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EXECUTIVE SUMMARY

This report summarizes some of the technical contributions from the Los
Alamos National Laboratory to the Nevada Nuclear Waste Storage Investigations
(NNWSI) project managed by the Nevada Operations Office of the US Department
of Energy (DOE) during the period April'f through June 30, 1984. The report
is not a detailed technical document but does indicate the status of the
investigations being performed at Los Alamos.

GEQCHEMISTRY

The objective of this work 1is to determine the geochemical properties of
Yucca Mountain tuff and groundwater. These properties will be used as a
basis for pradicting the migration of radionuclides to the accessible
environment and for assessing the geochemical response of a potential
repository site in Yucca Mountain in the southwest portion of the Nevada Test

Site to the emplacement of a repository.

Groundwater Chemistry

. The changes in oxidation-reduction potential (Eh) that were measured in
the pumping test of Well UE-25b#1 have been modeled using the Nernst equation
Eor the oxidation-reduction couples that may be present in this groundwater.

Couples that were considered were Fe *2 Fe+3, NO. —--N ;, and Mn *2 Mn

solid. The varioue'measures of the oxidation—rediction potential gave
conflicting quantitative Information about the equilibrium conditions.
Because the pumping system may be mixing waters from several zones even when
packers are used, a single oxidation-reduction couple may not be indicative
of the actual sﬁstem. The measurement itself may be an overall "average"” of

the system.

Natural Isotope Chemistry

Soil samples from four locations on or adjacent to Yucca Mountain were
analyzed for chloride concentrations to determine the suitability of the
sites for measuring rainfall infiltration during the past 25 years by the
3601 tracer technique. Three of the four locacions appeared to have chloride
concentrations in which the expected depth profile for vertical infiltration

has been modified by flooding or, in the case of the Yucca Mountain crest
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site, by moderate precipitation events. . The site in Yucca Wash appears to -
have a characteristic chloride profile favorable for 3661 measurements.
Another field trip to:Yucca Mountain is planned. to locete.?€91 sampling sites
closer to the Exploratory Shaft siteqthan Yucca Wash.

P

Hydrothermal Geochemistry .

T . . R

. A model has been developed for .the free energy of the analcime solid .
solution. The model is an ideal one; that is, it assumes no excess enthelpy
of mixing. --The excess entropy of mixing is:assumed to be_due}toﬂthez

configurational entropy of end member mixing,” of aluminum-silicon mixing on

-.the Tl sites, and of sodium vacancy mixing .on .the sodium sites.- -This model

has .been found -to be consistent with much of the data .existing for analcime,
but points out -that :few, if.-any of theseﬂdata,ate_unambiguous.; Measurements
which can be .used to evaluate .this model are generally uncertain because all
of the important parameters were .not measured. - For this reason, this study

is proving.very important to the planning of experiments.to develop.

~ thermodynamic models -for other zeolites. - - -

Natural Analogues

- - A repository for storage of radioactivefwaste inifelsie tuff has been:
proposed at Yucca Mountainrin;the,southwest corner of the.Nevada Test Site.
Because the waste will generate heat in the near-field environment,,nine_not
spring occurrences in felsic rock were examined to study the effect of heated
groundwater on the physical and chemical prOperities of the. rock., Both .water

chemistry and -bulk rock- mineralogy were determined., Changes were, noted that

: may prove_relevant,to:thennearffield“environnent;ogﬂa:redioactive waste.

repository: (1) :Some of the .rocks .- that had.been exposed to hot water . ...
appeared.to be-more porous and friable.than.their unexposed.counterparts and
(2) it appeared -that acid systems had:.been formed by many.but not.all of .the
springs at some.stage in their evolution. ;-

Solubility -Determinations.. oo ,~;;cvj‘ L et "_,_" 3 S e e

- The: solubilities .of -six.waste elements (uranium,- plutonium, americium,

strontium, radium, and technetium) in. waters from.Wells J-13, .UE-25p#1,.and
USW H-3 have beenjcalculated with the EQ3 chemical equilibrium computer, ..

program and the . current thermodynamic data base, Data recently. received from

Cm e e e s e ey - B R R R e B I R o L2t A e P T PRI S B e T R PR



Lawrence Livermore Natioﬁal Laboratory for technetium were added to the data
base for these calculations.

" Recent observations of zeolite compositions from Wells UE-25b#l and
UE-25p#1 show that these zeolites do not exhibit the progression fronm
calcium-rich to sodium-rich compositions with increasing depth that has been
. observed in other drill holes. Reaction path calculations done with EQ3/6°
indicate that the zeolite compositions are consistent with the higher calcium
content of water from these wells.

Transport calculations of the effect of aqueous complex formation on
sorption by fon exchange have been done using the one-dimensional transport
model CHEMTRN. The results indicate that with strontium, for which less than
15% of the équeohs strontium is conplexed in waters from Yucca Mountain, the
é&:enc of complex formation would not have a significant effect on transport.

Work is continuing on determination of formation constants of Pu(IV)
with carbonate and of the solubility product of hydrous plutonium oxide.
Tentative conclusions of the Pu(IV)-carbonate work are that at least three
different complexes of Pu(lV) with carbonate are present under the conditions
of these experiments and that a mixed citrate-carbonate complex may exist.

An experimental examination of the stability of complexes of An(III)
with carbonate has been started. This effort will use the same technique
employed with plutonium, the competition of carbonate and citrate ions for
An(III).

" Sorption and Precipitation

Batch sorption studies with Well J-13 groundwater have continued this
quarter for uranium, tin, technetium, neptunium, and thorium. The desorption
ratios for uranium were lower than expected but may be explained by the’
:éxperimental errors associated with small sorption measurements. The ' tin .
ratios were as expectéd. The technetium and neptunium studies are part of a
long-term sorption experiment (15 months) studying the changes in Rd for
these two elements with time. No changes have been observed over the nine
months of the experiment. Thorium sorption ratios do not correlate with pH
or mineralogy of the tuff samples studied and range from ~140 to- 1230 m2/g.
Neptunlum isotherm’ measurements were completed using C0,~controlled
atmospheric conditions’ to maintain the pH near 7.° There i{s little, if any,

effect of neptunium concentration on the measured sorption ratio.

4



" ‘Because’ the grouﬁdwa:grlcomposition may vary.between the repository and
the ‘aécessible environmeoo;'stddies‘are in'prog}e;s to determine what effect
various compositions’have on . the measured sorption ratio. The. groundwater::
currently being investigated is from-'Well UE-25p#1 from a depth of 1298 to -
1792 m. This water has a much higher salt coantent than Well J-13 ground- -
water. Sorption ratios for tin were highof in the Well UE-25p#l1 water than
in Well J-13 water. It 1s suspected that precipitation of tin occurs:in-this
higher ionic strength-water. Future studies will include additional tuff
samples, more radionuclides, and water from Well Usﬁ H-3.
Dynamic Transport Processes B Lo . e el

An apparent kinetic effect, observed in'the sorption experiments of

plutonium and americium in which the actinide solution was flowing -through
‘columns of crushed tuff; was later ¢onfirmed in batch sorption experiments
terminated at varying'times. In column experiments, the kinetic effect is
manifested by a significant’fraction of the input-activity passing through
the column with the solvent"front..iln batch-experiments, the kinetic effect
results in very marked increases in the sorption ratio (activity-on the rock
versus activity in‘the water) as contact times are’ extended from hours to
"days to weeks. - It is mot clear whethet the:kinetic effect is due'to: . .)
speciation changes in the d1556lvéd“act1nide;"colloidal’t;ansport;'time
dependence of the sorption process itself, or. some other. phenomenon. . It is
inportant that the underlying cause of this kinetic effect be discovered if
we are to predict the extent of actinide transport from an underground
nuclear waste: repository,” " v irhe Lt Tierioln ot , R

A program to” numetrically invert autocorrelated photon spectroscopy data
" was” developed. ! The code’, which uses regularization-and a positivity -
constraint, will enable a detailedistudy of - particle size distributions.
This advance will greatly enhance ithe ability of ‘NNWSI to address the ‘.
question of colloid or'particulate transports: - /i . . .. “.v..-o '

Two additional 2-m crushed-tuff columns have been prepared each' -
containing Well USW G;24339'tuff,‘a-mohthoriilonité-containing'ﬁuff,uforuuse
in anloh’' exclusion studies and actinide transport studies. - These long.::. :-
columns will providé long residence times to access actinide adsorption i+ -

kinetics in a dynamic system.

R T . L T Tt e s e e s e -




The fractured tuff columns are continuing to be eluted with cationic
tracers, and the results are in the process of being interpreted with matrix
diffusion models. New solid rock core columns are being prepared in an.
effort to find cores permeable enough to enable transport experiments in a.

reasonable time frame.

-Retardation Sensitivity Analysis

Investigation of colloid transport 1s proceeding on several fronts.
(1) Examination of field studies that involved radiocolloid migration. Two
field studies of heavy element radionuclide migration carried out at Los
" Alamos have been identified and assessed for relevance to the NNWSI |
project. : . ,
(2) Analysis of lab measurements of colloids. Personnel in INC Division-are
using a laser system to measure colloid size distributions. We are
assisting in the analysis. Inverse mathematical techniques are being
~ adapted to analyze the particle size distributions. The Fredholm
integral equation of the first wind that represents the laser scattering
process can be solved using the Tihonov regularization method.
(3) Modeling of colloid transport. To verify the colloid transport model in
TRACR3D, a simple, one-dimensional calculation has been made to compare

with an analytic solution.

Applied Diffusion

Three analytical techniques were evaluated for measuring low concentra-
tions of bromide-ions in groundwater on a routine basis for use in the
diffusion field experiment and for monitoring tagged water in the Exploratory
Shaft mining operations. " The three techniques were ion chromatography with ,
an ultraviolet detector, ion chromatography with a potentiostatic detector,
and neutron activation analysis. Ion chromatography- with an ultraviolet
detector appears.to be the most suitable analysis technique for bromide
concentrations as low as 50 ug/f2, which are likely to be encountered if
bromide is used as a tracer in measurements of diffusivity under field

conditions.



Mineralogy-Petrology - I

EDéta'on'pétébgr'aphic"sti'atigféphy'Within“éhe‘'fobo{:ah Spring Member

reveal sSeveral features’that may provide stratigraphic subdivisiéns within
“this otherwise very homogéneous-rock unit. The importance:of being able’to
determine stratigraphic position within' the'Topopah'Spring Member arises -
because of the need to identify ‘which lével of the Topopah Spring:is being
" worked’ during repository construction. "A'knowledge ' of ‘variability:within.the
Topopah is also important for extripolation of experimental-results:from the
exploratory shaft to other parts of the explotation bloeck at Yucca Mountain.

" Using the broader subdivisions of upper lithophysal, middle nonlitho- -~
" physal; lower lithophysal; and-lower nonlithophysal, reseatrchers have found
that petrographic criteria allow distinctions between the two lithophysal and
between the nonlithophysal zones. Thése criteria include the abundance of
xenoliths and quartz phenocrysts in the lower nonlithophysal zone and the .
greater abundance of silica-filled microvesicles in the upper lithophysal
zone. Of greater importance for internal stratigraphy, it has béen’found
that the abundance of cryptocrystalline groundmass” tekture:is a measure of
proximity to the base within either nonlithophysal zonei: % ‘

© Other petrologic stuﬂies*dhfiué‘thié“quérter'haVe'indiéated alteration
temperaures of 9i-to 95°C for the original formation of quartz, heulandite,
and smectite above the basal vitrophyre 6flfhé'Tobépah“sptingfMember;”;The'
pogsibility of acid sulfate alteration within the Topopah was also investi-:
gated, and the low total sulfur contents (46 to 137 ppm) suggest that this
possibility is remote. Studies of zeolite formations show that despite local
and regional variability in exchangeable cation composition (calcium, sodium,
and potassium), the silicon-to-aluminum ratios of Yucca Mountain
clinoptilolites remain fairly uniform and, therefore, suggest relative

uniformity of sorptive behavior.

Tectonics and Volcanism

Field work was completed of the geology and tectonic setting of sites of
Quaternary volcanism in southernvDeathAValle&. Major and trace element data
are entered into a data base system on the VAX 11/780 for all basaltic rocks
of the Nevada Test Site (NTS). A manuscripf entitled "Volcanic Hazard
Assessment for Disposal of High-Level Radioactive Waste" was accepted by the

National Research Council for publication in a special symposium volume.
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Tuff Laboratory Properties

Long~term creep deformation experiments have been completed on Calicd A
Hills zeolitized tuff samples and have just been initiated on samples of
welded devitrified tuff of the Topopah Spring Member. Analysis of the Calico
Hills data shows that hydration/dehydration strains are large and strongly
time-dependent. Compressive stresses (hydration) of 20 to 60 MPa are
attainable, and tensile stresses (dehydéation) can exceed the strength. of any
rock within the thermal field of a repository. Creep deformation of
zeolitized samples 1is.characterized by "steady state” strain rate, which
offers hope that predictive models of mechanical strength can be formulated
that will be valid over the long time extrapoléttons required for performance

assessnent.

Sealing Materials Evaluation

Cement samples which are high in silica have been tested. These
conmpositions were selected to maximize formation of the silicate minerals
tobermorite and gyrolite resulting in a less porous, less permeable material.
Sanples of this material have been subjected to elevated pressure,
temperature conditions in the presence of water for extended perjiods of time.
Reaction at 200°C showed extensive development of tobermorite with lesser.
gyrolite. Reactions at 150 and 90°C showed development of calcite and lesser
tobermorite. The fluid compositions in these. experiments have also been
determined and will be used to make estimates of the probable dissolution

rates of fault seals at Yucca Mountain.



I. INTRODUCTION
This report summarizes some of. the technical contributions from the Los

Alamos National Laboratory to the NNWSI project managed by the Nevada .

Operations Office of the US DOE during the period April 1 through June 30,

1984, 'The report is not a detailed technical document but does indicate the

status of the investigations being performed at Los Alamos.

II. csocmsusmy .

A: Groundwater Chemist;y (A. E. Ogard, J. Kerrisk, and L. E. Hersman)

1. Redox State of Water from Well UE-25b#l Pumping Test. The .

oxidation-reduction potential (Eh) is one of the more important properties of

groundwater because of its effect on speciation and solubility.. -The lower
the Eh of a solution the lower the oxidation state and solubilities of waste
elements tend to be. ' [
During the Well UE-ZSb#l pumping test! five different kinds of measure-
ments-were made that. relate to the redox state of: the water: potentials of
platinum electrode (Eh) and sulfide electrode (Es), dissolved oxygen content,
total NO3 and NO2 content, total iron content, and total manganése content.
All five measurements gave the same qualitative indication, that after the
second dap of the test the water became more oxidizing as pumping continued.
However, the five different measurements gave different quantitative indica-
tions of the redox state of the water. The lack of equilibrium among various

redox couples in natural waters is c0mmon.2 3

Although.it may never be
possible to characterize the redox state of Yucca Mountain water by a single
value of Eh, this work is aimed at characterizing the redox state of those
couples that may influence.the redox.state of diesolved,radlonuelldee.t The
following:paragraphs discuss the results. from the. flye,redoxfrelated measure-
ments made-during the:Well UE-ZSb#l pumping test.F‘: coet N . ,» .
Platinunm electrode and sulfide electrode potentials (Eh and Es) measured
during the.test were similar, starting at. about -20 mV on day 2 and -
increasing monotonically to about 170 mV on day-28 (see-Fig. 1). Under _
equilibrium conditions.values.of.Eh in this range would . indicate reducing
conditions, possibly controlled by - the Fe /Fe redox.eouple, with no .

measurable dissolved oxygen. A
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Fig. 1. The Eh and dissolved 0, from Well UE-25b#1 pumping test (from
LA-9577-PR). -

Dissolved oxygen was below the detection limit (0.1 mg/2) from days 2
through 19 of the pumping test except for indications at the detection limit
on days 15 and 16 (see Fig. 1) From days 20 through 28 the dissolved oxygen
content increased from the detection limit to the range of 2 to 3 mg/%. Any
level of dissolved oxygen above the detection limit would indicate an
equilibrium Eh of ~700 mV. Values of Eh measured with a platinum electrode
in natural waters:with dissolved oxygen present are normally below the
equilibrium level, being in the 300 to 500 oV range.® This range of Eh: (300
to 700 mV) is well above the values of Eh measured in Well UE~25bifl water
when dissolved oxygen was present (80 to 170 mV).

10



Measured values of total NO3 and NO2 ‘allow a value of Eh associated with

the NO /NO redox couple to -be calculated. Both NO3 and NO2 were detected

from days 1 through 19 (see.Fig. 2); the Eh associated with the measured
concentrations was ~400 mV. From day 20 through the end of the pumping test
the MO,

2 . :
detected. An Eh can no longer be calculated from only one concentration;

content was below the detection limit (0.1 mg/); onlyuNog Vas

however, the presence of only NO3 indicates that the water becane more
oxidizing,. ; .

Only total 1ron content ofAthe water was measured so an Eh associated
with the Fe /Fe couple cannot be calculated. However, at the pH of .
:Well UE-ZSb#l water essentially all dissolved iron would exist as Fez+ or its
complexes.a The total iron content of the water decreased from~1 mg/? at
‘day 2 to less than 0.1 mg/? at day 28 (see Fig. 3). This decrease was most
_lihei§-associated nith oxidation of>Fe2+‘to~Fe3+'and precipitation of some
solid containing ferric iron. Because both the decreasing total iron content
and the increasing Eh of " the ﬁateriduring the pumping test were signs of
oxidation, an attempt was made to relate the two variables. Figure 4 shows a
plot of loglo(total iron) as’ a function of ER. Although there '1s consider-
able scatter, a straight line (the_solid line) can be drawn through ‘the data.
Two other lines, describing the solubility of iron as controlled by amorphous
Fe(OH)3 and siderite (FeC03) in this water are also shown; the EQ3 chemical
equilibrium computer program was used to calculate these solubilities.
Solubilities of other iron oxides such as goethite [FeO(OH)] and magnetite
2+ 3 ’ which .

(Fe304) are much lower. If Fe” 1is being oxidized to Fe

precipitates, an equation (unbalanced) of the‘form

Fe2t - ne” = ferric iron 'solid® "

can be written for the reaction. The Eh and re?* concentration'for this

reaction are related as

Eh = E° - 10

I
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Fig. 4. Plot of total iron content as a function of Eh for water from Well
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where E< incorporates terms, involving E° for the reaction, pH and activity
coefficients. 1If the Fe2 concentration»is:assunodioquol to_the”total '
dissolved iron content of the water, this-equotion definosra\stréight line
between loglo(total iron) and Eh, as ghown in Fig.:4.w From the slope of the
solid line in Fig. 4, the value of n can be calculated as 1/3. Unfortu-
nately, a value:of;1/3:for.n does. not. correspond to.a known 1ron oxide.' If
the solid oxide were Fe(OH)3 or hemetite (Fe 3), n would be 1 if the oxido
were magnetite (Fe304), n would be 2/3.--Thus, there does not appeat to be
an equilibrium relation between the ;ton content of the water and the

. 1 , B
o

measured Eh.
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The source of dissolved ferrous iron in the water from the Well UE-25b#1
pumping test is also uncertain. The packed-off.  section of the:hole (853 to
914 m depth)1 is within a zone where solid iron compounds were observed to be
highly oxidized.S Reduced iron solids and sulfides were observed deeper ip
this hole (1036 to 1219 m depth). Some of the water sampied in this test may
have come from the zone containing reducéd iron sbiids. However, essentially
no decrease in pH and no increase in sulfate content were seen duringtthe
test. These changes would be expected if significant oxidation of iron
sulfides were occurriﬁg;2' The highér levels of dissolved total iron are
approximately in»eqﬁilibrium with amorphous Fe(OH)3 if the measured Eh is
used in the calculation (see Fig. 4). An Eh of —-100 mV or less would have to
control the iron redox.couple to relate the total dissolved iron content to
iron éxide (hemetite or maghetiCe) solubility. °‘However, in this range of Eh,
sulfide concentrations would be high enough to make pyrite the limiting ;olid
phase with a very low solubility.

Only the total hanganese content of the water from the Well UE-25bil
: pumpiﬁg test was measured. . Although an Eh cannottbe”calculated for the
Mn4+/Mh2+ redox coupla, manganese, like iron, exists predominently in the
reduced state in.solution.4 Thé'total‘manganese content decreased from ~0.4
mzg/2 on day 2 to léss than 0.1 mg/2 on day 28 (see Fig. 3). There was a
perturbation between days 12 and 13 that seemed to divide the data into two
secEions. It canme at aﬁbut the same time as a sharp iancrease in Eh (see '
Fig. 1). An attempt was also made to relate the decréasihg total manganese
content of the water with the increasing Eh. Figure 5 shows a plot of loglo
(total manganese) as a function of Eh. The solid lines through the two

2

gfbupé of data have the same slope. If Mn + is being oxidized and precipi-

tates, an equation (unbalanced) of the form

: Mn2+ - me = manganese solid

can be wtitten,'and the Eh of this reaction can be related to the anf‘con-

centration as

0.059 +
Ylog [an ] .

