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. ABSTRACT-. ..~ -

This report summarizes ‘the’contribition of
the Los Alamos National Laboratory to the Nevada
4 .Nuclear Waste Storage. Investigations for Lhe fourth
quarLer of FY 1984. '



EXECUTLIVE 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 July 1 through September 30, 1984. The
report Is not a detailed technical document but does indicate the status of

the iInvestigations being performed at Los Alamos.

GEOCHEMISTRY A
The objective of this work 1s to determine the geochemical properties of

Yucca Mountain tuff and groundwater. These properties will be used as a
basis for predicting the migration of radionuclides to the accessible
environment and for assessing the geochemical response of a potential
repository site in Yheca:Hohntain in the southwest portion of the Nevada Test

Sits to the emplacement of a repository.

Groundwater Chemistry

In the quarterly report for the second quarter of FY 1984, we reported
on the composition of the‘éroondwater pumped from Well U$W H-3 located at the
south end of the repository block at Yucca Mountain. Two features of this
groundwater were different from other groundwaters of the area: the pH wae
higher and the water was reducing. These results could have important
consequences for the solubiiity of some of the waste elements if it could be
shown that these groundwater conditions are general for the repository area
and can be expected. to continue in the future. !

' Well USW H-6 is immediately west of the repository block and may be
along the recharge pathway to the repository block area. There are two
separate and distinct permeable zones in this well; in the Bullfrog Member
and the Tram Unit. Groundwater from these separate zones would yield
information on the vertical distribution of water compositions and also on
the expected composition of possible recharge water to the saturated zone
beneath Yucca Wountain.

Both zones were individually packed off and.each pumped at over 13 /s
until formation water was established. Samples were periodically taken and

analyzed in the usual manner reported for other wells.



The results are different from what was ‘expected.’

s The‘groundweters‘eleére&tbf‘detérgentfvery quickly by pumping.’

‘ Apparently, less detergent was used“in the drilling of this well:
compared to others. =7 -ci- - T e o U7 oo

o ° The groundwater from permeable ‘zones in the Bullfrog ‘Member’ and the Tram
Unit are both oxidizing. ’

o  Very little difference exists in the composition of “the groundwaters ‘of
the permeable zones in the Bullfrog Member®and the deeper:Tram Unit. ©°
Calcium and bicarbonaté"ions are ~0.1 meq/g higher in the upper Bullfrog

- ‘Member; all other constituents are quite similar bétween the two waters.:
The amount and identification of particulates moving with- the ground- .
water are insufficiently known. Small-sized mineral particulates from tuff
and natural colloids, such as iron hydroxides, are possible” transporters -of
sorbed or coprecipitated waste elements if the solids move through the
fractures or open porosity of the tuff along with the natural water flow.

Studies on particulates in the laboratory and in the field pumping tests will -

be our major emphasis fer the remainder of FY 1984 and FY 1985. . )

" The pH buffer capacity of Well J-13 water and water plus local minerals ' -
has been estimated. ‘The results indicate ‘that the water alone and the water
plus minerals commonly found at Yucca Mountain have a relatively good buffer
capac{fy;‘ This ‘is particularly true fdr*rhe’watérlmineral"system subject to

H' addition such as nmight result from oxidation of iron pyrite. '

T

Natural Isotope Chemistry

Two £leld trips to Yucca Mountain were’ undertaken to collect ‘samples’ for
measuring rainfall Infilfration by the "bomb pulse” S0CI technigue. - The '
bomb pulse ‘refers to the greatly ‘Increased S0Cl global Fall-out ‘that resulted-
from high-yield nuclear weapons tests conducted in thé Pacific Ocean testing -
area between 1952 and 1959. The ‘First field trip this quarter resulted 'in -
the collection of ‘simples for CCl® analyses from-a -trench-bulldozed ‘in the -
alluvial fill at the Exploratory Shaft'site in Coyote*Wésh”and'frdm the Ydééa't
Wash.6 trench; which .is located -about 4 'km ‘east of the ‘Exploratory Shaft: ‘
site. - In addition, ‘survey work of ‘tws types was perforﬁed*to‘ﬁelpzldeeiefa'-“

suitable ‘site to measure 3601 infiltration "into fractured ‘tuff. One type =~



consisted of sampling the thin soil overlying the fractured tuff at four
sites on the crest of Yucca Mountain and at one site at the mouth of Coyote
Wash. These soil samples were analyzed for chloride concentrations. The low
chloride contents and the lack of increased chloride contents adjaceﬁf to the
underlying tuff indicate well-drained soils. Presumably, rainfall drains’
into . the fractured. tuff. The second type of survey Involved measurements of
the electromagnatic conductivity of the ld to 20 m of tuff closest to the
surface at two sites on the crest of Yucca Mountain and at.three sites
adjacent to Coyote Wash. .Measurements at 30° Increments about the surveyed
points showed that the tuff. is electrically anisotropic in the direction of
fracturing. - A potential. site for collecting fractured tuff samples for 36
measurements was identif fed at the mouth of Coyote Wash from these electro-
magnetic survey results. The site was determined to contain no archeological
artifacts and no endangered plant or animal species. A backhoe and a pneu-
natic hammer were used o collect samples to a depth of 0.3 m, when heavy
rains forced the cermina;ioﬁ of sampling at this location. The excavation
was backfilled as well as the muddy conditions would permit, to prevent the

hole from bacoming a local recharge point.

Hydrothermal Geochemistry

. A thermodynamic model has been constructed for analcime as a start to
our understanding the.controls_on_its stability. Modeling analcime stabilityu_
leaads to insights about the parameters that affect the stability of other |
zeolites and the probable relative importance of kinetics versus chemical
equil ibr ium.

The thermodynamics of analcime are directly important because analcime
is- a- probable breakdown product of clinoptilolite. The thefﬁodynamics oE -U~m-
analcime as well as..those of clinoptilolite nmust, therefore, be knowm before
the. possible reaction of clinoptilolite to analcime phases can be modeled.
The model for analcime can also be used to clarify the present chemical
conditions In portions of Y@cca Mountain where analcime is present and to
examine the possibility that these portions of the mountain may have been
heated to higher . -temperatures in the past.

The model indicates that the analcimes present in Yucca Mountain
crystallized under conditions. where the silica activity was only slightly
below that in equilibrivm with cristobalite. The fact that they presently



coexist with quartz indicates that the rock is not in overall equilibrium.

The model suggests that the analcimes did not: crystallize at temperatures

above “about 150°C butdoes not indicate a-specific temperature. The model
predicts that analcime will crystallize at higher silica activities when the ..
aressure on the crystal is closer to ‘the :fluid pressure.. This implies.that,

as the mountain evolves toward silica‘activities more-closely in equilibrium
with quartz, albite may be converted to analhime that ‘'will tend to crystal—
1ize in void space where the pressure?onftheranaleime-would‘be'equal to- the

fluid pressure. Such an occurrence would tend to-decrease permeability.

Solubility Determinations : o Tl e S R

A new version of the EQ3/6 chemical "equilibration computer program has
been received and- brought up on the Livermore Time Sharing System (LTSS)
“at Los "Alamos. '
Data collected on the solubility behavior of colloidal Pu(IV) are being
revieved in our attempt to-understand the reactions.that are occurring and.
the controlling mechanisms. An upper limit for the solubility product has
been estimated, but ‘a lower limit is still uncertain.'= - = . . - 5 %
Solubility measurements of Npoz, Np0§+,:Am3+, Pu 4 ,-PuOZ,'and PuO§+ in.
Well J-13 groundwater have been started.by ‘Heino Nitsche at Lawrence Berkeley'.

Laboratory. 'To ‘avoid the'loss of €O, from the:J-13 water during :the experi-

2

ment, a partial CO,-pressure -of 0.014 atmospherés is being maintained above . :

2
the solution surface at all times. The pH of the solution is held at 7.0 %

0.1 through the use of'a pH-stat. -

Work on'the:solubility of Am(QH)CQg haS'been'started.' Am(OH)CO3 was =
prepared by the formation and:subsequent hydrolysis of the trichloroactetate -
complek in aqueous solution.” The material is being characterized by x-ray

At

powder diffraction (XRD)" analysis. R R T

e R L R T I S PR P

Sorption and:- Precipitation - ST e

Sorption experiments testing the effects of:poasiblervatiations’in*
groundwaterncOmpoaition*are being conducted.’- In addition to water from Well -
J-13, we are-using yatera frOmiwells UE425p#11(P-l); which has much higher .
concentrationswof?calcium; magnesium, strbntium, barium,.sodium; bicarbonate;’.
and‘sulfate;'andeSW H-3 and‘deioni;ediwateriltSorntion measurements of

strontium, cesium, barium, and europium were performed this quarter with



UE-25p#1 and delonized waters, using USW G-1-2901 tuff (devitrified).
Sorption ratios for strontium, cesium, and barium are lower for the P~l water.
than for the deionized water, indicating the expected fonic-strength effect.
Barium and europium ratios were high in both cases.

Sorption measurements with technetium and J-13 groundwater show no
increases with contact times up to 1 yr and are close to zero. Final
measurements will be made:at 15 months. .

235

Batch measurements with. Np for long-term sorption measuraments are.

continuing. Neptunium isotherm sorptions in a CO, controlled atmosphare are

finished, and as much of the counting as is preseitly possible has been
completed. Counting of the samples will resume soon.

Serial sorption measurements with plutonium have been started, and the
first phase has been completed. The measurements are being made on drill
hole USW GU-3-916 crushed rock. The sorption ratio determined in the first
phase is 260 % 14, which agrees quite well with the value of 250 % 25
reported previously. The second phase, which is sorption on freshly crushed .
rock using the aqueous phase of a previous sorption, will be completed within
the next few weeks. This will indicate whether the species of plutoanium
remaining in solution after a sorpﬁion,experﬁnent behaves any differently
than the plutonium‘ﬁhat sorbed initially.

There has recently become available a well-characterized solution of
Am(IIT) in carbonate solution: Batch sorptions will be run with this
material as well as that used previously for americium batch sorptions, and
the results will be compared with those for fast-flow columns.

There will soon be available to us carbonate solutions of Pu(V) and of
Pu(VI). - Batch sorptions are planned using feed solutions made by adding a.
spike of the carbonate solutions to the rock-equilibrated water. A compari-
son will be made by using plutonium solutions prepared in our usual manner.

Batch sorption measurements of uranium were carried out at a pH of 6.0
to 6.4 In a controlled partial pressure of COZ' This gives conditions
conparable with those found in Yucca Mountain groundwaters. An effect on
uranium sorption because of the change from pH 8 may be possible because of
the change in the cgrbonate compleiing of uranyl ion. We are observing Rd
values 3 to 8 times higher,than at pH 8.8, indicating that previous

measurements gave conservative results. Similar experiments with seleniunm

indicated no change from previous work carried out in the ambient atmosphere.



Work is’ continuing on the study of anaerobic degradation of drilling ’
fiuids with an investigation ofréas evolution “from ldn- anaerobic growth from -
Yucca Mountain on Turco—5622. The purpose "of this work is'to determine’ if
microbial activity can influence “the mobility of waste elements, such:as”
plutonium, at Yacca %ountain. Preparations 'for a new’ plutoniun sorption )
experiment were made this quarter, and a series of experiments was carried -
out. Pure cultures, capable of degrading ASP-700 or Turco-5622 drilling
fluids, were prepared and used. Results will be presented .in the future..
DynamicﬁirahsporttPrbcesses:T‘_' - :

The anion exclusion effect was observed in’ the 2-m-long USW G-2-2017-'

crushed-rock column. The anions chloride, sulfate, and nitrate were found to

elute approximately 22 per cent earlier than tritiated water. The magnitude e

of the observed effect 1s i approximate agreement with the internal volume
of the intracrystalline channels in clinoptilolite and mordenite. The one
exception is fluoride ‘that arrived slightly later than tritiated water.’ This"
may be due to the small ionic radius of fluoride,fwhich mayAbe*small enough
to penetrate'the”intracrystallinefchahhels. 1f the"tuff/J-IB system is near.’

fluorite saturation, however,‘the retardation may be due ‘to fluorite pre- - it

cipitation. Pertechnetate has not been Fun ‘through ‘the ‘columns,’ but, based ’
on the above observations it is’ not expected to be retarded because ‘the’ ionic
radius is larger than fluoride. S u";”j*" R

The code IVVPOS was mod 1f fed ° ‘to invert ‘the Laplace ‘transform generated
in autocorrelated photon spectroscopy (APS). The method of Butler et al.
would not optimize the smoothing factor at first. This was found ‘to be due -
to the assumption ‘used 'in deriving the ‘auxillary equation H(¢&) that all -
errors are equal so that the’ standard ‘deviation could be used. -Because “the -
. errorslare larger for the early correlation data, the H(oD -function could not
“be minimized. The ‘standard’ deviation was, therefore, replaced by the vector
dot product of the individual errors “in H(a) ““The code now inverts APS ‘data S
with’ Optimal smoothing. e R SNEY L

: Monodisperse polystyrene particles with diameters from 60 nn to'1.0
micron have been acquired for testing the APS system. The particle ‘size

distribution for these suspensions has been determined by electron

* R , .
J. P, Butler, J. A. Reeds, and S. V. Dawson, "Estimating Solutions of First
Kind Integral Equations With Nonnegative Constraints and Optimum Smoothing,"

SIAM J. Numer. Anal. 18, 381 (1981).



microscopy. Fluorescen;.polysty:ene particles have also been purchased for
testing;es,bossib;e,colloids fq; use in field testing. Ihe fluorescent
particles are carboxylated so they would be expected.toAhave a negative
charge and, therefore, are not expected to adhere to mineral surfaces.

The fluorescence makes them easy to detecﬁ at very lew concentrations by

fluorimetry.

Retardation Sensitivity Analysis

There are many racent papers on Ehe geological disposal of waste and'
repository assessment, but they have not quantitatively addressed the impact
of colloid formation and transport.

.~Since about 1979, the question of colxoid formation and migration has
increased. in importance and is now a topic of major interest in the
scientific community. To date, several ewperinental studies have shown the "
presence of radiocactive colloids under simulated waste disposal condttions,~
but their impact on repository assessment, however, has not been addressed
because the existing geo-—transport codes used to assess geolegic‘waste
disposal cannot treat this problen. Additionelltheqry/and equations are
required to mathematically describe colloid formation and migration. Tﬁe
population balance equations and submodels can be a@ded to the existing;ed
radionuclide transport fheory and codes to accomplish this goal. ‘

Through the correct use of the population'balance,equations coupled wiih
the existing theory, problems of colloid formation and migretion cas be
assessed quantitatively. The well-established theory of the population
balance can be applied to the difficult radioactive colloid»éfoblem with
the same success with which it has been used to treat many physical and
biological particulate problems over the past 20 years.

- We have reviewed the key experimental research on radioactive colloids
and developed the population balance. 1Its application to waste assessment is>
illustrated by modeling two postulated repository scenariOS' (1) a near-field
study and (2) a far-field problem involving colloids from when the backfill D
is braeched and waste leakage‘eccurs during the thermal repository, and.from |

natural sources.



Appl ied Diffusion -~ S o lEe T e e

" Work' to-characterizé:the properties of “bromidé anions as a-tracer in

field measurements of diffusivity was impeded by problems with the necessary
analytical instrumentation.: Patts of “one:ion chromatograph -required repair
at the factory. The parts have been returned, and the apparatus will be
usable as soon as some minor leaks are-fixéd. A mew ion'chromatograph
required samples - too large for routine use in -these bromide tracer studies.
The sampling system of the néw ion chromatograph is being modified to permit
the use of this analytical instrument in addition to the other ion
chromatograph for the tracer studies in this program. * 7

Mineralogy/Petrology of Tuff

Mineralégy/petrology studies this ‘quarter concentratéd on the
oxidation-reduction (Eh) buffering potential of iron and manganese in Yucca
Mountain minerals and glasses, on zedlite dehydration studies, and on a "
compilation of currént x-ray diffraction data for rocks in‘the vicinity of
the Yucca Mountain éxploration bléck. -The iron-manganése 'study ‘c¢oncludes = :-
that the oxidé minerals may have little potential ‘for removing oxygen from i’
groundwater. 'Ferrods ‘iron occufs only in 6xide phenocrysts’that have-been:
isolated from past water interaction; it remains to be‘determined whether
these phenocrysts could have any active ‘role in water interactions during’
future transport. 'The manganésé okides-that occur within the tuff, primarily.
along fractures, consist of minerals (todérokite, cryptomelane,’ and possibly

2+

lithiophorite) that contain predominantely Mn4+fratherfthan Mn“" and, there-'-

fore, have 'almost no capacity for removing oxygen from groundwater. Ferrous
iron in glasses may have some potentfal for removing oxygen from groundwater.-
Studies of zeolite dehydration reactions have progressed- from experiments in
vacuum (to eStablish 1inmits of concentration) to experiments‘iander controlled
humidity. It has been found that-zeolite' composition has a’ strong effect on
dehydration reactions. ~Sodium-satirated clinoptilolite underwent” the '
greatest contraction’ (8.44), calcium-saturated'compositions ‘conttacted less ¥
(3.6%), and’ potassiun-saturated clinoptilolite underwent the least contrad-
tion (1.6%). However, clinoptilolités in partially saturated”rocks at -
temperatures below 100°C should not decrease in volume significantly. The
surmary of x-ray diffraction data‘emphasizes, as in previous studies, that

the Yucca Mountain region consists of three principal mineralogic categories:

P



primary rocks that consist mostly of silica minerals and alkali feldspar,
primary rocks that consist mostly of glass, and altered rocksfthat may.
contain relatively sorptive minerals (zeolite and clay) or nonsorptive .
minerals (analcime, albite). This summary shows that the transition from
tridymite to quartz occurs ahout midway in the densely welded p;rtion of the
Topopah Springs Member, that four principal zeolitization intervals can be
mapped beneath Yucca Mountain, and that sorptive clays (smectites) occur in. .
abundance either near major vertical structures (the Claim Canyon cauldron
rim, or the structure of Drill Hole Wash) or as a "sandwich" bounding the

proposed repository horizon.

Tectonics and Volcanism

Sills and discordant.basalt intrusions are present at two localities in
the Nevada Test Site (NTS) region. Formation of these types oé intrusions
during disruption of a repository could greatly increase the consequences of
its disruption. Field and drill hole data suggest that narrow dikes are the
more common intrusion structure. However, the stress regime of "Yucca
Mountain could favor the formation of sill-like intrusions and data on
frequency of occurrence of basalt intrusion structures in the southern Greaﬁ.
Basin may be bilased by the level of erosional dissection of basalt landforms.

Three major petrological groups of basalt are recognized in the basalt
eplsodes of the NTS region. These include straddle—-type hawaiite, hyper-
sthene hawaiite, and basaltic andesite.' No distinct time-space trends are

recognized in the geochemical patterns of these basalt groups.

Tuff Laboratory Properties.

- This study is being terminated this quarter. The preliminary part of
this study has been. completed in zeolitized tuff, and shows that time- .
dependent mechanical properties (creep) can significantly degrade zeolitized .
tuff stability. Preliminary estim;tes indicate that the long-term strength
of devitrified tuff, such as the Topopah Spring devitrified samples, may also.
be significantly decreased. .Unfortunately, the termination of this project

will not permit.these estimates to be tested.
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Sealing Materials Evaluation

During this quarter, work has been ‘carried out.on a new cenentitious

grout mixture (84-12) having lower calcium sulfate content, because of -

concern about the possible ‘adverse effect on waste element Solubility from =~ -~

introduction of sulfate in~ the repository water. Work was ‘also conpleted on

previously prepared, hiyher ‘sulfate grout (82- 22). Both formulations were'

a

developed with the objective of minimizing the chemical potential differences

between the bulk tuff composition and the bulk grout composition:withoutfthe3t

extensive use of locally derived (local to the NTS) tuffaceous ‘materials.

Comparisons of the data for the 200 C experiments show relatively small

differences in the compositions of calcium, sodium, and sulfate in the fluid '

phases ‘in contact ‘with the two formulations in’ combination with ‘tuff. The "~

84 -12 fornulation exhibits a generally lower concentration of 'silicon than

the 82-22 formulation, possibly reflecting the physical‘properties of the

silica-richfadmiXtures that were‘utilized:in the fornulationﬁ'"The'pH values -

of liquids in contact with both formulations appear to decrease with time,

ekcept for the 84-12 mixture ‘at 200 c (based on 4 single point at 600 hours,

which'is slightly higher again) The alteration of the two concretes appears

to be slighly ‘different. The 82—22 formulation maintains ‘a pH value almost E

one unit lower than the 84—12 formulation.

No - maJor ‘differences were found betwaen the ‘chemical behaviors of grout

mixtures 82-22 and 84-12. Despite “the lower sulfate content of 84~ 12,

solutions in contact with it showed similar ‘sulfate confent to those in

contact 'with 82-22. This 1is probably due to cdntrol of sulfate by anhydrite

precipitation in both grouts. Grout 84-12 may, However, ‘be a moré appro-°

el

priate grout for use in Yucca Mountain beécause its use would ‘introduce ‘less =~

total sulfate. Also, if removal of sulfate from the fault seals were leach

rate controlled; the lower sulfate content 84 12 would probably give up its

sulfate more slowly. BT LT

o7
e
"
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I. INTRODUCTION .

