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1. EXECUTIVE SUMMARY

Geochemical conditions at the Basalt UWaste Isolation Project
site will affect the site performance if radionuclides afe
'feleased from tbe waste package itself. The geochemistry of the
groundwat;r and the minerals with which i£ comes into contact
will determiné, to & major extent, the mebility of radionuclides

and therefore their retardation by the formations through which

the groundwater flows. Critical geochemical paramaeters,

.including composition of basalt, secondary minerals, and

groundwater, groundwater pH and Eh, and formation temperature m\d
pressure, are kmown with varying degrees of precision. General
mingeral and elemental composition of the bulk basalts ‘are @ell
known. The secondary mineral composition is less' well known
despite the fact that secondary minerals are likely to be mare
important in réfardation of ‘ radionuclides. Groundwater
composition, particularly for deep groundwaters at the potential
repository horizon, are not at all well known. éampling and
characterization efforts for these water; have been frustratec by
collection difficulties and totally invalidated by evidences of
cmntémination either through drilling of the sampling welis or
during collection and processing of the samples. Ma jor
compasitional features can probably be reasaonably gstimated from

the existing data, but conditions that are dependent on less

abundant components, for example, trace element makeup, pH, and
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Eh, are in substantial doubt. The contact between groundwater
and basalt components is not well known and, consequently, the
kinetics of reactions that will control geochemical conditions in

the potential repository remain to be determined.

2. INTRODUCTION

This document will review the information available regarding

geochemical conditions &t the Basalt Waste Isolation Prbject
(BWIP) site. Comments will be directed tow%rd the adequacy of
the geochemical information with respect to assessment. of the

suitability of the site for licensing of a high ,level radioactive

waste repository to be constructed there.

"Geochemical conditions" means. the composition of the
repository site rocks, minerals, and groundwater as well as the
parametérs' that affect reactions that occur in the system
including pH, redox potential, temperature, and pressure.
Géochemical conditions and geochemical rgactions aée closely
related. Genchemical canditiohs are the.result of the past
geocﬁemical reactions that have occurred. Future reactions that
are likely to occur, including those critical to repository

performance such as waste package degradation and radionuclide

leaching will be affected by geochemical conditions.

2.1 FURFOSE AND SCOFE
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The purpose of this review is to summarize the information
regarding geochemical conditions at BWIF and to idehtify gaps in
existing knowledge. While nei ther the us Environmental
Protection Agency repository standards, nor the US Nuclear
ﬁggulatary Commission repository criteria specify geochemical
properties that must be present in a repository, geochemical
retardation is generally recognized as contributing to the
barriers that will prevent released radionuclides from returging
to.the biosphere. Return to the biosphere would involve a
sequence of events that would include mobilization from the waste
package followed by trénspart thrrough the surrounding mgdidn.
Geocﬁemical conditions within thaF meaium would control the rates
of mobilization and transport bf radionuclides. Therefore, it is
expected that characterization of geochemical conditions will
constitute a significant component of site, assessment 'and

performance prediction.

The scope of this report is limited to review and comment on-
current information~cuncerning BWIF. The relevance and adequacy
of that information to repository performance assessment will be
discussed but comments are not intended to refer to the adequacy
of the repository itself. Shortfalls in the informatian base and
possible fuwther éharacterizatiun activities will be suggested in
Section 4. References consulted during the preparation of this

review are included in Apdendix A--Annotated Bibliography whether
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or not they are cited herein. Appendix B includes data tables

and figures copied from the references consulted.

This review is one of a series of reviews of the BWIP
geochemical information base; other reviews . in the series deal
with radionuclide element solubility and ‘radionuclide sorption at

the BWIP site. Together these reviews will provide a complete

canalysis of current information and needed further

characterization for BWIP performance assessment.
2.2 BEOCHEMICAL FARAMETERS .

Geochemical conditions are dgfined for this review as: (1)
compasition of rocks, minerals, a;d groundwater, (2) pH and pH
controls in the grounawater, () oxidation-reduction
characteristics of the groundwater, and (4) pressure and
temperature conditions. - These conditions 'are expected to - form
the basis for integrated.modeling, assessment, and prediction of
site performance with respect o the possible movement of

radionuclides through the site toward the accessible environment

adjacent to the site.

2.2.1 COMPOSITION OF BASALT AND OGROUNDWATER As the principal
constituents of the underground system, the minerals and rocks at
the potential repository are expected to ultimately determine the
geochemical conditions of the site. Impaortant compasitional data

for the solid phases are the elements present and the stability




of these phases toward reactions with groundwater solutions.
Structural and textural conditions cannot be entirely separated
from these'considerations, however, because they will detérmiﬁe
the physical oppoétunity for reactions to occur. For the more
reactive solid;, the elemental compositioﬁ and the species formed
upon dissolution are important. The sécnndary miperalization

that occurs. along preferred-flow pathways is of greatest

significance because of the extent of contact and opportunity for -

.reaction that is possible. Furthermore, where secondary minerals

are forming, they indiecate satuwration cmnditiohs Ain  the
groundwaier with respect to those minerals and therefore prqvide
guite useful information on expected geoachemical behavior of
radioéuclides. Finally, the secondary minefais afe most likely
to provide the major, if not the only, sarption substrates for

radionuclides ¢that may traverse the far-field region of the

repository.

The rocks themselves may not be the principal controls on
repository performance in the event that aroundwater enters the
repository. Emphaéis is placed on groundwater geochemistry
because groundwater is expected to be the tramsport vehicle for
radionuclide movement. Groundwater geochemistry is also an
excellent indicator of the chemical reactions occurring' batwesn
the water and those components of the rock with which it comes
into contact. Such reactions may provide information on the

expected reactions between the waste package and the surﬁounding

.
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medium. Groundwater geochemistry is determined by feactions with
minerals along the flow pathway, so that composition of exposed
surfaces is impbrtant; Depénding on the relationship between
flow rates and chemical reaction rates, the groundwater may or

may not be at equilibrium with the surrounding rocks.

Groundwater chemical parameters of interest include overall
icnic strength and the elemental makeup of solute speciés. In
addition, the interactions among solutes to form complex species
will partly contrﬁl whether or not the sdolutions are satﬁrated
with respect to those Aelements. Only with comp]eté jnformatimn

on the pre-development site geochemistry will it be possible to

confidently predict the reactions that may occur between waste

'package components including the waste itself and the rocks :and

groundwater of the site following repository development.

2.2.2 GROUNBwATER pH CONTROLS Solubility and sorbtion reactions
of solutes in water are highly dependent on the activity of
hydrogen ions in the system. The hydrogen ion concentration,
represented by pH, is probably the.most imPortant single variable
characterizing an aqueous system because virtually allh chemical
reactions are at least partially sensitive to it. Rates of many
reactions are greaéiy affected by pH because of catalysis either
by hydrogen or hydroxyl ions. Hydrogen ion can be an important

competitor for sorption of cationic species on mineral surfaces

and may thus directly affect solution composition. For elements
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that may exist in more than one oxidation state, the standard
electrode pptential is often highly dependent on pH in the

solution.

2.2.3 OXIDATION-REDUCTION CHARACTERISTICS. The availébility (qr
jbctivity) of electrons in a chemical system is represented by Eh
or, less frequently, by pe. Since oxidation of reduction is the
loss or gain of electrons, respectively, Eh for a system can
indicate the. relative abundance of oxidation states for a
rednx-sensiti?e element if and when the system has reschmd
chemical equilibrium. . Although many naéurally;o;curring systems
are not at complete equilibrium or, more commonly, spe:ifié
half—cel{g within natural systems are known to be out of
egquilibrium, the concept 6# a "system—-Eh" provides a fr;mework
for the chéfacterization of geochehical conditions. Chemical
species expected to predominate at equilibrium must be considered
in performance assessment unless they can uneqﬁivocally be shown
not to form Ffor kinetic or other reasons. In additian to
consideration of thermodynamically expected predominant chemical
species, it is also necessary to address the kinetics of the
reactions which lead to formation of the predominant . species.
Hepcsitory performance assessment will require the coupling of

groundwater dynamic considerations with the geochemical reaction

rates.

2.2.4 RELATED GEOCHEMICAL PFPARAMETERS. Chemical reactions are
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censitive to temperature and pressure, so these parameters will
also affect performance assessmnents of the repository.
Temperature affects the rate of almost any chemical reaction,
increased temperatures leading to acceleration of thé reaqtion.'
Thus, to a first approximation, higher temperature systems will
attain equilib}ium more rapidly 'and, féF complicated systems in
whiéh ¥low.'and chemical reaction occur simultanecusly, higher
temperature systems are more amenable to predicfion‘ af
performance based on equilibria. Temperatures also affect the
equilibrium states for many reactions, however, and in éeneral
there are fewer data fo? high tgmperature react{ons. This lack

can be partially offset by acceptable schemes for extrapolation

of low temperature data to highe} temperature.

Pressure effects are generally to shift the equilibrium state
of reéctions toward a more condensed condition under increased
pressure. Reactions leading to a reduced partial molar volume of
products compared to reactants are favored by increased pressure,
while _réactions that vield increased volumes are retarded by
increased pressure. In general, pressure_cohpensation is highly
predictable and the direct measurement is praobably unnecessary
for geochemical considerations. It is noted that pressure
measurements are often highly dimportant primary data for
hydrqlogic assessment of site conditions and the hydrologic data
should provide pressure data that are more than adeguate for

geochemical assessment. Fressure effects should be included in
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the geochemical modeling of the repasitory.

3. SUMMARY OF EXISTING BWIP GEOCHEMICAL INFORMATION

Geochemical ihformation will be discussed in the context éf
site geology and hydrBlogy. Geologic and hydrologic conditions
determine the relative imporfance of geochemical parameters and
are therefore necessary to allow proper consideration of site
geochemistry. In the fallowing sections parenthetic refaréncem,

a*

such as (Fig. B-1), refer to material copied in Appendix B.

3.1 BASALT GEOLOGY AND HYDROLOGY

The:BWIP site is in the Columbia Plateau Basalt Group, & major
feature occupying portions of the states of Idaho, Dregmn' and
Nashingtcﬁ (Fig; B-1). .Up to S000 feet of basaltic flows,
interlayered by weatﬁerad ahd sedimentary series are described in
three sections (upper to lower): Saddle Mountains Basalts,
Wanapum Basalts, and Grande. Ronde Basaltg {Fig. B-2). Probable
repository horizons are in the oldest and thickest section, the
Grande Ronde Basalts. Most emphasis has been placed on the
Umtanum Basalt withié the Grande Ronde, although flows above the

Umtanum in the Sentinel Bluffs Sequence have not been ruled out

from consideration.

T.1.1 STRUCTURE AND TEXTURE The BWIP site is in the Cold Creek



Syncline the core of which strikes northwest-scutheast (Fig.
B-3). To the naortheast between the site and the Columbia River
lies the Gable Mountain Anticline. To the southwest ie the
Rattlesnake Hills - Anticline. The groundwater basin formed by the
Cold Creek Syncline is generally referred to as the Pasco Rasin

in hydrologic literature.

Columbia FPlateau Basalt flows are typically latekaliy
extensive. Intraflow vertical structure is quite distinct and
hydraulic germeability is highly dependent on features that are
vertically varying within the flow. Long ‘and Davidson (1981)

described the general textural and structural character of

Columbia Plateéu Basalt +flows. They notgd that interflow
structures "exert , a strong in{luence on the hydrologic
characte#iétics." Vesicdlar 1ow tops are relatively"permeable.