Eh = B -
( m 10
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Fig. 5. ! Plot of total manganese content as a function-of Eh for water from
~ Well UE-25b#1 pumping test.
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The variable E” incorporates E° for the reaction,JpH .and activity. coeffi-
cients. :If . the an ‘concentration is assumed equal to the total dissolved -
manganesefcontenﬁ}’the slope of the solid lines in Fig. 5 can be used to
determine w. A .value offabout'l/3‘is'obﬁained for.m in this manner. As with
iron, this does not ‘correspond to‘aﬁfeaction-formidg;any;known manganese .
oxide. For example, if the :solid. oxide vere hausnannite (Mn3 4), m would be
:2/3; 1f the''solid were’ pyrolosite (Mnoz), n ‘would be-2.: ‘Thus, the :total -
manganese ‘content.of -the water does not fappear :to .be .in equilibrium with the
measured .Eh. R PR A S A SR "‘j~f‘:r:w i N ST
~‘Manganese (solubility would be 1limited in this water by .the solid . - .=
zrhodochrosite‘(MnCOB). However,:the.calcqlated 'solubility (from an EQ3 .

calculation) would be about an order of magnitude greater than the largest -
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manganese content observed._ Solubility with respect to manganese oxides is
even greater 1f the measured Eh 1s employed in the calculation. An Eh of 200
to 400 mV.would have to control the manganese redox couple to relate the
observed manganese content to manganese oxide solubility. Thus, manganese
appears to be undersaturated in this water.

Although neither total iron nor manganese contents of Well UE-25bi#l water
appear to be in equilibrium with tne measured Eh, it is possible tﬁat iron and
manganese redox behavior are controlled by the same variable. Figure 6 shows
a plot of log10 (total 1iron) as a function of log10 (total manganese). From
the equations defining the relation between Eh and total concentration for

iron and manganese, the Eh can be eliminated to give

2+

+ .
loglO[Fe2 ] = 0{%—)loglo[nn ] +cC,

where C is a constant. The slope of the line through the data in Fig. 6 1is
( ) = 1.5. This value for. the tatio is constant with n =1 [{total iron
controlled by the solubility of Fe(OH)3 or Fe,0 ] and m = 2/3 (total
manganese controlled by the solubility of hausmannite) Thus, it is possible
that both iron and manganese are being oxidiced by the same process, a
process that does not appear to be in equilibrium with the measured Eh.

In summary, the various measures of the redox state of the water fronm
the Well UE-25b#1 pumping test give conflicting quantitative information.
However, they all indicate that the water, after initially being reduced,
became more oxidizing as‘the test progressed. A possible mechanism for this
result is that the test actually sampled water from more than one zone, that
is, water with different redox characteristics. Mixing different waters
* during pumping could result in kinetic control of the concentrations of
species involved in redox reactions. Equilibrium considerations would only
control the extent to which reactions would occur. The oxidizing agent had
2*, un®*, and Noj.
was observed during the latter third of the test, is the most likely
candidate. The possibility also exists that biodegradation of drilling

to be strong enough to oxidize Fe Dissolved oxygen, which

fluids in the near vicinity of the well resulted in depletion of the oxygen
content of the water, ' Continued pumping then brought fresh, oxygenated water

to ‘the pump.
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‘Calculations similar to ‘these will ‘be done with»the-compositional
results ‘of waters from-Well USW ‘H=3 "and -from -the soon-to-be-pumped Well USW.
H-6. By so-doing, we ‘hope- to “get. some -insight.into the conttolling reactions
of "the oxidation-reduction potential (Ek) of the.water. . ;. . . L

*-2+ " Biodegradation of Drilling Fluids.-‘The.purpose, of this research is

to determine 1f ‘microbial.activity can 'change  the. groundwater.composition;and

consequently influence the mobility:of waste elements,.especially multivalent
-elements'suéh'as;plutonium;grWefarerinterested:in those ;microorganisms f;ﬁ
fcépable of utilizing drilling fluids.as:growth substrates:because drilling. .
fluids areused. extensively in the drilling of wells.and geology holes: for
characterization of’Yuceca: Hountain atrthe.Nevada Test Site. - e g

A long~-term experiment- investigating viscosity changes of. two of the e
drilling fluids, ASP-700 and Turco 5622, was recently completed. Five

7317
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‘ bacterial gpecies were grown individually in the ASP-700 medium, while two
species were cultured in the Turco 5622 medium. - For each unknown, 180 mg of
medium.was innoculated with 18 mg of a 2-day old culture. These flasks wera
mixed at 60 rpm for 25 days at 22°C. Twenty-five mg of media were withdrawn
on days 0, 3, 7, 12, 18, and 25 for viscosity measurements. To measure the
viscosity of the ASP—?OO medium, a small glass bead (2.9 mnm diam., 0.0303 g)
was dropped through a glass tube (11.4-mm f.d. by 20 cm) containing the
medium. The fall of the bead through the 20-cn distance was timed, and any
change in travel time was assuned to be indicative of a change in viscosity
relative to an uninnoculated control. For the Turco 5622 medium, the rate of
rise of air bubbles in the medium was used to measure viscosity. Air bubbles
were injected into the mediun using a 10-yg, precision syringe, and as with
the ASP-700 mediunm, the travel distance was 20 cm. The'resnlts of this
experiment are expressed in Table I. Any increase, over time, in the values
reported can be interpreted as a relative increase in the viscosity of the
mediun. Conversely, .as. the numbers decreased with time, one can assume that
the viscosity of the nedium was decreasing.

Apparently, as the bacteria grew, the viscosity of the ASP-700 medium
decreased. This was true for all five species tested, and these results
contradict those results reported.6 At this time, no explanation can be
given to account for rhis discrepancy. Following an initial decrease, the
viscosity of the Turco 5622 medium tended to increase with time until ‘day 25
where the values were similar to day 0. These results suggest that more than
one constituent of the Turco 5622 medium was being acted upon by the micro-
oréénisms, which in turn, had varying effects on viscosity.

" 'Experiments aré now being conducted to determine if these drilling
fluids are avatlable for anaerobic blodegradation. One sample of the Turco
5622 medium was placed in a 1.0-g serum bottle fitted with a one-way glass
‘valve. Prior to autoclaving, the medium was reduced by boiling it in an
‘oxygen-free environment and by adding cysteine as a reducing agent. The -
media was thean autoclaved, cooled under an atmosphere of oxygen-free gas, and
innoculated with 10 mg of an anaerobic culture. The bottles were then sealed
and ‘'will be incubated atiroom temperature for approximately 3 months. Gas;
production will be monitored periodically by connecting the serum bottles to

Warburg manometers and measuring the displacement of manometric fluid.

. 18



. . TABLE ‘I o
THE EFFECTS OF BACTERIAL -GROWTH ON THE RELATIVE VISCOSITY
OF ASP-700 AND -TURCO ;5622 MEDIUM®

Species Number

RS ' - ASP-700 . - . Turco 5622 .
Day ~ T.AZb  9:A3  GiA.5 - 1L:AZ.a  11-A.2.5 -~ L.A - 6.A
0 0.93 0.93  0.91  0.92 0.90 1.327 1.24
3 0.94 0.99  0.96 0.9 0.95 1.01  0.98
7 0.91 0.98 o 92" "~ 0.1 0.92 =7 1.25
12 0.92 0.99 ~ 095  0.90 0.90 1.3 1.19
18 0.72 0.75  0.74  0.71 0.70 1.51  1.75
25 0.80 0.84  0.86  .0.75 0.75 1.33  1.21

#Results are expressed as‘a'ratio;of'the unknown value divided by the

control value.

B. Natural Isotope Chemistry (K. Wolfsberg, A. E. Norris,
H. W. Bentley, and S. K. Gifford) _'A’ : °

Water infiltration at Yucca %ountain during the past 25 years can be
36

traced by measuring the penetration of . Cl that occurred as global fallout
from h gh-yield nuclear tests in’ the Pacific Ocean area. Soil samples vere
collected in February from four locations on or adjacent to Yucca Mountain.
These samples have been analyzed for chloride concentrations to help
determine the sites and the sampling protocols that will be used to obtain
the material required for the_36C1 analyses. C

) The four sites sampled in February were the crest of Yucca Mountain (36°
52'N, 116° 28’W), a bulldozer trench in Coyote Wash (36° 51'N, 116° 27'W), a
trench in Yucca Wash (YW-6, 36° 52 N, 116° 25'W), and a trench in Fortymile
Canjon‘(FW-B 36° 49'N, 116° 24'W) The latitude and longitude co—ordinates
are approximate. The chloride contents of the soll samples are 1isted in -
Table II and are plotted in ?igs. 7 through 10. The ordinate values of the
chloride concentrations are plotted on a linear scale in the first two

oS

figures, but on a 1ogarithmic scale in the last two.
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Sample Identificationa»

20

YC-1
YC-2
YC-3
YC-4

Cw-13
Cw-12
Cw-11
CW-10
cw-9

" cu-8

cw-7
CW-6
CW-5
CW-4
CcW-3
Ccw-2
Cu-1

YW6-13
YW6-12
YW6-11

{W6-10

YW6-9
YW6-8
YW6-7
YW6~6
TW6-5

TABLE 1L

CHLORIDE CONCENTRATION IN SOIL SAMPLES
FROM YUCCA MOUNTAIN LOCATIONS

Depth

(meters below land surface)

0.0000-0.1016
0.1016-0.2032
0.2032-0.2540
0.3048-0.4572

0.0000-0.1270
0.1524-0.3048
0.3556-0.4318
0.4572-0.5588
0.6096-0.7112
0.9144-1.0668
1.2446~1.4224
1.6002-1.7526
2.1336-2.2860
2.5908-2.7432
3.0480-3.2004
3.3528-3.5052
3.8100-3.9624

0.0000-0.1524
0.1778-0.2540
0.2032-0.3048
0.3556-0.4318
0.4318-0.4826
0.5080-0.6350
0.5334-0.6858
0.7620-0.9144
0.9906-1.0922

mg CL /kg soil

9,51
17 .64
10.49
24.6

45.3
20.6
5.3
4.2
5.6
2.0
6.2
14.1
46.1
6.8
8.1
24.9
5.4

3.5
416.2
152.0
25.0
156.9
93.9
159.4
46.5
62.4



oo - - ~~TABLE-II- (cont).. -

e - ) Depth

Sample Identification” (meters below land surface) é s mg Cl—/kg soil
YW6-4 - 1.2192-1.3716 Con 1457.9
YW6-3 | 1.3716-15240. © T 1865.3
We-2  1.6510-1.8288 f 781.4
YW6-1 _— 2.1336-2.2352 L. 1378.8
FW3-7 * 0.0000-0. 1524 : 2.6
FW3-6 -7 0.1524-0.2286 ? 2.6
FW3-5 © 0.3048-0.4572 ; 2.7
FW3-4 ©© 0:6096-0.7620 - - 11.3
FW3-3 . 0.9144-1.1176 161.0
FW3-2 1.2954-1.4478 187.3
FW3-1 1.5240-1.6764 14044

aThe‘tv'&o-zletter codestdesignateitheJfollowingi
YC = crest of Yucca Mountain

CW = Coyote Wash bulldozer trench
YW = Yucca ﬁash éééﬁéﬂ" o

FW = Fortymile Canyon trench ..

i
1

H i
:; n,..

Both the low chloride concentrations in the samples taken from the crest
of Yucca Mcuntain and the maximum chloride concentration for this data set,
which occurs at the bedrock surface, are what one would é&ﬁécc from Tecent
leaching.‘ The shallow depth to bedrock (0.46 m) 1is such that even a moderate
precipitation event could flush the section. The low chloride content at the
bedrock surface indicates that a drain exists for infiltrating water.

The chloride data from the Coyote,Wash samples can be interpreted in
terms of active,_but not recent flushing of chlorides.; There may be a
significant horizontal component to recharge at the. location sampled, which
is not unexpected for a wash such as this one The relatively high
chloride concentrations at the surface ‘may be attributable to surface

vegetation, which holds rainfall infiltration within the shallow root zome.
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The soil unit boundary at 2.5 m, shown in Fig. 8, may help to limit the
downward'leaching of chloride. Howaver, the low chloride concentrations at
the bottom of the bulldozer cut indicate thqt chloride leaching is not
stopped at that point.

The highést chlofide 6oncentrations were observed in soil samples from
the Yucca Wash 6 trench. Recent leaching-appears to have moved the chloride
down from the surface about 0.16 m, but subsequent leaching appears to be
very slow. |

The data fronm the Forﬁymile éanyon trencﬁ'can_be interpreted in terms
of chloride leaéhing withiﬁ the past 20 years that has decreased the concen-
trations of chloride in the top 0.8 ﬁ of the trench.: This postulated
flushing may have resulted from water flowing in the flood plain that
includes the FW-3 trench site. ’ )

The chloride analysis.fesults just discussed are part of the data being

36

used to select appropriate sites to measure, by the Cl technique, rainfall

infiltration during the past 25 years. Of the four sites that were sampled,
Yucca Wash 6 appeérs to be the only one where the,_?6
undisturbed by water flow on the surface, which 1Is a desirable character-
istic. However, the Yucca Wash 6 trench is four kildmeters from the
Exploratory Shaft location. Another field trip will be conductad to see if
a sita can be selected closer to the Exploratory Shaft location. An
additional goal of the next field trip will be %o invesﬁigate whether the
36Cl technique might permit measuremeat of rainfall infiltration into the
fractured tuffé of Yucca Mountain, if a suitable sampling site for that

purpose can be located.

C. Hydrotherﬁal Geochemistry\

l. Therﬁodynaﬁics of Zeolites (C. J. Duffy). A thermodynamic model

has been constructed for énalcime in order for us to begin to understand the
controls upon its stabili#y. Analcime is neither the most abundant nor the
the most sorptivé zeolite at Yucca Mountain. It is, however, the most
studied. _Modeling anaiéiﬁe stability leads to‘inéights about the parameters
that affect the'sfabiIICy of other zeolites, the'probable relative importance
of kinetics versus chemical equilibrium, and the best approaches to studying

the other zeolites.

Cl infiltration should be °



Analcime does not have a fixed composition but .rather -is a solid
solution. We have considered only that part of the solution between the end
members NaAlSiZOG-HZO and Si306-1 SHZO. Less—silica-rich analcimes exist
but they have not been considered because the way in which H20 is involved 1in
the solid solution may be different and these low silica analcimes appear to
only be in equilibrium with silica activities below quartz saturation.. This
makes then unimportant at Yucca Mountain. The compositions in the solid '
solution are based ,upon the observations of Saha.? The relationship among
sodium, alumium, and silicon in the solid solution is almost certainly .
correct because it is constrained by charge balance.‘ The amount of water
present, however, is not constrained by charve balance and is, therefore,‘;
more uncertain. Other investigators8 have suggested somewhat different water
contents. . | . A ] ) ]

. An ideal solution model has been adopted to describe the analcime solid
solution.‘ In order to develop such a model, the sources of configurational
entropy must be identified and evaluated.h The first source of entropy is the
mixing of the two end members._ This mixing apparently takes place by the ;_
:substitution of a NazAlz-HZO unit for a SiZ-ZHZO unit.' This substitution |
leads to the observed compositional variation and seems to be crystallo—
graphically reasonable because removal of a pair of sodium atoms makes room
for an additional H 0.{ Assuming that these units are randomly mixed in

2

analcime, ‘the configurational entropy frOm this source, S, 1s given by

cl

Scl = 0.5R[xlnx + (1 - x)1a(l - x)] ,

where R is the gas~constant.'Tuis'the lahbérétﬁréhih'keivih; and x is the
mole fraction of _NaAlS1,0, «H,0 (Ref 9. - _ :

_ Additional configuration entrOpy is also present due to mixing of
aluminum and silicon on. the tetrahedral sites and mixing of sodium and
vacancies on the sodium sites. We have adopted the basic tetragonal .

structure for analcime suggested by Mazzi and Galli.10

In this structure all
of the aluminum is found in the Tl sites with none in the T2 sitesl However,
a maximum of only one—half of the T1 sites is occupied by‘aluminum so_ that
there is a configurational entropy from mixing of aluminum and silicon on':

these sites., The statistical analogue for entropy is given by

.25
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Sc = -KEpP

1nP
1 i

i 9

where S is the configurational entropy, k is Boltzmann's constant P is the
' probability of the ith quantum state, and the summation over all accessible
quantum states can be used to evaluate the, entropy of aluminum-silicon
mixing.

We assume that aluminum ‘avoidance is observed in analcime- that is, no
two adjacent tetrahedral sites both contain aluminum. The configurational
entropy of silicon—aluminum mixing can be calculated for a unit of analcime
containing four Tl sites and two T2 sites. We will choose this unit such
that the Tl sites are present as a four-membered ring. This ring can contain
either zero, one, Or two aluminum atoms. Because of aliminun avoidance nore
than two aluninums cannot be present, and there are only two ways in which
two aluminums ‘can be placed in the four-menbered ring. "There are four ways

“in which one aluminum can be placed in the ring, ‘and one way in which no
aluminums can be placed in the ring. The probability of a quantum state with
two aluminums present is x2/2 with one aluminum present 1s x(1 - x)/2, and
with no aluminum present is (1 - x) The entropy of silicon aluminum mixing
(Scl) is then given by '

5., = kI(x% = 20)1n2 + 2xlnx + (2 = 20)1n(l = x)]

or for a mole of analcime

S = O.SR[(x2 - 2x)1n2 + 2xlnx + (2 - 2x)1n(l - x)].

The entropy of sodium vacancy mixing has been similarly evaluated
assuning a tetragonal symnetry for analcime. The probability of occupancy of

the two Nal sites has been assumed to be equal. We have also assumed that

= xP?

Py £

where Pi is the probability of a sodium being on site i of an analcime-
containing mole fraction x of NaAlSi206.H o, and P° corresponds to x = l.

26



The resultant configurational entropy for the mixing of sod;uﬁ and vacancles

(Sc3) is then given by - -
=" 0.5R[(2xP - 2)In(1l = xP) = (1:= 2x + 2x,?).i_ri(1 - 2x + 2’5?-)_"-“
= 2xPIn(xP) + (2xP - 2x)1n(2x.~- 2xP)] : BT

Sc3'

ERIN . : -

for a mole of analcime where‘P.ﬂzP;.~ oo . L
In order to-calculate the stability:of ranalcime, we must obtain the . .
chemical potentials of -the .sodium .and silicon end members . BRIV and Bgys -

respectively. To -do -this we note that - . . e 5.

;- L
Wa = O * (1= Xz

and ,
‘ G
-~ gy = Gg =X AR

where GS is the free energy of .the solid solution given by

G = XU\I + (1 - 'x)\.si -.T Cl SC.2‘+ SC3) JEEE I
where .the ° are the chemical potentials.of. the end members exclusive of the
contributions from.configurational entropy. The resulting chemical
potentials of the end members are -
Mgy uSi +- 0. 5RT[51nx + (2x - 2P. - x° )1n(2) + (2 - 2P)1n(1 - xP)
~+-(2p = D1n(l. - 2x+.2xP) .+ 2(1“- P)lq(l -rP) + 2P1n(P)]

Vo

S £ e L T < R

-

and . e T AL G A SR

- -

by = Mgg.+ 0.5RT[31a(1 - %)= x°1a(2).+ 21a(l -~ xB) + In(l - 2x
+ ZXP)]O : -",' Vo I LI ‘-‘:'; ’ .

. - - R s s
oounon Do . : .~.¢~_.L‘,......A.

They are being evaluated,using,a combinatioq ogucalorimet:;gjand c;yspalf;y(
lographic data-in combination ﬁith-information,from-laboraﬁoryihydrggherma1y

experiments and field observations. Attempts to evaluate the p°'s have shown
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that many of the data are consistent with this model for the free energy of -
analcime; however, few if any of the data are completely unambiguous.
2. Natural Analogues (R. M. Vidale, G. K. Bayhurst, and D. L. Bish).

