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

,. ... 

009799 

Technical Record TR-120 

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

by 

T.T. Vandergraaf 

ABSTRACT 

Radionuclide sorption coefficients, or partition ratios, for 
N granites and granitic rocks, obtained experimentally in our laboratory 

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

Sorption coefficients are defined as: 

k ( . ) _ activity sorbed/cm
2 

surface area 
in cm - . . . 1 . / L f 1 . a activity in so ution m o so ution 

when determined on machined or fra_cture surfaces, and as: 

k (i L/ ) = activity sorbed/gram of material 
d nm g activity in solution/mL of solution 

when particulate material is used. 

The relationship between kd and k and parameters affecting 
sorption coefficients are discussed. a 

Because of the wide spread in reported sorption coefficients 
for many radionuclides, ranges and "recommended" values for use in 
assessments are given. 

Geochemistry and Applied Chemistry Branch 
Whiteshell Nuclear Research Establishment 

Pinawa, Manitoba ROE 110 
1982 May 



Dossier technique TR-120 

COMPILATION DES COEFFICIENTS D'ADSORPTION DES 
RADIONUCLEIDES POUR LES GRANITES ET LES ROCHES GRANITIQUES 

par 

T.T. Vandergraaf 

RESUME 

Les coefficients d'adsorption ou les taux de separation des 
radionucleides pour les granites et les roches granitiques obtenus au 
cours d'experiences en laboratoire ou a partir des donnees existantes, 
ant ete tabules e t soumis a une evaluation critique. 

Les coef f i c i ents d'adsorption correspondent a: 

k (en cm) = 
a 

activite adsorbee/cm
2 

de surface 
activite dans la solution/mL de solution 

s'ils sont e tablis sur des surface usinees ou de fracture; ils corres-
0-. pondent a: 

activite adsorbee/gramme de matiere 
kd (en mL/ g) = activite dans la solution/mL de solution 

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

L'auteur traite du rapport entre kd et ka et des parametres 
affectant le s coeffi c ients d'adsorption. 

Etant donne le grand ecart existant entre les coefficients 
d 'adsorption cites pour bien des radionucleides, des gammes et d·es va
leurs "recommendees" pour utilisation aux fins d'evaluation sont donnees. 

Le Service de la geochimie et de la chimie appliquee 
Etablissement de recherches nuc leaires de Whiteshell 

Pinawa, Manitoba ROE 110 
1982 mai 
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l • INTRODUCTION 

Environmental assessments of nuclear fuel waste disposal 

methods must consider the possibility that groundwater will eventually 

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

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

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

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 tr~nsport medium (i.e., the 

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

only practical when the retardation is no~ too great and transfer times 

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

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

parameters such as groundwater composition. Further, hydraulic para

meters such as diffusion and dispersion are often difficult to quantify 

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

It is usually simpler and more rapid to determine the distrib

ution ratio of a radionuclide between an aqueous solution and sorbing 

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

monly called the radionuclide sorption coefficient - the degree of re

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

cases . 

2. DETERMINATION OF SORPTION COEFFICIENTS 

Most sorption coefficients for geological material are obtained 

experimenta lly by equilibrating the material with a radionuclide-con-

r~ 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 radionuclid e 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 precipitation 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 des orption step the geolog

ical material with the sorbed radionuclide is contacted with a solution 

containing no radionuclide, and the degr ee of desorption determined from 

the increase in the ac tivity of the solution. 

The coefficients obtained during the sorption and desorption 

steps are not necessar ily 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 s ubsequent 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: 

kd (in mL/g) = 
activity sorbed/grarn material 

activity in solution/mL solution 

TR-120 

This coefficient does not include a surface area term and is 

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

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

to determine the sorption coefficient directly on machined or fracture 

surfaces, and to define this sorption coefficient: 

k (in cm) 
a 

2 = activity sorbed/cm surface 
activity in solution/mL solution 

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

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

3. RELATIONSHIP BETWEEN ka AND kd 

ka and kd are theoretically related through a specific surface 

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

terial: 

This relationship holds when the particulate material has the same che

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

sieving steps tend to concentrate certain minerals, such as magnetite 

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

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

a valid comparison between ka and kd becomes highl y 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 
-/, (1) 

B.E.T. method .is based on nitrogen physisorbed on a surface at 77 K. 
2 

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

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

somewhat lower . The ethylene glycol (EG) method(
2

) involves equilibra

ting the sample with an anhydrous calcium chloride - ethylene glycol 

solva te, until a monolayer of EG remains sorbed on the surface. Phyllo

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

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

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

higher - and more realis tic - than those obtained using the B.E.T. 

method . 

Both techniques are of marginal use for the crushed and sieved 

rock particles commonly used in radionuclide sorption studies because of 

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

h 1 bl b 
. (3) . h . met y ene ue as a sor ate in aqueous systems is sowing 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: 

6 2 
SSA 

dp 
cm /g 

where d particle diameter in cm 

particle density in g/cm 
3 

p . 

1, Brunauer, Emmett, Teller 

7 
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Thus, a particle with a diameter of 150 µm (0.015 cm) would 
2 have a specific surface area of 151 cm /g. 

The different methods give widely ranging results, as shown in 

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

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

than those calculated using the above equation. 

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

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

blems occurring in sorption studies. It is likely that the granite sur

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

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

to assume that crushed rock consists of hard spherical particles gives 

erroneous results. 

At the Whiteshell Nuclear Research Establishment (WNRE), 

machined rock surfaces are used when possible and sorption coefficients 

are expressed ask, in units of cm. 
a 

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

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

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

coefficients obtained on machined surfaces to actual rock fractures, 

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

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

In addition to the vagaries in sorption coefficient measure

ments for particulate material introduced by uncertainties in surface 

area measurements and by the possible segregation of certain minerals 

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

that may affect the experimentally obtained sorption coefficients on 

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

categories, which are discussed below. 

5 .1 CHEMICAL AND MINERAL COMPOSITION OF THE GEOLOGICAL MATERIAL 

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

relat ively 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 mine r als form series ex

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

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

exist as a solid solution series ranging from pure albi t e (NaA1Si
3
o

8
) 

through anorthite (CaA1
2
Si

2
o8). In the pyroxene group a solid solution 

series of enstatite (MgSi0
3

) - hypersthene ((MgFe)Si0
3

) - ferrosilite 

(FeSi0
3

) exists, each with a potentially different sorptive behaviour 

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

chemical and mineral composition of the geological material be fully 

documented. 

5.2 PHYSICAL CHARACTERISTICS OF THE GEOLOGICAL MATERIAL 

The main physical characteristics that may affect the sorption 

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

and pa rticle size distribution of crushed material. A porous rock sam

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

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

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

. Particle size distribution of crushed material is important, 

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

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

very small particles often adhere to larger ones and are only removed by 

thorough washing. Thus, wet sieving is the only acceptable procedure to 

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

followed by a particle size distribution analysis to describe the mate

rial properly. 

5.3 COMPOSITION OF THE AQUEOUS SOLUTION 

The composition of the solution containing the radionuclide 

may dramatically affect the degree of radionuclide sorption. In cases 

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

anism, th~ presence of co~peting cations will depress the sorption of 

the radionuclide. For , example, 90sr 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 radionuclide itself in solution 

ha9 an effect on the sorption coefficient: where competition for sorp

tion sites exists, the sorption coefficient decreases with increasing 

radionuclide concentration. For radionuclides with a low solubility, 

precipitation may occur where the radionuclide-containing solution is 

brought into contact with the geological materiai. This decrease in 

radionuclide concentration due to precipitation may then be assigned 

erroneously to sorption and an unrealistically high sorption coefficient 

obtained. 

For multivalent radionuclides, the compositon of the aqueous 

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

formation of anionic - and hence poorly sorbed - species. 

Thus, the composition of the aqueous solution must also be 

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

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

difficulties, as facilities for wet chemical analysis on radioactive 

solutions may not be readily available. 

5 .4 TIME 

The term "sorption coefficient" implies that an equilibrium 

has been reached in the partitioning of the radionuclide between the 

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

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

the experimental determination of sorption coefficients: the reaction 

•!" between the geological material apd 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 and the dimensions of these pores 

and fractures(?). 

5.5 EXPERIMENTAL PROCEDURES 

The experimental procedures used in the determination of sorp

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

material and the aqueous solution is not agitated, concentration gra

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

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

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

fresh sorbing areas to the solution, resulting in sorption coefficients 

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

conditions (B). 

Radionuclide sorption on the walls of the containers was men

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

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

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

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

the rock must be measured. 

Colloid formation in solution may affect the concentration of 

the radionuclides in solution, and centrifuging or filtration may have 

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

6. DATA COMPILATION 

Because of the potentially sigr~.ficant effects of the various 

parameters on the sorption coefficients, as described in the previous 

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

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

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

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

berger et al. (l2), 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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2. 

3. 

Mineral composition 

Rock properties 

Aqueous phase 

Experimental details 

4. Reference 

5. 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 beginning and at the 

end of the equilibration period 

Method used 

State of geological material 

Solid/liquid ratio 

Temperature 

Equilibrating atmosphere 

Procedure used to separate liquid 

from solid after equilibrating 

Phase ana lyzed 

Combination of radionuclides used, if 

any 

Contac t time 

Initial and final concentration 
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Sorption coefficient obtained in the 

'forward' (sorption) or 'reverse' 

(desorption) direction with percentage 

error at the la level in brackets 

Appendix A contains the data presently available for radionu

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

iodically as new information becomes available. 

' The sorption coefficients for a particular nuclide can be ex

tracted and tabulated separately. This is done for all nuclides in Ap

pendix B. It will also be updated periodically. 

7. CRITICAL EVALUATION OF SORPTION 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 sorption coefficients differ 

between the various laboratories and are often still in a 

stage of development. 

3. The effect of various parameters on the sorptinn coefficient 

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

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

U.S. WISAP* staff organized an international two-phase round robin pro-
(13) . (14) 

gram which has already shown that, even with a prescribed pro~e-

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

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

determine the cause of these variations. 

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

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

knowledge of the chemistry involved, a range of sorption coefficients 

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

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

here are tentative, and subject to revision. 

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

sorption coefficients by increasing atomic numbers. These are dated and 

will also be updated as appropriate . 
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TABLE 1 

COMPARISON BETWEEN CALCULATED AND ME.ASURED (4) SURFACE AREAS 

2 1 
Range of 

Surface Area m /g 
R . BET R . EG Sample Median . 

Particle Size atio Cale atio Cale 
( µm) (µm) 

Calculated,., BET++ EG** 

CS5 106-210 132 

CS5 180-500 300 

CS5 425-1000 688 

CS7 106-250 133 

CS7 180-500 293 

CS7 425-1000 690 

* Based on median particle size, p 

** Ethylene glycol. 

+ Most likely in error. 

++ Brunauer, Emmett, Teller. 

0.017 0.95 

0.008 0.16 

0.003 0.10 

0.017 0.80 

0.008 0.16 

0.003 0.12 

3 = 2.65 g/cm. 

8.0 

4.0 

7.0+ 

9.0 

3.3 

3.0 

56 470 . 

' 20 500 

33 ·. 

47 530 

20 410 

40 1000 

R . EG 
atio BET 

8.4 

25 f-' 
V, 

11 

21 

25 
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APPENDIX A 

COMPILATION OF . RADIONUCLIDE SORPTION DATA 

, I , > 

LIST OF ABBREVIATIONS USED 

Geological Materia~ 

PPM 

Rock Properties 

CEC 

AEC 

ME/lOOG 

BET 

EG 

Experimental Details 

BATCH 

COLUMN 

NW 

BC 

STATE 

RATIO 

Parts per million or µg/g. 

Cation exchange capacity. 

Anion exchange capacity. 

Milliequivalents per 100 grams. 

.l 

Surf ace area determination using a procedure 

developed by Brunauer, Emmett, and Teller (see 

Section 4). 

Surface area determination using ethylene 

gl ycol. 
' ' •( 

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. 
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ATM 

SEP'N 

ANAL 

COMB 

Sorption Results 

TIME (D) 

INITIAL [RN] 

(M/L) 

FINAL [RN] 

(M/L) 

KAS, KDS 

KAD, KDD 

- A.2 - TR-120 

Atmosphere in contact with mixture. 

Procedure used to separate liquid from solid 

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

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

YY minutes, or FIL(0.4) filtered through 0.4 µm 

filter. 

Analysis of specifed material: L: liquid 

W: wall, S: solid. 

Combination of radionuclides used. 

Contact time in degrees. 

Initial radionuclide concentration in moles 

per litre. 

Radionuclide concentration at time of analysis. 

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

the forward (sorption) direction. 

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 la level is given in 

brackets behind ka or kd. 



--------~---~------
r,uirni..;; j 

Ii AME : GR A I\ ! T.: C l·/ r. AT HER F: J "0 C ~ SURF' , ) 31A 
ORIG!:-. GOETIIEOCi1C, S;JEJE~ 

c i-oi:CAL 
COMP ,: S IT I ON(¾) 

s102 
;-.L203 
r102 
FE203 
FED 
HNO 
HGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

R O CK P R OPE iH I E S 

1~P !SRAl. 
co~Posr:-10~<¾> 
-----------~--------~ 

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

9 2 2 

TRACE 
ELEHE'.'-lTS (PP>1) 
------------- .. 

) 

NA 
t( 

Ci 
MG 
HC03 
CL 
S04 
F 

- - · - ---------------------- -------, 

f., . r 1 

-------------
START ENO 
------ ----•- I 
208 
1Z 
75 
15 
20i'J 
5~0 
15 
1.s 

N0V~11, 1981 

EXPERIMENTAL DETAILS 
~---------~~--------

H(THOQ : BATCH 

STATE :COUPONS .. 31 CM-2 GSA 

RATtO 

TEMP, :25 C 

ATM, :AIR 

SEP'N, lN0NE 

ANAL, :L. 

COMB, :NONE 

REr[R[NCES I 1, B, ALLARD [T,AL 
>-CHA~HE:RS INST, 

KBS, T.R, 55 
TECH, . 

w 

t-3 
::0 
I 

r-' 
N 
0 



F' Cf. MATER 1 Al. l·! U1~13ER•-- l 

RsiC!ONUCLICr. 

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

cs 134 

SR 89 

-~------
,5 
l 
l 

.~ 
l. 
l 

,5 
1 
l 

9 2 
. 
) 

I. 

scR?q ON RE;suL !S 
-----------------

INITIAL CRNJ 
(H/L) 

rtNAL cRN) 
(M/Ll 

----------
KAS l<AO ---

7,9E•e<-•> 
5,0E•0(-•) 

1,1£+2(--) 

6,3E•l1l<-•> > 5,0Ete(.;; .. , . 
2,0E•1C•-> ~ 

3,2E .. 1(~ .. ) 
2,0E•1c.: .. , 

2,0E-1C--> 



------------~------
lliJlloL ~ ? 
NAM~ I GRA~!Tr US~lSAP R~-1-1, 
ORIG:~ CLI~,x STCCK (L.n,R~MPSPJTT LLLl 

CHEr-.;CAL 
CC MP ,; S I T I O ~.C ¾ l 

1-'!)'.ERAL 
CCMPOSITIO\i('.0 
-----------~---------s102 

AL2C:! 
1102 
FE203 
FED 
MNO 
MGO 
CAO 
NA20 
K,O 
P205 
CO2 
H20 

TOTAL 

68,41 
16,35 
,37 
e 
-2 .45 
• (l6 
1 . .35 
3,72 
3,55 
3,91 
, 1 
z 
e 

99,97 

ROCI< PROP~~Tl(S 

ANCESINE 
OUARTl 
r,r CROCLl :JE 
OJCT!TE 
APATITE 
HEMATITE 
HACNETI'l"E 
SPHENE 
U:.T!i~G6ITE 

47 
28 
15 
u: 

-.------------------------------------ce:c (~EQ/Hl~ G) 
ta PH 

CAiIO~ 

V.:, 65 

SR 

SURF'ACE ARrA 012/Gl i;,06 3i.9 
HrTHnn BET EC 

9 2 ') 

TRACE 
ELEME iJT S (PPM) 

.) t ) 

1,,0U[OUS PHASE 

-------------
START 

-
END ___ .. __ ----,.. 

PH<L.OG) 6,9 7,9 
NA 8,3 
K 3,5 
CA -13 
MG 3,9 
HCO:$ 61,-6 
CL 5 
S04 8,6 
F ,2 
N03 ,6 

6 

I 

NO y 11 , 1981 

EXPERIMENTAL DETAILS 
~---------.---------

METHOD :8ATCH(2lol,BC) 

STATE :CPUSHED,-20•5c) MESH 

RATIO :1 GI 10 ML 

TE~IP, :23 C 

ATM, :AIR 

SEP•N, :GR,WJTY 

ANAL, :L. 

COHB, :NO~t 

REF'ERt~CES : 1> L,L, AMES 

PNt.•2797 

2> T,T; VANOERGRAAr 
WNRE: 
PR-WWH-1, P 79-84 

• 
\J1 

t-3 
:::0 
I 

t-' 
N 
0 



RACIONUCLICr: 

cs 137 

Pl,; 237 

!i~iE CD) 

--------
l4 
20 
l. 4 
26 

14 
28 
14 
ae 
14 
~a 
14 
28 

9 2 ) ( 

S~RPTION RCSULTS 
·----.. ----------

INITIAL (RN] 
(• t/L) 

f"HlAL [RN~ 
(H/Ll 

---------. 

7 

KOS KOO -- .. ---
f>,6E•2<1,4> 
5,BE•2t2,2) 

1,6E•2<6.1> 
1,4E•2<21l 

1,9Et2(28) 
3,6Et2(26) 

> 9,4E•2<1,•> . 
5,3£•2<22) °' 

1.1Et1(27l 
1°,1Et1(28) 

2,1E•1<24> 
2 , 0£•1(19) 



---·--------~------
~ !/ 1.i l·'. O::;; 

1,AH E : GRA~ITr. u~~!SAP r-~-1-l J 
OR: G i I\ I CL!t-<AX STOCK(L. ~l ,RA 11 PSPQTT LLL> 

ChE~! CAL 
C C i1 P J S I T 1 0 M C ¾ l 

s1 02 68,41 
111.2n 16,35 
7102 -• 37 
FE203 z 
FEO 2.45 
HNO ,06 
MGO 1,Z5 
CAO 3.72 
t! A20 3.55 
:-; 20 3,91 
P2J 5 , 1 
CO 2 e 
H20 z ------
:G TAL 99,97 

ROCK FR:,PC:!<TIU: 

1: 1 ::ERAL 
cnt..1POS!T!O'-C:O 

---------------------A•~~ ES I •I!: 47 
~UARH 28 
~: I CROCL! IE 1s 
• IOTtTE 1i 
APATITE 
Ht'~ATITe; 
~1AC:NET l TE 
SP:-IENl 
HASTiNGS!TE 

- . ----------------------------r•------•-
Cc.C < ~Ea11e v G l 

~ P H 
CATlOt\ 

SURFACE A~CA CH2/Gl 
Mr.THOti 

SR 

i, 011 
BET 

2 

TRACE 
El.E !• [I.ITS (PPM) 

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

2 

-------------
START ENO 

------ ----~-
PH 11,.0G l 6,9 a,1 
NA s.3 
K 3,5 
CA 13 
MG 3,9 
HC03 61·; 6 
CL 5 

I 5()4 8,6 
F .2 
N~J ,6 

NOV 11, 1981 

EXPER!MENT4L DETAILS 
~-------------~-----

METHOD :BATCH(2W,8Cl 

STATE :CRUSHED,20~53 MESH,WET SIEV 

RATIO :1 C/11? Ml. 

TEMP, : 23 C 

ATH, !AIR 

SEP'N, :GRAVtfY 

ANAL, lL 

COMB, :NONE 

REFERCNCES : 1> L,L; AMES 

PNL .. 2797 

2> T,T, VANOtRCRAAt 
WNR£ 
PR-WWH-1 P, 79-84 

> 

,-i 
;;o 
I 

r-' 
N 
0 



RACIONUCLIO r. 

------------cs 137 

Pl. 237 

SFi 90 

T P ' C CO) •p,o•-----
14 
14 2, 
2!! 

14 
l.4 
ae 
28 

14 
14 
2a 
28 

9 2 ,., ? 

SQRPT!ON HESULJS 
-----------------

l'JJTt AL (RN ~ 
(H/L) 

f"lNAL (RNJ 
(MA) 

----------
KOS KOO .. -. 

5,0Et2<20> 
4,8Et2(17> 

1,3E•2<25l 
1,2E•2<14l 

2,4[+2(4') 
3,3E•2(ifl> ;:t> 

7,2E•2<8,6> . 
co 

5,6E•2<7.5> 

7,7E•l'<13) 
8,0E•4'<15> 

1,4E•1<10> 
1,4E•1<23> 



: u,.•.BF.;. 4 
A:'. E : G is A I\ I T ;". US;, I SAP R ;-i _ l - 1 C 
R!G;~ CLIMAX ST0CKIL;1, ~AHPSPOTT LLLl 

Cr1Efo!lCAL 
CCI-IPCS IT I ON 00 

Sl02 65,41 
Ai.2C3 !6,35 
.,. I 02 .37 
FE2C3 e 
FEO 2,45 
HNO '«:,!, 
MG'.) 1,25 
c1.::.1 3,72 
~: A 20 ;s.ss 
K20 3,91 
P205 • 1 
co~ i 
;.;2n e ------
~CTAL 99.97 

. RCCK FROP~~TIES 

M ! :~ERt.L 
COMPQSITIO~ll() 

AIJDESINE 
Ql;ARTZ 
MlCROCLI 'iE 
BJOTJTE 
Al'AT !TE 
HEl-1.\TITE 
MAGNETITE 
SPHENE 
HAST!NGSITE 

47 
~a 
15 
1~ 

-~-----------------·------------------CEC ll'EQ/102 Cl 
~ PH 

CATION 

~,85 

SH 

SURFACE AR[A (H2/CJ i,0a 3,9 
Mr.THM BET E:G 

9 2 

TRACE 
ELPl[fJTS (PPM) 

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

. 
.) 

(. r 2 

-------------
START ENO ------ ----,.-

PHll.OGl 6,8 7 
NA+ 115 
K 17 ·;2 
CA 9-'C 
MC H. • 
HCO:$ 12·. 3 
CL+ 174,9 
S04 4198 
BO;s 9,8 
SR 1,3 
cs 1 

• PPT 

0 

NOV -11, 1981 

--------------~-----
METHOD :BATCH(2W,BC) 

STATE :cRUSME0,23-50 MESH 

RATIO :1 C/10 HL. 

TEMP, :23 C 

ATH, :AIR 

SEP'N, :GRAVITY 

ANAL, ll. 

COf-18, :NONE 

RErERCNCES : 1) L,L, AMES 

PNl.•2,97 

2> T,T; VANOERGRAAF 
WNRE 
PR-WWM-1 P. 79-84 

. 
' \D 

t-3 
:;:c, 
I 

f--' 
N 
0 



9 2 l ' ) } 

SQRPTtON ~ESULTS 

----------------
F' :R MAT(R14L r-.u ,~!3:'.R--.- 4 

INITIAL C RI~ J rn1i 1. CRNJ 
FiAC!ONUCLID~ TI ~I,'. co) (H/L) (H/Ll KOS KOO 
------------ ------... _________ .,. ___ ---------~ ---cs 137 l • 7, •E-6 

28 7,4E•6 ~-. 7,4E-6 
25 7, •E-6 

J,9[ .. 1(18) 
1,2E-1<130) 

0,0E•0C0> 
0,0E+111CB> 

Pl, 237 14 3,0E.Z(30) 
26 2,1Et"-<a5> > 
14 
2a 

4,SE•1(15) ..... 
2,9E•1<44> 0 

SR 9Z ~4 1,4E•5 1,aE-.1<110> 
26 i.-.£:-5 
14 1,4E-5 
28 1, •E-5 

2,8E•1(122> 
2,4(+0(143) 
2,9E+0C124> 



-------- ----------
tJL:MBUi r; 
NAME ; G~A~lTr USJ!SAP R~-1-1O 
ORIGl~ CLl~AX ;,TOCK(L.J,~~HPSPOTT LLL.l 

CHE~lCAL 
COMPCSITIOMC~l 

Hl f,ERAL 
CO IIPOS 1 rt ON<¾) 
------- .---~---------

s102 68,41 ,,mEs1m: 47 
AL203 16,35 Qll~RTl 20 
TI02 ,37 H!CROCl.-l'iE 15 
f"E203 e IHOTITE 10 
FEO 2,45 APATITE 
MNO , it6 HEP-HITE 
HCiO 1.i5 MAGNETITE 
CAO 3,72 5~HENE 
l·JA20 3,55 HASTJtlGSlH 
~: 20 3.91 
P2O5 .1 
CC2 z 
H2O 2 ------
TOHL 99,Q7 

ROCI< PROP::rn I ES 

--------------------------------------CEC Cl'!£Q/1;)Z Gl 
(j PH 

CAT I Or-. 

0,85 

SR 

SUilF'4CE: ARtA t,.i2/G) a,:3& !~9 
M~THOn BET EG 

9 2 ) 2 

RADIONUCLIDE S~RPTJON PARAHET[R OESCRIP!ION ~ov 11, 1981 

TRACE 
EL.E~IENTS C PP:-1) 

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

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PHll.OG) 
NA• 
K 
CA 
11G 
tiC03 
Cl.• 
504 
B03 
SR 
cs 

I • PPT 
I 
I 
I 
I 
I 

START ENO ------ ------
6. !) 7 
11!i 
11 ·;2 
9Ce 
HJ',·4 
1''f,'3 
174,9 
4196 
9,6 
1,2 
1 

--------------~-----
METHOD !8ATCH(21o1,8C> 

STATE :CRUSHE0,20 .. 53 NESH,WET SIEVED 

RAT I 0 : 1 G/1Z Ml. 

TEMP, :23 C 

4TH. lAlR 

SEP 1 N. :GRAvJTv 

ANAL. : I. 

COMB, :NONE 

REtERCNCES : 1l L.,L, AH£S 

PNL•2797 

2) T,T, VANOERGRAAr 
WNR£ 
PR•WHH-1 P,79•84 

t-3 
:::0 
I 

·t,-, 

N 
0 



F"::1<. MATENlAL NIJH8ER--~ 5 

RAC!ONUCLlOr !'I HE < r,' 
------------ --------cs 137 14 

26 
14 
26 

Pl., 237 14 
20 
14 
ae 

SI< 90 14 
2'3 
H 
23 

9 2 

SOR?T!ON K(SUL!S .. ______________ _ 

INITIAL CGNJ F" Ill AL CRNJ 
CH/I.) (H/L) 

---------.. --- ---------. 7,4E-6 
7,4E-6 
7,4E-6 
7,4E-6 

1,4E-5 
1,4E-5 
1,4E-5 
1,4£,.5 

"<. · ) 

KOS KOO ---
6,3E-.1(7,2) 
3,3E-1C6jf) 

0,0E•QIC0> 
0,0E•eJ<0> 

4,1E•21<22> 
4,3E•IZC26> 

4,0EH(37J > . 
3,7£•1<28) I-' 

N 

9,0E•2Ct50> 
3,8E•1(12") 

3, 1E•0 C 110 > 
4,4E•0<100> 



2 

RAr)IONLICL!OE SORPTION PARAf'1ET[R DESCRIPTION NOV 11, 1981 

-------- .,-- -------
6 

OUA;.Ti! MOt·J7.0N! T£ r>Q~f:'fiyRv-1A 
1.. 118Cfi 
~ :1£ ; 
fi i G i /1. CLIMAX STOCK,N~VAiJA · TEST SITE CS5 

CHF:MlCAL 
cc ;~P::::S IT!':, ;~ p;) 

-~------------SI02 
AL203 
T!D2 
H203 
FED 
M~ O 
MG O 
CAG 
t i A20 

P2 Q5 
CO2 
1-:2 0 

RCCI< PROP;;:2T!E~ 

MJt~cRAL 
crt}POS IT I (J',J,(") 

OUARTi!. 
PLAGIO•KrLO 
ALT,F'ELP5PA" 
BJOT/CHUR 
SPHEflJE 
APATt TE 
HAGN+lL11 

31 
45 
2 
1:3 
<1 
(1 
8 

-·-----------------~------------------CEC C ~E0/H0 GI 
@ Pl-i 

CATIOt-. 

<1 l 
a.2 a., 

CS SR 

SURFACE AREA CH2/CI l,95 8;~ 1,3 
rtTHDn BET EGICA EG 

TRACE 
ELEMENTS (PP:-!) 

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

AUU[OUS l'HASE 
-------------

ST,4.RT ENiJ ------ ------
PH<I.OGl 7.7 8,2 
I( 4,8 
C4 9,6 
MG 2 
fE • 4 
s1 7,9 
HC03 55 
CL 2,3 
S04 5,1 
f ,3 
EU ,3 
LI 2l 
SR .1 
NA 7,5 

i 
I. 
I 
I 
I 

- -~-------------------
HETHOO :BATCH(1W,8Cl 

STHE :ft100•140 MESM 

RATIO :1 G/20 ML 

TEMP, :22 C 

ATM, :AtR 

SEP 1 N, : ce:rn RI r:, 16000 RPM,1 HR, 

ANAL, :L 

C0f'1B, :NONE 

R~fER[NCES I 1l B,R, [ROAL ET.AL 

U,•Y456•HS 

> 

~ 
~ 
I 
I-' 
N 
0 



9 2 S~ 'f'TIO'N 
t. ? 

i<?.syL!S 2 
-----~------~~--

f"CR MATE;;l/.1 1Jll't8E"R--- 6 
INITIAL (NJ) F' l riAL [RNJ 

R~D I CNUC:L I r.r ! P iE (~) (1-1/l) (M/Ll KOS KOO 
- -. ---------- -------- ------------ ---------- -- .. 

8.A 133 ti. o2 2.-iE-o 2,6E+2(4l 
lb,98 2,4E-8 2,0E+2(4l 
27,91 2, 4E.-8 2,7E•2<4l 
62.C4 2 ,4f>8 4,2Et2(4> 
13,67 2,6E•2<6> 
27.66 2,5E•2<6J 
i5. 72 3,9E+2C9J 

CE 141 9,92 1, 3E•6 1,3E•2C5l 
3:6,98 l.3£•6 9,BE-1(4) 
27,91 l,3£·6 1,4Et2C!5l 
f.,2, 04 l,3E-6 1,3E•3C4) 
13,67 7,5£•2(6) 
27,Z6 1,6£+3(8) 
,s.12 5,2E•3C13l 

cs 137 0,92 1.4E-9 4,6Et2(3l 
16,98 1,4£-9 4,2E•2C3) 
27,91 l, 4E•9 4,5E+2C3) 
62,lz.4 1. 4E-9 5,2E•2(2l ;t> . 
I3,67 5,8[+2(1) t---' 

21.66 6,2[+2(7) .:--

55. 72 7.6(+2(7) 

(~ 152 9,92 8,0£-8 3,5Et2C4) 
16,98 o.0E ... a 2,7Et2C4) 
E7, 91 o.0E-a 3,5E+2(4) 
b2. 04 8.~E-8 3,6E•3C4l 
13.67 1,1[•3(6) 
27,66 1,9£:•3<6) 
55. 7?. 4,6E+3C8> 

SR 85 9,92 1.2E•6 2,2E•1(4l 
16,98 1,2E-!> l,6Et..1(4l 
27,91 1,2E•6 1t7E•1C5) 
62,Z4 l,2E-6 1,9E•l<9> 
13.67 2,3E•1<7> 
27,66 2,2£•1(8) 
55,72 2,8£+1(10) 

u 237 6,95 ;,,1£ .. a 9,9E•1Zi(22l ,-,J 
::,;:, 

13,S'5 5,4E-8 1,0Et1(22l I 

2iil, ()5 5,4E-a 1,0E•1<21l t---' 
N 

7,89 2,9£•1<31) 0 

l3,64 2,7£•1<33) 
19,76 2,0£•1(40) 



9 2 ) 6 ? 

~AOIONUCLIOE SOR?TION ~ARAHETER DESCRtP!IDN NOV. 11, 1981 

------------------~ 
!;!J t-11:l;_: ~ ., 
:: A~1t. ; OUA;:.T7 MON j!".'.INITE PORPi-iyRv-2A 
ORIG ! ~ CLl~ AX STOCK,~EVAJA TEST SITE CS5 

CHL1'1! CAL 
CC I-I PCS!TIN.CX l 

s102 
AL203 
Tl02 
FE203 
FED 
MNO 
flGO 
CAO 
ii A20 
K20 
i'2(l5 
CO2 
rl20 

ROCK FROPi:t'>TtE~ 

1-1! r: cRAL 
C!': MPQS IT I t')N~ ¾ l 

---------------------Qt; ARTi: 
FLAGIO+KFLD 
AI.T,rEL.OSPAR 
6 I OT /CHLiJR 
Sl'HENE 
APATtTE 
MAGN+IL.P1 

29 
5& 
4 
7 
1 
<1 
1 

-~----------------------------------·-CEG ! I-IEO/l.N G l 
Eol Pk 

CA TIO!, 

<1 
B.2 
cs 

SURF'ACE AREA Cl'2/G) 0,16 
1"r.Tl10::. BET 

<1 e., 
SP! 

4-.2 4,4 
E()ICA EG 

BAC[ 
r.LEMENTS (PP'1) 

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

I AOUEOUS PHASE 

I -------------
1 
I 
I START ENO 
i ------ -------' PH~~OG) 7.7 8•2 
I NA 7.5 
I K 4. 8 
l CA 9 •6 
I ~IG 2 
I F'E , 4 
I Sl 7 .O 
I HC03 55 
I CL 2.5 
I S04 5. 1 
Ir ,3 

N03 3 
BA , 3 
LI 0 

I SR , 1 
I 
I 
I 
I 
I 
I 

I 
I 
I 

. I 
I 
I 

. . 
i 
i 
I 
i 
I 

~----------~--~----~ 
METHOD :BATCHC1W,BC> 

ST,\ TE : .. ,s+6Z MESH 

RATIO :1 G/20 ML 

TEMP, :22 C 

ATM, :A%R 

SEP•N. :cfNTRir .",16""0 RPH,1 HR, 

ANAL, n. 
COMB , :NONE 

RErERtNCES : 1> B,R; £ROAL tT,AL 

LA-7456 .. HS 

t-3 
:::0 
I ..... 

N 
0 



9 2 ·) l :) ·~ ) 2 7 
SoR?TtON RESULTS 
"~--~.-~--------

F ~ i; HATE=!IAL Nl1MeER-•- 7 
IN IT I AL CRNJ FINAL (RNJ 

R-tC;!O Nu CLlcr TIHr. co) 011:.> I H/L l KOS KOO 

------------- -------- ------------ .. --------- ---
SA 133 9,91 2,4(-8 7,5Et1C4,1> 

16,98 2,4f.-O 9,6E•1<4,0> 
27,91 2,4E~8 8,0Et1(4,J> 
6?.~3 2,4E-8 1,5E•21J,J> 
13,67 !3,4E•1(6,7> 
a?,66 7,9E•1<5,2> 
,s.12 8,1(+1(5,5) 

CE 141 0,91 i.3E-6 1,0E • 2<4,3) 
16,98 1,3E~6 9,0Et1(4,3> 
27,91 1,JE .. 6 8,6E•1<4,6> 
62,Z3 1.:SE-6 J,7E•i<J,6> 
13,67 6,6E•2C7.1> 
27,66 6,1E•2 <5,8> 
!,S, 72 1,21E•J<7,7> 

cs 137 9,91 1.4E•9 2,2Et2C2,6) 
16,96 1,4E-9 2,5Et2<2,6> 

:i:> 27,91 1,4E-9 2,SE+.2<2,9> . 
62,03 1,4E-9 2,8Et2(2,3> ,_, 
13,67 4,0E•2<7,J> "' 
27,66 3,BF.+2<7 , 4> 
75,72 4,1E•2<7.3> 

El., 152 9,91 0,0E-8 1,9E•2C4,0> 
16,9R o,0E-8 2,0E•2<4,0> 
27,91 a.0E-a 1,aE•2C4,3l 
62,33 0 ,CE-6 1,0E•3(J,4l 
!3.67 8,1E:•2(6 , 7) 
27,66 7,2E•2C5,2> 
,s.12 1,1£•3<5.6) 

SP 85 W,91 1.2~-6 1,3tt1 ( 5,2) 
16,98 1,:?C:•6 1,2E+1(5,B> 
27,91 1.2£-6 1,1Et1(6,Z> 
62,33 l,i'E-6 1,3Et;!.CJ,1) 
~3.67 1,7£•1(9.5) 
'7 ,66 1,3E•1C7,7> 
55,72 1,3E•1CB.5> ..., 

1.; 237 6,95 5. 4C:-8 2,2E.•IZC72> ~ 
I 

:l.3,95 5,4E-8 2,3E•eca0> I-' 
N 

20 . 95 5-. 4£-8 3 ·, 1E,t,i£': < 52 > 0 

'7, 89 2,0[ • 1(87) 
1.3,64 1,5E•l<l49> 
1,r.,9 1,1(+1(169) 

-- -



9 2 I /. ') ) 

RAOtONUCLtOE S~RPT!ON PARAMETER OESCRIPTJDN NOV-11, 1981 

------------------~ 
'-l 

OUARTz HC~~ON!T~ ~OPP~vRv-3A 
!;UMl:it. :. 
!JAME I 
OR l G; '- CLll'AX ST~CK,!lE~A'.lA iEST SITE, C55 

CH(M:CAL 
co~P:SIT!C'H¾l 

~!'!rRAL 
CO'IPQS l ':' l Q)iO;) 

-----------~-------~-SJ02 
AL203 
ilOi! 
rE20:! 
rEO 
MNO 
HGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCI'. P ROPC ~:T! ES 

OUARTr 
PLAG l G•t(f"LO 
ALT,F"ELOSPAR 
8IOT/CHLOR 
SPYENE 
APATyTE 
IU:'.:'l+!Lll 

24 
6i 
5 
7 
1 
<1 
1 

-~------------------------------------CEC c~r011Ji Gl <1 1 
~ r~ s.2 5.5 

CATIO" CS SR 

suRrACE AREA (~2/G) 0 • 18 7.~ 2,9 
~rTHOn 8ET EC/CA tG 

TRACr. I •~A 
ELEMENTS (PPM) K 

-------------- CA MG 
f"t 
St 
HC03 
CL 
l104 

I F" 
I BA 
I LI 
I SR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 

-------------
START ENU ------ ------
7.7 6,2 
7,5 
4,6 
9,6 
2 
,4 
7,9 
55 · 
2,5 
5,1 
,3 
,3 

" • 1 -

EXPE~I~E~TAL OETAIL~ 
--------------------

HETHOO :8ATCHC1W,BCl 

STATE 1-20+35 MESH 

RATIO :1 G/20 HI. 

TEMP, 122 C 

ATM. :AIR 

SEP'N, : CENTR,, 16000 RPM,1 HR, 

ANAL, l l. 

·COMB. :NONE 

REF"ERE:'lCES I 1) B,R; EROAL ET,AL 

l.A-7456"HS 

~ 
;:l:l 
I 

I-' 
N 
0 

7 



9 2 '2 ... ., ") . ~ 
SOR?r 4~ • , E:~U:... TS 

-----~-~--------
F"c1< ~AT(l;lAL IJU11F:ER--- 8 

INITIAL ~RN1 f'IfJAL. (RNJ 

R,\-C I ONuCL I or. TIHE: ( :; ) (H/L) (H/Ll KOS KOO 
. 

------------ -~------ ------------ ---------- --· 
,'BA 133 2,91 2,4E-o 7 , 3I • 1 ( 4 , 0 l 

16,97 2, 'IE-6 7,8;. • 1(4,0) 
29,97 2,4E-O 7,7E•iLJ,9) 
62.~3 2, •E-8 7,8Et1<3,4l 
13,67 7,7E•1<6,4> 

27,66 9,1E•1<6,3l 
,s, 72 7,9(+1(5,9) 

:E 141 9,91 1,JE-6 1, 8E•2 (4, 2 l 
16,97 1.3E•6 1,2E•2C4,4> 
29,97 1.3E-6 1,2E • 2(4,0l 
62,03 l,3E-6 1,9Eti(3,6l 
l:3,67 9,4E•2<6.8> 
27,66 9,1E•2<7,0> 
5iS,72 1,1E+3(8,4) 

cs 137 t,91 1.4E•9 2,7E•2C2,6l 
16,97 1,4E•9 3,1E • 2C2,6l ::r,.. 
29,97 1,4E-9 3,0E•2<2,6l . 
62 , 23 l.4E-9 '1,1E.+2(2,4l f-' 

Ji::S, 67 5,2E•2<7,3> 
CXl 

27 , 66 4,7E•2C7,3> 
55,72 6,6[+2(7,3) 

El. 152 9,91 8 , DE-8 2,5E+2(::S,9l 
J;6,97 0,0E-8 2,2E.•2(4,0) 
29,97 0,0E•8 2,1E • 2(3,9> 

62 . lil3 8,0E-8 3,7E+2(3,4l 
13, 67. 

