ST Cu w0 o v S0

o wn wn O om e o= oo e

PH
EH
Ca

AQUEOUS FHASE

STARTY

1034

END

ss aa ss ee oo

90 00 00 40 00 G0 P VU TS O S0 A G0 . 20 V4 TS 04 St VD G0 CP CL OV G SV 4T V-G8 Se 40 WE S S8 8 S8 e

METHOO
STATE
RATIO
TEMP,
ATN,
SEP'N.
AMAL .
COMB.

REFEREN

NOy 11, 181

EXPERIMENTAL DETAILS
tRATCH
{CRUSHED =158 MESH
0.5 G/71s ML
:RY
tAIR
$CENTRIF, 7000 RPM,28 MIN,
L
tSR TC CS

- 68°V -

Pyt J.F; A ET.AL
PNL-SA-6957 P.125

2) J.F, RELYEA ET.AL
PNL-SA-7352-VOL2P259

3) AN, MUCCIARDI ET, 4L
PNL=SA-7352-V0L2p333

4) L,L, AMES

PNL-2797

uelL-du







GENLOGICAL “aTERTAL

tudth 3 45

MAME ¢ WISTERI Y GNANITE -¢C
ORIGIN 1 NEW fHALAND
CheMICAL MINERAL
COMPCSiTION(Y) CO?POSITXON(%)
MRS an G s Teaswe e 2| mmESgpCoooe™ et e R ikl
S102 69.5

AL2G3 16.7

T]02 .37

FE203 4

reo '3

HNO L4

HGG 1.12

CAD 2.5

Ha2C 33

K20 4.9

P20% »09

Cdz £

H20 z

TOTAL 99.9¢

ROCK PRCPIARTIES )

CEC (FEQR/ICY G)Y 3.6

@ Px

SURFACE AREA (n2/G) &

W

RADIONUCLIDE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)
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!
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!
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!
i
4
!
§
¢
$
i
!
}
!
'
H
t
!
t
3
!
t
$
{
H
'
!
i
!
!
¢
}
!

Py
EH
NA
CL

AUUEQUS PHASE

-
@0 54 0w 46 5 G® S5 a0 DY S5 VP T VT G GV OB ve op TU VG SO ST 4 04 Bs TU GH VU GO . Ov G SW Ou 46 Sv L0 40 S0 o IO oo

HMETHOD
STATE
RATIO
TEHP.
ATH,
SEP'N.
ANAL .
coMB.

REFERENCES ¢ 1)

NOV 11,

EXPERTHMENTAL DETAILS
tBATCH
$CRUSHED ~150 HESH
10,5 G/45 ML
!RY
tAIR
:CENTRIF,,70088 RPM,20 MIN,
L
tSR TC CS
J.F, RELYEA ET.AL
PNL-SA-6987 P,125
2) J.F, RELYEA ET.AL

PNL=-SA-7352-VOL2P259

3) AN, MUCCIARD! ET.alL
PNL-SA-7352-VOL2P333
4) L,L, AMES
~ PNL-2797

i1

- 16°V -

0ZT-4L






9 » |} 2 0 ) 2 7 4
RADIDNUCLIDE SORPTION PARAMETER DESCRIPTION NOV 44, b
fEnL0GICAL MATERIAY ! AJUEQUS PHASE EXPE81HENTAL DETAILS
------------ - l Ll EoX SR kX g falalloddl PR L R b AR
{
LyMgER ¢ YA §
NAME ¢ WISTRRLY GRANITE <492 ! STARY END METHOD :BAYCH
SRIGIN ¢ NEW r£heLstd ! P I LT T
t PH 9.4 STATE :CRUSHED ~153 MESH

CHREMICAL MINERAL TRACE i EM 364
COMPZSITION(%) CAMPOSITION(Y) ELEMENTS (PPM) 1 N4 69¢ RATIO :8,5 G/4S ML
R R Y R rormoa wrme  eemmeesescocevas P AGIS 1832
S{c2 69.5 TEMP., :(RY
AL202 1647
Y102 .37 ATHM, tAIR
FE202 2
FEO .3 SEP'N. :CENTRIF,,7008 RPM,20 MIN.
MNU .04
HGO 1.12 ANAL. L
Cad 2.15 l
a20 3.3 coMB, SR TC CS >
1(5,,'\ 4-5 ¢

X .28 REFERENCES 3 1) J . LYEA ’,AL -
cee ] |
H20 2 PNL~SA~6957 P.125 )
TOTA' 99-95 2’ Joro RELYEA ET-AL

PNL~SA-7352-VOL2P289
RQCK FROPITIER 3) AN, MUCCIARD! ET,al

CEC (FEQ/iLZ G) 3.6 PNL=-SA~7352-VOL2P333

® Px
4) L.L, AMES

PNL=2797

SURFACE AREA (r2/GY &

B9 ow E® G0 B Co VO CO P SO GO TO SO O oo B Gh.Ge OV Gn U VL B G4 SO O CB Se GE 4% 60 U6 S8 wE Gu o Gs S8 S4 00 64 oo

b AD EE GD TB G D GO GH BE O GV D TP oo Wh GO GO W LD O W CE W MD GO SO e OB GO PO SO

021-41







GEQ;OGICAL MATERIAL

et m et etk e S ———-

HehBIR 8 47
HAME ¢ WISTIZRLY GRANITE 224
DHI0IN 8 NEW PNGLAND

ChrMiCal
COMPUSITION(Y)

MINERAL
CONPOSITIONIN)

ROCK PROPI.TIES

LR N R ettt Sl B L L L

9 2 |

RaDIONUCLIDE SORPTION PARAMETER QESCRIPY[ON

TRACE
ELEMENTS (PPM)

R e T

PH
NA

Ca

S102
HCO3
cL
S04

AQUEOUS PHASE

-t - -

STARY

e Tw® acNeae

NRNLENNNE RN
e o JOre o o o

-

NPt o MW VINND
~NnN .

END

©6 ©8 60 90.00 08 98 00 ws S0 GO GO SV G T4 S 6T 04 OGN Lo O CP G4 WO VD OO Gu GO SO 08 4B A 0o SO G0 VO Mo as S0 O% GO o8

NOV 114,

EXPERIMENTAL DETAILS

METHOD :BATCH(2W,BC)
STATE :-2@+50 MESH
RATIO :1 G/45 ML
TEMP, :25 C

ATH,  AIR

SEP'N, !FILTER g.1 UM NUCLEOPORE
ANaL, L

CoMB. ISR'TC CS
REFERENCES ¢ 1) S,C., MACLEAN gT.AL

UCID - 17928

L: 30

-6V -

0CT-auw







GLALCSICAL “MATERIAL

- - - - (S R

NUMBZR ¢ 45
HAME §  W-STERLY GRANITE 208
ORIGIN ¢ NgW phHgLAND

CHEM CaAL
CCHPCSITION(%)

IHTMERAL
COMPOSITION(X)

P

RAOIOHUCLIDE SARPTION PARAMETER DESCRIPTION

TRACE
FLEMIUTS (PPY)

-

D ev AR GB B GO WE GO GE CP Ch WO SO WD W WD R VS W Gu TS G 4B Be ST Go CW SV W S0 4 S

PR

Ca
MG
S102
HEO3

S04

AQUEOUS PHASE

START

WO GH SO SO 08 N6 SO D 9P OB GO VS Y-S o 9@ 00 G5 Gh o BT 20 CY v GO GO 8 TE- GG TV S0 OO WO G6 To 4 04 s €5 60 G4 oo

METKOD
STATE
RATIO
TEHP,
ATM,
SEP'N,
ANAL .
C

REFERENCES

NOv 11,

EXPERIMENTAL DETAILS

*BATCH{24,BC)

1=20+50 MESH

‘1 G745 ML

25 C

*AIR

{FILTER 9.1 UM NUCLEOPORE

L

:ND

1) S,Cy MACLEAN ET,AL
UCID - 17928

81

- 167V -

07141







CFOLOGICAu “AYLRIAL

NUMBER 46
MAME 1§ GRANITF (FRESHLY FRACTURED) 324
ORIGIN ¢ GOETHEBOAG, SWENENM

CremiCal
COMPCSITION(%)

THERAL
cﬁnPOSITXOV( )

ROCK PROPFMTIE'

------------------- CE TR LTI L L e T

RADIONWUCLIDE SNARPTION PARAMETER DESCRIPTION

TRACE
ELCHCHTS (PPM)

.
t

G BS mw D SO Bu WY B mE A Gu BN TE s TS TE GG PR e G0 Gy G W ww e Y WS G0 G0 o S @

-
c
af
-y

AQUEQUS FHASE

START END
268
ic
75
15
pisd
563
15
1.8

NOy 11,

EXPERIMENTAL DETAILS

METHOD :BATCH

STATE :(COUPONS - 27 CM-2 GSA
RATIO @

TEMP., 125 C

ATHM,. tAIR

SEP'N, :NONE

ANAL. L

COMB, NONE

REFERENCES ¢ 1) B, ALLARD ET.AL
CHALMERS INST. TECH,

K8S, T.R, 5%

- 66°V -~

¢i-d1







LUKMBER 1 50
NANE 1 GRANITYF
GRIGIMN ¢

CHEM . CalL
COMPOSTTION(%)

(AUSTRIAR:
FBRARTS,

GRALOGICAL MATERIAL

---------- - .-

234
WALDVIERTEL,

MIMERAL
COMPOSITION(Y)

W\

2

—
-

RADICONUCLINE SARPTION PARAMCTER DESCRIPTION

LAWER AUSTR]A

TRACE
ELEMENTS (PPY)