This report summarizes some of the technical contributions from the'tos.”
Alamos National Laboratory to the NNWSI project managed by the Nevada B
Operations Office of the US DOE during the period July 1 through September
30, 1984. The_report i3 not a detailed technical document but does indicate
the status of the investigations being performed at Los Alamos.

II. GEOCHEMISTRY .
A. Groundwater Chemistry A . _

1. Groundwater Composition of Well USW H-6. (A. E. Ogard, M. R. .
Cisneros, A. J. Mitchell,. and P. L.'Wanek). In the quarterly report»for

January—ﬂarch 19841\we reported on the composition of groundwater pumped from‘
Well USW H-3 located at the south end of the repository block at Yucca~
Mountain (Fig. l). Two features of this ground&ateriwere different from
other groundwaters of the area; the pH was higher (at ~9.4 rather than ~7.2)
and the oxidation-reduction potential was reducing (-143 mV)-whereas in other
wells it 1s oxidizing (+250 to 350mV). These results could have important
consequences for. the solubility of some waste elements2 if it could be shown
that these groundwater conditions exist generally below the repository area
and are expected to continue in the future.

Well USW H-6 1s west of the repository block of Yucca Mountain (Fiz. 1)
and 1s up—gradient in the hydrologic floy path53 from Well USWZH—3. However,
baeing up~gradient may not mean it is directly in the flow path because the
Eauit in Soltario Canyon between the two wells may redirect the flow path. .
There ;;é two separate and distinct permeable zones:a the upper zone in-the
Bullfrog Member at 610 to 635 m and the lower zone in.the Tram Unit at 775 to
785 m.

.Becausa of the relationship of the USW H-6 well location to well
USW H-3, it was thought that groundwater from separate permeable zones in
Well USW H-6 would yield information on

s the composition of water that may be the precursor of the groundwaters
of the permeable-zones that exist below Yucca Mountain and
° the difference in water composition for two well-separated permeable

zones In tufef.
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. EXPLORATION BLOCK~"

NORTH MILES
1 0 1 2 3 4

e e em)
" KILOMETERS'. .. -7 . - : - .-

Fig. 1. -Location map showing ‘the exploration block outline at Yucca

Mountain. Drill hole locations are indicated.
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The punmping test was set up in a similar manner to the test in Well
UE-25b#1.°

and a Lynes Pip Packer at ~750 m. Groundwater could then be pumped from

A Lynes Inflata-Plug was first set in the Well at ~835 m in depth

between these two packers to the surface for analysis. The pump was set at

a 610-m depth,'much.deeper tnan normal for pumping wells. This depth was
chosen so that the height of the water co;umn inside the casing at the pump
locations would be large, thus eliminating any poseibility of pump-cavitation
and reducing the diffusion of air down through the column of water to the
water being punped'out of the packed-off zone. 1In addition, 20 2 of diffu-~
sion pump oil were added to the water column over the pump to act as-'a
floating air seal. | |

During the‘pumping process, a portion of the well's total flow was
continuously directed through e l-in. Tygon hose into the mobile laboratory
at the well site.A'There the water flow could be directed into the anaerobic
filtration equipment and/or through the electrode cell where measurements of
oxygen, pH, oxidation-reduction (Eh) potential, conductance, and sulfide
could be made without exposing the water to the atmosphere.

The anaerobic filtration units consists of two Nuclepore 1-% stainless
steel filtration units,.Epocopriate eteinless steel valves and tubing, and
1-2 Pyrex recelver vessei§3witﬁ pressure etopcocks. The filtration unit is
mounted on wheels so that the unit is portable and can be taken out of our
large mobile laboratory to any well site. Two filtration units are provided
in series so that:even very dirty water can be filtered in stages, ending
with a 0.05-m Nucleoore membrane. In the pumping of Well USW H~6, cnly the
top filtration nnit with'e d.OS-um Nuclepore membrane was used. The 1-2
Pyrex containeteiwere kept full of filtered water (unexposed to air) to be
used for reference water and possible future analyses for concentration of
IAC, carbon-dioxide,'and gas.content and conmposition. 1In addition, daily
samples were filteted in air through a 0.05-ym Nuclepore membrane, acidified
with 100 p2 of Uitpex nitric acid and sent in Nalgene bottles to Los Alamos
for cation analysee.

The anion concentration of the groundwater nsnally was deternined twice
a day, by using e_Dionex Model 16 Ion Chromatograph in the mobile laboratory
at the well site. This instrument proved to be extremely durable and depend-
able for such a field operation. Samples of anaerobically filtered water,

water taken directly from the well, and water exiting the mobile laboratory-

14°
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were all used as samples‘forAanion analysis. Varying sampling procedures did
not produce any discernable”differences in the samplés' anion content. The
detergent content of the water was determined spectrOphotometrically with a
Hach Model DR—EL/A Portable Laboratory. Detergent was: a good indicator or
tracer of- drilling fluids in the well. .The Eh was measured with a Sensorex
S500C-ORP electrode~ H with an ‘Orion "Ross" Model® ‘81-02 c0mbination
electrode; sulfide, with a Becaman #39610 Sulfide/Silver Electrode; and-
oxygen, with a Yellow Springs Instrument Wodel 54 _ARC: dissolved-oxygen meter
and electrode. Alkalinity was determined (on samples sent to Los Alanos) by
using a Metrohm E636 Titroprocessor to titrate unfiltered samples with
hydrochloric acid. ' S S

Results of our analyses are shown in Tables I and II.‘ )

Upon’ completion of -the first pumping test which was determined by the -
total disappearance of the detergent used in drilling the well, the
Inflata-Plug, Pip-Packer, and pump-were removed and relocated to 650, 610,
and 580m, respectively, to pump groundwater from the isolated zone in‘the ‘
Bullfrog Member. Again, 20 2 of diffusion _pump oil were added to th° water '
column in the standpipe over the pump to act as a movable air barrier.

Results of our analyses are given in Tables II1 and IV.
The results are different from what was expected. '

° The groundwaters cleared of detergent very quickly. by pumping.
Apparently less detergent was used in the drilling ‘of . this well conpared
to others. ‘ ' S : S

o The groundwaters from permeable zones in the Bullfrog Member and the
Tram Unit are both oxidizing.i '_ ? . . * ; ? S E

o Very little difference exists in the conposition of the groundwaters of
the permeable ‘zones in the Bullfrog Member and the deeper Tram Unit.
‘Calcdum and’ bicarbonate ions are 0. 1 meq/g,higher id" the" upper Bullfrog
%ember' all other constituents are quite similar in the ‘two waters.

° The pH of groundwater from Well USW H—6 is higher (8 2) than other wells
with the exception of USW H-3.

M I e e
T L

- These results lead to someTimportant"conclusions§affecting the ‘ground-"

water chemistry task plan and performance assessment.

L. -
1 . N
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TABLE 1

ELEMENTAL CONCENTRATIONS IN GROUNDWATER FROM THE TRAM UNIT OF WELL USW H-6

t.

Concentration .
Sample Mg Mn S1 Fe St g:hll) \ Ti Ca Li K Al Na
06081 0.066 0.026 18,7 0.061 0.005 <0.001 0.014 <0.012 2.47 0.069 173 0.147 85
06083 0.026 0.021 18.3  0.080 0.003 <0.001 0.012 <0.012 1.75 0.067 142 0.134 86
06085  0.015  0.027 18,5 0,085  0.003  <0.001  0.012 - <0.012  1.78 0,055  1.49  0.100, 83 °
06088 <0.008 0,022 17.8 . 0,077 . 0,003 . <0.001  0.012 <0.012 1.58 0.067 1.41 . 0.076 80
06054 <0.008 0.017:  17.7  G.042..  0.003 <0.00i . 0.014 <0.012 1246 0,063 1,48 0.064 80
06101 <0.008 0.020 176 0.068 -~  0.002 - <0.001 0.015 <0.012 1.4 . 0,053  1.48° 0,049 81
o611l . <0.008 0.032 19.3 . 0.334  0.003 0.001  '0.015  <0.012 ° 1.63°  0.074 1.69  0.024 78
06112 <0.008 0.029  20.0  0.120 .  0.003 <0.001 0.015 0.015 1.60 0.082 1.78  0.069 77
06121 <0.008 0.020 19.4 0.074 0.003 <0.00t 0.015 <0.012 1.51 0.082 1.59  0.054 75
06122 <0.008 0.024 19.6 0.048 , 0.003  0.002 0.017°  <0.012 1.53 0.072 1.75  0.077 19
06131 <0.008 0.022 19.8 0.037 0.003 <0.001 0.015 <0.012 1.52 0.088 1.83  0.033 80
06132 <0.008 0.024 19.4 0.041 0.003 - <0.001 0.014 <0.012 1.48  0.095 1.88  0.124° 80
06141 <0.008 0.023 19.3 0.069 0.003 0.002 0.018 <0.012 1.52 0.078 2.18 0,092 83
06142 <0.008 0.026 19.6 0.038 0.003 <0.001 0.017 <0.012 1.51 0.074 2,19 0.084 80
06151 <0.008 0.028 20.3 0.059 0.003 0.002 0.027 . 0.013 1.61 0.089 2.57  0.087 87
06181 <0.008 0.027 201 0.064 0.003 0.004 0.025 ©  <0.012 1.62 0.096 2,70 0.116 85
06183  <0.008 . 0.023- 20,2 0,095 0,003 0,003 0,021 _ <0.002 ‘1.6l  0.083 . 2.67  0.14k B9
06191  <0.008 0.024 19.8 0.060 0.003 0.003 0.022.° 0,016 1.57 0.097 2.78  0.097 85
06193 <0.008 0.024 20,2 0.115 0.003 0.002 0.021 0.022 1.59 0.090 2.81  0.142 90
06201 ' <0.008 0.022  19.9 0.057 0.003 0.004 0.023 0.021 °  1.51 0.075 2.68  0.093 80
06203  <0.008 0.027 19.6 0.090  0.003 0.004 . 0,024 0.025 = 1.48 0.090 2.68  0.123 80
06211 <0.008 0.028 20.0 0.070 0.003 0.004 0.026 0,020 1.53 0.087 2,66  0.105 83
06213  <0.008 0.025 20.0 0.099 0.003 0.004 0.022 0.022  1.53 0.093 2.82  0.154 84
06221 <€0.008 0.025 . 20.4 0.050 0.003 0.005 0.028 0.029 1.55 0.082 2.88° 0.112 81
06223 0.025 - 0.036 1.56  0.097 2.93 82

<0.008  0.025 20.6 0.083 0.003 0.004

aUnfil_tered.
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Sample

0607
06081
706083
. 06088 -
06094 -
06101 .. .-
- 06111,
_ . 06l12- .,
;o 06121
06122 . -
06131 -
- 06132 .11
06141 -
06142 .. .
06151 .

v

06181 .

. 06183
06191

06193
06201
06203
06211
06221

B¢l 18 fleld~determined pit.

TABLE 1T,

ANION CONCENTRATIONS AND OTHER PARAMETERS TN GROUNDWATER FROM THE TRAM UNIT OF USW H-6

Concentration

(mg/s or atherwise stated)

6.8

oo
3.9 6.9
3.7 7.0
3.4 6.6
3.6 6.4 .
4.0 - .6.5
34 . 6.5 ..
3.6. . 6.8 .
3.3, - 6.7
31 .. 646 ..
3.3 6.6 ...
3.8- 6.7 ..
U340, 6.2 .
3.5, 0« 6.5 -
3.5....0 646 ..
3.3 .. 6.4
346 6.5
4.5 ‘
3.4 5.8
3.3 6.4
4.2 6.8
3.8 6.5
3.6 6.7

Mo~ s02” fon” pH Alk Eh o Conductivity
-3 Detergent (no units) (no units) (meq/L) (mV) 2 (ymho/cm)
4.5 10.23 28.9 8.46 2.896
4.5 28.7 7.98 8.11 2.956 12 3N
5.8 27.3 8.06 2.936 \ .
5.7, - 2647 - 8.02 2,920 ‘ -
S.5. .. 0,26 . 263 8.16 7.96 2.916 274 335
6.1, . 0.13 7.3, 8.23 8.04 2,928  3IS 340
6.5. ., 0.2 28,0 °  8.12 8.1 2012 253
70 .., 0as. . 21,3 82l 8.16 2.808 278 ! ‘
T, 00l 22 77 807 2,89 3% 307
56, 0.1, 204 . N A ~ ;
6.1, . 0,085 2.4, 7.89.  B.08 | 2.866 363 LT
5.8,.. . 0.075,. 26.7 8.2 807  2.888 340 2.50
6.1.. ... 0.050, 6.9 . 8.22 8.1 | 2.866 386 1.80
61, .. 0,039, 26,7 8.21 | ) 394 7.50 354
6.1, 0,037 26,9 8.23 B.16  2.868 426 2.30. 29
5.6 . 0.022 26,1 8.21 “7.84 2.896 328 o 290
5.7 2844 - 87 - ) 315 9.80 - 37
5.7 0.018 26.2 . . 8.18 7.55 2.908 329 9.00 320
5.8 26.8 8.33 330 7.00 307
5.9 - 27.4 8.32- 7.43. 2,883 243 5.00
5.7 6.3 . 8.26 340

0.024 * 8.2 7.74 2.827 . 3 37
5.6 0.017 26.7 8.30 7.68 2.872  -350 306
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TABLE 111
ELEMENTAL CONCENTRATIONS IN GROUNDWATER FROM THFE BULLFROG MEMHBER OF

Concentratlon

WELL USW H-6

(ag/p)
Sauple Hg Ha Sl Pe Sr Ba v Ti Ca Lt K Al Na
06241 0.087 - 0,045 19.5 - 0.098 a.012 0.006 0.025 0.0%2 5.6 _' 10.098 .11 0.114 19
06282 0.030 0.035 20.3 0.088 0.051 0.005 0.028 0.034 5.12 0.090 2.96 0.111 17
06291 < 0.010 0.034 20.3 0.086 0.010 0.005 0.026 0.013 4.98 0.089 ' .00 0.110 75
06294 <0.008 0.01} 20,5 0.097 0.010 0.006 0.029 0.034 5.05 0.095 3.18 0.109 16
06295 <0.008 0.028 20.6 0.106 0.010 0.005 0.028 0.035 5.10 0.090 3.20 0.113 n
06301 <0.008 0,028 19.6 0.078 0.010 0.005 0.029 0.034 4.94 0.086 3.00 0.104 82
06302" <0.008 0.027 20.2 0.117 0.010 0.006 0.011 n.018 5.08 ~0.085 .17 0.150 a1
06302 <0.008 0.028 0.0 . 0.080 0.010 0.005 0.029 0.039 5.00 0.089 3.11 0.102 8l
0710%1 <0.008 0.027 . 20.2 0.101 0.010 0.007 0.03} 0.039 5.18 0.092 3.29 0.130 84
07012 <0.008 0.028 20.4 0.121 0.011 0.006 0.012 0.044 5.19 0.096 342 0.120 a2
0lo1) <0.008 0.029 19.9 0.10) 0.010 0.006 0.01) 0.042 5.17 0.098 3.38 0.1 84
a102) . <0.008 .0.026 19.7 0.102 0.011 . 04006 0.030 0.030 5.26 0.094 3.36 0.140 91

SUnfiltered.




Sample |
0628

06282
06291

06294
06295’

06102
07011
07012
07013
07021
07022

Beon
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L S , TABLE 1V .
N . ANION CONCENTRATIONS AND.GT"ER PARAHﬁTERS IN GROUNDWATER FROM THE BULLFROG MEMBER OF USW -6
” Concentration
- (mg/e or otheruise stated) ’
- - Noo . : an- ) fph. T Alk ~ Eh 0. Conductivity
) F . Cl 3. . Detergent ) (no untts) (no untts) (meq/t) - (mV) 2 (umho/cm)
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Up—-gradient groundwater that may recharge the area under the repository
site at Yucca Mountain 1s oxidizing. Because the groundwater in Well USW H-3
at the southern end of the repository block was found to be reducing, 1 one
must postulate that the reduction process is a localized phenomenon taking
Place in the impermeabla tuffs of Yucca Mountain. - The extent of the area
that is Impermeable and that also contains reduced groundwater cannot be
defined without additional wells being drilled in the repository block
itself. This would unnecessarily alter the natural state of the site and
should not be done if the sole reason i3 to gain knowledge of the groundwater
composition. The conserve;iyenapproach to performance assessment is to not
use the possible reducing qualities of the groundwater below the repository
to decrease estimated solubilities of waste elements.

This pumping test of weil USW H-4 together with all the other results
presented In LA-10188-MS N

N

contain sufficient data on the dissolved
constituents so that the groundwater conposition from the repository to the
accessible environment--when defined--can be estinated especially concerning
any effects on retardation by sorption or precipitation. WNo further wells
are necessary solely for groundwater composition. However, the groundwater
composition of additional wells drilled for other site characterization
studies will be sampled and enalyzed'to'increase our detailed knowledge of
the site and area.

Groundwater properties.that are insufficiently known are the anount and
identification of particulates moving with the groundwater. Small-sized
mineral particulates from tuff and natural colloids, such as iron hydroxides,
are possible transportersToﬁ sorbed or coprecipitated waste elements 1if the
golids move through the fractures or open porosiﬁy of the tuff along with the
natural water flow. Studies on particulates in the laboratory and in the
field pumping tests will be our major. emphasis in FY 1985.

2. pH Buffer Capaci;zﬁor Well J-13 Water (J. F. Rerrisk). The water

compositions found at Yucca Mountain are at or near equilibrium with the

local minerals and would Be'unlikely to change significantly if conditions
remain stable. Howe@er, if conditions change, it is of interest to
undaerstand the capacity of the water and mineral sfstem to accomodate these
changes; One aspec:vof this general problem, the response of the system to
addition of H' or OHf (that‘is;_the pH buffer capacity) is dicussed here.

20°



Pure water can undergo large changes in pH after small additions of .
strong acids or bases. HoweVer dissolved species- in ‘the water can
significantly reduce pH changes for a given addition of acid or base. 1In-
water from Yucca Mountain, the aqueous ‘carbonate,’ aqueous silica, and sulfate
species have significant buffer capacity. " Carbonate and- aqueous silica’:
exhibit their buffer capacity in the pH range of from 6 to 10.-'Su1fate would -
only be an effective buffer at 4 PH near 2. ‘Solids that are in equilibrium
with an;aqueous solution or'that can precipitate from it also affect the
buffer capacity of the'solution;‘:Reactions”involving’the clays,’ zeolites,
and'feldspars that are found at Yucca Mountain generally include the:
production or consumptioniof:H+'and”sﬁould;thus provide additional buffer
capacity. Precipitation or dissolution of calcite or dolonite'can also
affect water pH.

The mostilikely cause of pH changes in water at Yucca Mountain is _

oxidation of iron pyrite (FeS ), if present; this process is responsible for
acid waters associated with many mines. ‘Calculations ' of the effects of
oxidizing irom- pyrite in’ Well J-13 water alone and'in’ water, plus- the-local "

minerals, have been done. In Well’ J~13 water alone, about 0. 5 mmol -of iron:

pyrite can ‘be’ oxidized per litre of water with’ only foderate: pH change (from - -

7 to 5). This process would -add about 1 'mmol/2 of’ sulfate to the- “water, ‘af-

factor of 5 more than’ the normal Well J<13 water sulfate content. ‘When the
appropriate’ local minerals are present, the ‘water: pH 'would be stabilized near -
7 by the conversion of clinoptilolitn to’ nontronite and kaolinite' this
indicates a very large buffer capacity associated with the minerals. Similar.

calculations were done for addition of H and OH by’ unspecified processes to”

the water and to water plus ninerals. Well J-13 water alone can accommodate’
addition of about’ 2 mmol/l of w or OH ' with" only moderate pH changes (about’™
2 pH units). With minerals‘present;‘the behavior for addition of H is the

same as for pyrite oxidation° however, ‘the 1oeal winerals do not provide much

additional’ buffer capacity for addition of OH over the wa'ter alonme. - A more -
detailed discussion ‘of these results is given in LArlOlSS-%S.z N '
The results represented here indicate that'Well J-13 water alone -and
water plus the minerals commonly found at Yucca Mountaid have.a relatively:. ..
good pH buffer capacity. .This‘is particularly true for ‘the water-mineral"i &

system subject to #" addition. However, these calculations have assumed

21



equilibrium behavior. This is a good assumption for reactions iavolving only
aqueous specles,- but kinetic constraints may 1limit rates of aqueous-solid
reactions such as precipitation or dissolution. 1If the buffer capacity of
thé;water-mineral system becomes important, it may be necessary to perform
additional experiments or analyses to verify the assumption of near-
equil ibrium behavior. . .
Water from Well J=-13. is. generally similar to water from other wells Lhai
tap the tuffaceous aquifer near Yucca Mountain. In particular, water from
Wells UE-25b#1, H-1, H-4, H-5, H-6, and G-4 would be expected to have buffer
capacities similar to Well J-13. Water from Well USW H-3 has a higher pH and
higher carbonate content than Well J-13 water; it would have a higher buffer

capacity for H+ addition.

