LA-11849-MS

LIC-403
Issued: September 1990

LA--11849-MS
DE90 918027

Isotope Geochemistry
A Critical Component of Encrgy Research

David R. Cole
David B. Curtis
Donald ]. DePaolo
Terry M. Gerlach
J. C. Laul

Henry Shaw
Brian M. Smith
Neil C. Sturchio

MASTER , >

Uln._n»/ni_
s LN UrF THiS uuuuw:..-wl Yo
._zl.all T

.~ 7. Los Alamos National Laboratory

Lo i Los Alamos, New Mexico 87545

\
7

[_.\\_1;‘


ABOUT THIS REPORT
This official electronic version was created by scanning 
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



ISOTOPE GEOCHEMISTRY
A Critical Componenti of Energy Research
by

David R. Cole
David B. Curtis
Donald J. DePaolo
Terry M. Gertach
J. C. Laul
Henry Shaw
Brian M. Smith
Neil C. Sturchio

ABSTRACT

This document represents the consensus of members of the ad hoc Committee on
Isotope Geochemistry in the US Department of Energy; the committee is composed of
researchers in 1sotope geochemistry from seven of the national laboratories. Information
included in this document was presented at workshops at Lawrence Berkeley Laboratory
(April 1989) and at Los Alamos National Laboratory (August 1989). Delegates to the
Committee in 1989 were Dr. David R. Cole (Oak Ridge Nationa!l Laboratory). Dr. David B.
Curtis {Los Alamos National Laboratory), Dr. Donald J. DePaolo (University of California,
Berkeley), Dr. Terry M. Gerlach {Sandia National Laboratories), Dr. J. C. Laul (Pacitic
Northwest Laboratory), Dr. Henry Shaw (Lawrence Livermore National Laboratory).

Dr. Brian M. Smith (Lawrence Berkeley Laboratory), and Dr. Neil C. Sturchio (Argonne
National Laboratory).

I. Introduction

In his remarks of June 27. 1989. Secretary of Energy James D. Watkins redefined the priorities
of the Department of Energy to “reflect environment. safety, and health as more heavily weighted
than production.” He further remarked, "I have...been surprised to learn that the Department relies on
insufficient scientific information in making its decisions and in developing public policy. In this regc 1.
we are instituting measures that will greatly increase the roles of state agencies. the Environmental
Protection Agency. the National Academy of Sciences, and our own national laboratories play -

DOE decision-making. Our goal is to provide a greater influence on the quality of the scientific uata
we employ in making decisions which affect public health. safety, and the environment.”

Many of the emerging environmental concerns that require oversight and regulatio» hy the
Department of Energy (DOE) have no precedent. The lack of scientific information to acuress these
concerns reflects (1) a history of inadequate support for DOE laboratory facilitizs ... 2. mnabser.c.



of focus on those issues that are most important to the DOE. This report provides arguments in support
of these two points: it also recommends thai the DOE provide the resources to support research and
development in isotope ge ~cnemistry for the specific purpose of gathering information applicabie to
the needs of the Department and the concerns of the global community. Many of these informational
needs require a broader understanding of natural processes and the effects of these proces ,es or
anthropogenic materials. Qur current lack of such understand - is evident in th- ~antamination of
DOE 1acilities. Another concern s Jurincred="q "¢ .dnce o iedrelica, v’ 1N UeGSIoN making.
Widely publicized examples inclide te lor ¢ .. stability of nuclear weiste in geclog © repositories.
the climatic conscguenc s & anations i Atmosgnernc trace gas abundances. and the search for
incrs ainely searce nataral resources. Manry of our theoretical modeis are based upon assumptions
-t havs - Cooeen vaigates. At best. the consequences 0f decisions based upon invalid models are
wasted resources.

In general tern ... the natural processe~ that are relevant to energy-related issues can pbe described
a: 1) the movement of mass i the hydrosphere nr atthosphere and (2) the chemical and physical
interactions between co:xisting phases—or energy sources and sinks. For exampie. much of our
understanding of how water imioves in the lithosphere stems from an interest in water as a resour.e
for drinking and agricuiture. However. we now urgerily need to understar.74 how waier functions as a
medium for transporting contaminants of human or gin. The types of information reqguired for these two
purposes are disparate, as illustrated by several examples.