Two colonnade (vertically columnar) sections are typically found,

separated by & more randomly 5tructuréd entablature. Groundwater,_
mdvement'in the colonnade and entablature zéﬁes is restricted
almost entirely to the joints and fractwes in these zones
because the rock matri is quite dense and ‘impermeable. EBelow
the lower colonnade is a zone aof glassy, sometimes pillowed, rock
that forms the base of the +low. Structures and petrographic
texture are directly correlated so that Long and Davidson (1981)

concluded that petrographic examination of core samples could be

used to determine structural attributes of the sampled horizon.

- 10 -



3.1.2 GROUNDWATER MOVEMENT PATTERNS Newcomb et al. (1975)
describedA hydro;ogy within the upper geologic strata at the
Hanford site and~.fccus on the uncnhfined'aquifer. The area of
interest is centered around the 200-Area where liquid waste
disposal has lead to perched zoges aof contaminated water and has
.éaused the occurrence of "ground-water mounds". Near surfacé
hydrology has also been characterized by monitoring the mmvemen£
of these contaminants on the Hanford reservation. For example,
reports by Eddy (1979) and Eddy and wilbur (1980) represent an
annual series documenting the éxtent and spread of radioactive
contamination in the unconfined aguifer at Hanford. Pr;ncipal
so&rces of contamination are the past 200-Area liquid waste
discharges to cribs and swamps. During the Z6 years. preceding

11
1980 in excess of & % 10 liters of process cooling water have

been discharged. The.majority of the -contaminants are in the
upper portion of the uncon}ined aquifer and a}e nearing the
Columbia River, {ritium, grass beta, and nitrate are the leading
mobile species. Wells are also sampled that penetrate 2 deeper
aquifers, one in a "se@i—cnnsulidated sedidéntary material

overlying the basalts" and one in the basalt. The basalt aquifer

is artesian.

Gephart et al. (1979) discussed the relation of groundwater
flow and structure/lithology within the Columbia Plateau,
stressing the importance of sedimentary interbeds to major

- groundwater flow features. Within the Pasco Basin, The Columbia



River Basalt Broup éansists of the Saddle Mountains, Wanapum, and
Grande Ronde Basalts. The confined aquifers present therein are
associated with thg more permeable interflow and interbed zonms.
and generally located between confining units composed of fhe
dense, columnar portions of the basalt flows. The principal
kater-bearing or yvielding portions of the basalt occur along floy
contacts. Here vesicularity and flow brecciation form networks
of interconnected vesicles and fissures through which groundwater
moves. Gephart et al commented regarding flow at boréhg]e DLl
that results "—-—-suqggest horizontal groundwater movement above a
depth of 3453‘+eet (just below the Umtanum) ;nd downward movement
below this dépth. Apps.et %1. (1%79) noted in wells DCei; DC-2
and DC-6 that there was a local head minimum within 400  feet

below the bottom of the Umtanum with an increasing head DHelow

that depth.

Leonhart et al. (1982) reported results of a single tracer
(potassium thincyana@e) test of water movement between two
boreholés (DC-7 and 8) in & packed zone at the +top of the McCoy
Cagynn Flow. The holes are approximately 55 feet aparé. Watewr
was pumped from the packed zone of DC-7 into fhe packed =zone of
DC-B. The estimated formation residencé.time was 170 minutes at a -
circulation rate of 1 gallon per minute. ﬁecovery of thiocyanate

was 60 percent but potassium was lost, apparently by eichange for

s0dium, .



Arnett et al. (1981) applied two—-dimensional and
three—-dimensional groundwater flow models to.Grande Ronde BRasalt
interflow zones in‘tﬁe Cold Creek Syncline. Flow in the models is
nearly horizontal and toward the southeast toward Wallula Gap:
Travel times to the model boundary exceed 100,000 years for the.
.fthree dimensional analysis and are over-2 million years in the
two dimensional calculations. Arnett, et al. indicated that
data still needed include better hydraulic head information up
gradient from the repository site and field measurements of

vaertical hydraulic conductivity.

E

3.2 COMPOSITIONAL INFORMATION

The chemical makeup of the BWIP repository has®been determiped

in & number of studies.

3.2.1 BASALT COMPOSITION Smith et al. (1980) reviewed the
mineralogic and elemental composition of Grande Ronde Basalts.
Averagé compositions of major and minor elements in several of

the Columbia Plateau flows are given (Figs. B—-4, B-3).

Noonan et al. (1980) analyzed mineral and glass specimens by
electron microprobe and comparéd results for basalts from outcrop
collections to those for cored samples, Entablature and
colonnade sections were treated separately. They concluded that
the reference material (outcrop) is similar in texture and phase

composition to core samples.

- 13 -



U 3.2.2 SECONDARY MINERAL COMPOSITION Secondary minerals
described by Smith et al. (1980) include clays (smectite, illite
and traces of .vermiculite), zeolites (heul andi te and
clinoptilolite),_ and polymorphs of silica. Gypsum, calcite and
pyrite are noted as rare (Figs B-6, 5-7). Ames (1980), in a
compendium of results from detailed examinations of mineralogic
and elemental —makeup of basalts takemn from coreholes DDIH-1, -
DH-2, DDH—ﬁ, DH-4 and DH-S, indicates that the top 1000 feet of
the basalts are essentially zenlite free and that heulandite is
the most common zeolite below 1000 feet. Ames did not menfion_

clinoptilolite, nor did he indicate secondary minerals with redosx

implications.

Eenson and Teague (1979) reported results of 147 scanning
electran microscope (SEM) and 170 x-ray diffraction (XRD)
analyses of samples from 4 cores performed to examine secondéry
minera}ization in Columbia Plateaubﬂasalts. Electron microprobe
and wet chemical methods were also used. Dominant minerals were
clay (smectite or iron-rich illite), =zeolite (clinoptilolite),
and silica (quartz,' cristobalite, tridyq;te, opai). The
crystallization sequence varied . but usually followed: clay—>
clinoptilolite-—> silica/clay. - Clinopfilolite sometimes showed
dissolution ‘features. Vesicle 'filliab was found to be more
complex than fracture filling and included minor amounts of

erionite. chabazite, analcime, vermiculite, phillipsite, gypsum

and calcite.



Wet chemical analyses of iraon in the clays indicated
Fe(lIl)-Fe(ll) ratios o+;3 or 4 to 1 as oxides. Fe(lll) oxide
weight perqent ranged +ro@ 10 to 20 and Fe(II) oxide from 3-6&
weight percent. The iron is said to occupy a disfinct phase,

possibly hematite or goethite, within the smectite

Teague (1980) examined the secondary minerals in 39 vesicle and
fracture samples taken from two cores through the‘ majoF basal t
groups using SEM/energy-dispersive. x-ray <(EDAX), XRD, and thin
section microscopy. Minefalogy, saquence of :rystallization, and
connectedness of fissures were sought. Initial phases ‘were
almost aiways clay, rarely clinoptilolite. Distinct overgrowths
of silica or clinoptilolite were present, each in about 1/3 of
the'specimens. Fyrite was found but once. Third ahd 'fourth
layerslincluded, in addition to the above minerals, heulandite
and mordénite. Apatite was found only once. Dissolution
evidénce was rare and was restricted to clinoptilolite; A
generalized crystallization sequence was clay (usuall y
emectite)——> clinoptilolite--> silica/clay. Data on depth
dependence and on connectedness were deemed too sparse for

interpretation. Vesicles and fractures from the same depths have

widely varying amounts of sgcondary mineralization.

3.2.3 GROUNDWATER COMPOSITION Van Denburgh and Santos (1965

reviewed the physical and chemical suitability of Washington

groundwater for use in agricultural, municipal or industrial



applications. In the Columbia Plateau Province, which includes
most of Eastern Washington, aquifers are mainly ;he interbeds and
flow tops. Ample wgter 'yieids from such aquifers have been
found, often .seJeral hundred gallons per minute and as high as
1500 gallons per minute. In structural basins wells may  be

’
artesian.

.Data for a laFge number of wells tapping the upper 1000 feet
are presented. Silica concentrations are in the range 40-60 ppm
and increase with depth. Iron conéentrations are below 0.3 ppm.
Sulfate is-generally below 30 ppm except where contaﬁination from
returnflow of irrigation water from fertilized lands has.added to
the natural levels. Fluoride reaches 2.8 ppm and is Highest'in

waters that ‘contain high silica and high sodium.

Newcomb (1972) presented a comprehensive discussion of the
chemical composition of groundwaters Ffrom the Columbia Plateau
region based oﬁ results of 525 analyses for majsar componen£s and
100 trace element analyses. Most of éhe groundwater sampled was:
discharged from springs or was taken from wells that tap the
youngest basalts, the upper 2000 ft. Newcomb indicates that
“Passage of the groqnd water info the oxidizing environment of
the atmosphere causes the hrecipitation of iron oxide at some
springs, but there is a general absence of precipitates or
encrustations at mosf springs where water flows from the basalt.

Likewise the formation of encrustations and coatings is lacking

-1& -



at all but a few wells." .

Silica concentrations are ﬁqted to be generally higher  in
higher temperature watefs, but this reiaticns?ip is not
consistent. There is no correlation of iron content with dépth.
'The major cétioqs are Ca, Mg, Na, and K and bicarbonate is the
“major anion. Sulfate: chloride, sodium ané calcium are noted to
be hiéher in fhe newly recharged " waters that have formed as a
result of the Columbia Basin Irrigation Pr05eét. Fluoride ranges
from 0-2 mg/l, values quite low in comparison to the deeper
waters reported elsewhere. Newcomb acknowledged that "..there
may be a possibility that such high-fldaridé ground water occurs
in éhe basalt at depths below 1000 feet at some places. Ali

evidence forr such an occcurrence is limited to the LaSala and Doty

(1971) data."

.

Regarding dissclved gqases,. Newcémb (1972) indicates "The
principal readily discernible diséolved gas is hydrogen sul+fide,
which occurs in small amounts in most of <the grohnd water from
wells in the basalt. It seems to be present in greatest amounts
in the water from néwly drilled wells. The concensus is thét the
gas diminishes with time as thé well is pumped, rather tham that
the users become accustémed to it and notice it less with
time....The concentration of dissolved oxygen is very low in mast

of the groundwater. A number of determinations, for which no

recorded data are available, are know by the author to have found



no oxygen in ground water of the basalt when it was correctly
sampled before surface or mep—cclumn'aeration....Because most of
the ground water is confined under presswe within aguifeérs that
contain fresh, untarnished, and unoxidized iron pyrite and
because of the reported determinations of no oxygen, it is
éssumed that the'ground‘water of the basalt is largely devoid of

dissolved oxygen."

Waters from depths greater than 1000 feet have been sampled
much less extensively. Hanford area deep wells are shown in
Figufe.B-B and compositional data are shown in Figure B-9. Apps
et al. (1979 planned & comprehensive groundwater geochemical
characterization effort involving a very exéensive set of
.chemi:al and isotopic analyses. Their work was only partially
completed and the authors appear to place little credence.iﬂ the
chemical characterization results because of suspectad
contamination. For example, although some &4,000 gallons of
water wére pumped fraom a packed off section of well DC-2 in order
to remove local contamination, samples . drawn after this
"swabbing" contained tritium at about 20% cf thé Columbia River
levels. Although they pumped packed Qell sections at length and
were able to abtain cmnstant- conductivity and temperature,
normally signs of uncontaminated water, the water still contained

diesel oil and "bacterial breakdown odor." The authors express

skepticism about possible contamination of earlier well samples.