B. Natural Isotope Chemistry (A. 5. Norris, K. Wolfsberg, S. K. Gifford,
and J. W. Jones)
Global fallout of

36Cl‘from high-yield nuclear tests In the Pacific

Ocean approximately 25 years ago has provided a tracer for determining the
extent of rainfall infiltration since that time. This work seeks to measure

" 3601 in two types of surficial material at Yucca Mountain to

the "bomb pulse
obtain.information about potential recharge. One type is relatively ffat—
lying alluvial sediment, and the other is fractured tuff that is either
exposed at the surface or thinly covered by soil or loose rock. Laboratory
analyses of samples collected during a field trip in February indicated that
36Cl. That work

was reported in the previpus,quarferly report.6 A field trip was undertaken
' ' 36,.,
Cl

the-Yucca Wash 6 trench would be a good location to measure
in June to collect samples from the Yucca Wash & trench large enough for
analyses, to excavate a lrench at the Exploratory Shaft site for collectiné
36C1 samples at that location, and to perform electromagnetic conductivity
surveys at locations on and near. Yucca Mountain to aid in selecting a 36C1
sampling site in fractured tuff. The field trip achmplished its goals. The
results are discussed below. Another fi2ld trip was undertaken in August to
collect samples from fractured tuff. Samples were desired asg deep as

2.5 m, but heavy rains curtailed sample collection to a depth of less

than 1 m..
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l. Results of the June 25 - 29 Field Trip...

a. Soil sampling.; Soilfsamples were collecLed fron six locations on or

near Yucca Mountain. Five of the locations are shown in Fig. 2 The sixth
location was at the Yucca Wash 6 trench, about 4 km east of the Exploratory
Shaft site. The chloride concentration in each sample was measured, and the
results are lisLed in Table Ve The daLa are ploLLed in Figs. 3 Lhrough 8.
Note Lhat Lhe firsL and lasL figures of this. set are semilogarithmic, whilef"
the remainder are linear. ' . -}_;""" - T ‘
“The’ chloride concentration data from Lthe four shallow soil samples and *
from ‘thé Yucca Wash 6 trench are similar to those obtained from similar 7
. February’ field trip sanples. The low values for the shallow soil samples, ?
"with no,biv increase near the underlying Luff indicate well-drained soil N
condiLions.' The data frOm the Lrenches aL’Yucca Wash 6 and at’ Lhe Explora-
tory" Shaft site indicate thaL infilLraLion may be deeper at ‘the Exploratory’
Shaft site than at the Yucca Wash 6 Lrench but both sets of samples should

3601 analyses. The presence of what appears to be ¢

provide useful samples for
a relatively impervious caliche layer in the*Yucca Wash Lrench may account o
for the shallower depth of chloride leaching in comparison wiLh Lhe Explora- ’

Lory Shaft site Lrench where no impervious caliche layer was- evident.

“bhe Electromagnetic conductivi;y survey measurenents. The electrical .
conductivity paLterns of tuff were measured wiLh a Geonics Model EM34-3
loop-loop inductive elechomagneLic survey instrument to help locate ‘an

36Cl infiltration measure-_-:

appropriate site in fractured Luff for’ bomb pulse

ments. The five sites Lhat were surveyed ‘are shown in Fig. 2. The

electrical anisoLrOpy of the Luff was measured aL each site by collecting

data at: 30° intervals abouL a point._ BoLh verLical and horizonLal dipole

measurements were made.' The equipment characLerisLics are such Lhat the i

verLical dipole measurements sense Lo approximately 0. 75 ‘of the - intercoil ‘
pacin s while Lhe horizontal dipole measurements sense Lo l 5 Limes the f;;;'
inLercoil spacing. The daLa from Lhese measuremean are listed in Table VI.-‘

These azimuthal surveys showed Lhat the Luff is’ electrically anisotropic in'hf

“the direcLion of" fracLuring, ‘as we -inferred from the measured:ratios of - '

electrical conductivities as large as 2:1 as a function of azinmuth.
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TABLE V :
CHLORiDE CONCENTRATIONS IN SOIL;:
SAMPLES FROM YUCCA MOUNTAIN LOCATIONS

Depth -
Sample Identification? (meters below land surface) mg ClL /kg soil .

ES-15 : ' 0 T TT="0.1527 o 1204
ES-14 0.152 - 0.305 4.1
ES-13- 0.305 --0.396 0.75
ES-12 0.457 - 0.549 1.23
ES-11 R 1'00488 -'00579 1004
ES-10 . .0.732 - .0.823 0.85
ES-9 ;0,579 - 0.671 0.43
ES-8 .- . 0.823 - 0.914 0.63
ES-7 f.00914 T'100064 0-25
ES-6 ' 0.975 ~--1.097 0.34 .
ES-5 . 1.128 - 1.219 0.19
ES-4 14372 --1.463 3.0
ES-3 1.798 - 1.920 231
ES-2. .. 2.073 -~ 2.225 593
ES-1 ‘ 2,754 -:2.865 659
SS-1 o 0~ . -:0.076 7.6 -
85-2 . . 00076 TLO-127 3-7 :
§s-3 . . 0.127 -:0.178 2.0 -
§5-4. . . 0.203 - 0.279 2.4
§S-5 o 0.279 - 0.356 2.5
TW-1 ‘ 0  -0.076 3.1
TW-2 . . 0.076 -.0.152 - 1.3 -
w-3 ‘ 0.152 - 0.203 0.8
TW-4 - 0.229 - 0.254 1.0
DN-1 0 - 0.051 3.9
DN-2 - . e - 0.051 -, 0.102 o . 0.5
DN-3 ) 0.127 - 0.152 0.7
DN-4 ' 0.178 - 0.203 1.1
DN-5 . : - . _ .. 0203 - 0.229, .:. 1.5.;
YWR-15 . 0 - 0.152 R o250,
YWR-14 . 0.152 - 0.229 21
YWR-13 ©~ .....v .. . 0.229:- 0.259 .. R .12
YWR~-12 - 0.259 - 0.305 . 66

YWR-11 - 0.335 - 0.412 . 488



TABLE V (cont)

. Depth - - . .
Sample Identification® (meters below land surface) mg Cl /kg soil
YWR-10 0.427 - 0.488 788
YWR-9 0.518 - 0.549 46
YWR-8 0.549 - 0.579 47
YWR-6 0.5640 - 0.701 112
YWR-5 0.762 - 0.793 178
YWR-4 0.884 - 0.945 577
YWR-3 1.067 - 1.158 414
YWR-2 1.463 - 1.524 752
YWR-1 1.676 - 1.829 1699
EMS-1 0 - 0.152 0.6
EMS-2 0.152 -~ 0.203 0.8
EMS-3 . 0.203 - 0.254 1.0
EMS"[‘ 00254 - 00305 003
EMS-5 0.330 -~ 0.356 1.2
EMS-6 0.356 - 0.381 3.7
EMS-7 00381 - 00406 302

The latter codes designate the following:

ES = Trench at Exploratory Shaft site, 56 £t in a direction N42°E from
the aerial survey marker.

SS = North end of Yucca Mountain, 60 ft west of USGS rain gauge "Sandy."

TW = North end of Yucca Mountain, 0.5 miles south of USGS rain gauge
"Sandy."

DN = Middle of Yucca Mountain, 300 ft north of USGS rain gauge "Dianne.”

YWR = Yucca Wash 6 trench.

EMS = Electromagnetic survey site at the mouth of Coyote Wash.
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. TABLE VI
ELECTROMAGNETIC MEASUREMENTS OF APPARENT ELECTRICAL CONDUCTIVITY

(A1l measurements Iin mmho/m)

Location
Spacing Orientation Vertical Dipole Horizontal Dipole

D 000 1.6 1.4
060 1.5 1.0
090 2.0 1.4
120 1.7 1.0
150 1.3 1.2
B 000 2.0. 1.3
10 m 030 2.0 1.4
. 060 2.0 1.9

090 1.5, 1.2 2.7, 2.4
120 1.6 1.2
150 2.0 1.2
A 000 1.5 4.9
10 m 030 0.6 4.3
060 0.1 3.4
090 -0.6 2.6
120 0.1 3.0
150 1.0 3.0
180 ° 1.2 5.0
A "~ 000 0.3 3.1
20 m 030 0.4 2.0
: 060 -0.5 1.0
090 -0.3 0.8
120 -0.5 0.8
150 -0.5 1.6
180 0.5 3.0
B 000 1.8 2.0
10 m 030 1.8 2.1
060 1.4 2.0
090 0.7 1.9
120 1.0 2.4
150 1.4 2.5
180 2.0 2.3
B -000 0.7 0.9
20 m 030 0.6 1.1
090 0.5 0.6
120 0.6 1.2
150 0.8 1.0
180 0.7 0.6
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Coordinates

Spacing Orientation
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TABLE VI (cont) ... .. ..

vé::ﬂééi Dipole

Horizontal Dipole

o Tuff Sampline Area (EWS Soil Sanpling Area)

230, 150 - 000

10m

" 030
060
090
120

- -- 150
- 180

230, 190
10 m

200, 170
10 m

LF

- 000

030
060
090
120
150

180

000
030
060
090
120
150
180

.
P

P

5 e
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The electromagnetic survey measurements indicated that the site labeled

EMS in Fig. 2 is highly fractured.

OLher charact.erist.ics, such as proximity

to a road and Lhe gentle slope of the Lerrain, appeared ‘to make fracture

sampl ing feasible aL this location.

Therefore, a deLailed electromagnetic

survey was made along seven north-south lines to produce a 15 £t x 15 £t grid

for assessing the spatial variability of shallow tuff conducLivity. These
data are listed in Table VII:and-:are .plotted-in Fig. 9.

reflect the major, seL of northwest—trending fractures aL the ground surface

- The contours seem Lo

near the Exploratory Shaft site and perhaps the minor seL of northeast—

trend ing fractures.

{
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TABLE VII
GRID ELECTROMAGNETIC MEASUREMENTS
NORTH-SOUTH TRAVERSE ON 10-m SPACING

(See Fig. 9)
X~-Coord. Y-Coord. Vertical Dipole Horizontal Dipole

140 100 T 4.0 3.4
115 3.3 3.5
130 3.3 3.4
145 3.6 3.1
160 3.6 2.8
175 3.0 3.0
190 3.2 3.0
205 3.7 3.0
220 3.3 2.8
235 3.9 2.6

Drift of Machine Measured to be 0.0 mmho/m
155 100 3.6 3.9
115 3.4 3.9
130 2.2 3.5
145 3.8 3.2
160 3.5 3.0
175 2.6 3.2
190 3.2 3.3
205 3.6 3.4
220 3.4 3.3
235 3.3 3.0

Drift of Machine Measured to be 0.0 mmho/m
170 100 3.5 3.8
115 4.1 3.2
130 3.1 2.4
145 3.4 3.4
160 3.4 3.2
175 3.7 3.2
190, 3.7 3.2
205 3.1 2.8
220 - 3.3 3.0
235 3.2 3.0

Drift of Machine Measured to be 0.0 mmho/m
185 100 4.1 3.3
115 3.6 3.0
130 : 3.5 3.0
145 3.2 3.0
1690 3.4 3.1
175 3.3 2.9



TABLE VII (cont)

X-Coord. Y-Coord. - Vertical Dipole Horizontal Dipole .
190 3.6 o 3.1
©. 205 3.3 3.0
220 . 3.3 3.7
1235 . T 3.3 ¢ 4.0
250 3.6 3.6

Drift of Machine Measured to be 0.1 mmho/m

‘n

200 100 3.8 3.6
115 3.8 3.3
130 3.0, 3.3 -
145 3.0 3.3
160 . 3.6 3.1
175 3.9 3.1
190 3.6 3.2
205 3.3 3.0
1220 3.5 3.4
235 3.7 3.3

Drift of Machine Measured to be 0.0 hmho/m

215 . - 100
115
130
145
160
175
190
205
220
235
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Drift of Mﬁchiné Measured to be =0.1 mmho/m .

230 100

| 4.0 3.4
115 " 3.8 '” 3.1
145 - 3.2 2.6
160 e mda2 2.8
175 RN 21 - 2.7
190 - 3.6 2.9
205 3.8 3.0

0235 2.7 2.8

Drift of Machine Measured to be —O;L noho/m
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2. August 13-15 Field Trip. The site selected for measuring infil- = - <~

tration into fractured tuff was determined to contain no‘archeological :

artifacts and no endangered plants or animals. A backhoe and a pnenmatic'f'
hammer were used to excavate a hole about 0.8 m deep. ' Four soil samples and:
two tuff samples were collected. Holes were drilled o permit blasting to -~
deeper levels, but heavy rains resul'ted ina pool of standing’ water in the
excavation. Water from this pool could have carried chloride and 3601 to
deeper levels than it might have moved during the past 25 years, thus =

- compromising the interpretation of the data 1f sampling and analyses had
continued. Therefore, ‘the sampling was stopped, and the excavation was’
backfilled as well as the muddy conditions would permit, to prevent the hole
from becoming a local recharge point. The chloride concentration =~~~ - #7°
measurements on the samples collected will be performed and reported next

quarter,

C. Hydrothermal”Geochemistr&;(CJ 3. Duffy) -+

Thermodynamics of Zeolites. A thermodynamic model has been constructed

for analcime as a start to'our"understanding the‘controls:on'its stability. -7
Analcime is neither the most abundant nor ‘the most’ sorptive zeolite at Yucca”
Mountain. It is, however, the most studied ‘and reported ‘upon 'ze0l ite "in 'the
literature. Modeling analcime stability leads to ‘insights about:the
parameters ‘that affect the stability ‘of other zeolites, the probable relative
importance oE kinetics vs chemical equilibriun, and ‘the best approaches to
studying the other zeolites. =~ ' ' o i

. The thermodynamics'of'analéime aré ‘directly important because analcime
is a probable breakdown product ‘of clinoptiloliéei' The thermodyndmics of
analcime as well "as those of clinOptilolite must therefore, “be ‘known ‘before
the possible reaction of clinoptilolite to analcime plus additional’ phases
can be “modeled. The model for analéime can "also be used ‘1o clarify the
present chemical conditions in portions “of Yucca Mountain where analcime 'is®
present and to examine the possibility ‘thatl’ these portions “of “the mountain
may have been’ ‘heated 1o higher ‘temperatures in the past.’ ¥ 1 U0

The framework for the analcime thermodynamic model was presented ' in the

April-June Quarterly report.6 The parameters necessary to the model have now
been evaluated. Because no data were available 10 unambiguously fix-all the

parameters, experimental and field data were combined and adjusted within
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reasonable constraints until a set of parameters was found that was con-—-
sistent with all the data. o

Volumes were obtaired by fitting the data of Kim and Burley7 af ter Lhey,

had been extrapolated to.25°C. Compressibility data for. the NaAlSi2 6oHZO
end menmber were taken~§r9m Birch.8 Thermal expansion was gstimated based
upon data fronm Skinner.g_ Due to lack of data, compressibility and thermal
expansion were assumed to be equal for both end members. The resultant B

volune functions are
V = (1 - (1.97e=6)P - (2.77e=10)P%)(1 + (3.5e=5)T)(9.6914)

for NaA181206~H20 and

V = (1 - (1.97e-6)P - (2.77e~10)P2)(1 + (3.5e=5)T)(9.2394)

for 51306-1.5H20, where V is in J/mol bar, P ig in bar, and T is in °C.
The_calorimetric entropy oE.the silica end member was estimated using
entropy and volume data and the estination technique.given by;Hélgeson et
al.lo_g;ong with the above volume data. Data for zéolitic water and
tridymite were used .in the estimation. Tridymite was preferred to the other
silica polymorphs because its use resulLea in the smallest volume correction.
The .calorimetric entropy was estimated to be 215.31 J/mol K. This number was

conbined with data from Johmson et al.ll

for Lhe_calorimetric entropy of the sodium end member. The value given above

represents .the total entropy for the silica end member, but there are
addition configurational components in the.sodium end member.

The heat capacity of the silica end member was also estimated using data

10

and techniques given by Helgeson et al. However, quartz was used in the

estimation because the other silica polymorphs have phase transitions in the ‘

temperature region of interest. Using the same estimation technique, data on
an intermediate analcimeI; were combined with the derived heaL capacity for
the silica end member to provide a heat capacity for the sodium end member.

The functions are .

C, = 236.615 - . 0. as7373r + (1.66004e-3)T2 - (1.23551e-6)T°
+ (5. 860792e4)/T
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for the sodium end member and S e -

c, = 324.056 ~ 1.0057T + (2.67422e~3)T° = (1 85403e—6)T — (6.3093e5)/T*

Sl

for the silica end member, where Cp is in J/mol K and T is in °C.

These data were then combined with field data and hydrothermal experi—
mental data on the albite, quartz, analcime equilibrium to obtain chemical
potentials of the end members exclusive of the contributions of configura-"
tional entropy. No single data point exists for which all the needed
parameters are available' however, the chemical potentials can ‘be constrained
by requiring that they be consistent with a broad range of data. The O
chemical potentials obtained are -3 087 431 J/mol for the sodium end member
and -2 908 213 J/mol for the silica end member. o ' '

The model indicates that the analcimés preséntiin Yucca Mountain
crystallized under conditions where the silica activity was only slightly
below that in equil ibrium with cristobalite. * The fact 'that they presently
coetist with quartz indicates that the rock and water are not in overall
equilibrium. The model suggests that the analcimes did not crystallize at’ -’
temperatures above 150°C but does not indicate a specific temperature. “The
model predicts that analecime will crystallize at higher silica activities
when the pressure on the crystal is closer to the ‘fluid pressure. This
impl {es that as the mountain evolves toward silica activities more closely in
equilibrium with quartz, analcine will tend to crystallize in void space
where the pressure ‘on the analcime would be equal to 'the fluid pressure.

Such an’ occurrence would tend to decrease permeability.,

fe o~

D. Solubility Determinations cure T e Do :r} SR
1. _ New Version of'EQ3/6 (J. Fo Kerrisk) A néw Version of the ™

chemical’ equilibrium computer program EQ3/6 was received frOm Lawrence

.

Livermore National Laboratory.' This version is ‘now running on the LTSS

system at Los Alamos. The primary addition in this version is the capability'
to do calculations at’ constant gas fugacity.‘ This boundary condition may be 7

representative of conditions in the’ unsaturated zone where the aqueOus phase

is in contact with a gas reservoir.
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2. Actinide Chemistry in Near-Neutral Solutions (D. E. Hobart, T. W.

Newton, and P. Palmer). The chemistry of actinides in the near-neutral
waLers»found inythe vicinity of Yucca Mountain will have a significant impact
on actinine solubility and transport in water that interacts with nuclear
waste stored there.. Three aspecis of actinide chemistry are being exemined.
They are (1) complex formaLion between Pu(IV) and carbonate, (2) solubility
productrof Puoz.nﬁzd‘(eolid.oricolloidal sol), and (3) complex formation.;
between Am(IIL) and carbonate. During the past quarter, work concentrated on
the solubility prodnctiof.Pndz.nHZO. ‘

Work was continued on the solubility behavior of colloidal Pu(IV). A
serious difficulty in solubility determinations using 239Pu is the effect of
alpha radiation during the long time periode required to reach equilibrium.
This effecL does not appear to have been_considered in previous studies.

The principal reaction being investigated is
Puoz(coll)v+ PuO%f_= 2 Puoz . | (1)
The equil ibrium consﬁant_for this reaction, together with known thermodynanic
data, can be used to‘calculate_the equilibrium constant for the reaction

Pu0,(coll) + 2,0 = Pu*" + 4ou™ . (2)

This eqilibrium constant is the solubility product that is fundamental for
predicting solubil ity as a function of pH and complexing anions. LiLeraLure
values for this consLanL vary rather widely, 30 these studies are required.

In our study of reaction (1), threa components are important: Puoz,
Puog » and colloidal Pu(lv). Pu(III) might be expected at high Pu(V) and low
Pu(V1) concentraLions, but careful exarnination of Lhe specha of such solu- -
tions shows no evidence of Lhis oxidation state. Solutions starting with the
components Puoz, Pu02 » and colloidal Pu(IV) individually and in various ‘
combinations have been prepared. ‘These mixtures were sLored at roon Lempera-
ture and periodically analyzed spectrophotometrically for Pu(V) and Pu(VI)
Values for pHd wera also determined. Data have been Laken over periods up to
260 days. The plan was to determine Q', the concenLraLion quotient for
reaction (1) under conditions where both forward and reverse reactions could

be observed and, thereby, bracket the equilibrium constant.
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The data indicate that several reactions in addition to (1) are
important. These include reduction ‘of Pu(VI) by products of the alpha '

radiolysis of the solution.

i 224 : | + . + S
Pqu _+ 1/2 dz Puoz + H. and

oxidation of the colloid by radiolysis products,

¢

'Pu0, (coll) + 28" = Pu022+ * 1,
and '
Pu0._(coll) + H' = puot + 172 0. .-

. Disproportionation, the ‘teverse 'of reaction’ (1), readily occurs in
solutions with 1.5 < pH < 5. TFor pH < 2, the observed rates are in

reasonable’ agreement with published work ‘for higher acid concentrations.

higher pH values, however, much higher rates are observed.
poss.dble catalysis'by'the“freshly formed colloidal Pu(IV).

Reaction (3) 1s readily observed in solutions ‘in which’ Pu(VI) is' the

3) -

(4)

(5)

At
‘This suggests "~ °°

' predominant oxidation’ state.” Our values for 'the rate of -this reaction are in

good agreement with those published previously. ?