® Instudies of groundwater flow. water-bearing rocks are characterized as homogeneous
media, and flow through the rocks is describea in terms of averaged parameters. The
validity of such assumptions can be veriiied by hydraulic tests. In contrast, to
understanc how water functions as a trarspont medium requires ihat we understand
how fluid flows in heterogeneous. fractured, or unsaturated rocks—processes that
cannot be characterized by average hydraulic psrameters. It is the extremes of the flow
properues that concern us: When and where wil' a contaminant first be introduced into
*he human environment? How long will it persist at a particuiar location? What are the
Jncertainties of these predictions? Reliable answers to these guestions can only come
from an understanding of the spatial and temporal variability of *"e hydraulic properties
through the rock mass. Traditional models of fluid flow and tests of their validity are
not appropriate 1o our current needs. New models are being developed, and the
subsequent development of methods to test their validity is a critical component of
modern hydrologic research.

® inthe past. research on water/rock interaction was principally motivated by water
quality 1ssues. Typically, the basis for our studies was reversible thermodynamics ana
equilibrium between the agueous phase and the minerals that cormpose the host rock.
Currentinterest in water:rock interactions revolves around water pollution and water as
a ransport medium for dissclved and entrained contaminants. Our new information
rzguirements are quite difterent from those of the past, and the nature and variety of
Tugrating materials complicate the problem. We have recently become concerned with
srganics. multivalent elements. trace solutes, colloids, an a variety of constituents
T at were of little interest in the recent past. Our current kxnowledge of the parameters
zontrziling concentrations of such groundwater contaminants is based largely upon
:aporatory experiments. The validity ot extrapolations from the laboratory to natural
s/stems depends upcn our ability to demaonstrate a consistency between results from
nese wo.

An exampl=s 3t emerging environmental problems is the increased concentration of trace gases in the
2*ciphers ard the implications of these changes in the terrestrial climate. To assess the 1.uman roles in



qlobal cimate ch..nge. we = ust 77 delermune 2 magnitudes and rates of nitur i changes in the past.
An understarding ¢ the natra' glooal cycles of the trace gas:. 315 a tundamentai component in our effort
1.adentt, ard contrel Mhropoaeric sCuries.

Rese:r n:n the QeorCienc=s Lres des a prec—dent for d- refoping information ¢ .tical to the DOE's
saviron: tal and resoutce concerns The four casic comp . ents are

(1 labc cory ¢.ud =5 0of the rropert < of earth mate ials.
(2 - 2ld opservaticns 20 eartr s: stems in real ime.
.y he'd studies of ancient ear' sy<tems as repre sented in the rock record. and

4 geveopmient of credist e iodels that sausfy both the physicai and chemical laws
Aand the obser. :*anai 12cord.

T« - g @apsincur koowlecge o7 the fundamental material properties and the behavior
of “ du= =& .aws urderthe vas: range of conditions presentin t-2 eanth. Earth processes are 100
compizated ‘o be eporoachad sc 'y ‘rom first principles and theo etical calculations. and thus
observat st azye ally ~een our vehic!e for better understanding.

Isotopic measurements ar.: among the most powerful observational techniques available. They
provide absolute time scaies .nd specific tracers for most earth processes. The tracers can be either
man-made or natural: they are sufficient in number to allow study of a wide range of processes with time
scales that vary from seconds to billions of years. Many isotopic studies are legendary: for example. the
use of lead 1sotopes to determine the age of the earth and the use ¢f '#C to stud. the hictory of man.

The national lzboratories contain a broad science and technology base and have the potential to
© - a powertul force 'n multidisciplinary earth science research. Tire DOE laboratories currently support
corsonnet and facit nes that. properly focused and ornamzed. carn constitute the most powerful and
diverse isotope geochemistry capabiity in the world. l.lany of these resources are unmatched in
mnstrumentation and support 'rirastructure by anything avallable in acagemia. private institutions.
¢+ other government agencies. Brief descriptions of some of these tacilities are presented in Sec. I
of this docume-&. Thes: capabilities are generally supported by resources from the traditional DOE
nussions—nuclear weapons. nuclear energy production. and nuclear research. The DOE can capitalize
an these umiaue and expert capabiiies by redirecting the 2fforts of existing facilities and manpower,
rinng acdional siafl. supporting collaboration with non-DOE scientists. encouraging a creative working
e~vronment. and focusing resear~h on the most compelling problems. The result will be scientific
~ftormation tc assist the DOE in making decisicns. establishing policy. and determining priorities in
2att 3¢ience based issues.

