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ABSTRACT 

Column-flow experiments have been conducted on Magenta dolomite 
rock taken from a potential site for radioactive waste disposal 
(WIPP). The results indicate qualitative agreement with results 
from batch sorption coefficient (K^) measurements. In one experi
ment deionized water pre-equilibrated with crushed rock containing 
0.1 uCi/ral 1 ' 7 C s fi o w e (j through a column w-'th an average velocity 
of 1.1 cm/day for 18 months. The ̂ 37(;s penetrated approximately 
O.U cm into the Column indicating a sorption coefficient of about 
100 ml/g. Batch sorption experiments gave a value of 650 ml/g. 
When the water was changed to a pre-equilibrating groundwater and 
the Cs concentration was increased, both column and batch experiments 
gave values for the sorption coefficient of approximately 19 ml/g. 
Transmission electron microscopy results showed the Magenta samples 
to be primarily composed of dolomite and calcium sulfate and that 
a minor montmorillonite clay phase may control the retention of Cs 
on these rocks. 

INTRODUCTION 
The currently favored method for radioactive waste disposal ie 

burial in deep geologic formations based on the assumption that the 
geologic environment will provide permanent isolation. To evaluate 
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this assun.ption, experiments are performed to determine the potential 
for interaction between radiochemicals and the rocks obtained from 
the propose;! site. Tins report inscribes three ccluir.n flow nitra
tion experiments thai were performed in support of the fafoty 
Assessment Program for the Waste Isolation Pilot Plant (wIPP) in 
southeastern Kew Mexico. 

For the WIPP studies it is assume:: that a breach in the rock 
salt repository allows groundwater to contact and leach the waste 
form. One potential path to the biosphere is a dolomite aquifer 
located in the Rustler Formation which lies above the salt beds1 

proposed to host the repository. The dolomite samples used in the 
column-flo*.* studies were obtained from the Magenta member of the 
Rustler For.,., "ion. 

Cesium '•••'ris used to represent v. leach*1-'! fission proiuct; it does 
not form precipitates or hydrolysis products in WIPP waters, and it 
is one of the most soluble, mobile and hazardous species in hifih 
level waste. The liquid phase in th^se experiment? vac either de-
ionized water or WTFP groundwater simulant; both solutions were 
pre-equilibrated with crashed dolomite prior to use* These solutions 
were chosen because of the magnitude of batch sorption coefficient 
values (Kjj) determined in separate experiments. The three experi
ments reported here differed in the composition of the water and in 
the method used to add the ̂ 3'Cs tracer to the system. 

The objectives of the experiment were to: l) determine the 
concentration profile of 137cs in the porous rock, and 2) compare 
the sorption coefficients (K^'s) calculated from column-flow data 
with K^'s measured for the same solid-liquid systems using batch-
equilibration techniques and assuming porous flows. 

ROCK SAMPLES 

The dolomite samples were obtained fran a core from AEC #8 
(7*+9 ft- horizon) drilled into the Rustler Magenta Formation near 
the proposed WIPP site. The rock was composed of alternating layers 
(spaced from "-0.1 to ~5 mm apart) of dolomite CaKg(003)5 and anhy
drite, CaSOij, or gypsum, CaS0l;*2H2O. Large variations in compo
sition are known to exist with different locations within the 
I'agenta member.^ This rock was interspersed with montmorillonite 
clays. 

• The rock columns used in these experiments were lithologically 
identical, monolithic cylinders, machined from the cores so that 
the bedding planes were oriented parallel to the direction of flow. 
The density of the rock was 2.37 g/cc (measured by water displace
ment). The porosity (13.8$) used was an average value determined 
by measuring the volume of water absorbed under vacuum, values 
ranged from 12-15 percent, reflecting the inhomogeneity of the rock. 
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LIQUID PHASE 

The liquid phase was either rock-equilibrated deionizel water 
or rock-equilibrated groundwater simulant.J All liquid phases were 
equilibrated before use by contacting 50 crams of crushed rock per 
liter of solution for 2k hours and filtering before use. 

The groundwater simulant contained % by volur.e salt brine 3^ 
and 0.5 ppm stable Cs. Both the salt brine and the C? were added 
specifically to decrease the active Cs such that significant migra
tion of Cs into the column could be observed in a shorter tir.e 
frame (months). The appropriate concentrations were established in 
separate experiments. 