Reactions (4) and (5) are’

observed in solutions“initially containing pure colloid. - At concentrations’

< x 107° M, reaction (5) 1s much more important than reaction (4).

Mixtures of the various components or solutions of ‘single components -

that have stood ‘a “long “time show wide ranges of average oxidation states, Q' .

values, and their rates of ‘change with timel SRS

Disproportionation appears important at Q' values ‘as''small "as ‘10"

From this,” an upper ‘1imit for ‘the solubilitv product can be estimated ‘as log-
K < =56.7. An'estimateJEOr’a'lower:limit’réquiresja“value'for'Q"under'*

sp
conditions where reaction (1) occurs as written.

“The 'data provide mo ‘direct. ' :-:

evidence for this. Thus, it will be necessary "to find ‘a’ satisfactory -model -

for the observed behavior in order to reach’conclusions ‘with respect to &

equilibrium in reaction (1). “Plausible models “are’ being investigated and, 'in:

242

addition, data using Pu- are being collected.

3. Solubility ‘of Actinide’ Compounds (H. Nitsche and ‘N&- Edelstein)
237

Work concluded on the measurements of the solubilities of

2
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and %43Am3+, individually, in groundwater from

1,6,13

2625 b+ 202, o, 2625, o§+,_

the Nevada Test Site and in aqueous NaClO4 solutions of similar pH.

Solubility measurements in Well J-13 groundwater were conducted in a.
manner similar to the éxperiment in nonconmplexing ‘Na.ClO,+ solutions. The i
groundwater was passed through 0.05-ym filters prior to use, and the pH of
the solution was held at 7.0 + 0.1. 1In addition, to avoid the loss of CO2
from the Well J-13 water during the experiment, a partial COZ-prgssure of
0.014 atmospheres was maintained above the solution's surface at all times.
The analytical procedures for the separation of the solids from the solution
phase have been described earlier.6 .

The actinide solution concentrations were followed as a function of
tine, and, after steady-state conditions were reached, the supernateé were
analyzed to determine the oxidation state distribution of solution species.

For the Vpo Np0§+, and An3 solutions, we used spectrophotonetry. For the

’
plutonium szlutions,;with their rather low concentrations, we enployed a
combination of coprecipitation with rare earth fluorides and both Lhenoy—A
trifluoroacetone (TTA) and hexone (methyl-isobutyl-kgtope) eeracLions.ﬁ

The solids were studied by x-ray powder diffraction analysis. Samples
were sealed in 0.3-mm quartz capillaries; Cuka radiation £1iltered Lhrougb
nickel was utilized. Table VIII lists the analytical results.

The-spread in solubility for the plutoniua in NaClOA solution appears at
first rather puzzling because the final solution compositions are similar.
One possible raason for the solubility spread may be found in the nature of
the precipitating solids. Presumably the solids in all three plutunium-
solutions are Pu(1V)-hydroxides or hydrous oxides. This is supported by
(a) 1identically green physical appearance of the precipitates and (b) by tﬁev
low solubility values for the initially PuO+ and PuO2+

2 2
ions would precipitate aS»PuOZOH and PuOZ(OH)z, respectively, their solu-

solutions. If thease

bility values should be in the same order of magnitude as the values for the.

»

analogous neptunium-hydroxides. The literature value14 for the solubility aﬂ o

pH 7 for crystalline Pu(lV) oxide is 10—8

oxide it is 10°8°3

on whether the material Is amorphous or crystalline but also on.the

M and for amorphous hydrous Pu(IV)

properties of the amorphous state; that is, various phases. Erom amorphous
5 2O display. differances 1n solubiliLV. Alpha._

radiolysis frects, as discussed iIn Section 2, also must be considered.

Pu(OH)afto amorphous Pu0,
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TABLE VIII

ANALYTICAL RESULTS OF SOLUTIONS IN EQUILIBRIUM WITH THEIR SOLID PHASE (SUPERSATURATED STARTING CONDITIONS)

IN 0 1 H NaClo

i Ft}\al' Oxidation Stntei’.

MID J-13 CROUNDUATER AT pH - 7 0 t o.1, 25 t 1°C

(+5)<65 to 80X

o Solubilfity o
U (M) of Soluble Species Solid °
Initial .
‘Species | _NaClo, . J-13 NaClo, J-13° NaClo, J-13
jnpog. ©(443710.10) x 10~ (1.41:0.51) x 1073 45 (100%)’ +5 (1007) . amorphous crystalline
. - o ' Na:,}.lpoz(cu:")2
- xn uzo ~
o . IO o ‘ . L S
npo;‘;+ # (3.4710.16) x. 1074 (7.1620,54) x 107 +5 (1007) 45 (1002) crystalline  crystalline L
. : - ‘ . unidentified ‘unidentified .
a0 (2:9500.14) 1070 1(1.05:0017) x 1070 43 (100%), +3 (1002) mostly cryatalline
- . : ‘ : ) ano‘x"pho.ua Amz(f:OJ)z x 2 HZOI
2 AnOICO,
v . . o ( - 1 ) . . Do .
Pul”' !_(‘2.8—1'2.1‘”) xl‘vllo-a :“'6‘51031.)' . qu-s L (3 () f(+3)"’(+‘)+j"' anorbhdx‘m anorphous
: L - - polymer _<_ Sy polymer < 1% : :
. (+5)4(+6)-972 {+5)+(46)-99% =~
;oA R (+5)~60 to 65% (+5)~40% -
+ PSSO S 6. iriresn. ey, | )
Puo, (3.111.2) x.10 St (7.143,8) x 10 T (#I)H(+A)+ (#3)+(+4)+. amorphous _crystalline
: ' o polyn'ér < 102‘ 'polyner' <1 o _unidentified
i (+5)+(+s)~9o to 9sz (+5)+(+6) 9sz '
(+5)-50 to 70% (+s) 632
2 ey c 107 (Geeteyx 1075 ey 1
Pu0),” (1.210.4) x 10 (3.611.4)'x 10 (+3)+(+4)+ -(+3)+(+6)+“ amorphous - crystalline
i : . L ' ’ ' : polyner S- 5% polymer _<_ 22 . - unidentified
’ (+5)4(+6)~972 (+5)4(+6)~982 ’ '
(+5)~70r




A topical report on the task is in preparation and will be submitted
later.

~Work on the measuraments of AmOHCO, in 0.1-M NaClOa solution at

3
atrospheric CO2 concentrations at 25°C at pH values of 6, 8, and 10 is near
conclusion.
The 243Am(OH)CO3 wés prepared through the formation and" subsequent

15 The

material was identified by x-ray powder diffraction analysis as crystalliné
, 2
AmOHCOB. Solution samples are being analyzed by counting the 75.44-keV "43Am

y-ray with a solid statz x-ray counting system.

hydrolysis of the trichioracetate complex in aqueous solution.

Details will be given in a topical report on this task.

E. Sorption and Precipitation (K. Wolfsberg)

i. Groundwater Composition Effects (S. D. Knight and K. W. Thomas)

-The effects of groundwater composition on the sorptive behavior of tuff
have;been under.étddy for sdmé'cime. Most of our sorption data have been
obtained with Well-J-13 groundwater. New measurements have been added with
tha Paleozoic-hole groundwater from Wall UE-25p#1 (P-1) and with deionized
water. The Paleozéic—hole g;oundwater has a much higher concentration qf
calecium, magnesium; StrQntiﬁm; barium, sodium, bicarbonate, and sulfate‘thaﬁ
doesithé Well J-i3jwatér. The deionized water is more similar in compositidh
to Well J-13 gréunawatef.

Batch sorption expariments were performed this quarter on tuff sample
USW G-1-2901, a devitrified tuff with small amounts of calcite, from the Tram
Unit. Measurements werz made with the Paleozoic groundwater and with

137Cs, 13333, and 122

deionized water. Strontiun-85, Eu were the radio-
nuclides used, and all the contact times were six weeks. Table IX lists all
the sorption and desorption ratios deternined in these experiments.

Sorption ratios for strontium, cesium, and barium were lower when
measured in P-1 water than in deionized water. Be@éuse the P-1 water is a
higher ionic strength water-;han the deionized water, it is expected that
these three elements that sorb mainly by ion exchange will show lower
sorption ratios iq the P-1 groundwater. Sorption and desor#tion ratios for
europium on Drill Hole G-1-2901 tuff were very high in both Qaters, and

differences in sorption ratios in both waters were difficult to observe.

42



£

- SORPTION RATIOS ON TUFF SAMPLE G1-2001 WITH PALEOZOIC AND DETONIZED wATEks -

- | . TABLE 1X

+

v

oL Traced Feed : Sqrptionb
, i* Traced Feed . Concentration T oor .
Groundwater ~ - (pi) Elenment (M) Degorption
uE-25pf1% . - 8.70 St 2 x 1077 Sorption
- : s . 4 x 1079 Sorption -
o Ba 6 x 1078 Sorption’
; Eu  © 2x10°7- Sorption
2 S - . Desorption
W 2, s - X Desorption
& ; Ba = o Desorption
N Bu - . - L . - I/ Desorptién
mwd L 8.0 st © 2x 10 Sorption:
. v Cg S 4 x 10?91 Sorption
T Ba x 1n-8 Sorption
R Eu 1 x 1077 " Sorption”
. . Sr : Desorption
‘ . Cs " DeSorption
. s - Ba . Desorption
o = +. Eu ' " Desorption
aWell UE—ZSb#l‘ Paleozoic groundwater.

b

Sorpcion and’ desorptlon times vere' 6 weeks.

Numbers in parentheses are the standard deviation of the mean.,

dDelonized water.

-

Sorption Ratios

+27 500

, (mz/g)
Experlmental .
Value | Average
{pH) Value ~
31 57 44 (13)
(8.92) (8.99) . N
662 1150 900 (250)
940 1920 1400 . (520)
22 000 53 700 38 000 (16 000)
39 3 350 (W
(8.90) (9.03) . -
926 775 850 (76)
. 1190 1030 1100 =~ -(90)
89 000 49 000 . 69 000 (20 000)
‘136 - 137 . 136 (1)
(8.57) (8.39) ’ T
3190 3520 ¢ 3350 (170)
- 7290 7100 7200 (100)"
33 000 41 000 37 000 - (4000) .
‘118 92 105 7 (13)
(8.74) (8.45) : .
4390 - 3130 3800 (670)
. 6970 5190 6100 (900)
34 ooo 21 000 . (6200)




Sone new experiments have been started with strontium, cesium, barium,
europium, and tin in groundwater from Well USW H-3. This water has a higher
pH (~9) than other groundwaters studied. .

2. Long~-Term Techanetium Sorption Measurements (S. D Knight and

K. W. Thomas). Batch eorption measurements with technetium in Well J-13
groundwater and three tuff samples have been carried out with times up to
1 yr. Sorption ratios have been determined at 6 wk, 3 months, 6 months, 9
months, and 12 months. Sorption ratios for technetium did not change with
time and were all very ‘small, near zero. The last measurements of this
series will be made for 15 months contact time. Table X lists the results

obtained to date.

3. ngpunium Sorption Isotherm Measurements (F. O. Lawrence, M. R.
235 .

Cisneros, and K. W. Thomas) Batch measurements, with Np, for long-ﬁerm
sorption measurements are continuing. Neptunium isotherm sorptions in a
CO2

now possible has been. gompleted. Counting of the samples will resume soon.

-controllad atmosphpre are finished, and as much of the counting as is

4, Plutonium and’ Americium Sorption Heasurements (F. 0. Lawrence,

M. R. Cisneros, and K. W. Thomas)

Serial sorption measurements with plutonium have been started, and the
first phase has been completed. The measurements are being made on GU34916
crushed rock. The sorptiéni}atio deternined in the first phase 1is 260 * 14,
which agrees quite well with the value of 250 % 25 reportea'previously.}3
The second phase, which is §orption on.freshly crushed rock with the aqﬁeous
phase of a previous sorption, will be completed within the next few weeks.
THiS"will indicate whether the species of plutonium remaining in solution
after a sorption experiment behave any differently than the plutonium that
sorbed initially.

) Tﬁere has recently become available a well-characterized solution of
Am(IIIj in carbonate solution. Batch sorptions will be run with this
material as well as the material used previously for americium batch sorp-
tioés, and the results will be compared with fast-flow column experiments.

'? There will be avallable to us soon carbonate solutions of Pu(V) and of
Pu(VI) Batch sorptions are planned using feed solutions made by adding a
spike of,the carbonate solutions to the rock-equilibrated water. A com-
ﬁarisdh will be made by using plutonium solutions prepared in our usual

manner for the sorption measurements.
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Core

CU-3-916

GU-3-1301

Traced Feed
A(EH)

8.57

8.67

Traced Feed
Concentration

M)

TABLE X
TECHNETIUM SORPTION RATIOS

Sorption Time

Sorption Ratios

6 x 10—10

7x 10“10

6 wk

13 wk
6 months
9. months

12 months

6 wk

13 wk

6 months

9 months

12 months

»a .

(me/g)

Experimental Value Averagg

(pH) Value
0.50 0.94 0.72 (0.2)
(8.51) (8.57)
0.33 1.3 0.81 (0.5)
(8.75) (8.70)
0.81 0.44 . 0.62 (0.2)
(8.61) (8.66) |
0.14 0.11° 0.13 (0.02)
(8.81) (8.83)
0.13° 0.32 0.22 (0.1)
(8:83) (8.90) ' .
0.058 0.022 0.04 (0.02)
(8.41) (8.47) +
0.065 0.002 0.03 (0.03)
(8:63) " ... (8.69)- S
0:003 - 40.004- -0 -
(8:60)  (8.61)
0.013 0.031 0.02 (0.01)
(8.70) (8.72) |
0.17 0.30 0.23 (0.1)
(8.70) (8.75)




9y

TABLE X (cont)

Traced Feed

. Traced Feed ‘Concentration
Core (pH) (M) Sorption Time
G-4-1502 8.74 8 x 10710 6 wk
13 wk
6 months
9 months
12 months

3Numbers in parentheses are the standard deviation of the mean.

Sorption Ratios

. (me/g)
Experimental Value Average
(pH) value®
0.042 -0.003 0.02 (0.02)
(8.60) (8.60)
0.06 -0.038 0.01 (0.05)
(9.00) (8.81)
-0.085 -0.09 0
(8.65) (8.65)
-0.06 -0.05 0
(8.71) (8.75)
0.001 -0.015 0
(8.80) (8.82)




For the last few months one of the pieces of counting equipment (auto-
matic Nal well counter) has been out of commission due to construction in the
building and the ensuing moving of the counter. That work is completed, and
the counter is back in use. We should be caught up with the backlog of
samples in a monLh or so..: - S » '

e

5. SorpLion Measurements of Uranium and Selenium (B. P. Bayhurst and

K. W. Thomas) . Batch sorption measurements of uranium were carried out at a
pH of 6.0 to 6.4 in a controlled partial pressure of 002 This gives
condiLions nore similar Lo ‘the neutral pH found in Yucca Mountain ground—
waLers than the pH 8.8 used previously.1 _The change from a pH of! 8.8 may
cause a change in the carbonate c0mp1exing of uranyl ion. We;are observing
Rd'values 3 to 8 times higher than at pH.8.8, indicatingjthatlprevious

" measurements gave conservative results. Similar experiments with selenium
indicated no change from previous work carried out in Lhe'ambieni'atmosphere}
Tne results and comparisons are given in Table XI.

6. Microbial Activity at Yucca Mountain (L. E. Hersman,fF. 0.

Lawrence, M. R.-Cisneros, and K. W. Thomas). Tbe purpose of Lhis research is
to determine if microbial activity can influence the mobility of nuclear N :
' waste elements, especially plutonium. 0f special interest are those
A nicrobial species capable of degrading drilling fluids, because Lhese fluids
are used extensively in drilling explorations at the NWWSI sites.f‘

‘As’ reported in the last quarterly report.,6 work was begun on: developing
- methods for sLudying the anaerobic biodegradation of drilling fluids. On -

June 21, 1984, two 1.0-g anaerobic growth chambers containing Turco 5622

" medium were innoculaLed with sediment. This sediment had been collected from

a stagnant pond located near Lhe Well UE—ZSc#l drilling site at ‘the NTS.
Using Warburg manometers, the chambers were monitored every leeeks, and Lhe

_results are as follows (expressed as milliliters of gas produced ¢ -1 day ).

25 June - 3.15 x 10-24 D T ~
9 July - 1.42 x 1072 - , and
23 July - 0.82 x 1072 .
Originally, this experiment was designed to be conducted for 2 month'
unfortunately on 6 AugusL the redox indicator in both chambers Lurned pink,

indicating the presence of oxygen. Because the anaerobiosis of Lhe chambers

47



8%

TABLE XI .
" SOPRTION: RATIOS FOR URANIUM AND SELENIUM
IN A PARTIAL CARBON DIOXIDE ATMOSPHERE

Sorption Ratio

Traced Feed Sorption (me/g)
a Traced Feed Conceantration Time" Experimental Value b
Core Element (pil) (M) (weeks) (pl1) Average Value
G-1-2233 u 6.19 5.5 x 10 8 17.7 1641 -
(6.22) _ (6.48) 16.9 (0.8)
, -6 o : c
U 8.72 2,7 x 107¢ 6 . 5.5 (0.4)
Se 6.19 1.8 x 10710 8 0.8 1.2 1.0 (0.2)
. (6.22) (6.48) 1.0 (0.2).
| Se 8.72 1.8 x 10”1 1.8 (0.1)¢
-6
G-1-2840 ) 6.30 5.5 x 10 8 3.9 4.5
(6.40)  (6.00) 4.2 (0.2)
v 8.59 2.7 x 1070 045 (0.1)€
Se 6.30 1.8 x 10710 8 1.5 1.9 17 1)
(6.40) (6.00) -1 (0.
Se 8.59 1.8 x 107! 3.1 (0.2).
- -6
G-1-3116 v 6.32 5.5 x 10 26.0 27.1
(6.40) (6.02) 26.6 (0.4)
-6 c
u 8.78 2.7 x 10 3.8 (0.1)
-10
Se 6.32 1.8 x 10 8 2.8 2.9
(6.40) (6.02) 2.9 (0.1)
se 8.78 1.8 x 1071} 6 3.1 (0.1)€

3praction size is 75 to 500 pm, wet-sieved.
Numbers in parentheses are the standard deviation of the mean.

®Bruce Crowe, Comp., "Research and Development Related to the Nevada Nuclear Waste Storage

i

Investigations, January l-March 31, 1984," Los Alamos Natlonal Laboratory report LA-10154-PR

(February 1984).

The measurcments were made in air and are listed here as a comparison.




was compromised the experiment was terminated.A It is encouraging that the
early results suggested that small quantities of gas were being produced
anaerobically. In keeping with the findings of others,Athese "data lend
credence to the belief that the drilling fluids can be degraded anaero-
bically. Further experiments are planned to substantiate thase initial
data. T

Final preparations were completed for a new series of plutonium adsorp-"
tion experiments to study the effect of microbial activity. Unlike previous
experiments where mixed bacterial cultures were used, these experiments use
individual, pure cultures. To obtain pure cultures, species were subcultured
(transferred) several times on nutrient awar and on drilling fluid medium.
For each transfer, an individual colony was transferred to fresh medium '
(solid). After several transfers, pure cultures have been obtained. All are
capable of degrading either ASP-700 or Turco 5622 drilling fluids. All are 1
gran negative rods of varying sizes, and sone produce extracellular capsule
material. When grown on ASP-700 medium, two species produced large clear '
zones, around each colony. These two species, plus two that do not produce
clear zones, and two. species capable of degrading Turco 5622 were purified
for-use in the adsorption expnriments. ' '

Three plutonium sorption experiments were begun during ‘the’ past month.'
In the first, three species of bacteria were added to a 10 8-M solution of
plutonium with 1 g of ‘erushed- tuff. This slurry was mixed for 5 days. In
the second experiment, four species of bacteria were added to a 10 9
solution of plutonium and crushed tuff.' As in the first experiment, this'
slurry was mixed for 5 days. Unlike theSe two experiments, ‘In the third
experiment the crushed tuff was added to the culture of bacteria (four
species) 1 wk prior to the introduction of a 10 9-M solution of plutonium. o

Ce Ll

This was done to provide a greater period ‘of time “for the bacteria to adsorb
onto the surface of the crushed tuff.“ Results of these experiments will be
presented in the future. ' ' - S o

[
R I

-

F. Qynamic Transport Processes (R. S. Rundberg, E. J. Mroz, and A J.
Mitchell) T - ‘

1. Crushed-Tuff Columns. A“zimiioﬁa:eaiﬁéﬁ'Eaétaining‘céaéhed S

USW G-2-2017 tuff has been prepared and the free column volume ‘determined’ by o

eluting tritiated water at several flow rates. The average free column
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volume oE 22.4 me has been reported in the previous progress reporL6 and was
found not to be velocity dependent ovet a wide range of velocities. This
result is consistenp with what one should expect for a column packed with
fine~grained material (75 io 500 um). The mineral composition is
approximately 207 clinopiilolite, 407 mordenite, 35% feldspar, and 5% silica
phases. The intracrystalline porosity of -the tuff is 177 based on the
porosity‘of clinoptilolite (0.35) and mordenite (0.26), respectively.