The DOE resource in isotope geochemistry should be used to conduct comprehensive multi-1 -otopic
studies of natural processes and to develop observational models of these precesses. Such studies
would provide :he DOE with an intormation base to support practical decisions and sound policy
judgements on technical issues. New techniques for improving the prec.sion and sensitivity ¢i isotopin
mMeasurements should be developed to fulfill the emerging needs of the DOE. Such activines ar2
1yc cally too expensive tor academic institutions and are riot profitable for private industr.. The Natio~
Laboratories are the logical place for such new techrologies to be developed. It is unlikzly that federa,
tunding egencies can support the development of expensive new IsOtor > meas.remen: iZCuties or
continue to establish appropriate laboratories for individual investigators at un: 2rsities. Rowever. €/.5ting
DOE isotope geochemistry laboratories could serve as natioral rescurces “>r research x1d =ducation
through the creation of a few well-equipped and well-stafted Nationa: Cenurs for Is6 302 Geochemistry
that would serve both academic and national laboratory communities.
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Il. Summary of Isotope Facilities in the National Laboratories and 10-yr Projections of Their Needs

The table below shows a 10-yr projection for capilal and statting needs ot the National Laborate . .es’
iIsotope programs: this summary 1s based on information from the individual laboratory plans th:! iollow in
Sec. il. Caprtal requirements for mstrumentation and sample preparation facilities include fLnds for new
equipment as well as repiacemert costs for existing instruments—calcutated at a rate ot 10°¢
per year. Capital needs are shown as totals for the next 10 yr (Column 1) and as average yearly needs
(Column 2). Statfing totais are given for FY 1990 (Colunin 3) and for tully statted laboratories in FY2000
(Column 4.

To redirect efforts of the existing isotope facilities at the seven National Laboratories to the most
critical DOE missions. it will be necessary to increase existing DOE funding for staffing by nearly a factor
of 2to a level near 13 $M/yr in the year 2000. Additional capital funding of 3.27 $M/yr will be required for
new instrumentation and replacement of existing hardware.

Capitatl and Statfing Costs Summary

Capital ($M) Statfing Costs ($M/yr)

National Laboratory 10 yr 1yr 1990 2000
Argonne National Laboratory 2.8 0.28 0.80 2.05
Lawrence Berkeley Laboratory-UCB 4.0 0.40 0.55 2.05
..urence Livermore Laboratory@ 5.4 0.54 2.00 2.25
Los Alamos National Laboratory? 10.0 1.00 3.00 3.00
Oak Ricge National Laboratory 6.5 2.65 0.40 2.00
Paciic Northwest Laboratories 3.5 0.35 0.40 1.00
Sand:a Nationa! Laboratories 0.5 0.05 0.20 0.60
Totals 32.7 3.27 7.35 12.95

4los Atamos and Live' nore costs reflect projections of littte or no growth in the next decade. Projections ‘or these two
laboratories emphasze shifts of support within the DOE as the facilities shift from the missions of one DOE oftice to another.




. Current and Projectec Stz ling, Programs, and Instrumentation fcr isotope Facilities of the
National Laboratories

The tollowing pages cor 3in Gascriptions of current scicntific programs and staffing levels at
participating isotope facihties of th- Natienal Laboratones. current instrumentation at these faci!:tes.
and 10-yr projections of the n:2npower and capital needs tor ihe seven laberatories. The largest isotope
prograims. at Lawrence Livermare and Los Alamos National Labor <tones, derive the majority of their
current funding from the US DGE Gitice of Detense Programs. Without a shitc of support within the
DOE. the unique capabilities a: these laboratories are thrzatened by cuts in detense spending. The
other Laboratones are currenth supporied mostly from the US DOE Office of Basic Energy Sciences.
Redirection and growth of the scientific efforts in these groups will depend on new funding trom the DOE.