Construction of a repository for high-level radioactive waste has been

proposed at Yucca Mouatain in the southwest corner of the Nevada Test éite
(NTS). Yucca Mountaia was chosen becausé'it consists of a sequence of felsic
volcanic tuffs ranging from devitrified to nonwelded and zeolitized. The
proposed host rock, the Topopah Spring Member of the Paintbrush Tuff, 1is a
particularly good candidate for isolation of waste because it is in the
unsaturated zone, it contains the stable minerals quartz, cristobalite, and
alkali feldspar, and it 1is underlain by sgignificant quantities of a
clinoptilolite~ and mordenite~bearing tuff that sorbs many cationic
radioactive waste elements.

The presence of stored nuclear waste will produce a heat pulse in the
near-field environment of the repository. Placing a .heat source, such as a
repository, in the tuff may accelerate and change the alteration process. 1In
addition, groundwater moving in that temperature gradient can leach,
transport, and deposit material over long periods- of time. C. A. Morrow,

D. E. Morre, and J. D. Byerleell—lB have studied in the laboratory the
changes that may take place in Topopah Spring Member tuff with a fluid
flbﬁing through it in the presence of a temperature gradient. Warm spring
systems are possible natural analogues for these processes and can be used to
study their effects over the hundreds of years that may be required for
isolation of waste in the presence of the thermal pulse.

a. Hot'Sprfdg Data. To find localities with rock compositions similar

to those at Yucca Mountain, we chose hot spring localities in Nevada and New
Mexico with a high probability of appropriate mineral alteration after

, —
studying a geothermal map of Nevada,l“‘ other geologic maps,]'5 17 and

16-19 Nine localities in central Nevada and New Mexico

published reports.
were examined for bedrock exposure and mineral alteration caused by hot
springs. Water and rock from the three most promising localities were
sampled to study the long-term natural alteration of felsiec rock in contact
with ‘groundwater. -The similarity of the water compositions to that of water
near- Yucca Mountain was a large part of the basis for selection. The

composition of pors=water in the unsaturated zone chosen for the repository
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site is not known. The.procedures for collection of waters and analytical
methods are described at the end of this contribution.

The first site sampled was Bailey Hot Spring in Beatty, Nevada.m’18
The spring is about 15 miles nest of Yucca Mountain and emerges from a tuff
unit that is very similar to the felsic tuffs of Yucca Mountain. The spring
currently produces-a bicarbonate'water (Table III) that is more saline than
the groundwater from Well J-13 near Yucca Mountain. Ihe Beatty water is
higher in sodium and chloride and high in sulfate. The least-altered tuff
near the spring contains 50 to 607 alkali feldspar, 15 to 20/ quartz, and
-~10 to 20% kaolinite and poorly crystallized silica. . The altered tuff
contains abundant quartz and alunite, traces of kaolinite and gypsum, a few
per cent calcite, and a more poorly crystallized silica than that from the
1east:altered rock (Table IV). ~ I

The second site was Steamboat Springs, Nevada.

;6 »20,21 The hot spring

systenm underlying Steamboat Springs includes both a saturated zone with
flowing hot water (Table III) and an acidic, unsaturated zone:that is
dominated by water vapor and gases. The ‘older rocks are metamorphosed
sediments that have been intruded by granodiorite. (Granodiorite is similar
in bulk chemical conposition to felsic tuff it contains the high—tenperature
mineral phase assemblage found in tuff, but none of the glass ) The hot
spring system has been active, possibly.intermittently, for over 2.5 Myr and
has intensely altered the granodiorite. ‘Analyses of the water samples
obtained at Steamboat Springs are listed in Table III. The water is very
~ hot, very saline, and alkaline. The water is depositing silica sinter as it
- emerges at the surface and is not now in contact with the granodiorite “at the
surface. The least-altered ‘granodiorite sampled near Steamboat Springs !:
consists of 55 * 10% alkali feldspar, 34 * 5% quartz, and 11 * 5% smectite.
The most-altered granodiorite contains 30 % 107 alkali feldspavr, 30 # 10%
quartz, 30 * 10% natroalunite, and 10 * 5% kaolinite (Table IV). L
The third site sampled was Sou Hot Springs (also known.as:Seven Devils
. Hot Springs and Gilberts Hot Springs), northeast of Réno in Dirie'Valley;“ i
Nevada (Tables III and IV). There are nine pools that range from 1 5 to 6 m
in diameter and from 21 to 58°C. The locality was chosen because the springs
rise through the Fish Creek rhyolitic tuff. Unfortunately, no tuff outcrop
could be found within the present pools. Fish Creek rhyolite that appeared
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TABLE. I1IL
PRESENT WATER COMPOSITIONS OF WELL J-13 AND
SIX HOT SPRINGS

Element . “ Bailey - Sou - . . San
or Well J-13 Hot Hot Steanboat Spence McCauley Antonto
Conmpound N‘fsa ' SpriaéiA Sptingsc _§pr1ngsc ' Spftgg?’c Springb Sprtngb’c
Concentration
(ppm)
Na 50 143 148 670 36 18 15
K 5 7 27 80 2
Ca 14 20 80 5 6 9 2
st 38 27 30 145 30 26 k}]
Mg 2 0.5 24 0.2 2 5 0.3
M 0.01 0.006 0.03 N.p.d <0.02  <0.02 0.02
- Fe 0.04 0.06 0.03 N.De 0.06  <0.04 0.07
Sr 0.04 0.2 15 1 0.1 0.02 0.1
3a 0.004 0.01 0.07 0.1 N.D. <0.03 <0.03
aco; 127 : 244. N.D. . N.D. 144 86 . 56
s 13 148 420 - 110 13 7 7
c1 6 42 95 950 4.5 6 1.0
F 2 7 4 0.3 1
pit 8.3% 8.0 7.5 8.8 6.7 6.2 6.8
Teap. 25 38 48 95 45 31 42
c°c) ‘

Ref. 22.
Analyzed by F. Goff, Los Alamos National Laboratory. .
Analyzed or checked by G. Bayhurst, Los Alamos National Laboratory.
Not determined.

o a6 0N o L

Not measured at the gite.

30



. 'TABLE'IV -
MINERAL ASSEMBLAGES IN WATER FROM
_ SIX.HOT SPRINGS

ey re T

Locality and Sample Original Phases = i Alteratioﬁ>Phéses

Bailey Hot’ Spring,‘
Beatty, Nevada

BT-6-7-1 h 40 to 60% alkali feldspar, " 10 to 20% kaolinite,

least-altered - 15 to 25% quartz - - "+ 10 to 30% opal -
rock ’ PR : o T
BT-6-7-2 -« 30 to 50% quartz - © .+ 7 30 .to 50% quartz,
most-altered - ... . - « 30 to 507 alunite,
rock ‘ N 10 to 30% opal,

1 to 5% calcite,
trace gypsum, : .
trace kaolinite. .

Steamboat Springs, e ' ;_fif
Nevada AR
205C least- 34 + 5% quartz, :,f - : il * 5% sme;tite
altered 55 + 102 alkali feldspar '
granodiorite
205B altered 30 + 10/ quartz,.~m, IS - 30 = IOZ,nétrJalﬁnite,
granodiorite 30 £ 10% alkali feldspar . 10 t 57 kaolinite
205A altered 50 + 20% quartz ‘if .1 . \ 50 ¥ 207 quartz,
granodiopite ] 50 ¢ 204 amorphous silica
205D white S T 100% amorphous silica
material R - e .-
205E sinter : - 20 ¢ 10% quartz,
BRI RN . 7 80 *.20% amorphous silicsa
Sou Hot Springs, c e ) - |
Dixie Valley, Nevada ' Sl Lo
204A altered 69 +:10% alkali feldspar, "V 3 % 2% kaolinite,
Fish Creek Tuff 30 £ 5%.quartz .. .. " ~1Z smectite -
(white) chentl ’:{_ T
204B altered 75 % 10% alkalf feldspar, " 3 % 2% gypsum,”
Fish Creek Tuff 20 ¢ + 1% calcite

5% quartz L R
(white) [N PR, -
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Locality and Sample

204D altered
Fish Creek Tuff
(red)

204C altered
Fish Creek Tuff
(white)

204E natural
cenent in -
Fish Creek Tuf

204F Fish Creek
Tuff breccia

Spence Spring, Jemez
Mountains, New Mexico-

106 freshest
rhyolite
from area

107 freshest
obsidian
from area

101 rhyolite
near water -
source in main
pool

102A rhyolite
near water
source in main
pool

105 rhyolite
from pool to
east

103 obsgidian’
from main. pool

- 32

TABLE IV (cont)

Original Phases

70 * 10% alkali feldspar,
26 * 5% quartz,

~1% mica
42 + 107 alkali feldspar,
16 * 5% quartz

25 * 10% alkali feldspar,
*

11 * 5% quartz,
~1Z mica
45 + 107% alkali feldspar,.
3 + 1% quartsz,
~1% mica
70 £ 10% alkall feldspar,
30 * 5% cristobalite,
2 %= 1% amphibole,
2 £ 1Z mica
70 + 107% glass,
10 * 57 alkali feldspar,
5 & 3% quartz,
5 * 3% cristobalite,
5 % 3% amphibole,
4 £ 27 mica

70 £ 107 alkali feldspar,
30 % 5% cristobalite,

~1% mica,

~1% amphibole

107 alkali feldspar,
5% cristobalite,

1% mica,

~1% amphibole

w o
N O
W

70 * 10% alkali feldspar,
30 * 5% cristobalite,

2 + 1% amphibole
60 * 20% glass,

30 * 10%Z alkali feldspar,
4 % 27 cristobalite,

~1% anphibole

Alteration Phases

2 + 1% calecite,
~17% smectite

5% calcite,
% smectilte

[#8 )]
i+ i+
N
X}

calcicte,
2% smectite

(¥}
[}
I+ I+
W
o~

S% calcite,
27% smectite

£~
=)
i+ I+



TABLE IV (cont) '

Locality and Sahple |

104 rhyolitic -
punice from
pool to north

McCauley Spring,
Jemez Mountains,
New :Mexico

108 rhyolitic
" pumice

109 rhyolitic
. pumice

San Antonio Spring,
Jemez Mountains,"
New Mexico SR

113 least-""
-~altered rock

110 rhyolite _'
'from pool

-

111:rhyolite”*
B frog_pgol.‘_

.ot

.Oriéinal ?hases(
- 60 * 207 glass, !
20 *10% alkali feldspar,
‘6 * 3% cristobalite,
+ 1% ;amphibole :

% quartz, ‘_;”

2
6 3
4+ 2% mica

*
%

60 +-20% glass,

.30 .* 107 . alkali- feldspar,
4 *2% cristobalite,
‘4 *2% quartz,
2 *1% -mica,-

.3 ‘i 2% amphibole

60 #* 207 -glass,

30 *10% alkali feldspar,

5 *‘24 cristobalite;
| quartz, :ir;
mica, .
amphibole‘:“

PO

. N'c-u-
T
—N N
PR

Jea it

70 +'10% alkali‘feldspar, " "~

.20 *# 5% .cristobalite, . .-
. 10 % 4% quartz,

;760 l 104 alkali feldspar, o
L 20 4'57 cristobalite, -

5" ‘“2% ‘mica: GGt otumoiIivl

15, % 47 .quartz, -
3 £27- mica

Lo [t R

--70, £ 10%.alkali. feldspar.

Ve
PN

20 *5% cristobalite,(
"10 - £'4% quartz)

trace amphibole

4 t2%imicay,- ¢+ anyty pesiaien

s by oo A n = e

_ ~17£ sdee;':ite -

'Alfefafion-Phases-
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to have been exposed to eariier spripgs was sampled upslope, 6 to 60 o north
of the present pools. The water at Sou Hot Springs 1is significantly more
saline than that of Well J-13 at the NTS, and it contains a much higher
cohdéntration of éulfate than any of:the other waters tested. ' The minéralé
in the altered rock samples are mostly the original volcanic phases

(Table 1V). Minor amounts of calcite and gypsum are noted. One sampie
contains a few per cent of kaolinite alteration.

Three hot springs (Spence, McCauley, and Sa@ Antonio) in the ring
fracture zone of the Valles Caldera in the Jemez Mountains of New Mexico were
sampled (Tables III and IV). The water composition from warm springél;ﬁ fhg
ring fracture zone23 is very similar to that of Well J-13 at NTS, and the
chemical composition of the rhyolitic rock is close to that of the Yucca
Mountain tuffl The water temperatures of the three springs ranged from 31 to
42°C. Thase waters are dilute and contain pre@omldantly sodium and caleciun
bicarbonate. One sample of the unaltered rock from the ring fracture zone
contains 70 £ 10% alkali feldspar, 30 * 5% cristobélite, and 2 * 1% mica (see
sample 106, Table IV). Altered rock from the San Antonio Spring appears more
porous and friable, but it Haé the saﬁé mineralogic'composition as rock fronm
Spence Spring (see samples 101, 102A, and 105, Table IV). Loose material was
collected from the rock surrounding Spence Spring 2nd San Antonio Spring; the
material was sampled approximately 0.3 m "upstream” from within the bedrock
crevices where contributions from local soil, plant, or human debris would ba
ninimized. The fine fraction of the loose material was separated by centri-
fugation and analyzed by x-ray diffraction (Table V). The mineral phases
observed were the original phases: quartz, alkali €feldspar, cristobalite,
and mica and the alteration phases: smectite, kaoiinite, and clinoptilolite.

b. Discussion. Mineral assemblages that include alunite (or natro-

alunite) and kaolinite were observed in the rock sémples from Balley Hot
Spring and Steamboat Springs. Alunite- and kaolinite-bearing assemblages are
considered indicators of an acid environmenfz24 and are characteristic of the
vapor—-dominated upper parts of active hot spring systems.25’26 It is
believed that oxygen-beariag air circulates dowﬁ-into warm rock that is not
water saturated. Hydrogen sulfide in the hydrothermal fluid is oxidized by

the reaction:

2~ +
st + 202 = so& + 2H . | (1)
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The reaction between the acid that 1is produced by- reaction (1) and the rock is

responsible for the alunite—kaolinite alteration assenblage. For example: ..

. e
. PO AR

waAlsi308 (albite) + H' + 9/2H,0 = Na® + 2S1(OH), + ... .
1/2A1,51 o (on)4 (kaolinite) .

Development of -acid conditions in a»reppsitory,gnvirqngent<wou1d“bg;a;mat;er;
for concern because of the possibility .of altering both metal components anQ
rock. . Hot springs commonly develop extremely acidic pore waters (pH =

1 to. 3)21 »24

produces ‘sulfuric acid. - ‘A heated unsaturated zone in tuff may.bg‘analngqs to

:An vapor-dominated zones when hydrogen sulfide oxidizes and

the vapor-dominated zone of .2 hot spring in .that at least some oxygen can

TABLE V o
FINE-GRAINED SAMPLES CONCENTRATED BY CENTRIFUGE

Locality .and -Sample- - . -- Original:Phases . . jAlteréEion-?hasesn

Spence Spring, - - - 1 ot o ee
Jemez Mountains,

New Mexico ’ ‘ R
#1 fine fraction; | f'<52 quaf;étk _.. ' . ~807 snectite,

" loose sample - S 10 to 207 calcite
from bottom 'of o : o e .
'gain pooli!zAk

#2 fine fraction. - . 30 to 50% quartz,. ,. . . small-amoun;;oE smgct1§e

of loose materiaI’A 20 to 40% alkali feldspar,

“from 0.3 @ up © 7 ‘~5% cristobalite, SRR '

source crevice - o~2% amphibole, . B NP,
e 2% mica -

San Antonio Spring, P T Tt A T P

Jemez Mountains, o T ‘ ' '

New - Mexico RSO RCEE S R T P B A
#3 fine fraction, 40 to BOA al&ali feldspar, 10 to 20/ smectite,“”
loose material ~~¥Y -5 to 10% cristobalite, - ~ 2 to 10% kaolinite,: -
from source crevice::..:-.5 to-15% quartz, ... -: . -1:to 3%,clinoptilolite

. 2.to 52 mica

¢-
'R
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be supplied from the atmosphere. However, in the absence of hydrogen
sulfide, the acid phase should not occur; the minor amounts of pyrite in
Yucca Mountain tuffs should not produce significant quantities of acid even
if they were totally oxidized. ]

Furthermore, hot springs do not develop acid conditions in all cases.
This is illustrated by the three hot springs in the ring fracture zone of the
Valles Caldera. It ‘appears éhat'the increased temperature, due to heat from’
the nucleaf waste, will not result in acid conditions at the repository.

c. Analytical Procedures. Temperatures were recorded with mercury

thermometers, and field pH was determined using a pH meter. (Laboratory
values of pH are not considered reliable because most waters gain or lose co,
gas after sanpling and before laboratory analysis. This loss alters the
concentration of carbonic acid, which in turn changes the pH.) Two slightly
different procedures ware used for collecting and analysis of the water.
Procedure A was used by F. Goff of Los Alamos and Procedura B by G. Bayhurst
of Los Alamos. These procedures, whose results are shown in Table I1II, gave
comparable results.

1. Procedure A. Samples of water for chemical analysis were filtered

usiﬁg.a large syringe attached to a filter holder that contained 0.8-m
filter paper. The filtered water was stored brimful in polyethylene bottles
with Polyseal caps. Three types of sanmples were collected: (1) a 506-m2
bottle of filtered, unacidified water for anions, (2) a 250-m2 bottle of
filtered, acidified water for cations, and (3) a 125-m2 bottle of filtered,
diluted water for silica. Dilute HCl was added by drops to the acidified
sample until the pH was less than 2. The bottles used for stlica'analfses
contained 90 m¢ of deionized water before 10 m% of sample was added. The
dilution prevented polymeriéation of mononeric silica in more concentrated
water samples before analysis.

Laboratory analyses were performed by the following methods: Sio2 by a
colorimetric method using a yellow molybdate complex; iron, manganese,
calcium, magnesium, sodium, potassium, and lithium by atomic absorption spec-
troscopy; biqarbona;e by sulfuric acid titration; sulfate and chloride by ion
chrohéﬁographyg:Elﬁaride'bfleither seiective ion electrode or ion
chromatography; and boron by colorimetry using azomethine-H. Analyses of

silver, bariun, cadmium, chromium, copper, mol&bdenum, nickel, lead,
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strontium; and zinc werg.pgrfofmed by -atomic absorg;ion-spectroscopy,withi
either a:graphite furnace or flame .excitation. ..-.. - -. .. P R

~ 2+ : Procedure B. ‘Samples of water .for chemical -analysis were filtered

using -a large syringe -attached to.a filter holder that;coqtainedgo,Bfum
filter paper. The filtered water was stored brimful in .polyethylene bottles
with Polyseal caps. --Two samples were colleéted:fw(l) a 25-m2 bottle of
filtered; unacidified -water .for anions and :(2) a 25-m% -bottle of filtered,
acidified water for cations. 'Dilute HCl was added by drops ;to the acidified
sample until the pH was less .than-2. . The:laboratory .analysis for all cations
was performed using-Spectrametric's Spectraspan III -arc.emission spectrom- a
eter. - .The elements routinely -analyzed .are :silicon, -sodiun, potassium,
calcium, lithium, :boron, arsenic, copper, beryllium, zinc, -strontium, nickel,
magnesium, manganese, cobalt, aluminum, thallium, antimony, cadmium, bismuth,
molybdenum, mercury, titanium, lead, tungsten, rubidfum, vanadium, gold, -tin,
iron, -and barium.. The analysis for;the:aniqns F., C1 , NOE, POZ 0s Bri, HOS,
and SOET,was-performed_with a Dionex -ion chromatograph. . S

v oder .X—Ray‘Powdeeriffraction-Analysis‘of,the-Rock.;.Several grams of :

sample -were:crushed in:a shatterbox.to homogenize the material, and
approximately 100-mg of .powder was crushed .to -325.mesh with mortar and
pestle. This powder was mounted in a cavity in a glass slide. “All samples
were examined ‘with-an automated:Siemens D-500 x-ray powder diffractometer.
Data reduction_ﬁasjperformed with Siemens software, and1semifquantitative;
data were obtained:using the “"matrix flushing" technique of Chung.zZ';Phases
were ldentified-using.the Mineral PowderfDiffractiounile of the Joint . |

Committee on Powder Diffraction Standards. .. -:

- [} S
M LR <

D. _ :Solubility Determinations (D. E. Hobart, T. W. Newton,.P. Palmer, -
v, L.-Rundberg,;ande..F.gKerrisk);:- ety

1. Waste-Element Solubilities. The solubilities of -six:waste elements

(uranium, plutonium,.americium,.strontium, radium, and- technetium) :in waters
from three.wells from .the:vicinity:of-Yucca Mountain have .been:calculated . -
with the:-EQ3 chemical equilibrium computer program and.the current.thermo-.
dynamic data base.’ This report.consolidates a previous discussion. of .
solubilities of some of these eleménts in water from two of the wells with..
more recent results. Table VI lists the compositions of the waters from‘
Wells J-13, UE~25p#1 (1298 to 1792 m depth), and USW H-3 that were used in

37

-——- . C e e mees e Srmase mearea® SCRSW L o me e gbias s aet e earm e s Ao - o e R L S T



the calculations. - These three wells wera chosen because they cover the range
of compositions found in water from the tuffaceous aquifer under washes and-
canyons near Yucca Mountain (Well J-13), from the tuffaceous aquifer under
Yucca Mountain (Well USW H-3), and from the carbonate aquifer (Well UE-25p#l
(1298 to 1792 m.depth)).