Anion spiked Well J—13AwaLer was prepared by adding 1.4 m2 of 0.1-M HF,
2.8 ag of 0.1-M HC1, 3.1 mz of 0 1-M HV03, and 1.0 mL of 0.2-M HZ 4 to 1l 2
of Well J-13 water. The Lotal acid added was limited to 0.93 meq/2 to
minimize the compositional change in the water. The resultant pH was 6.0,
indicating that the buffer capaciLy of the bicarbonate buffer was noL

exceeded. The spiked solution was elutad ihrough the column at a flow rate

of 2.28‘x 1.0-4 m2/s, which corresponds to a water velocity of 2.0 cm/s. The

effluenL from the column was analysed by using a DIONEX anion chromatograph.
The elution curves are shown in Fig. 10. | V '
The breakthrough resulLs are shown in Table XII. Chloride and sulfate
show the same anion exclusion wiLh eccellent agreement. Nitrate agrees with
these anions but Lhe error is much larger because of scatter in the data.
The large scatter may be caused by biological acLiviLy in the column, such as
algae‘vfowth that would utilize nitrate. However, Lhis.is only speculation.
The fluoride did not exhibiL the anlon exclusion effect and in fact appeared
to be slightly reLarded (R. = 1. 048) with respect to tritiated water. The
fluoride also did not elute wiLh the initial concenLraLion indicating some
irreversible loss of fluoride. Because fluoride is the smallesL of the

anions, this effect may be due to sone molecular sieving process. Al terna-

tively, the watar chenistry may be close to the Eluorite solubility. 1f Lhe'

effecL is later shown to be acLually molecular sieving, there would probably
be a erong dependence on Lhe zeolite channel dianeter with fluoride
preferring nmordenite to clinOpLiloliLe. The anion exclusion effect may
provide a basis for verifying the sorption properties of the geologic
environment in field tests. Because anilons are unretarded, results would be
available in a reasonable Line for a large-scale Lfacer:test; and the
magnitude of the anion exclusion would be a measure oE Lhe content of zeolite
and clay. Effects such as observed with fluoride in Lhis EirsL experimenL
could distinguish beLween sorpLive minerals.
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TABLE XII
BREAKTHROUGH RESULTS

Ionic Radius Volume Retention Exclusion Volunme
Species (mg) (m2)
HTO 22.4 - 0.0
cL” 1.9 17.0
- NOg 1.7 : 17.0
507" 1.9 17.0

- F 1.5 24.0

:2. Particulate Studies (S. Hodson, L. Brown, E. Nuttall, and B. J.

Travis). The general.problem of'unfolding particle size distributions was
déscfibed in the'prévious progress report.6 The form of the equation thaé
descfibes,the corfelati?n function for dynamic light scattering is the
Fredﬁolm integral of the first kind, Eq. 6.

g(yi)‘='integra1 k(yi,X) f(x) dx ’ (6) -
where :
g = correlation data,
:y = correlation time,
k = exp (y time) for dynamic light scattering, and
4,f = distribution function.

l;The method chosen to solve this Fredholm integral 1s that of Butler et
al.,16 which uses regulérization with a positivity constraint. The advantage
of regularization is thét numerical inversion of the data does not suffer
from the wild osciliatiéns that canioccur due to the 1ill-posed nature of
first-kind Fredhplm}ineégral'inversions. Regularization 1s imposed in the
INVPOS code by simﬁifaﬁeouéiy'ﬁihimizing squared residuals and the quadratic

function as shown in Eq. 7.

n(f) = 1/2§||Kf-g||2+c||f||zf R (7)
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where
l]+]] denotes the vector norm ,
Kf = integral k(x)f(x)dx , and

"a = smoothing factor.

In addition; the positivity constraint .is introduced with the M
operator, as defined in the Butler paper. It was found that even when
synthetic data were inverted by using the INVPOS code that the H(az) function
would ‘not minimize, and, thus, no optimum smoothing factor could be ’
determined. Ihis condition indicates that the deviations from the fitted
data are larger than the error in the neasured data. The problem was then
traced to the treatment of error in H(gz). To alleviate this problem, the

following equation was used.

. H(g) = g~TMTg ~ 2g~Tg + gec ‘ . (8)
where; ‘ o o .
‘T and M are\matrix operators defined in the Butler paper,
g 1s the error vector, and Sl
e is essentially the deviation of the fit from the measured value

of g over alpha.

The absolute value of each term in the dot product gec was taken'to ensure
that the error, g, is parallel to ¢, i.e., all errors are additive. An
example of the fit to- data for 60 no polystyrene particles is shown in
Fig. 11. :

Monodisperse polystyrene particles with diameters from 60 nm to 1.0 un
have been acquired for testing as both calibration standards and tracers.
The particle size distribution for these - suspensions have been determined by
electron microscopy. ~Fluoréscent'polystyrene particles have also been ’
purchased for testing as possible colloids for use in field testing. The
fluorescent particles are carboxylated so they would ‘be expected to have a
negative charge and, therefore, are not expected to adhere to ‘mineral
surfaces. The fluorescence makes them easy to detect at very low concen-

trations via fluorimetry.
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G. Retardation ‘Sensitivity” Analysis (B. ‘Travis, S. Hodson, L:: Brown, and
E. Nuttall) = g : : s B cy
There are many recent-papers on‘ the gaclogical disposaliof waste and-
repository assessment, but they have’ not’ quantitatively addressed ‘the: impact
of colloid formation and transport.l? T2t - ' : ’ ) :
Since about’ 1979, the“question'of'colloid’formation‘and'migration has

increased in “importance and 1s now a topic.of major interest in the -

scientific’ community.  To date,’ several’ experimental studies have shown: the "+

presence of radioactive colloids under simulated waste disposal conditions)
but their impact on repository assessment, however, has not been addressed -
because the existing geo-transport codes used lo assess. geologic waste ::/ -
disposal cannot treat this problem. Additional theory and equations are -
required to mathematically describe'colloid'formatlon and migration. The
population balance equations and submodels can be added lo the existing
radionuclide transport theory and codes to accomplish this goal.

Through the correct use of the population balance equations coupled with ..
the existing theory, problems of colloid formation and migration can be

assessed quantitatively. ' The well-established theory of the population =

balance can’be‘applied'td the difficult radioactive colloid problem with the - -

same success with which 1t has been used to:'treat many’ physical and -
bilological’ particulate problems over ‘the past 20 years. = - s

In this section, the key ‘experimental research on radioactive colloids
is reviewed,'and”the'population balance ‘is developed.  -Its application to .-
waste assessment is illustrated by modeling two postulated repository
scenarios: (1) a near-field study and (2) a far-field problem involving -
colloids from when the backf11l “is ‘bréeched ‘and waste leakage ‘occurs during
the thermal repository, and from ndtural :sourcess ™ @ - fone oL

1. ‘Colloids. ~Colloids were initially ‘studied by Michael Faraday ‘and
other scientists early in ‘the 19th centurf,3andlthe'name3colloid was given to

these extremely small particles by'thefScottishichemist'ThomasfGrahamrin<,;«-
1861. This class of very fine particles ranges in size, by definition, from
about 1 to 1000 nm, and a single ounce of: colloids may have-100 000 ft2 of
surface (300 m /g) " Approximately one out’ of every 100 ‘ofa colloidal
particle s atoms or ions either is exposed to - the surrounding med fun or is
close enough to the surface of the particle to be subjected- to forces arising

' from interaction with the medium.22
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Colloids have many intefesting properties. For example, they can change
size with the larger particles growing at the expense of the smaller ones,
and the particles can. either coagulate or be repelled. Very stable colloid
solutions can be formed that will remain for hund;eds of years. India ipk is
an example of a rather stable colloid solution of lampblack.

There 1s an increasing number of references to nuclear colloids and
their role in nuclear waste management. Dréver23 discusses the nature and
geochemistry of colloids with emphasis on the charge surrounding colloids and
its effect on suspension stability. In:most natural colloids other than
smectites (for example, oxides of silicon, aluminunm, iron, manganese,
colloidal organic matter), the surface charge results from ionization of or
adsorption on the surface of the solid. 1In strongly acid solutions, the
surface will gain a proton and be positively charged while the opposite
occurs In strongly alkaline solutions. A double layer of ions surrounds
colloids. The Stern layer is more or less attached to the solid surface, and
outside is the Gouy layzr in which the ions are free to move. The structure
of the double layer: is of great iInterest, and mathematical models are
available to descéibe the distribution of ions within it. The stability of a
colloid suspension depends- on the thickness of‘Lhe Gouy layer, which depends
on the potential at the outside of the fixed layer and on the. fonic strength
of the solution. For example, as the ionic strength increases, the Gouy
layer becomes compressed close to the particle. When this occurs to a large
enough degree, the double-layer electrokinetic force is negligible, and the
van der Waals attractive force will pull the particles together; thus
rendering the suspension unstable. .

Colloids also exhibit ion exchange behavior23 as measured quantitatively
in soil sciences by the catlon-exchange capacity (CEC). Cation-exchange
capacity 1s often measured by uptake and release of armonium ifons from a 1-M
ammonium acetate solution at a pH of 7.0. Some typical cation-exchadge

capacities (meq/1C0 g) for a few clay minerals are:

Smectite - 80-150
Vermiculite 120-200
‘Illite Ce 10-40
Kaolinite, - - 1-10
Chlorite <10
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Again, it iS'Often'poieted‘dut that CEC values for colloidal oxyhy-
droxides must be interpreted ‘with caution because - the surface charge and,
hence, CEC-of these materials ‘can be strongly dependent on pH. Drever
suggests -that the common distribution coefficient-Kd:can be ‘used to represent
the exchange equilibrium between ‘the concentration .of -trace species on-the ..
colloid and in the solution; however;-heicahtions that-Kd may be:a function
of the other ions in solution so that:a distribution coefficient measured for-
a particular ion on a particular:clay:in.particular solution cannot be used.
for calculations’ involving other solutions or:other types of colloids.

" 2. Colloids in:Nuclear Waste, . :The many radioactive '‘colloid -experi~

mental ‘studies now appearing in the literature illustrate.the ‘strong
11ikelihood of nuclear colloids in the ‘geological storage of nuclear. .
24-28
waste. _
" Apps et 31.29 recently reviewed:colloid and particulate transport in the -
geologic 'storage of nuclear waste. They'provided numerous references.-
suggesting that colloid formation is strongly evident.in natural-systenms.

Olofsson et 31.24 25 30

in- their literature review of. this subject -suggest
thatjthe‘elemehts-bresent in spent nuclear fuel, which are tiost likely to
form colloid species, would be hydrolyzéble'elements,'likenthe‘actinides_and
possibly ‘strontiun as well as lead and copper (representing the:encapsulation’
material in the Swedish program). ‘The‘defiﬂition of true and pseudocolloids .
is presented. True colloids are ‘formed by condensation of: the molecules or. .
jons as a result of hydrolytic or precipitation processes. They consist
mostly of hydroxides or polymers of:iron formed by hydrolysis of the
radioelements,. - On -the -other hand,’ pseudocolloids are formed as a result of -
adsorption of the radionuclide on impurities in the solution. 'These
pseudocolloids are also referred 'to in"our report as natural. colloids. -
Pseudocolloids are usually much’ larger, up te7500:nm,'than'the-true colloids.:
Pseudocolloids can be of wo ‘types, reversible and irreversible.: The former
are produced by'ieverSibIe:surface'adsbrptioh.’fIn'this‘case, the radio- -~ .-
nuclide can easily pass back into ‘the solution.” In:the irreversible case,
the ‘element is-either incorporated ‘into’ the ‘interior of- the foreign particle
or irreversibly sorbed on' to ‘it. A speciel‘CéseiiS'the'formatidn of r::
pseudocolloids through Ynteraction of nuclides with organic colloids. ~Such o
organic colloids, ‘for -‘example, humus substances, are present in natural :

waters. ‘ : R e T
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The formation rates of true and pseudocolloids ‘are quite different.
True colloids form rapidly while the rate of pseudocolloid formation is
basically determined by the sorption rate of radionuclides. Olofsson et

31,24

in their review article state that there are a lot of data available on
pseudocolloidal formation rates. As an example, they point out that an
equilibriun distribution.of tetravelent plutonium between colloidal
impurities, the vessel surface, and the solution 1is achieved within 3 .to

5 hours. Olofsson eL'al.ZAAalso point out that colloids age, that is, grow
in size (also coagulate), and can change properties through recrystallization
of microcrystals. They present data on ceclloids qu_actinides and some other
elements of interest. These data show the pH range and ionic erenth'wﬁere,”
more than 10% of the radioelement is present in colloidal form under

laboratory conditions.
26

Champ et al. have demonstrated experimentally the existence and rapid
transport of plutonium colloids. This carefully executed set of experiments,
using core samples: and groundwater, provides added insight into colloid
formation and confirmation of rapid migration rates. The experimental work -
by Olofsson et 31.25 showed "‘the formation and rapid nonadsorbing migration.of.
americium colloids ovaer a wide range of pH. In their more recent sLudy,30"
they measured the diffusion rate of americium and plutonium and studied the
effects of pH on the colloid formation of americium, plutonium, and
neptunium. True colloids tended to form at the higher pH values. For
americium, true colloids formed at a pH above 12; for plutonium, formation
occurred at values above 8; and for neptunium, at pH values above 10. They
point out also that colloid particles have a much slower diffusion rate than
ions and molecules. - .
Means and Wijayarétne27 discuss the role of natural colloids in the
transport of heavy metals and show experimentally the very strong adsorptive
strength of colloids for organic contaminants. Allard et al.28 provide
experimental data for the expecled species of uranium, neptunium, and
plutionium in neutral aqueous solutions. They point out that at low pH
(below 4 to 5) the trivalent state is- predominant and the hydroxide form is ..
- dominant at pH above 11 to 12. 1In the iIntermediate pH region, a mixture of
different species'exists; The exact chemistry is still under investigation, .
but this work is of value in a better understanding of the effects of pH on .

specie concentrations.
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AQogadtd'eL a1.31 32

discuss the role ‘of ‘nuclear ‘colloids in waste
dispdsal. ‘They claim Lhat the predominating mechanisms affecting the =
migration of nuclear colloids are filtration and solubilization.f In ‘their
most recenL paper,32 reference was maQe to laboratory ‘column experiments.in -
which iﬁeylahowed‘that colloidal 'filtration is’a major retention mechanism’- -
governing colloid transport through porous geological media. A simplified
1-D £iltration model was presented and used to represent their data.

Colloid Modeli;g} 'Aﬁps etfal.zg'recently reviewed ‘colloid and particu--:

late Lransport in" the geologic storage:of muclear waste.- They provided -
numerous'references‘suggesting 'that c6lloid formation: is strongly evidenti in
natural:systené, but they were not ‘able to quantitatively assess the . ~:. "
potential formaLion angd’ migration rates- of ‘nucléar colloids. The modeling
was rather preliminary and made use of many simplifying assumptions which!::
could be’ very imporLanL to a repository assessment. Treatment of particle
sizes and the size effects was very limited. ' '

© Chiang and Tien33
within"a porous medium, but did not treat radioactive colloids specifically.:.

have modeled in some detail the capture of colloids

They point out that when Brownian diffusion 1S the dominant force the common
Lrajector} calculation'approach 1s no longer possible. "Although the authors
include most of the attractive and Tepulsive forces in their rather complete
mathematical description, they neither include particle size effects nor -
consider radioactive decay and ‘the- migtation of individual nuclides: - Rather,
their work 1s 1imited to modeling the processes of colloid capture in a
porous medium. - This work could be -a very useful contribution to the :
population balance ‘repository modeling by providing a colloid capture model. -
The capture model ‘appears’as a ‘death -term‘in ‘the population balance. Guszylf
et a1.,34'AdaﬁcaYK'eL’af;,ss 36,37, 38,39 .
Fitzpatrick et al.,z'o’41

Spielman”
and. Chiang and Tien

'and Spielman and Goren,

33 a5 well ‘as many other .7:°

researchers have modeled ‘the ‘capture ‘of particles/colloids. - @ »ta ¥
With the exception ‘of the modeling by Apps et'a1.29~and ‘Avogadro "and
De Maréily32 ‘the “1iterature ‘on radioactive ‘colloids ‘has ‘been experimental.Au‘
The absence of ‘c61161d ‘models ‘and 'the ‘lack ‘of - ‘quantitative assessment ‘point -
clearly'io"tﬁe’neéd"EOé sudﬁ”ﬁddeling‘information.3‘The'popu1ation balance “is
an additional" Lransport equation ‘which ‘was ‘derived ‘in the early 1960542 4% :to

model particulate processes such as crysLallizaLion,-buL the ‘approach:has . .'¢
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been used successfully in many fields to model particulate systems,44-62

These are just a few of the numerous references to the population balance.
The»application oz the,populatioh balance to nuclear waste colloids,» ‘
though new, is a straightforward extension of this well-establ ished model ing
technique. The population balance and its applications are discussed in the
following sections..- : ‘ .
3. Population.Balance. In 1962 édd 1964, Rar_ldolph42 and HulbgrL and

KaL243 derived the general form of the population balance. These very formal

and complete derivations of,the'popqlation balance in the eariy 196bs_éel the .
foundation for the subsequent mathematical analysis of many particulate
system studies ranging in fields from engineering to biology. The popuiatign
balance is a well-established transport equation that.is commonly used to

42~
model systems of countable ent.it.ies.42 62

Randolph and Larson:&5 in their
book make reference to the diverse and numerous applications of the pépula-
tion balance. 1Included are processes:such as crystallization, grinding, air
pollution, and biological systems just to name a few. The population balance
is. an important addition to the common mass transport and energy Lransport
equations.

Using a size distribution, the population balance permits a full
treatment of the colloid problem from the birth of colloids to their capture
on the surrounding matrix as well as modeling the gradual effects of colloid
growth or dissolution. Radiocactive decay of specific nuclides within the
colloids 1s treated by assigning within the populatiﬁn balance a concen-
tration property axis to each species we wish to track. The addition of
these property axes allows correct treatment of the decay chain problem with .
full accounting of the daughter product concentrations. Also, we can nmodel
the adsbrption of multiple nuclides on the same colloid (heterogeneous
colloids). -

Randolph and Larsonéj discuss in detail an example of using the
concentration property axis within in the population balance. For each
nucl ide, there is 'a separale concentration property axis that defines the
number of colloids (at a point in time/space and at a size) that have a
particular concentration of, for example, plutonium. Integrating over the
pluionium property axis and .the size axis gives the amount of colloidal

plutonium at a point in time/space.
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ihefimportanLTfacLor.aL:this Stageéis-that the general population . -
balance :permits a correct mathematical accounting and, quantitative assessment -
of the nuclear colloid problem. 0f course,.-the soluble species mass - - .-,
transport and energy balance -equalions must also be ‘included as well as the .
appropriate system geometry to .complete an overall fepository‘assessment
model. The level of model complexity, howeyer, is set by the desired results
with the option of using simplif ied models aﬁ& submode1é,Lo perform
conservative repository assessment calculations. R

Application of the population balance .is further enhanced by the wealth
of information and experience provided by over 20 years. of frequent use -in
many scientific fields. This means that .the ‘solution methods and the nature .
of the various terms have often been studied by previous researchers, and .
their results can now be applied rather directly to the nuclear colloid
problem without the delays of extensive research and’ development. )

The birth, growth, and death rates of microorganisms in biochemical
processes are commonly modeled with the aid of the populaLion balance. The
workiby Fredrickson and Tsuchiya47 is‘e goodvexample of the: inLerdisciplinary
45 40 their book

on the theory of particulate processes also give many interdiscipiinary,'

applications of the population balance. Randolph and Larson

- examples and applications of the population balance. Several studies using

the population balance54 =61

~range - in:-topics from model ing gas.bubbles to-
mineral grinding models. '

4 Application to Nuclear Waste Repository Assessment—Scenarios.:

In applying the population . balance:for-repository :assessment, . two:scenarios

are considered, and the descriptive mathematical models are developed. These

scenarios do not represent arspecificlrepository:orﬁsite,:butzrather are used - -

to derive a quantitative description: of:colloid transport-and release. .

'Scenario- (A)represents perhaps a worst case near-field problem:in which
the backfill surrounding a single?canistef:fails, water penetrates the.
canister, and. radioactive collodds ere;released?Lhrough:Lhe~fractured;'

backfill and' into the.surroundingfgeologicel formation-where groundwater -

RN

carries the colloids ‘away. from the engineered barrier. Also,. the dissolved-: . -

species are in high enough concentrations to.precipitate into additional

colloids, add'adéorﬁtion of :dissolved species on natural :groundwater eolloid5~l~

is occurring. .This scenario'isAinitiaLed-during'Lhezthermal»petiod'and‘Ieadsf;

to the far-field transport of colloids. - The’ second scenario (B) Tepresents

RV )
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the'far-field'prbblem in that dissolved nuclides have migrated beyond the -
repository and are available to bond with natural groundwater colloids .and be
transported through the fractured/porous geological- formation.” Colloids from
the canister and/or natural colloids that have adsorbed radionuclides may
also be present. Next, we wiil develop the descriptive equations for each

scenario.

The model for scenario (A) will reqdire‘Lhe'energy, mass, and population

balance transport equations. The distributed energy balance .models the fluid .. -

temperature as a, function a spatial position andALimea63
Next the mass’transport equations describe the migration of dissolved :-.
species. One equation is needed for each gpecies; thus the equation is

written for the general species "i.”