9,0( • 2(5.9) 

27,66 8,8f. +2(6 . 3) 

$5,72 9, •[+2(6 . 3) 

s~ 85 11,91 1. 2E-6 1,3E • 1{5,4l 

16, 97 1. 2E-6 1,2E•1C5,7l 
69,97 1.2E-6 1,2E•1<S,6l 
~:>. :3:C 1,2E-6 1.1t•1(5,8) 
13,67 1,8£•1(8.4) 
'27,66 

1,6E•1C9.2) 

55. 7?. 
1,7!•1(8.8) 

>-3 

I.: 237 6,?5 5, •E:-6 3,3E•2'C5:1Jl 
:,::, 
I 

l3,95 5,4E-8 4,2IE-l(J60l I-' 

2Z,95 5.4E-a 1.3E•Z<117l 
N 
0 

?,69 1,3E•1<218> 

13.64 
-3,6£ • 0(731) 

19,76 3.9£ • 1(65) 



9 2 ,, 2 ,, 

RAOIO~UCLlOE SCRPTIO~ PARAMET(R 6ESCRJP!t0N NOV-11, 1981 

GEOLOGICAL ~ATCRIAL 
---~------------- ·-

;!1_;1-'cC:Fi I () 

ILVIE. I QUAr< T~ t-:Cll·Ji!CI-; ITC PORP.HYRY -1C 
~RIG:h CL!l'AX STOCK,NEVAOA TEST SITE CS5 

Crt El' l CAL 
COMFcS!TICN(¾l 

SI02 
AL203 
TI02 
f"E:203 
f"£0 
111\0 
MGO 
c~o 
tl t.20 
K20 
P205 
CO2 
H20 

ROCK FROPE !•: T 1q 

ti I ~ERAL 
co~PQS 11' I O:'i ·C ¾) 

-----------· ---------QUART?. 31 
PLAGIO+KtL~ 48 
ALT,F'ELOSPAR 2 
BI~T/r.HLQR 10 
SPHENE <1 
APATITE <1 
HAGN+lLH 8 

------------------------~---~-------~-CE:C <,_.EQ/101? Gl 
Iii PI

GA TI ON 

<1 l 
s.2 a., 

CS SA 

SURF',.CE AREA (li2/Gl l,9$ 
MrTHOli BET 

8•,·0 1 ;3 
EGICA EG 

TRACE 
ELEHCHS < PP'1) 

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

P1-1 
NA 
K 
CA 
HG 
tE 
SI 
HC03 
Cl. 
S04 
r 
BA 
l. I 
SR 

A:lUEOUS F'HASE 
-------------

. ST4R'!' ENO ------ ------
8,1 
7,7 
2,9 
11 
2 
.1 
10 
57 
2,3 
3,9 
.1 
'3 e 
i 

7,9 

EXPE~IHENT~l. DETAILS 
~-------------------

METHOD !8ATCH(1W,BC) 

SHTE : .. u,h140 t4ES!-4 

RATIO :1 G/20 HL 

TEHP, :22 C 

ATH, !AIR 

SEP'N, :ce;NTRir.", 12030 RPH,1 HR, 

ANAL, !L 

COMB, !NONE 

REFERENCES I 1i 8,R; EROAL ET.AL 

L.A-'456•HS 



HAC!ONUCL!or T!~E (~) 

------------ --------A~ 241 7,7 
14,7 
28,7 
!i6, 7 
15,7 
16.6 
19,7 

p~ 237 7,7 
14,7 
<8,7 
56.7 
lS,7 
16,B 
19,7 

9 2 ) 2 ., 

S,JR?Tt01'1 R£SULjS 

"---------------

lN!TJi\L [RN] f"!NAL CRNJ 
C11/Ll (1-1/Ll 

------------ ----------1.eE.-6 
1. 0(~6 
1,0(-6 
1.~£-6 

1. 0E-12 
1.eE"12 
1,0E-12 
l,0E•12 

KDS 

---1,2E•:5<-•> 
3,~E•3<7,0> 
5,3E•3<•"> 
7,aE•3(17> 

1,4E•Jc.:.-, 
1,2E•3<.:.-> 
2,3Et3<--> 

KOO 

2,9E•3C•·l 
7,7E•2CJ.7> 
'1,7(•2<--) 

• 
N 
0 

t-3 
:::0 
I 

I-' 
N 
0 



J 1 . 

RAO!O~UCL!OE SQRPTION PARAHETER OESCRIP!ION 

-------------------
; :L;1-18E~ I 10 
:J AME I OVART;: 1-o~;zONI TC :•ciRP.;yRy.2C 
OR:G1r-; CLl~AX STCCK,NE V~ OA TEST SITE CSS 

CHE~I CAL 
C0t1PGS[Ti:JN<X) 

s102 
Ai,.203 
TI02 
FE.203 
FEO 
r•r,;o 
t-:GO 
CA(J 
Mt,,2C 
K20 
P205 
CO?. 
H20 

ROCK FROP': :lT IF.S 

H Pl ER AL 
co~Pos IT I O'H Y.) 

-------------------~-OUA RH 
PLAGIO+Kf"LJ 
ALT 1 F"EL05flAR 
8 JOT /CHLJR 
SF-H.ENE 
APATJTC 
HAGN+ILM 

29 
5& 
4 
7 
1 
(1 
1 

--------------------------------------CEC crE0/1iiZ G) 
@ PH 

CAT I Ot..• 

SURF' ACE AREA ( 142/C) 
~•rTliCD 

<1 
8,2 
cs 

<1 
8,5 

SR 

4.: 4,4 
E:G/r.A EG 

TR~CE 
ELEMENTS (PPM) 

P i• 
I NA 

K 
I CA 
I MG 
I FE 
I S! 
I HCO~ 
I CL 
I SQ4 
I F" 
I BA 
I LI 
I SR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I 

------------- I 
.I 
I 

START ------
8,1 
7,7 
2,9 
11 
2 
.1 
10 
57 
2.3 
3,9 
,1 
,3 
0 
0 

ENO I 
--·••- I 
8,1 

--------------------
METHOD :BATCH C1W,BC) 

STATE :~45+6Z MESH 

RATIO :1 G/20 M~ 

TEMP, 

Alli. :AIR 

SEP'N. :c[NTRir~,1209~ RPH, 1 HR, 

ANAL, :1. 

COMl3. : NONE 

REPERENCES : 1> B,R, £ROAL ET,AL 

LA~;"56•HS 
N ..... 

1-"J 
:;cl 
I ..... 

N 
0 



Fe~ ~ATERIA L NUH BER--~ 1a 

R:.CIONUCLlCE 

.\I'. 241 

p~ 237 

!P'C <ol 
-~------
7,7 
14,7 
28,7 
~6-7 
16,6 
19,7 
29.7 

'7,i 
14,7 
?-a. 7 
56,7 
16 , B 
19,7 
29,7 

9 2 

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

tNITIAl. (RNJ 
(H/Ll 

l,'3E-6 
1. OE-6 
1, aE-6 
1. cE-6 

l,0E•12 
1,0E .. 12 
1.~E-l?. 
1. 0E•12 

F"INAL t:RNJ 
I Mil. I 

--------9'"- .. 
KOS -- .. 

7,6E • 2(--> 
1,3E•3<-•> 
1,7E•3<--> 
l,0E•3<~-l 

9,8E•2< .. , 
7,1E • 2C .. ) 
2,5E.t3( .. , 

KOO. 

I 
• 

4,4£•2<--> N 

3,2E•2< .. -> N 

3,3[•2<--> 



-------------~------
11 

OUAq T~ MON~ONtTE ?O~PHyRy-3C 

2 2 ) ) ) 

RAOIO ~UCL!OE S~RPTtO N PARAMETCR OESCRIPTtON 

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

tiiH10Ci< 
:a, t~ E I 
:i R !G i I\ CLIH4X STOCK,NCVAD~ TEST Sl!C CS5 --··-- ------

METHOD :BATCH(1W,BC) 

STATE :-20+35 MESH 

RATIO :1 G/2~ ML 

TE~P. 

Ci;(~!CAL 
GOMP J SIT!ON():) 

s102 
Al.203 
TI02 
FE203 
HO 
~l i\;0 

MGCJ 
CA!J 
i•iA20 
K20 
P205 
CO2 
f-1 20 

RQCI( P ~OP~ :, TIE ~ 

H ! ~~ (RAL 
C rJ :1 PO S l TIO~,<¾> 

-----------~------- -QUART~ 24 
PLAG!O+KrLO 61 
ALT,FELOSPAR 5 
B!OT/CHLOR 7 
SPHENE 1 
APAT1TE <1 
MAuN+ILH ! 

----------------------------~--------~ CEG < ,..EQ/U:Z G l 
. ~ PH 

CAT!Ot-. 

(1 1 
B .,- & • ~ 

CS SR 

SURF~CE AREA (H2/G) i,1 ?~~ 2,9 
~rTHOD BET EG/CA EG 

PH 
TRACE NA 
ELEMENTS (PPM) K 
-------------- CA MG 

re: 
SI 
ti(:03 
CL 
S04 

l t 
I BA 
I l, 1 
I SR 
I 

' I 
I 

' ' I 
I 
r 

' I 
I 

' I 
I 

8 ,., 
2,9 
11 
2 
,1 
1c 
57 
2.3 
3,9 
,1 
,·3 
~ 
0 

e.2 

AHi, :AIR 

SEP'N, :cENTRlr,, 129~9 RPH, 1 HR, 

ANAL, :L 

C0'1B, :NONE 

REFERENCES : 1) 8.R; EROAL ET.AL 

I.A•7456•HS 

I 

• 
N 
w 

1-3 
:,::, 
I ..... 

N 
0 



,::;; "•ATE~ I Al. N\.i:1F.l[R--- 11 

------------ --------
A~ 241 7,7 

14,7 
20,7 
56,7 
1~.7 
16,6 
19,7 

F~ 237 7,7 
14, 7 
28,7 
56,7 
15,7 
3.6, 8 
l.9,7 

9 2 t 212 2" ) ~ 

SQRPTJON HESUL1S 
W~•---~---------

HJITJAL (RN) rlllAL (RNJ 
(11/l.l (H/Ll 

------------- .. -------- .. 
1,'IE-6 
1. eiE-6 
1.~E-6 
1. 3E-6 

1,!,'!F.: .. 12 
1,0E•12 
1 • .:E-12 
1.~E-12 

KOS KOO ...,. 
3,6E • 2C-•) 
4,8E•2<.;-> 
1,6Et3<S3l 
4,1E • Jc.:-> 

3,eJE•3<•-> 

4,0E•2<7,1> 

4,0E+2(~-, 
5,2E•2( .... ) 
B,4E • 2(.;,.) 

• 
N 
-"' 

1-3 
:,:, 
I 

I-' 
N 
0 



9 2 

---•--------r------
1~ 

OUAiHjl HOIJ?.C''Jt TE PO~P,;yilv-4C 
!iU•16Ui 
NA:11:. I 
OR I Ci; t\ CLl~AX STOCK,N[VAJA TEST S!Tt. CS5 

CH[M l CAL 
COMP.;SIT!ONC¾> 

s102 
AL203 
TI02 
FEc:03 
FEO 
MNO 
MCO 
CAO 
NA2C 
K20 
?205 
CO2 
H20 

ROCK FROP;;:;;TIES 

iq :~ERAL 
COMPOS IT i ONt lO 

--~--------~---------OUARTt 31 
PLACIO+KFLD 48 
ALT,F[LOSPAR 2 
B!OT/CHLOR 10 
SPHEN~ <1 
APAT1TE <1 
MACN+ILM 8 

--------------------------------------CEC C ~EO/le?. C > 
(II pi,; 

CA TIOIII 

SURFACE AREA CH2/G) 
M;:TH0::1 

<1 
6.2 
cs 

1 
6,6 

~R 

a~•: 1.3 
E:Cl:::A [G 

TRACE 
ELf.t-lENTS cPPH) 
--------------

2 

I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pt-! 
NA 
K 
C,\ 
MG 
ff: 
SI 
HC03 
CL 
S04 
r 
BA 
LI 
SR 

AUUEOUS F'HASE . 

-------------
ST1.RT END 
------ ------
8 8,1 
8,6 
3,7 
11 
.2 
.1 
12 
49 
2,5 .. . 
6,5 
.1 
,3 
0 
.1 

NOV· 11, 1981 

EXPE~IMENTAL DETAILS 
-------------- ------

METHOD :BATCH(1W,BC> 

STATE : -ue•1• 21 MES~ 

RATIO :1 G/U ML 

TEMP. :n, C 

AH!. :AIR 

SEP'N, !C(NTRlf'., 12300 RPM, 1 HR, 

ANAL, :L 

COMB, :NOME 

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

LA-7•56•HS 

> 
N 
V, 

~ 
~ 
I 
~ 
N 
0 



rck MATE~IAL ~U~SER--

~A[)!O~lUCLIOr 

------------~,,, 241 . 

Pl; 2:57 

12 

TI 1-il: (,.., 
-~----- .. 

7,7 
14,7 
16,7 
56,7 
H>,8 
19,7 

7,7 
H,7 
16,7 
'36, 7 
16,il 
19,7 

9 2 ) 1_, 2 

SORPTION ~~SUL!S .. ______________ _ 

WIT I AL CPtlJ rINAL (RNl 
(H/L) (H/L) 

------------ . ----------1.oE-6 
1,0E-6 
1,CE-6 
1. 0£-6 
1.1/JE-6 
1.0£-6 

1. 2:t-12 
1.cE-1i 
1.0£-12 
1,0E•1?. 
1,0E•12 
1,CE-1;> 

7 

KOS 

--· 6,2E•Jt ... ) 
• ,5E•3c.:.-, 
1,7£ • 4(-•) 
1,8£ • 4(--1 

3,5E • 2C-•> • ,:5E • 2(.•> 
9,4E•2c.:.-> 

KOO 

I 

> 
4,6E•2<••> ;-., 
3,8£•2(•-> a-

t-3 
~ 
1 

f-J 
N 
0 



9 2 

GE0LOGICA~ ~ATc.RIAL 

------------~------
:,utia~ .. 1 11 
ti ~ME I QU1.H2 1-lON;!ON! TE PO':'PHvRv-6C 
ORIG I~ I CLI~ax STOCK,~EVADA TEST SITE CS5 

CHE"'lCAL 
COMP CS I TIO tJ < ¾) 

-~------------
s102 
Al.203 
TI02 
FE:203 
FED 
MNO 
~iGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK PROPEilT[ES 

M r~:rRAL . 
C ~MPQS IT! ON< 1') 

---------------------OUA~Ti! 
PLAGIO+KrLO 
ALT,rE1..0SPAN 
BI OT/Ci-fl.OR 
SPHE~r. 
APATyTE 
MAGN+ILM 

24 
61 
5 
7 
1 
<1 
1 

--------------------------------------CE:C < ME0/1kia G l 
GI Pl-I 

CAT I 0!11 

SURF'~Cr: AREA (I!2/G) 
Hr.THOO 

<1 
8,1 
cs 

2,U 
BET 

1 a., 
~R 

7,Z 2,~ 
~GICA EG 

p~ 
TRACE NA 
El.£M[rlTS (PP~) K 

-------------- CA MG 
F'E 
SI 
HC0:5 
CL 
S04 
F' 
BA 
L[ 
SR 

--------------
START (NO ------ ------
8 8•1 
8,6 
3,7 
11 
.2 
,1 
12 
49 
2.5 
6.5 
,l 
,3 
0 
,1 

--------------------
ME:HiOO :F!ATCIH1W,BC) 

STATE :_ -20+35 MESH 

RATIO :1 G/20 HI. 

TEMP, :71~ C 

ATM. :AtR 

SEP 1 N, : CENTR 1 r ,·, 12QJH RPM,1 HR, 

ANAi., :L 

I COMB, !NONE 
I 
i REF"ERENCES ' 1) B,R, EROAL ET,AL 

LA-74,6-HS 

> . 

,..:i 
::,;, 
I .... 

N 
0 



RACIONUCL!Cr 

A I' 241 

P\, 237 

13 

! IV. E: ((;) 

-~---- .. -
7,7 
14,7 
26,7 
56,7 
15,7 

7 , 7 
14,7 
25 , 7 
!;6 , 7 
15,7 

9 2 2 ",) 9 

·---~-----~-----

INITP,L [ "'~] F"I NAL (RNJ 
(MILi ( M/L. l 

------------ --------- .. 
1.0E-6 
l. 0£-6 
1, 0E-6 
1. CE"6 
1. 0E~6 

1,0E•12 
l,0E-1?. 
1, 1:',E-12 
1. 0E-12 
1. OE-12 

KOS 

---1.,0E•JC .. •> 
1,8E • 3(••> 
2,4E • J( .. -> 
2,0E•J( .. •l 

2,8E•2C •> 
5,0E•2C •> 
7,0E•2< •l 

KOO 

t-3 
::,:1 
I 

I-' 
N 
0 



9 (. , ') 0 

RAO!O~UCL!OE S~R?TtON PARAMEf[~ OESCRIPTtON NOV 11, 1981 . 

------------~------
NIJM6Efi 14 
~ AME I OUART2 HON~CNITE PORPHyRy 7A 
OR!G!h I CLIMAX STOCK,~~VAOA TEST SITE CS7 

CHEMlCAL 
COMPGS!TICN(~) 
- . ------------
s102 
AL203 
Tl02 
FE203 
f'"EO 
MNO 
MGO 
CAO 
i lA20 
K20 
P205 
CO2 
H20 

ROCK PROP~r,TIES 

1•'11-lERAL 
COI-IPOSITIONC¾) 

-----------•---------QUARTZ 4~ 
PLAGIO+KrLD 46 
ALT,f'"EL~SPAR 2 
BT~T + CHLO~ 5 
SPHENE 2 
APATITE <1 
MAGN+ILM 5 

-·--------------------------~-------~-CEC Cl'IE0/102 G) 
~ p~ 

CAT IO~. 

<! 2 
a.2 a., 

CS SP.c 

SURF"ACE AREA (112/Cl 0,81 9~~ 4,5 
1-1rTHOf'l BET EC/CA [G. 

TRACE 
ELEMENTS (PPH) 

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

PH · 
NA 
K 
CA 
MG 
FE 
SI 
HC03 
CL 
S04 
r 
B4 
LI 
SR 

-------------
START ENO ------ ------
7,7 
7. !'.i 
4,8 
9,6 
2 
,4 
7,9 
55 
2,S 
5,1 
,3 
,3 

" .·:1 

8,3 

-------------------~ 
HETHOO :BATCHC1W,BC) 

STATE :w100+140 HESH 

RHtO :1 c12e ML 

TEMP, :22 C 

ATH, :AJR 

SEP 1 N, :ce:NTRI r .·, 1613H RPH, 1 HR, 

ANAL, !L 

. COMB. : NONE 

REFtRC~CES : 1> B,~, £ROAL ET,AL 

LA•7456~MS 

_I 



----------------
14 

------------BA 133 

lNITtAL C ::lN J r I ti AL [RN] 
!' lf' C: < r, > (MIL) (M/Ll KOS KOO ---------- ------------ ... -------... -- .. 9,9 2,4E-o 2,3Et2(4,2> 
16,99 2.4E-8 2,9Et2C4,3l 
27,96 2,4E•8 3,8Et2!4,3J 
62, Z2 2,4E-8 4,7E•2<J,8l 
13 , 67 3,6E•2C6,4l 
~7.66 3,6E • 2C5.9> 55,72 3,2( • 2(5,5) 

CE 141 9,9 1,3E:-6 7,7£•1(4,3) 
16,99 l. JE-6 1,8E • 2(4,5) 
27,96 LJE-6 3,5E•2(4,6l 
62,l2 1,JE-6 6,8Et2<7,8l 
13,67 1,4E•3<6.9J 27,66 2,2[+3(6,9) 
$5,72 3,2E•J!8,4J 

cs 137 9,9 1. 4E-9 3,5E•2<2 , 6 > 
16,99 1.4E-9 4,0E•2C2,7l 
27,96 1,4E-9 5,5E • 2(2,8 > • 62 , 02 l , 4E-9 7 , 2E•2<2,5 l w 13.6 7 6,3£•2('1,3> 0 
!'!7. 66 6 , 4E•2<7.3> I S:> , 72 ~.8 f. +2(7.2 ) 

EL 152 9 . 9 8.~E-8 2,1[•2(4,ll 
16.99 0. 0E-8 4 ,6E•2C,i.3 ) 
e1 . 96 8,0E-a 7,8E~2(4,4l 
62 , e2 6, 0E-8 2, :;i E+3!8 , 1> 
13 . 67 2 ,0£ •3(6 . 4) 
27,66 2,7E• 3 <6.2l> 
55 , 72 3,4E•3<5 . 6> 

Sn 85 0 , 9 1,2E-6 2,3E. • 1( • ,ll 
16,99 1.2E-6 2,3E•1C4,2> 
£!7,96 1.2E-6 2,4£.+1(4,l?J) 
62. e 2 1.2E-6 2,~E•1(;5,6J 
13,67 5,0E+1C7.8> 
27, 66 2,7E•1<7,5> 
55,72 2,7t+1(7.2J 

Li 237 5, 4E-a 1.1E+1(21) >-3 6,95 :::0 
13,95 5,4E•8 8,2E•0<24l I 

f-' B~ . 95 ;; , 4E-8 8,8E•e<2J> N 
7,69 2,4E•1 C37> 0 

13,64 2,2E•1Cl9l 
19,76 1,7E•1Cl9l 



9 2 ( ) ? 3 

RADIONUCLIDE SQRPTfON PARAMEl[R OESCRJP!ION NOV 11, 1981 

------------~------
1, 

YUART2 ~ON7.~N!TE PORP~yRy 7B 
IJlH:a::R 
~JAl1E I 
OR l GI I\ CLI~~X STDCK,NEVADA TEST SITE CS? 

CH[f'I ! CAL 
COMPCS!TICt--1(¾) 

-.. ------------
s102 
AL203 
TI02 
F'E203 
FED 
Hl';O 
MCO 
CAO 
NA2C 
1;20 
P2o5 
CC2 
H20 

ROCK FROPERTtES 

HI ~IERAL 
CO"IPQS 1T I O'H ~) 

-----------~-------~-QUART~ 43 
PLAGIO•KFLu 46 
ALT,F"ELOSPA~ 2 
BIOT+CHLOR 5 
SPHENE 2 
AFATITE <1 
~~GN+ILM 5 

--------------------------------------CEC C"1EQ/1il:Z Gl 
~ f'H 

CA":'ION 

SURF' ACE. A~EA (112/r;) 
Kr.THOD 

<1 2 
8.2 8-~ 

CS ~R 

~!.I!: 4 ,; 
E:C/CA EG 

TRACE 
ELEP.ENTS (PP"1) 

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

Pi-l 
NA 
K 
CA 
HG 
re: 
SI 
HC03 
CL 
S04 
F' 
BA 
I. r 
SR 

-------------
ST4Rr ENO 
------ ------
7,6 8,1 I 
7,7 I . 
2,9 
11 
2 
,1 
u; 
57 
2.3 
3,9 
,1 
,3 
0 
0 

EXPERIMENTAL DETAILS 

--------------------
METHOD :RATCH(1W,BC) 

STATE : -100+1,U MESH 

RATIO :1 G/2e HL. 

TEMP, :22 C 

ATH, :AIR 

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

ANAL, = l. 

C011B, :cs,rc 
REF'ERENCE:S 1 1) B,R, [ROAL ET,AL 

LASL-,456-HS 

>-3 
::-:1 
I 

I-' 
N 
0 



9 2 ? 

15 
!IJITJAL (PN1 

, I :1r CD l CMIL) 

------------ -------- ------------6,4Q 1,44EN') 
13,53 1,44( .. ~ 
27,6 1, •• E-9 
j;,58 1,44E~9 
14.i1 
27,7 
!?6, 78 

iC 951-1 6,49 1,92E~12 
13,53 1, 92Eet2 
27,6 1,92E,.12 
55,53 1, 92E:,•12 
14, :li 
27,7 
56,78 

) 2 ·3 

rINAI. (RNJ 
(M/L) KOS ----------~ --. 

1,4E • 2(1,2) 
1,6Et2(t,2> 
1,7E•2<1,7> 
1,9E•2<i.,6> 

3,2E•1<3,4> 
4,4E•1CJ,3) 
1,6Eq2(2,91 
8,0EHC2,Sl 

KOO 

3,9E•2<11) 
4,5£:•2(11) 
5,8E•2<11l 

6,0E•2<33l 
2,1E•2C20) 
2,0E+2C21l 

> 
w 
N 

t-3 
::,;, 
I 

t--' 
N 
0 



9 
,. ,. 

RAOIONUCLlOE SCR?TJON PARAMETf.R DESCRIPTION NOV 11, 1981 

---~------------~--
16 

OU MHz HMi2C'-ll TE ;>c,i-!Pi-;yRy 7r. 
Nl;,iBE.:. 
l-1Al·l£ I 
OR I GI I\ CLI~AX ~TCCK, UEVAOA TEST SITE CS7 

C11£MJCAL 
CCMP.:SITIONC¾) 

5102 
AL203 
Tl02 
n:20~ 
f"EO 
1-11'-iO 
MCiO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK PROPC:·.TtE!; 

~ PIER AL 
CQMPQSiflO~<\> 
-----------~-------·-QU~RT2 4a 
PLAGJO+Kf"LD 46 
ALT,f"EL.DSPAR 2 
8!0T+CHLUR · 5 
SPHENE 2 
APATITE <1 
HACN+lLH 5 

. . 
-------------------~---·----~~--------CEC Cl''E0/1Z2 G) 

c.a PH 
CATtO's 

<1 . a 
e.2 a., 
cs sr. 

SURf"ACE AREA (112/C) :'.l,8!il 
~rTHon Br.T 

P4 
TRACE NA 
£LEHENTS (PP>1) I K 

-------------- I CA I 11G 
I FE 
I SI 
I HC03 
I CL 
I S04 
I F 
I 64 
I L. t 
I SR 
I 
I 
I 
I 
I 
I 
I 
1 

-------------
ST4RT END ------ ------
~ .1 
7.7 
2,9 
11 
2 
,1 
10 
57 
2,3 
3.9 
• 1 
,3 
a 
0 

a,2 

"-------------~-----
1'1ETH00 :BUCHC1W,BC> 

ST.\TE :-10h14:, MESH 

RATIO : 1 G/20 Ml. 

TEMP. :22 C 

ATM. :AtR 

SEP'N, :ctNTRIF,,160H RPM, 1 HR. 

AN4L, :L 

COMB, :NONE 

REf"ERENCES : 1~ 8,R; (ROAL. ET.AL 

LASL-7456•HS 



~AC!CNUCLIOF. 

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

Fl.I 237 

Tl !-!E C !:l l 
-1-------
7,7 
14,7 
2S,7 
~6 . 7 
15,7 
16 , 8 

7, 7 
14 , 7 
25,7 
56 , 7 
15,7 
l.6,8 

9 '> 2 

SQRPT !. ON f{tsuqs 
"'---·--------·--

PJ!T!AL Cl'NJ F.PlAL rRNJ 
(H/Ll 01/L.) 

1. fJ E-6 
1. iuE-6 
1.0E-6 
1. OE-6 

1 ,CE-12 
1,IJE-12 
1. cE-12 
1 . ~E-12 

--------- .. 
KOS -- .. 

2,2E•3<-•> 
2,3E•3( ... ) 
8,5E • 3(.:.-> 
3,9E • 3(22l 

1,1E•3<-·> 
1, 5E•3 ( .:.. , 
2,9Et3{ .. •) 

KOO 

1,8E•4<--> 
5,4[•2<--l 

>-3 
::0 
I 

1-J 
N 
0 



9 2 

------------ -------
Nlwcn: i. 11 
NAME : QUAqT~ MO N~CNITE ?O~PWyRy 6A 
ORlG,~ I CLl~AX STOCK, N~VhQA TEST SITE :s7 

Ct,<EM;CAL 
COtlPGS!T ! Ot: C¾l 

s102 
AL.203 
TI02 
FE203 
FED 
Ht-;O 
MGO 
CAO 
t-JA20 
1<20 
P205 
CO2 
H20 

ROCK FROPE:hTIES 

M p :(RAL. 
COIIPOS IT IO iJqO 

---------~-~---------QUART~ 32 
PLAGID+KFLO 54 
ALT,FEL.OSPAR 7 
BICT+CHLJR 6 
SPHENE 2 
APATITE <1 
HAGN+ILM 1 

----------------------------; ---------CEC Ct\EO/rnl G) 
@ PM 

CAT IO!\ 

<1 2 
8. 2 8 ·!'i 

CS SR 

SURf'ACE AREA ('12/ C) '2'~16 3:.3 3,6 
HrTHOO SET EGICA (G 

TRACE 
F:LEM[NTS (PP"I) 
--------------

Pt-I 
NA 
K 
CA 
HG 
re: 
s1 
HcO;s 
CL. 
S04 
F 
BA 
LI 
SR 

'> ? 2 

-.. ------------
START ENO 
------ ------
7.7 
1.s 
4.e 
4-6 
2 
• 4 
7.9 
55 
2.5 
5,1 
,3 
.3 
0 
,1 

a.2 

.. 

NO.V 11, 1981 

- . 
~-------------------

METHOD :OATCHC1W,BC) 

ST ATE :-45+611! 11ESH 

RATIO :1 G/2Z 111. 

TEMP. :22 C 

AH1, :AIR 

SEP'N, :c(NTRtr:, 16900 RPM, 1 HR, 

CDI-I.B. !NONE 

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

L.A-7456•HS 

w 
u, 

. 1 

t-,l 
:xi 
I .... 

N 
0 



S:, ?Tf0N R)SU .: S 2 
-, 7 9 2 

__ .;: __ .:, __________ 

F (: Fi M-ATER!.t.L ~iu~:tER- -- 17 
l NIT I AL cirn 1 rINAL cRNJ 

ioi:.C!ONUCLIOF" !PlE (I)) (H/L) (M/t_) KOS KOO 

-------------- -------- ------------ -------~-- --.. 
,; t, l..>.> 9,9 2,4E-8 6,aE->1(4,0> 

16,98 2,4E-8 6,4E+1(4,0) 
27,96 2,4( .. 0 1,i,E•2<4,01 
62,2:2 2,4E-6 9,7£+1(3,6) 
13,67 8,3E•1C6,0> 
a?,66 1,1£+2(6,1) 
,5,72 7,5E•1C5,5> 

CE 141 9,9 1,3E•6 5,7tt1C4,3> 
H,98 1. 3E-6 8,6E • 1C4,3> 
P.7,96 1,3f: .. 6 1,H•2!4,3l 
62,~2 1.3E-6 2,5E • 2C3,81 
13, 67 5,5E•2<6,4> 
27,66 6,eiE•2<7.3> 
,s.12 1,lE:+3(8,6) 

cs 137 i,9 1.4E-9 2,5E•2<2,6> 
16, 98 1,4f:-9 3,4Et2<2,6> 
27,96 1. 4£-9 3,4E • 2C2,6) • 62,~~ 1.4E-9 5,3E•2<2,4) w 13,67 4,5E•2<7.3> °' 27.66 7,3£•2<7.3) 
55,72 6,1E•2<7.3> 

u .. 152 9,9 8.~C:-8 1,2Ed:2(4,0l 
l6, 90 0. rz:f.-8 1.7E.•2(4,0) 
27,96 8.0r.-8 2,4£+2(4,0) 
62.~2 o.0E-8 6,0E•2C3,6) 
13. 67 7,0E•2C6.til 
27,66 0,5E•2<6,1l 
55,72 1, 11:E • 3 c 5. 6 l 

S11 85 g,o !.2C:-6 1,4C:.t1(S,2) 
16,98 1.2t-6 1,6E•1<S,0l 
27,96 1. 2C:-6 1,4~+1(5,3) 
62.i2 l. 2E-6 l.llE:+1(5,0> 
13.57 1,6(•1<8,ll 
2'7.66 2,3£•1(8.4) 
j;5. i:?. 1,4£+1(8.6) 

l,; 237 I., 1 95 5,4C:-8 2.3E•t(70) 
t-3 
:;,::, 

l:3, 95 5,4c.-8 2,8E•Z(55) I 
f--' 

2CL95 5,4E-B 1,9r.eca0> N 

7,89 1,2£•11163) 0 

13,64 2,3E•i<85> 
l:9, 71:, 1, 2E•U 158 l 
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RAOIO~UCLJOE SQR~TJON PARAH(T[R DESCRIPTION NOV 11, 1981 

------------·------
1/l 

QUA~T2 MON20N!TE noRP~yRy 68 
t~vMcll~ 
•JAME I 
JR I G: I\ CLlr-!AX STGCK, r1::VADA H:sr SITE CS7 

C~F." l CAL rqr:tRAL 
CC:~ PCS I T I ON ( ¾ l CO~IPOS l TI ONO. l 

-----·-------- -----------~---------s102 QIJARH 32 
AL203 ?LA:;IO+Kf:'L:J 54 
Tl02 ALT,F"El.0SPAR 7 
F"E20::! eyOT+CHl.UR 6 
FEO SPHENE 2 
HNO APATITE <l 
MGO HACN+ ll.M 1 
CAO 
NA.20 
K20 
P20S 
CO2 
H20 ------

rlQ(;K PROPt:, ·, T IE~ - . 

----------------------------~---------CEC (1':EQ/1:.:IZ: G) 
P Pf/ 

CATION 

<1 2 
l!.2 a., 

CS SR 

SURr,cE AREA (H2/C) 0,16 3,3 3,6 
EG/CA EG t-1rrnon BET 

TRACE 
r.1.E l"f:NT S (PPM) 

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

I Pel 
I NA 
I I( 

I CA 
I MG 
I rt 
I SI 

' HCO~ 
I Cl. 
I S04 
I F' 
I BA 
I I. I 
I SR 
r 
I 
I 
I 

.. ------------
ST4RT ENO ------ ------
7,6 a 
7.7 
2,9 
11 
2 
.1 
1C 
57 
2, 3 
3,9 
,1 
,3 
0 
0 

I 

. : 
: 

EXPE~IHENT4L O~TAILS 
w••••-•••••••-~--~--

MET~OO :BATCHC1W,BC) 

ST ATE :-45•62 MESH 

RATIO :1 G/211! ML 

TEMP, :22 C 

ATM, :AtR 

SEP•N. :cENTRIF".,16002 RPH, 1 HR, 

ANAL, IL 

COMB, : CS, TC 

REF"ERE~CES: 1) 8,R, £ROAL ET,AL 

LA-7436,.HS 

> 
w 
'-J 



15 

RAC!ONUCLlCr'. TJH[ CD l 
--------

(l,58 
13,52 
27,59 
,5.58 
14,Zl 
27.7 
,6.78 

TC 95M 6,58 
l3,52 
27,59 
55,58 
1,.21 
27,7 
56, 78 

9 2 t ) 1 2 

SoRPTJ_ON HEsuqs 

-~--------------

INITIAL (RN) F !MAL CRNJ 
(H/L) (H/Ll 

------------
_..., ________ 

1. 44£•9 
l ,44E-9 
1,44[ .. 9 
1. 44[..-Q 

l, 92E-12 
1,92E--12 
1. 92E~12 
1.92£-j.2 

9 

KOS ---
o,:sr.1c1o1> 
1,0E • 2C0,8l 
1,1E•211,8l 
l,3E • 2C1,7) 

•7 .~t•1(51l 
~J, 11:·E-1 C 114 l 
~9,et-1c:sa> 
-9.~E: .. 1(36) 

KOO 

2 , 9E•2<11> 
J,4E•2C10> 
3,4E•2c1c,> 

-2,3E•1C9,1l 
•4,2E+1116> 
.. J,0E+1(12) 

• 
w 
00 

>-3 
::,::1 
I 

f-' 
N 
0 
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~AOIG~UCLJOE S~RPT!ON PARAMETCR DESCRIPTION NOV· 11, 1981 

-------------------
1~ ii l,116 i: i; 

tJAM( I 
QR l Ci it-. 

OUA~ T~ ~O Ni~NJTE PO~PHyRy BC 
CLI~AX ST~CK, ~CVAOA TEST SITE CS? 

PH 
CHEMICAL 
COMPCSJT!G1'(Xl 

s1O2 
Al.203 
r102 
F'E203 
FEO 
MNO 
IIGO 
CAi'l 
NA2C 
K20 
P205 
CO2 
H20 

110CI< PROPE;;T 1q 

I" I !l(RAL 
cc:MPOSJT!OS(¾) 

---·------------------QllARH 32 
PLAGIO+KrLD 54 
ALT,F"ELDSPAR 7 
B!OT+CHLOR 6 
SPHENE 2 
A~ATJTE <1 
HAGN+ICH 1 

··~----------------------------------~-CEC (~£Q/10a G) 
@ PI-C 

CATION 

<1 2 
fl. 2 8,, 

CS SR 

SURf"ACE AR[A 012/C) 0•1Ci J.3 3,6 
MtTHCO BET ~GICA EC 

TRAC[ NA 
ELE~E ~TS (PPM) K 

-------------- CA HC 
F~ 
Sl 
HC03 
CL 
S04 
F 
DA 
LI 
SR 

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

--~--- ------
8,1 
7,7 
2,9 
11 
2 
,1 
u,; 
57 
2.3 
3,9 
.1 
,3 
2 
0 

B,2 

I . 
I 

EXPER!HENTAL OET4ILS 

--------------~-----
MEnrno : BATCIH 1 W, BC> 

STATE :-45•60 HESH 

RATIO :1 .c120 ML 

TE~1P. :22 C 

AHi. !Al~ 

SEP 1 N, : CE:NTR·l F",, 16000 RPM, 1 HR. 

ANAL, :t. 

C0!1B, :NONE 

RErtRENCES: 1> B,R. ERDAL ET.AL . 

LA .. 1456•HS 

>-3 
~ 
I 

t--' 
N 
0 



A" 24 !. 

Pli 237 

Tl ME Cr l 
--------
7,7 
14, 7 
28,7 
56,7 
15,7 
16,6 
!9,7 

7,7 
14,7 
2a,7 
56,7 
15. 7 
:6, 6 
19,7 

9 2 2 

ScR?TJON HESUL!S 
-----~-~--------

Hlt:tAL C;;NJ 
(Ml.,.) 

1,iE-6 
l, c.iE~6 
1.lilf.-6 
1. 0E-6 

1.0E"12 
1,0E•12 
1,0E-12 
1. iE-12 

r I I.JAL cRNJ 
(H/Ll . 

---------~ 
KOS 

7,0f.•2<-•l 
1,1f•3(--) 
1,7E•3C-•l 
2,4E•3<-•> 

5,1E•2(-·) 
6,0E•2C-•l 
9,7E•2<.:.•> 

KOO 

2,'4E•3C81l :i,. 