EQ3/6 thermodynaalc data files for technetium and ruthenium were
recently received from Lawrence Livermore National Laboratory. The techne-
tiun data were ‘added to the EQ3/6 data base for these calculations.

Table VII lists the solubility, the identity of the solid controlling
solubility, and the primary aqueous species for the six waste elements in the
three waters. The features of the water most affecting these quantities are
the pH and Eh of the water, and the avallability of aqueous species to
complex with.the wasta alement. Carbonate, sulfate, and fluoride are the most
important complexing anions in addition to hydroxyl.

>"Uranium is primarily in the VI oxidation state in water from Wells J-13
and UE-25p#l. The change in the solid controlling solubility from Well
UE-25p#1-to Well J-13 is caused by the increased carbonate content of Well
UE-25p#1 water. The low Eh of water from Well USW H-3 results in both IV and
VI oxidation states and much lower solubility than in water from the other ~
wells. ‘

Plutonium is primarily in the V and VI oxidation states in water from
Well J-13; 1in water from the other two wells it is primarily in the IV
oxidation state. The hydrous plutonium oxide used to control plutonium
solubility results in higher solubilities than would be calculated with
crystalline plutonium oxide. However, crystalline plutonium oxide may never
precipitate from solution and thus may not exist as a control on solubility.

The increase -in solubility in water from Well USW H-3 compared to Well
UE-25p#1 1is caused by the higher pH of Well USW H-3 water; this results in
more complex formation with the hydroxyl anion. = -

Americium is only in the III oxidation state for conditions found in
natural waters. The solubility is controlled mainly by the avallability of
complexing anions (inzluding hydroxyl) and anions participating in the

solid-forming reactions.,
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- C TABLE VI S
WATER COMPOSITIONS USED FOR WASTE-ELEMENT SOLUBILITY CALCULATIONS

-

Well UE-25pil

Spacies® .. : Well J-13 .- .-(1298 to 1792 m)  Well USW H-3
Natoo o S 45.2 . 110 124
S : ST < L. 1344 169
calt ... : . 11.5 T 87.8 .0.77
ug?t R 173 31.9 . .. 0.06
at™ . 026 . 0.4 0.51

510, (aq) L 64.2 o 37.2 36.2
Total carbonate (mol/g) . 2.81 x 107> 1.61 x 1072 4.06 % 1072
cL” 6.4 37.0 8.3
302" - . 18.1 ~ .. 129 . 31.2
F C 2.1 T 5.4
Total phosphate (mol/g) . 1.0 x 10—6 . l;"p, - .. . ... .1l0x 10”6
NO, 1041 o f 0.5 0.2
pH 7.0, 6.7 9.2

Eh (mV) 700 s Tt 360 ‘ -143

8Concentrations are in mg/ £ unless otherwise noted.

H

Ty

o
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- .:Both strontium and:fadium are particularly simpie; they exist in only
one oxidation state and form few conplexes. " Their solubility is controlled
by the availability of ;hions that pafticipate_in the solid-forming
reactions. C

The'solubility of technetium is controlled primarily by the redox .
-conditions of the water. Under oxidizing conditions (Wells J-13 and
UE-25p#1), technetium is very soluble. Below an Eh of about 0 mV, lower
oxidation states of technetium start to become important; In Well USW H-3
water, technetium is only slightly soluble. ' ‘ | . o
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Uraniuna
Solubilicy (=/2)

Solid

Primary aqueous species

Plutoniua
"Solubility (=/R)

Solid

Primary aqueous species

Azericiun
Solubiliey (a/2)

Solid

Primary aqueous species
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TABLE VII
WASTZ-ELEMENT SOLUBILITIES IN WATER FPROM THREE YUCCA MOUNTAIN WELLS

Well J-13

3.65 x 1073

Schoepltea

(u02)2c03(m{)3 (982)

2_
uoz(co3)z (12)

1.79 x 1078

d
Pu(0H),
Puo; (112)
Pud, ¥, (20%)
Pu(OH); (32)
2-

PuOZ(COJ)z (22)

2

Puozia (2%)

9.87 x 1072

An(ou)co3
AnCO} (80%)
anon?” (82)
aartt (42)
At (32)

Am(C03); (3%)

Well UE-25pf)
(1298 to 1792 n)

1.76 x 1073

Ru:herfordineb
2..
U°2(c°3)2 (542)

(uo C03(OH)3 (31%2)

22
4=
uoz(c03)3 (132)

L]
Uo,co3 (22)

3.11 x 1078

Pu(OH)ad
Pu(OH); (942)

Pu(OH)] (62)

2.16 x 1078

An(ou)co3°
Am60; (832)

An(CO (62)

32
Aar?t (42)
AsS0, (2%)

on?* (22)

a3t (22)

Well H-]
4,05 x 1072
Uraninitec

b=
uoz(co3)3 (862)
u(oH)g (82)

2-
Uo,(co,);  (7%)

.

1.33 x 1072,

pu(ou),.d

ru(on); (1002)

6.85 x 10710

Aa(OH)CO,

Am(603)2 (462)
Am(ou); (362)
An(OH); (122)

Anco; (52)
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- TABLE VII (cont)
¢ . I
Cee Well J-13

Strontium PR
Solubility (m/g2) 8.04 x 10
‘Solid S;rontlgnﬁtefv,
Primary aqueous species + ﬁ9§2).7-: .

Radiua [
Solubllity (n/l)

" Solid
" Primary aqueous specles
Technetiun .
Solubllity (afl)
Solid

Primary aquecus species

Schoeplte 1s U0 (OH)2 H 0.

bRuthetfordine is UOZCOJ.

SUraninite 1s UO,.

R T

5ts0, (4%)

339 x0T
Rasok .
* (992) )
R

"‘rcb; (ro0z) = -

¢ ; e
'

.StSOZ (142)

1 9.29 x 10

" Large®

)

Vell UE-25pf1 °
.-£1298 to 1792 ®) _

5.27 x 107%
£

Strontianite™

" o)

g

Rasbb-.

" Ra*(992)

'tcozfttoOz)

'12%x10

9,06 x 10

Ll Hell H-J

3.28 x 10 -6

St;ont!an;tet

2 (u7)

SrSOZ.SGZ)

-7

nasok

2* (992)

-12

L.

'rc306

© Teo; (912)

\rcb(on)z‘(ézi‘

Also known as hydrous Puoz,‘ctystalline Puo2 uould give a much 1over aolubility but nay not control ]

solubility.

®An,(CO,)., is less soluble under these condltions. but the theruodynaaic data for :his aolid are’

uncertain.-

fStrontiantgﬁil_SrC03ﬂ

&lechnetium would.-be very soluble (>1 m/%) under, these conditions. |
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2. Zeolite Formation from Water with High Calcium and Magnesium

Content. Recent analyses of water from wells other than Well J-13 have shown
.that water with higher calcium and magnesium contents is available near Yucca
Mountain. This is particularly true of water from éhe carbonate aquifer that
was sampled by Well U=-25p#1 (1298 to 1792 n depth). Calculations of zeolite
formation from volcanic glass dissolution.have been done in which it was
assumed that all of the alkali metal and alkaline earth cations came from
glass dissolhtion.28~'Theée calculations have been extended to include cases
where the water that originally reacts with the glass contains dissolved
calcium and magnesium carbonate. The calculations simulate dissolution of
the volcanic glass in water’from the carbonate~$qﬁifer.

The calculations were done using the reaction-path capabilities of the
23 Tha detalls of the

calculation method have been reported elsewhera.28

EQ3/6 chemical equilibrium computer programs.
For these calculations,
various concentrations of calciun and magnesium (up to 3 mmol/&) were assumed
to be present in the watér that reacts with the glass. Iron was consideced
as one of the glass constituents in the originalncalculations. Iron was not
considered in this analysis because its disposition was not important.zs‘
Excepé for iron, the same pH-dependent glass dissolution rates were used in
this wofk.28 Quartz and chélcedony were not ailowed to precipitate during
the calculations; this restriction makes cristobalite the most stable solid
silica phase and keeps the aqueous silica activity in the range observed in
water from wells near Yucca Mountain.

The results from the original calculations indicated that cristobalite,
zeolites (clinoptilolite and mordenite), and smectite clays were the primary
products of glass dissolution. Water tended to increase in sodium,‘
potassium, calcium, and magnesium early in the dissolution process, but
potassium, calcium, and magnesium contents dropped when precipitation of the
zeolites and clays started. Clinoptilolite, with sodium, potassium, calcium,
and magnesium end members in its solid solution, precipitated before
mordenite, which was assumed to have only sodium and potassium end members.
Clinoptilolite was originally rich in calcium and potassium, but tended to
become sodium riéﬁ as dissolution proceeded. The overall zeolite composition
(clinoptilolite plus mordenite) also tended to become sodium rich as

dissolution proceeded.
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When calcium-and mégﬁééiﬁd were presentin the‘water that originally
reacted with the'glass, the general trends of the results were the same as.
noted above. The extra magnesium precipitated in the clays ‘and the extra -
‘calcium precipitated in clinoptilolite.“-iarger quantities .of calecium present
"in ‘the ‘original water led to calcfum-rich clinoptilolite ‘during more -of .the -
dissolution process and -to delays in the stért;of mordenite precipitation.
Thus, -the net ‘result of calcium in:the original water was to .prolong -the -
presence ‘of ‘calcium-rich ‘zeolites. -However, :the trend toward sodium-rich -
zeolites with increased ‘glass dissolution was still present.n_ ‘nf:; L

'Recent “studies of zeolite compositions from drill holes ‘UE-25b#1 and °
UE-25p#1 have shown that the ‘clinoptilolite from these holes tends  to remain
calecium:rich:where eveffitiis?found;créthef‘than varying from.calcium rich at
shallower depths to.sodium'rich=atfgreater'depths;é;.This-observation;could
be an indication that these zeolites formed from dissolution of glass in- -
calcium~ and7gagnesium-rich water. ‘The water -from these wells is higher in:
calcium-and mégnesidm than ‘'water:from most -other wells near Yucca Mountain, -
particularly the water ffbvaéll;UETZSp#l,'which draws from.the carbonate. :-
aquifer. Thus, these:zeolites may have been associated:with water-from the
carbonate aquifer rather than'water that ‘was recharged directly'into the
tuffaceous aquifer.. S P S N S

3.  Effect of Aqueous Complexes on Sorption Behavior.- Sorption is.. .

expected to provide one of. the primary retardation mechanisms.for radio- . -
nuclide transport -at Yucca Mountain. :One question that 'is:just beginning to
be addressediexpérimeﬁpally.is the:effect:of varying water ‘chemistry.on -
sorption-and radionuclide transport'(séensection’II;E.).“ This question is.
also being addressed through a-modeling effort.:. A:'chemical transport ..
computer program called CHEMTRN30 3; has been -used  to model:a very.simple
case of ion-exchange sorption in’ which ‘the sorbing species was also:allowed-.
to form aqueous - ‘complexes.: The effect of:the’ .strength of. the complexes.on -
sorption’ behavior was determinedifrom a.series of these transport - -: -:
calculations. - -itoo o STD ot el Gtreonss wwitone Deme ele B0 el
-/ CHEMTRN solves the one-dimensional convection, diffusion, and:dispersion
equations for"flow'iﬁ a porous media. .The effects!of aqueous-complex
formation, precipitatioﬁ, sorption”by ion exchange, and sorption by surface
complexation are also considered. A simple problem in which strontium was

sorbed by ion exchange from water containing sodium (10 mmol/ 2, calcium
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(2 mmol/g), carbonate (10 mmol/2), chloride (3 mmol/2), and sulfate (1:.
mmol/g) was used to assess the effect of complex formation on sorption.  The
water was assumed to contain 0.001 mmol/g of natural strontium. At the start
of the calculation, a boundary condition supplying radioactive scroﬁtium at a
concentration of 0.001 mmol/f was imposed at x = 0. Water flow at a velocity
of 0.01 m/yr carried the radioactive strohtium over the sorbing medium. The
solid sorbing material was assumed to have a density of 2.5 g/cm3 and a
porosity of 20%. CHEMIRN does not have the capability to account for
radiocactive decay; this approximation is conservative because in reality, the
amount of radioactive strontium will always be less than calculated here.

Calculations with the EQ3 chemical equilibrium program and data base
have indicated that strontium forms significant quantities of aqueous
complexes with only one anion, sulfata, in water from Yucca Mountain. TheA‘
largest amount of strontium that was complexed was seen with water from Well
UE-25p#1, whare 14% of the aqueous strontium existed as the sulfate complex;
the remainder of the aqueous strontium was as the uncomplex Sr2+ ion. For
the CHEMTRN calculations, strontium was assumed to complex with only sulfate.
The formation constant of the strontium-sulfate conplex was varied during the
series of-calculations to produce different amounts of strontium in the:
complexed state, up to 25% of the aqueous strontium. Only uncomplexed
strontium was assumed to sorb; this assumption 1s conservative because it
should show the maximum effect of complex formation on sorption. In addition
to the strength of the strontium-sulfate complex, the cation exchange
capacity (CEC), the strontium sorption coeff%cienc (Kd), and the run time
were also varied. Values of CEC from 0.001 to 1.0 meq/g and of Kd from 1.5
to 1500 mg/g were used. Most calculations were run for a 30-yr time, with a
few run to 160 yr.. Figure 1l shows the results of one set of three
calculations with CEC of 0.1 meq/g, Kd of 150 mg/g, and run time of 30 yr.
The location of -the radioactive strontium front with 257 strontium complexed
is at aost about 15% ahead of the front with no strontium complexes; the
location of the radioactive strontium front with 117 strontium complexed is
at most abvout 7% ahead of the front with no complexes. Calculations under

other conditions gave similar results.
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Fig. 11, Radioactive strontium concentration as a function of distance
from the "source at 30 yr; CEC ='1.0 meq/g, K 150 ‘m$/g, water
velocity = 0. 01 m/g.

St
The primary result of this analysis ‘is“that cﬁangesuinﬁaqueous complexa-
tion should not have'significant effect on strontium transport: -This same
conclusion should hold for radium and cesium,. because these: elements only
form .-a few weak complexes. The effect of reducing CEC or Kd was to lacrease
the distance that radioactive strontium migrated in.a given time.: . However,

strontium and strontium without’ ‘complex formation was still invthe same

relative range indicated’ above.’
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b4e Actinide Chemistry in Near-Neutral Solutions. The chemistry of

actinides in the near-neutral waters found in the vicinity of Yuceca Mountain
will have a significant. impact on actinide solubility and transport in water
that interacts with nuclear waste stored thers. Three aspects of actinide

chemistry have been»exaﬁingd during the past quarter. They are

o complex formation between Pu(IV) and carbonate,

] solubility product of PuO -nHZO (solid or colloidal sol), and

2
. complex formation between Am(III) and carbonate.

The two areas dealing with plutonium are a continuation of previous work.
The americium work is a new effort.

a. Complex %ormation Batween Pu(lV) and Carbonate. We have continued

our investigation of Pu(IV)-carbonate complexes using spectrophotometry to
study the competition between citrate and carbonate ions for Pu(IV). Sets of
solutions containing citrate but no carbonate, both citrate and carbonate,
and carbonate_alone,_h;vg been examined. In all of the experiments,
significant spectral changes were observed whenfﬁﬁ aﬁd/or ligand
concentration was varied; To fix the activity of CO, and H,CO,, all the

2 2773

carbonate-containing solutions were swept with definite CO,-argon mixtures.

2
Several tentative conclusions are drawn from the current experiments.

® The effect of pH on Pu(lV)-citrate mixtures indicates three complexes,
which are probably Pu(CiC)+, Pu(Cit)g-, and Pu(Cit)g_. "Cit” stands for
3=
[C3H50(C02)3] . '
? Experiments at constant total citrate concentration but varying pH and

CO2 pressure suggest the formation of a mixed citrate-carbonate complex
as well as one or more carbonate complexes.
. Experiments in-the absence of citrate but with varying total carbonate

and pH indicate the presence of at least three different complexes.

A computer program has been written for calculating the composition 65
solutions containing given concentrations of Pu(IV) and total citrate, pH and
CO2 pressure, and for given values for the association quotients. This is
being coupled to a least-squares program so that we can determine the best

speciation scheme and the values for the associated equilibrium quotients.
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"bs  Solubility Product:of?PuOZ;nﬂzo;‘ The reaction” "~ (. :: . 7 .

[ -

Pu0, (solid or colloid) + Puot =:2puo’ (2)

- A St e

is important because its equilibrium quotient is directly related to’ the
solubility product of PuO2 and because it typifies the’ solubility reactions ’
that occur under mildly oxidizing conditions where’ Pu(V) is the principal

el

soluble species. For these reactions we are continuing our study of reaction

Te oL

(2). ‘ 7
A measure of the extent of rééaéibn”izj'is'thé quantity Q=
[Pu(VI)]/[Pu(V)] Ifithe:reaction;reaches'eduilibrium;”Qi will be .the’
equilibrium quotient and will be independent of concentrations, ‘independent -
of how the mixture was prepared “and’ independent of the Eh and the pH ‘ for’
values of the pH less’ than about 3 where neither PuO2 nor’ Puog hydrolyze'
appreciably. ' o S T

.....

We have studied reaction (2) by preparing mixtures of Pu(1IV) colloid
Pu(V), and Pu(VI) in a' variety of ways showu below and’ by following the et
concentrations of Pu(V) and Pu(VI) spectrophotometrically. ' '

. r
-t . -~ Py e e e
Pad < P . . L .

(1) Allowing Pu(V) to diSproportionate in solutions initially containing v
. . - ). [ A 4 . .
only that oxidation state. ' ‘ ' AR ’ Lo

(2) 'uikihg colloidal Pu(IV) with Pa(v) and/or Pu(VI) I
(3) Allowing -colloidal sols of- Pu(IV) ‘to- stand long enough for Pu(V) and
' Pu(VI) to form by oxidation (probably alpha induced) S

1."~

3
- -

Mixtures made by disproportionation of Pu(V) gave log Q"values close to
2. 3 after standing ‘at Toom temperature for 3 months. These mixtures were at
unit ionic strength (LiClOa), pH values 1.4 to 1. 8 and ‘the total Pu was (1
to 4) x 10 -2 M. Similarly, log Q' was Eound to ‘be’ about 2 7 in an’ experiment
in which Pu(V) was added to colloidal Pu(IV) to give a total Pu concentration
of 1. 6x 10 -3 '::-; O P T AR V8 PR S S :

nowéJé}} when attempts were made to establish equilibrium starting with
‘colloidal %u(IV) without Pu(V) present initially, very much higher log Q'z .
values were obtained.v When the ihitial”colloid concentration was' 6 x 10 3 .

log Q' was Eound to be’ about 4 8 after 6 months. In a similar experiment ‘

1. o
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" using 0.014 M colloid, log Q' was about 5.2 after three months. In these
experiments the average oxidation state increased by about 0.14 * 0.07% per
day.

At present it 1is not at all clear why observed values for log Q' are far
smaller when colloidal Pu(IV) is formed from Pu(V) than when Pu(V) and Pu(VI)
are formed by oxidation., It should be noted, however, that the relative
anounts of colloid are nuch _greater in the latter experiments. The
conclusions to -be drawn at present are that further work will be required
before the system is understood and that solubility products determined from.

experiments such as, these must all be viewed with caution.

Ce Complex Formation.Between Am(III) and‘Carbonete. A tecent review ‘
of thermodynamic data for americium has indicated that there is considereble
uncertainty in the identity and formation constants of Am(III) with A j
carbonate.32 Because americium is an important waste element, this informa-
tion will be needed to calculate americium solubility in water from Yucca
Mountain. We have found that the citrate and carbonate ligands compete |
effectively in conplexing An(III). The solution absorption spectrum of
An(III) containing equal molar concentrations of citrate and carbonate was
observed to be quite different from the spectra of solutions containing the ’
individual ligands. Further study should yield the carbonate complexation
quotients for Am(IIl) and indicate if mixed species are, present.