Mass Transport Equation:

x

T = DVZCi - MC, - sink ) (9)

i i
where
C, = concentration of species "i,"
D = effective diffusivity,
sink = transfer of species to the colloids and rock nmatrix,
t = time,
v = fluid velocity, and

A = radioactive decay constant for species "i."

A sink term 1s required in the mass balance to represent the dynamic transfer
of dissolved species to either the true or natural colloids.

Next, the additional population balance equations are required to model
the formation and migration of radioactive colloids. A few assumptions are:
necessary at this point to clarify the number and type of population balance’
equations needed. 'These assumptions can be relaxed or changed as the
descriptive scenario may require. First, only one type of natural colloid is:
assumed to exist, but the colloid may adsorb various nuclides. TIf more than
one type of natdrél colloid. should exist, we would use an additional -
population balance: equation to.describe each one. Second, we will need a set

of population balance equations to describe each true colloid (plutonium,
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americium, etc.). True colloids as opposed to natural colloids, are formed
.by precipitation of a specific radionuclide and will contain only that
nuclide plus daughter products. Applying these’ assumptions, ‘o types of
population balances will be required, one describing natural colloids and ‘the
other modeling the true colloids. o .

The general form of the population balance allows for any arbitrary
numbezzozscontinuous property axes where particle size is just one such °
axis.

level axis is required for each nuclide that is adsorbed on natural colloids,

In the case of nuclear waste modeling, a concentration’ property

and in the case of true colloids, one’ is required for ‘each daughter product.

In this way, “the population balance can track the adsorption and’ decay of -

each nuclide of interest. " of course, if 1t is not necessary to ‘track each *

nuclide, then the problem can be simplified. This approach is given Lo show

the comprehensiveness of the population balance model.

True'dolloid Population Balances:

aat
at

35 i i

Natural Groundwater Colloid Population Balancesf

a¢ - . . ¢ .

L P 2. _

3t Velvén) = DV o 2 asj (\:j ¢nk) + Dk B, =0 , (1)
where . N L
colloid birth function, L.
= colloid death function,

U w
]

D s,brownian diffusion, ‘ ,
= fluid .or colloid velocity vector,

Atime,A

= population density function,'

. 13

= property axis,

L I A
T

= property rate function (includes growth rate and concentrate
change),

1 = index for nuclides which form true colloids,

1, v-(v¢'_i') D v ¢ti ): ) + D, -B, =0 (10)
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‘?,propeptylaxig Lypg‘(size and_concentrations),

index for typa of natural collotd (silicoﬁ, iron, aluminunm, etc.),

number of property axes,

natural colloids, and

¢ 3 B L.
[}

Ltrue colloids.

The energy, mass, éﬁd popﬁlation balance equations together describe
mathematically the near £i¢1d wﬁere nany physicai aﬁd chemical processes;aré
occupfing simul taneously. Qf course, to complete the ahove model the system
geonetry, boundary conditions, and specific terms within the equation; mhst
be defined. Submodels or kinetic expressions are used to represent the |
various terms in the popﬁlation balance. .The extensive population balancel

and colloid model ing 11LeraLure33-62

provides the general forms for these
submodels. . .

Parameters within the submodels can in many cases be estimatad on a
conservative approach method or may require estimates from experimental data.
Many experiments in nunerous fields have used the population balance'model," *
and this information can aid in modeling radioactive colloids.

The second scenario (B) is the far-field problem in which the thermal
period has passed and nuclides have migrated out from the repository into the
groundwater of the surrounding geological formation. Natural groundwater
colloids of silicon, iron, and aluminum may be present to adsorb dissolved -
nucl ides and, thus, provide a mechanism for rapid transport along cracks or
faults. Here, as in the previous case, true colloids originating within the
repository may also be present and may have migrated into the far field. The
overall assessment model consists of the dissolved nuclide mass balances, a
set of true colloid population balances (one for each nuclide), and the
natural colloid population balance. If there is“mére than one type of
natural colloid, then one population balance is reduired for each.

The nass conservation and population balance equations are esseﬁtia11§
the same as shown previlously but, of course, with differeqh initial and
boundary conditions. The problem of convective transport through fractured
med{a should be considered in this scenario, thus, requiring equations for

the fracture and for the porous mediun.
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Initially a rather microscopic and complex algorithm or model of colloidA
transport. is necessary, butifrom this eventually couldﬁcpme_simplified
macroscopic-expressions.

S.. ~Conclusions. Colloid.formation and transport_form'a“growing area .

- of interest and importance because they create a new and untested path for .
the early release .of radiation from a repository.- : , »

To assess: quantitatively the impact of colloids on the repository, we |
must enhance the existing transport models by the addition of the population.i
balance tramsport equations. The' population palance is an additionall;.' .
transport equation. that, when included in the overall repository assessment . '
model, can provide a quantitative analysis_of colloids and their ﬂmpact on .d
nuclear waste disposal_pndervgeological conditions. The population balance
approach -is new to the'modeling of nuclear waste colloids}but_has been_ased”
successfully -in many branches of science for over 20 years..

This section shows that the comprehensive model for colloid migration
can be highly coupled, requiring the simultaneous:solution. of -the coupled-set '
of transport equations and .involving a system of, equations and Submodels that
describes the complex physical and chenical behavior of the colloids.}
However, “the same .can be said for radionuclide migration modeling in general.
Through the use of simplifying assumptions,.we have been able to deve10p
reasonable assessment models that tell us a great deal about repository . _
behavior. .Tha same approach should prove viable in modeling and in assessing
the importance of radioactive colloids. : : . ,

The population balance is a valuable :modeling . tool . that with only _
modest effort, ;can be applied to the nuclear ‘colloid problem .and, :thus, help» o
to guide the study and assessment;of-nuclear;colloids:5.'

H. Applied Diffusion- (A. E. Norris and P. L. Wanek) . .. )

- The purpose of this task is to measure-diffusivity values under field .

.....

experiments ‘are reliable when used -to calculate the retardation of nonsorbing i
radioactive wastes in water that .might flow-through the repository block.

One aspect of this work; is the. deveIOpment of analytical tecniques for the.
quantitative determination of.nonsorbing. tracers that can.be used in.field
experiments.g1Work.reported_previouslyérshowed;that;ion_chromatographyiwith‘

an ultraviolet detector appeared to be the most suitable technique for
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deteciiﬁg'bromide concentrations as low as 50 1g/2. Before additional data

could be obtéiné&'doncefning‘ihe use of bromide as a tracer in Topopah Spring -

Member tuff, the lon chromatograph began to malfunction. Some parts were
returned to the factory for repair, and other parts wéere replaced with new
equipment. The apparatus appears to be functioning properly once again,
except for some minor leaks. When these are fixed, work will continue to
measure the elution of bromide from a column containing crushed Topopah
Spring Member devitrified tuff.

A newly purchased ion chromatograph was delivered this quarter. Factory '
service was required after delivery to gat this instrument into operating
condition. The sample size required for routine analyses with the new ion
chromatograph ‘is too large for compatibility with the tracer studies being
perforrmed in this iaék; but modifications are being made that should permit

the new ion chromatograph to be used in addition to the older inslrument.

III. MINERALOGY/PETROLCGY OF TUFF (D. Bish, D. Broxton, F. Byers, Jr.,
' F. Caporuscio, B. Carlos, S. Levy, and D. Vaniman)

A. TIron and Manganese in' Oxide Minerals and in Glasses

1. Redox Interactions. One of the main concerns at Yucca Mountain is

the effect of oxidizihé groundwater on the transport of radionuclides. Rock "
conponents that may affect the oxygen content of groundwater include iron-
titanium oxideg, gIassés that contain ferrous iron, and manganese oxides.
Phenocryst iron-titanium oxides occur at Yucca Mountain In reduced states to
some extent, whereas groundmass iron-titanium oxides have been oxidized to
hematite, pseudobtdbkite7(Fe3+-bearing‘pﬁases), and rutile. TIn 430 sanmples. ‘-
examined, no groundmass magnetite or ilmenite has béen identified. None of
the common oxldes observed iIn the groundmass contain significant Fe’". These
groundmass oxides were probébiy originally magnetite and ilmenite that have
been subsequently oxidized. Their oxidation is due to large surface area per
volune (that 13, extremely small grain size) and to their location along
grain boundaries where water can interact with the oxides more efficiently.
Also, sone grouddméss oxides are produced during vapor-phase alteration under
conditions of high oxyden fugacity. Thus, the iron-bearing oxide minerals
along or near fractures have no potential for removing oxygen from ground-

water; the possible-interaction with phenocrysts remains to be determined.
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The thickness of vitrophyre or vitric tuff in and below the lower
Topopah’ Spring Member varies from about 15 to 130 m id drill cores at Yucca -
Mountain.64 This glass has potential ﬁor‘alteration,’reaction, dehydration,
and devitrification due to the slightly intreaééd temperatures from an
overlying repository. Oxidation of Fe2+-in‘the-g1ass may occur more rapidly -
during the theérmal pulse following repository ‘loading and during the

2

containment period, or much of the Fe * in the glass may remain available for -

reduction during later passage of water plus waste into the glassy tuff.zomes . '
during the isolation period of repository history. The'effeécivenesé“of Fe2+
in glass is thus a difficult qﬁestion COfresolve.j)Preliminary_Studiesl“h
indicate ‘that the only appreciable Fe2+ in bulk rock samples from Yucca
Mountaln occurs in the glassy tuffs (~0.3% wt%).:

The manganese oxides are a diverse series of minerals 'in which manganese °
can take on complex oxidation states. ‘Potter ahdeossmaﬁ65 have identified
more than 20 valid species of tetravalent -and trivalent manganese oxides.
These oxides can have various amounts of water in their structuresiand have
manganese “fonic charges of 2+, 3+, 4+, 6+, and 7+ 'in many combinations.
However; Potter and Rossman show that most of the manganese-bearing.minerals .
that occur as-dendrites ‘in’rock fractutes -contain-Mn''las the dominant.
-oxidation‘'state. In a study of manganese dendrites,:Potter and Rossman:
identify most'fracture-liﬁing dendrites as todorokite, romanechite, or a
hollandite group manganese oxide (for example, cryptomelane). 'They also:
identify most underground manganése dendrites as: todorokite. Potter and
Rossman have -found no dendrites with pyrolusite ‘mineralogy.and suggest that .-
the term "pyrolusite dendrite” be:discontinued. ::.: ‘ ’

The nanganese oxide minerals that have beenfidentified at Yucca Moun- .-
tain, éie'amoﬁg those that Potter-and RéssmaﬁG?ispécify~as;being typical of - .~

manganese‘dehdri;es."‘Todor&kite»[(Mﬁ,”Ca,‘Mg)2+”Mn4+ -HéO] has been . "¢ =

A 377
identifiedGG'in the Tram Member in drill core UE-25b#1 and  cryptomelane . ..
(mmg+'3+ol'6~)’has been identified- in the Tram-Member of drill core USW G-3.%7 -

X-ray diffraction studies identify:a'manganese'oxide structure, within..

the Topopah'Spring Member oféUSW»GU-3;fthat is' either lithiophorite - .
[(Al,L;)Mnngé(OH)i]'or todorokite. Further work will characterize and i ...
interpret. the manganese-~oxide occurrences:at!Yucca-Mountain, but-the analyses .
available and-the studies- by-Potter éndiROSSman’ofisimilér:manggnesefoxide :

dendrites strongly suggest that:MnZ¥ is a minor or absent. component in these
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oxides. Manganese oxides. with Mn2+ would buffer water Eh in a higher range.-
than iron; depending on the actual minerals preseant, Eh could be controlled
in the 0.2~ to 0.5-V range for pH in the range from 6 to 8 (Ref. 68). For
this reason, water buffered by Mn2+ could be effective in limiting the
solubility of waste elements such as neptunium and. plutonium, but not as )
effective in reducing uranium as would water buffered by iron. This factor, .

2

plus the relative unavailability of Mn * in either primary or secondary

minerals along the flow path, limits the effective buffering of the
groundwater Eh by Mn2+ at Yucca Mountain.

2. Retardation bv Manganese Oxides. Zielinski et al.
Zielinski’®

radionuclides. These studies propose that manganese oxides in fractures may

69 and

have cited hydrated manganese oxides as very strong sorbers: of

be barriers to radionuclide nmigration. Concentrations of petrologically
“incompatible” trace elements, such as arsenic, yttrium, and cerium, have
been found in manganese oxides of the Topopah Spring Member,67 indicating
that these oxides are effective traps for incompatible elements.
Zielinsk17O»IISCS whole-rock analyses of all major ash flows and lavas.
at Yucca Mountain. Values for bulk rock ManO range from <0.02 wtZ in the tuff
of Calico Hills to 0.32 wtZ in the Tram, with an average value of 0.06 wti..
It is believed that there are three likely sources-of manganese that can.
supply the amount necessary to produce manganese -oxide fracture £i1l. These.
sources are: (1) manganese-bearing desert varnish. that partially goes into
solution with rain water and is reprecipitated in-fractures; (2) manganesa-
bearing mineral phases, such as iron-titanium oxides and clinopyroxenes,66
that contain up to 1 wt% MnO; and (3) MnO in the original glass of the ash-_.
flow tuffs. More work needs. to be done comparing the manganese content of
fresh and altered ash-flow tuffs (énd their mineral compositions) before the
source of manganese oxide.frééturé‘fill can be identified with certainty.
However, it is possible to evaluate the potential significance of manganese
oxides as sorbants at Yucca Mountain based on Zielinski's work. Zielinski70-
analyzed small (3 g) samples of bulk tuff for leachable manganese, repre-
senting the manganese from “sorptive” manganese oxides. In samples from the
devitrified Topopah Spring Member in drill hola USW G-1, analyses indicate
0.016 wt% manganese. oxides in the bulk rock. If a repository area of 7 kmz-.”
in the Topopah Spring Member'is aésumed,'then a 10-m-thick slab of tuff with

density 2.25 g/cm3 directly underlying tha repository would contain more than

68



25 000 metric tons of manganese oxides. Tt is ‘evident that the waste-element
retardation potential of mangidese oxides at Yuéca Modntdin is not trivial.
It is also important to-remember that this estimate-is a-minimum; because
manganesé oxidés are aclually!concentrated:along fractures rather than in the.
bulk rock;:adequaté ' estimates of fracture as well:as-bulk rock manganese-
oxide abundances will result from future study of large samplés from - . = ..
exploratory'miniﬁg at Yucéa Mountain.™ 7. e T e

¢ . .
A

B. Zeolité Dehydration Experiments

Zeolite conposition, particularly in’the nature of the:exchangable:
cation (for example, célcium,*égdium,?potaSSium,~or nagnesium), has-a strong
effect on dehydration prdperileé;f Exberiménts'oniieolite dehydration have.:
begun in vacuum, in order to define’ the-limits of- the dehydration processes.
Experiménts:érefnowfprégréssing under controlled humidity in order tospan
the range of conditions that may be anticipated near:'a high-level waste
repository. ' . '

Preliminary results are'reported in a study by Biéh;71 The samples
examined in this study were all >95% clinoptilolite as determined by x-ray ..
powder diffractometry. Natural clinoptilolites”were obtained from Minerals
Research, Clarkson, -New York, and are as follows: - #25524,7 Buckhorn, New"
Mexico;*#ZSSZS,“Castle'Creék; Idaho;~#25526 Sheaville, Oregon;- and #27054;

A fish Creek Mountains, Nevada. In addition, a macrocrystalline sample’ of:
Agoura, California, clinoptilolite was examined. - Cation-exchanged varieties

of the Castle Creek sample wete prepared by 'mixing 2.5-g portions in 1.0-M -
solutions of calcium, potassium,: and sodium chloride.'- The treatment was' . = -
repeated three  additional times for 16 h each at about 50°C. The solids were °
centrifuged and rinsed after each exchange.’ X-ray fluorescence analyses’

using fused pellets of the exchanged clinoptilolites show that the calcium -
and sodium exchanges were only partiali’: The calcium-exchanged clinoptilolite
contained most of 'the original potassium and a minor amount of Sodium; the
sodium-exchanged material contained 1ittle calcium’and roughly one~half of -+
the original potassium. -Harsher ‘treatments) such as autoclaving, were mot :": -
used in the Eation'gxchangESVto‘hvoia'féérystallizaLion”or‘érLération.ofmthewf

P ) . . Co s RS t

clinoptiloliteg. . - “in ° R D B AR X O U AR S U S O SR &
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X-ray powder diffraction (XRD) analyses were perférmed on an automated
Siemens D-500 'system employing CuKa radiation and a graphite diffracted-beanm
monochromator. Peak positions and intensities were measured using the
Siemens first-derivative peak-search routine, and quartz and silicon external
standards were used to calibrate 'the instrument. Data for unit-cell refine-~
ments were collected from 2-to 40°20, counting for 1.0 s every 0.02°29. Peak.
overlap and low intensities for most samples precluded the use of highar
angle peaks in the refinements. Unit-cell parameters were refined using the
least'squares program of Appleman et al.72 Diffraction maxima were indexed
with the aid of computer-calculated powder patterns; the automatic indexing
feature of the Appleman program was not used. . Peaks used in the cell .
refinements were the same:as those used by Boles73 with the addition of the
110, 130, -512, 530,.-261, and -351 reflections.

The XRD data were collected in vacuo and at elevated Lempératuresvusing
an Anton-Paar medium—temperature heater on the Siemens diffractometer. The
sequence for a given sample consisted of examining a sample under room con-
ditions (~20°C,, ~35% relative humidity), slowly evacuating the sample chamber
to 0.1 torr and equilibrating for at least 30 min prior to analysis, and
then heating the sample at 50° increments from 50 to 300°C with at least a .
30-min equilibration before examination. After the 300°C run, the heater was
turned off, and the sample was cooled and re-examined in vacuo after being
heid at room temperature for at least 30 min. Each sample was examined one
final  time under room conditions, after equilibration for at least 30 min.
Thirty ninutes appeared to be an adequate aquilibration time because the.
samples that were equilibrated overnight at temperature showed no significanL
additional changes. The temperature was measured with a platinum-resistance
thermometer at a point immediately beneath the sample cavity, within the
sanple holder. ) , ‘ .

The XRD data demonstrate that the decreases in the unit-cell volume on
heating and the ability of samples to rehydrate depend very much on the
amount and nature-of the exéhangeable cation. The unit cells of all samples -
decreased in volume between 20 and 300°C; sodium-saturated clinoptilolite
underwent the greatest volume decrease (8.4%) and potassium-saturated
clinoptilolite the smallest volume decrease (1.6%) of the clinoptilolites
studied. The volume decrease for the calcium-saturated clinoptilolite was

3.6%Z. The highest percentage decrease for every sample was along the b axis,
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generally making up 80 to’ 907 of ‘the total volume decrease. “The change in

the a axis was ‘the smallest’ and was usually less' than” 5/ al though 26.5% of

the contraction of the sodium-exchanged clinoptilolite was along a.’ The bulk -~
of the volume contraction (3 many samples oécurred on evacuation at room
temperature, demonstrating that the observed changes were due-'to water loss

and not to a temperature-induced phase transformation.” Low-angle scattering
was significantly reduced'upon‘eyacuationjfor'Every'sample;'and ‘the ‘110
reflection of clinoptilolite at 7. 45°26 became obvious whereas it was not
before. Evacuation and’ heating ‘also’ affected ‘the relative intensities of ‘the
clinOptilolite reflections. g SRR S ) :

These data ‘show that the effects ‘of heatina on’' volume depend strongly on
the exchangeable cation content. Significant reductions in the volumes of -
natural, mixed sodiun—potassium—calcium clinoptilolites in rocks could occur
in a repository environnent, particularly If the clinoptilolites ‘occurred in
unsaturated dehydrated rock. However, tests now in progress suggest that
clinoptilolites occurring in partially saturated rocks at- temperatures below’
100°C should not decrease in volume significantly. : . : ' '

S b -

C. Summiry of Mineralogic¢ 'Data ‘for Yudea Mountdin °

‘X-ray powaéf'diéfééétién'Leéhniqdés*ﬁé&é been applied to the tuffs at
-Yucea Mountain to obtain a three-dimensional ‘mineralogic model. 'X—ray a
analysis is especially useful in tuff where ‘the mdst abindant phases are
often too fine vrained ‘for optical determination. When cofe was not -
available, data were obtained from cuttings. ‘When core ‘was available; :’
approximately 15" to 20 g ‘of material were crushed in‘a shatterbox to provide
a large, homogeneous sample. A portion ‘of ‘this powder was ‘ground in‘a’mortar”
and pestle under acetone to approximately ~325 mesh (45° um). "‘Material from-
drill holes WT-1 and WT-Z was ground under acetone in an-automatic Brinkmanan -
Retsch mill with agate mortar and’ pestle to°less than 5 un."'This'finé""
crystallite size is necessary to ensure adequate particle statistics? 74,
All diffraction patterns were’ obtained on’ a’ Siemens’ DZ500° powder’
diffractometer with a c0pper~target %-ray tube and a diffracted beam mono-
chromater._ The diffractometer was run from 2.0' to’ '36° in' the continuous scan 7%-
mode at a’ scanning rate of 1°/min for earlier samples' "the” data for remaining

samples were collected automatically in ‘the” step scan mode’ with a’ step

size of 0.02 20 and count times per step between 1.2 and 2.0 s.' Mineral
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identification was acconplished by. comparison of observed patterns with

standard patterns produced in. this laboratory and_by_comparison with

publ ished standards from the Joint Committee on Powder Diffraction Standafds_‘

(JCPDS). Clay mineral standards were obtained frgm the Clay Minerals Society
Source Clay Repository, and zeolite standards were recently obtained from
Minerals Research Corpovation, Clarkson, New York. }

In contrast to qualitative identifications of the phases preseant in
tuffs, quantitative multicomponent analysis is more diEficulL; time

consuming, and 1s not straightforward due to a aumber of factors. These

factors include variations in the degree of preferred orientation of crystal-

lites, variations in crystallite size, variaLiongAinlcrystallidiLy, and
variations 1in compos;tiqd (cpystalline solid~s§1u£ion). In addition; due to
the complexity of the diffraction patterns LhaL.ofien show peaks from at
least six major phases, the mathod of inteqsity.measﬁremenL also affects
quantitative results. Final}y, because sLandards”afe required for quanti-
tative analysis, the choice of standards plays a c:itical role. In our

. Investigation, both natural materials and computer-calculated patterns were
used to standardize.