EXPERIMENTAL PROCEDURE 

Argon gas (£10 psi) was used to pressurize the feed solution 
and provide constant fluid flow rates from 0.1 to 3 cm/day, a range 
typical of groundwater flow in the area. The edges of the rock 
cores were sealed with silicone rubber to prevent leaks between the 
sample and the apparatus. Flow was continuous and aliquots (1 to 
5 ml) of the effluent were analyzed for activity on a Searle 
Model 1185 gamma counter with a 3 in. diameter Nal vrell detector. 

A description of the three experiments follows. 

Column 1 

The rock column measured 10 cm in diameter and 2.5 cm in 
thickness. The liquid was pre-equilibrated deionized water doped 
with 0.1 uCi/ml (~10"3ppm) l37cs. The column flow averaged 
1.1 cm/day and was maintained for approximately 18 months. A total 
of 0.5 millicurie of 137CS was deposited on the column. The batch 
sorption coefficient measured for this system was 650 ml/g. 

Column 2 

This column experiment was conducted to determine the effect 
of_l) increased Cs concentration and 2) increased ionic strength on 
"-* Cs migration by using the groundwater simulant with 5$ salt 
brine and 0.5 ppm ^-33cs, The core measured 5 cm in diameter and 
2.6 cm in thickness. 1370S concentration in the groundwater was 
0.1 uCi/ml (~10"3ppm). The flow rate was 1.6 cm/day. The solution 
composition was altered in order to significantly decrease the 
•L37cs breakthrough time by reducing the K<i of the system to ~19 ml/g. 



Colu.-r.ri 3 

This column duplicated column ? except for the ir.ot.hod used to 
add the 337cs . Instead of adding it to the bulk solution, 1 ml of 
O.h millueurie/ml of ^37p E solution ffir added directly to the rock 
surface and allowed to penetrate (~l6 hours) before adding th<.» pre-
equilibrated groundwater simulant (including the 5̂ . salt brine and 
0.5 ppx ^33cs). Tlie column measured 5 err, in diameter and 1.7 cm in 
thickness. The flow rate used to elute the 137cs was P.8 cir./day. 
The hatch sorption coefficient corresponding to this system was also 
taken ar; 19 ml/g. 

RETARDATION FACTOR CALCULATIONS 

The retardation factor from column data is defined as the ratio 
of the velocity of the radionuclide with the velocity of z\.° water. 
The velocity of the water was determined by measuring effluent volume 
for a specified time interval. Three methods were used to determine 
radionuclide velocity: 

(1) Column 1 - depth of 1-?Cs infiltration determined by 
autoradiograph, 

(2) Column £ - half maximum from the breakthrough curve, and 
(3) Column 3 - maximum on elution curve. 

7 The well-known equation' 

Vw 1 + £• Kd 

where V = velocity of radionuclide, V.,. = velocity of water carrier, 
6 = porosity, 0 = density, and Ka = sorption coefficient (porous 
flow assumed) was used to back calculate Kd from the column flow 
data; i.e., by measuring fluid flow, nuclide migration and thereby 
approximating V n and V w. 
NOTE: There are several sources of error that must be considered 
when comparing results from batch-equilibration and column-flow 
measurements: l) rock heterogeneity (i.e., composition, porosity), 
2) formation heterogeneityS, 3) compositional changes to the rock 
and water due to dissolution which may occur during the experiment, 
and k) the effect of solid/liquid ratio. Sorption coefficients vary 
with changes in solid/liquid ratio with other systems" as well as 
with the Cs-magenta system (unpublished data). 
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RESULTS 

Column 1 

A trace of Cs activity (~0.1 counts per minute per milliliter 
or ~2 x 10"9ppra) was detected in effluent samples after 35 void vol
umes or l.U liters of solution had passed through the dolomite sample. 
The activity in the effluent gradually decreased to ~1 cpm/ml 
(~2 x 10-8ppra) after ~55 void volumes. Increasing the flow rate 
from 0.8 to 1.6 cm/day caused an increase in effluent activity to 
~5 cpm/ml (~1 x 10~7ppm) after ~100 void volur.es. (Count rates of 
5 x IQr cpm/ml were typically measured for solutions containing 
0.1 uCi/ral l37cs.) The cause of the trace 137cs in the effluent is 
unknown. 