5. Determination of Solubilities and Complexation of Waste Radio-

nuclides Pertinent to Geologic Disposal at the Nevada Test Site (H. Nitsche

and N. Edelstein). Work continued on the measurenment of the solubilities of
237Np0;, 237Np0§+, 242 4+, 242P 0;’ 242P 0§+, nd 243Am3+, individually, in
groundwater from the Nevada site and in aqueous,NaClOa solutions of similar
' 33 0 2+ + 3+ ’
The NpO2 ,» Np 02, and Am

equilibrium. The actinide concentration in the supernates was determined

pH and ionic strength. solutions have reached

with a solid-state X-ray, counting system utilizing the 29. A-kev decay line
‘f 237 263 36

analysis of these solutions was performed as adsorption spectrophotometry on

Np and 74.7-keV energy peak for Oxidation state distribution
a Cary 17 double beam recordind spectrophotometer with l-cm cuvettes and

0.1 M NaC104 at pH 7 as reference solution. Separation of solid and solution
phases was made by centrifuaal fiitration with Centricon Microconcentrators
(Amicon Corporation),‘molecular_weight cutoff 30 000, pore size approximately

2 nn. Possible absorption of soluble materfal on the filters was ninimized
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by first filtering an aliquot of the sample and discarding the filtrate
before filtering a second sample for analysis.’ Table VIII lists the
analytical results.

No absorption band was found at 1223 nm that would‘indicate the presence
of Np0§+. ‘
conversion to Npoz, whereas no change in oxidation state occurred for the

fhe-initially hexavalent.neptunium solution undernent complete

NpO2 and Am3 solutions. The slight difference in concentration for the
3 solution between the results for gamma pulse height analysis (Y-PHA) and

absorption spectroscopy can be attributed to yariation in molar absorptivity.

The value used (e = 378 M-l cm~1) has been determined in 0.1 M HClOA solution

and not at pH 7 where a hydrolysis contribution might change the value.35

4+ + 2+
The Pu Pu 2, and PuO2

numbers for supernate concentration determined by G—liquid scintillation :

solutions are near steady state; approximate

counting are given in Table IX. Characterization of” the solids by X—ray

powder diffraction is currently being performed. A ‘ ’
Because the presence of plutonium polymer can be expected in the super—

nates of these plutonium solutions; we wanted to familiarize outselves with

its solution properties. S "" A -

IAB’L%:‘ VIII
ANALYTICAL RESULTS OF SOLUTIONS IN EQUILIBRIUM WITH THEIR®
* SOLID PHASE (SUPERSATURATED STARTING ‘CONDITIONS) =~
IN 0.1 M NaClO, AT pH = 7.0 £0.1, 25 1°C, AFTER 78 DAYS

-1 o

Initial = Concentratgon‘:"'Concentrat on - Final - -
"Species oo (mol/ )T .. i (mol/R)- - . Species .
1 Rt a1 x IO 3, 47 %107 T npoy
o ST O RS ST e L
2 npoj 4.35 x 107" _4 49 x 10 -4 NpOy
3 .. - an3t 12490 %1074 ¢ - 2.35 x 10 ",; T
2 -PHA." T T "
bAbsorption spectrophotometry I L A S
| Npoz ‘980 nm, €=395 M L oem b . o
‘ 1 ]

: 503 nm, &= 378 M l-em b,
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TABLE IX
PLUTONIUM CONCENTRATIONS IN EQUILIBRIUM WITH A SOLID PHASE

Initial - Time
Species Hol/2 (Days)
4 pu* ~2 x 1078 69
5 Puo5 ~8 x 1078 62
6 Pu0} ~3 x 1077 61

The Pu(lV) polymer was prepared from 242?u4+ stock by hydroxide pfecipi—

tation and redissolution of the precipitate in a smali anount of concentrated
HCL. Dilution with COz-free_HZO gave a solution with 1.9 x 10-'3 M toﬁal
plutonium concentration and OfOS M_[H+]. All manipulations were done in a
inert box. After 7 days, approximatély 287 of the plutonium was converted to
Pu(IV) polymer: The plutonium polymer concentration was determined by
absorption spectrophotometry utilizing the band.at 613 nm. The remaining

3+ (~22%). A part of this

solution underwent a cation-exchange column separation on Dowex AG 50 x 8

plutoniun in solution was PUO; (~50%) and Pu

resin (200 to 400 mesh) in order to obtain pure Pu(iV) polymer. The
absorption spectra of the polymer agreed well with published data, although
our molar absorptivity value of 11 to 12 M—l cm—l for the 613-nm line was
lower than report’ed.:’,6

After 7, 21, and 27 days, no change was noticeable in oxidation-state
distribution for both the polymer mixture before the ion exchange and the
Pu(1IV)-polymer solution. The fate of the oxidation-state distribution in
these solutions will continue to be monitored. Separation§ of the Pu(1V)
polymer with an Eppendorf Microcentrifuge (12 000 x g, ~100 nm sizing) and
with an Amicon Microconcentrator (sizing ~2 nm) showed that 65.57% of the
polymer had a size of <100 nm, and 0.4% a size of <2 nm, respectively.

The rather low concentrations of our plutonium supernate solutions
require also a different method than absorption spectrophotometry for the
determination of oxidation-state distribution of solution species. .Ihe most
comnonly used method utilizes a combination df copfecip{tation with rare

earth fluorides and both thenoyltriflucroacetone (TTA) and hexone (methyl
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- 1sobutyl ketone). extractions.?7- The methods. used and their selectivity for

.and Pu ‘—Puo

Ty

by :spectrophotometry. . .

specific oxidation.states are, given in Table X.. S . o '
+ +5
.The TTA-extraction method was, tested individually on Pua_, Pu3“—Bu4 ’

4 g mixtures of known concentration at the 10 M level 1n air./

Oxidation-state distribution was verified by absorption spectrophotonetry.
¢ «.Extraction of Puaf- 3+ mixtures was performed in 0. 5 M TTA/xylene in
acetate buffered .solution at PH. 4 92 27 of total plutonium was recovered.

TTA-extractions at pH 0 always yielded §8 ZA Pu . Several hexone .
extractions on Pu4 -I’*O%+ led to irreproducible resultS° Puog+ P,éA recovery

was between 60-and-100%. .This _can. be due to, the fact that the phase

boundaries are not very distinct since they are formed by two colorless ]

solutionsr

i

Our study also showed that the plutonium—state measurements are more
reliable and reproducible if fewer extraction steps_are involved. , For

example, a TTA-extraction of the Pugf at pH 0 followed by an additional 4

3+ 3+

TTA—ettraction of the Pu”  at pH . 4 gave an erroneous value for the Pu ) f

A

whereas -the determination as the difference of the results for the two

3+

extractions performed separately agreed well with the Pu ; value determined

L TABLEX o
oxmumn STATE DISTRIBUTION

e
Y
.

Method Organic Phase .. ; ‘Aqueous Phase _

3.TTA—extraction3834~fh: -t IV TR =,:"111, V, -VI; polymer
atpH 0 "'f-'-'—;," u-,,. T AN TR : (I e .

- 38 39 'h.",_‘;; . - [T - .
TTA—extraction v TITand>IV.Z-+i-0 'V, VI, rpolymer . 3

~at pH& S - . . P .
Hexone4extractionif r Lt "IVzand VI~ - . o :-IIL, V, !polymer.

' LaF; —precipitation T IILL ive polymer TV, VI in supernate: - -
"method ‘with holding—; n} iin . precipitate ... - T s s e

LIS R P T Y N P

B A ¥

oxidant
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" Finally, Pu3+,>?u4+, Pu(1V) polymer, and Pul

the above-described methods at the 10-'4 M and 10 ° M levels in an argon-
atmosphere glove box. First, the concentrations of the Pu4+-Pu0§+ mixture
“% M and 1073 u,

reépectively. Secoﬂq, the two solutions were mixed to yield a total pluto-
nium concentration. of 1.844 x 10-4 M. And third, this solution was diluted
with 1 M HCl to a total plutonium concentration of 9.67 x 1078 M. Then both

2+ mixtures were analyzed by

and’Pu(IV)-polymer were determined by spectrophotometry at 10

solutions underwent the oxidation-state analysis. Each extraction and
coprecipitationAwas done in parallel at both concentrations to exclude
possible changes of the solution composition with time. Results are given in
Table XI.

All samples were assayed by a-liquid scintillation counting and
corrected for background. Quenching effects in the TTA-sanples were
considered by setting the energy window of the Packard A 460C Scintillation
Counter appropriately. A modification of the instrument enables us to
monitor the u—liquid;scinttllétion spectrum on a multichannel analyzer.
242Pu test solutions contain a small amount of 241Pu,
241Am of the liquid scintillation

Because tﬁe
corrections for the daughter nuclide
counting results were also made. All samples were analyzed by counting the
59.5 key 2%

The values for the 10-4 M starting concentration agree to within %57

An Y-ray with a solid-state x-ray counting systen.

with the findings by abeorption spectroscopy. Agreement between 10_8 M and
107" M mixtures is within *5% for Pu3 and the sum of Puo2 and Puog+
However, for Pu4+ the value is 207 higher at the lower concentration, and no
Pu(1v) polﬁmerlras recovered.

One could conclude that either the polymer extracted into TTA at pH =0

at low concentration or that the 10-'7

M plutonium—-stock solution was
depolymerized with.l M HCLl sclution to yield Pu4+. Therefore, we repeated
the TTA extraction at pH 0 as a function of time. Extractions were performed

15, 45, 90, and 180 minutes after preparation of a 10f8

M solution by
dilution. The results showad that no polymer extracted into the TTA phase;
however, not all of the polymer could be found in the aqueous phase..

Experiments are being considered to ascertain the source of this discrepancy.
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TABLE X1

RESULTS OF OXIDATION-STATE DISTRIBUTION DFTERMINAPION ON PLUTON[UM OXIDATION-STATE HIXTURES
25 % °c ARGON ATMOSPHERE

Hethoﬁ .

TAA, pii = 0 -

(direct)

TIT, pl = 4
(indirect) :

LaP3, ; e {;
pcpt. S
(indirect)

3

snperngte*_!L

(direc;)

Total Yield

aRequlté ﬁ;oﬁ‘absorptidn speétroscoby.ﬁ

€S

LaF”, ,’ - §f

Sta
C 4

te
+

Pu"

Pu3

+

10xidation

[

Pu(Iv)<
polymer

- Total _4;“ . Total ié A
Pu 1.844 x 10 Pu.9.67 x 100
Concentration (M) Concentration (M) .
(X Total) ' (X Total) '
9.45 x 1070 (53.3) 7.65 x 1078 (74.4)
1,77 x 107 (9.8) 153 x. 1078 (14 9y
" ‘ . .
S =10,
4 30 x.107 (23.8) -, 8 x 10710 (0.9).
2.54 x 10 (14.1) .02 x'1078 (9.9)
. 1,806 x 107 (97. 9) 1.028 x 1077 (106.3).

i

o - Total -4
Pu 1.844 x 10
Concentration (M)
(X Total) '

8.69 x 107> (47.1)

_ b§low detqgtidniw

i
S D
. 5.6 x 10 T.(30.4)_
A S Vf“?*
.1.23 x 10 (6,7)‘ o
(only PuO * | - _
\Pu02, below detection
Y eeq -4, 0T
1.552 x 10 . (84.2) .




E. Sorption and Precipitation

1. Batch Sorption Experiments of Uranium, Tin, and Thorium (B. P.

Bayhurst, S. D. Knight,‘and K. W. Thomas). Batch desorption measurements
have been completed for uranium and tin with water from ngl J-13 on tuff
sanples described in the last quarterly reportho and are‘reported in
Table XII. The uranium desorption valueé‘measured do notifollow the trend
observed previously where desorption values had been un to 2.5 times higher
than sorption values. However, there may be very la}ge errors in the experi-
nents due to the very small degree of uranium sorption initially, and these
results are not disturbing. The tin desorption ratios were as expected.
Although not specifically listed by the Environmental Protection Agency
(EPA) in 40CFR191 as a primary hazardous waste element, thorium is important
230 . 226Ra, which 1s considered a
230, (£ )y = 7.5 %

104 yr), radium may be transported in the form of the parent thorium isotope.

because Th is the long—lived parent of

hazardous nuclide. Bacause of the long half-life of

Therefore, it is important to characterize the sorption properties of thorium
as well as radium. Initial studies of thorium solubility.and sorption were
described pr:eviously."*1
quarter on four tuff samples. USW G-1-1292 and USW G-1-2233 are described by
Daniels et al.;22 USW G-1-2289 contains 37% mordenite, 5% clinoptilolite, 7%
quartz, 4% cristobalite, and 457% alkali feldspar; USW G-1-2363 contains 33%

quartz and 62% alkall feldspar.

Table XIII lists sorption ratins measured this

The thorium sorpzion ratios do not correlate with efther pH or
mineralogy. The thorium tracer feed solution was adjusted to pH 5.6 to 5.8
with NHAOH prior to flltering, yet the yield through the 0.5-mm filter was
only 12 to 247. Previous experiments had shown thorium solubility to be much
higher at this pH. 1t is suspected that the neutralization process might
have caused some preclpitation of thorium prior to filtering. Once the
sorption experiments were under way, the pH was measured every other déy. At
12 days the pH reached 7, the experiments were halted and‘che sorption raﬁios

measured. Experiments are just beginning in the controlled CO, atmosphere

2
box to be compared with these ambient atmosphere conditions.

2. Long-Term Sorption Experiments on Technetium and Neptunium -

(S. D. XKnight, F. O. Lawrence, M. R. Cisneros, and K. W. Thomas). The long-
term sorption experiments for technetiun and neptunium were started 9 months

ago to determine whether the measured sorption ratios for these two elements
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TABLE XII
' DESORPTION RATIOS FOR URANIUM AND TIN IN J-13 GROUNDWATER
ST i e Desorption Re;iosb
Traced Traced Feed | (m2/g)

S Feed Concentration ' Experimental Value - .-~ e
Core . Element -: pH () (pH) Average
G-1-1982 Uranium 8.72 2.7 x 10-6 0 4,1 2.1(1.4)d
. . ;o . L r'«"‘ (8-95) . (8306). AR SO
G-1-2233 ° Uranium®  8.72 2.7 x 1070 9.1 6.6  7.9(0.9)¢

(8.28) (8.27)
' G-1-2698 ' Uranium  8.62 2.7x107 77 1.3 - 1.7 c1.5¢0.1)8
G-1-2840 Uranium  8.59 2.7 x 1078 0 0 0?
B ‘ L o0 cre, (8.23) (8.39) I
G-1-3116 - Uranium ~ 8.78 2.7 x 10°° - 1.4 1.9  1.7¢0.2)4
(8.31) (8.33)
GU-3-1937 Uranium  8.68 2.7 x 1070 .~ 7.2 T3 9.8 . 8.5(0. 8)
- et oooa.. (8431) ) .(8.31)
G-1-2860  Tin . 8.4l 2 x 1078 910 650 780(130)
G-1-2901  Tin 8.38 1x 107 30100 45700 38 000(8000)
. LT I : - N S o ! : C B A .
GU-3-1301 _ Tin . 8.47 2x108 1100 1460 1280(180)
B T (8452) 7 '(8 45) ©
N PN ' Sl S cTout P IR T Thg PR R O L S
G-4-1502 = Tin ,s,aat; _:,b‘s_x‘qug Cs03 |, 492 500(8)
a1’~‘ract::l.on size’ is 75 to 500 um. : s w 'h A .
bAll desorption times were 6 weeks. B R  "
: cNumbers in parentheses are . standatd deviations of the mean. ’
dDesorption measurements are subject to larger errors than sorption measure-
ments when-the initial: sorption ratios .are:low. -~ .- . ST
; : ~ CEVLD f L rTEDo s T e e e e
-~ 55
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TABLE XIII
SORPTZION RATIOS FOR THORIUM IN J-13 GROUNDWATER

Sorption Ratilos

Traced Traced Feed Sorption (m2/g)
a Feed Concentration Time Experimental Value b
Core . pH (M) (days) (pH) Average
8

USW G-1-1292 5.61 5.39 x 10~ 12 566 389 478(63)
o (7.52) (7.52)

7

USW G-1-2233 5.75 1.07'x 10~ 12 266 421 344(55)

(7.00) (6.93)

USW G-1-2289 5.76 5.86 x 1078 12 140 146 143(2)
(6.89)  (6.86)
USW G-1-2363 5.60 6.52 x 10°2 12 940 1484  1213(193)

(6.83) (6.82)

—

3praction size was 75 to 500 pm.

Numbers in parentheses are standard deviations of the mean.

chénge over long-time peridds. As seen Erom the data in Table X1V, there
ﬁaﬁe'been no gﬁanges in the measured sorption ratios for these two elements
over a 9-month périod. ihe studies will be completed after 15 months. The
ﬁuff samples being invesﬁigated are described in Bryant and Vaniman.41

3. Neptunium Sorption Isotherm Measurements (F. 0. Lawrence,

M. R. Cisneros, and K. W. Thomas). An investigation is under way to
determine the effect of radionuclide concentratidn on the measured sorption
ratio. Such studiés are refépred to as isotherm measurements. Isotherm
-ﬁeésurementé are néarly'cdmpiete for neptuniunm od tuff.sample USW G-4-1608, a
zeolitized tuff. The data are given in Table XV. These experiments were
performed in a COz-controlled atmosphere box in order to maintain the pH

close to 7, the general pH value for groundwaters found at Yucca Mountain.
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Core

. TABLE XIV..

1ONG-TERM NEPTUNIUM AND TECHNETIUM SORPTION

RATIOS IN Well J-13 GROUNDWATIER

Sorption Ratios

(m2/g)

" Traced Feed : - _

Traced Feéd Concentration Sorpcio‘ 'EipefiﬁentAIZVélﬁéé

(8.83) -

Element © pH ' (M) .- . Time (pH) '~ - Average
GU-3-916 Neptunlun Not avail- 6 x 103} 6 weeks 4.8 4.9  4.8(1)
able (8.76) (8-65)
3 months 5.1 5.4 5.3(1)
(8.69) (8.68)
6 months 5.6 5.2 5.4(1)
(8.48) (8.54)
9 months 5.1 S.1 5.1(1)
© (8.24)  (3.08)
Technetiun. 8.57 6 x 10710 6 weeks 0.50 0.94
0.72(0.2) - .
(8.51) " (8.57)
. 13 weeks 0.33 1.3
0.81(0.5)
(8.75) (8.70)
6 months - 0.8l 0.44
0.62(0.2)
(8.61)  (8.66)
_ 9 months 0.14 0.11
0.13(0.02) . '
' (8.81)
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TABLE XIV (cont)

Sorption Ratios

(me/g)
Traced Feed
Ca Traced Feed Concentration Sorption Experimental Values b
Core Elenent pH (M) Time (pH) Average
GU-3-1301 Neptunium 8.4 2x 107 6 veeks 1.8 1.7 L.7C1)
(8.53) (8.54)
8.6 6 x 107! 3 wonths 2.3 2.1 2.2(1)
(8.63) (3.65)
3 months 2.1 1.9 2.0(1)
(8.65) (8.67)
6 nonths 2.2 2.3 2.2(1)
(8.55)  '(8.62)
9 moanths 1.9 1.8 1.9(1)
(8.46) (8.47)
Technaeciun 3.67 7 x 10-10 6 weaks 0.058 0.022 0.04(0.02)
(8.41) (8.47)
13 waeks 0.065 0.002 0.03(0.03)
(8.63) (8.69)
6 months -0.003 0.004 0
(8.60) (8.61)
9 months 0.013 0.031 0.02(0.01)
(8.70) (8.72)
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‘TABLE XIV, (cont) : .

L

< Sérﬁﬁion ﬁéiiss :

(mg/g) "

.-

Traced Feed
Traced Feed

(M) —Time -

Concentration Sorption Expe

¥

rimental Valies
~- (pH) -

JUe,

Averaggb

G-4-1502" “Neptunium

‘Technetium

#Fraction size is 75 to 500 -0 B P A S

Nuabers in pa:entheseslare;gtandard'dey{;ti§ns;of.;hg’mgan,r.5.,,“

"V8072

1070
s.gonfhs

"% nodths”

‘. -9 months
S B P R I P
8.74 8 x 10710 6 weeks
.. L.
T L 713 'weeks
P R S L

6 months.

:! ,;: "f. . ‘:,:,
P L AL IR TR S
.. [T - i B L
9 months
o3 LT ke

~ ! - . . - : ™
.- SL 4 P
oot - s i ‘« :

P B P

6.weeks 7 .