In order to eliminate or minimize the problems due to variations in the
nature of the samples, samples.were finei&iérquﬁd”aéhaescribéd above. Varia-
tions in feldspar compositlon were partially overcome bf choosing X-ray dif-
fraction lines that are not significantly affected by changes in composition.
Variations in the éomposihions of other minerals, for example,
clinoptilolite, mordenite, and smectite, were not compensatéd for, but errors
thus introduced are 1likely to be smaller than those introduced by orientation
effects .and by problems with peak ovarlap. All of our analyses presently use
integrated peak intensities rather than peak heights to compensate for |
crystallinity variations.

Integrated intensities for all but drill hole USW G-2 samples were
obtained using the Siemens Eirs; derivative peak search routine; this
algorithm ylelds accurate integrated intensities for resolved peaks. Data :
for USW G-2 samples employad peak heights, and the results are notl as
accurate or precise as later data. ' _

-Most of our data on overlapping peaks were 6btaiped using the first
derivative routine that dividesjﬁhe intensity of overlappiﬁg peaks at the
midpoint between the peaks. Closely oveclapping but parLla11§ resolved peaks
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are a problem mainly with rocks countaining tridymite, cristobalite, quartz,
and alkali feldspar. Overlapping peaks of these phases are now deconvoluted
by using a Gaussian peak profil and this technique was used for data from
WI-1 and WT-2. Completely overlapping peaks of mordenite and clinoptilolite,_
or of alkali feldspars were not deconvoluted.. Instead nonoverlapping peaksr '
were used for mordenite and CliﬂOptilOlite-» Peaks of the alkali feldspars . 1
were chosen that are relatively insensitive to compositional changes, o l
therefore, overlapping peaks.could be used. 1In many tuff samples, there are
at least four separate feldspar species present: groundmass and phenocryst ‘
feldspar, both of which have exsolved separate feldspar. . The resultant
diffraction pattern is so complex that it is usually difficult to determine
the exact nature of the individual feldspar phases. , ‘

The technique employed in our 1aboratory for quantitative analysis is

known as the matrix-flushing method or the external standard method.7§ This
pointed

technique requires the use of reference intensities, which as Chung75
out, vary depending on. instrumental conditions and design. We have deter-
mined the reference intensity ratios (RIR), the ratio of the integrated ’
intensity of a given reflection of a phase to the integrated intensity of, the.
113 reflection of Linde A corundum in a 1 1 mixture, by weight, for several
phases found in Yucca Mountain tuffs, but many minerals could not. be isolated
in pure form. .Smectite from drill hole USW G-1-1415 was isolated by centri-
fugation; clinoptilolite was. obtained from the Nevada Test Site in drill hole
UE-&P—1660 and quartz crystals vere, obtained fron Hot Springs, Arkansas. J. '
The value of the RIR for calcite was taken from Chung.75 Calculated RIR
values were used for the remaining phases, the data cOming mainly from Borg -
and Smith.7§ Where possible, RIR values were obtained for more than one peak
per phase,-for .example, .the RIR for the quartz 100 reflection is 0 95 and the .
RIR for the 101 reflection is 4.32. We have recently obtained pure samples o
of sanidine,.cristobalite, clinoptilolite mordenite analcime, biotite and
1abradorite and RIR values will be experimentally determined for all of
these phases in the near future. Estimates of the percentage of glass in “:-4,

samples were based on the intensity of the amorphous hump,; and precision is_
poorer for glass-containing samples than for those containing no glass.~4“__,”h
To analyze the X-ray data, e, solve the following equation that is™

derived by, Chung° 7



" ~n?'I -1

{3y 1) . (12) -

Ii i=1 1

where X, is the unknown weight fraction of.phase‘i in a ﬁixture, k, 1s the

RIR feriphase 1, and I, 1s' the integrated intensity of the appropriate line’
of phase 1. Equation (12) is derived using the constraint that XX1=1; and
the resultant equation "flushes” out the absorption coefficients by ratioing
the kipvalues? '

Quantitative x-ray diffraction data for samples from 11 drill holes at
Yucca Mountain are summarized in Bish and Vaniman.’? A three-dimensional
summary of these data is included in that report, based on 21 mineralogic
cross~sections using the geologic cross-sections compiled by Scott and
Bonk.79 Several points concérning the x-ray data are summarized below.

l;_ Glass. Glasses occur both above and below the potential repository
host fdek at Yucca Mountain (the welded devitrified Topopah Spring Member).
A vitrophyre is the first different primary lithologic type that would be
encountered in transport downward from a repository in the overlying
.devitfified Topbbeh Spring. Vitric noanwelded glasses occur both above and
below the devitrified Topopah Spring unit. These nonwelded and poorly
consblidated glasses‘are more abundant than the vitrophyre across most of
Yucca Mountain, although the lower nonwelded vitric zone thins and disappears
to the east where the straticraphic dip and structural displacements bring
the vitric material closer to the static water level. The vitric nonwelded
matertal may have important paleohydrologic significance because the
preservation of nonwelded glass can be interpreted ‘as an indication that the
past water level has been no higher than the deepest occurrence of vitric
pumice.80 Glasses are also preserved in some dense rock types (for example,
lavas) well below the static water level. |

" 2. Silica Pdljmdfghs{ The silica polymorphs are abundant throughout

Yucca Mountain. The polymorphs present include quartz, tridymite, and -

cristobalite. Slight variations in solubility and thernodynamic properties

oceur among the silica polymorphs. Experimental ‘studies indicate that silica™

concentrations in ‘solution will be controlled by cristobalite rather than
quartz.81 Cristobalite is ubiquitous above the water table except in drill
hole UE-25a#l, where cristobalite does not occur below the Topopah Spring
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unit. Elsewhere, cristobalite persists to" depths ‘greater than ‘500 m above
sea level. There 1s also a relatively clear correlation between the loss of-
tridymite and the first appearance of abundant quartz with increasing depth.
* This transition takes place within the Topopah Spring ‘Wnit and’ represents a-
major transition in the mineralogy of the proposed repository host ‘rock.
This transition in part reflects the passage from zones ‘of common vapor-phase”
crystallization (tridymite) to zones of vapor-poor ‘devitrification (quartz)
within the’ Topopah Spring. I ool B :
3. Smectite. Previous studies have noted that smectite is a

ubiquitous alteration product at Yucca ‘Mountain, but-one thatis typically
found in:relatiyeiy'snali'quaﬁtitieé;82.‘

true, the data summarized in Bish and Vaniman78 indicate“that two zones of

Although ‘this statement 1is generally*"

abundant smectite can be mapped out across Yucca Mountain. -Thése zones occur’

at the top of the vitric nonwelded base'of"thelTiva'Canyon Member with'about
7 to 35% smectite and at the tap of'tne'basal’vitrophyre3of"the“Topopah e
Spring Member (5 to 45% smectite). ‘The Sorptive potential:of this thin’
(generally <1 m) lower interval is high®and may provide an’importaant supple-
ment to tne”sorptiye'behayior of the more abundant zeolitized iones.~'The"

thermal stability of this smectite zone and the probable- time-tenperature-:

hydration history of the’ layer under repository conditions are being studied :

as an important part ‘of the retardation’ modeling of’ Yucca’ Mountain.i ~t- .

Jones83 attempted'to use'clay-mineralogic criteria as’evidence of past

variations of water table elevation ia alluvium north-of Frenchman- Flat, NTS.'

He found no sepiolite or palygorskite in the alluvium, minerals apparently
indicative of a relatively long—standing water table. “Neither of these'"
minerals has been identified'in”the”tuffs“fron“Yueca'Hountain. Jones83 also

proposed that variations in the smectite 001:spacing7ﬁou1d“reflect~changes‘

in the water-table elevation. He ‘fourd slightly more expanded (statistically

significant?) basal ‘spacitigs for ‘smectites up to 50 m ‘above “the present water .

table and suogested that this may be ‘showing the effects of ‘increased -

hydration.' It is well documented that smectite basal ‘spacings "are a - function;.

of the interlayer cation ‘and ‘the partial ‘pressure of water in contact with

-84,85

the smectite. Therefore, it-is+ doubtful that the .varidtions seen by:

Jones can be attributed to variation in water table 1evel ‘unless: - . R

secondarily. The Smectites in Yuceca Mountain typically show no systenatic

65,67,86

trends in d(001) with depth near the water table and have basal
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spacings representative of mixed sodium-calcium interlayers. The only

apparent change in phase assemblage near the water table 'in Yucca MounteidAis-

the alteration of vitric:Calico Hills tuff and lower Topopah Spring‘Membef.
4., _Clinoptilolite and Mordenite. There is a general correlation of

zeolitized material with the nonwelded zones between ash flows. Exceptione'
to this relationship are also common (for example,.the occurrence of |
zeolitized tuff in the welded Tram Member of drill hole USW G-3). Indeed
the first zeolitized interval below the proposed repository horizon occurs
within the densely walded -Topopah Spring ‘lember, . at the contact between .
devitrified and vitrophyre lithologies. The origins of this particular
87,beidg

interval may be very different from the deeper zeolitized intervals
coupled in part with water -liberation at elevated temperatures during early
devitrification. Zeolites may also form along fractures crossing the |
devitrified intervals.88 These various occurrences point out the
complexities of zeolite formation at Yucca Mountain and are a caveat ageinst
simplified models for open-system zeolitization.

Although phillipsite and erionite were reported to occur in Yuceca

Mountain tuffs,89 90

we -have found no evidence for the presence of these :wo
zeolites in our analyses. Heiken and Bevier89 reported erionite in samples
JA-15, JA-32, and JA-33BC and phillipsite in JA-13. These analyses were
based primarily on-electron microprobe data, although the discussion of JA-32
included the XRD identification of "erionite.” Sykes et al.90 reported the
occurrence of erionite in YM-34 basad on scanning electron microscope (Sﬁﬁ)
examination. . ,

We have since re-examined all of the above samples by x-ray diffraction U“
and found no evidence for the occurrence of erionite or phillipsite. These
analyses agree with those published in Carroll et 41.86 Mininum detection.
limits for phases. such as erionite, phillipsite, mordenite, and clinoptilo-
lite: are on the order of 1%Z. 1In addition, the x-ray patterns of these
zeolites are distinctive, and their identification by XRD is usually
unanbiguous. We have recently conclusively identified by XRD very poorly
crystallized erionite in a.fracture in drill core UE-25a#1-1296. The
erionite was mixed with clinoptilolite and occurred in a form common for

mordenite in fractures.
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'There ate'seVetaltekpianations‘fof ‘the prévious erionite and phillipsite . -

identifications. ‘A1l of the JA~erionite‘and'phillipsiteﬂanalySes relied. upon -
electron micrOprobe data: It 1s difficult,’ 1f not impossible; to obtain -
reliable chemical data ‘for hydrous, finely intergrown materials using this
method, and identifications based upon analyses of such materials are ..
suspect. Furthermore, it is possible for several.different zeolites to yield
similar chemical analyses, particularly ‘erionite' and mordenite. ' The tenta-—
tive identification”of'erionite in YM;SAVhaS'baseH on the morphology observed
with the SEM. However, we have observed identical’ morphologies in
mordeniteJEich tuffs containing no erionite.66 The fibrous material in YM-34
was likei§:nof8enite even though no mordenite was ‘obvious in'the XRD pattern;
mordenite has since been identified in fractures using -the SEM when no
mordenite peaks appeared in the XRD' ‘patterns of bulk material.ss' The °
identity of the mordenite was established by examining small scraped samples-

by XRD. : ot
S. {iAnqlpime.ana Albite. Few drill holes ‘have ‘penetrated deep enough

_ to intersect analcime-bearing- zones, and fewer still ‘are déep enough to
contain’ authigenic albite.‘ Analcine"typioallj fifst occurs at a depth ‘of
about 250 ‘n above sea level but appears as high as 600 m'above ‘sea level in-
drill "hole USW G-2. ‘The shallowér occurrendé -of analcime in USW G=2 agrees
with other evidence of major hydfothermal alteration ‘up’ts the 600-m-"
elevation;'possioly'atttibutable”to'higher-temperatufe'alteration.alongithe
Claim Canyon cauldron rim.91 Authigenic alpite has been found only in drill
"holes USW G—l and G2 and Well UE-25b#1.'5The’autnigenic'a1bite occurs ‘only
below 500 ‘m°above sea- level, and may" generally occur-at ‘much greater depths
throughout most of the exploration block.  As with analcime, ‘the shallowest -
occurrenoe of” authigenic albite is in USW G-2 near the-Claim Canyon_cauldron‘=~'

rin.

1V. TECTONICS AND VOLCANISM (B. M. Crowé, :D.'T. Vaniman, and D. B. Curtis) -

A. Mechanisn of Emplacement of Shallow Intrusions ~@ ' -~ .. RS

Crowe'et'aiﬁgz'sumnatiaed’EVidenee‘éonberningfthe‘subsurface“geometry of

basalc”feéaeE‘Sysbéms“ih the sduthern Great Basin. They Suggested that'the '7°

prevalent intrusion structire exposed'in’diSSebtea basalt” centers 1s narrow ' ‘:':

dikes. However, a number of exceptions were noted. These include, the.

Paiute Ridge area in the Halfpint Range of the eastern NTS region.92



A recently discovered additional locality of shallow basalt intrusions is in
the Funeral Mountains, east of the Amargcsa Valley.* The Paleozoic and |
Cenozoic rocks of the Paiute Ridge area are intruded by sills, discordant
intrusions and saucer-shaped bodies within the floor of a northwest-trending
graben (Fig. 12). These intrusions are locally associated with scoria cones
and lava flows, indicating magma was extruded at the surface.

The potential effacts of‘sill and lopolithic intrusions on disruption of
a repository were not considered in volcanic consequence analyses. Such
effects could considerably change the results of consequence analyses for thg
Yucca Mountain site because of the greater potential for magma-waste contami-
nation in an intrusion. Evidence against formation of sills and lopoiiths*
beneath basalt centers includes the following: (1) dikes are the most common
feeder structures ewpo:ed at eroded basalt centers; sills and lopoliths are
rare'9 (2) no basalt intrusions were noted in alluvium or bedrock in drill-
holes VH-1 or VH-2, both of which were located adjacent to the the Red and
Black Cone basalt centars in Crater Flat; (3) a 10 Myr basalt that intruded
the Tiva Canyon Member of the Paintbrush tuff at the western edge of the
exploration block form=d a narrow dike; there s no outcrop evidence that
sills or sill-like intrusions were fed from the dike; and (4)_formation of
shallow intrusions ben2ath or within a waste repository need not increase the
consequences of repository disruption. The intruding basalt could crystal-
lize within the repository tunnel without incorporating waste within magma
that was fed to the surface. '

Several factors suggest shallow intrusions may be possible at the Yucca
Mountain site. Fi;st; and most importantly, stress measurements in drill
hole USW G-2 show a normal faulting stress regime with the magnituderf<the'
least principal stress being close to the value at which slip could occ@r,93
Crowe et al.92 presentad field evidence indicating that the Paiute Ridge |
intrusions were emplacad contemporaneously with extensional faulting. They
futher suggested. that extensional faulting may have favored formation of .
lopolithic intrusions. Second, data on the frequency of occurrence of
intrusion structures are biased by the level of erosional dissection of
basalt centers.’ It is possible that shallow intrusions are more common in

the geologic record but are rarely exposed by erosion.

*_._.__—__ M -
This information. was provided by W. J. Carr (1983).
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o _ - BASALT lNTRUSlON
i p Y B CONE SCORIA "AND CONDUIT PLUGS
KLOVETERS = ' R BASALT LAVA FLOW

Fig. 12.  Generalized.geologic map of the Paiute Ridge area of the Halfpint
Range. Numbers represent the dip of the inward-directed intrusion -
“walls. Modified from Ref.:92. % .7 oo o .

B. Volcanic Patterns Through Time. DV—PR Volcanic ane c s

Volcanic fields of the Death Valley-Pancake Range ‘volcanic zone are
divided into two types.94 Type I fields are large—volume ‘volcanic’ fields R
with a range of basalt types including basanite, alkali- olivine basalt, and
hawaiite. These basalt fields, which include the basalt of the Greenwater
Range, the basalt of the Reveille Rang , “and the' basalt of Lunar Crater are Ko

1ong-lived fields that were active over several million years. The volume of "

3

magma associated with the fields is >10 km for the composite field with

79.



individual eruptive centers producing magma exceeding 2 km3 in volume.
Volecanic centers are clustered along major, generally northeast~trending
structures resultinw in volcanic fields with high scoria cone densities (10 -1
to 102 vents/km Y. The Greenwater field is a binodal volcanic field with
basalts interbedded with rhyolite domes and related pyroclastic rocks that
comprise the Greenwater Formation. The -Reveille Range field includes local
trachyte plugs that may have evolved through fractionation from the more
voluninous basalt. Typn 11 volcanic fields are small-volume fields with the
conposite field volume being less than 2 &m3 and individual centers of

0.1 km3 or less. - Volcanic activity in these fields was sporadic with basalt
centers formed during brier cycles of activity separated by longer periods of
inactivity. Individual centers.are widely distributed, resulting in a low
=3t lo-glvents/kmz) Basalt types are predominatly
hawaiite with lesser anounts of alkali basalt and hypersthene—hawaiite.

Type 1II volcanic fields in the‘DVfPR include the southera Death Valley area,
the NTS regiom, and\the'Kanich Valley.

cone densities (10

The important question for volcanic hazard studies is whether there is a
time progression to the evolution of Type I volcanic fields. Could Type II
fields evolve toward Tyoe I volcanic fields through time? Such a temporal
change would result in greatly increased rates of volcanisnm and, therefore
an increase in the progected hazards of future volcanism. In order to answer
thesa questions, we examine the temporal patterns of volcanism in the NTS
region and contrast these patterns with those of long=-lived, Type I volcanic
fields in the'DV—Bd volcanic zone. Only the volcanic patterns of the NTS
reglon are described in this quarterly report. Volcanic patterns of Type I
volcanic fields of the wolcanic belt will be described in the next quarterly
report.

The basaltic rocks of the NIS area are divided into three episodes, with
each episode spanning several million years and including basalt of many ' )
eruptive centers. The wvolume relations of these episodes vs time are shown
on Fig. 13. The oldest episode of basaltic volcanism includes the basalts of
the silicic episode (BSE) that erupted during the waning phase of silicic
volcanic activity (11 to. 8 5 Myr). These basalts form bimodal basalt— |
rhyolite centers that crop out in a northwest—trending zone extending from
the south moat zone of the Timber Yountain caldera to Stonewall Mountain.

Volumes of basaltic magma from the basalts of the silicic episode are large
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with individual centers exceeding 10 kmssnghe'basalts.of the silicie episode.
were replaced'gradationally in time by, the older rift basalts. These basalts .,
are either distinctly younger than or are spatially, separate from the silicic :
volcanic centers. They consist of small: volume (K1 km ). monogenetic
Strombolian centers that erupted during the probable peak of extensional
faulting. Basalts of ‘this episode range in;agepfromuabout;?lto.G.S‘nyr{” ‘
Magma volumes declined drastically at”the‘transition;between episodesvthen;,,. .
stabilized at low but generally unlform;rates'(Fig. 135; .- There was a brief .
but important pause in volcanic activity between 6 5 and 3.7: Myr. .This
hiatus was followed by eruption of the younger rift,basalts. These basalts
form widely scattered, small-volume centers identical’ to. ‘those .of the older
rift basalts. They -are separated from the older rift basalts on the basis of '

their younger age (3.7 Myr to recent) -and their enrichment -in incompatible .

trace elements with the exception of: rubidium.??
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The mineralogical composition of basaltic rocks of the NTS region was
summarized by Crowe et a1.94 They divided the rocks into four major
petrological groups inc;uding aphyric to moderately‘pofphyritic olivine
basalt, plagioclase porphyritic clinopyroxene-olivine basalt, feldspathic
clinopyroxene-olivine basalt to basaltic andesite and trachyte, and quartz;
bearing clinopyroxgne-olivine basalts. Trace phases in the basalts include
apatite, kaersdtité, and‘phlogopite (late stage). These phases occur in all
basalt cycles but are more common in the older rift basalts. No distinct
variations in basalt mineralogy are noted through time.