2,2E•2<•-l .:::--
6,2E•2C•-> o 

>-3 
::a 
I 

I-' 
N 
0 



9 2 ') {' 
) 1) • 2 

RADIONUCLIDE S~RPTION PARAMETER O(SCRJP!ION NOV 11, 1981 

20 
QuA;;Tt HO'.'?.:'UT( PO'<P.Hyrly 9/. 

NUt-;8[1. 
NA~'E I 
OR i G ! I\ CLI~AX STCCK,~EVADA TE~T SIT[ CS7 

Ci;["11CAL 
C(l~P~~!TJN.C¾l 

s102 
AL203 
Tl02 
rE20J 
rEO 
Mf\1 
MGt, 
CAO 
NA20 
K20 
P205 
CC.? 
H20 

ROCI< FROPE.RTJES 

Ht ~i(RAL 
coMPQ~ITtONC¼l 
-------~---~---------QUARTc 26 
f'LAG l O•K • t.::> 6l 
ALT,rELQ5PAR 5 
BIOT•CHL~R 8 
~PHENE <1 
APATITE <1 
HACN+ILH <1 

--------------~-------------•---------CEC (l'E;Q/1~i Cl 
(,I PH 

CATION 

SURF'ACE A~tA (H2/Cl 
MrTHOO 

<1 
~.2 
cs 

3,12 
BE:T 

· ;s.i ,.a 
£(;/CA EG 

TR/ICE I NA 
F:LE~EtlTS ( PPM l I K 

-------------- ·' c~ I MG 
In; 
I SI 
I HC03 
I CL 
I S04 
I r 
I BA 
I L l 
I SR 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

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

------ ------
7,7 
7,5 
.C,6 
9,6 
2 
,4 
7,9 
55 
2. c; 
5. :i. 
,3 
,3 

" .1 

8,2 

~-------------------
METHO:J :BATCHUW,BC> 

STATE : .. 20•:ss MESH 

RATIO :1 G/20 ML 

TEMP, :22 C 

AHi, :AIR 

SEP'N, :cENTRIF',,160H RPM, 1 HR, 

AMAL, :i. 

COMB, :NONE 

REFERENCES t 1> B,R; EROAL ET,AL 

I LA-7456•HS 
I 
t 
I 

I 
I 
i . 

~ 
:;,::, 
I ..... 

N 
0 



CE 141 

r:s 131 

El. 152 

Li 237 

-------.. 
t t!i9 
16,9a 
27. 96 
62,::)2 
13,67 
27,66 
55, 72 

11,99 
16,96 
27,96 
62, ::2 
13,67 
27, 66 
~5.72 

11, 89 
~-6, ?11 
27,96 
62,02 
:i.3, 67 
i?.66 
~5.72 

g,59 
J.6. 91\ 
27 ,96 
62.Z2 
13 .67 
27,66 
,5.72 

9,89 
16,?R 
27,96 
62 ,Z?. 
:l.3,67 
27, 66 
Y5,72 

6,95 
J:3,95 
2Y.l , 95 
7,139 
l3, 64 
19,76 

9 2 
S'.JRPTION HtSULTS 
-----------------

INITfAL CR~J 
(t1/L) 

2,4E-a 
2.4E-8 
2,4(-8 
2,4E-8 

1.3E-6 
1. 3E-6 
1. 3Eft6 
l,3E-6 

1.4E-9 
1, 4E .. 9 
1. 4E-9 
1.4£-9 

8,i:;E-f! 
8,CE-B 
6 .::JE-8 
!3.CE-8 

1.2E-6 
1. 2E-6 
l.2E-6 
1.2E-6 

5.4E-8 
5.4E-8 
5 , 4E-6 

rHJAL cRNJ 
(M/L) 

. 
----------

l<OS 
-- .. 

9,1E•1(4,3) 
9,5Et114,5l 
9,3E.+1(4,2) 
9,6E.•1(3,7l 

1,7E•2C4,5l 
2,7E•2C4,7) 
1,3Et2C4,5> 
4,2E • 2C4,21l 

4,6E•2<2,7> 
6,1E•2<2,9l 
4,8E • 2C2,7l 
7,BE•2C2,5> 

2,8£ • 2(4,3) 
4,4Et.2(4,4l 
2,6£•214,2) 
8,4£•2(3,8) 

1,7E.•1(4,il 
1,7E•1(4,7) 
1,6E.o1(5,0l 
1,SE•1C4,7l 

6,0C:-1(260) 
1,M•ZC147l 
1,1E • 0(i43) 

KOO 

9, 6E•1C 6 •" > 
9,9E•1<5,7> 
9,7E•1<5.9> 

1,eE+3C6,5l 
1,1£+3(7,2) 
1,4£+3(7.7) 

• 
.i::--

8,2£+2(7.,> N 

:1,.21[•3<7.3) 
1,11!£+3(7 ,2) 

1, 1E•3 c 6. 0 > 
1,2E+3C5.7> 
1,2E•3C5.9> 

2,0E+1(7.6l 
2,2E+1(7.2l 
2. 0( • 1 I 8. 3 l 1-j 

~ 
I 

I-' 
N 
0 

7,4£•121(367) 
1,2E•1C280l 
1,7(+0(6:!121) 



9 2 l 

------------·•------
2i 

OUARTr f.'ntli!'JNtTE :JQ~PHYRV ~P. 
!J\.t~lf:!Ef< 
NAME'. I 

· OR! GI t,. CLl~hX ~Tn~K,~EVAjA TEST SITE C57 

CH[l'!iCAL 
COHPOS{TION(X) 

s102 
AL.203 
T!02 
f"E2C3 
F'EO 
MNO 
HGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK PROPEi-;TJe'.S 

Ill ::c:RAL 
co~:PoS I TI 0~ 00 

-----------~---------
QU4RTi! 
PLACIO+Kri..D 
ALT,F'CL.OSPAR 
BIOT+CHLOR 
SPHE:NE 
AP.ATITr. 
MACN+ILM 

26 
62 
!, 
8 
<1 
<1 
<1 

. . 

-·--------------------------~---------CEC Cf".EQ/1:,e Cl 
lit PH 

CAllOt,; 

<1 3 
8.2 8,~ 

CS Slil 

SURFACE AREA (M2/G) 
t-1rnrnn 

i,12 3•,:~ 2,8 
BET (~/CA EC 

TRACE 
ELEH[NTS (PPH) 

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

I 
I 
I 
I 
I P4 
I NA 
I K 
I CA 
I MG 

' F'( 
I SI 
I HC03 
I CL 
l S04 
I F' 
I 8A 
I LI 
I SR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 
I 
I 

' I 
I 

--------------
STAR'!' ENO 
------ ----... 
7,6 6,1 
7,7 
2,9 
11 
2 
,1 ' 12 I 
57 I 
2.3 I 
3.9 i 
,1 I 

,3 i 
3 I 
0 I 

i 
I 
I 

' s 
I 
l 
I 

NDV 11, 1981 

EXP[RtH[NTAL DETAILS 

~-------------~-----
HETHOO tRATCHC1W,BC> 

STATE :-20•as HESH 

RATIO :1 c12e ML 

TEMP, :22 C 

AHi, :AIR 

SEP 1 N, : CtNTR Ir·.·, 163"e RPH,1 HR , 

ANAL, :L 

COMB, :cs,rc 
REF'ERt~CES I 1) B,R, [ROAL £T ,AL 

LA-74!56wHS 

1-,3 
~ 
I .... 

N 
0 



9 

21 

k.iCIONLiCLlOr: TP E ( 0 l 
----- .. ------ ------- .. 
cs 137 6,58 

13,52 
87,59 
55,57 
14,.Jl 
27,7 
~6. 77 

5,38 
13,52 
27,59 
55,57 
14. 21 
P.7, 7 
~6.77 

2 2 ?. 1 ') 
t:.. 

SoRPT!ON H(SULTS _!'- _____________ _ 

rntT!H LRNJ r I ~' AL [RN) 
{HI:..) ( 11/L l 

--------w-- .. ---------.. 
1,44(•9 
1.4~("9 
l,44(-.9 
l,44E•9 

L 92E•12 
1, 92E-12 
1 , 92E-12 
1. 92E·12 

KOS 
-- .. 

7,7E • 1<i,1l 
l,0E+2(1,1> 
1,2Et2(1,8l 
1,2E. • 2(1,6) 

-a,ee-11.c2, 
n9,0E•1<38> 
.. 7,CE•1(49) 
•1,1E:•'3(29) 

KOO 

3,2E+2(U'J) 
3,7E+2(11) 
3,4E•2<Ul 

-3,3(+1(1'4) 
-3.4E:+1(13) 
-3. n:.u 15, 

• 
~ 
~ 

1-3 
:;;J 
I 

t---' 
N 
0 
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RAOIOHUCLLOE ScRPTtON PARAMETER DESCRIPTION NOV 11, 19 81 

crnLOGlCA~ ~~TERIAL EXPERIMENTAL DETAILS 

------------~------ -------------- ~---~-----·---------
2?. 

OUARTl MON20NITE ?O~PHyRy QC START ENO MET~O!i !BATCH(1ltl,BC> 
N\;MtP=:;. 
N,H1( I 
OR I Ci: t-. CLl~AX STCCK,~CVAJ~ TEST SITE CS7 ------ ----.. -
CH[MiCAL 
CO 11 PCS l T I O Ill < '- > 

s102 
AL203 
TI02 
F'E203 
HO 
H~O 
MCO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK FROPEf, TI ES 

~II' '. .. RAL 
COM~QSIT!ON-!¾> - . -----------~---------OUARTl 26 
PLAGJO+KF'LJ f0 
ALT,F'ELDSPAR 5 
BIOT+CHLJR 8 
SPHENE <1 
APATITE <1 
HACN+ILH <l 

------------------------ ---- ---------CEC < !"EQ/Ul G > 
GI Fie 

CA TI Ot-. 

<1 5 
9.2 8,S 

CS SR 

SURF'ACE AREA (M2/C) J.12 3~~ 2,8 
~~THGQ BET ~GICA EC 

PW 
TRACE NA 
ELEME~TS (PP~) K 
-------------- CA 

I 
1. 
I 

' 

HG 
F'E 
SJ 
HC03 
CL 
S0'4 
r 
BA 
L. t 
SR 

8,1 
7.7 
2,9 
11 
2 
,1 
H 
57 
2.3 
3,9 
.1 
,3 
QI 

21 

8,2 STATE :-20•35 MESI-I 

RUIO :i c12e ML 

TEMP. :22 C 

ATM, . : A IR 
SEP•N, :cENTRlF',,16Hi RPM,1 HR, 

ANAL, :L 

C0118, :NONE 

REFERENCES t 1> 9.R, £ROAL ET.AL 



R~C !ONUCL!'Jf" 

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

Pl,; 237 

-~------
7, 7 
14, 7 
28,7 
~~.? 
16,8 
19 , 7 
29,7 

'l, 7 
14,7 
2a,, 
56,7 
16,9 
19,7 
~9.7 

2 -i 
(, 1 

S0R?Tf:JN KESUL '!'S 

----~-----------

ltllTIAL (RN] 
(H/L) 

1.2E-6 
l, ,lf.-6 
1..!E-6 
~, 2!E-6 

1,:JE-12 
l,oE~12 
1.oE-12 
1. 0E-1?. 

F" U:AL (RNJ 
(H/L) 

---------~ 

7 

KOS ---
5,4E+2Ci,3> 
1,0E • 3(23) 
1,7[ • 3(18) 
J,7Et3(49) 

6 1 9E • 2C.;.•l 
1,2E•J<.;.-) 
2,5Et3( .. •l 

KOO 

5~0E•2<--> 
1,5E•2C--l 
3,4£+2(42) 

t-3 
;;o 
I 

f---' 
N 
0 



9 

-------------------
2~ NliMf:CR 

NAME I 
OR ! G ! t,. 

QUART2 NO~iC~ !lE ?OMP~yRy 1Z A 
CLl~AX ~TCCK,NlVA~A TEST SITE CS7 

CHEMICAL 
CCMPUS!T!Or.J(¾l 

s102 
AL203 
r102 
FE203 
FEO 
Mt-.0 
!1GO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

RCCI< FROPE"TlE9 

~: I '!C~AL 
CCl'·'PQS l TI ONU) 

---------------------OU.I.RTi! 
F'LAGIO+l<FL:l 
ALT,F"El.OSPAP. 
BJOT+CHUR 
SPFENE 
AP.HITE 
HAC:'>:+ I LM 

4Z 
46 
2 
5 
2 
<1 
5 

------------------------~-------------ce:c (ME0/Ui G l 
fl PH 

CA TIO!v 

<:. a 
8.2 8,!; 
cs ~F< 

SURF':.CC AREJ ( !42/C) ;il,8J vq; 4,5 
~~Tw~n BET Ee/CA r.G 

TRAC[ 
ELEMErJTS (PP"!) 

-------------~ 

) . 

Aa~•EOUS rl-lASE 
-------------

START ENO ------ ----~ .. 
PH 7,7 13 
Nl 8,6 
K 3,7 
CA 11 
MG .2 
F"£ .1 
s1 12 
HC03 49 
CL 2,5 
S04 6,5 
F" ,1 
8A .3 
L I 0 
SR .1 

I . 
I 
I 
I 

. i 
I 
i 

NOV 11, 1 981 

EXPERIME'HAL DETAILS 
--~--------~--~-----

METHOD :BATCH(1W,BCl 

STATE :-1!'JE•14Z MESH 

RATIO :1 G/20 Ml. 

TEl~P, :7111 C 

AHi, :AtR 

SEP'N, :c(NTRJF',,16H0 RPH,1 HR, 

AIIAL, n. 
.I 

CNtB, :~JONE 

REF"ERENCES l 1) B,R, ERDAL ET,AL 

LA-'4156-HS 

>-3 
:;o 
I 

I-' 
N 
0 
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SORPTJON t{ESULTS 
~----~----------

F ,:1-i ~ATENlAL NU•19ER•-,.; 23 
INITIAL C r-r~ J FHJAI. [~NJ 

f-.;,C I Ol~VCL I or TPIE ( [') (M/L) (H/Ll KOS KOO 
------------ -------- ------------ ---------- ---3A 133 7,~8 2.4E-8 7,2[ • 2(4,4l 

17. ?J5 2.4[-8 1,3Ec3(4,6l 
27, 93 2.4[-8 1,3E•3C4,Bl 
66,12 2.4E-8 2,9Et3(15) 
l3, 69 1,2E•3C6,2l 
27,72 1,8E•3C6,2l 
55,75 1,8E•3<5,7> 

CE 141 'i',Z8 1. 3E-6 5,5EH(4,3l 
17.~5 1,3E-6 5,0E•114,3l 
27 , 93 1. 3E-6 5,5Et.1<4,7) ~ . 66,12 i,3E-6 7,7Ed(15l ~ 
13,69 6,6E•2C6,9) 00 

27,72 1,4E•3<7,9l I 
55,75 1,3E•3<8,3> 

cs 137 ?, 08 1.4E-9 3,2E•2(2 , 6) 
17,tl5 1,4E-9 4,4E • 2(2,6> 
27.93 1. 4E -9 6,7E. • 2(2,Sl 
66,12 1. 4E-9 2,8E,r4(t1l 
13,69 1,iE:•3(7.2) 
27,72 8,0E•2<7.3 > 
SS.75 9,9E+2<7.2> 

a 152 7,08 8,0E-8 1,0E•2C4,1> 
17, ZS 8,0E-8 a,aE•lCJ,8) 
37,93 8, 0E -8 1,0E•2<4,3l 
I.lo .12 8.M-8 1,6Et2<15l 
13.69 8,1E•2<6.2> 
27.72 1,6[+3(6.3) 
55. 7:; 1,4E•JC5.7> 

51; ,,ca 1,2E-6 4, 7[ • 1(3,2') t-3 85 :::0 
.! i. 05 1.2E-6 6,2E*1<2,9l I 

f-' <Z7,93 1,2E-6 5,7EH(2,9l N 

66,12 l,2E-6 1,5E • 2(15l 0 

:.;s' o? 5,4£+1(6.7) 
27.72 6,2£+1(6.9) 
55,75 5,9E•1<6.3J 
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RAOTONUCLIDE SORPTJON PARAMETER DESCRIPTION NOi/ 11, 1981 

-------------------
NvHlH:r; I 211 
NAME I OUA'H?. H0 1·!20N!Tf. ·'OHPHY~Y !.ZB 
ORIG!\ I CLl~AX ST1CK,~EV4JA TEST SITE CS7 

CHEMICAL 
CCl~FCS 1 T 10:H X) 

--------------s102 
AL203 
TI02 
FE20~ 
FED 
Ml',0 
MGC 
CAO 
NA20 
K20 
P205 
CO2 
H20 

RO Ct< FRO PE r: l It S 

H 1 '·lERAL 
cnMPoS TT i 0~ < ,; ) ------------.---------QtJARH 
f'LAG!O+KrLJ 
ALT,FELOSf'l\~ 
CltOT+CHL!JR 
SPHENE 
APH[TE 
liAGN+ I LM 

-

,i;: 
46 
2 
5 
2 
<1 
5 

-------------------~--------: -------. -CEC < t,,[C/HZ G l 
lo PH 

CAT i 01', 

SURFACE AREA (H2/C) 
Mr.THOt') 

<1 a 
a.2 a.~ 

CS SR 

0,81 9 .. ~ 4,5 
e::r EG/CA EG 

PH 
T~ACE NA 
ELEMENTS (PP~) K 
-------------- CA MC 

Fr. 
SI 
H00;5 
CL 
S04 
r 

I BA 
I I., l 
I SR 
I 
I 
I 
I 

' I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 

' 

AOUEOU!: PHASE --------------

·-~--- ------8,1 
8,6 
3,7 
1l 
,2 
, 1 
12 
49 
2,5 
6,5 
I 1 
,3 
3 
,1 

6,1 

I 

EXPERIMENTAL CETAILS 

--------------------
METHOD :BATCH(1W,BC) 

ST ATE :-101l•1413 MESM 

RATIO :1 Gl2Z ML 

TEMP, :,e.1 C 

ATM, :AIR 

SEP'N, :ctNTRIF',,1601'!!3 RPH,1 HR, 

ANAL, lL 

COMB, :cs,rc 
REF'ERENCES I 1> B,R; £ROAL ET,AL 

1.A•7456•HS 

t-l 
::,:i 
I 

I-' 
N 
0 



. 
9 ') ) 

. 
) ? .:) 

SoRPTJON l<[SULTS _______ .... ________ _ 

24 
! 1·/1: JAL C 'lN J F"trJAL (RNJ 

! : i-lC: c::,, (MIU (M/Ll KOS KOO .. -------- ------------ ---------: cs 137 6,33 1,44[ .. Q 2,2E•2<1,3> 
13. 84 1,44Ew,; 5,0l•211,7> 
27,84 1. 44E~9 1,6E•312,2) 
S5,a3 1,44E~9 3,6Et3(2,0> I 14, 2'4 2,13(•3(14) 

> 27. 71 8,6E•2111l 
56,76 8,6E•2C11) ln 

0 

TC 951-1 6,83 1,92E•12 2,3EUC4,0l 
13 , a4 l, 92E•1.2 6,1Et113,1> 
27,134 1.92( .. 12 2,7Et:,c3,5) 
55,03 l,92E .. 12 1,3E • 0(29> 
14,34 4,2E+2C30l 
27,71 2, 4E+2 C 21> 
56,76 1,0(+2(19) 



9 2 

---~----~---~------
2~ NWt!aC:F< 

1J A~!E I 
OR!G i .._ 

OUARll H~H2rN1TE PO~PHyRy 1:c 
CL!~AX ~TCCK,Nf.VADA T~5T SITE CS7 

CJ,t[I-IICAL 
CC t1 P: S1TIO NC"> 

s102 
AL203 
TI02 
F"E203 
FEO 
HNO 
HGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK FROPC iH IE!: 

!-!tN[RAL 
C !'l t1 PO S l TI ON C ); > 

---------------------OUARTr 4i 
PLAGJO+~rLO 46 
ALT,rf.LOSPAR 2 
e.tOT+CHLJR 5 
SPHENE 2 
APATITE <1 
~ACtJ+ I LIi 5 

------------------------·-----------~-CEC C KEQ/1'1lq, G l 
ii PH 

CA TIO~: 

<1 2 
IL2 a., 

CS ~N 

SURrACE A~EA (112/C) 13,81'1 9,, Z 4, S 
Mr.THOn BET tG/CA tC 

TRAC[ 
ELEHE~lTS ( PPH) 

PH 
NA 
K 
CA 
MG 
fE s, 

. 
. ') 

HC03 
CL 
S04 
f" 

BA 
LI 
SR 

--------------
START ENO ------ ~-----
8 
8,6 
3,7 
11 
,2 
.1 
12 
49 
2,5 
6,5 
,1 
,3 
~ 
. 1 

i 

· NOV 11, 1981 

EXPE~IHE~T~L DETAILS 
~---~----- .. ~--------

HETHOO :8ATCH(11ol,BCl 

SU TE : .. 111Jh140 MESH 

RATIO :1 G/2Z Ml. 

TE~P. :,ra C 

ATM, : A 1 R 

SEP 1 N, :cf.'.NTRlf',,16000 RPH, 1 HR, :> . 
ANAL , :L 

COMB, :NONE 

REF"ERENCES I 1) B,R; £ROAL ET,AL 

t-i 
:;o 
I 

f-' 
N 
0 



9 

rC-i HATE;;IA ! IJU ••: Gc:R--- 25 

i< AC I CtJ LJCL l~r: TI l"E <G l 

------------ ·"·-----
,I,., 241 7,7 

14,7 
26,7 
56 , 7 
16,8 

7. ' 
l4 , 7 
28 ,7 
5~.7 
16 , 8 

) 
,. 

SQR?TJON ~ESULTS 
.. ~-----·--------

PH :JAL (RNJ r I !·JAL [RNJ 
(MIU (H/Ll 

.. ----------- --------- .. 1.~£-6 
1. eE-6 
1, .JE-6 
1, QIE-6 
1, t.>E-6 

1. 0E-1?. 
1.0E•1?. 
l,0E-12 
1,01:-1 2 
1. 0e:-12 

KOS 
-- .. 

2,3E•3(--> 
4,4E•3c ... ) 
1,1E•4C-"l 
6, 3£"4 ( .; .. > 

3,6E•3<-•l 
4,4Et3( .. -) 
2,5E•4(.:. .. , 

KOO 

4,0[ •2C•-l ::i,. 
\J1 
N 

>--'l 
:;o 
I 

I-' 
N 
0 
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--------~----------
';_ I, N~MB[i< 

tJA :1 E I 
O~!G !~ 

au,~T2 H0~2CNJTE PORP~V~V 11A 
CL I~,X STCCK,HE~A6J TEST SITE CS7 

CHE~iCAL ~INERAL 
COHP CSJlION(X) co~POSITIO~tX) 

-·------------ --~----~---~---------s1O2 
AL203 
TI02 
F(2O3 
FE O 
H~O 
HGO 
CAO 
NA2O 
K20 
P205 
CO2 
H20 

ROCK PROPE ;';T !E~ 

OUARH 
PLACIO+KF"LO 
ALT,F'ELOS?AR 
BtOT+CHL::JR 
SPHENE 
APATITE 
~AGN+lLH 

32 
54 
7 
6 
2 
<1 
1 

-·--------------------------~---------CEC < ~E0/1'H! G l 
~ PH 

CAT IO~ 

SURFACE AREA (" 2/G) 
r,-.r.THOn 

<1 
8,2 
cs 

ll, 16 
BET 

2 
8. !? 

SR 

3:. 3 3• 6 
C:~/CA rr. 

TRACE 
ELEMENTS C PP!-!) 

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

I 
I 
I 
I 
I 
I PM I~. 
I t< 
I CA 
I MC 
I ft 
I S l 
I HC03 
I CL 
I S04 
I F 
I 84 
I l. t 
I SR 
I 
I 
I 
I 
I 
I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

?. f) , 

AOUEQUS PHASE 

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

.------ ----,.- I 
7,7 6 
8,6 
3.7 
11 
.2 
.1 
12 
49 
2,5 
6,5 
,1 
.3 
3 
,1 

NOV 11 , 1 981 

[XPERtH[NT4L OET4tLS 

--~----·------~-----
METHOD !BAT·CH C 1W,8C) 

STA'!E : .. 45•,e MESH 

RATIO :1 C/20 ML 

TE11P, :70 C 

ATl1, !AIR 

SEP 1 N. :C£NTRIF'.,16B00 RP~,1 HR, 

COMB, :NOl'lE 

REF"ERE~CES I 1> B,R, £ROAL ET,AL 

l.A-7456•'1S 

• . 
Lil 
w 

H 
:ii:, 
I ..... 

N 
0 

l 



9 2 /, -
) 

ScRPTJON ~tSULTS ____ .,. ___________ 

F"CI. foiA TL;; I AL NUt•ioER--- 26 
ltHTIAL CRNJ F"INAL (RNJ 

:.At; I OrJJCLHlr Tl •\E < n > (HIL) (M/Ll KOS KOO ------------ ---·---- --------·--- ---------- -- .. 8.A 133 7,Z1 2,4E-a 1,7E•2CJ,7> 
17.04 ~.4Eff8 3,2Et.2(J.9> 
27,93 2,4E:-8 4,7Et2<4,3> 66 ,11 2. •E>8 5,7£+2(11) 
13.69 4,7E•2<5.6> 27,72 3,8£•2<6.3) 55,75 3,8£•2<5.6) 

C.E 141 1,07 1,JE .. 6 3,5Et1(4,1) 
17.34 1.:H:-6 2,5E • 1(4,2) 27,93 1,3E•6 2,3E • 1(4,5> 
66,11 1.JE-6 3,4Et1C11> .1.3, 69 9,5£+2(6,9) a,, 72 9,2t+2(8,8) 55,75 7,7E•2<U> :i:,. . 
1,~7 1.4E-9 1,8£ •.ZC2,4> V, cs 137 

-1:" 17,1?4 1.4E•9 2,3E•2C2,5> 27,93 1,4E-9 4,5E.t.'2(2,7> 6~.11 1,4E-9 1,4E • 4C7,4) 
13,69 7,SE•2<7.2> 27, 72 5,7E•2<7,3> !>S.75 1,4E•3C7,2> 

El., 152 7, <i1 s.0t-a 4,9C:•l<J,8> 
l1 .e• o.0E-8 3,9Et1(3,9l 
27,93 8,0E-8 3,9Et1<4,1> 
66 ,11 8,0E-8 5,4[*1(11) 
~3.69 1,2E•J<5.9l 27,72 1,2£•3(6.6) 55,75 9,7£+2(5,7) 

s~ 85 1,Z7 1,2E-6 2,2£.!2( 4.111, 
17,34 1.2£-6 2,9E•1CJ,6> 
27,93 1.2£-6 3,4E • 1(J,3l 
66,11 1.2£-6 a,n:uc11> 

t-3 13.69 3,3t•1(6.3) :.:, 'Z7. n. 3,4£•1<7.7) I 
55,75 3,2£•1(7,1> t-' 

N 
0 



9 , } 

-------- .---.------
NU1-1a:;; 27 
NAHE I QUA~T2 HON2D~!TE ~O~RHyRy 11A 
ORIGl~ I CLIMAX STOCK,NEVA •~ TEST SITE CS7 

P'1 
CHEK;CAL M!~ERAL 
COHPCS!TICNC¾) coHPOSITION{X) 

-------------- ---------------------
s102 
AL.203 
T102 
F"E203 
F"EO 
Hl-iO 
HGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK PROPEIH i E~ 

OlJARTl 
PLAGJO+KF'LD 
ALT,F'EL.OSPAR 
B!OT+CHLOR 
SPHE:NE 
APATJ Tr; 
HAGN+1Lt1 

32 
54 
7 
6 
2 
<1 
1 

----------------------------. -------- . CEC (HEQ/1~3 G) <1 2 
~ PH 8,2 a., 

CA TIO~ c~ s~ 

SUl"lf'ACE AREA (!12/G) i,16 3,.3 3,6 
HrTHOD BET £:GICA EG 

TRAC[ NA 
ELEHE~TS (PP~) K 
-------------- CA MG 

FE 
St 
HC03 
CL 
S04 
F 
BA 

I I., 1 
l SR 
I 
l 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 

} 

~------------

_.,. ____ -·----
a.1 
8,6 
3,7 
11 
.2 
.1 
12 
49 
2.5 
6,5 
,1 

.,3 

" • 1 

8,1 

NOV 11, 1 981 

-~----------·-~-----
HETHOO :8ATC~C1W,BCl 

STATE : .. 45+6Z MESH 

RATIO a c12e HL. 

TEMP. :70 C 

ATH. :AIR 

SEP'N. I CENTR l r ,·, 16080 

ANI.L, : L 

I COHB, :cs TC 
l 

RP11,1 HR, 

I REtERENCES I 1> B,P, [ROAL ET,AL 
i 
I LA•7456-HS , 
I 
I 
I 

I 

V, 
V, 



R.\D!ONUCLlcr 

c~ 137 

re 95~ 

--------
6, i\3 
13,83 
27.84 
55.82 
14, '34 
27,7 
s~.76 

6, OJ 
13,83 
27,84 
55,82 
14, 24 
27,7 
56,76 

9 2 
,' 
} ?. 

S~RPT I ur~ KESIJL TS 
----- .. -------- .. -

I I~ t TI h L CR NJ 
(H/L) 

) 2 

----------1,44E•? 
1,44( .. 9 
!.,44E-9 
1,44Eft9 

1. 92E-12 
1. 92E-12 
1,92E-12 
1,92E,.12 

7 

KOS ---
1,4E~2(1,7l 
3,3E•2<1,4> 
1,4E • 3(2,4l 
2,5E•3(i,9) 

7.0E,.1!60l 
4,0E,,1(91l 
3,0E .. 1(10B) 
-1,3E+0(24> 

KOO 

2,7£•3<15) 
1,3E•3<13l 
1,6E•3<13l 

-8,9E+l'!(6,7) 
-8,0E:+l:H17> 
-8, 0E-1'415 > 

• 
lJl 
(j'\ 

t-3 
;;,::J 
I 

f-
N 
0 



9 2 ) 0 

~AOIONUCLtOE SQRPTION PARAMETER OESCRtPTJON NOV 11 , 1 981 

tJlH'. 6E~ ,a 
NAME I OU A ;n i! Mot: ?. :J 'I I TE ?Q RPHyRv 12 /\ 
OR l Gi ~ I CLI ~hX STOCK,~~VADA TEST SITE CS7 

CHE1" i CAL 
CQHPCSJT!C N(X) 

s102 
AL203 
Tl02 
FE:203 
FEO 
HNO 
HGO 
CAO 
NA20 
K20 
P2O5 
CO2 
H20 

ROCK PROP E:r- T !ES 

!11 1~ERAI. 
r. o~: PQS l T ! _O.'l< X l 

--~------------------OUARTr ~6 
rLAGID•KFLD 60 
ALT,FELDSP~~ 5 
RI~T+CHLOR 8 
SPHENE <1 
APATITE <i 
HA~N+lLM <1 

----------------------------~---------CEC <,..EQ/t~e Gl 
~ PH 

CAT l 01\ 

SURFACE ARCA (~2/C) 
P.['lHCD 

<1 3 
8,2 8,5 

cs ~R 

t', 12 
BET 

3-. e 2. a 
£C/C:A ECi 

PH 
TRACE NA 
fLE~ENTS (PP~) K 

-------------- CA MG 
f"E 
St 
HC03 
CL 
S04 
r 
a., 
LI 
SR 

4CJ !Jr.ous PHASE 

-------------
START ENO ------ ----... 
7,7 
8,6 
3,7 
11 
,2 
,1 
12 
49 
2,5 
6,5 
• 1 
,3 
0 
,1 

8,1 

r.XPE~iMENTAL DETAILS 
·-------------------

METHOD :BATCHl1w,BCl 

STATE : .. 2i,+35 HESH 

RAT! 0 :1 c12e HL 

TEHP, :70 C 

ATM, :AtR 

SEP'N, :ctNTRif',,16000 RPt1,1 HR, 

ANAL, :L, 

CO~IB, : NONE 

REf"£RC~CES r 1) 8,R, EROAL ET,AL 

LA-7<4S6PHS 

i-c1 
::::0 
I 

I-' 
N 
0 



) 2 9 

SQR?TION RESULTS - . .. .;.--~-----------
F' CR MATE;;l.AL JW~SER .. -- 2/J 

INITIAL [RNJ rtNAL cRN) 
R~Ci [ONVCL I.Jr: ri~c: ( ( ) (H/L) (H/L) KOS KOO 
------------ ------- .. ------------ ---------- --· EA 133 '1, ZS 2.4E-e 1,:'!E.,2(3,9) 

17,2:4 2 ,4E-8 1,8£t2(3,9) 
27,92 ~.4E-8 1,9E._2(4,1> 
66 ,11 2.4E-8 3,7E.t2(5,9l 
13,69 1,6E•2<5.6> 
27,72 2,3E+2(5,9l 
55,75 3,1E•2<6.1> 

CE 141 :,,es l,JE-6 2,3E • 1(4,Jl 
17 .~4 1. 3£-6 2,2E•1(4,J> 
27,92 1.JE-6 2,8EUC4,4l 
6!,, 11 1.3C-6 6,5E • 1C6,1 l 
13,69 4,6E•2<6,6> 
27,72 6,6E•2C8,0> • 55,75 2,3E•3<19l V, 

00 . 

cs 137 '1, ia 1,4E-9 l,4E•2<2,5> I 17,Z4 l,4E-9 1,9E+2(2,5l 
27,92 1. 4E-9 2,1E • 2(2,6l 
66,11 1,4E-9 4,3E•3(4,1l 
13,69 4,9£+2<7,3) 
27,72 4,5E•2(7.4l 
$5, 75 4,8E•3<7.4> 

El., 152 7,i8 6,0E-8 3,2E•1(4,0) 
17,04 a.ae:-a 3,2E•1(J,9) 
27,92 e.0E-a 4,5t•1<4,0) 
66,11 8,0E-8 1,Ht2(5,9> 
13,69 5,9E•2C5.8> 
27.72 7,5E•2C6,1l 
55,75 1,9E•JC6.4l 

SFi 85 7, <'6 .1.. 2£-6 2,1C:•1(4,2') 
li,2'4 l,2E-6 2,5E • l(3,8l 
!!7,92 1.2(-6 2,5E•1C3,9l 
66,11 l,2E-6 8,6E+1C6,2l t-:l 
13,69 2, 1E•1 ( 6, 6) :;.::l 

I 
27. 72 3,1E•1<7.5l f-' 

55,75 3,0£•1<7.1) N 
0 



9 ? I, ? ) 2 

RAOIOHUCL[OE SoRPTfON PA~AHETE~ DESCRIPTION NOV 11, 1981 

-------------------
tJUt•t:li:.h ;>? 
MAHE I QU ARTi HDN2DN!TE PQqP HyRy 126 
OHIG!~ I CLI~AX ST~CK, NEVADA TEST SITE CS7 

CHEMICAL 
CO !·1 PCS I T I O ~ ( X l 

~: 1 '![RAL 
c M:PoS Irr ON<¾) 

-------.-----------·-sin QUARTc 26 
AL203 FLAGIO+K;LO 6J 
TI02 ALT,rELOSPAR S 
fE203 B[OT+CHLOR 8 
f"EO SPHENE <1 
MNO APATITE <1 
MGO ~AGN+ILM <1 
CAO 
l~A20 
K20 
P2 05 
CO2 
H20 

------

ROCK PROP~:iTlE~ 
----------------------------~---------CEC Cl'(Q/H,Z G) 

lil PH 
CAT I ON 

<1 5 
8.2 8,$ 

CS SR 

SURF'ACE AREA (112/C) 0,12 3,0 2,8 
Mr.Thon BET c,tcA ~G 

p~ 
TP.AC[ NA 
ELEME NTS (PP~) K 
-------------- CA 

MG 
rt:: 
SI 
HC03 
CL 
S04 
r 

I BA 
I l. f 
I SR 
I 

' I 
I 
I 
I 

' 

-------------
ST4RT ENO 
------ ------
8,1 
8,6 
3,7 
11 
,2 
.1 
12 
49 
2,5 
6,5 
,1 
,3 
0 
,1 

8,2 

.. 

~-------------------
Mf.THDO :f3ATCHl1W,BC) 

STATE :-20+35 MESH 

RAT I.O :1 G/2Z ML 

TEMF. :70 C 

AHi, !AIR 

SEP'N, : CENTR 1 F' ,', 16083 RPl1,1 HR, 

ANAL, : I. 

COIIB. :cs TC 

REF'ERC~CES 1) B,R; £ROAL ET,AL 

l.A-74,6-HS 



------------cs 137 

TC 9511 

--·-----
6,132 
13,83 
27,84 
,s.e1 
14 ,Z4 
27.7 
~6.76 

6,62 
13,83 
27, 84 
55,81 
14,04 
27,7 
!?6,76 

9 

S~RPTfON R~SULJS 
·------ ---------

INITIAL Ct!NJ 
(M/Ll 

1,44(-') 
1. 44E"9 
1,44E•9 
1. 44( .. 9 

1. 92E .. 12 
::.. 92E,.12 
!,92E•12 
1,92E,.12 

r" tr-JAL [RNJ 
(Hill . 

----------
KOS 

1. 2!f.t2 C 1, 1 > 
3,ilE•2(1,4) 
4,8E•2ci,9> 
2,8E,3(i,9> 

3,1£+0(15) 
"3,0£•1(107) 
-2,0C•1f190) 

2,5E • 1C3,3> 

KOO 

1,6E•3C13) 
1,3E•3C13) 
1,1E•JC7.2) 

•1,9E•1<6,7l 
-2,4E+1C9,9l 
1,0E•2CH> 

CJ\ 
0 

H 
;:o 
I 

I-' 
N 
0 



9 2 

-------------------
tJliM&t I. 30 
NA~E I OUA~T? M0~20NJTE ?0RP~yRy 14' 
ORIG!~ I CLl~AX STOCK,N[VADA TEST SITE SPL UE15E7 

CkEM i CAL ,_. I ~;ERAL TF<ACE 
CCMPCS1T1ordX) cc~Posp 10N<¼> _ ELEMEIHS ( PP"I) 

-------------- -----------~--------- --------------
s102 68,4 ANORTHITE BA 9ZZ 
Al,.203 1!°1,9 OUARTZ 
TI02 ,Zit E!!OTITE 
FE203 z ALBITE 
F'EO 2,62 eRCOKITE: 
MNO z PLAG!OCLASE 
HGO ,86 ORTiiOCLASE 
CAO 3,37 MAGNETITE 
NA20 3.37 TlhNITE; 
K20 3,61 APATITE 
P205 ,23 
CO2 z 
H20 z ------
TOTAL. 98,65 

ROC~ PROP:RTIES 
----------------------------~---------

SURF'ACE A~EA ('t2/C) ~.~ 
~r.rnon sr. r 

? 

l'lA 
CA 

I HCO~ 
I S04 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I . 

•) 0 • 

-------------
ST.4.R~ ENC 
------ ------
83 
144 
219 
345 

. I 

I 

2 

NOV 11, 1981 

r.XPERIMENTAL DETAILS 
~-------------~-----

METHOD :BATCH(2W) 

ST ATE :CRUSHED 

RATIO :5 G/31.!! ML 

TEMP, :23 C 

ATM, :AIR 

SEP'N, !FlLlE:R 0,3 U"I "1ILL!PORE 

ANAL, :L 

COHB, !NONE 

REF'ERCNCES 1> G, SCOTT BARN[Y 

PNL•SA-7J52 VOL2P1 

>-3 
:x, 
1 
t--' 
N 
0 



9 r .. 
2 

, 
) 

SOR?TtON KESULTS 
----------------

------------ -------w .-,r 241 

HH Tj AL C '.l l·J J rnat. t Rtl J 
(t-1/L) (M/L. l KOS KOO 

------------
__ .. ____ .,. __ ---1. 5[-1 6,1E • J(.:. .. , 

1,6E-9 1,8E. • 4(--) 
1,1E-8 2,7Et4C-•> 
1. 5E- 7 5,9Ef!4(- .. ) 

cs 137 1. 1E-8 1,4E•3( ... ) 
1,1E-7 9,1EP2( ... ) 
1.1E-6 2,3Et2(-•) 
1 ,H -5 1,1E • 2( .. •> 

f\F 237 9,2E .. 7 2,6E•2<--> 
7,8E-6 3,2Et1(--> • 
9,0E-5 l,5Et2(-•) °' 7,0E-4 1,5E•2<-•> N 

P1,. 1. 0E-8 6,4Et2(-•> 
1,0£-7 8,3E • 3(.:.., 
1,.JE-6 7,7Et2( .... ) 
l.L1E-5 1,7E•5c.:.-> 

SR 85 1. 1E•7 6,lE.•2(-•) 
1.1E-6 7,0E•0( .... ) 
1,1E-5 6,3E•IZIC-•> 
1. 1E-4 7,9E•IZ<-•l 



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

9 2 

RADJONUCLtnE SoRPTION PARAHFT[R 0ESCR1PT!ON NOV 11, 1981 

------------. ------
Nl.r-, S;::i:; I 31 
NAttE I iJU/\RTz Mm.?,0~1 TE ?OHPHvRv 149 
ORIG;~ CLl~AX ~TCCK,N[VAD~ TEST SITE SPL UE15E7 

Cl-IE.I'< CAL 
COMP : SITIO~l<¾l 

5!02 68,4 
AL2C3 15,9 
TJ02 ,29 
FE203 Z 
FEO 2,62 
HNO 2 
MCiO ,86 
CAO 3,37 
NA2C 3,37 
K20 3,61 
P205 ,23 
CO2 ~ 
H20 e 

TCiAL 91L65 

ROCK PROP£::T t E~ 

p,n:ERAL 
co~1Pos IT: cr-;c ~ > 

---------------------A!-JORTH I TE 
OlJARTZ 
UOT!TE 
ALBITE. 
Br!OOKI H: 
PLH,JOCLASE 
Orl'!'HOCL6=>E 
~,AC ~lE TIT~ 
TITANITE: 
A!'AT!T£ 

-~------------------------------------

SURFACE AREA (112/G) ~.9 
~r.THO~ BET 

Tf./lCE 
r.LP'ENTS (PP'1) _____________ .., 

BA 9l21 

I 
I 
·1 
I 
I 
l 
I 
l 
I 

PH 
NA 
CA 
tiC03 
S04 

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

------ ------
8 
83 
1•4 
219 
34'> 

I . 