A. Argonne National Laboratory

Principal areas of investigation

* Atmospheric methane — isotopic composition of atmospheric methane.
major natural and anthropogenic sources, global variation with time

*  Active geothermal systems — sources of hydrothermal fluids and dissolved
components. rates and mechanisms of hydrothermal reactions and solute transport.
longevity of active geothermal systems. relations to large-scale tectonomagmatic and
climatic processes

¢  Hydrocarbon metamorphism — isotopic structure of kerogens, thermal and chemica!
ettects ot magmas on hydrocarbons in sedimentary basins

*  Environmental actinide chemistry — speciation and behavior of natural and
anthropogenic actinides in surface waters and shallow groundwaters. role of colloids

Current statting — Argonne National Laboratory employs 4 FTES performing basic research in isotope
geochemistry: they are all currently supported from DOE funding sources.

Anticipated FTE requirements — Program growth over the next decade will require 5 additional FTEs
($200K:yr/FTE) and 5 postdocs ($50K/yripostdoc). Total funding requirement for full staffing (9 FTEs,
5 postdocs) will be $2.05M/yr in FY 1990 dollars.

Stafting for Argonne National Laboratory

Additional Total Anticipated Cost per Total Cost

Current Needed FY2000 Individual (K$) (FY1990 $)
FTEs 4 5 9 200 1800K$
Postdocs 5 5 50 250K$
Totat 2.05M$




Argonne National Laboratory Equipment

Current

Principal Uses

Thermal ionization mass spectrometers (2)

Gas source mass spectrometers (2)

Alpha-beta-gamma spectrometers
Accelerator mass spectrometry facility
Sputtered-atom resonance ionization

mass spectrometry (SARISA) facility

ton microprobe

Nuclear fuel related work. geoscience programs

Isotope ratio measurements on CO, produced
from atmospheric methane and geologic
samples

Geoscience (uranium-series studies).
environmental studies. radiobiology

Heavy ion physics. 4'Ca analysis of rocks
and bone

Trace surface analysis; used as isotope
microprobe for meteorite studies

High-level nuclear waste programs

Neaded by FY2000 Projected Use Cost (M$)

Thermal ionization mass spectrometer Lithium. boron. strontium. 0.40
lead. uranium, thorium isotopes

Noble gas mass spectrometer Noble gas isotopes 0.25

Gas source mass spectrometer Carbon. oxygen. hydrogen 0.25
isotopes

Gamma spectrometers Instrument neutron activation 0.10
analyses. uranium. thorium
isotopes

Renovated lavoratory space and Geoscience programs 0.50

cample preparation facilities

Tota!l 1.50




B. Berkeley Center for Isotope Geochemistry, Lawrence Berkeley Laboratory, and University ot California
Principal areas of investigation

. Global climate change — isotopic record of surface temperature changes as
recordad in layered ter;estrial and marine deposis

* Isotope hydrogeology -— regional groundwater flow regimes. modeling of solute
transport with emphasis on mixed wastes

* Geochemical cycles of CO, — geological scurces and sinks of CO, with emphasis on
roles ot weatherning and rock alteration on global warming

* Active geothermal systems — patterns of hydrothermal fluid flow and implications for
explcration and development. identification of naturat hydrothermal laboratories.
definition of fossil hydrothermal alteration

*  Fluids in sedimentary basins — circulation pathways. role of fluids in secondary
permeability. cementation. diagenesis; significance of convective heat flow and
implications for basin modeling

* [sotopiz correlations — correlation and provenance of rock masses from outcrop to
continent scale. implications for hydrocarbons and minerals

* Continental scientific drilling - isotopic studies of samples from Continental Scientific
Drilling Program holes at Long Valley. Valles Caldera, Creede, Katmai, etc.

Current staffing — The Berkeley Center for Isotope Geochemistry presently employs 1.25 FTEs.
2.5 support staff. and 0.5 postdocs in basic research in isolope geochemistry.

Anticipated FTE requirements — Program growth for the next decade will require 4.75 additional

FTEs ($200K/yr’/FTE). 2.5 postdocs ($50K/yr'postdoc). 3.5 support staff ($100K/yristaff), and 4 students
($25K yr'student). Total funding for full staffing (6 FTEs, 3 postdocs. 6 staff, 4 students) will be $2.05 M!yr
in FY 1990 dollars.