-

TS
(8.33)"

(8.66)

4,7

5.1

':‘:;5'0 -
T Lplnias (8.44)

.5.2 -

(8.37)

0.062

-7 (8.60)

[

‘0.06 -
7(9.00) "¢
<0.085 -
(8.65) . (8.65)
:-d.bs‘
RN S I . o
“(8.71) 7 (8.75)

. 3.5

L(8c32)_

3.4

;0 6,0(1)

a;ééii

(870

*(8.49)

~5.0

7 4.8(1)

-

T 5.1(1)

(8.53) "

$-0.003

(a.so)

*°~0.038

) :6.b5 )

[ S

(8.81)

-0.09...

0.02(0.02)

- 0.01(€0.05)
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The measured sorption ratios are independent of the neptunium concentra-

=5

tion at concentrations less than 10 © M and show little varliation at greater

concentrations. Comparisons of sorption ratios measured in a COz-controlled
atmosphere and under ambient conditions are shown in Table XVI. With the
exception of tuff USW GU-3-433, the ratioe are unaffected by the atmospheric
conditions studied. The USW GU-3-433 experiment will be repeated. Data were
also obtained for 233Da, the daughter nuclide of the tracer, 237Np. These are
reported in Table XVI[..: ) .

‘4. Effect of Goundwater Composition on the So:ptive Properties of Tuff

(S. D. Knight, and K. W. Thomas). Because groundwater composition may vary
between the repository and the accessible environment, studies are being
conducted to de:ermine what effect various groundwater compositions have on
the measured sorption raeio. Comparisons are being made between sorption
measurenents perforned using water from Well J-13 and those using water from
the 1298~ to 1732-m zone of Well UE-25p#l. Well UE-25p#l water has a much
higher concentration of calcium, magnesium, strontium, barium, sodium,
bicarbonate, and sulfate than does Well J-13 water. The detailed
compositions ef these two waters are discussed in the previous quarterly
report.34
- Table XVIII gives the results obtained for tin using Well UE-25p#1
’ ﬁater, and Table XIX compares results of sorption in Well J-13 groundwater
with sorption in this'water. In generai, tin sorption ratios are higher for
Well UE-25p#l water than for Well J-13 water, the same effect observed for
europium previously. It 1is suspected that precipitation of tin occurs in the
‘higher ionic strength water. While the sorption ratios measured cover a wide
range, none of the ratios was less than 100 nt/g. The sorption ratios for
tin do not‘appear to be related to nineralogic composition of the tuff.
However, USW G-1-2901, a devitrified tuff with a small amount of calcite, had
very high sorption enﬁ desorption ratios in both groundwaters. The highly
zeolized tuff, USW G-4-1502, had low sorption ratios in both groundwaters;
thus tin sorption ratios seem to be independent of zeolitic content. This is
not unexpected for.a tetravalent species. .
These studies continue to show that groundwater composition’'can have a
significant effect on the sorptive behavior of elements. Future work will
include additional tuff samples and water from Well USW H-3.
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TABLE XV
NEPTUNIUM ISOTHERM SORPTION RATIOS UNDER

€0,~CONTROLLED ATMOSPHERIC CONDITIONS®-
Traced w Sorption Ratios -
Feed Traced : (mg/g)
Concentration Feed Isotope(s) of Experimental Values L b
(M) . " pH - Np Present = . - (pH) -Average Value
6 x 107° 7.0 2y, 235y 2.0 2.7 2.4(1)
(6.4) (6.3)
3x 1074 7.2 Py, e 103 0.57  0.94(1)
- (6.4) - (6.5)
7 x 107° 7.3 Ty, 2By, . 3.5 3.2 . 3:4(1)
' : - (6.7) (6.7) s
3 %107 7.2 By, 2P o3 L3 3.3(1)
‘ : (6.7) (6.7)
8 x 1070 73 7w, P L oa7 . isa 0 La(D
: : g 2o (647) (6.7) oL
3 %1078 7.3 Dy, 2y, 4.5 5.4 - 5.0(1)
(6.7) (6.7)
7 x 1077 7.3 Py, P . 5.2 4.7 . 5.0(1)
o C(6.7) - (6.7) ¢
4 x 107 7.3 Py, P s 5.9 5.2(1)
o , L (6.7) (6.7) oo
2 x107H 7.2 %3y, C5.20 T 5.6: L 5.4(1)

. : (6.7)  (6.8)

3Core was G-4-1608;>75 to 500 um. Atmosphere was enriched in COzvto ~5%.
Sorption was for 6 weeks. . - -

bNumbers in parentheses are standard deviations of the mean.
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TABLE XV1

COMPARISUN OF NEPTUNLUM SORPTION RATIUS UNDER AMBIENT
AND CONTROLLED ATMOSPUERIC CONDLITIONS

Sarption Ratio

Traced Traced Feed Sorptlonc (meg/g)
Atmospheric Feed Concentration or Experiuwental Value
Core? Conditions pH (M) Desorption (pil) Average Valued
CU3-433 Anbient 8.6 3 x 1071 Sorption 13 14 - 13.5(1)
. (8.4) (8.4)
co, 6.8 8 x 10712 Sorption 0.82 0.68 0.75(1)
(6.6) (6.7)
CU3-1203  Aubfent 8.6 3x107M! Sorption 0.5 0.49 0.49(1)
(8.4) (8.5)
co, 7.1 6 x 10! Sorption 0.36 0.35 0.35(1)
(6.8) (6.8)
CU3-1301  Aablent 8.4 2 x 107 Sorption 1.8 1.7 1.7(1)
(8.53) (8.54)
Desorption 18 18 18(1)
(---) (8.42)
co, — 2.5 x 107! ~ Sorption 2.1 2.1 2.1(1)
(6.65) (6.63)
Desorption 31 26 29(3)
(6.15) (6.14)
C4-1608 Anblent 8.7 3.5 x 10”4 Sorption 6.1 6.6 6.3(1)
) (8.3) (8.4)
co, 7.2 2x 1071 Sorption 5.2 5.6 554(1)
(6.7) (6.8)

a

b
2

Fractlon size was 75 to 500 pm,

€O, -atwosphere was céntrolled to be enriched to ~5Z in CO

cSorptlun and desorption tilmes were 6 weeks,

e

Numbers in pareatheses are standard deviations of the wean,

e




. TABLE XVII
- PROTACTINIUM ISOTHERM SORPTION RATIOS UNDER
€0,~CONTROLLED ATMOSPHERIC CONDITIONS®

" “Traced Feed =~ Traced

Concentration: Feed - Experimental Vafue:'”-‘ oo b
e (M) .. pH _ - {pH) " Average Value
xR T80 T s 5.3 7 b.4(1)
T (6) (6.3)
12 00 Lo -
5 x 10 7.2 5.0 5.0 5.0(1)
. (6.4) (6.5)- . -
.?12 e . .
1 x10° 7.3 -"3.8 - 4.1 4.0(1)
: (6.7) . (6.7)
sx107? 72 s 1000 7.7¢2.8)
L (6.T)  (6.T)
-\13.3- [N "t
1X10 7.3 8.4 8.0 8.2(1)
g o R (1)) (6.7) '
-14 L g e e
5% 10 7.3° 733 4.1 3.7(1)

(6.7) - (6.7)

®Core was G-4-1608, 75 to 500 um. Atmosphere was enriched in CO,.to

~5%. Sorption was for 6 weeks.

e e L

bNumbers in parentheses are.standard: deviations of: the mean. . .

pt
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TABLE XVIIIL
TIN SORPTION RATIOS IN WELL UE-25p#l GROUNDWATER®

Sorption Ratios
(n2/g)

o

Traced Traced Feed c B
Feed (Concentration Sorption~ or Experimental Values

Coreb _pH- (M) Desorption (pH) Average Valued
G1-2840 8.86 6 x 10-8 Sorption 18 000 22 700 20 000(2700)

(8.84) (8.89)
Desorption 25 300 11 600 18 400(6900)
(9.00) (9.02)

GU3-1301 8.38 9 x 10-8 Sorption 3480 4420 4000(520)

(8.99) (8.99)
Desorption X 6750 6750

(9.10)

G4-1502 9.01 7 x 1072 Sorption 706 910 800(110)
(9.05) (9.06)

Desorption 428 182 300(130)
(9.16) (9.18)

G1-2901 8.75 lx 10-7 Sorption 35 000 36 700 35 800(900)

(8.82) (8.94)
Desorption 54 400 50 700 52 500(1900)
(8.97) (8.98)

%Jater taken from a depth of 1298 to 1792 - 18
bFraétiou size was 75 to 500 m.
cSorption and desorption times weras 6 weeks.,

dNuubers in parentheses are standard daviations of the mean.
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_ . TABLE XIX A
- COMPARISON -OF “TIN SORPTION RATIOS IN J-13 AND UE-ZS#I GROUNDWATERS

- Sorption Ratios_ - . ‘ Desorption Ratios

Core ; N 7 (me/g) (m&/g)
CWEILd-13  WellUE—25f1 ' = Well J-13 Well UE-25/1-
USW G-1-2840 283 20000 ' 780 18 400
USW GU-3-1301 168 4000 1280 6750
USW G-4-1502 215 800 500 300
USW 6-1-2901 22 000 3580 38000 52500

%§ater from depth 1298 to 1792 m.

F.. Dynamic Transport Processes 'f ]
) A Kinetic Effect in Actinide’ Sorption (J. L. Thompson, P. Q. Oliver,
W. R. Daniels, and R. s. Rundberg) In a previous reportl‘2 we have described

a kinetic effect for plutonium and americium sorption on crushed tuff columns
run at- moderate flow rates (about 100 m/yr). Our purpose in writing this
section is to. summarize the experimental data relative to this kinetic effect
which to our knowledge, has not been discussed in the literature. While we
have not identified the underlying causes for the slow sorption of the_";
actinides studied to date, we believe this to be related to the sorption e
process itself, and not to be an artifact of the experimental design or mode
of construction and operation of the columns. Furthermore, the kinetic effect
appears to be present for a variety of sorption substrates and may”prove to
be a significant factor in modeling actinide retardation.;‘ .
_ The columns with which the kinetic studies have been performed are
constructed from acrylic tubin They are 5 cm 1ong, about 1 cm3 in volume,
and fitted with polyethylene frits and polypropylene Leur fittings. Typical
column parameters for a filled column are column density (p) = 1 7 g/m2,4 '
column porosity (c) ] 0 6, and free column volume of 0 5 mz. The experiments

are carried out at constant flow rate and constant feed concentration.'
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The volume at which the solvent (water) from the feed solution first appears
in the effluent is determined using tritium. When an actinide is present in
the feed solution, the volume at which the actinide first appears in the
effluent is compared to the volume at which the solvent first appears. This
ratio is called the retention factor, Rf, It can be related to the sorption
ratio, Rd’ by Rf =1+ (p/g;)Rd (Ref. 43). ‘[The conventional formulation is
R = 1 + (p/g)Kd, where K, is the distribution coefficient. 1In the
geochemical research conducted at Los Alamos in support of the NNWSI, the
term "sorption ratio” is used rather than "distribution coefficient” to
emphasize the fact that equilibrium conditions have not necessarily been
obtained.hal The tuffs with which we have been working typically have
sorption ratios of a hundred or greater for plutonium and americium, so it
was anticipated that a column with the parameters given above‘would yield Rf
values of at least several hundred. This was found to be in sharp contrast
with our observation that a portion of the activity moved through the column
with the solvent front (that is, Rf approximately = 1). The tuffs studied to
date in our flow column experiments with plutonium and americium are
specified in Table XX, along with Rd values as determined by the batch
technique and as calculated from the column Rf values. Also included are
some preliminary data on neptunium sorption, Here the contrast 1s not quite
so striking, since neptunium has rather low sorption ratios. Nevertheless,
the R.d values as calculated from the column elutions are significantly lower
than those determined by batch techniques. ©Note that in both batch and
column experiments the amounts of actinide involved are small. Solutions are
generally about 10 M in the actinide; sorbed actinides on the crushed tuff
are about 10 ppb. Because the elution pattern of the actinides from these
columns was so different from what was expected on the basis of the batch Rd
values, numerous experiments were performed to check the column behavior. It
was found that similar replicate results were obtained from duplicate

columns and from the same columns on repeat runs. Also, column elutions of

tritiated water and of 85

Sr indicated that the column performance was normal.
‘Slowing the flow rate of feed solution from 0.15 mg/h to 0.025 me/h made only
a slight difference in the volume at which the activity broke through. We
came to the conclusion that for these columns 10 to 50% of the input
radionuclide concentration activity will appear with the solvent front, or

quite close to it. We then did an experiment using our usual batch
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. 2, -« TABLE XX . S : e
" KINETIC STUDIES OF SORPTION -COLLMNS = . - = ;.

[ PR s e

, Ty - L A S e e . E,JREIValues
Experiment . - Tuff -:Type - - - Constituents- . . Bateh- Column

Plutonium : - JA-37 - . Welded:: .- Glass, feldspar, . .., 4 E2 . ;
L , o cristobolite o

\,,4

e

© YM=-49 - ° . Partially - |

welded o . .

usw G-1—1883~,Partially --Feldspar, .quartz,: 8 El .. 0.3
welded cristobolite

i U126 . - . Zeolitized-::Clinoptilolite,,. . 3. E2 . 0.5
L \ feldspar ‘ ‘ .
USW G-1-1292 Welded --: - Glass, feldspar, .. 6:E2%. <1
. , cristobolite ’ '

-~ R

Americium . - USW G-1-1292 ' Welded. - ‘.. Glass, feldspar, .o .3 E?
: : . ‘cristobolite ) ' '

~ .0 ‘ ?

: . USW G-1-1436. Zeolitized .. Clinoptilolite, - . -2 E3 .. <1
- . I .. ... . ... quartz, cr;stobolite,
.. . « R - - . feldspal‘ L -

USW GU-3-1301 Vitric ‘;;: Glass, feldspar, ¢ I
s St ‘ cristobolite, quartz = 0 v owiooe

Neptunium _JA-37 :_ﬁélqufi':l' Glass, feldspar, : o "2 ﬁf’“-:d'i
R A *“‘cristobolite ©7 ¢ I A

oo R s ¢ e A 0 L L R St I
R ¢ ‘_:Partially‘ - Glass, feldspar, 8 EO 2
. IR . ‘welded [ et clinoptilolite T PO STl Lal .

v - - P ’_‘ -
-,

. USWWG-1-1883 Partially :i Feldspar, quartz,~ © T8 E0 t0:5
et ‘welded ceere cristobolite IR R N

- S R - _"'H e T

8Estimated value. .. -~ - T

.
4 <
- L. T B R [ e Pl . Teoy - R P SR S -, PR N
- - RN e
N ) N b -
,,,,,, Ve - i i t
- s oo e s o e ——enm - ey cr— e oy TN -—
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methodology, but for short contact times. We used USW GU-3-1301 tuff, which
had previously yielded R.d values of 1500 to 2000 m2/g for 6-week contact
periods. Our results for contact times of 6 hours, 24 hours, and 8 days were
54, 84, and 2000 mz/é, respectively. A number of experiments are now under
way which will yield data on short term versus long term R.d values for
plutonium and americium with a variety of tuffs.

- Several explanations may be advanced to account for the appearance of
actinides in the effluent with the solvent front. (1) A contact time longer
than a few hours nmay -bhe required for sorption of all the input species to
occur. (2) The species originally present in the feed solution may not sorb
completely, but may change slowly (in a period of days) to a more sorbable
species. (3) The activity appearing with the solvent front may be due to
colloid-sized particles (carrying sorbed radioactivity) that have washed from
the colunn. 4 V

The idea that our observed &inetic effect 1s due to speciation changes
has some appeal. The feed solutions are prepared by our standard method,
which involves air driying an acid solution of the actinide, taking the
residue‘up in groundwatet; and filtering through a 0.05-ym Nuclepore filtert.
In the case of plutonium; we have experimental evidence that suggests that
several oxidation states are represented in the final solution. These might
well have differing'sorption properties, so that some plutionium would be
sorbed while some'paeeed tntough the column with the solvent. Also, in a
matter of a few days, equilibria conditions might lead to conversion of
nearly all of the plutonium to a strongly sorbed species, ‘thus accouanting for
the long-term batch experiment results. However, these arguments become very
tenuous when applied to americium,'which presumably exists in only one
oxidation state. Furthermore, in one experiment some of the americium feed
solution was held in a polpcarbonate tube Eot 7’days prior to being used.
This fraction of the solution gave the same elution pattern as the portion
used immedifately after preparation. Thus, while an explanation invoking
speciation may seem useful when applied to the plutonium data, 1t appears
inadequate as an aid to rationalizing the americium data.

_ The idea that colloidal material could cause the observed activity
breakthrough was discredited by the following experiment. Duplicate columns
of tuff were prepared and washed with special care to remove as many of the

fine particulates as possible. One column was run with the feed solution
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filtered through a O OS-um Nuclepore filter, as usual' the other column, with
a feed solution of groundwater that had only been centrifuged enough to
remove larger, visible particulates. Both columns showed similar elution
behavior with somewhat 1ess activity being eluted from the column having
colloidal material in the feed solution. We conclude from this ‘that because
flooding a column with colloids does not appreciably affect its elution
behavior, the presence of relatively small amounts of colloidal material
could not cause the breakthrough of any large fraction of the input activity.
The evidence accumulated so far, then, leads us to believe that the =
sorption process itself must involve one or more time-dependent steps. It
may be, for example, that some sorption must be preceeded by diffusion and
that a few Thours' contact tim° is insufficient for enough diffusion to take
place to allow all the feed material to reach sorption sites. Obviously, o
more experimental work should be directed toward resolvinw the uncertainties
Asurronding this interesting kinetic effect. We believe this kinetic effect'
may have significance for waste management. For exampl models of actinide
transport may have to be modified to account for ‘the observation that the
source material can move over short tine periods nuch farther than would be

predicted on the basis of R

4 values determined by long-range batch

;measurements. ' ,
A program to numerically invert autocorrelated photon spectroscopy data

was developed. " The code, which uses regularization and a positivity
constraint will enable a detailed study of particle size distributions.
This advance will greatly enhance the ability of NNWSI to address the
question of colloid or particulate transport. S

) Two additional 2-nm crushed—tuff columns have been prepared each
containing usw G—2-339 tuff a montmorillonite-containing tuff for use in ’
anion exclusion studies and actinide transport studies.' These 1ong columns
will provide long residence times to access actinide adsorption kinetics in a

dynamic system.

~

The fractured tuff columns are continuing to be eluted with cationic '

tracers, and ‘the results are in the process of being interpreted with matrix

diffusion models. New solid rock core columns ‘are’ being prepared in an

effort to find cores permeable enough to enable transport experiments in a

reasonable time frame
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Ge. Retardation Sensitivity Analysis (B. J. Travis, S. Hodson, E. Nutall,
and L. Brown)

1. Field Studies. We summarize the details of two field studies of

heavy element radionuclide migration and assess their relevance to the NNWSI
project. One of these studies is described in the draft report by Polzer et
al.['6 That report investigates the mobility of plutoniun and americiunm
species in Mortandad Canyon. ‘Treated waste effluents from the Central Waste
Treatment Plant, TArSO, at the Los Alamos National Laboratory have been
released to the enyironment in Mortandad Canyon since 1963. Analysis of
water and sediment samples as well as deeper well water samples provided
information on the mobility of the discharged plutonium and americium
nuclides. Water samples were collected from as far as 3400 m downstrean of
the effluent, Erom the channel, and from access wells at depths of 2 to 20 =
below the channel surface. The desert canyon strean has rather complex
hydrolo gy with episodic recharge fron spring snow melt and from summer rains.

Analysis of sanples indicated that 997 of the released radioactivity
associated with the runoff was captured by suspended sediments of 0.45 pm and
Greater. The nature and location of the remaining 1% radioactivity was the
focus of that ‘report. Reported maxinum concentrations of plutonium and
americium were about 15 pCi/g. There was indication that colloid size may be
important to nuclide nobility. The exact chemical nature of the colloids was
not fully investigated nor was the source of the colloids identified; that
is, did the colloids originate with the effluent or were they pseudocolloids
and if so what was their~composition.

In summary,.that report and the associated investigations at Mortandad
Canyon clearly indicate the presence and enhanced migration of radiocolloids;
however, the experiments nere not controlled as in a laboratory environment
and therefore, the data are quite limited in terms of thelr usefulness in
systen modeling. The study i3 not suitable for code or model veriEication.
However, an analysis of the data and system could identify the types of data
needed for modeling and perhaps add to our general uaderstanding of colloid
nigration. x

The second field study46

involves radionuclide migration from four
gravel/cobble rock-liouid waste disposal beds located at Los Alamos in
Area T. These‘disposal beds, which received radiocactive liquid wastes

discharged from the DP? West plutonium purification and liquid waste treatment
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facility, were completed . in 1945. Liquid waste in varying amounts and types
was discharged into these beds between -1945 and 1967.; Plutonium and ?él
were the primary radionuclides.. This site has been extensively studied (over
17.reports) beginning with a study. of soil. samples taken from the site in '
1946 and. continuing to the present with the most recent report.. This is a )
highly, studied and.well-characterized. site., . .