Py

AUUEOUS PHASE

STARTY END

e mEe® wewmwo

3.5

METROD
STATE
RATIO
TEHp,
ATH,
SEP'N,
ANAL .

ol e]}

REFEREN

NCy 11,
EXPERIMENTAL CETAILS
tBATCH(BE)

CRUSHED 144-324 CH-2
t1g G/1gp ML

iRY

tAIR

INONE

i

*MONE

ICES ¢ 1) M, TSCHURLOVITS
AUSTR, -UNIV. NUCLEAR
WORKSHOP, BRUSSELS=79

i1

- T0T'V —

Oc.
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RADIOHUCLINE SORPTION PARAMETER DESCRIPYION NOy 1t, 1981

CEOLOGICAL MATERTAL

- T e = s w0 e T oy

AQUECUS PHASE

EXPERTMENTAL DETAILS

T gy W e W e

HUMBER @ 5¢
NAME GRANITP (AUSTRIAN) 2238

i STARY ENp
ORIGiMN 3 KERRSCHLNEERG,w«LOYIERTEL,LOWER AUSTRIA -

METHOD :BATCH(BC)

PH 3.5 STATE :CRUSHED 144 - 324 CM-2
CHEMICAL MI%ERAL TRACE
COMPRSITION(X%) CAMPOSITIONCX) ELEMENTS (PPuY) RATIO 12 G/3123 ML
5102 ' TEMp, IRY
AL203
Ti02 ATM, tAIR \
FE203
FEO SEP'N. tNONE >
MNOQ —
MGO ANAL, L S
CAD
Na2C CCMB, INONE !
reo
P203 REFERENCES ¢ 1) M, TSCHURLOV]TS

AUSTR, UNIV. NUCLEAR

H20 WORKSKOP, BRUSSELS-7¢9

ROCK FROPZRTIES

P L L L e T L P

0CT1-¥d1l







GENLIGICAL MATERTAL

NUMBER ¢ 52
NAME | GRANITr (AUZTRIAN) 22C
ORIGIN ¢ MNEURAUS LOWER AUSTRIA

CHEMICAL
COMPCSITION(X)
sicz
AL202
T102
FE2C2
FEO

MND

MGO

CuG

NAZO

K20

P205

co2

H20

MINERAL
COMPOSITIONS%)

RCCK PROPIXTIES

RADIOHUCLIDE SCRPTION PARAMETYER DESCRIPTION

TRACE
ELEMENTS (PPM)

i

s am 20 00 @v av 2a oo we

B e mn Gv o =6 e SO Pe T wu Gn P WS TV WS Gn e Pt ED W Gn W W SE e Sh Gm S By Sd

PH

b

AQUEOUS PHASE

ST@RT END

e e occoge

3.5

3
i
(VI
o

88 00 co v Se @n em =P C6 6 GE.G6 P 6s OB T @n Wh S =4 4 Wi BE 26 GO OB 4G ST GO 4D WO OO LT Gu w Su 40 6t we ww A= OO

e
™

NOv 11,

EXPERTMENTAL DETAILS

METHOD ¢BATCH(BC)

STATE :CRUSKHED 144 - 324 CM-2

RATIO :1g G/1pg ML

TEMp. :RT

ATM, AR

SEP'N, INONE

ANAL, L

COMB. :NONE

REFERENCES ¢ 1) M, TSCHURLOVITS
AUSTR, UNIV, NUCLEAR
WORKSHOP, BRUSSELS~-79

181
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RADISTUCLINE STRPTION PARAMETER DESCRIPTICN NOvV 11, 1981

AQUEQUS FHASE

- gy -

GLOLOGICAL “ATERIaL

EXPERIMENTAL DETAILS

MUMBZR 8 53
HAME 1 GRANITF (AUSTRIAN) 22D
ORIGLIN ¢ NgUSTADZL PLATTS  LOwWfR AUSTRIA

STARY END METHOD :BATCH(BC)

STATE :CRUSHED 144 - 324 CM-2

o S on oo = wm wa oo an

PH 3.5
CHEM!CAL HITERAL TRACE
COMPCSITION(®) CUMPDSITION(E) FLEMENTS (PPH) RATIO 12 G/i@3 ML
------------ .- P L LT T Ty P PR P L LTI |
sjo02 TEMpP, IRT
AL2G3
T102 ATM, tAIR
FE20C3 !
FED SEP'N., !NONE >
HANO ' .
HGO ANAL. L o
CAO ~
NA2C COMB, NONE 1
K20
P205 REFERENCES ¢ 1) M, TYSCHURLOVITS
co?2 AUSTR, UNIV, NUCLEAR
H20 WORKSHOP ,BRUSSELS=-79

RQUK PROPEATIE?

B9 26 20 40 4v 0% 25 GO 68 BE e G4 Gt Ve G @t G4 we G4 G0 b BE To G0 B BT ow ww GH-Gm I 00 U S4 oo = PO GO Le He

......-................................_.-.....-................
Oci—auw

ss so







RADICHUCLIDE SCRPTION PARAMETER DESCRIPTION NOV 14, 181

GERLIGICAL *ATEXIAL AQUEOUS PHASE EXPER{MENTAL DETAILS

t
H
1
NUMEL&R ¢ E4 !
NAHE + GRANITFE (AUSTRIAN! 234 $ STARY END METHOD :BATCH(BC)
ORISIN ¢ GLOXWALN  UPPER AUSTRIA 1 ccpmm - -
i PH 3.5 STATE :CRUSHED 144 - 324 CM-2
CHEMICAL HINERAL TRACE {
COMPCSITION(YR) COMPOSTTIONLY) ELEMENTS (PPM) RAT{O :1ig G/icg ML
________ c—me—e = e e ————
S102 TEMP, (RY
AL20S
Tid2 ATM, tAIR
FE203 i
FEN SEP'N, :INONE
MNO >
"G o ANAL. L b
Cad 2
Ma20 COMB. :NONE
®20 !
p205 REFERENCES ¢ 1) M, YSCHURLOVITS
co2 AUSTR, UNIV. NUCLEAR
H20 WORKSHOP,BRUSSELS=-79

uci—dd4







RADTONUCLIDE SCRPTIUN PARAMETER DESCRIPTION NOy 11, 1984

GENLOGICAL MATTRIaL

AQUEQUS PHASE

EXPERIMENTAL DETAILS

-y e - - - w - —---

HytigeR ¢ 55
HaE 1 GRANITE (aUSTRIAMNY 238
CRIGIN T GREI' A™UpHLE URPrR AUSTRIA

START END METHOD :BATCH(BE)

PR 3.5 STATE :CRUSHED 144 - 324 (CH-2
CHErMICAL HINERAL TRACE
CCHMPCSITION(X) COMPOSITION(X) ELEMENTS (PPY) RATIO :1¢ G/123 ML
cwrmcr e —ma - P el - eemrm: ememenemeaee e H
S102 TEMp, IRY
AL203S
TiN2 ATM™, tAIR
Fg203 !
FEO SEP'N, :NONE .
MNO .
MGD ANAL, L -
CAD =
MAZ2C COMB, INONE I
K20
P205 RE| !N 1 2 1) M, H 17§
co2 AUSTR, UNIV. NUCLEA
H20 WORKSHOP, BRUSSELS~7

POCK FROPINTIES

- - = - - P L L L T ]
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RADIONUCLINDE SORPTION PARAMETER DESCRIPTION NOv 11, ¢ 1t

PHd 3.5 STATE :(CRUSHED 144 - 324 CM-2
CREMICAL v INERAL TRACE
COMPCSTION(%)  COHMPOSITION(Y) ELEMENTS (PPH) RATIO :18 G/183 ML
R . Ll L T T PSP B e L 1
S102 TEMP., :RY
AL2C3
1102 ATM, TAIR
FE203 !
FEC SEP'N. INONE LS
MNO —
MGO ANAL, L -
Cal o
NA20 COMB, :NONE
K20 .
P205 REFERENCES + 1) M, YSCHURLOVITS
Cgoe AUSYTR, UNIV., NUCLEAR
H20 WORKSHOP, BRUSSELS~79

i
t
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1
1
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!
1
!
!
!
1
1
1
|
t
!
|
!
1
'
!
1
1
!
!
!
1
1

cgngaclcaL YATEFRTAL

——— - - LI Y

AQUEQUS FHASE

EXPERIMENTAL DETAILS

MUMBER 3 56
NAME 1 GRANITE (AUSTGIAN) 23C
ORIGIN ¢ GREIMs AUMUEHLE UPPLR AUSTR1A

START END

METHOD :BAYCH(BC!

RQCK FROPC.T IES

e e W e - B g P s v e B T R R W

4% 40 50 20 2% UG WS DO I U ME T WS GP Am v Wm 6 G4 B TH Gw OB WE G G VS DD G0 S5 ST SO VO VE G0 44 Sv 4w ve o Go ow







RADIONUCLIDE SRPTIDN PARAMETER DESCRIPTION

'GEGEDGXCA; MATERIAL

P e e L kR X Y

HUMBER 8 57
MaME 1 GRANITE (ALSTRIAN) 230
ORIGIM ! KASTpFRHCF» UFPER AUSTRIA-SURF. WpATHERED

CHEMICAL MINERAL TRACE
COMPISITION(%) CAMPOSITIUNIX) ELEMENTS (PPM)

----- LR L P L Lk L L T RN RPN - oy - -

ROCK PROPLITIES

e ccecrme—acaic—e- e meanc e ee—————

PH.