Statting for Berkeley Center for Isotope Geochemistry, Lawrence Berkeley Laboratory,
and University of Calitornia

Additional Total Anticipated Cost per Total Cost

Current Needed FY2000 Individual (K$) (FY1990 $)
FTEs 1.25 4.75 6 200 1.2M$
Postdocs 5 25 3 59 150K$
Staft 2.5 3.5 6 102 600K$
Students 4 4 25 100K$

Total 2.05M3$




Berkeley Center for isotope Geochemistry, Lawrence Berkeley Laboratory.
and University of California Equipment

Current

Principal Uses

Thermal ionization mass spectrometers

2 al UCB;j

Gas source mass spectrometer (LBL)

Instrumental Neutron Activation Facility

Geoscience programs: rapid. precise

1sotope ratios (neodymium. strontium. lead.

calcium)

Geoscience programs; rapid. precise stable isotope
ratios (carbon. nitrogen. oxygen. sulfur, hydrogen)

Environmental studies. trace elements

Need by FY2000 Projected Use Cost (M$)

Thermal ontzation mass spectrometer Uranium. tharium isotopes 0.40
Noble gas mass spectrometer Rare gas isotopes in rocks 0.25
Gas source mass spectrometer Large samples. waters 0.25
Gamma spectrometer Neutron activation 0.10
Sample preparation factlities Waters. carbonates. etc. 0.30
inductively coupled plesma mass Geochemistry. trace elements.

spectrometer with laser ablation lead-isotores 0.50

Total

1.80




C. Lawrence Livermore National Laboratory

Principal areas of investigation

* Global climate change — trar.sfer functions of cosmogenic nuchides to polar ice
sheels

* Radionuclide migration — migration rates in saturated and unsaturated zones using
tntium, 35CI. 129], and other tracers: contaminant plume definition: mixing of surface
walers: trace element partitioning in fluid rock systems

* Isotopic Geochronology — ages of waters. rocks. and minerals: exposure ages of
young geologic surfaces: mantle-crust evo ution

* Material properties — oxygen isotope paititioning: oxygen diffusion rates; reaction
progress. dissolution‘reaction rates

* Verification applicatiots

Current stafting — Lawrence Livermore National Laboratory currently has~10 FTEs performing
basic and applied research inisotope geochemistry: they are supported by DOE waste management,
ciassified weapors. and verification program funds.

Anticipated FTE requirements — To redirect the scientific effort of the 10 FTEs {$200K/yr/FTE) and
the addition of 5 pcstdocs ($50K/postdoc). Total funding requirements for full staffing (20 FTEs,
5 postdocs) will be $2.25M/yr in FY 1990 dollars.

Staffing for Lawrence Livermore National Laboratory

Additional Total Anticipated Cost per Total Cost

Current Needed FY2000 Individual (K$) (FY1990 $)
FTEs 10 10 200 2M3
Pustdocs 5 5 50 250K$

Total 2.25M$




Lawrence Livermore National Laboratory Equipment

Current

Principal Uses

Center tor Accelerator Mass
Spectrometry (AMS)

Noole gas mass spectrometers {4)

lon microprobe facility (Cameca 3F)

Inductively coupled plasma mass
spectrometers (ICPMS) (2)

Thermal ionization mass
spectrometers {3)

Measuraments of cosmogenic nuchdes tor
groundwatcr dating, radionuch:de nugration.
surtdce water mixing. biology programs.
verification studies

Dating groundwaters:young surfaces, contaminant
plume definitior ' migration. mantle degassing. test
program

In-situ trace element and isotopic analyses

Rapid trace element and isotopic
analyses. fluid chemistry. rhenium-osmium
measurements, verification

Test program work and geoscience
programs. uranium-thorium-series. rubidium-
strontium. uranium-thorium-lead, samarium-
neodymium, titanium-, magnesium isotopes

Needed by FY2000 Projected Use Cost (M3)
Gas-filled magnet for AMS AMS studies 0.10
L.aser ablation and eiectrochemical ICPMS studies 0.10

sources for ICPMS

Gas source mass spectrometer

Carbon. nitregen. uxygen
sulfur. hydrogen isotopes 0.30

Total 0.50

11




D. Los Alamos National Laboratory

Principle areas of investigation

*  Geochronology of modern processes — age dating yasung (<1 Myr) carbor ites,
deer: sea deposits, volcanic rocks secondary minerals