The most recent report/paper by Nyhan et al.47 provides a well 4
documented history of the site. and . presents study findings that include the
analysis of about 800 tuff samples-taken from drill cores. Sampling holes _
were drilled to a depth of 30 m below two of the disposal beds.

The significant implications for nuclear waste management are that
plutonium and 241Am migrated (at this site) much faster and farther. than
indicated by earlier laboratory experiments. Plutonium was measured at :
depths of 30 m below the disposal beds while laboratory colunn/core studies
reported in 1959 showed essentially complete adsorption ‘and’ retention ‘of
plutonium in the top few millimeters of the tested cores. '

The Dp West site and the prOposed Yucca Mountain site “have" many similar
charateristics that cOuld aid in the evaluation of Yucca Mountain.i These
similarities are (a) welded volcanic tuff (b) fractured flow regions, R
(c) partially saturated Elow, (d) episodic recharge, and (e) migration ‘in a
vertically downward direction. There are important differences also. - The
tuff at DP site is not the same as found at Yucca ﬁountain.‘ Also, the
recharge was considerably greater than expected at the VTS.: There is a
strong posibility that the accelerated transport observed at the DP West site
was due to presence and migration of radionuclides down fractures in ‘the :
Bandelier tuff and/or to dependence of sorption on pH. '

‘ We are currently enhancing the TRACR3D transportvcode to include
radiocolloid migration. The new version of TRACR3D can quantitatively
analyze the experimental data and test various flow and transport scenarios
that may have contributed to the-rapid migration of plutonium and~241Am.

2. Analysis of Laboratory Measurements of Colloids.‘ A sophisticated

laser system is being used to study colloid size distributions under B

laboratory conditions. ‘The laser scattering process can be ‘déscrived  ©

mathematically as a Fredholm integral equation of the first kind""

. b . . )
g(t) = [ K(x,0) (o) dg, £(g) >:0° ., e (3)
a : g

—--- . T T T R
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where K(k,c) is called a kernel function and represents the physical process,
g(t) represents the observations and £(g) 1is the unknown particle size

V'distribution. Strictly soeaking; the true £(g) cannot be recovered uniquely
because of the presence of error in measurements. The effect of error must
be “smoothed” out.

Equation (3) does not have a unique classical solution. One solution to
this difficulty 1s 'to convert Eq. 3 to a Fredholm integral equation of the
second kind that is well-behaved mathematically. Tnis is done by adding a

small smoothing term to give

d b d
J’ K(t,a)g(t)de = [ [ K(t,0)K(t,z) £(z)dzdt + a £(0), £(a)>0 . (%)
a c

Here o is a small parameter that is related to the size of the error in the
data. When o is small, Eq. (4) is close in a sense to Eq. (3).

_ Stated simply, the only way to get a solution to Eq. (3) is-to add
assumptions such as a certain degree of smoothness in the distribution
functions. The degree of‘resolution that can be obtained in £(g) depends on
tne anount of data, tne magnitude of error in tne data, the nature of the 7
kernel function, and the accuracy of the numerical integration.

A computer code called INVPOS has been written that solves Eq. (4) for
the general case. An exanple of how the model works can be found in J. R.
Britten et al.48 Figures 12 and 13 are from Britten et al.49 and show how
well ‘the code can retrieve a bimodal distribution when data error 1is
extremely small and when data error is 17, respectively. The model is being
adapted to the colloid—laser scattering system and is just about operational
for application., It will allow us to extract colloid size distributions from
the laser observations. -

3. Comparisons of TRACR3D With Analytic Solutions. An analytic

solution is available for one—dimensional transport of natural colloids in a

steady flow field.ég

The colloids can have a log normal size distribution.
The colloids are inert except for filtration effects. 1In this case, the

concentration of the colloids is given by

e(x) = ¢ [ £(Ne dn (5)
0
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and the concentrétion of filtered colloids

0

olx) = Uc® [ AE)e (e - w/u)dr (6)
)

where U is flow rate, f(A\) is particle size distribution, x is position from
the source, Co is source concentration, w is porosity, and't is time.
Equations (5) and (6) were applied to data on americium percolation through
glauconitic sands.49 !Figure 14 compares the data with the solution of Eq.
(5) and Qith a TRAFRBD calculation. Comparison is good.
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H. ‘Applied Diffusion (A.‘E. Norris, P. L.’ Wanek, and: K.  Wolfsberg) :
The purpose of this task is to measure -diffusivity under field condi- -

tions at Yucca Mountaih.torensdrefthat}theﬁdiffusivity_valpes”determineQ'io.A

1aooratory’eXperiﬁeots'are”reliable'when used ‘to calculate the retardation of

nonsorbing radioactive ‘wastes 1in ‘water ‘that might flow -through the :repository

block.‘ The work this quarter involved the development ‘of .analytical tech~--- -
niques’ for the detection.of low levels of ‘bromide :ions ‘in groundwater rand :the

use-of bromide as a tracer ‘on 4 crushed “tuff.column in-experiments to . .-

demonstrate’ that bromidé can bé-used as a-nonsorbing tracer: 'The development::

of bromide analysis techniques will be “important, ‘too, if:bromide is chosen: -
as the water tracer for the Exploratory Shatt'mining~operations.;":?

Three ahalytieal‘techﬁiqoes'Havefbéen”investigated!for:use in-routine. -
analyses -of low-level-bromide ion concentrations in groundwater. -Two.of -
these techniques“used ion’ chromatography columns to ‘separate bromide ions:
from othér anions in"the water.::Detectioniof bromide with an.ultraviolet
detéetor'at‘205fﬁm'resu1ted-1n'cOnéistently"reproducible data with-a- - .=
sensitivity of 50 ug/2. The use of-an"anion: chromatography:column and a
poteotiostatie detection system with'a silver working electrode andja. silver.
chloride reference electrode permitted-the detection of ‘bromide ions-at lower
concentrations than with the ultraviolet detector. - However, the potentio- -
static deteotor;yielded“boor peak shapes,-which'made:!quantitative analyses -
difficult. - The third technique' investigated’ for routine use:in bromide-:
determinations was neutron activation analysis. Five-minute irradiations of"-

12 neutrons/cmz-s showed' that 82Br

aqueous samples in & flux of 3 4 x 10
(t1/2 = 35 h) could be detected with' 200 ninutes of counting in a’

Ge(L1) system when the bromide concentration was’ 100 yg/g%. ‘A 20-minute count
SZBr'acti&ity;77Well”J-13>water was -irradiated

823r activity could be detected. .The

was 1nedffioieht”td"detect'the'
and counted for 200 minutes, ‘but’ no-
bromide‘concentration~in Well J-13 ‘water must be ‘less than ‘100 .ug/ 2.

We éoﬁblude”tﬁatibromidé”analyses'on‘afroutine .basis appear‘to -be most -
convenient ‘with ‘an ion chromatography technique .that.uses .an ultraviolet
detector. - S lel oo ‘-‘ sITevnrnnn LT i e e

0ne-expéfiﬁéﬁt}§a§ ﬁérformédltofméaédré'the-extent 6f -bromide retention
on a éoldoﬁ“ofSérusheé'Tooopah’éprinthufff“ Dilution of the bromide ‘tracer -
was lesé'tﬁan'adticipated.#?Additional”exberiments-will be ‘performed to

measure’ bromidé migration relative to-tritium.
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III. MINERALOGY-PETROLOGY OF TUFF (D. L. Bish, D. E. Broxton, F. M. Byers,
Jr., B. A. Carlos, S. S.:Levy, and D. T. Vaniman) )
A. Petrographic Stracigraphy of the Topopah Spring Member

During this quarter; the petrographic stratigraphy of the Topopah Spring
HMember from hole USW G-4, near the proposed exploratory shaft, has been
extensively studied. These studies combined petrographic modal counts,
2lectron microprobe analysis, and scanning electron microscope analysis.
Comparison of the petrographic microstratigraphy within the Topopah Spring
Member is being extended to drill hole USW GU-3 to the south and will be )
extended to other cored drill holes within the proposed repository block, as
well to drill hole USW G-2 in which the internal Topopah Spring strati-
graphy consists largely:of one thick lithophysal zone.so Qur work on
petrographic stratigraphy is gui&ed by the stratigraphic framework provided
by R. W. Spengler and R. B. Scott of the US Geological Survey.

The lmportance of being able to determine stratigraphic position within
the Topopah Spring Member arises because of the need to identify which level
of the Topopah.Spring is being worked during repository construction. For
example, if a fault is crossed during construction, should the drift be
driven in a new direction in order to stay within the most favorable rock .
type? 'The data on petrographic stratigraphy obtained during this quarter
reveal several features that-may provide new stratigraphic subdivisions of
the lower Topopah Spring Member in rock that previously seemed very
homogeneous.

Figure 15 illustrates the petrography of different stratigraphic levels
within the Topopah Spring Member in drili hole USW G-4. For cross-reference,
the lithologic zones in drill hole USW G-4 outlined by R. W. Spengler
(wriften communication, May 1983) of the US Geological Survey are shown in
the stratigraphic column at the left. The elongate bar graphs in the central
part of Fig. 15 compare coarse to fine textures between the different
stratigraphic levels, starting with the coarsest (crystals and lithic
fragments) at the left and ranging to the finest (cryptocrystalline, glass,
and voids) at the right. The granophyric intergrowths (alkali feldspars and
silica minerals) and the silica-filled microvesicles (cristobalite and/or
tridymite) both range from:0.05 mm to approximately 0.5 mnm and are most
abundant in the lithophysal zones where crystallizaﬁion may have been en-

hanced by a vapor phase. Feldspar-silica intergrowths may also produce a
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Lithology and .
stratigraphy were provided by R. W. Spengler, US Geological ‘Survey
(May 1983). Further subdivision of some minerals (for example, the
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divisions shown are current.
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microlitic or spherulitic aggregate in which it is difficult to identify
-individual minerals. Spherulitic crystals are elongate, radiate from a
comnon center, and in some rocks may attain several millimeters in length.
However, nearly all spherulite-associated crystals in the Topopah Spring
natrix are less than 0.5 mm in length and less than 0.005 mm in width.
Finer—-grained groundmass Cextures, in which the individual crystals are less
than 0.005 mm - in size, are referred to as cryptocrystalline. In crypto-
crystalline groundnass the individual crystals can not be seen; XRD studies
indicate that in addition to alkali feldspars and silica minerals the crypto- ‘
crystalline aggregates may include smectite and other hydrated secondary
minerals above the basal Topopah Spring vitrophyre. In appearance, thin
sections of the cryptocrystalline aggragates are semitranslucent to nearly
opaque. The cryptocrystalline aggregates represent quickly chilled rock in
the firs; stage of devitrification. -

ciaure 16 shows the percentaaes of phenocrysts or crystals that crystal-
lized from the Topopah Spring magaa at depth (intratelluric) prior to.
eruption. The Topopah Spring magma was compositionally zoned within the
magma chamber from high-silica rhyolite (approximately 77% SiO ) downward to
quartz latite (approximately 707 3102) or even less silicic compositions at
greater depth. This sequence was inverted during eruption, such that the
lower part of the Topopah Spring ash-flow sequence is high-silica rhyolite,
with its sparse crystal assenblages, followed upward by less‘silicic nagma
with changing phenocrvst assemblages, culminating in the uppermost crystal-
rich quartz latite caprock.51 The changing, uﬁward—increasing phenocryst
assemblage may then be'a guide to stratigraphic position within the Topopah
Spring Member. One difficulty is the fact that the lower CWo—thirds of the
Topopeh Spring is high-silica rhyolite with commonly less than one per cent
crystals, yielding poor data on crystal abundances. This difficulty is being
overcome by counting phenocrysts separately on 0.5-mm traverses and by
relying on additional thin sections provided by the US Geological Survey for
drill holes USW G-1 and USW GU-3. |

From Figs. 15 and 16, based on study of drill hole USW G-4, the
following prelimiﬁary conclusions on petrographic stratigraphy within the

Topopah Spring Member are suggested.
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Fig. 16. Phenocryst percentages in selected samples, Topob'ah 'Spi'ing Memfaer,
" Drill Hole ‘USW G-4. lithology and stratigraphy were provided by
R..W. Spengler, .US Geological-Survey ,(‘bAlayA 1983). . - L.
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(1) The lower nonlithophysal zone (candidate host rock) can be distinguished

‘\from‘the middle nonlithophysal zone by two criteria. First, the lower
nonlithophysél‘eone contains 1.5 to 17% foreign lithic fragments
(xenoliths) whereas the middle nonltthophysal zone has virtually none.
This is. understandable, because the earliet pulse of the Topopah Spring
eruption would bz expected to contain more foreign fragments from both
the vent walls and the ground surface over which it traveled. Second,
quartz microphenocrysts are common in the lower nonlithophysal zone but
are absent or nearly absent in the middle nonlithophysal zone.

(2) The similarity in cryptocrystalline texture of the middle nonlithophysal
zone to that of the lower suggests that the middle'nonlithOphysal zZone
also formed?by chillihgj probably due to a brief hiatus between eruption
pulses. This brief hiatus allowed tha lower lithOphysal zone to form by
vapor phase- action, which cooled the upper . surface on which the next
aruptive pulse (represented by the middle nonlithophysal zone) was
deposited. The middle nonlithophysal zone was chilled, as indicated by
the increased ctyptocrystallinity toward the lowar contact (Fig. 15) but
was not strongly’ chilled by a sufficiently hizh- tenperature gradient to
form a medial vitrophyre, as may be found in some thick ash-flow tuffs.

(3) The upper lithophysal zone can be distinguished from the lower litho-
physal zone petrographically. The'petrogrephic data indicate only
one-third to one-half the abundance of silica-filled microvesicles in
the lower lithophysal zone compared with the upper lithophysal. These
data corroborate R. W. Spenglar's observations_that significantly fewer
voids occur in the lonetﬂlithophysal zone than in the upper (information
provided by R. W. Spnnglet, May 1983). o

(4) Stratigraphic po:ition within the two 1ithophysal zones is not well
indicated by- any pettOdraphic trends observed to date. Howevet, strati-
grapalc position within the upper lithophysal zone ‘can be partially
determined Eron *he increase of total phenocrysts and alkali feldspar
upward in the upoer half of- the zone (Figs. 15 and 16) and by the
occurrence of chilled cryptocrystalline quartz-letite lenticles in the

uppar one-{ifth of the upper lithophysal zone (Fig. 15).

These modnl'oettoérephie.distinctions are:being'énpplenented by electron

microprobe data oa feldspar phenocrysts, on oxide minerals, and on bulk rock
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groundmasses in samples‘having glassy or,cryptocrystailine'texture; Visual
recognition of differences between cryptocrystalline groundmass areas, . -

that is, high-silica rhyolite (about 77% Sioz)'or quartz latite (about 707 . _
5102), has been confirmed by bulk-rock electron microprobe analyses using a . ..
20-micron raster. During these analyses, .it was found that slight chemical
differences occur between_the'cryp;pqryg;a}iine.grogndmassuggar~thglygsgan,A
the middieinonlithophysal‘zone and ‘that. near the base of. the lower . :
nonlithophysal zone just above the basal vitrophyre..: Part of .the crypto-
crystalline groundmass above the basal wvitrophyre has-lost potassium and -
contains:smectite and zeolite secondary minerals .that are probably . . .
attributable to the increased water abundance due to devitrification of

former vitrophyre. ‘These minerals are not found rat the :base of the middle - -
nonlithophysal zone where no vitrophyre is present -and where none probably -.
ever -formed, owing to the much smaller thermal gradient within the ...
Topopah Spring compound cooling unit. ..

-Differing chemical compositions of feldspar phenocrysts*and of secondary
granophyric alkali feldspars .may provide a further means of éubdividing,thej-
petrographic stratigraphy of the Topopah Spring Mémber. Over one thousand
microprobe‘énalysesiof.feldspgrssfppm;dfillAhole USW:G-4 -thin ‘sections._at 16-
different stratigraphic levels have been done.  All:-oxide minerals !in-eight
of these'thin'sections.have;also been analyzed for-the same:purpose.: - -These ' .
data are currently being analyzed. Whether or not these -data.will provide an
additional descriptioniof stratigraphic position within.dominantly rhyolitic.
portions of the:Topopah Spring Member remains to:be:seens :i-. =i ..- ..

B. Studiés'of*NaturalvAlteration~at'Yucca»MOuntain‘f_ Lnooonlrzel it oaeont

: Continuing.studies of. the-lower Topopah- Spring: vitrophyre:are.furnishing
further evidence that hydroué.miﬁerélszin_thisqinterva}:—heulaqditefand.n -
smectite~—are -alteration products-related .to:late-stage -devitrification in-: -
the upper part of the vitrophyre. The-temperature:of formation-has not-been
determined’ directly for the hydrous:minerals,. but oxygen.isotope: geothermome-
try of:a contemporary quartz fracture~filling gives_ a:temperature-of about 91
to 95°C.” The watef-ﬁhat-promoted alteration and dépositedzquartz,:;*‘ N
heuiandite, and smectite was meteoricfwéter}presdmab1§~héated~during paséage
through still—hot"bortionslof the Topopah- Spring Member tuff. . Recognition of

this alteration episode provides an opportunity to study the effects of hot
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water percolating through the glassy rock immediately below the candidate
host rock. In particular, differences in style and intensity of alteration
can be studied in relation to fracture abundance and its influence on the

movement of water through the host rock.

C. - Sulfur Analyses within:the Topopah Spfigg;Member

The report on the use of hot spring systems as natural analogues to a
repository in tuff was completed this quarter (Section II.C.2). Apparent
increases in permeability were noted at several localities, and evidence for
the development of acid sulfate systems in some springs was seen. To -
determine the possibility for development of an acid sulfate system in the
unsaturated zone in Yucca Mountain, we have analyzed ten samples of Topopah
Spring tuff from drill holes USW GU-3 and G-4 for total sulfur (using x-ray
fluorescence). Total sulfur in the samples ranged from 46 to 137 ppm with a
mean value of 66 ppm. Work next quarter will place limits and bounds on the
total amount of’stoa'that can be produced in the repository environment,

assuning that all of the sulfur is present as sulfide.