\
w
e
1
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AQUEQUS FHASE

START  END

J.5

1
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1
t
i
t
!
t
t
1
'
1
1
!
i
!
i
3
'
t
!
1
1
t
!
!
!
!
t
!
!
1

EXPERIMENTAL DETAILS
METHOD :BATCH(BC)
STATE :CRUSHED 144 - 324 CM-2
RATIO :1B G/12p ML
TEHp, *RY
ATYM, tAIR
SEP'N. $NONE
AMNAL. 3L
COMB. :NONE
REFERENCES ¢ 1) M, YSCHURLOVITS

AUSTR, UNIV. NUCLEAR
WORKSHOP .BRUSSELS~79

NOv 14,

1981
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GEOLOGICAL MATERTAL

....... O S pups

"NUMBER 1 58
NAHE 1 GRANITE 294
ORIGIN 3 GOETHEBORGs SWEOgN

MINERAL
COMPOSITION(X)

CHEMICAL
COMPRSITION(X)
sioe
AL203
7102
FE203
FEO

MNO

MGO

CaQ

HA20

K20

P205

cQ2

H20

- -

RADIONUCLIDE SNRPTION PARAMETER DESCRIPTJION

TRACE
ELEHMENTS (PPH)

e

NA
Ca
MG
HCOJ

S04

AQUEQUS PHASE

STARY END
crere= o-=-we
288

ie

75

15

2cg

Se¢

15

1.5

B o Cb BW G 2608 SO VO 40 B eE Gt B 6 CH.GE WD PO GO GE Go B 04 Po Gt 4w VN PE G Wh VI ST GG G0 T 90 4v 02 e w0 —w

METKOD
STATE
RATIO
TEMP.
ATH,
SEP'N.
ANAL.
COoMB.,

REFERENCES !

NOV 41,

EXPERIMENTAL DETAILS
!BATCH
{CRUSHED, =148+238 MESH
11 G/40 ML
125 €
TAIR
{CENTRIF,, 4808 RPM,508 MIN,
L
INONE
1) B, ALLARD gT.AL

CHALHERS INST,
KBS, T.R, 55

TECH.

1981

= LTT°V -

0CT-4L







NUMBER 3 50
HAME
ORIGIN 1

CHEMICAL
COMPCSITICN(X)

Nl L e L L T .

GEOEOG!CAL MATERIAL

P il Ll L L

GRANITE 244
SWECEN

MINERAL
COMPOSITIONIX)

RADIONYCLIDE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)

- - - s g W
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NA

Ca
MG
HGOJ
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S04

P
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e

AQUEOUS PHASE

STARY END
288
PR
75
15
200
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15
1.5
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NOy 11, 1981

EXPERTHENTAL DETAILS

METHOD :BATCH

STATE :CRUSHED

RATIO 1 G/42 ML

TEMp., 25 C

ATH, tAIR \

SEP'N., (CENTRIF.,4200 RPM,50 MIN. >
=t

ANAL. 2 ey
O

COMR. INONE 1

REFERENCES ¢ 1) B, ALLARD ET.AL

KBS, T.R, S5

0CT-d¥l







GEDEOGICAL MATERT AL

- WU - @ WS m - -

NUMBER 1 6D
NAME | GRANITF 254
ORIGIN ¢ SkEDEN

CHEMICAL MINERAL
COMPCSITION(X) COMPOSITION(X)

------------------------- R

RADIONYCLIDE SNR®TION PARAMETER DESCRIPTION

TRACE
ELEFENRTS (PPY)

- - . = e

- ow mn s e ww e wo oo

Gn W 06 Sw Ge Wo Wm OB A v B WE T CP CE GO AP " WD B Bd Sy DD wn ww W G we G 40 = e

NA
Ca
HCO3

cL
S04

ACUEOUS PHASE

0% G- Bu 00 WO 00 Te M- 00 G0 So B0 P MY TS S0 S0 DO GO SuiVt M GV UL BE GE Ge GE GD wa G 06 Ew o

EXPERIMENTAL DETAILS
METHOD :BATCH
STATE :~1404233 MESH
RATIO :1 G/42 ML
TEMp. 25 C
ATM, tAIR
SEP'N. :CENTRIF., 4088 RPM,58 MIN.
ANAL. L
COMB., INONE
REFERENCES 3 1) B, ALLARD gT.AL
KBS; T.R, 5%
2) B, ALLARD ET.AL
K8S, T.R, 98

NOy 11, 1981

- 121°V ~

0ZT1-41L




[N}
Y

FCh H4ATERTAL NU“3ER~=- 69

Raf(omMucLInr

LS 134

£y 152

132

NG 147

Wk 237
FL 239
RA 226

SR 89

TC 99

Th 232

U 233

;R 95

TIVE ()

186
166

4
186

4
184

186

- A.122 -~

SORPTION RES

TS

(M/L)

1,RE-5
1'DE'B
1,0E-5

1.26-8
1,0E-5
1.0E-8
1.0E-5

1.9E-8
1.8E-5

FINAL [RNJ
LR

e e -

KDS
S,pEed(aw)
1,6Es4(=~")

6.3E‘3(f.,
5,6:‘3(.?)
2,5E04 (=)
2,8E¢d{a")

6,360 (=m)
2,0E88(==)
2,5E62 (=)
4,0E+1(==)

1yﬂ['4‘f“)
1,3E04(e=)
3'22.4(.')
1,0Ee4(=-~)

2,02
7,00

2.%503(7')
1,6E43 (=)
7,9E#3Can)
5|EE'3(")

2-55&1(%-)
Ta9Eei(==)

6,35*1(--)
3.2E02(-=)

105E§2(f')
2|5£‘2('F)

6:3E4l (o)
6,392 (-=)
1|”E‘1(")
1.0E0l(=)

g.0¢
2.00

6.3[*2(;')
SepEe2(a~)
1|ﬂ£¢4(-',
2.0E¢3(=")

613[’”(7-,
4|GE'°(",
6,3E0D(~")
5,0E*B(==)

1,3663(n)
3,26¢3(==)
1.pEed(a=)
302[‘3(-')

TR-120

Koo




GEYOGICAL HATZRIAL

NUMBER 1 59
HANE b GRAW[Tr 253
ORIGIN t  SuEnTH

ChFMICaAL
CONFIS{TION(%

NTMCRAL
COMPOSITIONTY)

ROCK PROPzZ..TICA

- T A o R o TR W o R Y e

RADIOMYCLIOE SARPTION PARAMETER DESCRIPTION

TRACE
eLEMENTS (PPM

)

NA
Ca
HCO3

CL
S04

AUUEOUS FHASE

P L L

STARY eNp
288

i2

75

15

r34

509

15

1.8

G . S0 SO we S8 2 G0 B me G SO GP SP 0 ST TE G0 L0 D T4 BB S0 Y VO GO WA AU T G6 WO T G0 G me TE 6 Se SA e Sm

EXPERJMENTAL DETAILS

L P L P P P L Tt

METHOD $BATCH

STATE :CRUSHED, =142¢232 MESH
RATIO iy 6/4C ML

TEMP, 25 C

ATM,  AIR

SEP'N, CENTRIF,,4008 RPM,50 MIN,

ANAL. L
COMB, $NONE
RE N i 3 1) B, ALLARD gT.AL

¥8S; T.R. 55

NOy (1,

1981

- €TV -

0CT-4d1






GFNLAGICAL MATERIAL

NUMBER ¢ A2
HAME © GRANITE 25C
ORIGIN § SafCFEN

cHCMICAL
COMPOSITION(H)

MIVMERAL
CAKPOSITION(¥%)

ROCK PROPEZLTIES

L L e il el et T P e T

RADIOHUCLINE SPRPTION PARAMETER DESCRIPT{ON

TRACE
ELEMEMTS (PPY)

@t e @S an Gm e BB BT 4o S @e TS ME e Te B o wp Wb PP WD WO GO S+ AP 0 = wb BB am SO W0

NA

Ca
MG
HCO3
cL
S04

AUJEQUS FHASE

START  END
288
12
75
15
292
523
15
1.5

40 25 vd S8 5o 00 5 44 SR 0. TH PO 90 %o S0 T Gt O® B VL. VU WD BE VO ST Sn DB GG GO CE P BN PSP V6. 06 S SO 0. Gw Ga SO s

EXPERTMENTAL DETAILS

METHOR :BATCH

STATE (~140+¢23¢ MESH

RATIO 1 G/48 ML

TEMP. 65 C

ATH, tAIR

SEP'N. SCENTRIF,»48303 RPM,52 MIN.
ANAL, L

COMB, :NONE

REFERENCES ¢

NOy 14,

181

= GV -~

O¢L—dd,







GEOLIGICAL MATERIAL

HUMNBER ¢ 43
NAME GRANITT 250
ORIG:N SNEDFH

ChEMiCal
COMPISITIGN(%)

MINERAL
CAMPASITION(%)

ROCK PROPEIRTIES

LR R R L L e aiatadadal Tt 2 L L P L2

RADISHUCLINE SARPTION PARAMETER OESCRIPTION

TRACE
ELEMENTS (PPM)

Lt

o

W 6w GO T AR GV WD mh e G e B GB Gh TR PP BT We s wE WD Wn O O P wa wm b E W v P

NA
CA
HCO3

CL
S04

AQUEOUS FHASE

STARY END
42

5 .