R

LaSala and Doty were credited by Apps et al (1979) with having
done the only pkevioﬁs geochemical work with deep groundwuater

from the site.

Average composition ahd range Ffor gréund water from Upper
Wanapum were summarized by Gephart et al. @1979) who remarked on
fhe generally poor quality and extremely .limifed 'quantity of
Grande Ronde 'Basalt hydrochemical data. Contamination by

drilling fluid, poor field sampling, poor laboratory analytical

procedures and cross—aquifer communication within the core holes

. were cited as reasons for the poor data.

Salter et al. (1981) indicated that "There aré two distinct

groundwaters present in the basalts: a sodium. bicarbonate
buffered groundwater (pH=8 at 23C) charactéréstic of the Saddle
Mountains and Upper Wanapum Basalts and =& sodium-silicic acid

buffered groundwater (pH=10 at 250) characteristic of the Lowser

.wanapum and Grande Ronde ERasalts." For laboratory' work most

experimentalists use simulated versions of these groundwaters
according tp Eecipes GR-1 and GR-2, respectively _(Fig B-10).
Jones developed a recipe for a synthetic groundwater that
approximates the major component composition and pH of water
collected from just below the Umtanum horizon in well Dc—g.iTwo
stock solutions are prepared,. One éontains sodium salts of
carbon;te, silicate, sulfate, Ffluoride and hydroxide while the

other contains chloride salts of sodium, potassium, calcium and

- 19 - T
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magnesium. Groundwater is simulated by adding aliquots of these
stock solutions to distilled water. No effort to control Eh, :
trace metal ions, gases or organic componente was indicated by

Jones. .

' Deutsch et al. (1982) used the gebchemigal model WATEQZ wiEh
118 sets of gfoundwater composition data +from Hanford area ﬁﬁ
estimate saturation iﬁdices relative to several minerals. Only
few of these sets are for degp (>1000m) wells and their chemistry
ie said to be quite different +From the shallow grouhdwater.
E&Lilibrium witﬁ calcite appears probable, £hat is, the computed
ion activify products are near the measured values, implying
saturation. Near saturation with the zeoli£e;, wairikite, and
analcime is also infe;red. Several minerals for. which the
solutions appear to be saturated but which are nmt'reparted ]S
yet{,are found--allophane, MnHPO4 and, in deep wells where F is :
high,'fl&arite.

Ameé {1980) éuggested that groundwater>compositions will be
more strongly affected by glassy materialm than by crystalline
components since the former is more soluble. The glassy material

is high in silica and contains most of the €1 and F, "“because .

these do not fit well into any of the main stage flow minerals."

3.2.4 GROUNDWATER pH CONTROLS Jacaobs and Apted (1981) computed
groundwater pH at BWIP based on buffering of groundwater by

basaltic glass. They assumed that pH is controlled by silicic
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acid at <9.5+0.2. They concluded that the_ relatively low
mobilities of several actinides in alkaline media are favorable.
Newcomb (1972) reported the pH of the prevalent type . of

groundwater in the upper basalts ranges from 6.5 to 9.2 and most

of the values fall between 7.2 and B8.4. Ames and McGarrah (1981)
found that fresh basalt or secondary minerals from the Hanford-
site consistently buffered GR-1 synthetic groundwater to pH

values between 8.3 and 8.9.

F.2.5 OGROUNDWATER OXIDATION-REDUCTION STATUS Benson (1978)
discussed the fundamentéls of reda% potential, platinum electroﬁe
neasurements-ahd limitations in practicality of Eh. Eh values are
not given by Benson but he suggested that Fe(IIi—Fe(III) ané the
sul fur g&stem are "pdorl; poised"” in Pasco Basin groundwaters.
No secondary minerals with redox implications were identified by
Eenson. Ames and McGarrah (1981), in discussing controls on Eh,
investigated several 'poséiblé poising mecﬁanisms including
magnétite-hematite, but these were all rejected because, for
axamnple, J..the basalt contains no hematite." They concluded
that the only poising system that seems to fit is
magnetite-pyrite which mineréls occuf at ;0—15 weight percent and
1 weight percént respectively. Ames and ﬁcGarrah note that the
kinetics of reaction with the basalt are slow so that, al though
the basalt may "try“.to contrel Eh in laboratory esperiments, it

may be unable to do S0, The Eh estimated for the

mnagnetite-pyrite control is between -0.3 and -0.8 v.
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Jacobs and Apted (1981) assumed that Eh is controlled by a

,quartz-pyroxene4magnetite buffer at -0.4516.05 ve They indicated"

\

that the calculated Eh values are in close agreement with field

analytical daia such as “sﬁlfate:sulfide ratios 'éreater than 1
and dissolved garban dioxide:methane ratibg of about Q.2" as well
as the presence of magnetite and pyrite .without any hematite.
Theif conclusion that sulfate would predominate in a reducing
eystem is puzzling, inasmuch as sulfate Eepresents a highly

oxidized sulfur species.

3.2.6 RELATED GEQCHEMICAL ;ARAHETERS Benson (1978) preseﬁted a
calcul ated pressure—-depth relationship far the BWIFP site. He
alsoc showed the temperature-depth .profiles measured in ca. &
coréholes at or near. (north .of) the Hanford s%te. As noted

. . \
previously, Apps et al. (1979) reported field pressure tests to

provide data for mathematical modeling of ground water flow in

Adeep basalts of the Fasco basin. ‘Gephart et al. (1979) also
tabulate pressure values (hydraulic heads) for several wells at

Hanford. -

Newcomb (1972) indicated that temperat&re éf the qround wéter
ié & few degrees higher than the sum'nf mean annual temperatwre
-of-its area and the ,temperature increase due to the earth's
thermal gradient down to the 'aquifer in whiﬁh the water OCCUrs,
although he notes that fhere are many variations from this

generalization. He concludes that nonrepresentative temperatures
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were sometimes observed for ground water due to improper

‘techniques and/or inadequate samples.

Smith et al. (1980) indicate a geuthermai gradient of ™48
degrees (C)/km based on measured temperatures in wells drilled at.
Hanford. In the immediate vicinity of the-yaste, decay heat will
increase the temperature, part;cularly-during the Ffirst few
hundfed years'after waste emplacement. The highest calcul ated
temperature according to Smith et al. (1980) is near 270 C and
geccurs. at the package-rock interface about 25 fears _atfter
empl acement. -~ Consiqerabiy lower maxima, less than 150 C, appear

to prevail 1000 9ear5'afteh empl acement.

4. REVIEW AND COMMENTS ON GEOCHEMICAL INFORMATION

The information summarized previouély indicates the range of
geochemical conditions at BEWIF. It appears that, while much of
the existing information is adequate for geochemical assessment
of.the potential repository, there are certain critical. gaps 1in

the existing information.
4.1 BASALT GEOLOGY AND HYDROLOGY

For purposes of geochemical evaluation, the information on
structure and texture of the basalt flows at BWIF is adequate.

The degree of exposure of basaltic and secondary mineral swfaces




to groundwater and the composition and rates of reaction of those
surfaces with groundwater components, however, is largely

unknown.

Groundwater ages, the estimated elapsed time since the water
was at the surface, can be helpful inéicators of the rates of
water movement and rates of reaction with.minerals along the froJ
path#. Crosby and Chatﬁers (1963) described the application of
carbon-14 techniques to dating groundwater near Fullman,
Washington. The resultsr-indicate ages of several thousand years
for,all groundwaters taken from b§sa1ts but younger ages for

other samples. Isotopic exchange is said to be very limited and

apparently of little importance to groundwater déting.

- - s

4.2 COMPOSITIONAL INFORMATION

Elemental makeup of the solid constituents is much better.known
than is the solute composition for groundwater at the repository

horizon.

4.2.1 BASALT COMPOSITION The data base for mineral and chemical
compngiticn of unaltered Columbia Plateau Basalts described by .
Emith et al. . (1980) appears to be satisfactory for purposes of -
the BWIP. The primary minerals of the basalts are not likely tao
significantly detract from adequate repositorf performance.
Indeed, beyond the immediate vicinity of the waste package, it

seems unlikely that the primary minerals will have any bearing
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whatsocever on the repository. In the near field, where crushed
basalt from the site may be used as packing and Ffresh surf;c99
may be exposed, the. mineral and chemical composition of. the
basalt may affect the geochemical controls on radionuclide
maovement. In the zones beydnd, where newly—-fractured surfaces

ére absent, the primary minerals will -not act, except by

diffusion through the quite dense rock matrix. These zones,

which are likely to dominate the far-field of the repository, may.

be subject to a totally different geochemical _environment,
Because the basaltic matrix is so dense and hydraulically
impermeable, mobile grouanater within the basalts may travei for
greét diskances through preferred—-f1ow péthways aﬁdAremain out of
effective geochemical cqptacf with the primary basalt mine}als;
The mineralogy and surface chemistry of the p?eferred—{low zone's
will be far more important -in determining the geoéhemical‘
retardation of radionuclide transport through these zones than,

will be the primary mineral composition.

4.2.2 SECONDARY MINERAL COMPOSITION Composition of the
gecondary minerals is generally a&equately known. Impreré
information is needed, thever, regarding minerals with redox
5ens£tive components that may reflect the Eh at the time of
secondary mineralization. Iron bearing minerals should be bettm?
characterized and the oxidation-state of iron in the smectite
clays shduld' be determined. The identification of nontronite

appears to have been based on the abundance of iron in the
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smectjte; Oxidation state and structural location ‘of the iron
have not been reported. Formation and persistence of secondary
mineréls along frgctures or other baths where groundwater is
flowing is an important clue to the prabable reactions that
released radiongclidés may undergo.. The surface composition and
.éeactivity of these minerals would be much more important to
repository performance than would composition or reactions of

crushéd basalt.

8.2.3 GROUNDWATER COMPOSITION . Groundwater composition,
parti&ularly for deeper repository horizons, appears to be veryw
poorly known. All recent reports on deep grounawater composition
indicafé sample contamination due to numerous factors as a major
problem. The .difficulty in obtaining uncontéminated deep
groundwater samples has generally been uwunderestimated. Use of
water—-based drilling fluids.causes contamination that persists
even though great,volumes of wager are pumped from‘ the "wells.
Air drilling may be less likely to introduce groundwater

contamination, although there are guestions about the

determination of hydraulic parameters in air drilled holes.

Based on the reviews of groundwater chemical composition, it
appears that very little can be said about the present
geochemical status of groundwater at the BUIP site. The

available information deals primarily with the upper Columbia

Plateau Basalt zones and data From the deeper zones ar-e



sufficient only to establish that there is a significantly
different geochemistry controlling their composition and that

extrapolation is not at all certain.

The degree of éxpcsure of surfaces +to groundwater and the
reactiQity of these surfaces with groundwater with respect to
sorptjon, in particular, and chemostat—-type buffering of Eh and
solution composition, in general, need better definitién.
Stability of the identified secondary minerals and the
relétionship of secondary minerals to solution conditions in the
groundwater need to be more precisely known. The composition mf
uncqntaminated grounﬁaater from the most conductive horizons in
the vicinity of the repositofy neéd to be determined and thaose
solid_phases that might be at equilibrium with these wat?rs
should be -betéer defined. This will reéuire substantial
improvement in sampling and analysis than has heretofore been
reported. In the absence of such data, ho&ever, the. geochemical

status of the groundwaters that form potential effluents from the

repository is uncertain at best.