5 and Crowe et al.94 emphasized the hawaiite affinity

Vaniman and Crowe
of the majority of the volcanic rocks of the NTS region with emphasis on the
basalt of Crater Flat. Significant features of these rocks are their
alkaline claséification on a (N320+K20)/Si02 diagram,g4 the presence of
groundmass olivine and calcic clinopyroxene, the scarity of groundmass
calcium-poor pyroxene, and their andesine~normative composition. Vaniman and
Crowe95 further noted that the majority of analyzed hawaiites exhibit the

straddle-type association of Miyashirc96

where compositions range fron
slightly nepheline.t6 slightly hypersthene normative and the calculated
parental éompoéitions.st;éddlg the diOpside-qliviné join in the basalt
tetrahedron diagran. An‘imﬁoftant petrological feature of these rocks is the
increase in normative hypersthene or nepheline with decreasing magnesiunm
nunber (Mg/Mg.+ Fe2+). This suite of straddle-type hawalites represents one
distinctive zroup of basalts probably derived by fractionation from a
representative parental basalt. This hawaiite basalt group is a major
petrologic rock type throughout the Great Basin.

We now recognize two other. petrological groups of basalts in the NTS
region based on the addition of major and trace element data from a much more -
comprehensive sampling population. These two groups are hypersthene hawaiite
and basaltic andesite. Hypersthene hawaiites are nearly identical in many
petrological features to the straddle-~type hawaiites. They are classified as
alkaline on the total alkalies vs SiO2 diagram and have andesine normative
compositions. They differ from the hawaiites in several important ways.
First, the rocks have higher contents of normative hypersthene (7 to 16%).

As é'tesult,'thésé’rocks cluster toward the center of the ol-hy-di triangle
of the basalt tetrahedron. ' Second, calcium-poor clinopyroxene is more

common as a groundmass phase. Third, and more importantly, the hypersthene-



hawaiites show decreasing normative hypersthene with decreasing magnesium
number, the exact opposite of the straddle—tvpe hawaiites (Fig 14).° This
suggests that the hypersthene hawaiites were derived from a differing )
parental magma than that of the, straddle—type hawaiites. However, we have
not yet calculated model compositions of the parental magnas to the_:_ |
hypersthene hawaiites. Hypersthene hawaiites-are represented in the basalt
analyses of Best and Brimhall97
Our more detailed work in the NTS- region shows that while the compositions of
some of these rocks can overlap, they represent differing petrological
groups.

The basaltic andesite group comprises basaltic' andesite and subordinate
basalt that show increasing normative quartz with decreasing magnesium \
number. These rocks occur with large-volume centers, have both alkaline . and
subalkaline affinities,94 and commonly contain pheoncrysts or megacrysts of
motted plagioclase and resorbed bipyridimal quartz. Basaltic andesites are
common throughout - the Great Basin and were. recognized as a separate rock
group by Best and Brimhall.97 ’ e . -

The BSE exhibit a diversity of basalt types including all of the three
major basalt groups. In marked contrast, all basalts of the.QOlder Rift
basalts'are straddle-type basalts. These rocks are some of the most strongly
unsaturated (nepheline normative) of the NTS recion, exhibit only a narrow
range of compositional wvariation, and include the only known occurrence of a
parental basalt in the region (mangesium number from 0.69 to 0.74). The
Younger Rift basalts repeat the pattern of petrological diversity of the BSE
with some significant differences.( First, the ‘most voluminous petrological
type of this episode is the straddle-type ‘basalt.- Second, “the basalt to

basaltic andesite of Buckboard Mesa 1§’ remarkably poor in normative diopside.
Third, all of the basalts are of Small volume. B R ’

V. TUFF LABORATORY PROPERTIES (J. Blacic)
The purpose of this wotrk 1is to investigate the time-dependent mechanical ..

-

but were classified with the hawaiite group.

properties of Yucca Mountain tuffs. During this quarter, the creep ‘deforma-

tion experiment samples frOm the tuff of Calico Hills were’ completed and the
first experiment on samples from ‘the Topopah Spring Member was begun.
Because of the 1ong time spans involved in these experiments, ‘the data can

not be presented yet. Brittle microcracking has been shown to be a’ process ‘of
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Fig. 14. Normative hypersthene and nepheline values plotted vs magnesium
number for the basalt episodes of the NTS region.

potential conce:n:for;lcng;cerm tunnel or borehclc stability in the tuff of
Calico Hills. It is not. yet knogn whethef such processes may be significant
in the Topopah Spring Member. Unfortunaﬁely, this project 1is being
terminated at the end of chis fiscal year, and very few data will be obtained
for samples from the Topopah Spring Member.

A. History

c

The potential significance of time-dependent strength reduction (creep)
of repository host rock was Eirs. brought to the attontion of the NVWSI and
national nuclear waste storage c0mmunities about 5 years ago. Our concern
was based on long. experience in experimental Lock mechanics and on geologic

observations of naturally altered rock, which hnd Decn_subjected to long-tera
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heat and moisture conditions, anticipated to be artificially induced in the .
near field of a repository.-, The processes involved are microcracking,
subcritical propagation of cracks, frictional sliding along cracks and
joints, and mineral alteration,‘dissolution, and precipitation.” All of these - .
processes, particularly their interactions,-are not"well characterized.

_ However, we believe that these processes'wouid'dominate'the’long-term'

response of rock subjected to the hot, wet, and stressed conditions induced - °
by the waste, just as they do in nature. --Because of the low rates of these
processeé“at/repository temperatures, they are easily overlooked in short
engineering-type tests and their importance  is*frequently underestimated.” | -
Ultimately, the application of our knowledge of these phenomena will require
a large time extrapolation:from the laboratory time scale.” This means that . -".
the mechanisms of the processes must be thoroughly understood if the effects’
are to be incorporated into predictive models. 1In order to further evaluate ° -
these phenomena, we formulated an approach to the problem in basicaily three

parts.

“'First, we carried out a brief survey of existing data on the time- :
dependent deformaticn of porentialihard rock repository media (granite, -
basalt, and ‘welded tuff). This survey98 also ‘attempted to assess some
implications of the data for repository design ‘and was written largely with @
the intention of explaining to: ‘the ‘'uninitiated the significance of ‘brittle -
creep phenomena for repository considerations. - B ‘

Second, we pérformed a set of exploratory tests on a range of tuff types " ¢
from Yucca Mountain in order té evaluate, in ‘a rough way, the effect ‘of
extended exposure of tuffs to hydrothermal ‘conditions similar ‘to those likely - -
to be encéuntered in -the near-field of ‘a ‘repository.® In these tests, samples
from the Topopah Spring, Calico Hills, Bullfrog, and Tram-stratigraphic units
were subjected-to'a'range'of'confiniﬁgipressure; pore ‘pressure, ‘and .tempera-
ture conditions for-times ranging -from 2 °to 6 months. A number of thermo-.
mechanicaliandﬁéransporr’propérty'méasﬁrenéntsﬂweré made "at “ambient -
conditions before.and .after_the -hydrothermal :exposure.-‘Although ‘the .number
of combinaﬁionsTofJtnff"types and'exposdre*condicions‘was too large to allow
a complete, statistically ‘valid-separation’ of sample ‘inhomogeneity and.
exposure effects, we were "able’ to réach the* following conclusions.gg,.100
(1) After hydrothermal exposure; there werewstatistically signficant changes

in compressive strength, tensile strengh, porosity and matrix permeability,



and insignificant changes in grain density and thermal properties. (2) The
observed changes appear to be related to subtle surface modifications,of_
mineral grains although we were able to detect some dissolution reactions:and
alteration of clay and zeolite minerals. (3) These geochemical reactions
were detectable at the limit of our capabilities and thus point up, again,.
the difficulty in evaluating the importance of these processes in short
engineering-type tests. ' )

Third, when the results of the soak tests were becoming apparent, we
designed and built a prototype apparatus capable of obtaining the type of
time-dependent strength data required. This device is capable of making
accurate sample strain measurements at precisely controlled stress, tempera-
ture, and pressure conditions maintained for long times (months). It aiso
has the capability of simultaneously allowing measurement of matrix

permeability change.

B. Current Research

Over the last 13 months, creep experiments have been performed on Calico

Hills tuff samples. Unexpected phenomena have been encountered, one of which. -

has had the result of slowing the rate of progress on this work. The
conbined high porosity and low permeability of this tuff results in very long
saturation times for the 5.4- by ll-cm-cylindrical samples we are using.
Nominal saturation times of from 2 to 5 weeks have added substantially to the

experiment times that were originally anticipated. 1In all, one failed, and

four successful tests were performed, ranging from 1 to 3 months in duration.

each. This data base 1is- inadequate to attain the goal of formulating a
constitutive equation Zor this tuff, but some conélusioné of importance are
possible at this point.

(1) Hydration/dehydration strains of Calico Hills zeolitized tuff

are large and .are strongly time dependent. Hydration-state changes

appear capable of generating compressive stresses of 20 to 60 MPa

(hydration) -and tensile stresses (dehydration) beyond the tensile

streagth of any rock within the thermal field of a repository. In

creep tests at stresses_ below about 85% of the ultimate failure
stress, samples first exhibit primary creep at nearly logarithmically
decreasing rates, but. then the sense of axial strain reverses, and

the samples elongate against the applied axial stress. This appears
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to be due to very slow swelling from incomplete:saturation and
hydration of zeolite and cléy minerals. The maximum rate of swelling
coincides with the onset of dilational microcracking in tests in
which the axial stress is increased in steps. 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.' In other words, brittle microcracking, water
permeation, and mineral hydration strain are coupled phenomena in

-

this rock. RS -

(2) Creep deformation of Calico Hills zeolitized tuff appears to be

characterized by a steady—state strain rate component as low as 1 x

10 10 1. This result offers hope that a predictive model of

mechanical strenvth can be formulated that will be valid over the

long time extrapolation required for performance asseSSment, although
the complicated‘coupling of hydration,straining, microcracking, and
water transport?phenomena need to be.sorted out -before this can be
realized. .o R . '1 '

In May 1984 we stopped work on Calico Hills tuff and ‘began tests on
Topopah Spring welded tuff.. One or, at’ most,,two tests on Topopah Spring
tuff are possible by the September 30 termination date. These will be
insufficient to adequately characterize the time-dependent processes in this

P

tuff, but perhaps some indications will be possible. .
The important question at this point is whether or not Topopah Sprinc
tuff also exhibits important time-dependent variations in key properties.
Unfortunately, we do not have the data to answer this question. We can get
some idea of the potential magnitude of including time effects if we make - -
some assumptions. First, assume that the effect of strain rate on uniaxial
compressive strength of Topopah Spring welded tuff is the ‘same” as’ that for
Grouse Canyon welded tuff for which some data exist. A ‘similar’ argument for ' -
the gechanical behavior of welded tuffs was also made in the Johnstone ‘et
al.1

be reduced by something between 3/4 and 1/2 depending ‘on’ moisture ‘effects.

3

draft report. Blacic98 showed ‘that at’ 50 to 100 yr the strength may

This does mot include any additional weakening due’ to elevated temperatures.'
Assuming a weakening factor of 2/3 for the sake of argument the factor of

101

safety calculations of Johnstone et a1. can be used to estimate the extent

of a weakened zone under the above assumptions. Fig. 15 shows calculated
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properties) at 50 yr (Johnstoane et al., 1983).

contours of factors of safety for Topopah Spring tuff at 50 yr after waste
emplacement, assuming tine-independent average properties. 1If we now make
our assumption of a 2/3 reduction in strength at 50 yr due to time effects,
then the FS = 3.contour will actually be reduced to FS = 1. One can see frop
the figure that there“is eow.a large region in the roof, floor, and around
the waste emplacement,hole-for which the rock is in a state of incipieht |
failure at that time. While this is a very qualitative argument, it fairly
indicates the potential magnitude of including time effects on strength.
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vi. SEALING MATERIALS EVALUATION (D. M. Roy and C. J. Duffy)

Cementitious materials (grouts mortars, concretes) are ‘being- proposed
as one major type of potential sealing ‘material for a nuclear waste ‘
repository sited in the felsic tuffs of 'Yuéca: Moudtain. Introduction of any
sealing materials will “in general causé reactions between the host rock and
the sealant to occur ‘because “of chemical differences and the reactive mnature
of the fine minerals and glasses in the’ tuff._

The purpose of this project is to “evaluaté the chemic¢al’ ‘stability of
potential sealing materials based upon laboratory studies conducted- at a-
series of conditions that represent a range of " credible temperature '
conditions for a repository at Yucca Mountain. ' These -are supplemented by
evaluation based upon thermodynamic considerations and by ‘durable analogues

e

from’ ‘Gther sources: .

Different‘concrete—type'sealingwmatérials.are being evaluated for their -

potential chemical compatibility with the tuff rock chemistry. Two
approaches to sealant-host rock- compatibility ‘were examined. “The first
utilized indigenous sands’ and’ gravel in the formulation of the sealant, .while
the second approach chose to utilize more ‘conventional concrete’ materials,
but to' control” the "bulk"'chemical composition of the concrete so that it
approached more closely the tuff composition.~ i ' ' :

r

A. Experimental Results

During this quarter, work has been carried out on a new cementitious

grout mixtured(84-125'having'lower calcium sulfate content, which addresses

the concern of some scientists that the introduction’of sulfate into water inm =

the repoSitory might‘adversely affect waSte element solubility. 'Work‘was'

also c0mp1eted on a previously prepared higher sulfate grout '(82-22). - Both "

formulations were developed with the objective of minimizing “the ‘chemical

potential differences between the’ bulk tuff composition and ‘the bulk grout -
composition without the extensive ‘use of locally derived (local to the NTS)
tuffaceous materials.. Ongoing work is demonstrating that' these tuffaceous *
materials with ‘their glassy components are’ susceptible ‘to devitrification and -

hence rapid chemical alteration under ‘the temperature ‘conditions anticipated

¢

as approaching ‘the maximim credible for this repository design. ~~ < - . L.

el
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The formulation 82-22 was prepared initially. As formu;;ted, 82-22
exhibited expansive behavior based upon the development of ettringite tha;‘
was formed by the chemical reactions between flyash and hemihydrate.l fhe
preliminary studies on this formulation revealed that sulfate was released
during the alteration of this phase. Concern over the effects of the
introduction of sulfate in the groundwater prompted the development of the |
lower sulfate 84-12 formulation to minimize the release of sulfate.

Throughout the expariments described herein, the ratio of solids to
fluid has been maintained at 1:10 in both the 150 énd 200°C experiments. In
all of the experiments Well J-13 groundwater was used as the mineralizing |
fluid. 1In these tests, no large-scale concteteaqesﬁ specimens were prepared.
Therefore, to approximate the concrete that wouid be anticipated for usage in
a sealing system, a mechanical mixture of -~16+30 mesh graded crushed tuff énd
cementitious grout was used. The ratio of tuff (walded Topopah Spring

Member) to grout was malntained at 2:1.

Hydrothermal treatment was conducted in either a rocking autoclave or an

internally stirred Parr vessel. The former apparatus had a volume of 300 ml
while the latter had a volume of 1 g. 1In the rocking autoclave, sampling was
conducted with a pneumatically operated valve, to minimize throttling, inté.a
Teflon—-lined collection chamber. The Parr vessel wés sampled with a maﬁualiy
operated valve and also collected into a Teflon—-lined collection chamber.

All reactions were conducted on a sampling schedule approximating t = 2®
where n equals 0 to 10 days.

The pl of all liquid samples was measured at room temperature before
thejAwere stabllized with HCl to a pH of 1 to 2. Anaiyses of the fluids_wéré
accomplished with a combination of a direct current plasma atomic emission
spectrometer and ion chromotography. Solids recovered from_the charge at thé
termination of the experiment were characterized by X—réy Diffraction (XRD)
and Scanning Electron Microscopy/Energy Dispersive X—Ray‘(SEM/EDX).

O0f the 15 cations and anlons that were routinely analyzed, only calcium, |

sodium, silicon, and sulfate with occasional potassium were detected in

appreciable concentrations. Experiments with 82-22 at both 150 and 200°C and |

84-12 at 200°C are.complete at this writing. The final 150°C experiment with
84-12 is still in progress, but pH values from the recovered fluid phase

sanples are available,
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1. Grout Mixture 82-22.. ' THe®150°C experiment‘establiShed‘a pH value

of approximately 9. 5 for the’ initial 200 h of the experiment but dropped to
8.5 by’ 800 h. ~ The pH exhibited an unusually large jump to 9.9 after’the -

vessel had been cooled to ‘room temperature.‘ The *200°C expérimént'established -
a pH of about 8.5 that persisted for mearly 500 h before’dropping’to 6.5, "

A

The pH increased only slightly when the experiment was- quenched to room

temperature. The 'lower pH obtained at 200°C may be ‘due’ to more 'éxtensive

T PR f"l.

reaction.

With the é‘xcébtibﬁ of silicon, “the’ fonic- ébeciés in the 150°C
experiments appear to be more concentrated than in the 200°C experiment.
Additionally, the 150 C data suggest a substantial wash-off of fines- during
the initial hours of the experiment." At both elevated temperatures,-the L
calcium,"silicon,”ahd'sulfate show an initial® increase in concentration
followed by a steady decrease. These behaviors suggest the formation of a
solid phase occurring ‘at tenperature removing the fonic species from solution
at a rate faster than it can be replaced by dissolution of the cement.
Observed calcium and sulfate concentrations suggest that anhydrite may -
control sulfate solubility. Sodium ‘exhibits a‘continual increase in
concentration'in”the fluids in a manner"similatho7that'anticipated for
depletion of sodium from the solids, that is asymptotically approaching a
fixed value. TeRenE e ' ‘ '

2. Grout Mixture 84-12. The recordedpr'for the 84-12 formulation at
150°C currently in progress averaged 9.7 during ‘the initial 100 h after which
it exhibited a drOp to about 8.5 at 200 h. -The 200°C ‘experiment established “
a pH of 9 4 ‘and maintained it for ‘the duration 'of the experiment. As for ‘the

82-22 formulation, the calcium “and sulfate concentrations nmimic -each other, -
with the sulfate concentration" approaching twice that of the calcium. Silica
exhibits a steady decrease ‘in solution concéntration’ with time, but:® exhibits
an unusual increase’ in concentration ‘in ‘the - quenched sample. This seeming
retrograde solubility behavior for silica is atypical for silicate phases in
these systems. Sodium too, exhibits atypical behavior. The concentrations
show a steady decrease ‘to’ aboat 200 h’ followed by a slight’ increase in:
concentration to the termination of the" experiment. ‘An unanticipated sharp

increase’ in concentration is’ observed in the quenched sample. Teo e nee
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B. Conparison dfuthe 32-22 and 84-12 Formulations

Comparisons of the data for the 200°C experiment$~éhow rel;tively smali"
differences in the compositions of calcium, sodium, and sulfa;e in thé_fluid -
phases in contact with the ﬁyo formulations in combination wiﬁﬁ tuff. The
84-12 formulation exhibits a generally lowe:hcongenﬁration of silicon ;hén
the 82-22 formulation, possibly reflecting the physical properties of‘thé
silica—-rich admix;ures,thaﬁ were utilized in the formulation. The pH vﬁlues
of liquids in contact with both formulations, appear to decrease with time,
except for the 84-12 mixture at 200°C (based on a stngle point at 600 h,
which is slightly higher -again). The alteration of the. two concretes appears
to be slightly different. _The 82-22 formulation maintains a pH value almost
1 unit lower than the 84-12 mixture. It is not clear to what extent this
could be related to the differences in agitation in the two different types
of pressure vessels used for these experiments.

Bulk phases were. determined by X-ray diffraction on each of the mixtures‘
of grout and tuff that remained in the reaction vessels. The X-ray diffrac-
tion patterns of these products are all dominated by the mineralog& of the
tuff (which comprises 667% of the solids). A plagiloclase feldspar that best
matéhes an oligoclase dominated the diffraction patterns. Additionally,
quartz is present in all of the patterns as a principal component of the
grout and possibly és a phage in the tuff. The 82-22 grout formulations at
150°C contain calcite (which has been confirmed by SEM/EDX on morphological
and chemical basis). Similarly, calcite was ideatified in the 200°C 84-12
formulation but not in the 200°C 82-22 formulation. Well-crystallized
tobermorite can be)recognized_inlche SEM/EDX characterization of the 150°C.
82-22 sample and is confirmed by XRD. A trace of poorly crystalline ‘
tobermorite was observed in the 200°C 84-12 formulation that ran for 600-h,
This may be persisting metastably because.the equivalent experiment at 200°C.
with the 82-22 mixture does not contain detectable tobermorite.

C. Conclusions

No major differences were found between the chemical behavior of grout
aixtures 82-22 and 84~12. Despite the lower sulfate content of mitture
84~-12, solutions in contact with it showed similar sulfate content to those ‘
in contact with mixture 82-22. This is probably due to control of sulfate by

anhydrite precipitation in both grouts. Grout 84-12 may, however, be a more
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appropriate grout for use in Yucca Mountain because its: use would introduce
less total sulfate. Also, if removal of sulfate from the. fault seals were
leach rate controlled, the lower sulfate content in grout 84~12 would.

probably give up its sulfate more slowly. & :
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