37.5

7.5

122

93

7:5

,8

Sme B9 Bn B0 4m G G Su A GO CO. BE 4 ST GV . Wo V¢ @ G> SO Cv 4o 06 B0 Gu we

-NOV ¢

EXPERTMENTAL DETAILS

METHOD :BATCH
STATE :-14Pe23p MESH
RATIO 1 G748 ML
TEMP, 25 C
ATH, tAIR
SEP'N. :CENTRIF,,4323 RPM,59 MIN,
ANAL. L
COMB., :NQNE

REFERENCES @

98¢

= LT2T°V -

[V

L



FUR MATERIAL

=aCiONucLllcr

~+ 132

D 147

. e
u

NP 237
"L 23¢

™A 226

SH 89

iC 99

T 232

u 233

A 95

HUHNBER~~=

Ti4e ()

Creanw-

lue

186

63

- A.128 -

SORPTLIN RESULTS

INITIAL [AN]

(M70)

110[‘8

1-UE-8

FIt.  CRN)
(s

- g -
- - -y

KDS
1,36+4(.-)
J.2E¢4(-=)

1.3E.‘(—-)
6.3E.3‘~“)
2:5E04({ =)
1.3E44(-~)

1!35‘2(--)
3,248 (an)
342E42(a=)
6|3E‘1(-')

7.,9E¢3(-=)
1,8Eed (-~
1,6E¢4¢(.

2.0E0d4(-~)

7095"1(7')
6v3£'1(-")

4,0Ee3(- *
J.2Ee3 (=

1,3Ee4(~ .
2.NE4d(-m)

4,0Eel(-~)
6.3E01 (~-)

1,6842(--)
3.2E¢2(-=)

1'0E‘2("’
509&*2(-"

7.9E#0(-")
1,0E¢dl (=)
lqu#l(--)
1,6E23 (=)

5|3E*1(-')

719F’,(--)
1.3 (==}
4. PEe3 (=)
5.@E*3(-')

6,3E4C (=)
5,062 (=~)
6,3E02(=~)
5.0[‘9(",

1o3£*3(-”
2.@5*3(--)
3,28¢3(~~)
2,583 (-~)

TR-120

KpD



LEALOGTCAL “ATERIaL ~

rm et et e e e T . - -

nHymMgeR ¢ &4
NAaME V GRANITrE 241
SRIGIN ¥ SwiSrh

MTNERAL
CoFPOSITION(R)

ChEmICaL
COMPSITION(R)

- ————

ROCK FROPZATIER

RADIONUCLIDE SPRPTION PANAMETLR DESCRIPTION

TRACE
ELEMENTS (PPV)

e

NA

Ca
MG
HCO3
CL
S04

!;)

—
e

[

AQUEQUS FHASE

B R S

STARY END
42

5

37,5

7.5

1¢z

93

7.5
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TEE 9% S0 4n e w0 0 @9 R e Be WE G4 OO TO WE L mo te ST 48 o S G4 WE G4 o6 G0 Ch 6 S0 @o m 0 Su Be o oo ww oo Gm Se

~ EXPERTMENTAL DETAILS

METHOD :BATCH

STATE :-140¢23@ MESH

RATIO :1 G742 ML,

TEMP, 265 C

ATH, tAIR

SEP'N, :CEMTRIF,,4002 RPM,58 MIN.
ANAL. 3L

COMB, INONE

REFERENCES V

NOv 11, 1981

- 67TV ~

0?1-31L
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SORPTIUN RESULTS

Fok MATERTALY QUMBER=-- 64
INITIAL [~ FINAL CRN)

R.C[ONLCLIRE TIKE (£} (M/L) LUR K0S Koo
Ar 243 4 1.cE-8 ) 1,3Ee4 () B
g 144 o4 1.2%r-8 2.PE%4 (=)

b 1.3E-5 7,9€¢3 (=)
28 134 .4 1.9E-8 6,3E0L (a=)
.4 1.6E-5% 3,2688 (=)
tL 152 .4 1.0E-8 2,0E¢4(=)
.4 1.8g-5 Li6Eed (=)
i 132 .4 1.0£-8 8,00
4 1,3E-5 3,30 .
L 147 .4 1.0E-8 4,0E83(-=)
4 1,0E-5 7,9E43 (=)
P 237 4 1.3E~8 SIEE.l(fQ,
i, 239 .4 1,0E-8 1,0E¢2¢==)
3A 226 4 1.8E-8 1,BE42(=2)
SK 89 4 1,0E-8 1,ME¢q(-=)
.4 1 -5 1,0E41 (=)
TC O99M .4 1,0E-§ g.08
e 232 .4 1.%E-8 7.9€¢2(==)
Wb 1.,8E-5 1,3E43¢me)
233 oé 1.2E-8 6.3E4B(~=)
o4 1.0E-9 S.PE4P (=)
IRk 95 o4 1.28-8 6,3863 ()
-4 1.DE'5 3.2&’3('-)

€T’V -

0¢T-¥L



GEULOGICAL %aTERIaL

------------ L T

HUMBER ¢
NAHE 3
GRIGIN ¢

6%
GRANITF 2g4A
SwEDrN
CrEMICAL
COMPCSITIGR (%)

MTLERAL
COMPOSITION(X)

------- - o e e o -

ROCK FROPERTIES

e B e T g e TR e - =

~D
i

RADIOMUCLINE SORPTION PARAMETER DESCRIPTION

TRACE
ELEMENTS (PPM)

We Ba ew WO M M W wm e w0 B S W N M as Gu W G SV G G0 e ww GO Gm G0 YR M GO B WS Ww s W WE G e T T wm w

NA
CA
HcO3

CL
S04

AQUEOUS PHASE

B0 0 ew be G0 @ WGP BU SE V. WE T G G4 TE B4 on S GE V6 P GE ST A TH VD VW N VB SO CE AT G G “o OV S0 . Wwm G2 OO we oo

EXPERIMENTAL DETAILS

METHOD $BATCH
STATE :CRUSHED, -232+325 MESH
RATIO i1 G/4Q ML

TEMp, :25 C

ATM, tAIR

SEP'N. ICENTRIF., 4808 RPH,58 MIN.
ANAL. L

COMB., SNONE

REFERENCES ¢ 1) B, ALLARD gT.AL

KBS, T.R, 55

NOy 14, 1

- Te1'V -

0C¢T—dL






GECLIGICAL MATERIAL

- W - =

NUMBEAR ¢ &4
MAME 1 GRANITE 27a
ORIGIN ¢  SwEPrN

MI"ERAL
COMPOSITION(R)

CREMICAL
COMPISITION(%)

ROCK FROPE:TIES

..... D R Rk g R Tl e

"
o
—
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® s
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-
P
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.
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“
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s

RADIONUCLIDE SORPTION PARAMEYER DESCRIPT{ON

AQUEQUS PHASE

STaRT END METHOD
NA 288 STATE
TRACE K 1€
ELEMENTS (PPMY ¢ CA 75 RATIO
-------------- I Mg 15
HCO3 200 TEMP.
cL 53¢
S04 15 ATH,
F 1.%
SEP'N.
ANAL.
COMB.
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1
H
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!
:
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t
1
H
!
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NOy 14, &

EXPERIMENTAL DETAILS

tBATCH

1CRUSHED, =325 MESH

1 G/12 ML

125 C

tAlIR

ICENTRIF,,4008 RPM,508 MIN,

w

*NONE

1) 8, ALLARD ET.AL
KBS, T.R, 55

L

- EET°V -~

0¢T-dL







GUALIGICAL MATERIAL

NUMBLR ¢
NAME }
ORIGIN ¢

&7
GRANKODIORITE 28A
FINN LAKE, SWEDEN

CHEF {CAL
COMPCSITIONCY)
slce
aL202
Ti02
Fp202
FEO

MAO

MGO

can

NAZC

K29

P205

co2

H29

HINERAL
CNMPOSITIONIR)

FOCK PROPZRTIES

S

RADIONUCLIDE SOHRPTION PARAMETER QESCRIPTION

TRACE
ELEMENTS (PPN)

NA

CA
MG
HEO3
cL
S04

AUUEOUS PHASE

METHOD
STATE
RATIO
TEMp,
ATM,
SEP'N,
ANAL,

CoMp,

REFERENCES ¢

NOy 11,

EXPERIMENTAL DETAILS

tBATCH
:CRUSHED, =148+230 MESH
11 /12 ML

128 C

tAIR

ICENTRIF,, 40008 RPH,58 MIN,
L

¢NONE

1) B, ALLARD ET.AL

CHALMERS [NST,
KBS, Y.R, 5%

TECH,

b

- GET'V -

07141













9 2 | 2 » 2 ) 35 009
SORPTION RESULTYS
FOR-« AM
INITIAL (RN) FINAL L[RNJ
RECORD NUMBER TIME (D) RLISH _tM/L) KAS KaD
1 .5 ) 7,9Ead(-=) o
i 5,0EeB(-=)
1 ' 1,1€e2(-=)
P WE T G- ED T - ;--—-;---r-----’--. ------------- ; ----- ; -------- - e - -; ----------------------- ; ------ --—; ------------ oo
49 05 2.0{*1(")
b ZvaE.i(“"
1 1.1E42(==)
L T T ¥ W e - ‘----o‘--—h --------------- - —- ;-0---: ------------ ;-—--; ------- -——----———------—---——-----; -------------------

- TTWv'd -

0ZT-4l







9 21 2 52313 |
SARPTIUN RESULTS
FOR-- AM
IMITIAL (RN FIHaL [RN]

RECORD NUMEER TIUE (D) (M/71) (tM/70) K0S KDD
T T 77 il T 612t e3(-=)

14,7 1.06-6 4,50 ¢3(==)

16,7 1.0E-6 1,7E¢4(-<)

56,7 1.2E-6 1.,RbL+d (=)

16,56 1.2E-6 4,6E+2(~=)

19,7 1.2E-6 J.8E¢2(-=)
BT T 2 rcees T T T LsEesco-y T

14,7 1.06-6 1,8E«3(--)