~-------------------
METHOO :&4TCH(2lol) 

SHTE :CRUSHED 

RATIO :5 G/30 HL. 

TEMP, :23 C 

ATH, :AtR 

SEF" N, :f"lL.TER 2,3 U~ MILLIPORE 

ANAi., :1. 

COMB, : tJO~Jt 

REFERENCES : 1> G, SCOTT BARNEY 

PNl.wSA~7352•VOL2P161 

:x,. . 

H 
:;tJ 
I ,_. 

N 
0 



F' CF< MATC:~lAL 1iU '.·tOER---

thC l ONUCL I or 
------------Al'- 241 

c;s 137 

,,~ 237 

Fl., 239 

Sk 85 

31 

! l ~!E (~) .... ______ 

14 

14 

14 

14 

l.; 

9 2 ') 

--·----·--------

HJ! T I AL C RM J 
P1/L) 

-------------
r Hii\l. cRNJ 

(M/Ll 

----------

) 
;: 

KOS 

4,5Et.1(4,4) 

1,2E••<a3i 

6,2E•0Ca,1> 

KOO 



9 2 2 .:, ) 
I 2 

,_ 

RADIONUCLIDE SoRPT!ON PARAHETER D(SCnIPT!DN NOV 11, 1961 

------------~------
i,U 1-1 BC;; : 32 
NA ii ( : GIUA:lT2 H0rJ20NITE ?Ci~P!-iyHy 1.4C 
ORIC!t- : CLll-lAX STOCK,N(VADA TEST SIT( SPL IJE15E1 

CHEl'!CAL H PlERAL 
CCtlP ,:S IT 1 ON ( X) cor•:Pcs Ir 1 o~<" i ----·---------- ---------------------s102 68,4 A NORTH I TE 
AL203 15,9 C:lJARH 
TI02 ,29 f.IOTITE 
f'(20:5 z Al.BITE 
FED 2. 62 . BROOK! TE: 
Hf'olO l PLAGIOCLASE 
HCO ,86 -- ORTHOCU. ::iE 
C/10 3,37 HAGN(T!i[ 
NA20 3,37 Tl'l'ANITC: 
K20 3,61 APl-,T!TE 
P205 ,23 
CO2 z 
H20 e ------
TOTAL ;a.65 

ROCK PROP:: ,:. TIE S 
----------------------------~---------

SURfACE ARCA (H2/Gl 0,~ 
1-!rTHon BET 

TRACE 
tL£1'1ENTS (F'P111 

-------------· BA 902l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

p~ 
NA 
CA 
HC0:5 
S04 

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

------ ----·-
6 
63 
144 
219 
345 

I 

--------------~-----
METHOO :RATCll(2W> 

STATE :cRUSHEO 

RATIO :5 Gl311l HI. 

TEI-IP, :R T 

ATM, :AIR 

SEP 1 N, :NO 

ANAL, n. 
COMB, lNONE 

REF"ERE:~CES : 1) G, SCOTT BARNEY 

PNI. .. SA-6957 

t-3 
:;i:, 
I 

I-' 
N 
0 



9 

f';R HATll.lAt. \iU1vl1ER--- 32 

;;,1C I ONl.iC!. l CC TI ~:r < D) 

------------ --------A,- 24 .L £ 

r,s 137 2 

Pl, 2 

RI, 1'J6 2 

s;:; 9~! 2 

'- ·) 
, 

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

INITIAL CJ;NJ rINAL ~RNJ 
(MIU (MILi ----- -- ---· -- ----------7.9£-6 

4, •E-9 

2,0E-1; 

6,0E~a 

7 

KCS 

6,0Et4(4Al 

6,5E • 2(7,1l 

5,4E • 3(21l 

2,Ht2(8,2l 

KOO 



9 2 ") 
, 

RAOIONUCLIO[ SoRPT!UN PARAMETER Q[SCRIP!ION NOV 11, 1981 

--------~----------
NU11tlER 3~ 
NAH[ I OUAlHr r1O~:1.!')NITE ~nHP.,iyny-(A,i.i,) 140 
ORIG!~ I CLl~,x STOCK,NEVAOA TEST SITE SPL UE15E7 

CkCl".iCAL 
COHPGSiTICND:) 

SI02 
.Al.2°03 
TI02 
f[203 
FEo 
MNO 
MGO 
C.4O 
NA20 
K20 
P205 
CO2 
H20 

TOTAL 

68,4 
15,9 
,29 
£ 
2,62 
e 

- - - ,S6 
3,37 
3,37 
3,61 
.23 
e 
e 
98, 6!: 

ROCK PROPEc,Tl[!'; 

1q l~ERAl. 
COllPQSITION~"> - . --•---- ----. ---------

----------------------------~---------

TRACE 
ELEMENTS (PPM) 

BA 9(Z 

I 
I 

. I 
I 

Pl-l 
NA 
CA 
HC03 
S04 

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

------ ------
8 
83 
144 
219 
345 

---------------------
METHOC : BATCH( 210 

STATE :CRUSHEO 

RATIO :5 G/3-e Hl. 

TEMP, :23 C 

ATM. !AIR 

SEP'N• :rtLTtR 1!,3 UH MILLIPORE 

ANAL, : L 

COMB, :Nor~£ 

REfER[NCES I 1) G, SCOTT BARNEY 

PNL-SA-7352-VOl.2P1 

1--'3 
::,:l 
I ...... 

N 
0 



F" (: F< HA TH ilq lilit-•GER- - - 33 

flACIOtWCLlC,E: '.I '.•[ < r., 
------------ --------,,:- 241 14 

c~ ~37 14 

hr' 237 14 

P\, 237 l~ 

SI< 85 14 

9 2 # '.) r 

--------~--------

INITIAL (RN) 
(M/L) 

rnlAL CRNJ 
(H/Ll 

----------

9 

KOS . ---
2,1t •• (2'1) 

1,1( • 3(27) 

3,9E•1<7,7l 

1,2E•4(51\) 

6,4E • 0Ct3> 

KOO 

°' 00 



9 2 ,I 
,., 0 

RADIONUCLIDE ScRPTIQN ~ARA~[TCR oESCRIPT!ON NOv 11 , 1981 

Gf.CL~GICAL ~A~(R!Al. 

------------~------
34 

QUARTi': HQ f; ;z')~JTi;:: PORPHYRY l.5A 
NUt!BEF. 
tJAi1E I 
OR!GII\ CL.l"'hX :.TOCK, ··iE:VAuA TES'! SIT[-SHr.AR l!~ 1 

CHE~ ; CAL 
COMl-' ,:SJT!Ot!<¾l 

s102 
AL203 
T!02 
n::20;-; 
re:o 
MNO 
~\GO 
CAO 
l~A2C 
K20 
P2O5 
CO2 
H2O 

MI!:ERAL 
CO!'.PQSlTIO!ll();l 

---------------------OUARTl H 
K,NA FELDSPAR H 
HIJ$C - I.LL \.! 
CALr.tTE 1Z 
~QMTHOR, 1: 

----------------------------~---------

SURF ACE AREA 0 12/C l 4, 37 
Mr.T110n BET 

TAACE 
(U:Mr.~JTS ( PPI-I) 

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

PH 
N4 
K 
CA 
HG 
SI Di! 
HC0i'5 
CL. 
S04 

-------------
START ENO 
------ ------
7,8 
6,7 
1,5 
8,3 
1,5 
26,'2 
41 ·;1 
2,i 
2,7 

. • ·· 

(XPERIHENTAL DETAILS 

--------------~-----
HEH!OO :eATCHC2W,8C> 

STATE :-1fllh325 HESH 

RATIO :1 G/15 ML 

TEMP, :25 C 

ATM, :AIR 

SEP•N. :FILTER 0,1 UM NUCLEOPORE 

ANAL, : l. 

COMB, :SR TC cs 

RF.:f"ER[NCES I 1) s,c, MACLEAN £T,AL 

UCIO .. 17928 

. 
C\ 
\0 

. I 



•:R M4TlnlAL NV•,uEf:?-- .. 34 

R;1[;I0~11JCLIDr Ti. ;;: CO l 

------------ ·-------..:s 137 7 

c~ _,, 85 7 

re 95:• 7 

9 1 2 

SQRPT(JN HESUL!S 
.. ----~----------

Pll"!"J AL (RN] 
(MIL) 

r lliAL CRNJ 
(!'1/Ll 

---------~ 
KCS --. 

1,0~•2(2,0) 

·5,0E•l(14l 

KOO 

--.J 
0 

,.., 
::,;:, _ 

I 
I--' 
N 
0 



9 2 T 

------------ .. ------
3~ 

0UA~T2 ~O~?.rNt1C P~KPhYRY 16A 
N1,;M6;:)i 
NA •IE I 
ORlC;~ CLI~IX ST~CK,NC~ADA TEST SITE-SHEAR 2N 2 

CHEM !CAL 
COMPCSITION(X) 

-.. ------------s102 
AL.2O~ 
T!02 
tE203 
F"EO 
H~O 
HGO 
CAO 
t·lA20 
K20 
P20!1 
CO2 
H20 

ROCK PROPE:RTIE~ 

~1 ! r,ERAi. 
COf·ir-OS IT I ON (:.;) 

---------------------Otl/,RH 
K, f~I. f"ELDSPAR 
t1UCC, - ILL. 
CALCITE 
HOl,THOR. 

HII 
h 
T 
15-20 
>4Z 

-------------------~--------~-------·-

PH 
TRACE NA 
ELEMENTS (PPM) K 

---------- · --• CA 

I 
I 

' . I 

' I 
I 
I 
I 

' I 

MG 
s102 
HC03 
CL. 
S04 

6 ?. 0 ' 

AU'JEOUS Pt•ASE 

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

.. -.--- ------
7,8 
6,7 
1,5 
8,3 

· 1, 5 
26 ','2 
47','7 
2,i 
2,7 

7 2 

.NOV 11, 1981 

. : 

--------------------
METHOD :RATCH(2W,BC> 

STAT£ :-325 ~£SH 

RATIO :1 G/15 ML 

TEHP. :25 C 

ATM, :AIR 

ScP•N. :rlLTeR 1,1 UM NUCL(OPORt 

ANAL• _ __ : L 

COMB, :SR TC es 

RtrcR(NCES : 1) s,c; ~ACL[AN £T,AL 

UCIO .. 17928 

>-cl 
~ 
I ..... 

N 
0 



r !Jf, MATCt<lAl. N'Jt-:nti--.: 35 

1-i ~c I Ci~UCL I or: TI ~IE c r > 

------------ --------cs !37 7 

51; 85 .,. 

~c 95 1" 7 

9 ; 
? 0 ? 7 

5"RPTtON HE:SULTS 
----------------

INITIAL CFlNJ 
(Mil.) 

r IIJAL [RNJ 
(M/Ll 

----------
KOS 

1,0E. • 3(3,5) 

6,0t•2<1,21 

-6, 11:E•l C 23 l 

KOO 

H 
;;'-1 
I 

I-' 
N 
0 



9 2 .. 
1 I) ') 2 7 4 

NOV 11 • 1981 

------------------- --·---------- ·-------------------
I ·1 / 

QUART~ 
1

1-!(l!J?. ';,NyT( ;:,ORP.HYRY 168 
Ni,,!\SZii 
fJ.4M£ I 
OR I G l ,._ CLl ~AX ST~CK,~EVADA TEST SIT[-S~[AR ZN 2 

CHEl"lCAL 
co~:FJS1TJG td¾ ) 

M 1 NERAI. 
C0 11?QS l T 1 O'l < X) 

-.. -------·---- -----------~---------s102 
AL203 
Tl02 
J:"(203 
F"(O 
Ml';O 
MC.0 
CAO 
t-lA20 
K20 
P205 
CO2 
H20 

ROCK F-kOPU,T l E~ 

OUARH 
K, 'a FEL:)SPAR 
t·HISC, - l LI.. 
CALCIH: 
Hr,'.Ht·WR, 

T 
15-22 
>4Z 

--------------~----;--------~---------

SU~FAC[ AREA (H2/Cl 13,6 
Mr.THCl'l BF:T 

P~l 
TRAC( NA 
ELE~ENTS (PP") K 
-------------- CA 

. 1 
I 
I 

MG 
s102 
HC03 
CL 
S04 
f 

ST.4RT ENO ------ ------
7,8 
6,7 
1,5 
8,3 
1,5 
26·:2 
47 ','7 
2,1 
2,7 
0 

HETHOD :eATCH(2W,BCl 
I 

STATE :-10h325 MESH 

RATIO :1 G/15 ML 

TEHP. :25 C 

ATM, :AIR 

SEP'N, :F'JI.T[R 0,1 U"1 NUCL[OPORE 

ANAL, : L 

COMB, :SR TC cs 
REf[R(NC[S 1) s,c. 11ACI.EAN [T,AI. 

UClO - 17928 

:i:,. . 
'-I 
w 

~ 
:,::, 
I .... 

N 
0 



F ~ I-: "1AT[rtlAI_ r-,U !•~ER--- 36 

~.ic !0 1lUCL Ior: ! PIE Cr;l 

------------ --------cs 137 ? 

Sk gc; 7 

: C 95~ 7 

9 2 ) ) 2 

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

!tJI~tAL CRN] 
(M/L) 

------------
F'l~lAL [RNJ 

(M/L) 

----------
KOS -- .. 

1,0E+3(1,5) 

6,1E. • 2(1,6) 

-7,H-1(22> 

KOO 



9 2 

------------~------,, 
OUAilTi' fl0~!7Ctn T( ?O~P.HVRY 16C 

NU~li:!i:;; 
tlAl1£ I 
OR!Gi~ CL!'4AX C:T!JCl(,:;r. '✓ AJ~ TEST S:T[-SHr.AF< 21J 2 

CHE.MlCAL 
COMP:S1TION(¾l 

s102 
AL20:' 
T!02 
F£203 
FED 
HNO 
HGU 
CAO 
ra20 
K20 
P205 
CO2 
H20 

t-! PJERAL 
C".l~Pos IT I O'-H ¾ l 

-----------~---------O!JARTt 
K,~iA FELDSPAR 
MIJSC, • ILL. 
CALCtTr. 
HCNTHOR~ 

1-\;.i ., 
T 
15·2Z 
>4Z 

.. . 

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

TRACE 
ELf."l['ITS (PPH) 

PH 
NA 
K 
CA 
MG 
s102 
HC03 
CL 
S04 

1 2 

AUUf.OUS PHA5E 

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

------ ------
7,8 
6,7 
1,5 
8 ,:! 
1,5 
26,2 47·.-, 
2,1 
2,7 

MEHWD 

STATE 

RATIO 

TEMP, 

ATM, 

SEP•N, 

ANAL, 

COMB, 

NOV 11, 1 981 

"---·---------------
!BATCH 

:-50•100 MESH 

:1 G/15 

125 C 

:AtR 

: ru. TER 

:1., 

:SR TC 

HL 

m,1 UM NUCLEOPORE 

cs 

1) S,C, MACLtAN tT,AL 

UCID • 17928 

> 

>-l 
:;:i:, 
I 

f-" 
N 
0 



f" :~R MAiERl,\I. NU!lr:ER--- 37 

l<ACIONUCL!rr r I i:E CC) 

------------ -~------
cs ~37 7 

Sf< 85 7 

·:c 95;-1 7 

9 2 j > 7 7 

SQRPTJON H(SULTS 
----------------

Ill l i l AL C /Hl l 
(MIL) 

F' 11,AL (RNJ 
(M/Ll 

----------
~cs 

1,SE..•3<471 

KOO 



9 ) 7 

RAOIOHUCLIOE SORPTtON PARAHCTFR OESCRtP!tON ,,.ov 11, 1981 

-------------------
~iUHBE~ 3S 
NAME I OUA~Tl H1rJ~C\JtTE: .ioRf'HY~V 17A 
0 ~ 11.i i 1' CL I" AX S '!' C':: K , ~;CI/ AO A rE ST S l "!' C Si-it. AR ?. ! ; 3 

CHE"-iCAL 
COHP ,:StT!CN(X) 

SI02 
ALc:03 
TI02 
FE20~ 
FE O 
M~O 
MCO 
CAO 
ru20 
K20 
P205 
CO2 
H20 

ROCK PROPt. f,TIEn 

MI liERAL. 
C'lMPQSti!O'IIC~) 

---------------------QIJARH M;.; 
K, !,4 rEL '.)SPAFl t•ll-1 
HIJSC, - t L~ ~1-1 
CAl.tITE 5 
~~HTHOR. 3Z 

----------------------------~---------

T~ACE 
EL.EMU-ITS (PP'1) 

PH 
NA 
K 
CA 
HG 
s102 
HC03 
Ci.; 
S04 

-------------
START ENO ------ ------ I 

1.a 
6,7 
1,5 
8,3 
2,5 
26 '."2 
41 ·.·7 
2,1 
2,7 

EXPERtHENTAL DETAILS --~------------------
METHOD :eATCHC2W,BCl 

STATE :-325 MES~ 

RAT IO :1 G/15 Ml. 

TEMP, :25 C 

AHi, :AtR 

SEP•N, :rtL TtR 0e1 UM NUCL.EOPORE 

ANAL, :L 

C0H8, :SR re es 

REftR(:~CES I 1) s.c. MACLtAN tT,AL 

UCIO • 17928 

> 
-..J 
-..J 

H 
:;,::, 
I .... 

N 
0 



F"81i "1A1'[i-1AL !ill~l :'.;Eq •• ..; 3-3 

R .. c io~iucuor ! ! 'if: ( ;'! ) 

------------ --------
cs 137 '/ 

s ~- 85 7 

. C 95~ 7 

9 2 2 l 2 7 9 

----------·-----

!Nl:!AL (P.Nl 
(M/i.l 

r Ir~ Al. C RN J 
(M/Ll 

.. --------.. 
KOS KOO 

4,4£. • Z(2,7> 

-..J 
OJ 

>-3 
:,::J 
I 

r-' 
N 
0 



l 

9 2 ') ?. 0 2 3 

RAOIO~UCLIOE SnRPTION PARAHCTER oESCRtPTJON 

--------~---------- .-------------
l~ 

~,L'ARTZ ,irw7.0'll TE i-'OHP...ivi-v 173 '4£:THOO 
!ilit~& ::. ~ 
!'J4 !·1E I 
OR:C!~ CLI~AX STCCK,~cVAOA T[ST S!T(•S~rAR 24 3 ------ -------
CH[,-.iCAi. 
cc11P .:'. S!T!(it,;(¾) 

5102 
Al.203 
TJ02 
F"[20~ 
F"EO 
t-:r,o 
HGO 
CA() 
NA20 
K20 
P205 
C0:2 
H20 

fl!ll[RAL 
COMPOS!T!ONO~l 

CUAHT~ Hw 
I<, !lA ff:VJSPAR ~II-I 
HUSC, - IL~ M~ 
CALCITE 5 
"ONTHCR~ 3~ 

------------------------~------------" 

SURFACE AR~A CH2/Cl 7 • ~81 
'4f"THOl1 BET 

TRACE 
EL.EHENTS (PP)1) 

p;,1 

ra 
K 
CA 
MC 
sin 
HC03 
CL 
S04 

7,8 
6,7 
1,5 
8,3 
2. '5 
26,2 
41 ·:1 
2,i 
2,7 

ST ATE 

RATIO 

TE'1P, 

ATM. 

SEP 1 N, 

4~AL, 

COMB, 

NOV 11, 1981 

--------------------
:riATCH(2W,BC) 

!•10111•325 MESI-I 

:1 G/15 Hl. 

:25 C 

:AtR 

:F"tLTtR 0,1 U~ NUCLEOPORE 

:L 

:SR TC cs 
1, s.c; HACL.[AN [T,AL. 

UCIO • 17928 



FCJ. HA TEM lAl. NU~1P,ER•-"' 39 

f<;.i: I Ol~lJCLI Or. !l~E < t l 

------------ --------cs 137 7 

Sfi 85 7 

,c 95 1• 7 

9 2 ") 1 2 3 

S!iRPTtJfll KESULTS 

-----~----------

Pl!TtAL CRN1 
(H/L) 

----------
KOS -- .. 

3,1[ • 2(2,9) 

-2,eE•1c1;s1i 

KOO 

00 
0 

1--3 
:;o 
I 

r-
N 
0 



------------------- -------------
4:J 

QUART l HO~lONJTE ?QRRHYRY 17C START END 
riur• e:: 1; 

iJ ,H:E I 
OR 1 G l "- CL!~AX STOCK,~EVAOA TEST SITE-S~EAR 2~ 3 ------ --·----
CH[M !CAL 
CC HP-~:S!T!:')r,.. (¼) 

s102 
AL203 
TJ02 
rE 2 Cj 
n:o 
H~O 
IIGO 
CAO 
NA2C 
K20 
P205 
CO2 
H20 

ROCK P~OPE:RTIE', 

tq;lE RAL 
cr.MPoSITION{X) 
-----------•---------O~ARTl ~w 
K,~A rcLOS~AR MW 
Mtl!.:C, - I LL ~1-1 
CALCtTf. 5 
HOWTHOR, 30 

--------------------------.-~---------

PH 
TRACE I N4 
ELE~E~TS (PPM) K 
-------------- CA l'IG 

s102 
HC03 
CL. 
S04 

G L G ; 

7,8 
6,7 
1,5 
8,3 
2,5 
26 ','2 
41·;1 
2,1 
2,7 

I 
I 

: . 

Z 6 

NOV 11, 1981 

~---·---------------
METHOD !RATCH(2W,8C) 

' STATE :-50•1£0 . MESH 

RATIO :1 G/15 ML. 

TEMP, :25 C 

ATM, :AtR 

SEP'N, :ftL.l£R 0,1 UH NUCL.tOPORE 

ANAL, : L. 

COMB, :SR TC cs 

Rtr[Rf:NCES 1) s,c, 

UCID 

MACLEAN e:T,AL 

. 17928 

;p.. 

0:) ,__. 

t-3 
:::0 
I ,__. 

N 
0 



F'C" '1ATE~!Al. NU~l~ER--• 4a 

R,.c I ONUCLicr: IP•E ((') 

------------
... _______ 

cs 137 7 

s;. 8!:i 7 

TC 95M 7 

... --.,--------·--

INITIAL (r?NJ 
(H/L) 

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

G 

F"INAL CRNJ 
(H/L) 

----------

(, 6 

KOS -- .. 
1°,1Et3(5,71 

3,2t • 2(2,2) 

-• ,0t•1(301 

KOO . 

I 

:i> 
(X) 
N 

t-3 
:a::, 
I 

I-' 
N 
0 



RAOIONUCLYDC S~R?TION PARAHET(A Q(SCRtPJ!ON 

----·-------~------
t!UtiB[h I 4 i 
liAIIE I rlUARTi! MON?.ONy Tr. ?Qt<Pt-1YRY 18A 
ORIG !~ CLI~&X s~oc~,NEVADA TEST SITE/ uswrSAP 

C~E~ICAL H'~ERAL 
CCMPCStTIOh(X) cn~PQSIT!ON~¾l . . 
-------------- ---------------------s102 
AL.203 
TI02 
rc20.3 
rEO 
MNO 
MGO 
CAO 
IJA20 
K20 
P205 
CO2 
H20 

I 

ROCK FROPC:~TIE"i .. . 

-·----------------------~-------------

Pi~ 
TRACE MA 
ELErEHTS (PP~) K 
-------------- CA 

(. 

I 
I 
I 
J 

MG 
St02 
HC03 
CL. 
so• 

-------------
STAR'! ENO ------- ------
7,8 
6,7 
1, '> 
8,3 
2,5 
26 ·;2 
•7--7 
2,1 
2,7 

! . . 

METHOD 

STATE 

RATIO 

TEHP, 

ATH, 

SEP 1 N, 

ANAL, 

COMB, 

6 

NOV 111 1981 

EXPERtMENTAL nETAILS . 
----·---------~-----

!BATCH(2W,8Cl 

:-211+5i Hf.SH 

:1 C/15 ML 

:25 C 

: A IR . 

:F'ILTE~ 8,1 UH NUCLEOPORE 

: L 

:SR TC CS 

1) s.c; MACLEAN (T,AL 

UCID • 17928 

> 
00 
w 



F Cl< !'IATE~IAL NUt18ER--• 41 

RACJONUCLIQr !lME ((j) 

------------ ------- .. ~s 137 a 
SI. 85 8 

,c 95M 8 

SoRPTtON l{ESUL!S 
-----------------

INITIAL CqNJ 
(tl/L) 

z ( 

f"I"!AL CRNJ 
(MIL) 

---------. 

(, Z 6 

KOS 
-- .. J, aE.•2 c:,,, 

1,7E.•1<7,3) 

-8,0£•1(26) 

KOO 



RAOIO~UCL!OE SoRPTtON PARAMETER oESCR!PTtDN 

r.r~LOGi~A~ ~ATF.R!~~ A01JEOUS PHASE 

------------~------ -------------
l1vMGt:>1 •?. 
NAME : QUARTZ l-40t!ilCNtTE PQl{PHY~V l~il START [ND H£TH00 
ORIGl ~ I CLI~,x STGCK,N[VADA TEST SITE/ USW!SAP ------ ____ ,__ 

CHEM:CA L MlrERAL 
COMP05!TICNC¾) COMPQSIT!O~<¾l 

-------------- ---------------------s102 
IIL203 
T!02 
F'E2C3 
f"EC 
HNO 
MGQ 
CAO 
NA20 
K20 
P205 
CO2 
H20 

RQC,I< FROPE ;HIES 
-------------------·----~---~-----~-~-

Pi-! 
TRACE N~ 
ELEHENTS (PPH) K 
-------------• CA 

9 8 G 

I .' 
I 
I 

HG 
s102 
HCO~ 
CL 
S0'4 

G C 

7,8 
6,7 
1,5 
5.3 
2,5 
26:2 
47·;7 
2,1 
2,7 

z 

STATE 

RATIO 

TEMP, 

ATH, 

SEP'N, 

ANAL• 

COMB, 

~Oy 11, 1981 

EXPERIMENTAL DETAILS 

~-------------~-----
:BATCH(2W,8C) 

: -20 ... ,rz 
· :1 G/15 

:25 C 

:AtR 

:rtL.TtR 

:L 

:NONE 

!4ESH 

ML 

a,1 u~ NUCLEOPORE 

1) S,C, MACLEAN tT,AL 

UCID .. 17928 

;:t> 

co 
V, 



Fer. MAT£R 1AL NU11c(R--;.: 42 

N,\C!ONUCLICr. TI 4C (I') l 

------------ --------
7 

S:RPT!ON ~[SULTS 

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

INITIAL. CtlN) 
(M/L) 

r H!Al. CRN:, 
(M/Ll 

---~-----.. 
KOS KOO 

. 
co 

°' 

t-3 
:,:, 
I 

f--' 
N 
0 



-------- .---~------
1,1,;M8U• 4'.I 
NAHE I W~STERLV GnA~IT[ 19h 
OR IG;~ NE~ rH~LANO 

CHlM:CAL 
COMPCSJTIQl~Cl.) 

s102 69,5 
AL.203 16,7 
T!O2 ,37 
f'f203 l 
r o • :s 
Mf,;0 • ki4 
HGO 1,12 
CA0 2.~5 
HA20 3,3 
~'. 20 ,; • 5 
P20!:i • liid 
CO2 0 
H20 z 

------
TOTAL 99,96 

RQCK f'ROPS:F:TlE~ 

~: 1-;(RAL 
C::JI-IPQS!TlUNC¾) 

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

- . ---------------------------·--------CEC <~EQ/102 Gl 3,6 
ta PH 

2 2 ) 

~ADIONUCLlDE S~RPTtON PARAHET[R OESCRtP!ION 

PH 
TRACl EM 
ELfME '. ITS (PP"1) ~a• 
-----------"-- CL+ 

AlJUEOliS PHASE 

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

------ .. -----· 
7 7,5 

32• 

HET~OO 

STATE 

RATIO 

TE"1P. 

ATH, 

SEP'N, 

MlAL, 

COHB, 

NOy 11 , 1981 

(XPERtH(NTAL DETAILS 

~-------------~-----
:sATCH 

:cRuSHEO .. 150 HESM 

:0,5 G/15 HL. 

:RT 

:AtR 

: CEtHR 1 F.-_-, 701.H! RPM,20 HtN, 

IL 

: SF! re cs 

REf'F.:Rc•~ce:S 1> J,r • Re:LYe:A e:T,AL 

21 

. 3 I 

4) 

+ PPT 

PNL~SA-6957 P,125 

J,F', RELYEA ET,AL 

PNL•S1-7352-VOL2P2!59 

A,N, MUCCIAROl ET,AL 

PNL•SA-73S2-VOL2P333 

L,L.' 4HES 

PNL•2197 

1-3 
:x, 
I 

t--' 
N 
0 



R,:.t I ONLic;L I er 
--------:s 

1Z 

9 2 /. ~) 2 

S0R?T!ON HESiJqS 

~--------------· 

INITI4L CRNJ 
(HIL) 

F"lNAl. CRN) 
(K/Ll 

--------- .. 

9 

KOS 
"-• 

8,lt'£ • 0(61l 
5,5(~1(9991 
1,2E•1c451 

6,9£; • 0(721) 
-3,2(+0(2391 
1,6( • 0(57) 

7, 2E•~ (tll1J I 
-4,3E•f.H1171 

9,4E•ec45> 

KOO 

00 
00 



I 4'1-~H;t'8Lli 
:•Jjl i·I E I WESTE~LY crAN!TE 193· 
8RIGi~ NEW O:GLM!O 

C~UI; CAL 
CQMFCS t TI :rn 00 

--------------s102 69,5 
At,.2O3 16,7 
TI02 ,:P 
f"E:203 2 
rEO • 3 
~INO .~• 
MGO 1.12 
CAO 2.:es 
r,112O 3,3 
K20 4,S 
P205 • Z8 
CO?. ~ 
H2U e ------
iCTAL 9~.96 

ROCK PROP£ 11 TIE<; 

1,q ::ER~L 
Cr1 11PO~ITI0NC¾l 

-----------~---------

--------------------------------------CEC <~£O/l~i Gl ~.6 
@ Pi; 

9 2 

TRAC[ 
ELE!J.[~TS (PPl.4) 

2 S ,; ?. 
, 

AOU[OUS rliASE . 
-------------

START ENO 
------ ------
7 7,9 

4:.'0 
6~~ 
1034 

0 

I 

I . 

I 
I 
I 

METHOD 

STATE 

RATIO 

TEHP, 

4TH, 

SEP'N, 

ANAL, 

COMB, 

NOy 11, 1 981 

EXPERtHENTAL DETAILS . . 
~-------------------

:BATCH 

:cRuSHEO .. 159 HESH 

:0,5 G/15 HL 

:RT 

:AIR 

:cENTRlF',,7000 RPM,20 11JN, 

:L 

:SR TC cs 
. 
co 
\0 

RE:F'ERtNCES 1) J, F' ,· REI. YEA ET,AL 

PNL•SA-6957 P,125 

2) J,F', RELYEA ET,AL 

P~L~SA-7352•VOL2P259 

3) A,N; MUCCJAROI ET,AL 

PNL,.S4-7352-VOL2P333 

4) L,L ·; AHES 

PNL-2797 



RA!;!ONUCLICr 

r.s 

! l ~-r. < r:: l 

3 
lZ 
3z, 

3 
1Z 
.3Z 

3 
lZ 
3Z 

9 2 ... p 

.. _______________ _ 

II-UTtAL C~N1 
(t-1/LI 

F' I I·, Al. ( RN J 
(H/L) 

.. ---------
KOS 

7,9E•2<R•7> 
2,7E•3(12) 
5,9Et3(27l 

4,4E.t0(J1) 
5,4E. • 0(73) 
'l,1E.-z(1Jl 

3,7e.•0(;s0) 
6,3Et0(801 
7,4E•1C9,51 

KOO 

J 



---~---------------
r, 1,;r··,i3Eh , ; 
tJA HE I w: STE RI Y G:": /tNtlE :_c,•C 
0 ~ ! C; ~ I NEW rJ! r:1.4 r:o 

Ckt.''I IC Al. 
cor1PGS i Tl 01'-1 (" l 

--------------s102 69,5 
hl,.203 16,7 
TI02 ,37 
F"E203 2 
rEO ,3 
Mt,;(l • li.4 
I-IC C, 1, 12 
CAU 2, l 5 
MA2C 3•3 
K2 0 4.5 
P205 • CJ '3 
CO2 i: 
H2 0 l ------
TOTAL. 99 ,9(: 

Rocre. PRCP ;:" TIE~ 

M ! l·! ERAL 
CCJ ~POS IT! ON C·X l 

-----------~---------

------------------------ .---~-- ------CEC l ~EQ/1~ ~ C) 3 . 6 
@ PH 

9 

PH 
TRACE CH 
EL[M(NTS (PPM) I NA 
-------------- I CL 

I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 

' I . 

AO'JEOUS PHASE 
. -

-------------
. ST ART [NO 

.. ----- ------
7 8,3 

384 
69Z 
11?34 

NOV 11, 1981 

EXPE~tHENTAL DETAILS 
--------------------

· METHOD :BATCH 

STU( :CRUSHED •150 HESH 

RATIO :0,5 C/15 HL 

TEMP, :RT 

ATH, :AIR 

SEP 1 N, :cENTRir ·;, "'"" RP/'1,20 HIN, 

ANAL, :L 

COMB, :SR TC cs 

REF'£:RENCES 1) J,r; RELYEA ET,AL 

2) 

3) 

4) 

PNL•SA-6957 P,125 

J,F", RELYEA ET,AL 

PNL•SA-7352•VOL2P259 

A,N; MUCCIAROI ET,AL 

PNL•SA-7352·VOL2P333 

L,L, AMES 

PNL-2797 

>-:l 
:x, 
r 

I-' 
N 
0 



F~~ ~ATE~lAL NUH2ER--- 45 

Tt •iE <o> 
------------ --------cs 

r • • .,,. 

TC 

9 2 1 ') 

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

INITIAL CRN1 
(H/L) 

r ltiA L (RNJ 
(MIL) 

----------
KOS 
-- .. 

5,Sl•2<17> 
3,9E.•3(109) 
8,4l+3C79l 

1,3E.t1(45) 
1,5E. • 1(24) 
2,6E•1<11) 

-1,1E•0<139> 
1,7Et0(139) 
7,9E•1<3,5> 

KOO 



ll1,,; l-!t!Ef. t,f, 

NA~E I ~ZST [~LY G~A ~i TE ~9J 
s ~: G:"' l·JE I~ r.rH~L •, '. !:) 

Ckl~iCAL 
CQMP CS!T!OtHZ) 

5102 69,5 
AL20~ 16,7 
TI02 ,37 
FE203 2 
FEO ,3 
:-iNO . ~ 4 
t1G O 1,12 
CA,1 2, 25 
la20 3.3 
K20 4,5 
P2 U5 • .? a 
CO2 il, 
H20 i ------
iO TAL 99, 9 !: 

t,q',ERA L, 
c or-! PQS!1tONClO 

-----------•---------

--------------------------------------CEC CrEQ/l Oi Gl J,6 
~ f> M 

S\JRF"ACE AREA ( ! 12/Cl 6 

9 

TRACE 
ELC)ol("JTS (PP~) 

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

I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PH 
El-l 
NA 
rlCJ3 

- - --- - --- - --------:-------

/, ? 1 2 

NOV 11, 1981 

,\11:JEOUS PHASE EXPE~iMENTAL O~TA!LS ------ .. ------ ~-------------------
ST4~T ENO MET HOO :a4TCH 
------ ------

9, • STATE :CRUSH(!) .. 15:a HESH 
364' 

69~ RATIO n,,s r.t15 HL 
1830 

TE •1P, :RT 

ATM, !AIR 

SEP 1 N, : CENTR H",, 70H RPH,20 HIN, 

ANAL, :L 

CDHB ,. :SR TC cs :i,. . 
RE:tERENCF.S 1 l J,r, RELYEA ET,A.L. 

PNL ... SA-6957 P,125 

2) J,F', RELYEA ET,AL 

PNL .. SA-7352•VOL2P259 

Jl A,N; MUCCIAR01 ET,AL 

P~L-SA-7352•VOL2P333 

4) L,L, AMES 

PNL•2797 

: 



r •: h ~AT[RIAI ,.unJER--- 46 

ri.,.C I ONUCL I :Jr 
------------.:s 

re 

! I !-1[ < r l 
--------

3 

3 
lZ 
Je 

3 
lZ 
5~ 

9 I 2 1 

~------- .. -------

INITIAL CllN) 
(MIL) --------- ... --.-

F'INAl. (RNJ 
(H/L) 

-_ .. _______ _ KOS -- .. 
· 6,5l+1(22) 

1,5E•2(11> 
3,9£U(&,7> 

1.,9£•1(•7) 
3, 6EU C 15) 
3,3£•1<6,2 ) 

.. 2.~~•0(218) 
2,.t.Efi~(198l 
2,7Et1CS,0> 

KOO 

~ 
::,::, 
I 

I-' 
N 
0 



--------·---~------
41 :,u~1s: ~ 

•! At lE : 
:• ~; GI f\ 

W~STERLY G~ANITE 2~A 
1~U,i 1'.~iGUtiJ 

ct,c~:CAL 
COHPCS!TIO~(¾) 

SICZ 
AL203 
TI02 
F[21,;3 
FEO 
tlNO 
MGO 
CAO 
NA20 
!<20 
P205 
CO2 . 
H28 

ROCK Pnorz.., TIE~ 

~l! tJc::R.\L 
CfJt :PQ$ IT! 0~( X l 

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

----------------------------~---------

9 2 

TRAr:c 
ELEME~TS (PP~) 

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

2 

AOUCOU~ PHASE: 

-------------
START mo ------ ------

I PH 7 • 8 
I NA 6,7 
I K 1,5 
I CA 8, 3 . 
I MC 2,5 
I s102 ·26 ·,'2 
I fiC03 · 47 ","7 
I CL 2,1 
I S04 2,7 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·' I 

NOV 11 , 1981 

EXPER1MENTAL DETAILS 

--------------------
METJ.JOO :aATCHC2W,BCl 

STATE :-20•50 MESI-I 

l RATIO : _1 C/15 Ml. 
I 
I . TEMP, :25 C 

ATM, : A IR 

SEP'N, :F"ILTER 0,1 U11 NUCLEOPORE 

ANAL• :L • . 
COMB, :SR TC cs \.0 

u, 

RffERe:iice:s 1) s,c, MACLEAN ET,AL 

UCIO - 17928 

: 



F' CH MATEGL\ 1. tJU>IBF:R--.; 4'7 

~AC !OIWCL I er f 1 ·-1r ((:) 

------------ --------
:s 137 8 

S1-i 85 B 

; ~ 95~ I\ 

9 ... ,, 1 9 7 

~~--------------

PIITIAL t~NJ 
(M/Ll 

F'UJAL (RNJ 
(M/Ll 

--------- .. 
l<OS 

2,1l•2<41> 

6,5E•Z<J"l 

-9,1E~1<9,1l 

1(00 

> 

t-'J 
~ 
I 

...... 
N 
0 



l~UM8C:I. 
IJ AME I 
OR ! GI r,. 