4.2.4 GROUNDWATER pH In view of the substantial uncertainty
regarding groundwater composition, the kndhledge of geochemical
paéameters, especially pH and Eh'may be suspect. The values for
pH appear to be bmunéed in all determinations and computations

for groundwaters ffom the Columbia Flateau by about 7.5 to 10.0
: /

and are virtually certain to be alkaline. The assumption of a
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value near 8.5 or 2.0, coupled with sensitivity analyses in the
range of 1.5 units above and below this value should allow an

adequate performance assessment to be made.

4,2.5 \GROUQDWATER OXIDATION-REDUCTION STATUS ~ The
oxidation-reduction status, is considerably less certain than
groundwater pH. "~ The highly reducing conditions that result ffom
theoretical computations are open to question Snth for ;he
assumptions that are required for the computation and for the
kinetic unknowns in the repository site. The.choice of miﬁerals
to enter into Eh bqffer ca;culations ie quite uncértain and the
praobability of guessing the correct mjnera;s to be used seens
low. Furthermore, begéuse of‘the'loy perméability of the basalt
and the restriction of groundwater to preférred f{ow ﬁathways, it
see;s likely that_groundwateﬁ may remain dut of redox equilibrium
vith respect tao the major minerals in the baéait for extremely
long tihe periods. Meas?red Eh values are subject to question
undE( the‘best-af conditions. With the contamihaiion prnbla;s

experienced for deep groundwaters at BWIP, the measured Eh values

‘would seem to be unreliable.

Eh at tﬁe BWIP potential repository site is said to be strongly
reducing (Jacobs and Apted, 19813 Ames and Mcbarrah, 19813 Smith
et al., 1980). Nonetheless, there are significant gaps in the
redox system :haracter?zatinn. Measuwrements of Eh are fraught

with undertainty and specific reports of the results of Eh
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measurements are lacking. Computed results must be based on
assumptions that demand direct testing before confidence in their
accdracy can be engendered. Furthermore, there_ aFe site data
that are inconsistent with the assertidn of "sﬁrqngly reducing
conditions" or éystem Eh conditions as reducing és less than -0.4
v. The apparent stability of Fe(Ill) in éecondary minerals which
"should more .accurately reflect the éeochemistry of mobile
groundwater than do primary basalt minerals, suggests a more
oxidizing environment. That sulfate exists, much less the
dominates the sulfur cheﬁistry in solution, belies the strongly
reducing allegationé. ;n the absence of more d{rect information,
it appears that cnnser?atism. in performance assessment wogld
require rejection of the alleged strongly reducing conqition;
until more definitive data are availéble. .Iﬁ?éhevmeantime,» bath
the highly redu?ing conditions that are theoretically predicted
and more oxidizing conditions, perhaps as Ahigh_as +0.2 v should

be included in performanc% assessment.

4.2.6 RELATED GEOCHEMICAL PARAMETERS Pressure information at
BWIP is adequate for geochemical dssessment. It appears that the
range of temperatures that may be expected is so hominated by the
nastes themselves that in. situ temperatures are less important.
Temperatures as high as 270 C may occur near the disposed waste a
few decades after emplacement but in the far field or at times
greater than 1000'years,‘whén waste package Ffailure may 6ccur,

temperatures will be much lower, less than 150 C. Formation




temperatures as high as 60 C may occur naturally at the

repository horizon.
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APPENDIX-A~—-ANNOTATED EIBLIOGRAPHY

AMES, L. L., 1980, Hanford Basalt Flow Mineralogy, PNL-2847,
Pacific Northwest Laboratory, Richland, Washington.

A compendium of results of detailed examination of mineralogic
and elemental composition of basalts taken from coreholes DDlH-1,
DH-2, DDH-3, DH-4 .and DH-5. Indicates that the top thousand femd
to basalts are essentially zeolite free and that heulandxte is
the most common zeoclite below 1000 feet.

Suggests that groundwater compositions will be more strongly
affected by glassy material than by crystalline components since
the former is more soluble. The glassy material 1is high in
silica and contains most of the Cl and F, "because these do not
fit well into any of the main stage flow minerals."

AMES, L. L., and McGarrah, J. E., 198la. Investigations of
Basalt-Radionuclide Distribution Coefficients: Fiscal Year 1980
Annual Report, ~ RHO-BWI-C-108/PNL-3442, Pacific Northwest
Laboratory, Richland, Washington. )

Reports the®determination of distribution coefficients for U,
Fu, Amy Tc, Cs, Sr, Se and 1 on Flow E, Fomona and Umtanum
samples from synthetic groundwaters GR-1 and GR-2. Freshly
crushed bacsalt with pieces of iron from the crusher were used.
Conclusions regarding sorption were that there were large
temperature effects on Kd in the ~ 23Cto 300C range except for I &
Tec., Uranium Kd increased with incréasing temperature while Cs
decreased from 23 to 150C and then increased at 300C. Am and Pu
Kds increased about 10 fold between 23 and 150C. No discussion of
the cause of . temperature dependence was found. Pu and Am were
BO-207% plated on container walls during the experiments.

r [

Fresh basalt or secondary minerals consistently buffered GR—

to pH values between 8.3-8.9.

.An extended discussion on Eh control indicates that several
possible poising mechanisms were investigBted including
magnetite—~hematite but these were all rejected because, for
example, "the basalt contains no hematite.” YThe only poising
system that seems to fit is magnetite-pyrite" which are 10-15
wt=%4 and 1 wt-%, respectively. The authors note that the
kinetics of reaction with the basalt are slow so that although
the basalt “"tried" to control the Eh in their experiments, it uwas
apparently frustrated in its efforts. The Eh estimated +or the
magnetite-pyrite control is between -0.3 and =-0.8 v,

AMES, L. L., and McGar?ah, J. E., 1981b, High-Temperature

Determination of Radionuclide Distribution Coefficients for
Columbia River Rasalts, RHO-BWI-C-111/PNL-32S50, Pacific Northwest
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Laboratory for Rockwell Hanford Operations, Richland, Washington.

A report on tests of sorption of Cs, I, Sr, Se, Np, Sr, Am, Pu,
Te and U on crushed basalt from GR-1 synthetic groundwater at
temperatures of 150 and 300 €. Only Cs results are given. The Kd
at 150 is lower than the low temperature Kd but at 300 the Kd is
again higher. It is suggested that secondary minerals which form
more rapidly at the higher temperature are responsible for
capturing the Cs. ‘ .

APPS, J., Doe, T., Doty, BR., Doty, S., Galbraith, R., Kearns,
A., Kohrt, LB., Lons, J., Monroe, A., Narasimhan, T. N., Nelson,
F.y Wilson, C. R., and Witherspoon, P. A.; 1979, Geohydrologic
‘Studies for Nuclear Waste Isolation at the Hanford Reservation,

- LBL-87&4, Vol 2, Lawrence Berkeley Laboratory, Berkeley,
California. .

NOTE: The only version of this large document that was
available for review was a wmicrofiche of exceedingly poor
quality. Consequently many details were not noticed and have
been omitied. '

Field tests to provide data for mathematical modeling of ground
water-flow in deep basalts of the Pasco basin were the topic of
this report. Discussed were several kinds of tests including:
pressure measurements, tracer tests, borehcle fracture logging,
hydraulic fracturing (stress measurements) and a wide variety of
permeability measurements. An extensive groundwater chemistry
effort was mounted but with little results. !

Wells DC-2, DC-46, DC~-B and DC-11 weré involved in the tests.
DC-6 is artesian, with 734 of the flow originating at 3650 to

3800 foot depths. Also noted in DC-1, DC-2 and DC-46 was a local

head minimum within &00 feet below the bottom of the Umtanum with
an increasing head below that depth. B .

"Gable Mountain Anticline may be acting as &a Fflow barrier
separating Cold Creek Valley from the Columbia River Valley to
the north and east." The authors agree with LaSala and Doty that
Cold Creek Valley deep discharge is to the southeast probably to
the Columbia River at or below the Tri-Cities area.

An extended discussion aof a large but abortive gecchemical

characterization effort is presented. A very extensive set of
chemical and isotopic analyses was planned, but only partially
completed. The authors place little credence in the results
because of suspected contamination. For exampley, some &4,000
gallons of water were pumped from a packed off section of well
DC-2 in order to remove local contamination. Samples drawn after
this "swabbing" contained tritium at about 207 of the Columbia
River levels. The authors express skepticism about possible
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contamination of earlier w:ll samples. Although they pumped
packed sections at léength and were able to obtain constant
conductivity and temperature, normally signs of uncontaminated
water, the water still contained diesel oil and “bacterial
breakdown odor."

In addition to contamination problems, it was noted that " the
chemical characterization efforts were plagued by sampl ing
difficulties, apparently underestimated analytical costes,
techniques not suited to the field and termination of funding for
the project.

LaSala and Doty were credited with.'having done the only
pravious geochemical work with deep groundwater from the site.

ARNETT, R. C.; Mudd, R. D., Baca, R, 6., Martin, M. D., Nortén,
W Rs. and Mclaughlin, D. B., 1981, Pasco Basin Hydrologic
Modeling and Far-Field Radionuclide Migration Potential,
RHO-BWI-LD-44, Rockwell Hanford Operations, Richland, Washington.

Two-dimensional and three-dimensional groundwater flow models
applied to Grande Ronde Basalts interflow zones in the Cold Creak
Eyncline. Flow appears to be nearly horizontal and toward the
southeast toward Wallula Gap. Travel times to the model boundary
exceed 100,000 years for the three dimensional analysis and are
ovar 2 million years in the two dimensional calculations.

Data still needed include better hydraulic head information up
gradient from the repository site and field measurements of
vertical hydraulic conductivity. :

BARNEY, 6. S. 1981, Radionuclide Reactions with Groundwater and
Basalts from Columbia River Basalt Formations, RHO-SA-217,
Rockwell Hanford Operations, Richland, Washington. '

Measured the distribution coefficients;of Cs, Sr, Se, Am, Np,
Pu and Tc on crushed basalt from Sentinel BGap outcrop samples.

Synthetic groundwater was used. Barney noted that "Aquifers at
various depths have been observed to have large differences in
composition" but he did not elaborate in specific details. For

reducing system tests, hydrazine was used to control Eh. -

Conclusions were that Cs sorption is by ion exchange, possibly
with same interlayer fixation, Sr is bound by ion exchange. Np,
on the other hand, is bound by some more specific mechanism.
Hydrazine increases the sorption of Np, Barney says due to
reduction to NpIV, but bicarbonate diminishes -ihe sorption. A
minimum of specific details are given. FulvV is much more
strongly sorbed than higher oxidation states.

Barney concludes that Am forms an insoluble compound with Mg



ions since increasing Mg in solution increases Am sorption  but
bicarbonate or sulfate decrease Am sorption due to complexing.

Te;hnetium was strongly sorbed under reducing conditions.

Selenite was not reduced to selenide by hydrazine as expected.
Increased Ca resulted in increased selenium sorption..