25.7 - 1,3E-6 2,88 43(~~)

56,7 1.7F-6 2.PE¢3(--)

15,7 1.0F=-6 1.9€+3(=-~)
e T T T T e T 2e2be3comy T

14,7 1.CE-6 2.38¢3(=-=)

28,7 1.2E-6 8,5t+¢3(-~)

56,7 1.7E-6 3,9E¢3122)

15,7 1.8E+4(-=-)

16,8 5.4FE¢2(-=)

0ci-dd







9 21 2 - 52 33 3
SORPTIUN RESULTS
FOR-~ AM
INITIAL [RNj FINAL CRNj
RECORD NUMBER TIME (D) (ML) ML) KDS KDD
PP cnonmnw= - Crms—w- - i e--— -—- PR LY el —— -
32 1.5E-12 6,1E+3(-=)
1.6E-9 1,8Ee4(~=)
1.1E-8 2.7E¢4(-=)
1.5E-7 5,9Ee4(-=)
L LT X --—--; ----- o e - — - e m e e mercamcea———- - e g e = = = -
31 14 2, 7E04(44)
Peecememaccmameegeecmametkem s eemcamem——————— - Y —————i e cmmmmmmmmeee e ee -
32 2 7.9€£-6 6, 0504(45)
33 14 2, 1Eo4(24)
LA LR Ry -"--—--;---—f--'U--------———--------—-;_—-——;--—--—---------—-; ----------- L L R it e m e - .- [
58 4, 0203(-')
Proacagr e e o gr == Ll Ad L X Lldal bl il C L L e B T T L ToD T U PRI remmm—a——a et T el DL it c--———---—; -------------------
59 .13
.25 2,5E63(-~)
7 1QEE.‘(")
PO mmwe-e o----—-—.-——-:-—-b-.---- ——————————————— ; ————— ; ——————— "-----—-"-; -------- e mE .o - —---- .- - - - - -
62 .4 1.PE~8 5, 0E03(-')
186 1,6E-8 1.6Ee4(-=)
PRececn=ne --————; ----- mermen o W - ;——-—-; -------- -y - e e . e cec e e - LR e ee--— - L R Ealadatad -

VY -

Lt UL

Ve







9 Soretionirgsure 2 ) 3 )
e SRt 0
POR-- BA
INITIAL CRN) FINAL CRNJ
REGORD NUMBER TENE (D) (ML) L) K0S K00
Y T 9.9z N Tt 2.6E02(4) T
36,98 2.4E-8 2,8E02(4)
27,91 2,4E~8 2,7662(4)
82,04 2.4E-8 4,2E02(4)
353,67 2,6E42(6)
27,66 2.8E42(6)
55,72 3.9E42(9)
sommoemane S SN S - Immmemcmcmaeiea- flemmcanm cmmececceccma- -
? 2,91 2,4E-8 7,5Ee8(4,1)
' 36,98 2,4E-8 9,6E61(4,0)
'91 2.4E-8 8.0Ee1(4.3)
82,03 2,4E-8 1,5€62(3,3)
83,67 8,4E¢1(6,7)
27,66 7.9E¢1(5,2)
35,72 8.1E¢1(5,5)
rPemcne= cermmn—— grrm=tencbegemcrcaccccccc e e Ll LT Ty B e T LD B T T SO @cecceeme— Cemccerrmernccceean -
8 .91 2,4E-8 7,3E6104.2)
36,97 2.4E-8 7,8E81(4,0)
29,97 2.4E-8 7,7€61(3.9)
62,03 2.4E-8 7,8E64(3.4)
13,67 7.7E01(6,4)
27,66 9.1E01(6.3)
55,72 7.9E1(5,9)

ety -

t

Uo L™ UL







9 2 L 2 52 1 7
SORPTIUN RESULTS

'---F---—-.-----

FOR-- BA .
INITIAL CANI FINAL [RN]
RECORD NUMBER TIHE (D) L) (M/L) KDS KDD
T T TalaEes T 7.2E02(4,4) "t
27,05 2.4c£-8 1,3643(4.6)
27,93 2.4E-8 1,3E03(4.8)
86,12 2.4E-8 2,9E63(15)
33,69 1.2643(6,2)
27,72 1,8E03(6,2)
35,75 1.8E43(5.7)
commmmmmman S S i R S veanee e ————— ool
26 2,87 2.4E-8 i 7Ei2(3-7)
17,04 2,4E-8 3,2E42(3,9)
27,93 2,4E~8 4,7E42(4.3)
66,11 2.4€-8 5,7E62(11)
33,69 4,7E+2(%,6)
27,72 3.8£02(6.3)
$5,75 3.8602(5,6)
e e emceammn e nfencpeenemhenmmmemmmameeEieseeDemcameesimealeeediEeencmaEemommmamamm—ne S i ccememcmeeeaie
28 9,08 2.4E-8 1,3E62(3.9)
17,04 : 2,4E8 1.8E42(3,9)
27.92 2.4€-8 1,9E02(4.1)
06,11 2.4E-8 3,7E02(5,9)
33,69 1.6E42(5,6)
27,72 2,3£42(5,9)
38,75 3.4602(6.4)

B - - - - . - PR
....-.---.------,.----%---'.--'-q-----------_—--.----—.-a--w—--------—-.------—-'—-—- -------- o—-----------.---—----_---_----..

- ¢vad -

0Z¢T-¥u






PSEIRIIII S 2 ) )
FOR-~ CE
INIT!AL ERNJ FINAL CRN3J
RECORD NUMBER TIME (D) (ML) ML) KDS KDD
e T 992 i 1,3E02(5)
36,98 1.3g-6 9,804 (4)
27,91 1.3E<6 1,4E02(5)
62,24 1.3E~6 1,3Ee3(4)
33,67 7.8E+2(6)
27.06 1.6E¢3(8)
: 55,72 5.2E43(13)
Premcnmnan rmememgecmefec-kescecaccmnema———————- eeme- remme- cemmmmale—mRimmmeasmatccemccoccccma- Semecmeteciceccccsmmcncinenal .
7 2,91 1,3E-6 1,0Ee2(4,3)
16,98 1.3E-6 9,0Ewl(4,3)
27.91 i.. 6 8,6E+1(4,6)
82,03 1.3E-6 3.7E#2(3.6)
33,67 6,6E+2(7,1)
27,66 6,1€+2(5,8)
95,72 L.PE+3(7.7)
raem—ee- S vmemiommec- ceee- T cmiea-l T T s R
8 9,91 1.3E-6 1,8E¢2(4,2)
16,97 1,3E~6 1,2E42(4,4)
29,97 1.3E-6 1,2E42(4.0)
62,03 1,3E=~6 1,9E¢2(3.6)
33,67 9.4E+2(6,8)
27,66 9.1E+2(7,2)
885,72 1.1E+3(8,4)
U Y -SRI P PR B T e e LT P eemmrmmmm e m e e m—— ;e — e ———-

= T1°30°9 -

0¢1-dL







9 srepondrgsursr 2 Y 3 10

FOR-= CE
INTTIAL CRN] FINAL CRN)
RECORD NUMBER TEME (D) RLUSH (ML) KOS KoD
T ENTH TivsEes 5,5E01(4,3)
| 37,05 1.3£-6 5,0E41(4.3)
27,93 1.3E<6 5.5E¢1(4.7)
86,12 1.3E-6 7,7E61(15)
33,69 ' 6.6E+2(6,9)
27,72 1.4E+3(7,9)
35,75 ' ' 1.3€43(8.3)
By o U O RS meecmmeana- P S O
26 7,07 1,.3€-6 3.,5E61(4,1)
17,04 1.3E-6 2,5E¢1(4,2)
27,93 1.3 3Eel1(4,5)
86,11 1.3E-6 © 3,4Ee1(11)
13,69 9.5E¢2(6.9)
27,72 9.,2E¢2(8,8)
95,75 7.7E¢2012)
S PRI PRI MR S S e s-eme- S T L T TR R Semmeen S mecccecececea
28 9.28 1.3E-6 2.3E01(4.3)
17,04 : 1.3E-6 2,2E014,3)
27,92 1.3E-6 2,8E01(4,4)
66,11 1.3E-6 6,5E61(6,1)
13,69 4.6E+2(6,6)
27,72 6.6E+2(8,0)
$5,75 2.3E43(19)
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RECORD NUMEER

SR econerae =

52
.---;;--- .......
----;; ..........
-.--;; ..........
D
54
e

? 2 SIS N |
SORPTUN RESULTS
INITIAL CRN) FIMNAL [RNJ
TIME (D) (M/LY ML) K0S
607 ‘ 2,2E2(==)
1.8 8,7g02(=~)
12,9 3.5E83(~~)
6.7 3.4E22(-~)
11,8 5,5E¢2(==)
12.9 6.6E+2(--)
6.7 6.75.2('.)
1.8 2.0E#3(~-=)
12,9 2.0E¢3(--)
————T'-—-U--—- ————————————————— :n ..... ; ----------- --‘--"-; ----------------------- - oo
6.7 9,Ee2(~=)
11,8 1,6E¢3(~-=)
12,9 2,2E¢3(-~)
--—-é---ﬁ--—-—.-. ............. ; ----- ; ----- -—--;--;--—;;- ---------- e .- ; —————— e - --—--—-------.'-
8,7 2,3E¢2(=-=)
11,8 4,4E2(=--)
12,9 5,9E¢2(~-)
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FOR-= CE
INITIAL [RN) FINAL [RN}
RECORD NUMBER TIME (D) NLIA R4S KDS KDpD
LA LT DX T 23 - emromes=g 2000 lmmemgegmmeee~= ---—;;---. - gy - -
55 6.7 6082 ()
31,8 4,3E02(~=)
32,9 6,9E02(-=)
seecoccncaa comman ge—-=feccHee—vcmemccmmccancamn— . S gy Neecmecccecmccccer-mcrecccchacnnaa
56 6.7 9,9Ea2(~~)
31,8 2,1Ee3 (=)
[
32,9 22,5E¢3(~-) o
)
comc e ————— Gmmmetamcheeceteccmnmaliemacemcicecanieemeteamaiealecmiiacreosmerecamecmm— - e mmememlcemcmecmccdeliccccan &
57 8.7 2,0E=~ 1(--) w
t
14,8 2,0E¢1(~=)
12,9 2.,8Ee1(~~)
Poecocmcmmm e ———-— Grammemern—e——- P R sememm——- e e e e —— e e ——— ——————— e
60 . 4 1.0E-8 6,3E83(=w)
.4 1.0E-5 5,0E63(~=)
186 1,0E-8 2.,5E¢4(-=)
186 1.2E-5 2,0Ee4(-=)
62 4 1.PE-8 5,0E3(-~) X
oo
.4 1.6E-5 1.0Eed(=-~) ;L
N
o