After 18 months the sample was removed from the apparatus and 
cross sectioned to measure -*-37cs infiltration. An autoradiograph 
made from the cross section (Fig. 1) shows different concentrations 
in different bedding planes as well ar. the maximum depth of penetra
tion (k mm). The 137cs progressed with a sharp, well-defined wave 
front which is in a system having a favorable adsorption isotherm 
and a high K<j. No evidence for ̂ 37cs penetration through the column 
was found on any autoradiograph. 

A Kd of - 100 ml/g was calculated (Eq. l) using a radionuclide 
velocity of 7.^ x 10"^ cm/day (O.k cm penetration in 18 months) and 
an average water velocity of 1.1 cm/day. The K<j (100 ml/g) thus 
calculated should represent a minimum value because it is maximum 
penetration. Error in this measurement is introduced from gamma 
scatter on the autoradiograph. 

Column 2 

Measurable activity was detected after ~5 void volumes of 
50 ml had passed through the column. The data collected from 
effluent samples are represented in Fig. 2. The experiment was 
discontinued after the activity in the effluent was about 8% of 
the activity in the feed solution. 

An autoradiograph made from a cross section.of column 2 (Fig.3) 
shows complete infiltration of ^'Cs. The sorption coefficient 
calculated from the half maximum value (~200 void volumes) for 
column 2 is the same, within estimated experimental error, of the 
corresponding batch value (19 ml/g). ^37cs migrated faster in 
column 2 than in column 1, as predicted, due to the increased Cs 
concentration and ionic strength. 
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Column 3 

The elution curve (Fig. 2) shows that 550 void volumes (~2.8 
liters) were required to elute most of the -^Ycs from column 3. 
A small amount remained on the column (indicated by the long 
tail on the eluticn curve). The appearance of ̂ 37cs activity in the 
initial effluent samples may be an indication of the effect of high 
localized Cs concentration on migration. A second effect of Cs 
concentration is displayed by the plateau occurring between void 
volumes 75 "to 100. This appears to be a result of inadvertantly 
omitting the 0.5 ppm ^33cs from the feed solution. The next addition 
of feed contained the 133cs resulting in an increase of ̂ -37c:s in the 
effluent. The reason for the spikes is currently unknown. An auto-
radiograph made from the remaining on the sample (Fig. U) 
shows complete penetration through the sample. 

The sorption coefficient calculated (maximum on elution curve 
~£25 void volumes, initial spike ignored) from the column data is 
the same, within estimated experimental error, with the corresponding 
batch value (19 ml/g). 

TRANSMISSION ELECTRON MICROSCOPY 

Transmission electron microscopy techniques were used in an 
attempt to determine how Cs was being sorbed on the Magenta dolomite. 
A sample of the rock was soaked in 1 molar 33csc]_ solution. 
Fragments of this sample were compared to fragments from an untreated 
sample. The results indicate that -̂33cs is preferentially sorbed on 
montmorillonite clay particles.2 Assuming that the clay's affinity 
for Cs does not decrease with decreasing Cs concentration, the re
sult could indicate that a minor clay constituent in Magenta is 
providing the principal sites for -^icg sorption. 

CONCLUSIONS ' 

The objective of these experiments was to compare results from 
two experimental techniques typically used for predicting radio
nuclide migration in geologic media. Several conclusions obtained 
from the experimental results are summarized below. 

There was qualitative agreement between batch K<j and column-
flow results in all systems studied. Conditions which led to de
creasing batch Ka's resulted in increasing velocity of ̂ ^cs j n the 
column. For example, increasing Cs concentration and ionic strength 
caused the batch K^'s to decrease. These same changes caused the 
increase in -Wcs migration through columns 2 and 3, 

Quantitatively, the average -^'cs velocity in column 1, calcu
lated using Eq. 1, predicted a maximum for 137c s concentration at 
0.05 cm. Rie to poor resolution on the autoradiograph (Fig.l) 13^Cs 



distribution could not be determined. Maximum detectable penetration 
was found to be 0.1* cm. In columns 2 and 3 where elution curves were 
actually obtained, the average ^'Cs velocities observed were within 
estimated experimental error of those calculated. 

Montmorillonite clay particles found in the Magenta were shown 
to sorb Cs from 1 molar CsCl solution and may control ̂ 37cs sorption 
at the tracer level in this rock. 
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