"Kinetics studies show that most sorption reactions are
relatively fast. However, some groundwater—-geologic solid
reactions are slow and can influence sorption by dissolution of
solid components. These are most important for reactions with
secondary minerals which are not near equilibrium with Grande
Ronde groundwater. Altered basalt, however, comes very close Lo
being in equilibrium with this groundwater.*

BARNEY, G. S., 1982. Evaluation of Methods for Measurement of
Radionuclide Distribution in Groundwater /Rock Systems
_RHO-BWI-LD-47. Rockwell Hanford Operations, Richland,” Washington.

Oriented to design of laboratory studies for sorption. Gives
detailed recommendations for conduct of sorption experiments. No
discussion of field conditions or methods for determining
geochemical conditions in the field. .

BENSON, L. V., 1978, Secondary Minerals, Oxidation Fotentials,
Pressure and Temperature Gradients in the Pasco Basin of
Washington State, RHO-BWI-C-3I4, Lawrence Berkeley Laboratory for
Rockwell Hanford Operations, Richland, Washington. R

Principally deals with the fundamentals of redox potential,
platinum electrode measurements and limitations in practicality
of Eh. The pressure-depth relationship is calculated for the BWIP
site. The temperature-depth profiles measured in ca. &
coreholes at or near (north) the Hanford site are shown. Eh
values are not given but it is suggested that FelI-Felll and the
sulfur system are "poorly poised” in Pasco Basin groundwaters.
Poorly poised appears to mean out of equilibrium. Secondary
minerales are identified as smectite, clinmoptilolite and silica.
A high cation exchange capacity is noted for the clay and
zeolite.” No secondary minerals with redox implications . are
indicated.

BENSON, L. V., and Teaque, L. 8., 1979, Distribution and
Composition of Secondary and Primary Mineral Phases in Basalts of
the FPasco Basin, Washington, LEL-9677, Lawrence Berkeley
l.aboratery, Berkeley, California.

147 SEM and 170 XRD analyses of samples Ffrom 4 cores were
performed to examine secondary mineralization in Columbia Flate:u
Basalts. Electron microprobe and wet chemical methods were also
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used.

-

Dominant minerals were élay (smectite or iron-rich illite),

zealite (clinoptilolite) and silica (gquartz, cristaobalite,
tridymite, opal). Crystallization sequence varies but is usually
clay=>clinoptilolite->silica/clay. Clinoptilolite saometimas

shows dissolution features.

Vesicle filling is more complex than fracture <filling and
includes minor amounts of erionite. chabazite, analcima,
vermiculite, phillipsite, gypsum and calcite.

et chemical anaf&ses of iron in the clays indicated FellI-Fell
ratios of 3 or 4 to 1 as oxides. Felll oxide wt % ranged from 10
to 20 % and for Fell oxide 3-4%. The iron is said to occupy a
distinct phase, possibly hematite or goethite, within the
smectite : :

CROSBRY, J. W., IIl, and Chatters, R. M., 1965, Water Dating
Techniques as Applied to the Pullman-Moscow Ground-Water Basin,
Bulletin 296, College of Engineering, Washington State
University, Pullman, Washington. -

This is & paper on the application of carbon—-14 techniques to
dating groundwater near Pullman. Its relevance to the BWIFP site
is mainly as a technique paper and not for the data presented.
The results indicate ages of several thousand years for alle
groundwaters taken from basalts but younger ages for other
samples. The discussion of corrections for isotopic swchange
between groundwater and rock is superficial and unsatisfying. No
indication that isotopic abundances in the basalt or interbed
components are known 1i1s given. Correctioris are based on
C-13/C-12 in marine limestones. Isotoppic exchange is said to he
very limited and of little importance to groundwater dating.

DEUTSCH, W. J., Jenne, E. A, and Krupka, K. M., 1982, Computed
Solid Fhases Limiting the Concentration of Dissolved Constituents
in Basalt Agquifers of the Columbia Plateau in Eastern Washington,
‘PNL-4089, Pacific Northwest Laboratory, Richland,” Washington.

t

WATERQZ used with 118 sets of groundwater composition data from
Hanford area to estimate saturation indices relative to several
minerals. 0Only few of these sets are for deep (>1000m) wells and
their chemistry is said to be quite different from the shallow
groundwater. Eguilibrium with calcite appears probable, that is,
the computed ion activity products are near the measured values,
implying saturation. Near saturation with the zenlites,
wairikite and analcime is also inferred. Several minerals for
which the solutions appear to be satuwated but which are not
reported as yet are found—--allophane, MnHFO and, in deep wells,

4
where F is high, fluorite.



DOVE, F. H., Cole, C. R., Foley, M. G, Bond, F. W., Brown, R.
E., Deutsch, W. J., Freshly, M. D., Gupta, S. K., Gutknecht, F.
J., Kuhn, W, L., Lindberg, J. W., Rice, W. A., Schalla, R.,
Washburn., J. F., and Zellmer., J. T., 1982. AEGIS Technology

Demonstration for & Nuclear Waste Repository in Basalt, PNL-363Z,
Pacific Northwest Laboratory, Richland, Washington.

Review and assessment of a "generic" repository in the Columbia

Flateau Basalt. Large section on geochemistry, especially
'modeling, describes possible approaches to geochemnical
assessment. Notable absence of geochemical data for Columbia

" Plateau Basalts and the groundwater therein. Apparently religs
on the LaSala and Doty (1971) and Van Denburgh and Santos (19635
- groundwater data sets. - An exercisea in making the most
interpretation of a minimum of observations without questioning
the quality of the ocbservations.

- EDDY, F. A. 1979. Radiological Status of the Groundwater
Beneath the Hanford Project, January-December 1978, PFPNL-2887,
Pacific Northwest Laboratory, Richland, Washington.

EDDY, P. A. éﬁd Wilbur, J. 8. 1980. Radiological Status of the
Groundwater EBeneath the Hanford Project, January-December 1979,
PNL-33446, Pacific Northwest Laboratory, Richland, Washington.

These reports are two recent copies of annual documentation of
the extent and spread of radicactive contamination of the
unconfined aquifer at Hanford. Principal sources of contamination
are the past 200-Area liguid waste dJdischarges ta cribs and
swamps. Notes that over the past 346 years (in 1980) something in

suecese of & »x 10 literf's of process cooling water has been
discharged. The majority of the contaminants are in the upper
portion of the unconfined aquifer and are nearing the Columbia
River. Tritium, gross beta and nitrate are the leading mobile
species. Wells are also sampled that penetrate 2 deeper
aquifers, ong in a “semi-conscolidated sedimentary material
overlying the basalts”" and one in the basalt. The basalt aquifer
is artesian. .

gEICHOLZ, G. G., and Craft, T. F., 1980, Subsurface Migration of
Radiocactive Waste Materials by Particulate Transport., Annual
Frogress Report 1978-197%, School of Engineering, Georgia
Institute of Technology, Atlanta, Georgia.

A report on a rather narrowly conceived study of migration of
colloids through packed columns of basalt, limestone and “other
meedia." All work done in the laboratory with synthetic systems.
Although crushed substrate test materials were effective at
removing most of the suspended matter, some particles passed
through the columns. Conclusions are that collaidal transport is



fossible. Seems a long way from the real world to me.

GEPHART, R. E., Arnett, R. C., Baca, R. 6G., Leonhart, L S., and
Spane, F. A, Jr., 1979, Hydrologic Studies within the Columbia
Flateau, Washington: An Integration of Current Knowledge,
RHO-BWI-ST~5, Rockwell Hanford Operations, Richland, Washington.

An excellent discussion of the relation of groundwater flow and

structure/lithology within the Columbia Plateau. Indicates

importance of sedimentary interbeds to - major groundwater flow.
"Within the Pasco Basin, The Columbia River Basalt Group consists
of the Saddle Mountains, Wanapum and Grande Ronde Basalts. The
average total thickness of these basalts is about 5,000 feet.
The confined agquifers present therein are associated with the
‘more permeable interflow and interbed zones and generally located
between confining units composed of the dense, columnar portions
of the basalt flows." )

"The principal water-bearing or yielding portions of the basalt
occur along flow contacts. Here wvesicularity and flow
brecciation form networks of interconnected vesicles and fissures
through which groundwater moves. Complete closure and fusion of
one basalt flow atop another can result in a zone of low density
separating the fractures, but unless this interflow jcontains
interconnected vesicles or fractures, its permeability will also
remain low. Regarding flow at borehole DCl "—-—suggest horizontal
groundwater movement above a depth ;of 2450 feet (just below the
Untanum) and downward movement below this depth.

Average composition and range for ground water Ffrom Upper
Wanapum given. Notes on the poor data gquality and extremely
limited quantity for Grande Ronde Rasalt hydrochemical data.
Cites contamination by drilling fluid, poor field sampling and
laboratory analytical procedures and cross-—-aquifer communication
within the core holes as reasons for the poor data.

This is primarily a hydrology document. The geochemistry
portions are adequate. -

JACOES, 6. K., and Apted, M. J., 1981, Eh-pH Conditions for
Groundwater at the Hanford Site, Washington: Implications for
Radionuclide Solubility in a Nuclear Waste Repository Located in
Basalt, E0S, Transactions of the American Geophysical Union, vol
62, p 1065, .-

Computations of Eh and pH based on buffering of groundwater by
glassy portions of basalt. pH is assumed to be controlled by
eilicic acid at 9.5+0.% and Eh is assumed to be controlled by a

quartz—pyfcxen;;magnetite buffer at -=-0.45+0.0% v. Conclusions

are that the relatively low mobilities of several actinides in
reducing and alkaline media make these parameter values highly
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desirable. It is indicated that the calculated Eh values are in
close agreement with field analytical data such as
csulfatessulfide ratios much greater than 1 and dissolved carbon
dioxide:methane ratios of about 0.2 the presence of magnetite and
pyrite without any hematite. .

-JONES, T. E., 1982, Reference Material Chemistry—-—Synthetic
Groundwater Formulation, RHO-BW-ST-37 P, Rockwell Hanfo—d
Dperations, Richland, Washington. '

The recipe for a synthetic groundwater that approximates the
major component composition and pH of water collected from just
below the Umtanum horizon in well DC-6& is described. Two stock
salutions are  prepared. One contains sodium salts of carbonate,
silicate, sulfate, +Fluoride and hydroxide while the other
contains chloride salts of sodium, potassium, calcium and
magnesium. Grounduwater is simulated by adding aliquots of these
stock solutions to distilled water. No effort to control Eh,
trace metal ions, gases ,or organic components although the
potential importance of these parameters to repository
performance is discussed briefly.

KOMARMNENI, S., Scheetz, B. E., McCarthy, 6. J., and Coons. W.

"Eay 1980, Hydrothermal Interactions of Cesium and Strontium
Phases from Spent Unreprocessed Fuel with Basalt FPhases and
Basalts, RHO-BWI-C-70, The Pennsylvania 8State University for
Rockwell Hanford Operations, Richland, Washington.

'WQrk began with the hypbthesis that 'Cs, leached from fusl
elements or waste, would form an jinsoluble pollucite in a
basaltic environment. Secondary goal was leaching SrirQ . Used

-

3
USGS BCR-1 and a section of core from DDH-3. Pleced ground basalt
together with Cs U O and Srir0 and water in a reaction bomb at

: 227 3 ..

I00 bars; 200 C for two months or 300 C for a month. Substantial
fractions of the Cs were found in solution after the reaction.
Uranium was oxidized to VI but no control of oxygen was ever
exercised. Results were puzzling to the authors. I find the
results of possible relevance to the reaction vessel but not to
‘any postul ated repository.