L e e i RN R -~ R P e il heiintaad kbR Rl R e R R i e s
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=R PR PR T T P,

FOR-=- CS
INIT1AL CRN] FINAL CRN3
RECORD NUMBER TIME (D) (M/L) LY KAS
1 .5 , 6.3E8(-=)
1 5|0E.g¢")
" .
mSecnan~e emm———— ge——=vom Crm=o= L iSSP Ry SRS - -
49 5 7.9Emi (=)
i 6,3E=1(-=)
1

KAD

2,BE+3(-~)
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SORPTIUN RESULTS
FQR-- CS
INITIAL (RN] FItAL CRN)
RECORD NUMBER TIME (D) (/L) LN KDS KOD
2 14 6.6E+2(1.4) i}
28 5,8g2(2.,2)
14 1.6E+¢2(6,1)
28 1.4E+2(21)
PR o mm e m————- wermmmrmer e et a e e m e e m e ————————— e . ame——— = P - cmrmmr e ——— e ecencee st r e cemn-——-
3 14 5,0E42(20)
14 4,8E¢2(17)
28 * 1.3E+2(25)
a8 1.2E¢2(44)
ePr e wm—m—— e m————— emccmmecc e cma——— mme e m e m———————— e ceracrermcc e ——c——————— -
4 14 7.4E~6 3.9E-1(18)
28 7.4E-6 1,2E-1¢(133)
14 7.4E-6 B.BE+0 (D)
28 7.4E<6 B.0E+D(Q)
PR S P cmmemmmccem———— R e ey retemmcccan——- aemmee ——————a- cemmmmemem——. -
S 14 7.4E-6 6,3E=4(7,2)
B8 7.4E-6 3,3E=1(64)
14 7.4E-6 0.8E+0(0)
28 7.4E-6 B.0E+2(D)
PRS- - e e ; ———————— e R oS = Bt o - — - ; ————— ; ————————— ——---—‘;;-""—-"‘-— -------------- ; ----------------- LR L R -
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FOR-- CS
INITIAL CRN) FINAL CRN)
RECORD NUMBER TIME (D) RLITH LY KDS KDD
PPemccccaatan cpmecc-g T P T emmcpa=c=- - -—
| 6 9,92 1.4E-9 4,6E22(3)
| 36,98 1.4E-9 4,2E42(3)
j 27,91 1.4E-9 4,5E62(3)
82,04 1.4E-9 5.,2E82(2)
33,67 S5.8E¢2(T)
27.66 6.2E42(7)
55,72 7.6E42(7)
e . gem—mfeeescecmcmceaccmacee——— e S U fermeccamcanea- Secmeceaa- bmmmmemmeemacam—— ——-
7 9.91 1.4E-9 2,2E+2(2,6)
16,98 1.4E-9 2,5E242(2.6)
e7. _ 1.4E-9 2,8842(2.9)
62,03 1.4E-9 2,8E¢2(2,3)
13,67 4,0E+2(7,3)
27,66 3.8E¢2(7,4)
55,72 4,1E+2(7,3)
coemmmma—— comcmcgemmataan—- cmem—— S S emmmecmciecicembmmm——n-- cmmmecm——— qo——— demcccciamincan—- crcemmme———-
8 9,91 1.4E-9 2,7E92(2.,6)
86,97 1.4E-9 3.1E¢2(2.6)
29,97 1.4E-9 J,0E22(2.6)
62,03 1.4E-9 4,1E¢2(2.4)
$3.67 5,2642(7. )
27,66 4.7€+2(7.3)
55,72 6,6E+2(7,3)
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9 SSIMISWY 0 G 3 G 7
FOR-- CS
INITIAL [RN] FINAL [RN)
RECORD NUMBER TIME (D) tH/L) ML) ' KDS KD
LT EE RN 3,5E42(2.6)
6,99 1.4(-9 4,0E%2(2.,7)
27.%6 1.4E-9 i 5,5E+2(2,8)
62.22 1.4E-9 7,2E¢2(2.5)
13,67 6,3E+2(7.,3)
27,66 6.4E+2(7,3)
35,72 6.8E¢2(7,2)
ereccnmccerm e p-=~=Tacercemccax S a————— T ~mma—on B e L LT T ey
19 6,49 1.44E-9 1,4E+2(1,2)
$3,53 1.44E-9 1,6E+2(1.2)
27.6 1.44E-9 1,7E8¢2(1.7)
v i 1.,44E-9 1,98¢2(1.6)
14,01 3.9E+2(41)
27,7 4,5€¢2(11)
36,78 5,8E¢2¢(11)
reememmmemem e gmcmmpmommo—a—- cmmemmmm——— e e T it L T cmmimrmcecccccr e
17 "9 1,4E-9 2.5£22(2.6)
36,98 1.4E-9 3,4E¢2(2,6)
27,96 1,4E-9 3,4E¢2(2.6)
62,02 1.4E-9 5,3E¢2(2,4)
33,67 A 4.5€02(7.3)
27,66 7.3E02(7;3)
35,72 6.1E+2(7,3)
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oRPT[ON Rgsqus

wh cmeVmewemomo=
FOR-~ CS
INITIAL CRN) FINAL [RN)

RECORD NUMBER TIME (D) RLURN ¢H/L) KDS KDD
TR “8.58 TilasE-s 8.3E61(1.1)

13,52 1.44g=9 1.,0E42(8.8)

27,59 1,44E~9 1,1E62(1.8)

355,58 1.44E-9 1,3E02¢(1,7)

34,81 | 2.9E2(11)

aryy 3.4E¢2(10)

56,78 3.4E+2(10)
eoe—mmmmanta——— - T TEt S R mimmmmyeememeccecceloa-a b e Bt T TR RS R, S vecemenena -

20 9,89 1.4E-9 4, 6EO2¢2 7

16,98 1,4E-9 6,1E22(2,9)

27,96 1.4E-9 4,8602(2,7)

62,02 1.4E-9 7.8E42(2,5)

33,67 8.2€%2(7.2)

27,66 1.8E+3(7,3)

35,72 1.BEe3(7.2)
romcmmanan mmccmcgemm=Cacenesmvmencam e e R e LT e O T T LT P TP, cemlmemmmmme oot

21 6,58 1,44E-9 7. 7Ea1(1.1)

313,52 1,44€-9 1,0E42(1.1)

27,59 1.44E~9 1,2E2(1.,8)

35,57 1,44E-9 1.,2E42(1.,6)

14,01 3.2E42(40)

27,7 3.7E+2(11)

56,77 3.4E+2(10)
evememmmoem e . Mes=eemecmacecmemmco—clacmesieccamcacaancaan- B L T P, Meee e acmcamesicecccmeeccacacc—ias

= §6°8D°9 -~
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SORPTJON RESULTS.

9 Fopeasien 2 ) 359
FOR~= CS
INITIAL CRN] FINAL [RNJ
RECORD NUMBER TIME (D) _(H/L)_ (ML) KDS KDD
AT “y.o8 EEWE 3.2642(2.6)
$7.85 1.4e-9 4,4E42(2,6)
27,93 1.4E-9 6,7642(2,8)
66,12 1.4E-9 2,8E04(11)
53.69‘ ) 1.1E¢3(7,2)
87,72 8.8E¢2(7.3)
!5.75‘ 9.9E+2(7,2)
- S-S W cmmmmeiemenae—o- S T T S e R, cemfmemmescccmmana-- -
24 6,83 1,.44E~9 2 2E02(1 3)
33,84 1.44E-9 5,0642(1,7)
27,84 1.44E-9 1.6E¢3(2.2)
. 35,83 1.44€-9 3.6Ee3(2,2)
14,04 ' 2.0E+3(14)
87,71 B.6E+2(11)
56,76 8.6E+2(11)
commmcmmmmm e emrmmman Hemmen ececemmememe—mm—mem=——icememeemeooelon- e L P femccccmmeicemecmcmmemceme—aa
26 ?7.87 1.4E-9 1, aEa2<z 4)
17,24 1.4E-9 2.3E¢2(2,5)
27,93 1,4E-9 4,5E2(2,7)
66411 1.4E-9 1,4E¢4(7,4)
33,69 7,8E¢2(7,2)
27,72 S.7E¢2(7.,3)