4A 
~:ST(RLY GRA~ITE 2CB 

N[W r~:GLAt-'') 

CHE,.., ; CAL 
CC MPCS!"T!ON<¾> 

11 y t;ERAL 
co MPQStTIO~H¾l 

-----------~---------s102 
AL203 
7102 
n:20:: 
rEO 
MNO 
MGO 
CAU 
NAiO 
K20 
P20, · 
co~ 
H20 

~ ------·------------------~---~---------

9 2 ) 
! ? 2 

RAO!O~UCLIDE S~RPT!ON PARAHETER QESCRJPTION NOv 11 , 1981 

T!1ACE 
F:LE"'CHS (PP'1) 

PH 
NA 
K 
CA 
MG 
s102 
HC03 
Cl. 
soot 

AtJUEO US PHASE 

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

------ ------
7,8 
6,7 
1,5 
8,3 
2,5 
26 '." 2 
41 ·;1 
2,1. 
2,7 

-------------- .-----
METJ;OO !84TCH(2W,BC> 

STATE :-20•50 HESH 

RATIO :1 G/15 HL 

TEMP, :25 C 

ATM, :AIR 

SEP 1 N, : F'lt. T[R 0,1 UH NUCLEOPORE 

ANAL, : L. 

COMB, :NONE 

REFERENCES : 1) s,c; MACLEAN ET,AL 

UCIO • 17928 

• . 

t-3 
:;c, 
I 

I--' 
N 
0 

_ I 



9 

,C~ MA TEis I AL !HJllOER---' 48 

I lHC ([,l 

------------ ---------
Pl., 237 7 

·2 l .) ? ? . 

ScRPT!ON I-IESULTS 

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

Pl! : I Al. C l'i I~ J 
(H/L) 

F'H:AL (RN) 
(M/L) 

--~------- .. 
KOS KOO -- .. 

:> . 
\0 
00 

rl 
:;<::) 
I 

I-' 
N 
0 



------------~------
4~ !J\;f-16£. I; 

NA ME I 
OR I G II\ 

vRA~llr cr-nr.SHLY ~RAcTuRE~l 3aA 
GOE:THEBOOG, SWE: 1ltt-. . 

C11E.MlCAL 
CCMPCS!T!Ot,(¾) 

s10, 
AL203 
TI02 
FE203 
n:o 
Ht-10 
HGO 
CAO 
tlA20 
t;,o 
P205 
CO2 
H20 

noci< PROPE fH I ES 

r I f-lERAI. 
Cl11·1POS IT I 0~1 ¾ l 

-----------~---------

~~-----------------~----~---~-------~-

9 2 

~A 
TRACE K 
ELCH[NTS (PP~) CA 
-------------- MG HCOJ 

CL 
S04 
f 

'1 3 

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

------ ------
268 
1e 
75 
15 
2c-r. 
503 
15 
1,5 

0 

NOy 11, 1981 

EXPERIMENTAL DETAILS 

----·---------------
MCTHOO :sATCH 

STATE :COUPONS ., 27 CM-2 GSA 

RATIO 

TEnP, :25 C 

ATM, :AtR 

SEP'N, :NONE 
> 

ANAL, : L \0 
\0 

COHB, :NONE 

R(f(R(NC(S . 11 B, ALLARD £T,AL . 
CHALMERS INST, TECH. 
KBS; T,R, 55 



i:-ci; MATE:~IAI. :~U~t!J ER--- 49 

R~c1cm;cuor r1:-1r (Q) 

------------ -·------.. ~ 241 .5 
1 
1 

cs 134 .5 
1 
1 

SR 89 .; 
1 
1 

9 ,· " :> ) ✓-

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

HIITIAL CllNJ 
(H/L) 

r n .:AL CRNJ 
(M/Ll .. 

----------
KAS ---

2,0E•1<-•> 
2, lllE.•1 < .: .. > 

7,9E-1<--> 
6,JE .. 1(-•) 

1,0E•1<--) 
2,5E,.1C-"') 

KAO 

1-1£•2<--) 

3 ,2E+0C·•> 

5,0E+1 c--> 

:x:,. . ..... 
0 
0 

...., 
:x, 
I ..... 

N 
0 



9 2 

RADlO~UCLIDE SnRPT!ON PARAH[T[R oESCRtPTtON NCy 11, 1961 

------------~------ -------------
t,l,hfj(I; I 50 
IWiE I GAA \ l 'Tf C,., U'.; TRIA~) 2:iiA 
ORIGl~ G~B~AATS, ~AL0VI[~TEL• L1WER AUSTRIA ------ ------
CHl::"':CAL 
cc~:Pc S JT I CN ( ¾ l 

S102 
AL203 
TI02 
F'[203 
rE O 
MNO 
MGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK PROP:.r.TJE;, 

M yt!ERAL 
C!'WPOSITl:J~(¾) ------------.---------

-----------------~-·------------------

I PH 3,5 
TRACE 
ELEMENTS (PP~) I 

--------------------
METHOD :RAJCH(BC) 

STHE :CRUSHlO 144-324 CM-2 

RATIO !10 G/1021 Ml. 

TEHp. :1:n 

A Tt1, :AtR 

SEP 1 N, :NONE 

ANAL, :.L 

COMB. : ~JONE 

REF'[R[NCES : 1l H, TSCHURLOVITS 
AUSTR, ·UNIV, NUCLEAR 
WORKSHOP,RRUSS(LS~79 

,--J 
~ 
I 

I-' 
N 
0 



f.l AC.!ONliCLlr,!"" 

------------: E 144 

.: s 137 

s~ a, 

--------
6 • 7 
11,8 
l2,9 

, 17 
2,3 
6,3 
14,2 

, 17 
2,3 
6,3 
14,2 

9 2 

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

I N I i I A L C R ~O 
(~/L) 

r-rr;AI. CRNJ 
(MIL) 

----------

.. 

KDS --. 
2,2l • 2<--> 
A, 7E.•2 ! -•) 
3,5E.•3<-·> 

1,lE • l(-•I 
2,1E+2c .:. -> 
>5, 0E+2 c--) 
>5,l:'E:•2(--) 

2,3E•0c.:.-l 
2,9E•~C-•l 
3,H-•e<--> 
4,0E•~C--> 

KO O 



9 2 

C(OLDGlCA~ ~ATrR!AL 
I 

51 
GRA~!Tr (Au::T~IA~) 22a 

t1t.lM8EI. 
NAME. I 
ORlGi~ HE RP.SCH[!;EERG, 1-1i.L•Y IE RTE l. I Lt:'·,iER AUSTRIA 

C11EMiCAL 
COHPOSJTION(¾l 

S10~ 
AL.203 
T102 
F"E:203 
rEO 
MNO 
MGO 
CAO 
NA20 
K20 
P205 
CO2 
H20 

ROCK FROPE:RTIES 

~I! t:ERAL 
coMP0s1rroNoo 

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

----------------------------"---------

TRACE 
ELEHClTS ( PP'• l 
-------------- I 

) 

4GJUEGUS PHASE 
-------------

-- .. --- ------
f'H 3,5 

NOv 11, 1981 

EXPERIMENTAL OET~ILS 

~-------------------
M[THOQ :BATCH<BC) 

STATE :CRUSHED 144 - 324 CM-2 

RATIO :u, G/1~0 ML 

TEMp, :RT 

ATM, :AIR 

SEP 1 N, :NONE 

ANAL, :L 

CC!-19, !NONE. 

RErtRENCtS I 1) M, TSCHURLOV!TS 
AUSTR, UNIV, NUCLEAR 
WORKSHOP,BRUSSELS-79 

• 
I-' 
0 
w 

,--J 
~ 
I 

I-' 
N 
0 



rCN r1ATEfll .AL ~!U!IE?ER--- Sl 

RAC!ONUCL!Cr 

CE 144 

cs 137 

SPi 85 

--------,, • 7 
:i.1,6 
12,9 

,17 
2,3 
6,3 
14,2 

,17 
2,3 
6,3 
14,2 

9 2 2 
. -. f, ? 3 

SoRPTJON RtSULTS ,_ ______________ _ 

trJITJAL C~NJ 
( HIL.) - .---- ____ .._ 

r1r-.:AL. cfiNJ 
( 11/L l 

----------

·-j 

KDS 
--· 

3,4( • 2(--) 
5,5l+2(- .. ) 
6,6E+2(--l 

l.,4Eot1<-•l 
4,0E.otl(-•l 
9,0E•l<--> 
9,0(411(--) 

2,5E-.0t-·> 
2,4Es0C-•l 
3,2E•rH-·) 
4,0Ettrl(--l 

KOO 

t--3 
::0 
I 

j-J 
N 
0 



-------------------
IJIJH!iC:F- 5;, 
~JAME I GRANIT, (t. :JSTrtil,N) 22C 
O~IGill NF.UHAllS LOWER t;llSTRlA 

CHU"! CAL 
COttPCSyTJON(¾l 

s102 
AL203 
T!02 
f"E2C3 
rEO 
MNO 
HGO 
GAG 
NA20 
K20 
P205 
cc~ 
H20 

ROCK PROP~,H IE~ 

MI fffRAL 
C!l f·'.?QS l 'f I ON< Y.) 

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

- . ----------------------------~---------

9 2 2 3 

RAOlO~UCLIOE ScRPTJON PARAHET[R DESCRIP!ION NOy 11 • 1981 

AOUEOUS PHASE EXPERtM(NTAL DETAILS . ·- --------~-----· ~-------------~-----
START END METHOD :'BATCH(BC> 
-·---- ------

PH 3,5 STATE :CRUSI-IEO 144 - 324 CH-2 
TRACf. 
ELEt'OlTS ( PPM l RATIO :u G/100 ML 
-------------- TEMp. :RT 

ATM, :AIR 

SEP'N, :NONE • . ..... 
ANAL, :L 0 

Ln 

CO~iB. :NONE 

Rff[Rf:NCES . 1) t1 ' TSCHURLOVITS . 
AUSTR, UNIV, NUCLEAR 
WORKSHOP,BRUSSELS-79 

f-3 
:,::, 
I ..... 

N 
0 



52 

T PIE <c > --------
CE 144 6,7 

11.3 
12,9 

cs 137 ,17 
2,3 
o,3 
14i , 2 

s;; as ,17 
2.3 
6,3 
14 ,2 

9 2 ? 

SnR?TtOt-i R;SULTS 
~---------------

ttJPtAL cqr.J 
P1IL l 

rtM.\L (RN) 
(M/Ll 

----------

) 7 

K[lS ---
6,7E+2<--> 
2,0f•3(--) 
2,0t•:SC--> 

0,''lE•e<-•> 
5,"E•1C-•l 
>5,4E•2(-•l 
>5,l?IE•2(•-) 

2,5E•0C-•l 
2,::SEd(-•> 
4, 3[ •0 ( -- l 
5,0E•e<-•> 

KOO 

1-j 
:;.:, 
I 

I-' 
N 
0 



5:J IJ l,;I·~ e :": ioi 
:JAME I 
OR i G It, 

GRA,...ITr (A'.ISTRIAII) ,l?Q 
N[USTAD[L PLATT~ LO~rq AUSTRIA 

Ct-EMlCAL 
COMPC5JTIO;-;C¾) 

------------·-
s102 
AL203 
TI 02 
FE203 
rEO 
Hr-.O 
J-JGO 
CAO 
NA2C 
K20 
P205 
CO2 
H20 

ROGK PROPr:: .', TI(': 

M!'.'ERAL 
C" ';~'PC'S I T ! 0 :le C 'Y, ) 

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

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

9 2 

RAD [J'IUCL Il"l[ S~RPT I ON PARAHt:TER JES CR [PT l ON NOV 11, 1981 

TRACE 
F.LEMENTS (PPM) 

-----------•-- I 

EXPERIMENTAL DETAILS . 
------------- w--••-•-------•-----

HE HiOO !BATCH(BCI 
------ ----·- ' 

PH 3,5 

' I 
I 
I 
I 
I 

1 

STAT£ :CRUSME:D 

RATIO :u G/100 

TEMp, :RT 

AT"1, :AtR 

SEP'N, :NONE 

ANAL, !L 

COHB, ; NONE 

144 - 324 CM-2 

Ml. 

I REFERENCES I 11 H, TSCHURLOVITS 
AUSTR, UNIV, NUCLEAR 
WORKSHOP,BRUSSELS-79 

t 

,--3 
;:<:l 
I 

I-' 
N 
0 



FCR MATE~IAL HU46ER--- 53 

------------CE 144 

r:s 137 

Sfi 85 

! 1~!£ (!J) 

--------
6,7 
11,0 
12,9 

,17 
2,3 
6,3 
14 , 2 

,17 
2,3 
6,3 
14,2 

9 2 ? 

S~R?TJO~ ~ESU LTS 
----------------

tr.YTf,\l, (RN] 
(H/L) 

F"H,IAL ["NJ 
(H/U 

---------~ 
KOS 

9,~E.•2(--) 
1,6E•3C-•l 
2,2E•3<-•> 

1,0E • 1(•") 
1,5Et2c.:-1 
>5,0E•2(••l 
>5,11:£+2(--l 

3,1E+2c.:. .. , 
2,8E•Z<-•> 
3,2E•f<--> 
4,0E•"<·-> 

l<OO 

t-3 
::0 
I 

I-' 
N 
0 



-------------------
r~ur·•ih. " ': 4 
NA ME I G~A\ I Tr (A~;TRIA~! 23& 
O~i~l~ ~LC XWAL ~ UPP[~ AUSTRIA 

CH C!': t CAL 
CCMP GSIT!:lN(¾l 

s102 
AL2u;.: 
T!02 
FE203 
rE0 
HNO 
t1G O 
CA O 
NA20 
K20 
P205 
CO2 
H20 

ROCK FROPC:: qT IE<; 

ti I ls ER Al. 
cn~P()S IT I ON ,(") 

-----------~---------

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

2 ) 

-------------
ST ART mo 
.. - .. --- ----- .. 

Pii 3, 5 
Tl,ACF: 
ELEHE :HS (PP1<1) 

0 

NOV 11 , 1981 

EXPERtHENTAL DETAILS ---------------------
METliOO : BATCH <BC) 

STATE :CRUSH.ED 144 • 324 CM-2 

RATIO :1~ G/1U HL 

TEHp, :RT 

ATM, !AIR 

SEP 1 N, : NO~JE 

ANAL, :1. 

COHB, : NONE 

RErERENCES : ll M, TSCHURLOVITS 
AUSTR, UNIV, NUCLEAR 
WORKSHOP,BRUSSELS-79 

. 
r' 
0 
\.0 



,: t l 4 4 

,: s 137 

SR 85 

--------
6,7 
ll , 8 
12 , 9 

,17 
2,3 
1$ '3 
14.2 

,17 
2,3 
S,3 
14 . 2 

9 2 . ) 3 

SJRPT!ON NESULTS . . 

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

INITIAL CrlNJ 
(t1/L) 

rINAL (RNJ 
(11/Ll 

----------
KOS 

2,3E•2( ... J 
4,4Et2(-•l 
5,9E • 2( ... ) 

1,2b1<--> 
B ,0Et1 (- .. ) 
3,5E. • 2(-•) 
3,2E•2(--l 

2,BE • il(-•l 
9,0E.,1(.-,) 
1,3E•0(- .. J 
3, 0h0 ( ... ) 

KOO 

• . 

t--3 
:;ti 
I 

I-' 
N 
0 



IJUl :o[fi 
il,\ l·\E I 

CR~Gii\ 

-------------------
sr; 

GGA~ITr c,uSTR!~~l 23 D 
I GR,.r••• A! 1'.'U[HLE IJRP!'"~ /,llSHltA 

CHE~iL.AL ~!~ERAL 
CCMPC&JT[O~(X) caKPOSIT!ON{¾) 

-~------------ ---------------------
s102 
AL.203 
TI02 
f"[203 
rEO 
m.o 
MGO 
CAO 
tJA20 
K20 
P205 
CO2 
H20 

ROCK l'RCP::h'!'IES 

------------------------~---~---------

9 2 2 .) > 2 3 

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

ST ART END ------ ------
PH 3.5 

TRACE 
ELE:~CJTS (PP'1) 

2 

NOy 11, 1981 

-----~---------------
METl-lOO !IH.TCHCBC) 

STATE :cRuSHED 

RATI 0 :irz: G/121~ 

TEMp, :RT 

AHi, :AtR 

SEP'N, :NO'-IE 

ANAL, :L 

COMB, :NONE 

144 - 324 CM-2 

ML 

RErrRc~CES : 1) H, TSCHVRLOVJTS 
AUSTR, UNIV . NUCLEAR 
WORKSHOP,BRUSSELS-79 

t-3 
::,:J 
I 

f-' 
N 
0 



R.-.c I ONi.lCLir.r 

CE 144 

cs 137 

s~ 85 

--------
6,7 
11. 6 
12,9 

,l7 
2,3 
6,3 
14,2 

,17 
2,3 
6,3 
14,2 

9 2 

-------·--------

HJl TI AL t P.N J 
(H/L) 

.---- .. -------
r!IIAL (RNJ 

(H/Ll 

---------.. 
KDS -- .. 

6,0£: • 2( .... ) 
• ,3E • 2(-•l 
6,9Efl2( ... > 

2,aE+1c.:. .. , 
1,JE~2(~•l 
>5,21E•2t•-> 
>5,0E+2(--) 

2,2E•e( ... l 
2,0E.+ec--1 
2,9E.+e c--1 
• ,0E•0<-- > 

KOO 

• . 



GEOLOGICAL ~AT(PlAL 

-------------------
f)l.,11o[R I 56 
NA 1-1 E I GR~ r, I T r ( A 1 ; S T c; I 4 N ) 2 3 C 
Of<!Gil\ G'-E!'!, A;J~':JEHLE iJPP;:f'.: i.USTR!.\ 

Ct-iE~ I CAL 
COMPGStT!OtJ<¾) 

S102 
AL2C3 
TI02 
f"E:203 
rEO 
Hl';O 

HGO 
CAO 
11A20 
K20 
P205 
c;o;:: 
H20 

ROCK F-ROPC.:.iTIEr. 

!' 1•:[RAL 
C:Jl-~i'OS IT 1 or-.< X l 
------- .--- .. ---------

-------------------------·--~---------

9 2 2 ' 3 

AOUEOUS PHASE 

-------------
START nio 

- I ------ ------
I Pl-l 3,5 

TRACE 
i::LE"IENTS (f'Pl-1) 

-------------• I 

NOV 11, 1981 

EXPERtMENT4L DETAILS 
·-------------~-----

METHOD :nATCH(Bcl 

SHTE :CRuSMED 144 - 324 CM".'2 

RATIO :10 G/102 ML 

TEr1p, :RT 

ATM, :AtR 

SEP 1 N, :NON£ • . 
ANAL, :L 

I-' 
I-' 
w 

COMB, :NONE 

REF'ER(NCES I 1) H, TSCHURLOVITS 
AUSTR, UNIV, NUCLEAR 
WORKSHOP,BRUSS£LS•79 

t-3 
~ 
I 

I-' 
N 
0 



RAC!ONUCLICr: 

cs 137 

Sf:. 85 

6,7 
a.a 
;t2,9 

,17 
;:i, 3 

6.~ 
14,2 

,17 
2,3 
6, 3 
14,2 

9 2 

SOR~TIJN HCSULTS 
. . 

P---------------

!'J?TIAL C~N] 
(11/L) 

F"ll'.AL [RNJ 
(M/Ll 

-----------
KOS -- .. 

9,9E•2<--> 
2,1E•3<--> 
>2,5E:•3<--) 

1,5E•1<--> 
>5,0E•2c--> 
>5,0E•2t•-l 
>5,0E • 2(--> 

5,6E • z( . .,) 
6 ,5E • 0 < .... ) 
1,2E•1<.;. .. , 
l,5E•1<--> 

KOO 

t-3 
::,:l 
I 

I-' 
N 
0 



9 

-------------------
tlUl·l8(I, I 57 
tlAME I GRAh.lTr. <AUSTRIAN) 230 
OR!Gl~ I KASTrRHCr, UPPER AUSTRIA~SURr, W[ATH[R[D 

CHEl".ICAL 
C O~IP JS IT I or~ ( X) 

SIC2 
AL203 
T102 
rt203 
rEO 
HNO 
HGO 
00 
NA20 
K20 
P20S 
CO2 
H20 .. -----

RQCI< PROP~i"!T I E5 

~PIERAL 
Cl)MPQSITIUNUl 

-----------~---------

-------------------~--------~---------

TRACE 
ELEMENTS (PF'Ml 

) , ') 3 

-------------
START ENO 

------ ------ I 
f'H_ 3 ,r_; 

I 
I 

NOv 11, 1981 

EXPERIMENTAL DETAILS 
--------------~-----

MEHWO : BATCH IOC, 

sun: · : CRUSHED 144 - 32• CH-2 

RI.TIO :u, G/100 ML. 

TEHp, :RT 

A T!-1. : A IR 

SE:P'N, :NONt 

A~UL. n. 
COMB, :NONE 

RcrrRe::,.icrs : 11 "· TSCHURLOV ITS 
AUSTR, UNIV, NUCL.EAR 
WORKSMOP,BRUSSELS-79 

:i> . 
I-' 
I-' 
\JI 

t--3 
:,::, 
I 

I-' 
N 
0 



re~ ~ATERIAL NU~E[R--~ 57 

RACIONUCLI Dr: 

CE 144 

cs 137 

SR 85 

!'I'i[ (f)} 

6,7 
11.8 
l2,g 

,17 
2,3 
6,3 
14,2 

, 17 
2,3 
6 , 3 
14, 2 

9 2 .. 

S!')RPTJON H(SULTS 

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

INITIAL CllNJ 
(MILi 

F"INAl. (RNJ 
(M/Ll 

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

7 

KOS 

2,0E•l<--> 
2,0£•1<-·> 
2,0E•1 ( --l 

9,0E.til(-") 
4,0£:•1(--) 
1,QEt2(-- ' 
1,4E • 2(- .. ) 

1,0Ete(-.. ) 
2,0£. .. 1(--,) 
3,0E•1<- .. ) 
1,0Et0<--> 

KOO 

j 



GEOLOGICAL ~AT(RIAL 
---~----~---~------

. Nl,MBER I SA 
NAME I GRAN!Tt. 29A 
ORIG!~ I GO(TH(DORC, SWtOEN 

CHE~ICAL 
COMP IJ S!TIONCXl 

S102 
AL203 
TI02 
re:203 
F"EO 
MNO 
MGO 
CAO 
tlA20 
K20 
P205 
CO2 
H20 

ROCK PROPCf'. T lES 

MT ~-lERAL 
co~POSITION{") 
--w----~--•~•-•----•• 

- --~-----------------p----~---~---------

9 2 6 ~ l 3 

RADIONUCLIDE S~RPTtON PARAMETER OESCRzPTfON NOV 11, 1981 

NA 
TRACE K 
ELEHENTS (PPHl CA 
-------------- MG HCO~ 

CL 
SO'! 
f 

AOUEOUS PHASE _____ .,._ .. ____ _ 

START ENO 1!9----- ----.,-
288 
1" 
75 
15 
2C~ 
5~~ 
15 
1,5 

EXPERIMENTAL DETAILS 
.. -------------------

METHOD : BATCH 

STATE :CRUSHED, •140•230 MESH 

RATIO :1 G/10 HL. 

TEMp. :25 C 

ATH. :AtR 

SEF' 1 N, : CENTRtF' '.', 4000 RPH,50 J1lN, 

ANAL, :L 

COMB, : NONE 

REftR(NCtS I 11 B, 1LLARO tT,AL 
CHALMERS INST, TECH , 
KBS, T,R. 55 

rl 
:,;:, 
I 

f--
N 
0 



" "' 241 

cs 131, 

SR 89 

!PIE <r> --------

9 2 ,· 
} ? 3 

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

. INITIAL. C~N1 
(H/L} 

rINAL CRNJ 
(11/L) 

----------

9 

KOS 
-- .. -1,0E•J<-~> 

1.3E•2<-~> 

KOO 

~ 
~ 
I 

f-' 
N 
0 



GEOLOGICAL ~ATERIAL - . ---~----~---w•-----
NUHl3ER 59 
NAME I GRANITt 24A 
ORIG!~ I swcc~N 

CHE~iCAL HTNERAL 
COHPOStTICNCXl COMPQSlTION~Xl .. 
-------------- ----------- ---------S102 
AL203 
TI02 
F"E203 
f"EO 
"1NO 
HGO 
CAO 
NA20 
K2 0 
P205 
CO2 
H20 

ROCK PROP[TTTIE~ _ 
-------------------~~---~-~-~---------

9 3 0 

RADIONUCLIDE SoRPrtON PARAMETER OESCRtPTION NOy 11• 1981 

NA 
TRACE K 
ELEME~TS (PP~) CA 
-------------- ~c 

I 
I 
I 
I ,· 

I 
J 
I 
I 

HC03 
CL 
s04 
f 

4QUEOUS PHASE EXPERiHENTAL OETAlLS 

------.------
I 

ST ART £NO 1. HETH OD : BATCH 
•----- --•-•- I 
288 
10 
75 
15 
200 
5~0 
15 
1,5 

STATE :CRUSHED 

RATIO a G/U HI. 

TEHp, :25 C 

ATH, :AJR 

SEP'N, :c(NTRir.,4003 RPH,50 HIN, 

ANAL, :L 

co11e. :NONE 

RErrR(":ICES 1 11 e, Al.LARO (T,AL 

KBS, T,R, 55 



cs !34 

SR 89 

!Pi [ (D l 

--------
.13 
, 25 
7 

,13 
,25 
7 

·, 13 
,25 
7 

9 2 l ~l l 3 

~OF!PTI:JIII RESULTS 
----------------

ItHTIAL (RNJ 
(11/L) 

F" !f,AL t~NJ 
(M/L) 

----------
KOS 

2,5[-tJ(--) 
1,0£.•4( - -) 

2,7E+2(- .. ) 
'1, 0 Et2(-•) 
6,JE•21;. .. ) 

1,6E+~( ... ) 
2,5E110<-•> 
2,0Ed!(:. .. , 

KOO 

• 
~ 
N 
0 



NUH!iEF; 
NAM£ I 
OR I GJ "-

G[OlDGlCA~ ~AT[RIAL 
--------------------

60 
GRAt-dH'. 25A 

S\.EDr.N 

CHE~:CAL ~INERAL 
COHPCS!T!ON(X) cn~PQS!T!O~(¼) 
-------------- ------- .---h-----•---
S102 
AL203 
T!02 
FE203 
FEO 
HNO 
HGO 
CAO 
NA20 
K2 0 
P-205 
CO2 
H2 0 

ROCK FRDP: :-. TIES 

-------------------~----~---~---------

2 (, ? 3 , , 

RAO!O~uCLIDE S~R~T!ON PARAH£T(R otSCRJPTtON NOv 11, 1981 

AOUEOUS PHASE 

--·---------- I 
i 

START CNO I _____ .. -~---- I 
NA 288 I 

TRACE I( 1':l I 
ELn'EIHS (PP~) CA 75 I 

MG 15 I 
HC03 20e 
CL 5~, 
S04 15 
r 1,5 

EXPERIMENTAL DETAILS . ~---•-w•------------
HETHOO :BATCH 

STATE : .,14h23Q! MESH 

RATIO :1 GIU ML 
TEMp, :25 C 

ATM. :AIR 

SEP 1 N, :c(NTRlr,",40H RPH,50 MIN, 

ANAL, :L 

COMB, :NONE 

HEFtRE"CES : 1> B, 4LLAR0 tT,AL 

KBS i T, R, 55 

2> B, ALLARD ET.AL 

KBS, T ,R, 98 

I ,. 

• 

>--3 
::,:, 
1 ,_. 
N 
0 



Fe~ ~ATE~IAL Nu w1sR--- 60 

R.\C!ONUCLl~r. TI ''E (()) 

---•~-..... M ... M••••••------ .--,,,\ . ------.... 
Al'- 241 • 4 

186 

CE 144 • 4 
• 4 
156 
186 

cs 134 • 4 
• 4 
166 
186 

El. 152 • 4 

\V • 4 
1A6 
1c\6 

132 • 4 - • 4 

('.' i,C 147 • 4 
• 4 

-1" lll6 
166 

;;F 23"J • 4 

106 ..... 
F'l. 239 • 4 

1e6 

RA 226 • < 
106 

Sti 89 • < 
• 4 
106 
166 

TC 99~ • /4 
·, 4 

Tl'I 232 • 4 
• 4 
1a6 
lo(, 

U 233 • 4 
• 4 
186 
186 

21< 95 • 4 
• 4 
1&6 
186 

- A.122 -

SORPT~ON HESULTS 
~---~-~---------

HJ! TI AL C IPI J 
(H/L) 

·-------- ... --
1,k1E-e 
1. 0(-6 

1. 0E-8 
1. 0[-5 
:!..2JE-8 
1. 0E-5 

:!..0E·8 
1.0E-5 
l,0E-8 
1. OE-5 

1. ZE-ll 
1.I-JF.-5 
1,0£-6 
:. . 1:.1E-5 

1. 01:>e 
1. 0[-5 

1. 0E-8 
1. 0E-5 
1. l1E-8 
::.. e'E-5 

::. • C::F:-6 
1.~£-8 

1. 0E.-o 
l,~E-0 

1.oE-8 
::..0E-8 

1,eE-e 
1,GE-5 
1. 0E-8 
1. ilE-5 

1.0E-8 
l,0E-5 

1.eE-6 
1.0C-5 
!. , 0E-8 
1,0E-5 

LCE-8 
1,0E-5 
1,e;E-6 
1. ze: .. 5 

1,oe:-0 
1. CJ[-5 
1,c,E-8 
!,0E-5 

• 
1 I 

TR-120 

F"PJAt. (RNJ 
(M/Ll KOS KOO -

________ .,_ 
--- ---!5,vJE•:SC ... ) 

1,6E•4<--> 

6,3E•3(-•l 
5,0E•3<~"'> 
2,5E•• <'.." .. l 
2,0E•4C-"l 

6,3E • 1(--.) 
2,0E•1<~-) 
2,5E•2(p .. ) 
4,0E•1<~ .. , 

1,0E•4(".'•> 
1,3Et41-•l 
3,2E • 4(:-> 
1,0E • 4(-•l 

0,00 
~.00 

2,0E•J<.:.•l 
1,6E•3<~-l 
7,9E • 3C~ .. l 
5,0E • 3(--l 

2,5E•1<.:.-i 
7,9E•1<.:.-l 

6,3E•1(-·) 
3,2E•2<-•l 

1,0Ett2(--) 
2,5E.+2(.:. .. , 

6,3E •l:'l( ... J 
6,3Et0<-•l 
1,~JE•l<--l 
1,0E.•1<--> 

0.0e 
0,00 

6,3E.•2<.:.-, 
5,l:IE.,2(--.> 
1,0Et4C-•l 
2,0£•3(-") 

6,3Et0( .. -) 
4,0Et0(~-l 
6,3Et2J( .... ) 
5,i,,EtZ(-•) 

1,3E•3( ... l 
3,2E •.3c.:.-l 
1, nE.+3 < .... > 
3,2E•3<-·> 



-

------------------~ 
t~lJM8i!. I ~t 
;JAIIE I GrH.t, I T~ 2sn 
OR l G 1 t\ S1.,E '.;:- ~1 

ChP'I ,CAL r1t'lCRAl. 
CCillF :s IT I OrH :n CO!l?QS l T I(PH ¾ l 

---------------------SICJ2 
Al.2G;; 
r1u2 
f-"E203 
f-"EO 
MNO 
MGO 
CA O 
NA20 
K2Q 
P205 
CO2 
1120 

ROCK PROl'~, .TIC!": 

-·---------------------- --------------

9 2 

RADIOHUCLlOE SnR?TION PARAMETER ocsc~1PT!ON NOy 11, 1981 

NA 
TrtllC:F. K 
ELtMr.tlTS ( PP'I) CA 

-------------- 11G 
HC03 
CL 
SO4 
r 

-----------·-
START £No 
------ ----- .. 
288 
12 
75 
15 
2~11J 
503 
15 
1.5 

I 
I 
l 
i 
i 

EXPERIMENTAL DETAILS 

~----------·--------
M(THOQ : BATCH 

STU£ :CRUSHED, •143•2:SA MESH 

RATIO :1 G/10 ML 

TEMP. :25 ~ 

ATM, :AIR 

SEP'N, :CENTRIF".,421H RPH,50 HIN. 

ANAL. : l. 

CO~B. :NOtJE 

RErER(NCES : 1> B, Al.LARO ET,AL 

1<9S 1 T.R. 55 

>--3 
:,;:, 
I 

f-' 
N 
0 

l 
I 



Fe" HAT!::~lAL l)(J•H3E°R--" 61 

R:,CI0 1WCL!r;r !I!·'E <n I 

------------ --------
A'°' 241 ,13 

,2 5 
7 

cs 134 ,13 
,25 
7 

SR 89 ,13 
,25 
7 

9 ? '> ? 

~------ .. --------

INITIAL (RN] 
(H/L) 

F'!~)Al. (RN) 
(M/L l 

.. ---------

.. 

-- .. 
3,2E•3<--> 
1,0E..•4(--) 

3,2£•2<--> 
4,0E.•2<--I 
6,3E•2<--> 

2,5Et0(--l 
3,2Etec--> 
3,2Et0C.:.-l 

KOO 

---- -



-

NU~:Bt:" 62 
IJAtlE I GRA \ !Tr 25C 
ORIGI~ I S..;(cn; 

CH[,.. 1 CAL 
CQHP0S1T1or~rn, 

s102 
AL203 
Tt02 
H203 
r.ro 
HNO 
HGO 
CAn 
MA20 
K20 
P2 0 5 
CO2 
H20 

ROCK PROP~\TIE~ 

r-: I ,:ERAL 
C Qr.; PO S I T I ON < ¼ l 

--·----~---~---------

----------------------------~---------

9 2 .) 

NA 
T~ACE K 
[Lf~E~TS crP~) CA 
-------------- HG 

I 
I 

' l 
1 
I 
I 
I 
I 
I 
I 
l 
I 
I 
l 
I 
I 
I 
I 
I 

HCOJ 
CL 
S04 
f 

I : 
I 
l 

-------------
ST4R'I' (NO ------ ------
288 
1e 
75 
15 
2~'1 
50~ 
15 
1,5 

l 
i 
1 

NOv 11, 1981 

EXPERIMENTAL DETAILS 
p-~-----------~-----

HETHO~ !BATCH 

ST ATC : "141111 • 230 HESl-f 

RATIO :1 C/U Hl. 

TEMP, :65 C 

4TH, :AIR ::> 
,._. 

SEP'N. :ctNTRlr. '"""" RPH,50 HI'N, N 
V, 

ANAL, : L 

COMB, :NONE 

Rtf'ER(~CES . ' 



9 7 

saR?T{ ON HESUL!S 
~------~--------

F' ,:_:,; MATE~IAL MUl~8ER•-.; 6~ 
INITIAL (RN] rHl4l. ,RNJ 

R.lC!ONVCLIDr: !Pl;" c r, > (H/L) (M/Ll K05 KOO 

-----------· ------- .. ------------ ---------- ~- .. 
~" 241 • 4 1, (l[-fl 6,3l • 3(--l 

r:E 144 • 4 1,0E-6 5,l!iE•3<--> 
• 4 i,OE-5 1,0E+4(-•l 

cs 134 • 4 1.0E-8 4,0E•1<••> 
·• 4 1,0E-5 7,9E • 1(; .. ) 

U, 152 • 4 1,illE-8 2,5E•4t.:.-> 
• 4 1.~E-5 2,5[ • 4(.:. .. , 

. 132 '4 :. • "E•8 0, "e ' • 4 1,:JE-5 0,0e • . 
2,0E•3( ... ) 

I-' 
' .. 147 • 4 1,0E-8 N 1'-1.1 

• 4 1,CE-5 1,0E•3<,;.•) 
o, 

,._µ 237 ; 4 1. 0E-B 4,0E•1C-•> 

Pl,, 239 • 4 1. 3(-8 1,0E • 2(-•l 

1A 226 .4 1,0E-B 7,9E•1<,;.•l 

sr. 89 • 4 1.~E-8 1,0E•1<-·l 
• 4 L iE-5 1,c!E*1(.:-l 

TC 9?"1 • 4 L JJE-8 0.0i 

Th 232: • 4 L"E•8 7,QE.•2<--> . ( l,CE-5 7,9E+2c.:.-l 

L' 233 '• 4 1. 6f:•S 6,JE,rzc--> . .: 1,CE-5 4,0Ete<.:-> 

i!R 95 ,4 1.0£-8 3,2E-• 3( .... ) 1-'l 
:,;, 

~4 1.IIJE:-5 6,3E•Jc.:.-> I 
I-' 
N 
0 



-

CEOL~GICAL ~ATERIAL 

-------------------
NUMBEf< 63 
NA~E l GRA~ITr 250 
0 R l G ; r, S.; E ~ r. N 

C11U'iCAL 
CQMPJStTIO"'C¾) 

s102 
AL203 
:102 
rc2c:i 
FEO 
Hf\10 
~IG U 
CA0 
i-iA20 
K20 
P205 
CO2 
H2J 

ROCK PROP£:-TIES 

M !:-CERA:. 
C "I ~l PO S I T I GS < ¾ l ----------------------

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

9 2 2 . _, t ) 3 8 

RAO!O~UCL!OE S~RPTfON PARAHCT(R DESCRIPTION 

TRACE 
ELEME~TS (PPH) 

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

I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I .· 
I 
I 

NA 
K 
CA 
11G 
HC03 
CL 
SQ4 
F' 

-------------
START END METHOD 
------ ~-----
42 STATE 
5 
37."5 R,l TI 0 
7,5 
1:?i~ yEl1P. 
93 
7.5 ATH. 
,8 

S(P'N, 

ANAL. 

COMB. 

-NOV 11, 1981 

EXPERIMENTAL DETAILS 

--------------------
:sucH 

:-142'*230 HESM 

:1 G/U HL 

:25 C 

:AtR 

:CENTRlF';,41HHJ RPM,50 HIN, 

:L 

:NONE 

t-3 
;,;:l 
I 

r-' 
N 
0 



- A.128 - TR-120 

SnRPT(J~ HESULTS 

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

F ~ i:. MAT[~IAL rJU•" 8ER--.; 63 

PH Tl AL CnNl r ltlAI. CRNJ 
"AC;ONUCL!cr r l 1-IE (;)) (H/L) (M/Ll KOS KOO 
------------

____ .., ___ .,. ___________ 
---------- -- .. ,,,, 241 . .: 1, 0E -8 1,3£+4(--) 

1Z6 1, or.-0 3,2Et4(--> 

CE 144 , 4 l, (IE-8 1,3E•4<-·> 
• 4 1.~E-5 6,3E: • 3( .. -l 
l.~6 1. 0£-8 2,5E. • 4(-•l 
106 l,0E-5 1.3E: • 4(--) 

cs 134 ; 4 1.0E-8 1,3E•2<-•> 
,4 1.0E-5 3,2E•1!-•> 
156 1,0E-8 3,2E • 2(.:, .. ) 

~ 186 1.0£-5 6,3E • 1(-•) 

_r.;., 152 • 4 1. 0f.-8 7,9E+3(--) 
• 4 1,0E-5 1,0E•4!-:•> 
186 1,rr-a 1,6E•4<-•> ,.. 186 1,0f.-5 2,0Et4(-•l • 

13?. '4 1,0E-O 7,9£,.1(--) 
• 4 1,0£-5 6,3£-1(.:. .. , 

C''t.'o 147 ·, 4 !. 0E-8 4,0£ • 3(-ot) 
, ['\ 

• 4 1. :J[-5 3,2E•3(-•> 
:l.86 1,iiJE-6 1,3E•4( .... ) 
106 l,0[-5 2,"'E • 4(.:..,, 

~p 237 • 4 1. 0£-8 4,0E•1<-•> 
186 1. 0r. -6 6,3E•1<--> 

"\, 23<, • 4 1. 0£-8 1,6E. • 2(--) - 106 1, "f.-8 3,2E+2<--> 

A 226 . ' 1. ~,r-s 1,0£+2(-•) 
186 1."E·l! 5,0E.+2(.:.-, 

0' 
SH 89 'ii 1. Gt-8 i,9E • 0(-•l 

• 4 l, liJE-5 1,0E~1<--l 
Hli !.0E-8 l,6£ • 1<--> 
186 1.0E-5 :!.,6E•1<-·> 

; C 99r1 • d 1,0£-8 5, aE-.1( --l 

Tf· ?.32 • 4 1,0E-8 7,9Et2<--> 
• q 1.t'E-5 1,3E•3C-•l 
18& 1.0E-8 tl,0(+3(--) 
lil6 1.0£-5 5,0E.+3(--) 

u 233 . ~ 1,~E-8 6,3E+~<--l 
• 4 1,0£:-5 5 ,0E. • 0 ( .:. .. ) 
13f. 1.CE:-8 6,3E•0C--l 
186 1,0(-!i 5,0E•0C-") 

L;.; 95 . ~ 1. riE.-8 1,3£+3(--) 
• 4 1. ~f.-5 ?.,0E • 3(--) 
lob 1.iJE-8 3,2E.+3(--) 
156 1, .JE.-5 2,5E • 3!-•) 



· r,[ •".LGGICAl. ':i\T[FIIA.L • . , 
' ------------w------

l : i;M8[" '-.I, 
~; At !( I (;;:'A!\JT, 25C: 
-~R i G It, S ~[~rti 

Ci,£1'! i CAL 
cc~P -;,S IT I ON ( ~ ). 

s102 
AL203 
il02 
FE203 
u.:o 
lii';O 
•·1G0 
CAO 
1, A20 
f-;20 
P205 
CO2 
H20 

~i I ::rnAL 
C;, I·'. PO S I T I ON 1 ¾) 

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

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

9 2 ,J 

I 
I 
I 
~ 

NA 
TRACE K 
F:LEMr.'HS (PP'1) CA 

-------------- MG 
Hc03 
C:L 
S04 
F 

I 
I 

2 3 

·' AOU[:)US F'HASE 

-------------
START END METHOD 
------ -----.-
42 STATE 
5 
37,5 fUT!O 
7,5 
H~ TEMP, 
93 
7, 5 ATM, 
,8 

SEP 1 N, 

ANAL , 

CNIB, 

NOv 11, 1981 

(XPER!M[NT4L DETAILS 

~-----------·-------
: BATCH 

:~140 • 230 MESH 

:1 G/1~ ML 

l65 C 

! AIR 

: C:PITIU F',, 41IHHJ RPM,51?1 MIN, 

: l. 