LASALA, A. M.y Jr., 1971, Hydraulic Studies of the Basaltic
.Rock Seguence at Hanford, Conference on Methods of Testing Deep
Wells for Feasibility Study of Deep Cavern Storage of High-Level
Radiecactive lastes at Hanford, Richland Operations 0Office, U. S.
Atomic Energy Commission, June 3, 1971, U. &. Beclogical Survey,
later Resources Division, Richland, Washington.

This is a handwritten set of notes on principles of groundwater
hydrology with particular reference to Hanford. Hydraulic testing
results for well DC-1 are presented graphically. There 1is no



mention of groundwater chemistry. It is, however, an excellent
primer on hydrolagy. :

LEONHART, L. S., Jackson, R. L., Graham, D. L., Thompson, G.
M., and Gelhar, L. W., 1982, Groundwater Flow and Transport
Characteristics of Flood Basalts as Determined from Tracer
Experiments, RHO-BW-SA~-220 P, Rockwell Hanford Operations,
Richland, Washington. '

Reports results of a single tracer (potassium thiocyanate) test
of water movement between two boreholes (DC~7 and B) in & packed
zone at the top of the McCoy Canyon Flow. The holes are

. approximately SS feet apart. Water was pumped from the packed
zone of DC-7 into the packed zone of DC-8. The estimated
formation residence time was 170 minutes at a circulation rate of

1 gallon per minute. Recovery of thiocyanate was 60 percent but

potassium was last, apparently by exchange for sodium.

~LONG, P. E. and Davidson, N. J., 1981, Lithology of the Grande
Ronde Basalt with Emphasis on the Umtanum and McCoy Canyon Flows
in: Myers, C. W. and Price, 8. M., eds., Subsurface Geology of
the Cold Creek Syncline, RHO-EBWI-S5T-14, Rockwell Hanford
Dperations, Richland, Washington. - .

Detailed description of textural and structurdl character of
bagalt flows. Notes that interflow structures "exert a strong
influsnce on the hydrologic characteristics.” Structures and
petrographic texture are directly correlated so that the authors
conclude that petrographic examination of core samples can be
used to determine structural attributes of the sampled horizon.

Generic description of a particular basalt flow from top to
- bottom: '

i
top--ropy to brecciated, vesicular

upper colonnade with large columns

entablature with small, hackly columns

lower colonnade with large columns

glassy basal zone,” may be fractured, vesicular or pillowed.

NEWCOMB, R. C., 1972, GQuality of Groundwater in Basalt of the
Columbia River Group, Washington, Oregon and ldaho, Water-Supply
Paper 1999-N, U. S. Geological Survey, Washington, D. C.

A comprehensive discussion of the chemical composition of
groundwaters from the Columbia Plateauw. Results of 525 analyses
for major components and 100 trace element analyses are presented
and summarized. Most of the groundwater sampled is discharged
from springs or was taken from wells that tap the youngest
basalts, the upper 2000 ft. Newcomb indicates that "Passage oFf
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the ground water into the oxidizing environment of the atmosphere
causes the precipitation of iron oxide at some springs, but there
is a general absence of precipitates or encrustations at maos

springs where water flows from the basalt. Likewisae the
formation of encrustations and coatings is lacking at all but a
few wells. Newcomb uses the terms calcium—sodium bicarbonate
water extensively, apparently referring to what other autho-s
call & bicarbonate type water characteristic of the upper basalts
and which forms the model for the GR-1 groundwater recipe.

Silica concentrations are noted to be in general higher in
higher temperature waters but the ' relationship is not
congistent. There i no correlation of iron content with depth.
The major cations are Ca, Mg, Na and K and bicarbonate is the
major anion. Sulfate, chloride, sodium and calcium are noted to
be higher in the newly recharged waters that have formed as a
result of the Columbia Basin Irrigation Froject. Fluoride ranges
from 0-2 mg/l, values quite low in comparison to the deeper
waters reported elsewhere. Newcomb acknowledged that "..there
may be a possibility that such high=fluoride ground water occurs
in the basalt at depths below 1000 feet at some places. All
evidence for such an _occurrence is limited to the LaSala and Doty
(1971) data. - -

Regarding dissolved gases: "The principal readily discernible
dissolved gas is hydrogen sulfide, which occurs in small amounts-
in most of the ground water from wells in the basalt. It seems
to be present in greatest amounts in the water from newly drilled
wells. The concensus is that the gas dipinishes with time as the
well is pumped, rather than that the users become accustomed to
it and notice it less with time........The concentration of
dissolved oxygen is very low in most of the ground water, A
number of determinations, for which no recorded data are
available, are know by; the author to have found nao oxygen in
ground water of the basalt -when it was correctly sampled before
surface or pump~column asration......Because most of the ground
water is confined under pressure within aquifers that contain
fresh, untarnished, and unoxidized iron pyrite and because of the
reported determinations of no oxygen, 'it is assumed that the
ground water of the basalt is largely devoid of dissolved
oxygen. " '

The pH of the prevalent type of ground water ranges from 6.5 to
2.2 and most of the values fall between 7.2 and 8.4, "Temperature
of the ground water is a few degrees higher than the sum of mean
annual temperature of its area and the temperature increase due
to the earth’s thermal gradient down to the aquifer in which the
water occurs., There are many variations from this
generalization;...It has been the author’s experience that
nonrepresentative temperatures can be observed for ground water
through one or both of two types of error involving improper
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techpiques and inadequate samples. "

Newcomb seems to be more sensitive to pdssible errors in
temperature measurements than to er?nrs in Jchemnical analyses.
Considering the problems that many later authors 1dentify in the
chemical data base this contrast is. pu-zl;ng.

NEWCOMB, R. C., Strand, J. , and Frank, F. J., 1972, Geology
and Groundwater Characteristics of the Hanford Reservation of the
U. S. Atomic Energy Commission, Washington, Professional Paper
717, U. S. BGeological Survey, Washington, D. C.

Newcomb et al. (1972) deal entirely with the upper geoleogic
strata at the Hanford site &nd focus on the unconfined aquifer.
The area of interest is centered around the 200-Area where liquid
waste disposal has lead to perched zones of contaminated water
and has caused the occurrence of "ground-water mounds®. No
chemical data are ‘given and no deep geology or hydrology is
discussed. . ’

NOONAN, A. F., Frederickson, C. kK., and Nelen, J. 1980,.Fhase
Chemistry.of the Umtanum Basalt: A Reference Repository Host in
the Columbia Plateau, RHO-BWI-8A-77, Rockwell Hanford Operations,
Richland, Washington. ' S

This report seeks to show the equivalency of outcrop specimens
of Umtanum Basalt to core specimens so that large guantities can

be easily collected for experimental use. - Mineral and glass
. phases were analyzed by electron microprobe and compared for the
different basalts. Entablature and colonnade sections  were
treated separately. It is concluded that the reference material

(outcrop) is similar in texture and phase composition to core
samples. The FeO in the entablature glass from the outcrap is
¥2x the FeO in the entablature glass from the core.

SALTER, P. F., Ames, L. L., and McGarrah, J. E.y 1981a Sorption
of Selected Radionuclides on Secondary Minerals Associated with
the Columbia River Basalts, RHO-BWI-LLD-43, Rockwell Hanford
Dperations, Richland, Washington.

Determined the sorption behavior of S, Te, I, Cs, Np; Am, Pu,
U and Ra wunder oxidizing conditions at 23 and &40 €C using
secondary mineral substrates. Se, Tc, Np and I are not
*adequately retarded by secondary minerals." Calls for
additional work under "highly reducing conditions."

Also reviewed sorption on Hanford sedxments as relevant to
sorption on interbed materials. .

Notes that "There are two distinct groundwaters present in the
basalts: a sodium bicarbonate buffered groundwater (pH=8 at 28C)
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characteristic of the Saddle Mountains andiypper Wanapum Basalts
and a sodium—silicic acid buffered groundwater (pH=10 at 250C)
characteristic of the Lower Wanapum and Grande Ronde Basalts."
These are simulated by synthesis according to recipes GR-1 and
6GR-2, respectively.

Attributes Cs, Sr and Ra sorption to ion exchange and notes
sensitivity . to iaon competition. Pu and Am are highly sorbed ’
while I, Se and Te¢ are not. States that Np is present as &
"meutral bicarbonate species.” :

SALTER, P. F., #Ames, L. L., and McGarrah, J.-E., 1981b, The
Sorption Behavior of Selected Radionuclides on Columbia _River
Basalts, RHO-BWI-LD-48, Rockwell Hanford Operations, Richland,
tlashington. .

Describes sorption experiments for radionuclides from synthetic
groundwaters GR-1 and GR-2 on (presumably crushed) basalts from
the Umtanum and Flow E (Grande Ronde) and Pomona (Saddle
Mountains) under oxidizing and ‘reducing conditions, Reducing
conditions were set by hydrazine additions. Temperatures were
controlled in different experiments at 23, &0, 150 and 300 C.

Among the elements tested, Cs was most effectively sorbed under
any canditioris, followed by Am (ax), Ra, Sr, Np(red). Less sorbad
were Pulred), Ulred), Tclred), Pu(ox) and Np(ox). Little or no
sorption of Se(any), Ulox), Tc(ox) ar Ifox). Concludes that
basalts are capable of strongly retarding all but Se and I among
the elements tested. * : '

SMITH, M. J., Anttonen, 6. J., Barney, G. S., Coons, W. E.,
Hodges, F. N., Johnston, R. G., Kaser, J. D., Manabe, R. M.,
McCarel, S. C.y, Moore, E. L., Noonan, A. F., 0’Rourke, J. E.,
Schulz, W. W., Taylor, C. L, Wood, B. J., and Wood, M. I., 1980, .
Engineered Rarrier Development for a Nuclear Waste Repository
l.ocated in Basalt: AN Integration of Current Knowledge,
RHO-BWI-ST-7, Rockwell Hanford Operations, Richland, Washington.

Though the title indicates "barrier development”, this report

contains a large section on site ~description. Average
compasitions of major and minor elements in several of the
Columbia Flateau Flows are given. Secondary minerals are
described including clays (smectite, illite and +traces of

vermiculite), zeoclites (heulandite and clinoptilolite), and
polymorphs of silica. Gypsum, calcite and pyrite are noted as
rare.,

Hydrologic data from Gephart, et al. (197%9) are repeated and
summarized including the ranges and means of composition of
groundwaters. Practically all of the data are for the unconfined
aqui fer although the actual concentrations in any actuxnl
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Fig. 2. X-ray diffractogram of precipitates 4, B, C, and D after & months
aging (G = goethite, M = maghemite, and H = hematite).

The NAA results (Table II) showed that the molar ratio—{Tc/Fe)-of
precipitate-A was not noticeably different from that of precipitate B,
although the initial Tc concentration of solution A was twice that of
solution B at the same initial iron concentration. The Tec/Fe molar ratio of
precipitate D obtained from the solution, which had the same Tc and Fe
concentrations as solution A, was about one-fifth that of precipitate A.

