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Introduction

Accurate knowledge of the behavior of radionuclides 4n natural
rock-water systens §s crucial for the predfction of the conseguences of
failure of a high=level nuclear waste repository. WMork ¥n progress at
Argonne Nationa) Laboratory involwes tne detailed geochenica) analysis of
raock, mincral, and water samples sron shallow dril) holes im @ ihermal
area of Yallowstone Nationad Pavk 1], This siudy 48 desighed 1o provide
data that will ¥ncrease our wndersiinding of the behawior of a group of
racionuclides in an environment sfinillar to that of the mear field of a

high=level nuclear waste repository.

Samples and Thefir Enwironrent

Samples being studied are from U.5.6.5. research dril) holes Y7 and
Y8 [2]. The petrography and mineraloyy of the samples has been thoroughly
characterized (2]. Briefly, ihe samples consist of hydrothermmuly 2)iered
rhyolite witrophyre brecefa and pumiceous tuff from the Biscuit Basin
Flow. Obsidian was the primary constituent of the samples (70-80%) when
fresh, tut effects of tydrothermal alteration include hydvatien of
obsfdian and replacement of hydrated obsidian by zeolites and clays.
Yein “nd pore filling deposits of reolites, clays, silica, and other
secondary phases are present #n cleanly separaple quantities sufficient

for geochenical analysis.
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Samples frov depths of 174 to 242 feet (+120-140°C) im Y7, and
182 to 499 feet (160=170°C) in ¥8, have been studied. Somples of
dilute (A2 g/L T.0.5.), near-peuiral pii thermal water from the drill
holes and nearby hot springs have been avalyzed.

Hethods of Study
Whole rock sanples, mineral separates, and themmal watcyrs have been

analyzed by instrupental neutron activation analysis and f.ductively-

coupled plasma atonmic esission spectroscopy.

Results
The group of elenents studied, and thelr corresponding analogs #n
high-level nuclear waste, are listed in Table 3. Whole rook compositional
changes are summarized in Table 2 as follows:
(1) Initial rock composition is assumed to have been honopencaus, which
is consistent with data for immobile elenents such as TX, 2r, Th,
REE, etc.
{2) Whole rock concentration of each element is mormalized by weight
to Ti02, which is assumed 1o be fmmobile.
{3) Ti-nomalized concentration of cach element 5 divized by that of
the Teast altered sample, whirh is assuned to represent the
initia) rock composition before hydrothermal alieration.
{4) Range of values calculated in step (3) above §s 1isied in Table 2.
The data in Table 2 sugpesti that:
(1) 2r, Sio, and Th are fomobile in this system on the scale of the
samples aralyzed.



Tadble 1
Elenent Matog
Cs Cs
Sr S
Ba Ra
Sh Sb
r Fig
Sm REE, 3+ Actinides
Th Th, 4+ Actinides
v (¥

Table 2. Whole Rock Conposition Changes

Elenent » (CAY tered/Cunad tered) 1y
Cs 1.0~ %
Sr 1.0 - 1.5
Ba 0.5 =~ 1.5
3 .0=-%
Fig 1.0
St 1.0
™ | B
v 0.6 = 7.%




{2) floderate to large increases in whole rick comcentration of Sr,
Sb, Cs, Ba, and U are assochated with hycrothermal alteration,
The enrichent in U observed in some samples has been found, by
fis.don track radiography, to be associated with magnetite
surfaces, possibly by adsorption on a thin oxidized Nayer
0.

Empirical mineral-water distribution ratios {Ry) having bren
calculated using corpositions of mineral separates and thermel water
samples fron either the same drild bhole or a meardy geyser. These
empirical Ry values (Table 3) denonstrate the contributions that various
secondary ninerals have 1o the observed whole rock «umpositional chatges.
Hote that the Ry values are generally very high, especially for Sv, (s,
and Ba in zeolites and for s, Ba, Ir, Sm, Th, and U #n clay. Zeolites
and clays; are the most abundant secondery phases in these samples, as
they aliso are in the volcanic vocks of the Newada and Mashingion repositdry
candidate sites. Precipitates of beta-cristobalite and calcite have
high R4 values for U and Sr, Ba, Sm, Th, and U, respectively.

Discussion

It appears that the elements studied are effectively retardad as a
result of geochemical processes operating in the shallow portion of this
high-tenperature geothermal systern. This may imbly that simslar behawior
could be expected for these elemenis in the event of thedr release from

4 repository located in saturated, altered witric wolcanic rook.



Tatle 3. Empirical Distribution Ratios*

Clinoptilolite Merdenite 'malcire Celadonite beta=Lristobalite Calcite

Cs
Sr
Ba
Sb
r
Sm
Th

u

- 3.6 4.4 2.2 - 0.7
.0 ».9 - - - .2
4.9 .7 “A.0 3.9 - 3.4
- - - 1.1 1.0 ~0.%

- - - 8,3 - -
- - - 5.4 - >4
- - - 5.0 - 3.8
- - - 3.6 3.2 2.2

*Rg = concentration of element In mineral

concentration of elehent in water
Reported values are in wunits of Togyg Ry

All minerais analyzed are vein mrec}mﬁumes. except ¢limoptilolite,
which 15 a glass replacement phase,

= = Yalue not determined.
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Questions and Answers

is any consideration given to ihe short time dynamic mature of
stean-water cyclical phise changes?

The mineralogy of these aril) cores does not indicate that
upor-domimted conditions have ever been a significant factor
affecting rock sampled from drill holes Y7 and YE. There are
presently no acid-sulfate springs in the immediate vicinity. Thus
is appears that the hydrotherm) alteration at this location has
mainly involved Na=t(03-C1 water similar to that now being discharged

in Upper Geyser Basin,

What 1s the redox state of this system?

The ninerals goethite, hematite, and pyrite ocour as hydro=
thermal alteration products in the drill cores. This may incicate
reaox potentials near the hematite-pyrite eguilibrium value. Thermad
watess campled from the drill holes generadly contain both oxidized
&nd reduced sulfur specfes. Oxidized sulfur species sre considered
to forr: from reduced sulfur species by reaction with difssolved
oxygen in cool recharge waters; deeper reservdirs probabdbly contain
prioarily reduced sulfur spec.es. It is Jikely that redox conditions
At A given point may vary with time, depending on water circulation

patterns.

Are tt;e distribution ratios that you presented eguiliby fum values?
'lﬁhese have been referved to as empirical distribution ratfos

because there §s some uncertainty as 1o whether or noi they reflect

equitibrium, and if so, what is the natwre of the equﬂibﬁm that



4.

they represent. It is mortevorthy that the empirical Rd values
determined for Sr and Ba in climoptilolite compare closely Lo those

determined in sorpticn experiients at Los Alanos.

Is the water chemistry controlled by leaching of the rhyolite glassy
To sone extent tils is probably true, althowgh undoubteddy the

secondary mineral phasez . oace formed, also have sipnificant effects

upon water chemistry.