: NOil[ 

t-j 
::-, 
I 

I-' 
N 
0 



9 2 .., 

SoRPT!v:-J ~ESUL!S 

----------------
F '.: 1-i ~A T[i. I !l ' iJU'•OER--- 64 

IN IT I AL (RNJ F"PJAL (RNJ 1.~:101-1ucu c:- !Pi( (r,) (H/L) (HILi KOS KOO ------------- ------- .. ------------ ---------. -- .. .., __ 
~I' 241 • 4 i.cE-a l,3E+4(--> 
·: ( 144 • 4 1. Zr_ -8 2,0E•4(.:.-> 

,4 1.~E-5 7,9E•3<~-> 
:s 134 • 4 l,:lE-8 6,3E•1<--> 

• 4 1.0E-5 3,2E•1C- .. ) 
U, 152 • 4 1.0E-a 2,0E•4<-•l 

• 4 1. 0E-5 1,6E•4<--> 
i 132 • 4 1. 0E-6 0,00 

• 4 1. JE-5 0, 0~ 
• • 

r·.o 147 • 4 1. 0E-fl 4,0E•3<-•> ...... 
I..,.) 

• 4 1.~E-5 7,9E•3<--> 0 

l, P 237 • 4 l,:JE-6 5,21E•1(--.) 

i' l. 239 • 4 1. 0E-6 1,0E•2c.:.-, 
,a 226 • 4 l.0£-8 1,0E•2<--> 
Sh 89 ,-4 1.0E-8 1,PIE•1C-•l 

• 4 l,0E-5 1,0E.•1c.:.-, 
:c 99M • 4 l,0E-6 0,00 

II- 232 • 4 1. ~JE-8 7.9E•2<-.,l 
• i; l. 13E-5 1. 3E•3 C--l 

I; 233 • 4 1.ir:-a 6,3E•0<-•> 
• < 1.0E-!1 5,0E•ZC-•) 

z;, 95 ·< 1.~E-o 6;3£.•3(--) ...., 
• 4 1,iJE-5 3,2t • J( ... -) ~ 

I 
...... 
N 
0 



. GEOL0G1CAL ~~TERI A~ .. 
------------~------

'JUMBO• 
NA HE I 
OR I GI I\ 

6'; 
GRAI\ I Tr 26/, 

s .. -t0r 1~ 

CH[~iCAL 
COMPCS!T!CN(r.) 

S102 
AL.203 
r102 
F"[2C3 
rEO 
HNO 
H(;O 
CAO 
t,A20 
K20 
P2CJ5 
CO2 
H20 

ROCK FROPEi,;TIES 

M tr:£qAL 
cr,iiPos IT I O'H¼) 

-------~-------------

----------------------------~---------

9 2 . 
,) ) 1 3 3 2 

RAOIO~UCLIOE SoRPT!ON PARAHET[R oESCRIP!ION NOv 11, 1981 

TRACE 
ELEMf.NTS (F'PM) 

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

NA 
K 
CA 
HG 
HC03 
CL 
S04 
F 

I 

.. ------------ I 

START ENO 
------ ---- ...... I 
288 
1l 
75 
15 
2£~ 
5Nl 
15 
1,5 

EXPERIMENTAL DETAILS 

--------------------
METHOD : BATCH 

STATE :CRUSHED, -233+325 HE5H 

RATlO :1 r,110 ML 

TOtp, :25 C 

ATM, :AIR 

SEP 1 N, :cCNTRtf" .,42100 RPM,50 MIN, 

ANAL, :L 

COMB, :NONE 

RE,ERCNCES : 11 B, ALLARD ET,AL 

KBS, T, R, 55 

...., 
::,::, 
I ,_. 

N 
0 



Rt.C ! O~JL.'CL r o r. 

------------Al" 241 

cs 134 

SR 89 

Ti l-i E t Dl --------
,13 
·• 25 
7 

,13 
,25 

']. 

,13 
,25 
7 

9 2 ·) 
---

/ ) 3 

SoRPT{UN HESULTS 
. . 

-------·--------

INITIAL CAN] 
(HI!.) 

r{IJAL CRN) 
( 11/L l 

---------. 

.. , 

KOS ---
J,2E•3<-•> 
1,3E••4<-.. l 

4,0l • 2( ... ) 
4,0[+2(~•) 
7,9E•2C.,;•l 

4,~Eti(- .. > 
5,0E • 0(--l 
5,0E•0<--> 

KOO 

~ . 
:::0 
I 
~ 
N 
0 



---~---- .---~------
bf. tJ lJ~'5E:; 

tJ AMt. I 
OR I Git,, 

GRA/\l TE 27 A 
SI-E~rN 

CHEt". l CAL. 
CO MP:: S1TIO!J(¾J 

S102 
/, L203 
Ti1J2 
FE203 
FEO 
HN'1 
HGO 
CAO 
tJA20 
K20 
?205 
CO2 
H20 

ROCK FROP~> .TIES 

HI 'l (RAl. 
Cfl ~'. PQS IT I DN C ¼ l 

-----------~---------

----------------------------~---------

) 

RADIONUCLIDE SoRPTION PARAMETER OESCRtPTtON 

NA 
TRACE K 
El.EMENTS (PPH) CA 
-------------- MG 

HC03 
CL 
S04 
f 

AIJ\Jf.QUS PHASE 

---~---------
START mo ------ ___ .,. __ 

2118 
H 
75 
15 
2oe 
5~ r. 
15 
1,5 

HEJHOO 
I 

STATE 

RATIO 

TEHp, 

ATM, 

SEP IN. 

ANAL, 

COMB, 

-~-------------------
l[l,lTCH 

I CRUSHED, -325 MESH 

:1 G/10 HI. 

:25 C 

:AtR 

NOy 11, 1981 

:c£NrRtr, ,-111100 RPH,5111 HlN, > . 
I-' 

: l. w 
w 

:NONE 

R[F'ERENCES : 1) B, ALI.ARO (T,AL 
I 
I 
I 
~ 

KBS, T,R, 55 

H 
~ 
I 

I-' 
N 
0 



,;• ·, 741 

cs 134 

SI< 89 

------- .. 
• -.. . ) 

,· c: 
• 't' -· 
7 

,13 
• 2:.i 
7 

.13 

.2;; 
7 

9 2 - j 
l 

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

INITIAL [~NJ 
U'/Ll 

f" p _:AL CRNJ 
(MIL l 

----------
KOS 

4,:,£•3<--l 
1, 6[4,.4 <--> 
• ,0E•2<-"l 
• ,0E•2C-•l 
6,3E•2<,;.-> 

5,0E • Z<-•l 
6,3Et3C.:.-, 
6,3E•ZC--l 

KOO 

1-3 
,:, 
I 
I-' 
N 
0 



Ul.;M 3 ;:: F. 
NAME I 
OR I G i" 

-------------------
67 

GRAJ,01) l orn Tr. 28A 
rlN" LAKE• S~[Ot ~ 

CHU l CAL t1 tr,E~Ai. 
CQI-IP ,:S 1TI0NOO Cl)l·'?0S!ll0NU) 

-------------- -----------~---------S102 
AL20:! 
T[02 
FE20J 
FED 
Ml\/0 
MGO 
CAO 
NA.!0 
K2U 
P2O5 
CO2 
H20 

Ro ci< PROP ~HTIES 

------------------------~---~---------

9 2 •) 
} 

NA 
TRACE K 
ELEMENTS (PPM) CA 
-------------~ HG 

HC:03 
CL 
SQ-4 
r 

i 3 

-------------
START END ------ ------ I 
288 
10 
75 
15 
200 
SU 
15 
1,5 

I 
. I 

i 
I 

METHOD 

ST ,HE 

RATIO 

TEHp, 

4TH, 

S[P 1 N, 

ANAL, 

COHB, 

Nov 11, 1981 

EXP~~IMENTAL DETAILS 
~-------------------

:e,HCH 

:CRUSHED, •140•230 HESH 

:1 G/1--0 HL 

:25 C 

: ,\ t R > . 
:c£NrRlr.", •0H RPH,50 H?N, 

1--' 
w 
V, 

: I. 

:NONE 

R[F'[R[~Ce:S I 1) B, ALLARD e:T,AL 
C~ALHERS 
KBSi T,R , 

INST, 
55 

TECH, 

t-3 
~ 
I 

1--' 
N 
0 



• .; 1-i MATERIAL ~L•~BE~--- 67 

R~C!ONUCLlCr'. ! Pi[ CD l 

------------ --------
A1' 241 .25 

7 

cs 134 .25 
7 

5i; 89 ,25 
7 

9 2 ] ', ') 

S:,R?T!ON ti£SULTS 
-----~-~--------

INITIAL CRNJ 
PI/L) 

rINAL. (RNJ 
(1-1/Ll 

----------~ 

5 7 

KOS ---1,0E•:S(.:.., 
3,2E•Jt .... > 

1,6E•2<.:•l 
2,5E•2<.:•l 

:?,0E•0(- .. ) 
3,2E • 0C••> 

KOO 

H 
::0 
I 

I-' 
N 
0 



. ,,. 
M 

- B.l -

APPENDIX B 

SORPTION DATA LISTED BY RADIONUCLIDE 
ALPHABETICALLY 

TR-120 





F'OR-• AM 

R~CORO NUMBER 
··-----------1 

!IME 101 _..,. _____ __ 
,5 

l 

9 r, 

S~RPTfON RESULTS 

-----~----------

INITIAL CRNJ 
(M/L) 

--------- ,,. --

rHJAL CRNj 
(M/~) 

----------

9 

KAS -- .. 
Y,9E•0C--> 

5·,0E•0C-•l 

- .. - - .. 

KAO 

1,1£•2(--) 

·---------------·----~---~-------·-------------------------------------------------------------------------------------------,5 

1 

2,0E•1<-•> 

2,0E•1<--> 

. . - - ... . -

1,1£•2<--> 

·•-------------------·---~-----------------------·--- .-------------------- ----- --------------------------------------------

o:l 

~ 
...... 

...-3 
:::0 
I 

...... 
N 
0 



FOf;-- AM 

R~CORQ NUMBER 

·-·------·----9 

TPIE <D> 

7,7 

14,7 

28,7 

56,7 

15,7 

16,8 

19,7 

INITIAL CCINJ 
(M/L) 

1. :1!E-6 

1.IZE-6 

1,:1[-b 

1. 0[-6 

? ) 3 ,. 

F"!l·JAL CPNJ 
(M/L) 

----------
KOS 

7,8E.+3(17) 

KOO 

?,7E+2(3,7) 

4,7F:+2(--) 

----------------.---- .---~---- ------------------- ------- -------------- ---------------------------------------------------
13 ? • 7 l,,3E-6 7,6E•2<--> 

14,7 1.foE-6 1,JE. • 3(--) 

2a,1 1. OE-6 1.7E+3C--l 

56,7 1..:JE-6 ~,'1[+3(--) 

16,8 4, •[+2(--) 

19,7 3,2f.+2(--) 

29,7 3,3E•2<--> 

-------------------------· -------------------------- -------------------------------------------------------------------------
11 7,7 1.1.:E-6 3,6E+2C--l 

14,7 1. OE-6 4,8E•2C--l 

26,7 1.~f.-6 1,6E.+3(83) 

50 I 7 1,~E-6 4,lE+3C•-> 

15,7 3,0F:+3(--l 

16,6 

19,7 4, IIJE •2 ( 7, 1 l 

. . - . 

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

N 

t-3 
:-, 
I 
I-' 
N 
0 



- ~ - - - ------------------------ ~----- - --- -- - -- --- -- - ------ - - - -

FO~-- AH 

flECORu NIJH6ER TI ·1~ ( C) 

-·----------- -------· 
12 7, 7 

14,7 

lf,,7 

56,7 

16,6 

19,7 

9 
,. 
) 2 1 3 4 

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

I'll TI AL C Rr~ 1 t !!!AL (RN) 
(H/L) CM/L) 

------------ ----------1. cE-6 

1. ~r.-6 

1,~E-6 

1.JE-6 

1. >.:"E-6 

1.cE.-6 

- . 

KC,'> 

f,.2l+3<--> 

4,5£+3!--) 

1,7l+4(--) 

1,IH.+4C-•> 

KOO 

4,6E+2<--> 

3,8E•2<--> 

----------------·--------· -------------------------·----------------------------- ---------------------------------------------
13 7,7 1.:=E-6 1, f.lE+3 !--) 

14,7 1, ;; F:-6 1,fiE+3(--) 

23,7 1,~E-6 2,4l+3C-·l 

56,7 1.~[-6 2,rl•3<--> 

15,7 l. .:,F:-6 1,9£+3(--) 

. . . 

----------------·--------· ---------------------~-- ---------------------------------------------------------------------------
16 7 I 7 1.2'[-6 2,2E+3C--> 

14,7 1. CE-6 2,3l+3(--l 

25,7 1. :: E-6 H,5l+3!--J 

56,7 1.H-6 3,9[+3(27.) 

15,7 1,8[+4(--) 

16,8 5,41[+2!--) 

----------------·---------------------------------·--- ----------------~-------- ---------------------------------------------

-3 
;,::J 
I ..... 

N 
0 



FOR-- AM 

RECORD NUMBf.R 

19 

T !ME CO l 

7,7 

14, 7 

28,7 

56,7 

15,7 

16,6 

19,7 

9 2 2 .} 1> . ,._ 
srRPT!UN KESULTS 
----------------

!flITIAL Cl<'JJ 
(M/L) 

. -------------1.(IE-6 

1.0E-6 

1.~E-6 

1,0E-6 

F"l '·I AL C H N J 
(M/L) 

----------

3 

KOS 

7.gE. • 2(--) 

1, H • 3 <--> 

2,4E. • 3(--l 

KOO 

2,4E+3<811 

2,2E+2C--l 

6,2E+2<--l 

----------------;--------~---------------------·------~----------------- ·--------------------------------- ·-------------------
22 7,7 1. JE-6 5,4E.+2(1,3) 

14,7 1,IJE-6 1,0E+3(23l 

26,7 1. "E-6 1,7l+3C1Rl 

56,7 1.JE-6 3,7E.+3(49) 

16,8 5,0E•2(- - ) 

19,7 1,5f.•2(--) 

29,7 3,4E•2C42l 

- . . --------------------------~--------------------------·-------------------------------------------------------------------------
25 7,7 1.JE-6 2,3E•3<--> 

14,7 1,2E-6 4,4l+3C--) 

25,7 1..iE-6 1,1l • 4(--) 

56,7 1.0E-6 6,.,E.+4(--) 

16,a 1.0[-6 4,0E•2C--l 

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

>--3 
~ 
I 

I-' 
N 
0 



F'OR-- AM 

R~CORO NUMBER 

··-----------
!P1E CD> 

2 
, l ? 

S•RPT!ON HESULTS 
----- .----------

INITIAL [RNJ 
(M/L) 

------------1,5E-1l 

1,6E-9 

1,1E-8 

1.5E-7 

F"l llAL CRNJ 
(M/L) 

----------
KOS 
---6,1E+3C---> 

1,8E•4<--> 

2,7E+4<-•> 

5,9E•4C--> 

KOO 

~------------------------------------------ -------------------------- -------- - ------------- ------------------------------
:51 

.. - . - - -
P••••••••••---••9-••--•••~••••-•••-~-----••--•-•--•--•--•-••--••-••••••-••--------••-•--•••-•-•••••-••••••••••••••-•••-•••••• 

32 I 7,9E-6 

- .. - - . . ·•---------------------------------------------~--------------------- ---------- --------------------------------------------
33 2,1E•4<24) 

- - . - - . . . ••--------------•---- ----w---------------------~-----------------------------------------------------------------------------
58 

·~---~---·------;---- ::---~---------------------;-----~----------------~~-----------------------~---------=-------------------,9 ,13 

,25 

., 
2,5E•3<--> 

. ' - . 
··-----------------------•------- - ----------- - -~----------------------------------------------------------------- - -- - --------

60 .4 1.0f>8 5,0E•3<--> 

l86 1,0E-8 1,6E•4C-•) 

- . -·------------------------~---------------------~--------------------- --------. ----------- ---------~--·-------------------

,_,, 

--'l 
·::, 
I 

I s,) 
::, 



FOR•• AH 

RJC-ORD NUHlilE:R 

··-------•---61 

!HIE CO> -.. -----~ 
,13 

,25 

9 

~Rh l O R~SUL ti ) 
-.. --------------

INITIAL tRNJ 
(M/L) 

------------
rINAL CRNJ 

(M/L) 

----------

J 

KOS KOO 
--" 

3,2E•JC-•> 

··--------------•----~------------------~------; _____ ; _______ ~-~--:-.-~;-------~---------------~---------~-----------------~-
62 ,4 1.0E-8 6,3E•3<-•> 

--•--------------•----~.--~---------------------; _____ ;-------~~~--:---~~--------~--------------; _________ ;------------~----~-
63 ,4 

U6 

1.0E-8 

1,0E-8 

·--------•------;----~---•---------------------; _____ ; ____________ ~----~--------~--------------~---------;-------------- - - -~-
64 ,4 1.0E-8 

··--------------•--------~-------·-------------;:.---:------------~----:-----------------~-----~---------~-------------------, 13 

,25 

9 

- - ---------------------- .---~--------------------------------~--------------------- --------------------------------------------
66 

,25 

? 

- - . .. 
·------------------------~---------------------------------------------------------------------.---------~-------------------

67 ,25 

7 

-•--------------e----T---~---------------------;~ ____ ; ____________ . ____ ; _______________________ ~-----------------------------



,...----- - -

~II•• BA 

Rl~OAQ NUHIEA ·••~----~·-··-
6 

!IHE CO> ......... 
t,92 

:U,98 

a1.u 
02,114 

13,67 

a7,66 

15,72 

9 RP J QN R~~U~ !S) 2 3 
·----.-~--------

INITIAL tRNJ 
- ~H/L) 

------•--p--2,4£ .. 9 

2,4[ .. 9 

2,4E•8 

rINAL CRN] 
(H/L) 

-----------
KOS .... 

2,6E•2C4> 

2,0£ • 2(4) 

2,7E•2C4t 

4,2E•2C4t 

KOO 

2,6E•2(6) 

2,,C • 2(6) 

3,9E•2C9> 

··---------~----•----~---~-----------~------- - -;~-~-- ; - - ---~------~---;; ________ ~--------------; _____ ____ ; _______ __ _ _ __ _ ___ :_ c::, 
7 SI, 91 2,4E-8 7,5Et1C4,1> 

U,98 2,4E•8 9,6£•1(4,rll) 

27,91 2.4£-8 8,0Et1(4,3> 

62,03 2,4E•8 1,5£•2<3,3) 

i3,67 8,4[•1<6,7> 

27,66 7,9[•1<5,2) 

15, 72 8,1[•1(5,5) 

·•------·-·-----•----; .. -~---------------------;-----=---------~--;---~;--------~--------------; ____________________________ _ 
I t,91 2,4[-8 7, 3EU < 4, rll l 

U,97 2,4£-8 7,&C.1(4,111) 

29,97 2,4E-8 1;7£ • 1(3,9) 

62,1113 2,4£-8 7,8E•1C3,4> --i 
::j 

13,67 7,7£•1(6,4) I ... 
' .) 

27,66 9,1E•1C6,3> ~ 

15,72 7,9E•1<5,9l 

~---------------•----~---~---------------------;~----:--------~~-.~---;; ________ ~--------------;---------~------------~----~-



F'OR- .. BA 

R~CORO NUMBER 
tt•-----·-----14 

TP1E CD> --------~ 
t,9 

U,99 

a7,96 

62,02 

13,67 

27,66 

,5,72 

lNIT!AL tRN) 
(H/L) 

--- .. --------2,4£: .. 8 

2,4£:-8 

2,4E-8 

2,4E-8 

'1 3 / 

F'INAL CRNJ 
(M/L) 

-
----------

6 

KOS 
-- .. 

2,3E•2<4,2l 

2,9E•2<4,3> 

3,8E•2<4,3l 

4,7E•2<3,8l 

KOO 

3,6E•2<6,4l 

3,6E•2<5,9> 

3,2E•2<5,!S> 

- · - - ,r - - • 

··-------------------~---~---------------------------------------------------------------------~-----------------------------17 9,9 2,4E-8 6,8E•1<4,l!I) 

U,98 2,4E-8 8,4E•1<4,l!I) 

17,96 2,4E-8 1,0E•2<4,0> 

62,02 2,4(-8 9,.7E • 1(3,6l 

13,67 8,JE•1<6,II> 
17,66 1,1E•2(6,1) 

'5,72 7,!SE•1<5,!S> 

- - - .. - - - -···------------------·---~-------·-------------------.---------------------------------------------------~-------------------21!1 . i,89 2,4( .. 8 9,1Et1(4,3l 

U,98 2,4[-8 9,5E•1<4,!S> 

17,96 2,4[-8 9,3E•1(4,2> 

82,02 2,4E-8 9,6C.1(J,7) 

SJ,67 9,6E•1C6,I> 

a,·" 9,9E•1<!S, 1> 
,,,12 9, 7[•1(!S,9) 

·•·-------------;----~---~-----; ..... ~-~-~~------;:----;--------~~--~---;; _______ ~---------~-----;--------------~--~--~~~-~-~~-

t:c 

t;d 

• 
"" 

,-.,J 
;;Cl 
I 

I-' 
N 
0 



roR-- BA 

R~CORO NUMBER 
··-----------23 

IlHC CO> 

?,08 

a7 ,215 

27,93 

66,12 

U,69 

11, 72 

,5,15 

9 2 I } ') , .) 
S~RPTJON ~~SULIS -~--~~-~--------

[N[TIAL CRNJ 
(H/Ll 

~--------r--2,4E•8 

2,4E•8 

2,4E•8 

2,4£-8 

F' HIAL CRNJ 
(H/L) 

----------

7 

KOS -- .. 
7,2E•2C4,4> 

1,3[•3(4,6) 

1,3E•3<4,8l 

2,9E•3<15> 

KOO 

1,2£+3(6,2) 

1,8£•3(6,2) 

1,8£•3<5,1> 

···--------------•----~---~-------·-------------=-----~-- -----"----~---;:.-------~--------------;-------~-~-----------------~-
26 '1, 07 2,4E~8 1,7E•2CJ,7l 

17,214 2,4E~8 3,2E•2C3,91 

27,93 2,4£~8 4,7E•2<4,3> 

66,11 2.4£-8 5,7E•2<11> 

JJ,69 4,7£•2<5,6) 

1'7,72 3,8E•2<6,3> 

,5,75 3,8£+2(!5,6) 

·••---------•----•----T---~·----; .. _____________ ;:.---;---~----~---; ___ ;;; .. ____ ;~--------------;---------~----------~------~-
21 '1,08 2,4£ .. 8 1,3E • 2(3,9) 

1'7,94 2,4E .. 8 1,8E•2<3,9) 

17,92 2,4E•8 1,9E • 2C4,1> 

86,11 2,4E•8 3,7E • 2C!5,9> 

U,69 1, 6£ •2 C,, 6 > 

17,72 2,3£•2(!5,9) 

,,,75 3,1£•2<6,U 

ttl . 
ttl 
• . 
w 

~ 
::x:, 
I 

1--' 
N 
0 



THI 



, .9R-• CE 

RJCORO NUHBER ........ ·----•---
6 

!IJME <O> -~----... 
t,92 

U,98 

a1,91 

62,24 

U,67 

27,"6 

15, 72 

9 SC1jl?T J~N f!.t~Ul.!S '> ? 
------·---~--~--

INITIAi. tRN] 
(Mil.) 

--------"!'·--1,:SE-6 

1,3E•6 

1,:SE-6 

1,3£ .. 6 

F'lNAL CRN~ 
( M/1.) 

-
-9"------- .. 

3 t.. 

KOS 

---1,3E•2<5> 

9,8E•1C4l 

1,4E•2<5> 

1,:SC.3(4) 

KDD 

7,!SE•2(6) 

1,6E•3<8> 

5,2E•3<13) 

·••--------•-----;----T---~-------~---~---------;-----~--------~---:---~;--------~--------------; _________ ; ____________ : ____ :_ 
7 ll, 91 1,JE-6 1,0E•2(4,:Sl 

U,98 1,JE-6 9,0Ed(4,3l 

a7,91 1. JE-6 8,6E•1C4,6l 

82,"3 1,3E-6 3,7E•2<3,6l 

i:S,67 6,6[•2<7,1) 

27,66 6,1E•2<5,8> 

,s,12 1,11[•3(7,7) 

~-----------.----;----;---~----------~---: ______ ; _____ ; _________ ~--~---~~--------~--------------;---------~-----------------~-
8 t,91 1,:SE-6 1,8E•2<4,2> 

16,97 1,JE-6 1,2E•2<4,4> 

1!9,97 1,3E•6 1,2E•2(• ,a> 

62,aJ 1,3E-6 1,9[ • 2(3,6) 

13,67 9,4E•2<6,8> 

27,66 9,1E•2<7,0> 

'5,72 1,1£•3(8,4) 

P••••••-••-•--•-;•---~•-•~••-•-•---------------::----;---------~--:---~; _______________________ ; ___________________________ :_ 

to . 
0 
t'?j 

I-' 

1-3 
:,:, 
I 
I-' 
N 
0 



;OR-- CE 

R~CORO NUMBER 
··-----------

!IME <D> 

--------1,9 

U,99 

&7,96 

62,02 

13,67 

27,66 

55, 72 

INITIAL CRNJ 
(MIL) 

- ----.. -----.--
1,JE-6 

1.3E•6 

1,JE-6 

1,JE-6 

rINAL CRNJ 
(M/L) 

-
----------

KOS 

7,7E•1<4,3) 

1,8E•2<4,!5> 

3,5E•2C4,6l 

- .. - . - - -

KOO 

1,4E•3<6,9> 

2,2E•3<6,9> 

3 , 2E • 3 < 8 , 4> 

•••-----•-•-----.----T--•--•-•-•-•-------•-----•---------•••••-•-•----••----------------••--•--•-----------------•--••••-•--• 
17 9,9 1,3E-6 5,7E•1<4,3) 

216,98 1,3[-6 8,6E•1C4,3> 

27,96 1,JE-6 1,1E•2(4,3) 

62,02 1,3E-6 2,5E•2C3,8l 

23,67 5,5E•2<6,4> 

27,66 6,GE•2<7,3> 

,,. 72 1,1E•3<8,6> 

·••-------•------•----i-----------~------~------;:---~;-----~------:---~;---·-------------------;---------------------------~-
20 t,89 1,3E-6 1,7E•2<4,5> 

U,98 1,JE-6 2,7E•2C4,7> 

17,96 1,3E-6 1,3E•2<4,5> 

62,02 1,3E•6 4,2E•2C4,0> 

iJ,61 1,8£+3(6,!J) 

17,66 1,1E•J<7,2> 

"· 72 1,4E•3<7,7> 

·••·-------------•---·i---~-~-------~-~--~------;----·;---------~--;---;~~-------~--------------;----~----~------·-----~-~--:. 

t:d 

n 
[:%1 

N 

t-:l 
:x, 
I 

I-' 
N 
0 



-'·~R•• CE 

RJCOAD NUHIER ........ _______ _ !UIE CO> -~~-----,,ea 

17,"' 

17,93 

16,12 

U,69 

27,72 

,,,75 

9 ~ :) ' . . /. 
SQRPl l ON .RtSIJ~ !S) 

------~---------

lNITUL. CRNJ 
(H/Ll - , ----"'-----~--1,3E•6 

1,3[•6 

1,3E•6 

1,JE-6 

rINAL CRNJ 
(M/L) 

-
______ Ill! __ _ 

0 

KOS ~--
,,5E•1C• ,3> 

5,0EdC• ,3> 

5,5E • 1C• ,7> 

7,7E • 1C1'> 

KOO 

1,4£•3(7,9) 

1,3E•3C8,3> 

·••--------------;----1.---~---·---·-----~-------;----·;----·----;--:---;~~----------------------;---------;----·------------:. 26 7,1117 1,3E•6 3,5E•1C• ,1> :::c 

17,1114 1.JE-6 2, 5E_U < • , 2 > 

27,93 1,JE-6 2,3E•1C4,5) 

66,11 1,JE-6 J,4E•1C11> 

U,69 9,'£+2(6,9) 

27,72 9,2£+2(8,8) 

'5,75 7,7E•2CUl> 

- ... . -- - · - . - -·--------------------~---~-----~---------------------.-----~-----~--------------~--------~-----~-----------------------------21 9,08 1,JE-6 2,3E•1< • ,3> 

17,04 1. 3£-6 2,2E•1<• ,3) 

27,92 1. JE-6 2,8EUC4,4> 

66,11 1,3E-6 6,5E•1<6,1> 

iJ,69 4,6E•2<6,6l 

27,72 6,6E•2<8,0> 

,5,75 2,3E•3<19) 

··--------------;----~---~-------~------~------;-----;----·----~-.~---~;--------~--~-----------;----------------------~------

n 
[:%j 

w 

o-3 
::0 
I 

I-' 
N 
0 



F'OR-- CE 

R~CORO NUM6ER 
~--------- ... --52! 

!PIE <Dl 

6•1 

11,8 

9 ') } ,·, 1 

~---------------

INITIAL CRNJ 
(H/L) 

---------19--
F" HlAL CRNJ 

(H/L) 

----------

3 

KOS KOO 
-- .. 

B,7E•2C--l 

•••--•••••••----••---·~•-•M-••--•-•------------- · -----------•--• ·-- -----~-----------•--••-••••-••------•-- ·-•--•-••-----•••••• 
6,7 

U,8 

~ -

5,5E+2(-•l 

6,6E+2<--> 

-------------------------~---------------------p--------------------------------------------------------- .------------------· 
!52 6,7 

12,9 2,0E. • 3(--) 

••--------------;·---:---w---------------------;-----;------------ -----~-----------------------~-----------------------------
53 6,? 

l.1,8 

i2,9 2,2E+3<-•l 

- . . - ... . - - "' 

··------------------- ----~---------------------------------·--·--------------- - ---------------------------------------------, .. 6,1 2,3E•2C-~) 

U,8 .4,4[ • 2(--) 

12,9 5,9E•2<-·l 

P••-••--•-•-----;----~---~---•-•-•------~------;----~;----•---••-•;---~~-----------------------~---------•---•--••-•-•----••• 

-3 
::cl 
I ..... 

N 
0 



f'~R-• CE 

R~CORO NUHBER 
·•-----~---.. -,, 

TH1E <O> --·-----
6,7 

9 r 

SQRPTION RESUL.TS 

··---~----------

INITIAL. [RN) 
(H/L) 

---------~--
F" INAL tRNJ 

(H/L) 

----------

3 ? 

KOS -... 
6,0E•2<·•> 

4,3h2C••> 

6,9£ • 2(-•) 

KOO 

•••-------------9----T----w-------~-------------;:.---;---------~-.:---;; ___________________ ~---~----------------------~------
6,7 9,9E•2<-•> 

2,1E•3<---> 

>2,5E•3<•-> 

(") 
• • - - · - - • - 1:%'.l --------------------- .---~---------------------------------------------------------------------------------------------------

" &,7 

U.,8 

12,9 

2,0E•1(- .. > 

2,0E•1<-•> 

2,0E•1<••> 

- . - . . . . . 
P•••••-••••---••·•-••-••••••••••••--••-•••--•--••••-•w--••••••••••••• •••••--- •-••••••••••••••••••••-••-•••••••••-•••••••••• 

60 ,4 

,4 

:1186 

186 

1,0E-8 

1. 0E-5 

1.0E-8 

1.0E-5 

6,3E•3C·•> 

5,0E•3<-~> 

2o5E•4<-•> 

2,0E•4<-•> 

. .... - .. - -~-------------------- .---~-· .------------------------------------------------------------------------------------------------
62 ,4 1.0E-8 5,0E•3<--> 

• 4 1. 0[-5 

·. ·~ - .. . . - - - . " •••------------••-----•-•A••-•-•-•--••--•-•---------------•----•-••••-•••----------•--------•--•----------------•----••••-•-• 

V, 

~ 
::0 
I 

...... 
N 
0 



.F"Oli-- Ct 

R~CORO NUMBER 
·------------

!IHE (Dl 

,4 

• 4 

186 

166 

9 2 

SORPT!UN ~ESULTS 

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

INITIAL CP N) 
(H/L) 

- -------------
1. 0E-a 

1,CIE-5 

1,"-lE-8 

1,i!lE-5 

F!flAL (RNJ 
(M/L) 

----------
KOS -- .. 

.. . - ... . -

KOO 

-----------------------------------------------------------------------------------------------------------------------------64 • 4 

• 4 

1.0£-8 

1,0E-5 

- - - - . . . -------------------------"------------------------·---.-----------------•. ----------------------------------------------------



FOR•- CS 

R~CORO NUMBER 
··-----------1 

!P1E COl 

,5 

9 2 2 l ? ) 3 

SORPTION RESULTS . . . -~-----------~--

INITIAL. CRNJ 
(H/L) - . ---------~--

F"INAL CRNJ 
(H/L) 

--------- ... 
KAS KAO --.. 

6,3E•IIJC--> 

5,0£:•0<--> 

2,1!1£+1(--l 

- - - - . - ~ ----------------.----~---~---------------------------. -----------------------------------------------------------------------49 ·, 5 

·- . . -

7,9E•1C--l 

6,3E•1C-•> 

3,2£•0<--l 

P••-•••••••-----••----••--••••••-•--•--••••----•-• - ------•••••••••-•--------- - -----•--••••••---•-•--••-•-•-•--•-••••••••••••• 

o:l 

('") 
C/) 

f--" 

t-3 
:xi 

' f--" 
N 
0 



F"0R·- CS 

R~CORO NUMSER 
··-----------2 

!IME CO) 

14 

28 

H 

!!8 

9 2 l } 

S~R?TION RESULTS 
~---------------

INITIAL CP.NJ 
(MIL) - . 

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

nrJAL CRNJ 
(M/L) 

-
----------

3 ) 

KOS -- .. 
6,6E•2<1,4> 

5,8E•2(2,2> 

KOO 

1,6E•2<6,1> 

1.,t•2<21> 

. - - - . - . -·---------------·----;---~---------------------------~-----------------------------------------------------------------------3 14 5,0E•2C20> 

14 

28 

28 

4,8E•2(17l 

- ·• "' - - ·- . . . -

1,JE•2<251 

1,2E•2C14l 

P••-•••••-••----•---•.••-~•••--•-•------•---•--•-----•--•-----••-••-•-•••----------•--•--•••••---------•-•-••--•-•---•----••• 
14 

28 

14 

aa 

7.4£-6 

7,4E:-6 

7,4£-6 

7,4E.-6 

3,9£~1(18) 

1,2E•1(130l 

- ., - ... . . 

0,0E•0<0> 

0,0[+0(0) 

P•••••••••••••••·••••,• .•••••-••-•••••-••••----~-----•--•-•--•••-••-- •••---- -• - -••---••••• - •••-•••••-•-••••-••••--•-----• 
lj l4 7,4E-6 6,3E-1<7,2> 

l!8 7,4£-6 3,3E•1(64l 

14 7,4E~6 0,0E•0<0l 

. 28 7,4E-6 0,0E•0<0> 

----------------;----·~---~---------------------; _____ ; _________ - __ - ___ ; ________________________ ; _________ - ____________ . _____ _ 

. 
(") 
en 

N 

>-3 
;;tj 
I ..... 

N 
0 



,aR-• CS 

R,coRo NUHBER 
·••--·--------

6 

!'IHE CO) _.., _____ . 
t,92 

16,98 

27,91 

&2,04 

U,67 

27,66 

15, 72 

9 _RP l toN? t~u1..r i I) 3 
-------·-----~--

INITIAL C~NJ 
(H/L) 

---------e---
1,•E-9 

1.•E-9 

1,•[-9 

1. •E-9 

rINAL CRNJ 
(H/LI 

---------p 

.., , 

KOS 

4,6E•2CJI 

4,2E • 2C3) 

4,5E•2<31 

5,2E•2C21 

KOD 

5,8t•2(71 

6,2[•2(71 

7,6E•2C7) 

••--------------9----T-•-~---------------------; ____ ~;--------~~--:---;; ________ ~--------------;---------~----------------~~-
7 t,91 1. 4E•9 2,2E•2C2,6) 

16,98 1. •E-9 2,5E•2C2,6l 

87,91 1.4E-9 2,8E•2C2,9l 

62 ,1!13 1.4[-9 2,8E•2C2,3l 

13,67 4,1£•2<7,3) 

27,66 3,8E•2C7,4> 

,s,12 4,1[•2(7,Jl 

- ,. - - - - -
··-------------------~---~---------------------------.-----------------------------------~-----------------------------------

8 t,91 1.4E•9 2,7E • 2(2,6l 

i6,97 1,4E-9 3,1E•2C2,6) 

a9,97 1,4[-9 3, IIJE•2 C 2, 6 l 

62,03 1. 4E-9 4,1[+2(2,4) 

i3,67 5,2E•2C7,3l 

27,66 4,7E•2C7,3> 

,s,12 6,6E•2C7,Jl 

. .... - - . . - -
··-----------------------~------------------------ --- ---· --------- --- --- - - ------------------------------------------

tx:1 . 
n 
CJ) 

w 

~ 
:;;d 
I 

f-' 
N 
0 



F'OR-- CS 

R~CORO NUMBER 
--•-----------14 

!lHE (Ol -------· 
9,9 

16,99 

il7,96 

62,32 

9 

INITIAL [RNJ 
(H/Ll 

- ----------.--1,4( .. 9 

1,4[-9 

1,4[-9 

1, 4E-9 

1 :3 .:) 7 

F' Il·lAL C RN J 
(M/L) 

----~-·---
KOS -- .. 