The lower molar ratio could have resulted from either lesser isomorphous
substitution or dilution by a mineral that did not comntain Tc. However,
precipitate D started as an iron hydroxide and ferrous sulfide mixture;

-

TABLE II
Neutron activation analyses results (NAA) for the precipitates after aging
8 months

Precipitate (solutes Composition (mg[g)a Molar ratio
in initial solutiom) Fe S Te Tc/Fe Te/S
A (FeSO;, high NE,TcOp) " 579 -b 5.1 4.9 x 103 -
B (FeSO;, low NE,TcOg) 528 - 3.8 4.1 x 1073 -
C (Feso,) 521 - - - -
D (FeSO;, NH4TcOy4, NajSs) 558 - 1.1 1.1 x 10°3 -
E (NapS, NH,TeO,) - 341 330 - 0.31
2)samples were dried at 70°C for 24 h.
IJNot present or not applicable.
< : R S




_later the ferrous sulfide was recrystallized by dissociation and oxidation
to hematite during equilibration as indicated by TEM and XRD. In the other
iron precipitates, goethite and maghemite improved their crystallinity but
did not recrystallize to form new minerals. Therefore, one could speculate
that the Tc associated with ferrous sulfide was released to solution during
the ferrous sulfide-hematite transformation and only the Tc incorporated
into the goethite phase remained with the precipitate. The Te/S molar ratio
(0.31) of precipitate E is approximately that calculated for the Tc3Sy
compound (0.29), suggesting that Te(VII) in the sulfide solution was not
reduced to & lower oxidation state to form a sulfide compound. A reduced
form of technetium sulfide compounds would be TcS; where the molar ratio

is 0.5.

DISCUSSION

The experimental results clearly demonstrate that the pertechnetate
oxyanion can be removed from solution by both iron and ferrous sulfide. The
degree of removal depended on_the .concentration of ferrous irom and/or
sulfide at constant TcO; concentrations (Tsble I). Equilibration pH
also influenced the removal rate, but it is not clear whether the pH
influence was related to redox potentizl of the system or toc solubility of
the iron precipitates as influénced by pE.

During 8 months of aging, considerable amounts of Tc associated with
the precipitates, particularly amorphous FeS, returned to the solution phase
- as the pH dropped from 8.5 to the 2.2 to 2.6 range, due to hydrolysis and
sulfide oxidation. EHEowever, & separate experiment did show that most of the
" Te remained with the solid phase after 1 month when the aquecus phase was
maiptained at a pE above 6.5 during sulfide dissociation from the iron phase
and subsequent goethite formation.(unpublished observation). The :
precipitation removal of Tc from solution by the addition of ferrous irom or
finely ground magnetite is well known and practiced during Tc-bearing waste
separation [10]. The particle size and crystallinity differences between
minerals formed with and without the presence of Tc indicated that the Tec
was incorporated into the goethite and maghemite structure in the sulfide-
free ferrous iron system (Figs. 1 and 2) and that the pertechmetate oxvanion
ir solution was reduced to & lower oxidation state before this structural
incorporation. Such & mechanism has been proposed ou the basis of redox
potential measurements involving Te{VII)/Tc(IV) and Fe(III)/Fe(II)
equilibria and similarity of ionic radii of Fe(III) and Te(IV) [4]. The
ineffectiveness of other hydroxide~forming but nonreducing transition metals
including ferric irom for removing TcO; (unpublished data) also
indicates that the reduction of Te(VII) to a lower oxidation state is a
prerequisite for incorporation into the ircn mineral structure because
goethite can grow from both ferrous and ferric irom soluticmns [1l] but Te is
precipitated ‘only when ferrous iromn is present.

The Tc-bearing ferrous sulfide, an initial precipitate in the
TcOz-ferrous iron-sulfide batch, was unstable under ambient laboratory
conditions but could be a stable phase under differing conditions in natural
geologic media. Nevertheless, sulfide gradually dissociated frozm the
precipitate leaving behind goethite and hematite (Figs. 1 and 2). The
crystallinity of the hematite and the low Tc.content of the precipitate
after 8 months aging (Table II) suggested that Tec incorporated ‘into ferrous
sulfide was liberated to the solutiom during the ferrocus sulfide-hematite
transformation. Although determination of envirommental conditions necessary

.
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for such a transformation is the subject of another investigation, formation
of hematite is not expected to be favored in moderately reducing geologic
environments [12]. :

The blackish precipitate (E) obtained from the TcOz-sulfide batch was
a technetium sulfide compound with an apparent Tc/S molar ratio of 0.31 and
was insoluble in strong acid and alkzline solutions without strong oxidants.
The precipitate appeared to be amorphous TeyS9, suggesting that Te(VII)
can be removed as a sulfide compound without being reduced to-a lower
oxidation state. The reported TcyS7 compound has been synthesized in a
strong acid solution [6]), but formation of such a compound under
environmental conditions has not yet been reported. Thermodynamic
stabilities and crystal structures of technetium—substituted ircm and
sulfide minerals is the pertinent subject for further investigationm.
However, experimental evidences to date have suggested that the mobility of
TcOz in waste leachate could be reduced by interaction with ferrous-
and/or sulfide-bearing groundwaters and minerals inm host rocks or backfill
barrier materials under.relatively reduced repository. environmentse.
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grounduater sample are not given. Deep pH and Eh are calculated
according to assumed control by silicic acid and quartz or
fayalite-magnetite, respectively.

~ TEABGUE, L. S., 1980, Secondary Minerals Found in Cores DC2-Al
and DC2-A2 Taken from Grande Ronde Basalt Formation, Pasco Basin,
Washington, LBL-10387, Lawrence Berkeley Laboratory, Berkeley,
California. B : .

Secondary minerals in 39 vesicle and fracture samples from two
cores through the major basalt groups were examined using
SEM/EDAX, XRD and thin section microscopy. Mineralogy, sequence
of crystallization and connectedness of fissures were sought.

initial phases were almost always clay, rarely clinoptilolité.
Distinct overgrowths are usually present and are silica or

clinoptilolite, each in about 1/3 of the specimens. Pyrite was
found once. - Third and fourth layers include, in addition to the
above minerals, heulandite and mordenite. Apatite was found
once. . .

Dissolution evidence was rare and was restricted to
clinoptildlite. . .

A generalized crystallization sequence was clay(usually’

smectite->clinoptilolite->silica/clay.

Data on depth dependence and on connectegdness were deemed too
sparse for interpretation. Vesicles and fractures from the same
depths have widely varying amounts of secondary mineralization.

VAN DEMBURGH, A. 8., and Santos, J. F., 19465. Groundwater in
Washington 1Its Chemical and Physical Quality, Water Supply
Bulletin No 24, Washington Division of Water Resources, Olympia,
Washington. .

L

A geﬁeral review from the aspect of suitability of groundwater
for use in agricultural, municipal or industrial applications.
In the Columbia Plateau Province, which includes most of Eastern
Washington, aquifers are mainly the interbeds and- flow tops.
Ample water yields from such aquifers have been found, often
several hundred gallons per minute and as high as 1500 gallaons
per minute. In structural basins wells may be artesian.

Data for a large number of wells tapping the upper 1000 feet
are presented. Silica concentrations are in the range 40-60 ppm
and increase with. depth. Iron concentrations are below 0.3 ppm.
Sulfate is generally below 30 ppm except where contamination from
returnflow of irrigation water from fertilized lands has added to
the natural levels. Fluoride reaches 2.8 ppm and is highest in
waters that contain high silica and high sodium.
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gamma emission from the naturally occurring radioactive isotopes,--~-

primarily 40K. Therefore, clay-rich interbeds and basalt flows either
markedly higher or 10wer in K20 content are readily recognized.
TABLE 2-4. Approximate Major-EIement Composition of Basalt
' ' Formations in the Pasco Basin.* :
_"t% | ggggge Wanapum Mgggglsns Szgtzgce
§10, 55.29 51.65 52.22 54.23
, A]ZO3 : 14.49 | 13.53 14.44 - 14.09
Fe0** 11.58 . 14,30 12.24° -| 12.18 )
M0 3.97 - 4.26 517 | 407
Ca0 | 7.58 8.15 !  8.84 7.84
Na,0 3.04 2.67 :  2.60 - 2.92
KZO } 1.69 1.31 f 1.38 3' 1.58
Ti0, 2.10 - 3.20 : 2.47 :.-2.35
P05 . 0.37 - 0.72 0.55 t 0.46
¥n0 © 0.19 -0.22 0.18 0.19

*Values calculated from the average cempositions of Columbia River
basalt chemical types and approximate unit thicknesses. .
o . **Fel + Fe203, reported as FeO. | '

-The Grande Ronde Basa]t in the Pasco Basin has been broad]y divided
into two units based on 1ts mador element chemistry. The upper Sentinel
Bluffs sequence of at least 13 flows, totaling nearly 300 m, 1s .
chemically characterized by its relatively high-Mg0 content (5% Mg0).
The lower stratigraphic sequence, the Schwana, consists of at least 25
flows of markedly lower Mg0 content (3.5% Mg0). The contact between
these two major sequences, referred to as the "Mg0 horizon," is a major
chemical marker throughout the Pasco Basin. Within the Schwana sequence
there is a single low-KZO flow which contains from 5 to 6% Mgl (aIso
referred to as the very high-Mg0 f10w) : _ B

Boreholes just north of the Hanford Site have penetrated at Ieast T
"800 m of the Schwana sequence’ fntersecting from 15 to 25 <eparate flows.
Chemical stratigraphic correlations have identified 5 chemical strati-
graphic units of the low-Mg0 type. These units were correlated primarily
on the basis of vertical variations in Ti0, and MgO content. . The

25rR s
PA R e
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TABLE 2-15. Average Electron Microprobe Analyses of Minerals ‘and Glass from
Selected Flows at the Grande Ronde.Basalt Type Secttion. :

(After Camp and Others, 1978.)

_ Mineral _ B
e Fe}gfggr A?33§§ Pigeg?;te ' 'Il?g?;te Ti-Ma?Eegite. Ozgylne G;;gs B ';'AVC
510, 55.2 53.6 | 53.8 | 0.70 1.0 38.2 74.2 54.1
Al203 27.2 20 | 02 | o050 1.8 | 13.9 | 14.6
Fe0. | 0.70 13.5 21.8 86.5 65.2 44,7 1.5 | 10.
Mg | | 13.8 8.0 | 13 L1 | .2 | 27 5.2
0 | 104 16.7 4.8 00 | 02 | 030 | 1a 8.2
L ot 5.4 | - R | I 2.21
- K20 0.50 |- A 6.8 1.63
Mn0 - 0.20. ' 0.40 0.60 | o.08
™o | | o2 | o3 s | wma | | oa0 |3
Paos .| | 0.0 030 | . | 0.20 0.15

' 1-1S-1M9-0HY

aVolume percent.
bGlass and alteration products.
CAV = Average calculated chemical compos1tion for these flows.
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FIGURE 2-21. Approximate Distributfon of Major Secondary Minerals as a
Function of Depth (after Benson and Others, 1979). Data from DDH-1,
DDH-3, DH-4, and DH-5 are from Ames (in press); data from DC-2 and DC-6
are from Benson and Others (1979). arg indicates interval of core
sampled. Well.locations are shown in Figure 2-8.
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The mixed-layered smectite clays recognized are montmorillonite,
beidellite, and nontronite, di-octahedral end-members of a solid solution
series. These di-octahedral clays fill two-thirds, or slightly more, of

the octahedral position (Y) with Al 3 (montmorillonite), At
(beidellite), or Fe +3 (nontronite) and present an approximate general-

ized chemical formula of:

(Ca,Na)g,g6(A1+3,Mg*2,Fe*3,Fe*2)4_g(S,A1)g020(0H) 4 - nHp0.