95,75 1.4€3(7.2)
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9 :ngRLr;da RESUL?S 21 3 3
i mecmmmem——————
FOR-=- CS
INITIAL [RN) FINAL CRN]
RECORD NUMBER TIME (D) (ML) (M/L) KDS KDD
T .83 Tilase-s T 1,4E42(1,7) h
13,83 44p=9 3.3E#2(1,4)
27,84 1.44E-9 1,4E3(2,4)
35,82 1.44E-9 2,5E43(1.9)
14,04 2.7E+3(15)
87,7 1.3E3(13)
56,76 1.6E+3(13)
commmane O Zeeme- . . S S R e mmmmeccmcm—m—ns
28 9,28 1,4E-9 1,4E62(2,5)
17,84 1,4E-9 1,98+2(2,5)
. 92 1.4E-9 2,1E¢2(2,6)
66,11 1,4E-9 4,3E3(4.1)
13,69 4.9E¢2(7.3)
a7,72 4.5E02(7.4)
35,75 4.8E+3(7.4)
- S S ceimmealecnone S —— femmee cmimmmmmmeeea e
29 6,82 1.44£-9 i, ﬂEtZ(l 1)
33,83 1.44€-9 3,0E02¢(1.4)
27,84 1,44E-9 4,8E02(1,9)
95,81 1.44E-9 2,8E43(1.9)
14,04 1.6E+3(13)
27,7 1,3E+3(13)
86,76 1:.1E3(7,2)
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FOR-- CS
: INITIAL CRN) FINAL CRNJ
RECORD NUMBER TIME (D) (M/LY (M/L) KDS KDD

L LT T crmsomm—y -

32

——————— ey = - -

1,4E83(-=)

[
[
m™m
1
™

1,1€-7 9,1E¢2(=-)
1,1E-6 2,3te2(-=)

1.1E-5 1,1E22(-=)

L T D i R S T R it b T Et T L T,

31 14 1,1€+3(18)

. . T i e e . et L T Tl T il el R P el L L il R e R e et
- - - -

32 2 4,4E~9 6,5E¢2(7.1)

33 14 i, 1503(27)

PP Tacemae TR e ana- W - st r et e —— - - ———— e e e - g ——— - — - - - - - gy B e = ; ...................

34 ? 4, 6Et2(4 6)

35 ? 1,0€+3(2,5)

C L T T T R p Y Ry Y i-_--:---ﬂ---——. ——————————————— ,;-—-—, --------- PR R~ --—-_-----_---—;---_---_-; ------ P L L.

36 ? 1,2Ee3(1.5)
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«
L PP i ey R T T A R T P D R R o il L i et Sl bt dedaddl Bl Dl el et df ok etk L

37 ? 1,5£3(47)

38 ) 1,4E3(1.2)
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FOR-~ CS
RECORD NUMBER
L L L R X ¥ L ¥ X 3 - -y
39
L L Y L e
40
41
43
44
45
48

INITIAL [RNI FINAL [RN)
TIME (0 (N/1) (M7L) KDS KDD
...... - memmiemep- emmiape—. ceu cam
9 9.4[‘2(2:8,
----’---I— -------------------- ;-————;——----------;-—--;- ------- e AL P LT LR Cememecmm e ———— LR R Y ] -
? 1,1Ee3(8,7)
C 8 3,8E62(35)
3 8,0E¢0(61)
38 5,5E=1(999)
30 1,2E+1(45)
3 ' 7,9E42(8,7) )
10 2,7E63(12)
30 5,9E63(27)
creefeccbecae= e m et —————————————-— e ram e ——— amm—n - e m e e e E E e e e e . P EEE - —— - - -
3 5,8E42(17)
12 3.9E3(109)
3e 8,4E¢3(79)
........ Em o m o e e e e e ———— e m—EEm e m e m e e e mmme—— e mm———m e mm e e e m e m—————
. 6.5Ee1(22)
10 1,5E¢2(11)
32 3.9601(8,7)

9 2 1

SORPTION RESULYS

- 6.SD'(A -

0C1-ddL



FOR-- €S

RECORD NUMBER

47

51

LI YT TR T T Ires

53

TIME (D)

P

W17
2.3
6,3
4,2
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.--—-a---ﬂ---

01?7
8.3
6.3
34,2
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INITIAL [RN3
(ML)

P T . )

SORPTION RESULTS

Ll R R L ey

R e et e me - — - g --

FINAL [RN3
(M/LY

T - e BT T e T g e e T e D P W gy e A e T e T e = e e e e =

--------- I e P W = g e e n e e D e T D T T g e e e  am m T B e P D oy

------- e T e T I = o D e @ T @ = g T TP e P AP S S e P

<

KDS

2.1E«2(41)

1,1Eei(-=)
2.1Ee2(-=)
>5|BE‘2(")

>50EE‘2(")

1,4tei(-~)
4,BEei(-=)
9,0Eai(-=)

9-0&‘1(-‘)

8,0E82(-=)
5.0E¢1(~--)
35 ,4Ee2(~=)
>5,BEe2(~~)
L,8Ee8(-=)
1.,5E42(--)
>5,0Ee2(~~)
>5,0E¢2(-=)
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FOR-- CS

INITIAL CRNJ FINAL [RN)
RECORD NUMBER TIME (D) RLIAS B LI4AR) KDS KDD
T ar T 142601 (-n)
8,3 8,08Eedi(-=)
6,3 3,5E02(==)
14,2 J.2Ee2(~=)
PPemcencemm e gecmeloccbeececsomccmioiem = - Seememccmielieiomcaiecanan- emmracmme—a= SN S Gememe- —ceeeliee—a.
53 17 2,8Eei(-=)
2,3 1,3Ee2(-=)
6,3 25,0E¢2(-~)
34,2 25,0E02(=~)
oemcemcemmm—aen So—mefacemmemn ccmmcmmmccmec—— iedeepecmceeana memiemcmaem——ane emececcmceaceran meemeea wmeicoccmemnana co———
S6 .17 1,5Eei(-=)
2,3 25,0E¢2(-~)
6.3 25,0E¢2(~~)
£4,2 »5,0€e2(=-~)
S S JU P SR — Fiemec3eememecmean @lemcmiecemocmencceeccecme—eo= . meleecmmm——c e S
57 47 9,0Ee@(-~)
2,3 4,0Eed(-=)
6,3 1,9€e2(~~)
34,2 1,4E¢2(-~)
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FOR-- CS
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(SORPF IO RESULYS, ) )

PR T T - N P

INITIAL [RN) FINAL [RN]
(M/L)
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(ML)

KDS

KDD

PP ccovcmsarm 2 emasa= LA L] e ———-— -—— ey ] . -——-
50 1I3E.2(--)
LA XX 2 T D e s ap ;——--d ----------- P - ; ----- ;-——-- ------------ ; ---------------------------------------------------
59 +13 2 5E02(--)
25 4,0Ee2(-=)
y 6,3E02(-=)
62 4 1.0E-8 6,3E81(-m) ) )
X 1.BE-5 2.0E+1(~-=)
186 1.0E-8 2.5E¢2(~~)
16% 1.8E-5 4,PEel(~=~)
PR e —mmew - ™o L A et il L Ll T et d - ; ----- ;--~—'--- - - T et et e e et g e mme  meemmem—-— -
61 .13 3, 2E02(--)
. 25+ 4,0E42(-=)
? 6,3Es2(-=)
PR e ——-— T el DT el —————— B e T T s e m e m .- e rm——m-- O L T T U
62 4 1.E-8 4,PEe1(~=)
v 4 1.0E-5 7.9E81(==)
------——----——--w—-----—Oh---.°- ——————————————— ——m—— B R .-y - -; ------- - Ema o EtTacRen TR g - --‘; ----------- amm-----
63 .4 1 gE~ 8 1, SE-Z(--)
) 1.8E=-5 3,2Ee1(--)
186 1,0€-8 3,2E02(-~)
86 1,0E-5 6,3E¢i(~~)
...—------—-----;----5---“------—-------;--—--—:--—-—;——-----‘—-—-;---;;- ---------- D wm T gm o o am - ; ------ ---;0--------———;--—--_-
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—pruvTeafcaconeva=
FOR=< CS
INITIAL CRND FINAL C[RN)
RECORD NUMBER TIME (D) (ML) _ (ML) KOS KDOD
MO CToamwem o .- creseo®ony bl T 2 el 4 [ Akl Clad Al X 3 g Ll ] -
64 “d 1,0E-8 6e3E88 (=)
o4 1.08€-5 3., 2E08¢(~--)
. e S e Ry O
63 +13 4,0Ee2(-~)
25 4,0E82(~~)
? 7:49Ee2(-=)
PR roawe L T P gre—ermac= LEE L A EX F XX R R et ;;-—-~; -------- L L Ll X L R et ATt aaecarame® e ; ----------------------------
66 W13 4,0E02(~=)
025 ‘QEE.Z(-.)
7 6.3[.2(--)
FPrrccenenrtccenge e m— csmcmmcse et r e e n .- B T T TET T ur e ] Lt B il e G mmccememrrereacea e —————
67 .25 1,6E02(-=)
? 2,5E02(-=)
L1 T X e el R R P R . E R X Wenor Ty - :- ————— ; --------- LR E Rl K R il 3 il Rdhdiand .—-‘------‘-;-—------—; -------------------
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FOR-- EU
. INITIAL CRN) FINAL [RNJ

RECORD NUMBER TIME (D) ML) ML) KDS KDD
YT T 9,92 B 3,5E02(4) T

16,98 8.0E-8 2,7602(4)

27,91 8.0E-8 3,5E62(4)

62,04 8.0E-8 3.6E43(4)

13,67 1,1E¢3(6)

27,66 1.9E+3(8)