3,5E•2<2,6l 

4,0E•2<2,7l 

KOD 

6,3[+2(7,3) 

6,4[+2(7,J) 

6,8[•2(7,2) 

- .... - ... . ---------------------- .---~---------------------"-----------------------------------------------------------------------------1' . 6,49 1,44E-9 1,4E•2<1,2l 

S3,53 1,44E-9 1,6E•2(1,2l 

27,6 1.44E-9 1,7E•2(1,7> 

.. ,s,se 1, 44E-9 1,9E•2<1,6l 

14,1211 3,9E•2<11l 

27,7 4,5E•2<11l 

,6,78 5,IE•2111l 

- - - - ' - . . . ••~---•-••---•••e-----T•-•~------••-------------•----~•--••••--•••••-•-••--•--- • - •-----•--•--•--••••••••••--•••-•••••••-••• 
17 t,9 1. 4E-9 2,5E•2<2,6l 

1~,98 1.4E-9 3,4E+2(2,6l 

117,96 1,4E-9 3,4E•2C2,6l 

62,02 1,4[-9 5,3E•2<2,4l 

:i3,67 4,!5[+217,3) 

27,66 7,SE•2<7,3> 

,s,12 6,1£•2<7,3) 

·••-------~------• --~-T---~-----~---------------;-----;---------~--~---;~-------~---~-----------; _________ ;----------~------~~ 

1--3 
::0 
I 
r' 
N 
0 



F'9R-• CS 

RJCORD NUHIIER ·••-----~--·--
11 

!lHE CO> ....... -.. 

:13 • 52 

27,59 

,5,58 

14,81 

27,7 

56,78 

92 ~ _jf. 2 3 
S?RPTfON R£~ULTS 
•: --~~---------

INITIAL. tRNl 
- ~H/L) ---.. -----.--

F"INAL CRN~ 
(H~p 

··--~-"--., 
KOS 

8,3E•1<1,1> 

1,111t•2ca,a, 

1,1E•2<1,8> 

1,3E•2C1,7> 

KOO ---

2,9[•2(11) 

3,•E•2<10> 

3,4E+2(10) 

• l"I - • - • - -·--------------------~-~----------------------------"•---------------------------------------------------~------~------------20 1,89 1. 4E"9 4,6E • 2C2,7> 

2;6,98 1. 4E-9 6,1E•2<2,9) 

1!7 1 96 1,4E•9 4,8E•2C2,7> 

62,,n 1. 4[ .. 9 7,BE•2C2,5) 

13,67 8,2E•2C7,2> 

27,66 1,8E+3(7,3) 

,s,12 1,IJE•3<7,2> 

·•--------------•----;---~---·-----------------;-----:---------~--~---~;-----------------------~---------~-----------------~-21 6,58 1,4'4E~9 7,7E*1(1,1> 

13,52 1,44E .. 9 1,0E•2C1,1) 

27,59 1,44["~ 1,2E•2C1,8) 

,s,s1 1,44E-9 1,2E•2C1,6> 

H,"1 3,2[•2(10) 

'a7,7 3,?E•2C11) 

56,77 3,•E•2CU> 

··--------------;----T--•M••-------------------:-----;----------------~~-----------------~-----~---------~----------------~--

t,:l 

n 
C/) 

V, 

1--3 
::,;) 
I 

I-' 
N 
0 



r .OR•• CS 

R~CORO NUMBER 

···----------23 

!lME CO! _,_ _____ _ 

,,08 

S7,05 

a7,93 

66,12 

13,69 

a7,72 

,s,1s 

9 

lNlTIAL CRNJ 
(11/L) 

- ----------,.--1,4E-9 

1. 4E•9 

1,4E-9 

1,4E-9 

F'INAL. CRNJ 
(11/L) 

--------- .. 
KOS ---3,2E•2C2,6> 

4',4t•2<2,6) 

KOO 

1,1E•3C7,2> 

B,BE•2C7.3> 

9,9E•2<7.2> 

.. - .... - - -
P••-•-•--•••--•-•----~---~---•-•-•------•---•-•------•--•-•---••-•----•-•----------•---•-••••-•-------••-~----••••--•-••-•••~ 

2,2E•2<1,3> 24 6,83 1. 44E-9 

!3,84 1,44E·9 5,0E•2C1,7> 

!7,84 1,44E-9 1,6[•3(2,2) 

. ,5,83 1. 44E-9 3,6E•3C2,0> 

14,04 2,0E•3C14> 

!7,71 8,6E•2CU) 

,6,76 8,6(•2(11) 

- - - ~ -P·•-••-••••--••-·•-~•-•-•~••••-•-•---••--------------------•••••-•••---••- -- • -••--••-••• •••------•--•-•---•••-••••-••••• 
26 ?,07 1,4[-9 1,BE•2<2,4l 

:t7 ,04 1. 4E-9 2,3E•2C2,5l 

27,93 1,4E-9 4,5E•2C2,7l 

66,11 1,4E-9 1,4E•4C7,4l 

13,69 7,8E•2C7,2l 

a?,72 5,7E•2<7,3> 

,s,75 1,4E•3<7,2l 

- .. - - - - - - . ·•-----------------------~---------------------------------------------------------------------·---------~-------------------

- I 

t,;j . 
(") 
en 

°' 

t-3 
;;,;:I 
I 

f-' 
N 
0 



F'~R-- CS 

R~CORD NUMBER .. ___________ _ 

27 

! I "1E < 0 l ------- .. 
6, c:13 

13,83 

27,84 

15,82 

l4,lll4 

17,7 

56,76 

9 2 soR~T 10 
l 

Ht:SUL~ 

-~---~----------

INITIAL CRNJ 
(H/L) 

- ----------~--
1. 44E-9 

1,44[•9 

1,44E-9 

1,44E-9 

F"INAL CRNJ 
(M/L) 

-----~-.---

3 } 0 

KOS 

1,4l•2<1,7l 

3,3E•2<1,4> 

1,4l•3<2,4> 

2,5l•3<1,9) 

- .. . - - - . 

KOO 

2,7E•3<15l 

1,3E•3C13l 

1,6E•3<13l 

•••-•-•-••••---••---•T•-••••••-•-•------•---•--•-----•-----•--••-•----•••----------------------•------•--•----••--------••-•-
211 '1, 08 1,4E-9 1,4E•2<2,5l 

17 ,lll4 1. 4E-9 1,9E•2<2,5> 

a1,92 1.4E-9 2,1E•2<2,6) 

66,11 1,4E-9 4,3E•3< • ,1> 

13,69 4,9E•2<7,J> 

37,72 • ,5E•2C7,4l 

,s,75 4,8E•3(7,4l 

••·-------------9----T---~---------------------; _____ ; ____________ -___ -; _______________________ -_________ . __________________ _ 
29 6,82 1,44E-9 1,0E•2<1,1> 

13,83 1,44[ .. 9 3,0E•2<1,4> 

27,84 1. • •E .. 9 4,8E•2C1,9l 

,s,81 1,44[•9 2,8E•3<1,9> 

14 ,lll4 1,6E•3C13l 

a1,1 1,JE•3C13> 

!J6,76 1,1E•3C7,2> 

··---------~----;----~---~---------------------;:----:---------~--:---~;--------~--------------;---------~----------:-~----:. 

0:, . 
(") 
CJ) 

-..J 

...., 
~ 
I 

I-' 
N 
0 



FOR-- CS 

RECORD NUMBER 
·•-----------30 

!lME (0) 

9 I j 
SQR?TION HESULTS 
-~--------------

lNITtAl. CR"lJ 
(MIL) 

1,1E-8 

1.1(-7 

1. 1E-6 

1. lE-5 

f'INAL CRN) 
(M/L) 

-----------
KOS 

2,3E•2<--> 

. , - . 

KOO 

------------------------·------------------------------------------------------- ---------------------------------------------
31 

~ -
----------------------------------------------------------------------------------------------------------------------------- t:,:f 

32 2 4,4E-9 6,5E • 2(7,1) 

• - - - - - - ~ ·------------------------~---------------------------------------------------------------------·-----------------------------
33 14 

- - . - - - . ··-----------------------~-----------·---------~-----~---------------------------------------------------~-------------------
7 

~•--------------~---- .' -------------------------~----~; ____________ -_._·~-----------------------~-----------------------------., 

•~-------•------• ----J---w-----•---------------; ·---~;------------ ·----~------------------------·-------- ·-------------------
36 ,, 

-~--------------; ____ , _________________________ - __________________ . ___ - - ___________ ____________ ; _________ -__________________ _ 

37 9 

- . - .. . . . . - - . -•••--------~----•----:---w-------------------------------------------------------------------------------~------------------~ ., 
- - - - - . •••-------------•---- ~---~-------------------------------------------------------- --------------------- r-------------------

>-l 
;:i:, 
I 

I-' 
N 
0 



,oA-• CS 

R~COAO NUHBER 
·••---------"'-

39 

TIME: CO> -------.. 
7 

9 2 I' 

SORPTJON RESULTS - · - - . . . ·~---9----------

INITIAL. CRNJ 
( H/L. l 

-,--------.--
F'I.I.AL. CRN] 

(H/L) ______ ,. ... __ 

3 2 

KOS KDD --· 
·•-------··-----;----~---~-----------~---------;:----=---------~--:---;;~------~---------------;---------~------------~-~--~-

40 ? 

- " - - . - -·•••••••••••--•-•·••-•T••••••••••••--•-------•--•----••--•-••-•••-••••-•••----------------•••-•••-••-••••-~----••••----••••••• 
41 8 

·--------·------;----~-------------------------;-----:---------~--~----;--------~--------------; _________ ; ___________ _ ~----~-
43 3 

- -~ - .. - . 
-·------------------- ----~-------------------------- -------------------------------------------------------------------------

3 

30 

••--------------;----T---~---------------------------~-----------------~--------~--------------~--------- ·------------ · ------
45 3 5,8E•2<17l 

10 

30 

P••••-•••------•••---~---~•••-•••---- ----------;-_. __ :----•••••••• ·---;;.------~---•---••••••--~----•-•-•••---•-•--- ----••-•• 
46 :5 6,5E•1C22) 

10 1,5E:•2(11) 

3,9E•1<8,7l 

---------·------•----··-------------------------;-----;------------~---~;-----------------------~--------- ~-------------------

,-,J 
::0 
I 

...... 
N 
0 



F'OA-- CS 

R~COAO NUHBER 

-------------47 

!iHE <DI 

a 

9 ? /. ) 

S~RPT!ON R~SU~TS 
-.--------------

INITIAL (PNJ 
(H/Ll 

--------- ---
F'INAL (RNJ 

(H/L) KOS 

- - - - . - . . 

KDD 

•--------------------- :' -------------------------------------------------------------------------------------------------------
50 ,17 

2,3 

6,3 

14,2 

>5,0E•2(--I 

- ~- - - ------------------------------------------------------------------------------------------------------------------------------51 ,17 1,4E•1<-·> 

a,J 4,0E • 1(-•I 

6 , J 9,IIJE•l<-•> 

H,2 9,0E.•1<--I 

----------------•----~------~------------------;-___ _ ~·------------ · ----~-----------------------; ____________________________ _ 
52 ,17 

2,3 

6,3 

~·--------------•----~---~-----·---------------; -----;------------ ----- --------~---------------~--------- --------------------
53 ,17 1,0E•1<-•> 

a,J 1,5E•2<--l 

6,3 >5,M•2C--> 

H,2 >5,0E•2C--> 

- . - ·- - -··------···-----•----~---~-----------------------------------------------~-------------------------------------~-------------

td 

n 
C/) 

r-' 
0 

t-3 
::0 
I 

I-' 
N 
0 



F'C1R ... CS 

R~CORD NUHBER ·•----------.. -
!54 

!~ME ( Ol _,_ _____ _ 
·, 17 

1,3 

:.4,2 

9 J 
r. 

S2RPT~ON RESULTS 

··--------·-----

JNlTUL tRNl 
(HILi 

---------,--
rtNAL tRNJ 

Ct1/L) 

---------.. 
KOS KOO 

3e5E•2<••> 

we•-------------8----~---~-----•-----~-~-------;~----;----•---~-~-~---;; .. ______ ~--•-------~---;------•--~------------:-~---• 
" ,17 

a,3 

6,3 

2,8E•1<-•> 

1,3E•2C-•l 

>5,l!IE•2C•-l 

. . - . . ~ 

•••-••••••••-•-•·--•-T•-••••••••-•---•---•--•--•••---w--•-••••••-••--••••-••--••--••-•••••••••••••••-•••-•••••••••••••••••••• 

56 ,17 

1,3 

6,3 

l4,2 

1,5EdC-•l 

>5,et•2C--l 

>5,0E+2(--l 

>5,M•2C••l 

··--------------•----~---~--------------~------;~----;------------:---;; _______________________ ; ______ ~ __ ; ____________ ·----~-
'' ,17 9,0[.Z(-•) 

a,3 4,0l•1C-•> 

6,3 1,9[ • 2(--) 

14, 2 1,4E • 2C--l 

~·--------------;----~---~---------------------:~----;---------~--~---~~-----------------------~---------=-------------------

t-3 
::.0 
I 

I-' 
N 
0 



F'OR-- CS 

R~CORO NUMBER 
·•-----------58 

TIHE CO> 

9 ' gR?f 1 ON 1-(£:SlJL T ) -~-----~--------

INITIAL (RN) 
(H/Ll 

---------.--
F"IrlAL CRNJ 

(H/L) 

---------~ 

3 

KOS 
--. 

- . - - - - -

KOO 

~--------------------~-----------~-------------------------------------------------------------------------------------------59 ,13 

,25 

., 
4,0[•2<--> 

. . 
··---------------------------------------------------------------------------------------------------------------------------

60 .4 1,.JE-8 6,3E•1<--> 

• 4 1. 0E-5 2,0E+l<--> 

166 1.0E-8 2,5E•2C--> 

166 1.0E-5 4,0[•1(--) 

- - . . -----------------•---- .---~----------------------------------------------------------------------------------------------------61 ,13 

• 25, 

., 
4,0[ • 2(--) 

. - . - • · . - ---------------------- .---~--------------------------- --------~---------------------------------------------------------------
62 .4 

'4 

1,rllE-8 

1.0E-5 

-, - - - - - -~•------------------- ----"---·-----------------------------------------------------------------------------------------------
63 ·" 1.0E-8 1,3E•2C--> 

,4 1. 0E-5 3,2E•1<--l 

H6 1,0E .. a 3e2E•2C-•> 

186 1. rllE-5 6,3E•1C-~) 

••--------------;----T---~-------~-----:~------;-----:------------:---~~-----------------------; _________ ; ____________ ;_~--~-

tx, 

n 
CJ"J 

I-' 
N 

t-'l 
:;lj 
I 

I-' 
N 
0 



r 

9 2 3 

S~RPTlON HE~UL!S 
~------------·--

F'~R ... cs 
lNlTUL CRNJ F'INAL (RNJ 

R~CORO NUHBER !1H£ CO) (M/L) (M/L) KOS KOO ·••----------- -~----- .. ---------9--
______ ., ___ _.,,, 

64 '• 4 1.0£-8 6t3E•1<--> 

.4 1.0£-5 3,2EH<--> 

- - - - · -· - - ... . 
P••-••-••••••--•-----~---~•••--•••--•--•••--- - -------•--•-•••-•--••-•-•••-•----•-•••-••••••••-••-•••••••-•-••-••-•-••••-••••• 

.13 

.25 

'I 

- . . 

··---------------------------------------------"----~---------·--------------------------------------------------------------
66 .13 

.25 

7 

.. . . - . 

·•--------------.------------------------------~---------------------------~-------------------------------------------------
67 ,25 

., 

- . -~-------------------- .-------------------------------~-----------------------------------------------------------------------
-3 
:;o 
I 

r-' 
N 
0 





F'OR-- EU 

R~CORO NUHBER 
·•-----------

6 

! 1 "1E < 0) 

i,92 

16,98 

27,91 

62,04 

13,67 

27,66 

55,72 

INITIAL CRNJ 
(H/L) - . . ---------.--8,0E-8 

8,0E-8 

8,0E-8 

8,0(-8 

F"l'·IAL CRN) 
(M/L) 

----------
KOS 

2,7E•2(4) 

3,5E•2<4) 

3,6E•3<4> 

- . - - . •· 

KOO 

1,1E•3C6) 

1,9E•3<6> 

4,6[•3(8) 

~-------------------- .---~---------------------~------------------------- ------ --------------------------------------------
7 t,91 8,0[-8 1,9E•2C4,0> 

16,98 6.0E-8 2,0E•2C4,0> 

27,91 8,"E-8 1,8[ • 2(4,3) 

62,03 8. ,ll[-8 1,0E•3C3,4) 

13,67 8,1E•2C6,7> 

27,66 7,2E•2C5,2l 

,s. 72 1,1E+3C5,6l 

.. - - . . . ·•---------~---------~---"-----~-·-------------------------------------------------------------·-----------------------------e 9,91 8,0E-8 2,5E•2<3,9) 

16,97 s,e:E-8 2,2E•2<4,0> 

29,97 8,0(-8 2,1[•2(3,9) 

62,03 8,0[-8 3,7E•2(3,4) 

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

a7,66 8,8E•2<6,3> 

15,72 9,4E•2<6,3> 

·••-------------;----:---~---------------------; _____ ;------------:---~:-------~---------------; _________ .. _________________ _ _ 

t:P . 
t'%j 
c:: 
f--' 

1-3 
:;o 
I 

f--' 
N 
0 



,aR•• EU 

R~CORO NUHBER 
~------------14 

-.--------
f,9 

62,02 

!3,67 

27,66 

95,72 

9 ,- ~Rf TJQ}! Rf;§UI. j ~ ,) ~~---~-~--------

INITIAL. CRNJ 
(H/L) - . ________ "" __ _ 

8,0E-8 

8,0E•B 

8,0E•8 

8,'11E-B 

F"INAL CRNJ 
(H/L) 

-
_ _____ ., __ _ 

,. 

KOS 

-·· 2,1E•2C4,1> 

4,6(•2(4,3) 

'1,8E•2C • ,4> 

2,0E•3CB,1> 

KOO 

2,"E•3C6,4> 

2,7E+3(6,QI) 

3,4E•3<5,6> 

- - .. - . ---------------------.---~------------------------------------------------------------------------------- --------------------17 t,9 8,0E-8 1,2E•2C • ,rll> 

16,98 8,0E-8 1,7E•2C4,lll> 

27,96 a.0t-s 2,4E•2C4,0l 

62,02 8,0E-8 6,0E•2<3,6) 

13,67 7, lllt+2( 6 ,Qll 

1!7,66 9,5E•2<6,1> 

,s ,-72 1,0E•3<5,6> 

- .... .. .. - - -·•------------------- --------------------------·-----------------------------------------------------------------------------
20 9,89 a.0E-8 2,8E•2<4,3l 

li6, 98 8,0[-8 4,4E•2C4,4> 

27,96 8,0E-8 2,6E•2C4,2l 

62,02 8,0E-8 8,4E•2<3,8> 

:,3 I 67 1,1£•3(6,l!I) 

1!7,66 1,2£•3(5,7) 

55, 72 1,2E•3<5,9) 

··--------------•---- . _________________________ -_____ ; _____ ~--- ·-- -----:---·-------------------~----------------------------· 

t;:j 

t'1 
C: 

N 

-:l 
::0 
I ...... 

N 
0 



F"OR-- EU 

R~CORO NUMBER 
-·-----------23 

!PIE <DI 

?dl8 

17,05 

27,93 

66,12 

13,69 

27, 72 

,5,75 

9 

INITIAL CRNJ 
(MIL) 

- -------------8,0E-8 

8.'2'£-8 

a.0£-a 

8,0£-8 

) 

F" I :JAL C RN J 
(M/L) 

----------

9 

KOS -- .. 
8,8E•1(3,8l 

1,:;!E+2(4,3l 

1,6l•2<15l 

KOO 

8,1£+2(6,2) 

1,6E•JC6,3l 

1,,t+J(5,7) 

- • • - p - - --•-------------- -------------------------------------------------------------------------------------------------------------
26 ?,07 8,0£-8 '4,9E•1<3,8) 

17, 04 8.rllE-8 3,9E • 1(3,9) 

a1,9:s 8,0£-8 3,9E•1C4,1l 

66,11 8.~E-8 5,4E•1(11l 

13,69 1,2E+3C5,9l 

27 I 72 1,2E•3C6,6l 

,5,75 9,7£•2<5,7) 

- - - ... - - -.----------------~----,---~---------------------------------------------------------------------------------------------------
28 '7 I Z8 8,0£-8 3,2E•1C4,0l 

17,04 8,0£-8 3,2l•1<3,9l 

27,92 8,0£-8 4,5E•1<4,0l 

66,11 8,0(-8 1,1E•2<5,9l 

13,69 5,9£•2<5,8) 

87, 72 7,5£•2(6,1) 

,s,1s 1,9E•JC6,4> 

- . . - .. - - - . 
··-------------------~---~--------------------------------------------~------------------------------------------------------

t;,:l . 
trl 
~ . 
w 

o-3 
~ 
I 

r-' 
N 
0 



9 2 ) 

S~R?TJON RESU~!S 
... p---~----------

F'OR•• EU 
?NI TIA~ CRNJ F"INAL CRNJ 

R~CDRO NUMBER !lME co) (M/L) ( M/ LI KOS KOO 
·•-------·--- -------~ --------- --- ------·--- -~"' 

60 .4 1,0E-8 1,0E•4C-•> 

• 4 1,0E-5 1,3E•4C-•) 

186 1. 0E-8 3,2E•4C-•> 

U6 1. 0E-5 1,0E•4C-•) 

- . - - - ·- - -- - - . ----------------·---- .---~------------------------------------------------------------------------------- ;-------------------62 ,4 

,4 

1.0E-8 

1,0E-5 

~ ~ ·-------------------- .-------------------------~-- ------------------ --- --- ----------------~-----------------------------63 • 4 

• 4 

186 
> 

186 

1.0E-8 

1. 0E-5 

1,0E-8 

1. 0E-5 
' 

- . - .. - . .. - - . -------------------------~---------------------------~--------------------------------------·--------------------------------
64 ,4 

• 4 

1. 0E-8 

1. 0E-5 

- ---------------------- .-------------------------~-----.----------------------------------------------------------------------- --l 
;;,;:, 
I ,..... 

N 
::::> 



H~CORO NUMBER 
··-----------60 

!Il-1E (Ol 

,4 

,4 

2 } 2 

S~RPTfUN HESULTS 

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

INITIAL CRNJ 
(H/L) 

------------1,2'E-8 

1,0E-5 

F"lNAL (RNJ 
(H/L) 

----------

3 7 

KOS KOO 
--· 

- - - - . 
I 

•••-------------5•---~---~---•-•-•-------------•----------•--•••-••---•••------•---------••••--•------••-r-----------------•• t,;j 
62 • 4 1.CE-8 0,0e 

,4 l,0E-5 

- . ~---------------·--------~---------------------------~---------------------------------------------------~-------------------
63 • 4 

,4 

1.~E-8 

1.0E-5 

- -

7,9[ .. 1(--) 

6,3£ .. 1<·•> 

··--------------·---~--------------------------------------------------------------------------------------------------------
64 ,4 

,4 

1,0E-B 

1.0E-5 

0, 011l 

0,0e 

- - · . - . . •••-----•-••----••---T•--~---•-•••-------------•-----•---------------------------------------------------~----------------•-• 

t-3 
~ 
I 

I--' 
N 
0 





9 2 2 J 3 7 

SORPTION H(SULTS 
-~-----p--------

F'OR-- ND 
INITIAL. [Rrn rHIAL CRNJ 

R~CORQ NUMBER !IM£ <D> (H/Ll (H/L) KOS KOO -
··------------ -~----- .. .. --------~-- ---------- -.... 

60 .4 1.0(-8 2,0E.•3<--> 

.4 1.0[-5 1,6E•3<- .. > 

2.86 1,oE-8 7,9E•3<-·> 

186 1,0(-5 5,0E. • 3(-•) 

·•-------•------•----~---• ---------------------~-----~-----------------=-----------------------;---------~------------------- 0::, 
62 ,4 

.4 

. ., - - - - - -
P••-•-•-•••----••••••-•-••••••-•-•------•---•--•••--•~----••--••-••-•-•••----------•••••••••••••-•-••-••-••••----••-••--••••• 

63 • 4 

,4 

1. "E-8 

1,0[-5 

1.0(-8 

1.0E-5 

4,0E•3<-·> 

3,2E•3<-•> 

1,3E•4<--> 

2,0E•4<-•> 

- - - - . -•••••-•-•••~---•••---~•-•N•••--•-•---•-•••--•--•-••--~----••-•••-•••--•••-•----•---------••-•--•---------•-••-•••••-•••-••-•• 
64 ,4 

.4 

1. 0[ .. 8 

1,0(-5 

4,0E•3<-·> 

7,9E•3C-·> 

- - ~ . - - ... ----------·-----·----~---~---------------------·-----~-----p--------------------------------------------- .-------------------

z 
d 

-'l 
~ 
I 

I--' 
N 
0 



L{ 



F'OR•• NP 

R~CORO NUMBER . ., _________ .. _ ! ·1Ht CO> . .,. _____ _ 

9 l ) 1 

S~RPTfON HE~UL!S 
•w----••-•••-••• 

INITIAL tRNJ 
(H/L) 

---.. ----~---

9,0E-5 

7,0E-4 

F'INAL CRN) 
(11/LI 

---------,. 

3 

KOS KOO 
---

1,5£ • 2(--) 

·- . - - -··-------------------~---~-------·-------------~-----.-------~---~--------------~--------------~--------------·--------------31 4,5£ • 1(4,4) 

- . -- .. . - -- - - . . ··-------------------~---~---------------------------~------------------------~------------~-------------~-------------------33 

- . - - - - - -··------------------- .-------------------------------~-----------------------------------------------------------------------
60 ,4 

186 

1.0£-8 

1.0£-8 

2,5£ • 1(--) 

.. ' - . - - ----------------~-----~---~---------------------------p-----------~---------------------------------------~------------------· 
62 ,4 1.0E-8 

- .... - . -
··-------·-----------~---•-------------------------------------------------------------------------------~-------------------.4 

186 

1,0(-8 

1,0E-8 

... - .. - - . - . . ~~--------------•----~-~-w---------------------------~----------------~--------------~-------------------~-------------------
64 • 4 1,eE-8 5,0E • 1<•.,l 

P••••------~---•;•-••:•-•---•••••••--••-•••----; .. ---;--•••••••~••••--~--------•-•••--•••-----•~-----•---~----•--•-••-••-•--• 

I-' 



LL 



FOR-- PU 

R~CORO NUMBE:R 
·~-----------2 

!P1E (Ol -------~ 

9 2 .) '.> 2 

SQRPTtUN ~ESULTS 
-------------·--

lNlTIAL. CRNJ 
(MILi - . .------------

F"IflAL. (RNJ 
(M/L) 

3 7 

KOS 
-- .. 

1,9E•2C2~l 

3,6E•2C26l 

- .. - - - - . 

KOO 

9,4£+2(1,41 

5,3£+2(22) 

·---------------·---- .---~---------------------------------------------------------------------------------------------------
3 14 

14 

88 

28 

2,4E•2C45> 

3,3E•2C16) 

- -. - - - -

7,2E•2C8,6> 

5,6E•2<7,5l 

~---------------~--------~-------·-------------------------------------------------------------------------------------------
4 14 

aa 
14 

28 

3,0E•lilC30l 

2,1E•lil(83l 

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

4,0E•1C15l 

2,9£•1(44) 

·--------------------~---~---------------------------~----·~-------------------~---------------~----------------------------· 
' l4 4,1E•lilC22l 

as 4,3E•lil<26) 

1-1 4,IIJE•1<37l 

aa 3,7[•1(28) 

- .... - . - . -
·---------------~---- :---~---------------------------------------------------------------------------------------------------

t-3 
:;.::, 
I 

t-' 
N 
0 



FO~- .. PU 

RicoRc NUMBER 
··-------·---9 

!IHE CD> ------- .. 
7,7 

H,7 

88, 7 

,6,7 

15,7 

U,8 

19,7 

INITIAi. CRNJ 
(M/Ll 

------------1.0£-12 

1.0e:-12 

1.0E-12 

1,0E•12 

RESUI.T.S 
. < -

_ .. ____ _ 
2 1 

F"INAL (RN) 
(M/L) 

------·---

3 

KOS ...... 

1,2E•3<-•l 

2,3E•3<·-l 

KOO 

. - - - - . .. . .. . --~-------•-----------~---~---------------------~---------------------------~-------------------------------------------------
10 9 t 7 1,lilE-12 

H,7 1.0e:-12 9,BE•2<-•l 

1!8, 7 1.lilE-12 7,1E•2<--l 

,6,7 1. 0E-12 2,SE•:.H--l 

16,8 

l.9,7 

a9 t 7 

- - - - - - - . . . ··-------------------r---r•--------------------------------------------------------------------------------------------------
11 ., t 7 1.0E-12 

14,7 1. 2!E-12 4,0E•2<--> 

28,7 1. 12lE-12 5,2E•2<--> 

516,7 1. lilE-12 8,4E•2<--> 

15,7 

16,8 

19,7 

- .... - ----------~------·---- ·---~---------------------------------------------------------------------------------------------------

to 

""O 
c:: 
N 

'--j 
:;c 
I ...... 

N 
0 



9 2 .} 
(. 6 

s9RPTfUN RESULTS 
-~--------------

f'Q~ .. - PU 
INITIAL. [RNJ r If-JAL [RNJ 

R~CORO NUMBER TIME (Ol 
-

(MIL) (M/L) KOS KOO 

·------------ -------- ---.. -----.-- ---------- -- .. 
12 7,7 1.0E-12 

H,7 1.iE-12 3,5E+2C--> 

l.B,7 1.0E-12 4,3E+2C--> 

,6,7 1.0E-12 9,4E.•2<-•) 

16,8 1,0E-12 

19,7 1,0E-12 

- ' - - - . -·•-------------------~----------------------------------------------- --- --- -- --------------------------------------------
13 ., • 7 

14,7 

28,7 

,6,7 

15, 7 

1.0E-12 

1.eE-12 

1. 0(-12 

1.0E-12 

1,0E-12 

5,0E•2<-•> 

7,0E • .2(- .. ) 

- . - - . . - -~••--•-••••-----••-•• .•••· ••••••••------•------------ -----•---••••-----••----- • --•-----•••••••-•----•--r---------•-•••-••-• 
16 ., • 7 1,0E-12 

H,7 1,0E-12 1.1E•Jc- .. , 

aa,, 1,0E-12 1,5E•3C-•> 

56,7 1,0E-12 2,9£•3<--) 

15,7 

16,8 

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

~--------------------·---~------------------------~------------------------------------------------------------------·------· 

~ 
~ 
I 

f-" 
N 
0 



F'OR•• PU 

R~CORO NUHSER 
·•---------~-19 

!i"IE CO) ..... ____ " 
7,7 

H,7 

R8,7 

96,7 

15,7 

QRfTIO-j H~~UL!j -----~- --------
I' ) 

INITIAL CRN) 
(H/L) - . . ---------.--1,0E-12 

1.0e:-12 

1.0e:-12 

1,0e:-12 

F"INAL tRNJ 
(M/L) 

------~--~ 

3 7 

KOS 

--· 
5,1E•2<--> 

6,0E•2<-•> 

9,7E•2<--> 

KOO 

•••-------•-----•----,---N••••-•-•--- · --•------ ------ -----•---- --- ---- -~•------• . --•--------•-- --•--•-••- ·-----••----•-•••-~• 
22 ., '7 1.0E-12 

H,7 1, 0E-12 6,9E•2<-•l 

88,7 1.0E-1 2 1,2E•3<-•l 

56,7 1. 0E-12 2,5E•3C--l 

16,8 

i9,7 

89,7 

.. - . - -
---------·-----------~---~--------------------------------------------------------------------------------------------·------

25 7,7 1.0E-12 

H,7 1,lilE-12 3,6E•3<--> 

116,7 1,0E-12 4,4E•3<--> 

56,7 1,CE-12 2,5E•4<--> 

H,8 1, 0E-12 

- . - - . - - . ---------·----------- .---~-------·-------------~-- ----- - ---------- --- -- -- - ----------- ------------------------------

r-3 
::0 
I 

f--' 
N 
0 



F'OR-- PU 

R~CORO NUMBER 
·---------·--

!P1E <Ol 

9 2 l 

S~RPTJON ~~SULTS 

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

INITIAL (;iNJ F" INAL CRNJ 
(HILi (MIL) 

1,0E•8 

1,0E-7 

1,0E-6 

1,0E-5 

----------

3 

KOS 
-- .. 

1,7E•5C-•> 

- - - . - -

KOO 

----------------~------------------------------~---------------------------------------------------------·-------------------
31 14 

·---------------~---- ·---~-------~------------- ------ ~------------ ~----~-----------------------~--------- ·-------------------
32 2 5,4E•3C21) 

- . . ~---------------a-----------------------------------------•------------------------------------------------------------------
33 1,2E.•4C58> 

. . - . 
----------------·----------------•------------------- .----------------------------------------------------- ------------------., 

- - - -- - - - ' ---------·---------------~---------------------~-----------------------------------------------------------------------------
48 ., 

- . •••-----•-------w----T•--~-----•--------------------••----•---•--•----~------------------------•---------------------------•• 
60 '4 6,3[ • 1(--) 

186 

- - - - . ·~-------------------~---~---------------------------------------------------------------------~---------~-------------------
62 ,4 1.11JE-8 1,0E • 2(-•) 

- - -------------------------·------------·---------------.-----~-----------------------------------------------------------------

\JI 

1-3 
~ 
I ..... 

N 
0 



9 ') 3 7 9 

SCRPTION KESULTS 
-----------·-~--

FOR-- PU 
INITIAL CPNJ F' UJAL (RNJ 

RECORD NUMBER TIME (•) (M/L) (MIL) KOS KOO 
··----------- -------- ------------ ---------- ·-· 

63 • 4 1. ~E-8 1,6E•2<--> 

18 6 l.~E - 8 3,2Eot2(--l 

- - - . - ~ . ·--------------------~---~-------------------------------------~----- --- -- --- - ------------- --------------- --------------
64 • 4 1. ~E-8 1,0E • 2(--) 

- --·--------------0----------------------------------------- -- ------- --- -- - - -- - --- ----------- -- --------------

::;d 

-c 
C: 

Cf\ 

"'"'3 
::,::i 
I ...... 

N 
0 



9 ? [ 
., ., 

S~RPTION NESULTS 
~~--------------

F'OR-- RA 
INITIAL [RNJ F'INAL (RNJ 

R~CORO NUMBER !I~E (0) (H/L) (H/L) KOS KOO 
~·----------- -------· --------- .. -- ---------- -- .. 

60 ,4 1,111E-8 1,l11E•2(- .. ) 

l86 1.l11E-8 2,5E•2<-•> 

~---------------;----7-------------------------;-----=------------~---;; _______________________ ; _________ ; _________________ ~_ ~ 
62 • 4 1.l!IE-8 7,9E • 1( .. •l 

-•--------------~---- 1-------------------------- -----------~------ ~----~--------· ______________ ; _____ . ___ . _________________ -_ 
63 • 4 

186 

1,0E-8 

1.l11E•8 

. - - . •· . . ~•---------------------~-w---------------------------------------------------------------------------------------------------
64 . 4 1,l!IE-8 

- -•g--------------~----------------------------------------- ------------------------------------------------------------------





r9R .. RU 

R~CORO NUHBtR ... -------·· ... -32 

!1'1E <D> -------~ 
I 

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

9 ? /... 

SgRPTJON HESU~!S 

--------·--------

1NlT!AL tRNl 
C H/L. l - . ----.. ----... --

2.0ER1i 

F'INAL tRNl 
(H/L) 

----,.----· 

3 > 

KOS KOO 

- - - · ... - . . . -- . - . . . 

~---------------•----,---a-----------------------•---~-------------------------------------~-------------~------------------• 

H 
~ 
I 
~ 
N 
0 



T.ilS 



FOR-- SR 

R~CORO NUMBER 
-------------1 

!I)1E (Dl 

.5 

l 

1 

9 2 /., ? ·) 

SQRPlfUN HESULTS 
-~--------------

INITIAL CRN) 
(H/L) 

------------
F"IllAL CRN) 

(H/L) 

------•---

3 

KAS KAO ---
3,2E•1<--> 

2,0E-1<-•l 

2.sr-1<--> 

- .. ... .. . . 

·---------~----------~---~---·-~-·-------------~---------------------------------------------------------~-------------------.5 

1 

1,0E•1<-•l 

2,5[.,1(-.. ) 

5,llE•1'-•l 

·••--------------;----i---~---------------------;:.---;--------~~--:---;; _______ ~---------------; _________ ;------·---~--~--~~-

t,:l 

C/) 

:;:cl 

I-' 



F"OR-- SR 

R;CORO NUMBER' 

2 

TlHE CO) 

as 
14 

28 

9 2 .1 '> • 

S9RPTJON RESULTS 
-------------~--

INITIAL CRNJ 
(H/L) - . --------- .. --

F'INAL CRNJ 
(M/L) 

----------
KOS -- .. 

1,1Et1(28) 

- . - - - -

KOO 

2,1E•1<24> 

2,eE:•1(19 ) 

··------------------- .-------------------------------------------------------------------------------------------------------
3 14 7,7Etl1l(13) 

14 a ; 0E•0<15> 

1!8 1,4£•1<10 ) 

I! a 1 ,4E•1C2 3> 

- - .. - - -·•••••••••-----------T•--W-•---•-•-------------------.----••----------•••-------------•--•-••------------••••-•--•---•••-•••• 
4 14 

88 

l.4 

88 

1. 4E-5 

1.4E-5 

1.4E•5 

1,4£-5 

.. . - - - - - -

1,BE-1(110> 

2,SE-1<122> 

2,4E•0<14J l 

2,9£•0(12 4) 

-------------------------w---------------------------------------------------------------------------------------------------
5 1-4 1.4E-5 9,0E•2C15flll 

aa 1,4£-5 3,8E .. 1(12flll 

14 1. 4£-5 3,1£•0<111) 

18 1.4£-5 4,4E•0<1Hl 

. . .. - - -•·•--------- ----~----~•--M-----•------------------------------•-------------- -- --•---------------------------------------•• 

t)j 

C/l 
:;,:l . 
N 

1-3 
:;,:l 
I ...... 

N 
0 



F'911 .... SR 

R~CORO NUHBER 
···---·----.. -

6 

HME COi ·------· 

62,04 

J3,67 

27,66 

,,.,2 

S~RPTtON R~~UL!S 

··--------------

INITIAi. ~RN] 
(H/L) - . 

-.--------.--1,2E-6 

1,2£-6 

1.2E-6 

1,2£-6 

F'INAL CRNJ 
(H/LI 

----------
KOS _,.,. 

2,2E•1(4) 

1,6E•1(4) 

1,7E•1C5> 

1,9E•1C9) 

KDD 

2,3£•1(7) 

2,2E•1<8> 

~---------------;----~---~-------~-------------; _____ ;------------~---~~---~-------------------;---------~------------~------
7 9,91 1,2E-6 1,3EHC5,2> 

16.98 1. 2( .. 6 1,2E•1C5,8> 

27,91 1,2£-6 1,1E•1C6,0> 

IS2,03 1,2£-6 1,3E•1(3,1> 

113, 67 1,7E•1<9,5> 

27,66 1,3E•1C7,7> 

JS,72 1,JE•1C8,5> 

~ - - .. - - -··--------------•----------------•-------------------------------------------------------------------------------------------
8 t,91 1,2E-6 1,JE•1C5,4> 

U,97 1,2E•6 1,2C.1(5,7) 

29,97 1,2E-6 1,2E•1<5,8> 

62,03 1. 2E-6 1,1E•1<5,8> 

13,67 1,8E•1C8,4> 

27,66 1,6[•1(9,2) 

,S5,72 1,7E•1C8,8> 

- - - .. - - - . - -~----------~-----------------------------------~-----------p--------------------------------------------- .. -------------------. v S'l . l I Z 6 

~ . 
Cl) 

::.:, . 
Lu 

1-j 
::.:, 
I 

t-' 
N 
0 



f"OR-- SR 

R~CORO NUMBER 

··-----------14 

!IHE <Dl 

9,9 

16,99 

27,96 

62 I 02 

3.3,67 

27,66 

t5,72 

S~RPT!vN H~SUL!S 
-~-----·--------

INITIAL (RN) 
(H/L) 

---.. --------
1,2E-6 

1. 2E-6 

1.2E-6 

1.2E-6 

F'l :~AL CRNJ 
(M/L) 

------·---
KOS --. 