* Geochemistiy of rare nuclides — studies of the production and geochemistry of race
radionuclides such as 239Pu, 99T¢, 97Tc. 124, 3He

. Environmental chemistry and physics — the use of isotopes 1o study the retent’
and transgort of elements in near-surtace environments

* Atmospheric chemistry and physics — use of anthropogenic and natural is~tones
study atmospheric mass transport and chemical proresses

* Groundwater studies — cating groundwsters, groundwater mixing, tracer studies,
uranium-exoloration, sources of salinity and hydrocarbong

* Reaction kinetics and biologic cycling — isotope tracer studies of th2 rates of
chemical reactions and elemental cycles in biologic systems

* Geomorphology — studies of weathering and erosion rates and processes

*  Nuclear expiosion phenomenology — use of stable and long-lived nuclides to
characterize the physics of underground nuclear explosions

¢ Analytical methods development — new methods for element isclation,
design/construction of new instruments to measure isotope abundances

* Isotope separation facility — production of isotopically enriched substar.ces

Current staffing — Los Alamos National Laboratory currently has 10 FTEs and 10 support staff working in
the production of isotopes, measurement of isotopic compositions, and applications to scientific and
technical research. Of the 4 FTEs and 1 support statt supported by nondetense related programs,

2 FTEs and 0.5 support staff are working on basic research in isotope geochemistry programs.

Anticipated FTE requirements — The Los Alamos group projects no growth over the next dece Je.
Anticipated needs emphasize a shift of support for existing staff within the DOE as the use of the
capabilities shifts from the missicn of one DOE office to that of another. Total funding requirement
for full staffing (10 FTEs and 10 support staff) will remain at $3.00M/yr in FY1990 dollars.

12



Statfing for Los Alamos National Laboratory

Additional Total Anticipated Cost per Tctal Cost
Current Needed FY2000 Individual (K$) (FY1990 %) |
FlEs 10 10 200 2M$
Staft 10 10 100 1M$
Total 3M$

Los Alamos National Laboratory Equipment

Current Principal Uses
Thermal ionization mass spectrometers Sensitive/precise measurements of actinides
(5 multiple stage, 3 single stage) (uranium, plutonium. curium, neptunium);

other elements (neodymium, lead, strontium,
ruthenium); uranium/thcrium-series;
instrument development

Gas source 1 1ass spectrometer Silicon isotope abundances
Mattauch-Herzog mass spectrometer Noble gases, instrument development
Laser-based mass spectrometry R&D in laser-based techniques for ionization

and detection

Needed by FY2000 Cost (M$)

Los Alamos capital costs projections are based on the
replacement of current equipment at a rate of 10%!/yr

Total 10.0




E. Oak Ridge National taboratory

Principal areas of investigation

* Surface and subsurface hydrology — isotopic compositions of natural or introduced
radioactive and stable elements in shallow groundwaters

* Environmental transport — migration of contaminants and natural components in
shallow groundwater systems

* Biogeochemical cycles — tracing the sources and sinks of natural and anthropogenic
materials in terrestrial, marine. and freshwater environments

* Paleo-environments — isotopic indicators of paleo-climate as recorded in fossil soils

*  Water/rock interaction — experimental and modeling studies of isotopic exchange
equilibria and kinetics in mineral/fluid systems

* Active geothermal systems — relationship between fluid flow, alteration, and the
duration of hydrothermal activity

* Fluids and faulting — generation and migration of hydrocarbon-bearing fiuids along
thrust faults, evolution of secondary porosity

Current staffing — Oak Ridge National Laboratory presently has 4 FTEs funded by the Office of Health
and Environmental Research, the Environmental Protection Agency. and the National Science
Foundation and 2 FTEs funded through the Office of Basic Energy Science at DOE—all of whom perform
basic research in isotope geochemistry.

Anticipated FTE requirements — Needs for program growth over the next decade are 6 additional
FTEs ($200K/yr/FTE) and redirection of 4 FTEs riow funded from non-DOE sources. Total funding
requirement for full stafiing (10 FTEs) will be $2.00M/yr (FY 1990 dollars).