55,72 4,6E+3(8)
recmcmmcmcm e frememmnpe e e mmmmemeeehemomEeceemecmemocdee- e e e amem e m e mm e G e e m e cmm—————

7 9,91 8.8E-8 1,9€2(4,0)

16,98 5.0E-8 2,0E42(4.2)

27,91 8.CE-8 1,8E42(4,3)

62,03 8.2E-8 1,0E43(3.4)

13,67 B.1E+2(6.7)

27,66 7.2642(5,2)

$5,72 1,1E+3(5,6)
S e e — e e lcmcmmmcmiomieeei S Y

8 9,91 8.2E-8 2,5E42(3,9)

16,97 8.CE-8 2,2662(4,0)

29,97 8.0E-8 2,1E¢2(3,9)

62,03 8.0E-8 3.7E42(3.4)

13,67 9.,0E+2(5,9)

27,66 B.8E+2(6.3)

$5,72 9.4E42(6.3)
commmann —————- Sommatene e e eleemllemmemmamemeccmcccmomen S
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FOR=- EU

RECORD NUMBER

9 AoR{TIoN Resurs 2 ) 3

T ent Ao oo

INITIAL [RN] FINAL (RN}

ML) __then

Lk L P el L ]

8.0E-8
8.0E-8
8,0E-~8
8,0E-8

KDS
2,1Ee2(4,1)
4,6£92(4,3)
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2. STRONTIUM (Sr)

ki values for Sr range from 0.6 to 600 mL/g. Allard and co-
(c.I)
T

16 mL/g with little effect noted due to increasing the Sr concentration
from 10_8 mol/L to 10—5

workers results on an unknown cru ed granite ranged from 6 to

mol/L. There is some correlation of kd with

particle size, as would be expected.

Erdal et al.(c'z) report kd v .ues 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 about the same, indicating reversible
sorption.

1.(C'3)

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

on a number of granites from the Climax Stock mine. Barney and Grutzeck(c'a)
report Sr kd values of 6 to 8 mL/g, while Relyea at PNL obtained a range

of 1.6 to 39 mL/g on the same material .th various aqueous solutions.

Our values for Sr on Climax Stock granite were 8 to 11 mL/g in the sorp-

tion step, 14 to 21 mL/g on desorption.

There is some information on 3 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 cm (WL) during

desorption.







Allard and coworkers

- C.5 =" TR_19N

3. ZIRCONIUM Ir

v (C.1)

values of 1000 to 6000 mL/g on

-140+230 mesh materials are the only ones available for zirconium.

There is some evidence of precipitation of zirconium from the solution

which would give too high a sorption coefficient.

In the light of our results for 95Nb (quo vide) which behaves

chemically very similarly to zirconium, I w« 1d recommend a k, value of

1000 mL/g, and a'ka value of 10 cm.

Recommended Range

k
a

K4

Recommended Value

k
a

k4

Dated
1980 June 1.

1000-6000 mL/g

10 cm

1000 mL/g

d
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5. TECHNETIUM (Tc)

With few exceptions Tc does not sorb under oxic conditions.

In dynamic studies, we have not observed any difference between the

elution patterns of 3T and 99Tc from columns of crushed White Lake

gneiss or Lac du Bonnet granite.

(C.6)

Erdal et al. "~ have observed a positive k, value for Tc on

d
"opaque" (magnetite and illite) rich fractions of crushed Climax granite,

(C.7)

and Bondietti and Francis have observed almost complete sorption of

99Tc under anoxic conditions on Westerly granite.

(C.5) of a k., of 26 mlL/g stands, pro-

d
viding anoxic conditions will exist in the repository.

My earlier recommendation

Recommended Range

k : -
a

k, : 0-80nL/g

Recommended Value

k = 0 cm
a

k

d 26 mL/g

[

Dated
1980 June 1.






~ g
]

Our results for

are the only ones available

7. PALLADIUM (Pd)

103
(C.5)

Pd, determined on Lac du Bonnet granite,

For crushed and sieved granite with a

particle size of 106 to 180 um at pH 7, kd ranged from 10 to 12 mL/g.

For machined coupons, ka values were 0.4 and 1.0 cm at pH 7.4,

Recommended Range

k
a

%

Recommended Value

Dated

1980 June 1.

0.4 - 1.1 cm

0 - 28 mL/g
0.7 cm
11 mL/g
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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.

I

~

™

Recommended Range

ka : only one value available (11 cm)

f'\'f

- Recommended Value

T
k = 11 cm
a

o

Dated
1980 June 1.







~~

2

0

)

Iodine forms no known cationic

11.

TrR-120

- C.13 -
IODINE (I)

ecies and, until information

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

Recommended Range

k
a

k4

Recommended Value

k
a

k4

Dated
1980 June 1.

cm

mL/g

d




0
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12. CESIU (Cs)

In general, U.S. results Cr2-C.4)

are in the range 100 to
1000 mL/g, with a few very high values, up to 3 x lO4 mL/g. Allard and
coworkers' values run between 20 and 1 mlL/g after sorption for 0.5

(c.1)

day, but increased to 100 to 800 mL/g after 7 days Austrian re-

(C.8)

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

from upper and lower Austria.

ka values range from 0.6 cm ¢ Lac du Bonnet granite and 0.6 cm

on WNRE fresh fractured Swedish granite to 3.7 to 5 cm on White Lake
gneiss and on old fractures in Swedish granite, C(Clearly, the rock type
has an effect on ka and i would use our Lac du Bonnet ka of 0.6 cm., Our
own results in the WISAP round robin on Climax Stock granite were 48 to
60 mL/g (sorption) and 120 to 160 mL/g (desorption) but, using crushed
Lac du Bonnet granite and a different radionuclide/rock weight ratio, a
kd of 1.2 x 103 ml./g was obtained. We have already shown that kd may

be very sensitive to changes in the above ratio, and this may well be

the reason for much of the spread in k., values. For the time being I

d
suggest that a kd of 100 mL/g be used in cesium migration calculations.

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.

o

* 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)

1(C.2)

Erdal and coworkers kd values on Climax Stock granite are in the

range 250 to 350 mL/g. We have found that, on crushed material, kd for
144Ce is about an order of magnitude higher than for 137Cs, and a value

of 1000 should be used.

On coupons, machined from WNRE drill core material, ka for
144Ce ranged from 2.2 to 7.9 cm. 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 cm

k, = 1000 mL/g

Dated
1980 June 1.

on Swedish granite ranged from 5000 to 20 000 mL/g.
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14. NEODYM M (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

k : 250 - 5000 mL/g

Recommended Value

k = 8 cm

k. = 1000 mL/g

Dated

1980 June 1.



15.  EUROPIUM (Eu)

Erdal and coworkers'(c'z)

values are much lower than Allard
and coworkers' (110 and 490 vs. 1.0 x 104 mL/g). There is no chemical
reason why Eu should behave differently from Nd or Ce, and the recommen-

dations for cerium should apply for europium.

Recommended Range

k : 2.2 - 16 cm
a

ky : 250 - 5000 mL/g

Recommended Value

k = 8 cm
a

kd = 1000 mL/g

Dated

1980 June 1.







. ') ’

™

9

Allard and coworkers

17. THORIUM (Th)

(c.1)

is the only one available.

Recommended Range

Ka

Recommended Value

k4

Dated

1980 June 1.

only one value available (850 mL/g)

850 mL/g

accepted value for thorium of 850 mL/g






s
e

-
- p
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19.  NEPTUl M (Np)

(c.1)

Allard and coworkers

(C.4)

have reported a value of 40 mL/g.

Barney and Grutzeck

(C.7)

Francis have shown that under anoxic conditions essentially all Np

obtained a kd of 100 + 90 mL/g. Bondietti and
is removed by Westerly Granite.

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

limit.

Recommended Range

ka : 40 - 100 mL/g

Recommended Value

K4

It

80 mL/g

Dated
1980 June 1.
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20. PLUTONIUM (Pu)

There is a large discrepancy 1 kd values for plutonium,.

(c.1)

Allard and coworkers obtained a vi 1e for k, of 100 mL/g. MacLean

and coworkers' results are much higher, ~ 2 x 10 mL/g(C'z). 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 ur kd value should be used.

Our 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 nL/g

Dated

1980 June 1.
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21. AMERICIUM (Am)

kd values for Am are generally in the 1000 to 2 x lO4 mL/g

(C.4) report very high (6 x lO4 mL/g) values

range. Barney and Grutzeck
for lO_7 mol/L Am. This may be due to precipitation of an insoluble Am
compound rather than to sorption, as his kd increases with Am concentra-
tion. We have obtained a value of 1 x lO4 mL/g on crushed Lac du Bonnet
granite but I am not convinced that precipitation did not take place,
and a (perhaps conservative) kd of 1000 1 /g should be used.

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

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

Recommended Range

k : 3.4 - 30 cm
a

kd : 1000 - 2 x lO4 mL/g

Recommended Value

k = 8 cm
a

ky = 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 ¢m 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.

0
Recommended Range
P.\“i
k : 5 - 24 ¢cm
a
™
o Recommended Value
k = 8 cm
a
kd = 1000 mL/g

Dated
1980 June 1.



™

Sr
VAY
Nb
Tc
Ru
Pd
cd
Sb
Te

Cs
Ce
Nd
Eu
Ra
Th

Np
Pu

Cm

Dated

Element

1980 June 1

SUMMARY

RECOMMENDED k, AND k VALUES
r (=}

—d

10
1000
210
26
200
11

100
1000
1000
1000

80

850

80
280
1000
1000

k., (mL/g)

0.7
10

= o O

11

AN O o o O O

«©w o




iy

~3

9
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