2,3E•1C4,1l 

2,3E•1C4,2l 

2,6E•113,6l 

- . - - . -

KOO 

5,0E•1<7,8l 

2,7E•1<7,5l 

2,7E•1<7,2l 

·-------------------- .----------------------------------------------- ------- --- --------- - ----------- -- ---------------
17 9,9 1.2E-6 1,4E•1<5,2l 

16,98 1,2E-6 1,6E.•1(5,0) 

27,96 1. 2E-6 1,4Et-1(5,3l 

62,32 1.2E-6 1,4E•1<5,0l 

13,67 1,6E•1<B,1l 

27,66 2,3£•1(8,4) 

55,72 1,4E•t<8,6l 

- .. - - -- ~ ···------------------~---~---·-----------------------~-----------------------------------------------------------------------
20 t,89 1.2E-6 1,7E•1<4,7l 

16,98 1.2E-6 1,7E•114,7> 

27,96 1.2£-6 1,6E•115,0> 

62,02 1,2E-6 1,5E•1C4,7l 

13,67 2,0£•1(7,6) 

27,66 2,2E•1<7,2> 

,s,12 2,B£•1(8,J) 

- -. - - - . - . ~-----•••-•R-•••••---~---~•-•-•••·•-••-•••••------•-----•••--~-------------------------------------------~-------------------
6 

t:i:I . 
Cfl 
~ . 
~ 

1-:l 
~ 
I 

I-' 
N 
0 



.. 

-

F':~R-• SR 

R~CORO NUHBER 

·~-------·---23 

!lME COi -------· 
17, 1'5 

17,93 

66,12 

U,69 

a,,12 

S5,75 

SQRPTfON Rt~ULTS 
----~~---·---·--

INITIAL CRNJ 
(H/L) 

.. -----------1,2E•6 

1.2E•6 

1,2E-6 

1.2£-6 

rlNAL tRN~ 
(11/L) 

---·----- .. 
KOS 

4,7E•1C3,IB> 

6,2E • 1C2,9> 

5,7h1C2,91 

1,5E • 2(15J 

- - - - - .. 

KOO 

6,2E•1<6,91 

5,9E•1<6,3> 

··---------~---------~----------------------------------------------------------~--------------·---------~-------------------26 7,217 1.2E-6 2,2E•2<4,0) 

17.04 1,2[ .. 6 2,9E•1C3,6) 

27,93 1,2E•6 3,4E•1C3,31 

66,11 1. 2E-6 8,7E•1<11> 

13,69 3,3E•1(6,3) 

1,. 72 3,4[+1(7,11 

,s.75 3,2E•1<7,1> 

- . - - . · - . - . 
··•-••••••-•••-------~----••••-••• - -•••-••--•-•••---~-•--••••••••P•-•-•••-••-•-p•--••••••••••••••••••-•••~••--••--••••••••••• 

28 7,08 

17,04 

27,92 

66,11 

13,69 

87, 72 

J5,75 

- ' ~••-••••• •••-••-e•---T•--•••---•-------------

1,2E•6 

1,2E-6 

1.2E-6 

1,2E-6 

--- ·--" ---- --~--'I --,------

2,5E•1.<3,8> 

2,5E•1(3,9l 

8,6E•1<6,2l 

- . 

2,1E•1<6,61 

3,1E+1<7,5> 

---------·------------------------------

b:l . 
C/l 
:;>;j 

V, 



.. 

F"OR-- SR 

R~CORO NUMBER 

·------------
!'H1E ID) 

S~RPTION H~SUL!S 
-~--~--~-----·--

INITIAL CRNJ 
(H/L) 

---~----- .. --
1.1E-7 

1.1E-6 

1.1E-5 

1.1E-4 

F'INAL CRNJ 
( HILi 

--------- .. 

. -

KOS KOO 

~~---------------------------------------------.-----~------------------- ---- - --------------------------------------------

•••------•••---•;----, •••M~•---•-••--- -----~---;~----;-----•--••--:---~~-------•--••-----••-•--;-----••-•~----•-•• --•••••• --- t:d 
32 2 6,0E-8 

. .. - .. - - - . 
·-~-•••• • • • - ••••• ••• • ~•-• W•••••••••-•••••- • ••--p•• •- -• • ••••••••••••-•-••--••••••-••••••-••••••••-•-••••••--••-•••••-••••••••• 

33 

··--------·-----•----;---~-------~-------------; _____ ; _________ ~--:---~~-----------------~-----;---------~-------------------
34 ? 1,8E•2C2,0 l 

- .. - .. ·--------··-----,----~-~---------~-------------~-----------------------------------------------·-------------------·---------
? 

··---·--·-------•----~---~---------------------; _____ ; ____________ : ____ ; _______ ; _______________ ;_~-------;-----------------~-
36 9 

·------~--------; ____ , ___ ~-----~-~-------------:-----;------------~---~; _______________________ ; _________ ~-----------------~~ 
37 9 

- .... -- - - - -•••••-----~~---~•--•-~--•w---•~•-•----------•--~----------•~-----------------------------~---------------------------•-------
31 

·o••---•••-•-----0----~---~-----•-•---:---------;:----;----••-•~---:---~;--------~--------------;---------;-----------------~. 

I. £. r, ,, 6 

_, 
;ci 
I 



-

~~II•• SR 

~JyORD NUHIER ·••·------···- !IHt COi ,.,. ___ .., __ 

' 

SQRPTJ0N R~~UL!S 
--~-~~-~--------

INITIAL. tRN) 
_(H/L.l ~--·----... -. 

F"INAL CRN) 
( H/L.) 

----------
KOS KD0 . ... 

3,1E•2<2,9l 

.. . . -- - ·- - - - . . . . - - . . · •· 

·•·~-------~----------,-~-~~------~------------------~.-------------------------------------~·------------~------·-----·------4S 9 

- '.'I - - • ·- - ·- • - • • • - · -••••••••••-~•-••••••••7.•-•~~•-•••••--••--••--•--~--••w•--•-•~---••-•••••••••---••-••••••••••~••••••-•••••••••••••••••••~--•••• 

41 I 

u 

321 

P••-------------;----T---~---·---~------~------;-----;--------~~--:---;;.-------~--------------~---------;·----------------~-4, s 

H 

JI.'! 

1,5E•1C24) 

2,6Ee1(11l 

. ' - - . . ·-------------------~~---Q-------9------------------~~------------------·-------------------·------------p-------------------
46 

SI.'! 3,Jt-1(6,2) 

··--------·-----•----;---~-------•-------------; _____ ; _______ ~~~--:----;-----------------------~---------;~---------~------~. 
( £ ( 6 

H 
:::0 
I 

I-' 
N 
0 



f'OR-- SR 

R;CORO NUMBtR 

47 

IP.IE (0) 

8 

9 ,,, J •\ . /, 
RP I ON-~ Esui. TS ) 

-r---------•-••-

lNITIAl. CRNJ 
(H/L) 

---.----~---
F'INAL (RNJ 

(H/Ll 

------·---

9 

KOS -- .. 

. - - . . - -

KOO 

·•-------------------~---~---------------------~---------------·-------------------------------------------------------------
50 , 17 

6,3 

- . - .. -••--------•-----•--------w--- ·~ -----------------~------------------------•------•---------------------------------------------
51 ,1 7 2,5E•0<-·> 

2,3 2,4E•e<-•> 

6 , 3 3,2E.•0(--) 

14,2 4,~E•0<-·> 

- - - - - - - . 
P~•-••••••••-•••·••••••••W•-••••••--••--••--•--~-••-- - --•-••-•••-••••-••• • •---••---•---••••••-••-•--••••-•-----•••-•---••••• • 

52 .1?' 

2 ,3 

6,3 

. . 

2,5E+I?<-•> 

5,0E•I?<-•> 

-----------------------------------------------~-----~-----------~---------------------------------------~-------------------
53 ,17 3,1E•I?(-·) 

2,3 2,BE•0<--l 

6,3 3,2E•0(-•l 

H,2 4,0E•0<-•> 

- ~. - . ···--------------------------------------------~-- ---------- ------- --- -- --- ---------- --------- - -- -------------

to 
C/} 

:;o 

00 

~ 
;:;:I 
I 

:-,.) 

=> 



rcR- .. SR 

R~CORO NUHSER ·••·------·---54 

!H1£ <O) -------· 
1,3 

6,3 

:l4,2 

9 ) u 

SORPTION RESULTS 

·~---~----------

INITIAL CRNJ 
(H/L) 

---------,,--
rINAL CRNl 

(H/L) 

---------· 
KOS 

1, 3Ed <--> 

3,0C.fl(--) 

KOO 

- - - - · - -•••-------•-----e•--•T•-•~••-•-•-•--•----•--•--~-----•--•••---••----•--••-•----•---•-----•-~•-••-•------•~----•---------••••• 
" ,17 2,2Ed<••> 

2,3 2,0E•fl<••> 

6,3 2,9E•0<--> 

14,2 41 0E•0C-•> 

- - .. - - - . •••••-•-•-•-•-•-••--•--••M-•••-•-•-•••-••-•----------•--•-••-•-•--•-•••••------~---•-•••-••••--•----••••-•---•-•••--•-•-•---• 
!56 

a,;s 

6,3 

14,2 

5,6E•l!I<-·> 

6,5E•0<-•> 

1,2E. • 1(--) 

1,5E•l<--> 

. - - - -••••••••••••----••--•T•--~---•••••------•-•-•--•----~•--•-••--••--•---•••••----•---•--•--•••--••-•--•-•--•------••••••••••••• 

'7 ,17 1,0E•l!I<-•> 

I!. 3 2, 0E•1<-~) 

6,3 3,0E.,1<-•) 

14,2 1,0E•0C-•) 

·•--------------~----:---~-------·-------------;-----~------------ ·--- ·~-----------------------~------·-- ·------------ -------

I 

t:P 

C/) 
:,:l 

'° 

t--3 
:::0 
I 

f--' 
N 
0 



F'Of.-- SR 

R~CORO NUHBE'.R 
·•-----------

58 

!IHE ID) 

9 • I • 
'OR~T!O 

, f. 

RES-UL d 
----------------

INITIAL CRNJ 
(M/L) 

----------,--
F"rnAL (RN) 

( M/L) 

----------

3 

KOS KOO --, 

~---------------·----,-------------------------------------------------------------------------------------------------------,13 

,25 

7 

- . - - - -••-------••-----•--------u-------~-------------------------------------------------------------------------------------------
60 ,4 1. 11:E-8 6,3E.•121C--) 

,4 1.121E-5 6,3E.•lil(--) 

;186 1,0E-8 1,0E•1C--) 

1B6 1. 0E-5 1,0E•1C-•> 

- . - .. - -·•--------------·--------· ---------------------------------------------------------------------------------------------------
61 ,13 

,25 

7 

- - .. . . -w•--------•--•-•--------~-----•---------------------------------------------------------------------------------------------
62 • 4 

• 4 

1. 0E-B 

1. 0E-5 

. - . ••--------------•---- .---w-•---•------------------ ------- - ----- ---- -- - - •- - --- •-------- - - ------------
63 ,4 1. 0E-B 7,9E•0<··> 

.4 1. 0E-5 1,0E.•1(-·) 

U6 1. 0E-B 1,6E•1<--> 

186 1. lilE-5 1,6E.•1(·•) 

. ~. . ·•••-------------•----T•--------•---------------w-----.----•---------- ••- ---- - - --- ----- -------------- - ----------•-

l:)j 

C/) 

::0 

I-' 
0 

t-3 
::.:: 
I 

I-' 
N 
0 



- ·-- - - - -----------------,-- - ------

9 ) ) 1 2 

S~RPTION RESULTS 
-.-----------·--

FOR-- SR 
INITIAL tRNJ rINAL tRNJ 

R~CORO NUMBER !lME ( 0) (MIL> (Ml~! KOS KOO 

··--------..,-- -------- ---------~-- ------~--- ---64 • 4 1,0E-8 1,0E•1C••> 

,4 1,0E-5 1,Md<••> 

~-•-•-•-•-•----•e---•~•--N••-•••-•--••--••--•--;~---•;--•-••---•-•:-.. ;;.-•---••-•-•--•--•-•••-;-•-••••••=•••--••••••~~---•~-
,13 

,25 

9 

----------------;----~---~---------------------; _____ ; _________ ; __ :---~~--------~--------------~-----·---;----------~--------
66 ,13 5,0E•0<-•> 

7 

- . . ~--------------------~---~-------------------------------------------~-------------------------------------------------------67 ,25 2,0E•0<-•> 

,, 

-•--------------;-.--;---~-------·----------~--; _____ ;---------~-~:----;--------------------·--~---------;------~------------
t-3 

~ 
f-' 
N 
0 





FOR-• TC 

R~CORD NUMBER 
-·-----------

!ll'1E <Dl 

9 • ORP h O RESULT 2 
-~--------------

INITIAL C~NJ 
(H/L) - . ------------1,92E-12 

1,92£-12 

1,92E-12 

1,92E-12 

F"INAL (RN] 
(M/L) 

3 

KOS 

4,4E•1(3,3l 

1,6E•2(2,9> 

R,0E+1(2,5l 

. - - - . - -

KOO 

6,IIJE•2C30l 

2,1[ • 2(20) 

2,lllE•2<21l 

~----------------------------------------------------------------------------------------------------------------------------
18 6,58 1,92£-12 ,.7,IIJE .. 1(51> 

13,52 1. 92E-12 .-3,IIJE.-1(114) 

27,59 1. 92E-12 •9,lllE-1(38> 

S5,58 1. 92E-12 .. 9,0£•1(36> 

li4 ,01 ·2,3E•1C9,1l 

27,7 •4,2E+1C16l 

56,78 -3,0E:•1(12l 

- .., - .. . - . . -

·•-------------------·---~---------------------------------------------------------------------------------------------------21 tit 58 1,92E•12 .. a,0E•1C42> 

S3,52 1,92E-12 .. 9,0£•1(38) 

27,59 1. 92E-12 .. 7,0£•1(49) 

55,57 1,92E-12 .. 1,1£•0(29) 

14,"1 •3,3E+1(14l 

17,7 •3,4E+1!Ul 

,6,71 •3,7E+1C15> 

- .. - - - - .. . . 
·•---------------------------------------------------------------·-------------~------------·--------------------------------

b::l . 
1-3 
(") 

t-' 

1-3 
:,:, 
I 

t-' 
N 
0 



F'OR-- TC 

R~CORO NUMBER 
·•-----------24 

!lME 10) 
•i-••----
6,83 

iJ,84 

27,84 

55,83 

H,04 

27,71 

'6,76 

9 2 S2f PT ( N Risu. !S ? 
-~---- ---------

INITIAL. C~NJ 
(H/L) - . " ----------~--1.92E-12 

1. 92E"12 

1. 92E-12 

1. 92E·12 

F" I~JAL (RN) 
(M/L) 

-
------·---

3 9 t j 

KOS -- .. 
2,3E•1<4,"l 

6,1E•1<3,1l 

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

KOO 

4,2E•2<30> 

2,4E•2<21l 

1,flE•2C19l 

-----------------------------------------------~----------------------------------------------------------------------------~ 27 6,83 1. 92E-12 7,0E .. 1(611ll 

13,83 1,92E~12 4,0E-1(97l 

87,84 1,92E-12 3,0E•1CHlB> 

95,82 1. 92E-12 .. 1,3E•0(24) 

14,04 -B,9E•l1lC6,7 ) 

27,7 -8,0E•0C17l 

,6,76 •8,0E-1!415l 

- - - . - - ---------------------- ,-------------------------~-- --~---- -~------- --- -- - - ------------------------------------------
29 6,82 1. 92E-12 3,1E•0(15l 

li3,83 1,92E-12 •3,0E-1(107l 

,H,84 1,92E-12 •2,0E-1(190) 

55,81 1,92E-12 2,5E•1(3,3) 

14,04 -1,9E+1(6,7 l 

27,7 -2,4E+1(9,9l 

56,76 1,0E+2(41l 

- . - - . . . . . 

----------------------------------------------------------------------------------------------------------------~------------

t:d 

1-'l 
0 

N 

1-'l 
:,::, 
I 

t-' 
N 
0 



FOR-• TC 

R~CORO NUMBER 
-•-----------34 

TIME <D> 
,, 

9 2 ? 

S2RPTION R~SU~TS 
-------·--------

INITIAL. CR~) 
(M/L) 

---.. -----~--
r!NAL (RNJ 

( M/L) 

.. ---------

3 9 

KOS 
-- .. 

- - - · - - - -

KOO 

••-------•------•---•f•--w-----•---------------•--------------••-------------------------------•-----------------------•--•-• 
35 ' 

----------------•----~----~---------------------;··----;---------~-- ----~;-------~--------------- ---------- ·-------------------
36 9 

. - . ·•---------------------------------------------------------------------------------------------------------------------· -----
37 9 

- . - - - - - - . ••------------- .•---- ----w---------------------------~-----------~-----------------------------------------------------------
38 " .. 2,0E•1(60) 

··--------------;----~---~-------·-------------;--____ ; ____________ -___ ~;-----------------------~---------·-------------------
39 7 .. 2,0E .. 1(137l 

----------------;----~---~-------·-------------; _____ ·----------~------ ·; _______ ________________ - ____________________________ _ 
•0 9 

. - ... - -~---------------~---- ~---. ---------------------------------------------------- ----------------------------------------------
8 •8,0E-1(26) 

·---------------;---- "---~---------------------;· ____ ; _________________ ; _______________________ ~---------~----------------- --
1,2(+0(60) 

··--------------;----~---~---------------------;-----;---------~-------~-------~---------------~---------; __________________ _ 

1-3 
;;o 
I ...... 

N 
0 



R~CORO NUMBER 
·•-----------44 

TIME <O> -------9' 
' 

9 I ) 
S9RPT!0N 

-~--------------

INITIAL. CRNl 
(M/Ll 

------•--y--
F"l r~AL CRNJ 

(H/L) 

----------

3 

1(05 

---

- .. - - - - - -

KOO 

·•------------------- .----------------------·------------------------------------------------------------ --------------------45 3 ,.,1,1E+0(139) 

- ' -·------------------- .---~---------------------------------------------------------------------------------------------------
3 .. 2,0E • 0,(218) 

2,?E•1<5,0) 

----------------•---- ·---~---------------------; _____ - ____________ - ___ . ------------------------~-----------------------------
47 8 

~ . - .. - - . ••--------------~----~---w---------------------------------------~----~------- - --------------------------------------------
60 • 4 

• 4 

1. 0E-8 

1.0E-5 

.. ... . 

0,00 

0,00 

--------------------- .---"---------------------~--------------------- --- -- - - -- ---- . --------- ---- ---------------
62 • 4 1.0E-8 0,00 

- - .... ~ ~---------------.---- ·---~------------------------------------------- ------- - ----- ----- --------------- --------------
63 • 4 1. 0E-8 

- ' ----------------------·-------------------------~-------------------------- --- - ----- ------- ------------- ----·--------

t-3 
::,:, 
I 

I-' 
N 
0 



9 ?. .) /, ·) 3 7 

S9RPTJON H(SUL!S 
-~--------------

FOR .... TC c:, 

INITIAL [RNJ F'INAL (RNJ . 
1-:3 

R~CORO NUMBER !IME (0) (M/L) (M/L) KOS KOO n 

···----~----- -,------· 
,.. ___________ 

---------~ --- V1 
64 ·" 1.0E-8 0,02' 

- . - - - · - - -··-------- ... -----·----~---~---------------------------~---------------------------------------------------~-------------------





9 2 ? r, 2 3 

S9RPTJUN RESUL!S 
-.--------------

F'OR-- TH 
INITIAL. CRN] F'INAL (RN] 

R~CORD NUHBER !lHE ( 0, (M/L) (M/L) KOS KOO ___________ ,.._ .. ,. ______ 
---------.-- ------~---- --· ---

60 ,4 1.0E-8 6,3E•2(- .. ) 

,4 1. 0[-5 5,0E•2<-•> 

U6 1. 0E-8 1,0E•'4C••> 

186 1.0E-5 2,0E•3<••> 

·•--------------;----:---~-------·-______ - ______ ; -.. -- .;-----------~----~ ------------------------;---------~------------ ·---- --
62 ,4 

.4 

1,0E-8 

1.0E-5 

7,9E•2C-•> 

7,9E•2<-•> 

- - • - .... - - - - - p •~-----------------•-+---a-----•---------------------------------------------------------------------------------------------
63 ,4 

,4 

l86 

%86 

1.0E-8 

1,0[-5 

1,0E-8 

1.0E-5 

7,9E•2<--> 

1,3E•3C-·> 

,t,0E•:,H-•> 

5,0£•3<--> 

••--------------9----T•--~---------------------; .... ---:---------~--~---~~---~-------------------; ___________________________ ~_ 
,4 

,4 

1,0E-8 

1.0E-5 

?,9E•2<-•> 

·•·--------------;---~i---~-------------~-------;-----;---------~--:---;;. ______________________ ; ____________________________ _ 
t-3 
:::0 
I 
~ 
N 
::, 



1 

-



r~R•• U 

RJCORD NUHIEA 
··----·~--·--6 

!IHE CD) -----·-· &,95 

:IJ,95 

11,9' 

9,89 

aJ,64 

U,16 

9 2 2 ? 

S2RPT~QN RESUL!S 

---------------~ 

INlTtAL CRN) 
(H/1.) 

---.. -• .. -'!"t~--
5,4[.9 

5,4[•8 

5,4E•8 

F'lNAL [RN) 
(M/L) 

---.----~--· 

3 9 

KOS ..... 
9,9E • 0C22) 

1,0[•1(22) 

1,0Et1(21) 

KOD 

2,9E • 1C31) 

2,7E•S.C33) 

·•••-----••••----9--~ .. f-~-w-------~---~------•--; ... ---;--------~;--~---~;-----------------~-----~-----~~--; ____________ : _____ ~ 
7 6,95 5,4E•8 2,2E•0<72l 

13,95 5,4E-B 2,0E•0(80l 

20,95 5,4[ .. 9 3,1E • lll(52l 

,,e9 2,IIE•1<87l 

JJ,64 1,5£•1(149) 

9,89 1,1£•1(169) 

.. ... - - - - . . 
•••-••••••••--••9••--T•••~---•••••-•-••-•••----•-•---~--••••-•••••••••••••---------•-------~•-•--•-••••••~•---•-•••••••-••••• 

8 6,95 5,4[ .. 8 3,3E•0C51ll 

U,95 5,4E-8 4,0E•1CJ60l 

21!1,95 s,4£ .. a 1,3E•0C117l 

7, 89 1,3E•1<218l 

13,64 .. J,6E•l!l<731l 

19,76 3,9E•1<65l 

••------·-~~----W----T---w-~-------------------;-----:------------:---;~-------- -------~-------;----------------------------· 

>-3 
:,;:i 
I 

f--' 
N 
0 



fOR"• U 

R~CORO NUMBER 
~•-----------14 

!H1E CD) -------.. 
6,95 

'1,89 

ll9,76 

2 
SOR?TION ~ESU~!S 

-~--------------

INITIAL CRNJ 
(H/L) 

--- .. -----~--
5,4E"8 

5,4E"8 

5,4E•8 

F'INAL tRNJ 
( M/L) 

.-----~---

1 

KOS 
--"' 

8,8E•0C23) 

KOO 

2,4E•1C37l 

2,2E•1t:59) 

1,?E:•1(39) 

··----·---------;----•---~-------------- - ------; _____ ; ____________ - ___ ~; _______________________ - _________ . _____________ ______ tp 

17 6,95 5,4E-8 2,JE•0<70 l 

13,95 5,4E-8 2,8E•0C55) N 

~0,95 5,4E-8 1,9E•0C80l 

7,89 1,2E•1C163l 

~3,64 2,3E+1(85l 

:119,76 1,2E•1C158l 

- - ... - . ··-------------------~---~---------------------.. -----------------------------------------------------------------------------20 &,95 5,4E•8 6,0E,.1C260l 

!3,95 5,4Eft8 1,0E•0C147l 

20,95 5,4E•8 1,1E•0C143> 

?,89 7,4E+QIC367 l t-3 
:;o 

13,64 1,2E•1C28'1ll I 
I-' 
N 

19,76 1,7E•QIC60Qll 0 

·~--------------•----~---~-·-----•-------------;-----;-----·--~--~:---~;-----------------------;---------~------~---·~~----~-



9 2 ) 4 

S2RPTtON R~~UL!S 
----~~-----·-~--

'~"-· u 
INITIAL tRNJ F'INAL (RNJ 

RJCORD NUHIER !$HE co, CH/L) (H/L.) l<OS KOO ·••·--·-~---.. - --.,------ ., _______ ,.!II' __ 

-----•ti!-- .. -·-
'" .4 1.0£-a 6,Jc.ec .. -, 

'.J4 1,0E•5 4,M•ec--, 

H6 1.0E .. a 6,3EdC-•l 

U6 1,0£-5 5,0E•flC-.. l 

•••-•--••••----••--~-;•-•R-•---~-----~--: ______ ;:.---=----~----~--~-~-~;-•-•----~----------~•••;-••--••--;-----•••----~----~-
62 ,4 

.4 

1,0E .. e 
1,0E•5 

··--------------;--~-+.---~-----------·-~-------;: ____ ; ________ ~~--:---;~-------~~--------------;---------;-----------~-----~~ 
63 .4 

U6 

U6 

1.0E-8 

1.0E-5 5,0C.0(.-) 

·••----~---------•----~---~---·---~---~--~------; _____ ;---------~--~---~; _______________________ ; _________ ;-----------------~~ 
64 ,4 

.4 1.0£ .. 5 

- r• • -·••-------------------,~-----------------------------~--------------------------------------~-------------~-------------------





9 2 . ) ) ? ') 0 2 

S~R?T!ON RESULTS 
------~~--------

F'OA-- lR 
INITIAL [RN] rINAL (RNJ 

R~CORO NUMBER TIME < D > (11/L) (M/L) KOS KOO 

··------·---- -------- ---------.-- ------~--- ---
60 .4 1,0E•8 1,3E•3<-•> 

.4 1,CE-5 3,2E•3<-·> 

196 1,lilE•8 1,lilE•3<-•> 

l.86 1,0E-5 3,2E•3<--> 

. - - - - -·•------------------- .-------------------------"-----.-----------------------------------------------------------------------
62 • 4 

,4 

1.~E-8 

1.0E-5 

3,2E•3<-•> 

t,,3E•3<--> 

________________ ; __ __ ~---~--------- · ___________ ; _____ ; ____________ - ____ - _______________________ ~-----------------------------
63 ,4 

,4 

l,86 

;J.86 

1. 0[-8 

1,0E-5 

1,lilE-8 

1. 0[-5 

- - . -

l,3E+3C-•> 

2,0E•3C-•> 

3,2E•3<--> 

2,5E•3(-•) 

••••----•-•-----~•-••T•••~-•-•-•••--•••••------•-----•--•-••-•-•••••---••----------------•••••-•--------------•-----------••• 
64 ,4 

,4 

6,3E•3<-•> 

3,2E.•3(-•) 

- .. - - . -- ~ •••-----•----•--e--••••-•M-•-•-•-••--•--•------------•--•-•--•••------•••-------~--------•--•--•----------------------------- ~ 
I 

I-' 
N 
0 
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APPENDIX C 

RECOMMENDED SORPTION COEFFICIENTS AND RANGES OF COEFFICIENTS 



0 

r 
t°" I 

• "'> 

~ f \ 

0' 

- C.2 -. TR-120 

l. TRITIUM (T) 

Although there is a possibility that tritiated hydroxyl anions 

may exchange with hydroxyl ions in clays and hydrated minerals present 

in old fractures in rock, it should be assumed that tritium sorption is 

negligible. 

In our studies we have not observed any difference in transfer 

time between 
14c labelled sucrose - a non-polar compound - and 3T

2
o 

through columns of crushed and wet-sieved granitic rock. 

Recommended Range 

k 
a 

kd 

Recommended Value 

k 0 cm 
a 

kd 0 mL/g 

Dated 

1980 June 1. 



'i 

,.. 

. .., 

- C.3 - TR-120 

2. STRONTIUM (Sr) 

k
1 

values for Sr range from 0.6 to 600 mL/g. Allard and co

workers'(C. ) results on an unknown crushed granite ranged from 6 to 

16 mL/g with little effect noted due to increasing the Sr concentration 

from 10-8 mol/L to 10-5 mol/L. There is some correlation of kd with 

particle size, as would be expected. 

Erdal et al. (C. 2) report kd values of 14 to 18 mL/ at 20°C, 

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. 

MacLean et al. (C. 3 ) report values ranging from 6 to 600 mL/g 

on a number of granites from the Climax Stock mine. Barney and Grutzeck(c. 4 ) 

report Sr kd values of 6 to 8 mL/g, while Relyea at PNL obtained a range 

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

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. 

0' There is some information on k values. Allard et al. obtained 
a 

sorption values of 0.2 and 0.25 and desorption values of 0.5 and 0.2 on 

fresh and weathered granite fractions. Our results range from 0.3 cm on 

Lac du Bonnet granite to 0.5 to 0.7 cm on White Lake gneiss for the 

sorption stage and 0.8 to 1.5 cm (LdB) and 1.6 to 2.2 cm (WL) during 

desorption. 



.. 

- C.4 -

Recommended Range 

k 0.2 - 2.2 cm 
a 

kd 0.6 - 600 mL/g 

Recommended Value 

Dated 

k = 0.7 cm 
a 

kd = 10 mL/g 

1980 June 1 . 

TR-120 



- c.s TR-120 

3. ZIRCONIUM (Zr) 

Allard and coworkers'(C.l) values of 1000 to 6000 mL/g on 

-14o+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. 

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

chemically very similarly to zirconium, I would recommend a kd value of 

1000 mL/g, and a ·k value of 10 cm. a 

Recommended Range 

k 
a 

kd 1000-6000 mL/ g 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

10 cm 

1000 mL/g 



,...... 

C. 6 - TR-120 

4. NIOBIUM (Nb) 

(C.S) h 1 ·1 bl f Our results are t eon y ones avai a e or granitics and 

gran itic rocks. 

These results should be used for the time being. 

Recommended Ran ge 

k 5 - 12 cm 
a 

kd only one value available (210 mL/g) 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

5 cm 

210 mL/g 



- C.7 - TR-120 

5. TECHNETIUM (Tc) 

With few exceptions Tc does not sorb under oxic conditions. 

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

1 · of 3T and 99Tc from 1 f h d r.rh · L k e ution patterns co umns o cruse w 1te a e 

gneiss or Lac du Bonnet granite. 

Erdal et al. (C. 6) have observed a positive kd value for Tc on 

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

and Bondietti and Francis(C.l) have observed almost complete sorption of 

ggT d . d. . W 1 . c un er anoxic con 1t1ons on ester y granite. 

1 . d · (C.S) f k f 26 / d My ear ier recommen ation o a do mL g stan s, pro-

N viding anoxic conditions will exist in the repository. 

N 

Recommended Range 

k 
a 

kd O - 80 mL/g 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

0 cm 

26 mL/g 



,... ,_, 

-..."' 
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6. RUTHENIUM (Ru) 

The only available data for Ru are a kd of 200 mL/g obtained 

by Barney and Grutzeck(.C. 4) on Climax Stock granite and our k of 0.66 
a 

obtained on White Lake gneiss. 

Recommended Range 

k only one 
a 

value available (0.66 cm) 

kd only one value available (200 mL/g) 

Recommended Value 

k 0.66 cm 
a 

kd 200 mL/ g 

Dated 

1980 June 1. 

cm, 



c:: 

N 
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7. PALLADIUM (Pd) 

Our results for lOJPd, determined on Lac du Bonnet granite, 

are the only ones available(C.S). For crushed and sieved granite with a 

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

For machined coupons, k values were 0.4 and 1.0 cm at pH 7.4. 
a 

Recommended Range 

k 0.4 - 1.1 cm a 

kd 0 - 28 mL/g 

Recommended Value 

k 0. 7 cm a 

kd = 11 mL/g 

Dated 

1980 June 1. 



- C.10 - TR-120 

8. CADMIUM (Cd) 

Our k of 1.1 cm for Cd is the only one available. It was 
a 

measured on White Lake gneiss machined coupons. 

Recommended Range 

k only one value available (1.1 cm) 
a 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

1.1 cm 



- C.11 - TR-120 

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. 

C" 

Recommended Range 

k only one value available (11 cm) 
a 

Recommended Value 

k = 11 cm 
a 

Dated 

1980 June 1. 



- C.12 ~ TR-120 

10. TELLURIUM (Te) 

Our k value of 1.8 cm, obtained on White Lake gneiss, is the a 
only one available. This number was obtained under oxic conditions, and 

it is possible that a higher value can be obtained under anoxic condi

tions, if Te0
4 

can be reduced to a cationic species. 

Recommended Range 

k only one value available (1.8 cm) 
a 

Recommended Value 

k 1.8 cm 
a 

Dated 

1980 June 1. 



('\ 

1,,.-, 

t 

- c.13 - TR-120 

11. IODINE (I) 

Iodine forms no known cationic species and, until information 

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

Recommended Range 

k 
a 

Recommended Value 

Dated 

1980 June 1. 

= 0 cm 

0 mL/g 



C 

- C.14 - TR-120 

12. CESIUM (Cs) 

I 1 S 1 (C.2-C.4) . h 100 n genera, U .. resu ts are int e range to 
4 1000 mL/g, with a few very high values, up to 3 x 10 mL/g. Allard and 

coworkers' values run between 20 and 120 mL/g after sorption for 0.5 

day, but increased to 100 to 800 mL/g after 7 days(C.l). Austrian re

sults(C.8) range from 60 to over 2500 mL/g on uncharacterized granites 

from upper and lower Austria. 

k values range from 0.6 cm on Lac du Bonnet granite and 0.6 cm 
a 

on WNRE fresh fractured Swedish granite to 3.7 to 5 cm on White Lake 

gneiss and on old fractures in Swedish granite. Clearly, the rock type 

has an effect on k and I would use our Lac du Bonnet k of 0.6 cm. Our 
a * a 

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 10
3 

mL/ g was obtained. We have already shown that kd may 

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

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

N 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 J une 1. 

* WISAP - Waste Isolation 1afe t y Assessment rrograrn. 
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13. CERIUM (Ce) 

A large variation in results exists for cerium. Allard and 

coworkers' results(C.l) on Swedish granite ranged from 5000 to 20 000 mL/g. 

Erdal and coworkers'(C.Z) k values on Climax Stock granite are in the 
d 

range 250 to 350 mL/g. We have found that, on crushed material, kd for 
144

ce is about an order of magnitude higher than for 137cs, and a value 

of 1000 should be used. 

144
ce ranged from 2.2 to 7.9 cm. 

On coupons, machined from WNRE drill core material, k 
a 

for 

It ranged from 5.4 to 16 cm on CRNL 

drill core material. A k for 8 cm should be used. 
·- · a 

('_I 

·-D 

..... 

Recommended Range 

k 2.2 - 16 cm 
a 

kd 250 - 5000 mL/g 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

8 cm 

1000 mL/g 



C 

. " 

. ( 

(.\J 

a,. 
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14. NEODYMIUM (Nd) 

Allard and coworkers(C.l) have reported the only result on 

granitic rocks (3000 mL/g). Based on the similarities in chemical 

behaviour of the rare earths, the recommended values for cerium should 

be applied to neodymium as well. 

Recommended Range 

k 2.2 - 16 cm a 

kd 250 5000 mL/g 

Recommended Value 

k 8 cm 
a 

kd = 1000 mL/g 

Dated 

1980 June l. 



·n 

- C. 17 - TR-12 0 

15. EUROPIUM (Eu ) 

Erdal and coworkers'(C. 2) values are much lower than Allard 

' 4 / and coworkers (110 and 490 vs. 1.0 x 10 rnL 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 

kd 250 - 5000 mL/g 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

8 cm 

1000 mL/g 



C\' 

. ,... 
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16. RADIUM (Ra) 

Allard and coworkers(C.l) have reported the only sorption co

efficients for granitic rocks. Their value of 80 mL/g should be used. 

Because of the similarity in chemical behaviour between strontium and 

radium, a "pro-rated" k value of 6 cm may be used tentatively. 
a 

Recommended Range 

k 1 - 18 cm 
a 

kd 5 - 5000 mL/g 

Recommended Value 

k 6 cm 
a 

kd 80 mL/ g 

Dated 

1980 June 1. 
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17. THORIUM (Th) 

Allard and coworkers(C.l) accepted value for thorium of 850 mL/g 

is the only one available. 

Recommended Range 

kd only one value available (850 mL/g) 

Recommended Value 

kd 850 mL/g 

Dated 

1980 June 1. 



r 
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18. URANIUM ( U) 

No efforts have been made to obtain anoxic conditions to meas

ure U sorption, and it must thus be assumed that U(VI) sorption has been 
(C .1) 

measured. Agreement between Allard and coworkers (6 mL/g) and the 

LASL results (4.4 mL/g)(C.
2

) is excellent and a kd of 5 mL/g should be 

used . In addition, we have obtained a k of 0.3 cm for U on White Lake 
a 

gneiss. 

Under anoxic conditions, U(IV) should be the preferred oxida

tion state and it should have a higher sorption coefficient. The re

commended values should thus be considered as a lower limit. 

Recommended Range 

k only one value available (0.3 cm) 
a 

kd 0.4 - 10 mL/g 

Recommended Value 

k 0. 3 cm 
a 

kd 5 mL/g 

Dated 

1980 June 1. 
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19. NEPTUNIUM (Np) 

11 d d k (C.l) h d 1 f 40 / A ar an cowor ers ave reporte a va ue o mL g. 

Barney and Grutzeck(c.
4

) obtained a kd of 100 .±. 90 mL/g. Bondietti and 

· (C.l) h h d d . 1 Francis aves own that un er anoxic con itions essentia ly all Np 

is removed by Westerly Granite. 

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

limit. 

Recommended Range 

k 40 - 100 mL/g 
a 

O' 

Recommended Value 

kd 80 mL/g 

Dated 

1980 June 1. 
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20. PLUTONIUM (Pu) 

There is a large discrepancy in kd values for plutonium. 

Allard and coworkers(C.l) obtained a value fork~ of 100 mL/g. MacLean 

and coworkers' results are much higher,~ 2 x 10 mL/g(C. 2). Our results 

are more in line with those obtained by Allard and coworkers, 280 mL/g. 

The possibilities of high values due to precipitation of plutonium 

compounds should not be overlooked and our kd value should be used. 

Our k results also show great fluctuations, again ranging 
a 

!"\ ' 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 
a 

kd 280 mL/g 

Dated 

1980 June 1. 
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21. AMERICIUM (Am) 

k
0 

values for Am are generally 

d k
(C.4) 

range. Barney an Grutzec report 

in the 1000 to 2 x 104 mL/g 

very high (6 x 104 mL/g) values 
-7 for 10 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-
4 tion. We have obtained a value of 1 x 10 mL/g on crushed Lac du Bonnet 

granite but I am not convinced that precipitation did not take place, 

and a (perhaps conservative) kd of 1000 mL/g should be used. 

We have obtained a k value of 30 cm on White Lake pieces and 
a 

rather low k results, ranging from 3.4 to 8 cm on granite, supplied by 
a 

the Geological Sµrvey of Canada. A k of 8 cm should be used. 
a 

Recommended Range 

k 
a 

kd 

Recommended Value 

Dated 

k 
a 

1980 June 1. 

3.4 - 30 cm 

1000 - 2 X 104 mL/g 

8 cm 

1000 rnL/g 



,.. 

gneiss. 
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22. CURIUM (Cm) 

No kd values for curium have been reported on granitic rocks. 

We have obtained k in the range of 5 to 24 cm on White Lake 
a 

Since the chemistry of curium is very similar to that of amer

icium, the recommended values for americium should be used. 

Recommended Range 

k 5 - 24 cm 
a 

Recommended Value 

Dated 

k = 8 cm 
a 

k d 1000 mL/ g 

1980 June 1. 
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SUMMARY 

RECOMMENDED kd AND k VALUES a 

Element ~d (mL/g) k (cm) -a 

T 0 0 

Sr 10 0.7 

Zr 1000 10 

" Nb 210 5 
, . Tc 26 

Ru 200 0.66 

C- Pd 11 0.7 

Cd 1.1 
"" 

Sb 11 

Te l. 8 
'.r. I 0 0 

Cs 100 0.6 

Ce 1000 8 

N Nd 1000 8 

a,. Eu 1000 8 

Ra 80 6 

Th 850 

u 5 0.3 

Np 80 

Pu 280 4 

Am 1000 8 

Cm 1000 8 

Dated 

1980 June l 



,.,,.. 

t"\' 

"" 

~· 
-~ 
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