Staffing tor Oak Ridge National Laboratory

Additional Total Anticipated Cost per Total Cost

Current Needed FY2000 Individual (K$) (FY1990 $)
FTEs 4 6 10 200 2M$
Total 2M$

14



Oak Ridge National Laboratory Equipment

Current Principal Uses

Thermal 101wzaiton mass spectromete! Uranium, lead. neodymium, strontium. hatniun.
calcium isotope ratio measurements

|

Gas source mass spectrometers (2) Isotope ratio measurements on carbon, nitrogen,
oxygen, sulfur, and hydrogen

Alpha-beta-gamma spectrometers (6) Uranium-series, cosmogenic isotope tracers
lon microprobe facility Isotopic and elemental microanalysis cf geologic
samples
Inductively coupled plasma mass Spatially resolved trace element and isotopic
spectrometer with laser ablation analysis of solids
Resonance ionization mass Spatially resolved part-per-trillion trace element,
spectrometers (6) rare isotope, rare earth element analysis
Needed by FY2000 Projected Use Cost (M$)
Gas source mass spectrometer Oxygen, hydrogen isotopes in waters ~ 0.25
Gas source mass spectrometer Deuterium/hydrogen measurements 0.25
Total 0.50

15



F. Pez:zific Nortnwest L aboratories

Principal z -=2as of investigation

* Grounawater studies — groundwater ages, travel times. and flow regimes: inferred
geochemistry of source regions: microbial resperation

*  Hydrothermal systems — timing of secondary mineral formation; solute retardation:
identfication of mixing zones: transpart modeling

*  Environmental actinide chemistry -— speciation and behavior of natural and
anthropogenic actinides in surface waters and shallow groundwaters; role of colioids

Current staffing -— Pacific Northwest Laboratories presently has 2 FTEs performing basic research in
ISCctope geochenustry.

Anticipated FTE requirements — Needs for program growth over the next decade at Pacific Northwest
Laboratonies are 3 additonal FTEs ($200K/yr/FTE). Totai funding requirements for full staffing (5 FTESs)
wii: De $1.00Myr in FY 1990 dollars).

Statfing for Pacific Northwest Laboratories

Additional Total Anticipatad Cost per Total Cost
Current Needed FY20600 Individual (K$) (FY1990 $)
FTEs 2 3 5 200 1M$

Total 1M$




Pacific Northwest Laboratories Equipment

Current Principal Uses
Thermai iormzation mass Isotope measurements on actinide and fission
spectrcmeters 3) and tfission products
Alpha-beta-gamma spectrometers Uranium- and thorium-decay series studies.

groundwater monitoring. nuclear waste

Double resonance 1onization Measurements of very rare isotapes
mass spectrometry
inductivelv coupled plasma mass Trace element geochemistry of fluids, spatially
spectrometer with laser ablation resolved analysis of soiids
Needed by FY2000 Cost (M$)

Pacitic Northwest Laboratories expect to replace
obsolete instrumentation cver the next 10 yr

Total 35




G. Sandia National Laboratories

Principal areas of investigation

*  Fluid sources in evaporites — ideniification of fluid sources and water/rock ratios in
gronndwater systems associated with evaporites

* Hydrothermal alteration — degree of recrystallization of host carbonate rocks in
response to groundwater movement

* Radiocarhon dating models — determination ot the carbon-isotope composition of
host carbonate tor use 1n radiocarbon-dating models for groundwater

* Groundwater investigations — recharge phenomena in unsaturated zones, relations
ol groundwater systems to paleoclimate changes

Current staffing — Sandia National Lahoratories presently has 1 FTE performing basic research in
t1sotope aeochemustry.

Anticipated FTE requirements — Sandia National Laboratories requires 2 additional FTEs
{S200K yr FTE) for program growth over the next decade. Total funding requirement for full permanent
staffing (3 FTEs) will be $0.60M/yr (in FY 1990 dollars).

Stafting for Sandia National Laboratories

Additional Total Anticipated Cost per Total Cost
Current Needed FY2000 Individual (K$) (FY1990 $)
FTEs 1 2 3 200 600K$

Total 0.6M$




Sandia National Laboratories Equipment

Current Principal Uses
Gas source mass spectrometer Isotope measureme:ts on carbon, nitrogen,
oxygen, sulfur, and hydrogen from geologic
samples
Needed by FY2000 Projected Use Cost (M3)
Gas source mass spectrometer Past climates, hydrogeology 0.30
Laboratory equipment Past climates, hydrogeology 0.20
Total 0.50
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