Iron-rich §1lite contains potaseium as the principal. interlayer cation
rather than calcium and sodium as in the case of smectite. The
‘generalized formula for iron-rich 111ite recognized in the Pasco Basin
-.'basalts is.approximate]y the following:

Ko(A1,Mg,Fe*3, Fet2)4(S1,A1)g020(0H) 4 - nH20.

Oniy trace amounts of vermiculite have been recognized; the primary
chemical difference between it and the smectites and i11ite is that Mg 1s‘_ .
the principal interlayer.cation. .. ..

' The zeoliles are hydrated aluminosilicates of the alkalfes and
alkaline earths (Deer and Others, 1967). They are noted for their .
reversible dehydration, jon exchange. and molecular absorption T -;4'
_properties.} The principal zeolite mineral recognized is heulandite (ors
c1inopti]o1ite) with the chem1cal formula. Co o S .

(Ca Naz)(A1251 0 8) 6H,0.

Clinoptilolite, although sometimes confused with heulandite, is a
separate species somewhat enriched in silica. Minor amounts of mordenite
(Naz,Kz,Ca)(A123110024)-7H20 have been recognized as a prominent secondary - 1
mineral in the Pasco Basin basalts. Also, trace amounts of the following
zeolites have been recognized throughout_the'baselts:

Name ' Chemical Formula
Phillipsite (ca’Na’K)3(A]3Si5016) GHZO
Harmotome | Ba(A'lei6 16) 6H o -

Chabazite Ca(A1,51,0,,)" GH
Erionite (Naz’Kz,Ca,Mg)4.5(A195127072)-27H20.
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TABLE 2-38. Major Inorganic Composition of Groundwater for
. Selected Wells Completed in the Grande Ronde Basalt.

(After Gephart and Others, 1979b.)

Anions (ma/2)

Data Source

F-

Cations (ma/2)

Nat+

K+

c a+2.

Mg+2

$10,
Total .

Dissolved
Solids

pH

LaSala and | Apps and Others Gephart and Others
Doty (1971) | ~ (1979) - ©(1979b)
66.0 (49)a 88.0 (51)2 43.0 (90)2
52.0 (101)2 70.0 (127)2 - 34.0 (52)2
'98.0 " 148.0 -l - 14800
13.0 9.0 108.0
21.0. . NDC 37.0
182.0 242.0 250.0 )
3.3 3.2 . 1.9 i
. 0.8 1.3 1.3
0.0 2.0 0.04
116.0 115.0 < 121.0
552.0 cb L T raa0
10.1 10.1 10.1

3 isted values are corrected for titration of H3Si0{ during
alkalinity determination. Uncorrected concentrations are showh in -
paregtheses. '
Total dissolved solids not determined due to Tack of fluoride
_concentration. _
" CND = Not Determined. .
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Fucleer Weste Mensgement. Boston, MA. November 1-4, 1982

TECENETIUM BEBAVIOR IN SULFIDE AND FERROUS IRON SOLUTIONS

SUK Y. LEE AND ERNEST A. BONDIETTI

Environmental Sciences Division, Oak Ridge Natzonal Laboratory,
Ozk Ridge, Tennessee, USA

ABSTRACT

Pertechnt .
mobile species DW !
waste repositc / .
precipitation —
environmental f;o. /2
(a-FeOOH) were 3 ﬂ ‘

obtained from-

observation of
of the mineral
that the Tec wa

-after reductio
ferrous sulfidi
TcOz-ferrous i:
to goethite anc
black precipit:
reaction was pc
{Tc87) which y T e ——aw suw aARdilDE
solution in the absence of strong oxidents. The results
suggested that ferrous— and/or sulfide-bearing
groundwaters and minerdls in host. rocks or backfill
barriers could reduce the mobility of Tc through the
formation of less—soluble Tc-bearing irom and/or sulfide
minerals.

i

INTRODUCTION

The leachability of stored high-level radicactive waste from a
repository will largely depend on the inherent stability of the waste forms
and the reactivity of intruding groundwater. Once radicnuclides are leached
from the wastes, transport of the dissolved nuclides will be controlled by
chemical and hydrogeological retardation factors. Loug—lxved 991c

(2.12 x 10° y half life) could occur in many chemic2zl forms in high-level
radioc active waste dependzng on pretreatment prior to disposal. The
negatively charged TcOj ion is, however, expected-to be a predominant
chemical form in aqueous leachate solutioms. Since amicnic species tend to
be poorly retained om silicate minerals, Tc has been identified as a
radionuclide that may be difficult to contain in geologic media [1l]. But,
recent studies [2,3] suggest that TcOz could be cheaically reduced to
less-soluble oxidation states such &s TcO; or Tc(OH); in the presence of
igneous rocks under amoxic conditions. Other experiments indicate that
TeO; is reduced by ferrous ircm in the absence of an adequate supply of
oxygen [4]. Technetium also forms sulfide compounds ‘such as TcySy with

or without metal sulfide carriers in strong acid solutioms {5, Gi Because
iron and sulfur are predominant participants in natural redox processes,

L4
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studies of TcOj-ferraus irom-sulfide interaction were initiated to provide
‘models for in situ immobilization of leached TcO7.

METHODS

A synthetic brine solution (5 ¥ NaCl) containing NH,TcO4 (10=5 M)
and varying concen:ratzons of NasS (a * 1074 M) was prepared. Varyzng
amounts of FeSQ; (n ¢ 10~% M) were added to 40-ml batches of brinme
solution and then the pE was adjusted to either 8.5 or 6.3 with HC1 or NaOH.
After 3 and again after 5 & of equilibration, 2 ml of the solutioms was
filtered through 0.22-um membranes and the amounts of 99T¢ remaining in
sclution determined by beta liquid scintillation counting [4].

For the physicochemical characterizations of the Tc-bearing irom,
sulfide, and ferrous sulfide precipitates, larger quantities of precipitates
vere prepared from 200-ml solutions having solute. concentrations as follows:
(A) 5 x 1073 M FeSO; and 5 x 1079 M NH;TcOz;-{B) 5 x 103 M FeSO; and _
2.5 x 1075 M WH,TcO4s (C) 5 = 10~3 M FeSO; only; (D) 5 x 103 M Fesog,

5 x 105 M NE4TcO;, and 5 x 10~3 ¥ NayS; and (E) 3 x 10~4 X NE TcO4

and 6 x 10~2 M NazS. The pH of these solutions was adjusted to 8.5 and the

resulting precxpztates aged for a month at 70°C and then for 7 mounths at
25°C. A small portion of each precipitate was taken after both 1 week and
& months of aging for characterization. The precipitates were washed with
demineralized water and 100X ethyl alcohol for x-ray diffraction (XRD) and

neutror activation analysis (NAA). The salt-free precipitates were

. resuspended in water and mounted on grids for transmission electren
microscopy (TEM). ) .

RESULTS

By varying both the pE and the amounts of sulfide and/or ferrous iron
added to the brine solution containing.TcOf, differing amounts of TcOZ
were removed from the solutions as a result of precipitation with irem,
sulfide, and ferrcus sulfide (Table I). Although the initial black color of
the irorn and iron sulfide precipitates changed to brown within & ¢ of
equilibration, the amounts of TcOz remairing in the solution were not

.

TABIE I
Percent TcOz removed from brime solutions by precipitates after-
5 d equilibration

Initial Nazs Initial resoa concentration (n x 10.4 M)
concentration - pE = 8.5 PE = 6.3
(a x 107 ¥ 0 1 3 6 | 3
0 1 1 52 90 L0
1.9 3 14 . 95 88 . 2
7.5 23 57 95 97 81
15.0 31_ 66 g2 g8 85
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noticeably affected by the color .change. The black precipitates in the
solutions containing only NasS and NH,TcO; did not change color during
equilibration. The loss of TcO7 from solutions increased with

increasing initial sulfide and ferrous iron concentrations, and the loss was
larger when the solution contained both sulfide and ferrous iron. Ferrous
iron removed TcO; more effectively than sulfide at pH 8.5, but at :
PE 6.3, significant amounts of TcOf were lost only when the ferrous

iron solution contained a considerzble amount of- sulfide (Table I).

All five of the precipitates prepared for the characterization studies
initially hed a black color and removed more than 90X of Tc from the
solutions. Precipitates 4, B, and C (from the ferrous iron sclutioms with
5 x 1077 MTe, 2.5x 10~ M Tc, and without Te, respectively) gradually
changed to a browa color. These precipitates were ferromagnetic both before
and after color changes. The black ferrous sulfide precipitate (D) turmed
bright red, while the technetium sulfide precipitate (E) remained black.
After 7 & aging, the black precipitates were examined by XRD and TEM. ' The
XRD indicated the presence of poorly crystalline maghemite CY—Fe203) in
precipitates A, B, and C, but no x-ray crystalline minerals im precipitate D
and E (although precipitate D had 2z very weak electron diffraction patterm).

"The TEM showed that preclpztate A (containing Te) was a mixture of very
fine (0.01-0.1 um) distorted cubic maghemite and lath-like goethite crystals

“ (Fig. la). The crystals precipitated without Tc had similar morphology, but
their size, particularly goethite crystals, was much larger (0.05-1.0 um)
and their structure appeared to be well ordered (Fig. le). Precipitate D,
obtained from the TcOz-ferrous iron-sulfide batch, was composed of a
mixture of irregular. platy £errous sulfide and acicular iromn hydroxide
crystals (Fig. 1b).

During 8 months of aging, the.initial solution pH of 8.5 decreased
gradually to near 2.2 as & result of hydrolysis and sulfate formation;
about 40 and 70% of the Te that had been removed by the iron precipitates
(A and B) and ferrous sulfide precipitate (D), respectively, returned to the
aquecus phase. The Tc initizlly removed by sulfide alone, however, remained
with the precipitate (E). The XRD, after eight months aging, showed
significant improvements inithe crystallinity of the miperals in the
precipitates (Fig. 2), except precipitate E which remained x-ray smorphous
(not shown). Goethite (a-FeOOH) and maghemite (Y-Feg03) were major
components in precxpltates A, B, and C, while goethite and hematite
(c-Fe203) predominated in precipitate D. The goethite and maghemite
lines became weaker and broader (width at half height) as the initial
conceatration increased, indicating that the added Tc had substituted for Fe
in the structure, resulting in a decreased crystallinity. Similar
crystallinity changes were observed when goethite was precipitated from
ferrous iron-aluminum solutions [7,8,9).

After aging 8 months the norphology of precipitate A (Fig. 1d) as well
as precipitate B and C (not shown) did not change although XRD showed
improved crystallipity. On the other hand, drastic alterations occurred to
precipitate D (Fig. le) where hexagonal platy hematite and lath-like
goethite appeared to have replaced the irregular platy crystals (x-ray
amorphous FeS) observed in the fresh precipitate (Fig. 1lb). Precipitate E
consisted of very small (about 0.05 um in dizmeter), ill-defined circular
platy particles (Fig. 1f) that did not produce either characteristic
electron diffraction or x-ray diffraction lines. The TEM observations
confirmed the XRD results in terms of mineral composition as well as
crystallinity of minmerals in the precipitates.
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“'pig. 1. Transmission electron micrograph of (a) precipitate &,
(b) precipitate D, (c) precipitate C after aging 7 ¢, and (d) precipitate A,
(e) precipitate D, (f) precipitate E after aging 8 months
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