D. 'Mineralogy/Petrology along Transport Pathways away from the Host Rock

" Petrologic data on rock types both within and away from the repository
block are needed to evaluate the retardation along transport pathways, since
the degree of retardation is in part a function of rock type. During this
quarter, x~ray diffraction studies of samples from drill holes USW WI-l,
WI-2, and Well J-12 were completed to add to our understanding of the diverse
vitric, devitrified, and zeolitized rock zones within the exploration block
at Yucca Mountain and along potential pathways away from the exploration
block. These data will be ‘summarized in a forthcoming report, but some of
the preliminary findings can be summarized here. Dri;l hole USW WT-2 is
within the southeastarn margin of the exploration block at a location between
one drill hole where the Calico Hills tuff is thoroughly zeolitized (USW H-4)
and‘ another drill hole where the Calico Hills tuff is nonzeolitized (USW
GU-3). Samples from drill hole USW WI-2 bridge the gap between these two
vary different drill holes: the zeolitized Calico section in drill hole
USW WT-2 contains about:40 m of clinoptilolite and i3 at an appropriate -
elevation to be intermediate between Well USW H-~4 (about 100 m of clinoptilo-
1i{te) and USW H~3 (no clinoptilolite in this interval). These new data will
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allow a more accurate mapping of the zeolitized intervals below the explora-
tion block at Yucca Mountain. Drill hole USW WT-1, just southeast of the
exploration block at Yucca Mountain, is unique among the drill hole samples
so far studied in that alteration near the water table here has been so
.complete that the basal vitrophyre of the Topopah Spring Member is completely
altered. In the USW WT-1 sanples, none of the vitrophyre glass remains, and
the vitrophyre Interval now consists mostly of clinoptilolite. Drill hole‘
J-12 is about nine kilometers from the exploration block and provides our
most distant samples along the possible flow paths beneath Fortymile Canyon.
Although this core did not penetrate far below the water ' table, the samples
studied indicate that the zeolitization of the lower Topopah Spring Member :
and upper Calico Hills tuff is comparable to the other drill holes examined l
closer, to the eastern margin of the exploration block. ‘ o
Study of zeolite compositions within drill hole usy —4 was also ‘
,completed this quarter, showing that alkalic zeolites occur in the major
zeolitized interval from 436 to 537 m depth, but calcium-rich zeolites heain
to appear at 650 m in a compositional series similar to_ the calcium—rich
zeolites that occur’ throughout the zeolitized intervals to the east 1n
Well UE-25p#l. There is a major difference in calcium, sodiun, . and potassium
contents between those clinoptilolites beneath the Yucca Mountain crest 1
(alkalic clinoptilolites) and those to the east. (calcic clinoptilolites) As
part of our studies, the silicon-to—aluminum ratios of zeolites from these :
two areas have been compiled for comparison with the new data from drill hole
USW G-4 (Fig. 17). -This ratio can significantly affect zeolite ion exchange
capacities and selectivities, and it is important to compare this property
within the major zeolite intervals that may behave as- sorptive barriers’
beneath Yucca Mountain. Figure 17 shows that the silicon-t o-aluminum ratios
for clinoptilolites throughout Yucca Mountain are generally similar.
However, the silicon-to-aluminum ratios of the eastern group of clinoptilo-
lites are bimodal with a main population having ratios falling between 4.0
and 5.2 and a second, smaller population with ratios between 2.8 and 3.6.
The smaller population of low silicon-to-aluminum ratios is confined to the
deepest, most calcic clinoptilolites in Wells UE~25bf#l and UE-25p#l. As
shown. in Fig. 17, no silicon-to—-aluminum ratios less than 4.2.were found‘in'

any of the clinoptilolites from drill hole Usw G—4. Therefore, in general,

this parameter of clinoptilolite composition docs not vary significantly
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throughout Yucca Mountain ‘except for:a few samples well below the water table
and along the eastern margin of.the,exbloratiCn block. Future work will
summarize -the more variable exchangeable cation compositions of .the Yucca
Mountain clinoptilolites., -~ =~ ° . S N SRS (RN L
" During this'quarter;-wogk was ‘also initiated with ‘the Statistical
Analysis Division at Los Alamos to determine what level of sampling is’
necessary to predict :the lateral extent .of the.various vitric, devitrified, ::
and zZeolitized tuffs that occur 'both within and away from the exploration -
block at Yucca Mountain. : i ' s

ad

E. Reports

" Fracture-lining ‘minerals within tuff may be very.different from minerals
in the surrounding rock matrix. ' Waste ‘transport studies .nust be concerned -
with the differences between fracture and matrix transport, particularly in-
rocks where "fracture permeability may greatly-exceed matrix permeability. In
order to, develop an understanding of how:fracture mineralogy varies within-
the Topopah: Spring Member and underlying rocks, we*have~stu41ed'fra;ture'
samples‘froﬁ'drilliholeVUSW G-4. '‘The :usaturated-zone -part .of :this -study was
completed’ this quarter, and'a technical- report is in'fifst-draft;stage..,We\-
will study fractures in the saturated’'zone 'down to the transmissive interval -
in the Tram Member of the Crater Flat Tuff, next quarter. ‘Future studies
will be extended to other cores in’ﬁﬁe-ﬁiéinity of the:exploration:block.

Two other technical reports went to.press this. quarter: "Variations: in"
Authigenichiﬁéralbgy and Sorptive-Zeolite. Abundance .at' Yucca Mountain, -
Nevada, Based on Studies of Driil Cores USW GU-3 and G-3" (LA-9707-MS) and
“Petrology of Samples from Drill Holes USW H-3, H-& ‘and H-5, Yucca Mountain,
Nevada" (LA-9706-MS). oLwrs T AR St G . -
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IV. TECTONICS AND VOLCANISM (B. Crowe, D..Curtis,:D. Vaniman, and N. Bower)

," - ' . ‘ .
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Volcanism studies are‘being‘conductedffor the NNWSI to evaluate -the : .-
relative hazards of future volcanism withﬁiesﬁect“tofstqrage of high-level..
radioactive'waste.“'Work‘during ‘the:;quarter: included field studies in ‘.. - 1
southern Death Valley to: investigate the structural setting of ~Quaternary -
volcanism and continued refinement of the. major and trace-element geochemical

data base for the NTS region.f R ST R N
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Sites of- Quaternary volcanism in southern Death Valley were examined in
the field as a part of studies of the regional tectonic setting of basaltic
volcanism in the Death Valley-Pancake Range volcanic zone. These sites
include a 0.7 Myr scorla cone that 'is offset by the southern branch of the
southern Death Valley fault zone and 1.7 Myr sequence of basaltic andesite
lavas (basaltic andesites of Shoreline Bufte) largely buried by alluvial
fi1l. TLocal pyroclastic surge deposits mantle older alluvium to the east ‘and
west of the outcrop area of the two Quaternary centers. These deposits could
have been derived from either of éhe'centers. Structurally, the basalt
centers are located at the Intersection of the inferred northeast-trending
Windgate Wash fault with the southern Death Valley fault zone. ,

Additional data entry and editing were completed for the trace element
data base using DATATRIEVE on the VAX 11/780.¢ Data for 22 elenments
encompassing 109 samplas from the NTS area have been entered in the data
base. This data base was.cross-checked with the major element data base and
five samples were located which had trace element data but no major element
data. These samples ware analyzed by X-Ray Fluorescence (XRF) for their
major-element compositions. Neutron activation data from the automated data
system was cross-calibrated with the more rigorous neutron activation data.
Relatively good agreement was obtained for the rare earth elements and for
uranium, hafnium, vanadium, and scandium.

A manuscript entitled "Volcanic Hazard Assessment for Disposal of
High-Level Radioactlve Waste” was accepted by the NMational Research Council
for publication in a special volume on recent tectonics and their impact on

soclety.

V. TUFF LABORATORY PROPERTIES (J. D. Blacic) ,

The purpose of this work is to investigate the time-dependence of
mechanical properties of Yucca Mountain tuffs. Xnowledge of how tuff
mechanical properties can be expected to vary over the lifetime of a reposi-
tory is necessary for design and for performance- assessment. Laboratory
investigation of physical and chemical processes responsible for time-~ -
dependence of properties is the first step in an attempt to quantify and
predict the consequences of slow changes in key engilneering properties of the
geologic barrier. The results of laboratory investigations will be used to
formulate preliminary predictive models which will then be used to design
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Exploratory Shaft and‘additional laboratory experiments ‘needed to fully d
quantify the time-dependent phenomena. S

. The approach in this investigation isrto perform 1ong-term creep '
deformation experiments on Calico Hills and lopopah Spring tuff samples over
a range of temperatures and stresses at simulated repository confining and

_pore pressure conditions. This quarter, creep experiments were completed on

" Calico Hills zeolitized tuff samples “from drill hole usw G—q, and work was
) initiated .on Topopah Spring welded tuff samples from a surface block
collected at Busted Butte. Analysis of recovered samples and data from'
experiments on Calico Hills tuff is continuing, but some preliminary;

conclusions can be.stated at this time for thisetuff type.

~———— e

o Hydration/dehydration strains are large and strongly time-dependent.

Hydration-state changes appear capable of generating compressive
stresses of 20 to 60 MPa (hydration) and tensile stresses in excess of
the tensile strength of any.Tock within the thermal field of a
repository (dehydration). | '

o Creep deformation of Calico Hills zeolitized tuff appears to be

V ‘characterized by’ a steady state strain rate component ‘ds‘low as 'l x .-°
.10 10 %;.‘This result offers hope that a predictive model of mecha-

» :nical strength can be formulated that will be valid over the long time
extrapolation required for performance assessment, although the conmpli-
cated" coupling of hydration strain, microcrac&ing, and_water transport
phenomena needs to ‘be sorted out before ‘the hope can be.realized. The

experimental basis for these preliminary ‘conclusions is discussed below.

Test samples afe normally oven‘dried at" 75 C'in the ‘process ‘of attaching
strain gauges ‘to -the’ surfaéés of ‘the samples. -Consequently, " experiments .
begin ‘with“a pore-saturation phase'before’final test conditions areiapplied
and’ deformation begins."This'saturation“phase'was”found"to require a much '
longer time "than" originally anticipated’ varying from 2-to 5 weeks- during Pl
which large’ dilaticnal strains’ were recorded'*an exanplé is shéwn in ‘Fig.'18.
Volume“strains’ upon "saturation’ avérage” about_-S x-'10 3, which™ together-with
an average;bulk§mddulus'bf-4'CPa“impliianfélasticfs&ellingistress?of;aboutlzo
MPa at room' temperatire. ‘Théilongfsaturation‘times'are.the result ofthe "¢

combination of large porosity (about’25%)"and”low-permeability (about
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A portion of the saturation phase for experiment #TC8 shows axial
strain (EZ), circunferential strain (ER), volume strain (EV), and
confining pressure (PC) as a function of time. The externally

. controlled water pressure (not shown) was held constant at 100 PSI.

After an initial hydrostatic compression, the sample strongly
dilates until saturation is nonminally" complete (about 1 week in
this case). All tests on Calico Hills tuffs have exhibited a

saturation phase similar to the one shown here.

1 microDarcy). Saturation is assumed to be nominally complete when pore

pressure in the valved—-off sample does not fall over a l-hour time period.

However, this does not mean that the sample is 1007 saturated, as will be

discussed below.-. After several additional days of saturation during which

the final test pressures and temperature are.established, a constant axial

differential stress is applied to the saople, and‘sample strains are

monitored over -time.. At stresses below about 85% of the ulc;mate failure

stress, sampleS;firgt;exhibit'primary creep at nearly logarithmically

decreasing rates, but then the sense of axial strain reverses, and the

samples elongate against.the appllied axial stress., This appears to
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be due toxvery‘slow‘swelling'resulting from incdhplété-saturation and
hydration of zeolite.and clay minerals... The maximum rate of swelling .
coincides with the onset of dilational microcracking in tests in- which the
axial stress is increased in steps (Fig. 19), This implies that -
microcracking produces additional pathways for water to penetrate the
innermost regions of the sample and produce an increased rate of hydration

swelling. 1In other words, brittle microcracking, water permeation, and -

........

.........

strain contribution due to hydration, we-have begun to Eormulate a constitu—
tive equation to express the time-dependent deformation of Calico Hills tuff.
Primary creep appears to be best represented by a power law of the form.
e(t) = Atb, where e is axial strain, t is time, and A and b are empirical

constants. A is about 3 x 10-3 s-l

and b is approximately 0.02,.based on
preliminary test data. - Most tests exhibited~a~region of constant, "steady
10 (which is detection limit

=1 depending on stress level. Test

state” strain rate ranging .from about 1:x 10
in our experiments) to about 3 x 10 6
temperatures have only varied from 35 to 75 C, so it is difficult to quantify
any thermal ‘activation with certainty -in the .presence : of large .sample . ,
variability._ Nevertheless,gif the raw data are taken at face value, a steady
state activation energy of about 160 kJ/mol is indicated., The most
consistent parameter observed in the experiments ‘is the strain at the onset
of tertiary creep failure. Average axial failure strain is approximately
6 x 10 -3 and volume strain about -1 x 10 3._ These values represent good
approximate strain limits for planning and predictive purposes at present.
The phenomena we have discussed above are of sufficiently large magni— .
tude that important consequences for long-term bore hole and tunnel stability
may be involved. It is clear that these phenomena are complex, coupled,
thermal—mechanical—chemical processes that are poorly understood in detail

but warrant further investigation.yx
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Fig. 19. Stepped-stress creep curve for experiment #TC9. Axial strain (EZ),
circumferential strain (ER), and volume strain (EV) are shown as a
function of time. The constant stress level for each creep stress
is shown above the axial creep curve. ‘Note that the maximum rate

_ of negative axial strain occurs at about 45 to 50 MPa, which is
also the onset of dilational microcracking indicated by the volume
strain curve.

VI._ SEALING MATERIALS EVALUAIION (D. M. Roy and C. J. Duffy)
A. Objectives

Cenentitious materials (grouts, mortars, and concretes) are being
proposed as one major type of potential sealing material for a nuclear waste
repository sited in the felsic tuffs of Yucca Mouatain. Introduction of any
sealing materials will, in general, cause reactions between the host rock and
the sealant because of chemical differences and the reactive nature of fine
minerals and glasges in the tuff.

Different concrete-type sealing materials are being evaluated for their
potential chemical compatibility with the tuff chemistry. Two approaches to

sealant/host rock compatibility were examined. The first concrete utilized
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indigeneous sands and grayel in the formulation of;the sealant. The second
approach utilized more conventional concrete materials, but controlled the
'bulk' chemical composition of the concrete to make it more closely approach
the tuff composition. ST

The purpose of this work is to, evaluate the chemical stability of
potential sealing materials based upon laboratory studies conducted with a

series of conditions.that, represent a range of credible temperature

~ conditions. These studies are being supplemented by other evaluations based

tpon thermodynanic considerations and durable analogues from other sources.

1

B. Elevated-Temperature Reaction Experiments

A number of different experimental designs are being used to evaluate
the chemical compatibility of the host tuff with the concretes. Current’
experimental efforts are being applied to the latter approach in which the
bulk chemical composition of the sealant is adjusted by the addition of
reactive admixtures, largely silica or silica—rich components that are added
in the appropriate proportions to minimize the formation of calcium hydroxide
during ‘the hydration of the cementitious phases. The additions werer.~
carefully. selected ‘to provide the maximum formation of the calcium silicate
minerals tobermorite and gyrolite, resulting in a less porous, less permeable
material. . ‘ N S
The  cementitious mixture 82-22 has been'exposed to a‘potentially -
reactive . vapor phase and to Well J-13. groundwater for extended time periods.
The concretes exposed to the vapor phase at 200°C exhibited extensive growth
of euhedral crystals on the surface’ of the cementitious matrix. The\tuff
appeared” lightly etched, and the surfaces inicontact with the cementitious
matrix appeared to be altered to a depth of _about 500 um. o
The 200°C grout/rock experiments were completed, the solids were.

characterized by XRD, and detailed microstructural studies are in. progress.
X-ray diffraction characterization of the surfaces of "the 200°C grout/tuff
discs revealed the dominant presence of tobermorit “which decreased in
relative quantity with time of exposure to the hydrothermal ‘solution.” Some
gyrolite was also-present. - '

~ The solutions in contact with the solids were collected and chemical

analyses conpleted. Solution analyses are given in Table XXI for reactions
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K,0

1,04

Ca0

"Fe, 0

273

MgO
MnO
Na,O
sio

Tio

TABLE XXI

ANALYs;s OF AQUEOUS PHASE FROM TREATMENT OF
82—22/TOPOPAH SPRING TUFF DISCS AT 300°C,” SATURATED
CONDITIONS FOR | TO 4 WEEKS, STATIC CONDITLONS®

(unol/y)
1wk 2wk 4wk
52 48 4l
3625  4000. 3750
3 33 15
177 277 433
8 25 25
sor® BoL?  BoL®
1435 2214 2565
964 5893 3214
eor®  BoL®  BoL?
o’  NAS  naS
225 BpL®  BDL®
521" 5521 5313
74 7.6 7.6

aSampled»at roon temperature.

?below detection limits.

cNot analyzed.

Ca

Fe

Mg
Mn

mg/y (ppm)
1 wk 2 wk 4 wk
1.4 1.3 1.1
145 160 150
0.2 2.2 1.0
6.9 10.8 16.9
0.2 0.6 0.6
<0.05  <0.1 <0.1
33 ° 51 59
27 165 90
<0.05  <0.1 <0.1
<0.05  NAS NAS
9 <2 <2
50 530 510



at 300°C. A complete evaluation of all of the solution analyses has not yet
been completed, because they have only recently become available from the
analytical laboratory. ' '

Table XXII gives solution-data for rocking autoclave reactions' at 200°C,
contrasting the solutions sampled at temperature with the solutions after

cooling to room temperature.

C. Intermediate-Temperature Reaction Experiments

Following the 200 and -300°C tests, a test matrix of samples composed of
Topopah Spring tuff prisms cast into 82 22 mortar cylinders was _prepared.
Tests have been made at 150 and 90°C. TFluids in contact with the concrete
specimens are sampled at temperature and pressure in the rocking autoclave
apparatus, at room temperature (after a furnace quench) in all of the
vessels, and at temperature and ambient pressure in the 90°C experiments. L
Analyses of the solutions in contact with the grout/tuff samples are only
completed to the 2-month interval at 150°C and the one-month interval at
90°C. The results are presented in Table XXITI. -

‘Preliminary surface characterization of the solids removed from the
reaction vessels has been completed. X-Ray Diffraction (XRD) examination ofi
grout/tuff discs showed the presence of poorly deveIOped tobermorite and o
extensive calcite on discs hydrothermally treated at 150 and at -90°C.
Scanning Electron Microscope (SEM) characterization of these samples supports
the XRD obseryations. | -

D. Discussion

.Preliminary observations of the solution data for the.saturated disc
experiments at 90, 150, 200, and 300°C show that a significant difference is
observed in the concentrations of calcium, soz ; and silicon between samples
that were obtained at temperature and those that were obtained after the
reaction vessel was allowed to equilibrate to room temperature. Solution
concentrations at temperature are more informative because cney-eppEa%;tc-bef
unaffected by precipitation or by retrograde solubility. Conparison with the
calcium concentration data for 200°C as a function of time in the hydro-‘. =
thermal environment reveals a steadily increasing concentration; in contrast,
the 300°C experiments exhibit a slight decrease in concentration with
increasing time suggesting that equilibrium between the solid and fluid
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TABLE XXII .
ANALYSES OF AQUEOUS PHASE FROM TREATMENT OF 82-22/TOPOPAH
SPRING TUFF DISCS AT 200°C, SATURATED CONDITIONS
FOR 1 TO 7.1 MONTHS, ROCKING AUTOCLAVE

(ymol/ )

1 Month - " 2 Months 4 Months 7.1 Months

et? @rT” er®  err® er> @rT? et @r1®

A1263' 215 11 278 19 BOLS 7 BDL 7
Cao 1400 900 2375 2000 - 10 500 6500 12 250 3500
Fe,0, 388 7 121 11 BoL®  BDLS 71 5

K,0 1359 1924 1333 871 924 398 1795 375
Mgo 874 BDLE 200 - 37 83 21 125 12
MnO 11 st 4 s sou®  Bon®  BOL®  BOLS
Nazo' 3261 3478 5870 6304 12 609 7826 7391 7174
510, 2321 2500 6083 6534 1723 1585 1723 1362
T10, BoL®  BOLS 9 soL¢ -~ BoL®  BOLS B0L®  BDLS
F 495 147 211 89 mad vad  nad
N0y 1452 129 177 185 BDL 65 LS 48

soZ" 938 2083 2500 2917 21 875 11 875 30 208 7500
co, 884 925 - - - - - -—

Asampled at 200°C.

bSam'pled at room temperature.
“Below detection limits.

dﬁot analyzed.
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TABLE XXXIII, ,
ANALYSES OF AQUEOUS .PHASE FRow TREATMENT OF
2-22/TOPOPAH SPRING TUFF DISCS AT 150 AND 90°cC,
AIURATED CONDITIONS
(umol/2). .

(150°C) = (90° C)b
2 Wonth . 1 Month

er® ertd _

er

A1,0, 19 7 s

Cao 1875 1625 155

"Fe, 0, . . : . BDL

e e
Fey0y o - BoL® Bt
K, . 5756 . . 2308¢. . 2051

Mgo | 553 12 Y

Mno - " BDL BDLE BDL® -« :

"~ Na,0 =~ . . 7813:°  :1- 5625 3039
S10 , C - 2036 ¢ T 7890 2218

Tio0 -BoLS: - BpL® . . BOL®-

97 161 161

‘‘‘‘‘

s02T 7604 . -::5938.7 - 1771 < -

pH 11.13° .+ 310462 .- -10.04 .-

Rocking ‘autoclave. ;' o . o »
Static conditions, 1 atm. ‘ o | . ‘.%.V :
Sampled.at 200°C. . . = . - - e o _ -
Sampled at room temperat:ure..:_;i Co .x;--, - T , ‘ '
-Below detection limits.,, .

-0 A N o
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phases was closely approached and that formation of alteration phases
continued to take place.

Solution concentrations of calcium for the 906C samples are lower, by an
order of magnitude, than for the higher temperature experiments; whereas the =
150°C experiment (roc&ing autoclave) produced a calcium concentration
comparable to the 200°C experiment at a comparable time. The lower calcium
concentrations in the 90°C experiment may be due to the formation of calcite.

The data obtained to date suggest that stable reaction prodycts are
produced by the end of 7 months at 200°C and the solutions reach 'saturation'
or near equilibrium‘dith the mineral phases. These data will be used in
calculations that ﬁeve been initiated to estimate the dissolution rates of

cementitious plugs and fracture seals.
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