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THE COVER ABOUT THE JOURNAL 
This multifinned wheel is a test rotor for the 
impulse turbine we are developing to extract 
energy from the hot, corrosive brines that issue 
from wells in the Sahon Sea area. For economy 
and ease of manufacture, we machined the 
rotor in one piece from a solid aluminum forg
ing. A skin of nickel plating provides enough 
erosion protection for our tests with dean hot 
water. (Typical geothcrmal brines would make 
short work of an aluminum rotor; rotors for ac
tual service will need to be made from ex
tremely corrosion-resistant material.) The arti
cle beginning on p. 1 describes our progress in 
geothcrmal studies, including our recent 
success in controlling scaling and corrosion. 
For a description of our theoretical and ex
perimental work in turbine design, see the 
energy-conversion engineering article begin
ning on p. 7. 

The Lawrence Livermore Laboratory is operated 
by the University of California for the United 
States Energy Reiearch and Development 
Administration. The Laboratory is one of two 
nuclear weapons design laboratories in the United 
States. Today nearly half of our effort is devoted 
to programs in magnetic and laser fusion energy, 
biomedical and environmental research, applied 
energy technology, snd other reiearch activities. 

The Energy and Technology Review is 
published monthly to report on accomplishments 
in this energy LIKI environmental research and on 
unclassified portions of the weapons program. A 
companion journal, the Rexarcfi Monthly, 
reports on weapons research and other classified 
programs. Selected titles from past issues of the 
Energy and Technology Review are listed 
opposite the inside back cover. 
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GEOTHERMAL ENERGY DEVELOPMENT AT LLL 

Our geothermal energy program calls for generating electricity from the hot, 
concentrated brines under the Salton Sea. At the heart of this program is the 
development of an energy-conversion technology for these highly corrosive 
fluids. 

ENERGY CONVERSION ENGINEERING 

Extracting energy from the corrosive hot brines from wells near the Salton Sea 
will require new kinds of turbines specifically tailored to this application. Once 
developed, however, these same designs should be suitable for other geother
mal applications as well. 

CONTINUING EDUCATION AT LLL 

For more than 10 years, we have been developing a continuing education 
program to maintain the excellence of our scientists and engineers. 
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WESTERN STATES URANIUM RESOURCE SURVEY 

As part of a nationwide uranium resource evaluation, we are conducting a 
hydrogeochemical and stream-sediment survey in seven western states. Our 
goals are to identify areas favorable for uranium exploration and to aid in 
assessing U.S. uranium resources. 
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BRIEFS 

MONTE CARLO NEUTRONICS CALCULATIONS 
IN MODERATED SYSTEMS 

Critic^ assemblies may be divided into 
moderates <nd immoderated systems, depending on 
whether Hi •• contain light (moderating) ehmentt, 
such as hyd igcfi. Calculating the criticality cf an 
immoderate.' fast-neutron system is relatively sim
ple. The overwhelming majority of the neutron in
fractions take place at high energies, where the 
r itron cross sections vary slowly with energy. This 
n ikes it possibte to divide the neutron-cross-section 
distribution into a few relatively large segments 
(energy groups). TART, our standard Monte Carlo 
n< utronics code, works well with 17S energy groups. 

Adding a moderator greatly complicatss the 
criticality calculations. Low-energy neutron interac
tions become important, and at low energies the 
neutron cross sections contain many sharp 

resonances where the probability of a particular 
reaction may vary by orders of magnitude over a 
very small energy range. One cakiuational ap
proach to tins situation is to divide the neutron-
cross section distribution into much smaller energy 
groups. Our second Monte Carlo code, TARTMK, 
has 2020 energy groups, with 1936 of them below 10 
keV. However, even this large number of groups is 
too few to accurately represent the structure in the 
neutron cross sections. 

We have developed yet a third Monte Carlo code, 
ALICE-K, which solves tfes problems associated 
with low-energy neutrons end the cross-section 
resonance structure. This code has 17S energy 
groups, the same as TART, but it has a choice of 
two different cross sections for each energy group 
and a probability table to guide it in deciding which 
cross section to apply to a given event. 

ALICE-K is successful, in technical terras, 
because it conserves moments of the cross-section 
distribution in each energy group. We have chosen 
conservation equations that will give an exact solu
tion if the group-dependent neutron flux is either 
constant or self-shielded; the self-shielding can be 
either total or partial. 

A l three codes agree when we are calculating fast 
critical assemblies whose median fission energy is 
0.5 MeV or more. The differences show up when we 
calculate a moderated critical assembly. Table 1 
presents the results of calculations of an experimen-
talfy measured water-moderated spherical system 
32.5 cm in diameter, with a density of 4.177 g/cm' 
and a hydrogen-uranium-235 ratio of 10. ALICE-K 
comes clcssst to the experimental value of K =•= 1.0. 

TaMa 1. Campari**! of MoM* Carlo 
•VntOMRy OtMMMtKNM> 

MialsifMns—», 
•V 

TACT ajs»±M*3 113.2 
TAMMK 8.*7S±OS03 St* 
ALICE* 0MS±«Jt3 544 
BBamaa i.o 



GEOTHERMAL ENERGY SYSTEMS 

Geothermai Energy Development 
at LLL 

The basic objective of the LLL geothermai 
program is to develop the advanced machinery and 
techniques needed for extracting energy from the hot, 
concentrated brines of the Salton Sea Geotheraul 
Held hi California's Imperial Valley. Geologic es
timates place the capacity of this one resource at 
84,000 MW yr of electrical energy, the eonivalent of 
a bilion barrels of oil. The plan to exploit this 
resource calls for drilling into the reckon-, con
verting the beat energy of the hot brines ttaat naturally 
now up oat of the drill holes into Mechanical energy 
by turbine, and then converting this mechanical 
energy "to electrical energy in a conventional 
Gabion. 

The brines contain up to 30 wt% of dissolved 
materials—solids, sach as sodinm chloride and 
potassmm chloride, and gases, seen as carbon dioxide 
and hydrogen sulfide. These materials ravage 
machinery throngh scale bniidap, corrosion, and ero
sion and make aaent-brbje disposal diflknlt. We are 
making good progress toward solving these proMems, 

Contact Arthur L.(Roy) Austin (Ext. 39461 for further Informa
tion on this article. 

however, and are now in a transition from applied 
research to a program of development, system design, 
and field demonstrations. 

As pan of the Plowshare program and associated 
work in the earth sciences, we at LLL developed an 
interest in geothermai energy in the early 1960's. In 
1972 LLL established programs to develop non-
nuclear alternate energy supplies in response to 
urgent national needs to achieve energy independ
ence in the I980's. As part of this effort, the LLL 
geothermai development program began in January 
1974. A separate effort to assess the total Imperial 
Valley environment, so that environmental changes 
can be measured, began in 1976.' 

In our geothermai development program, we 
have focused on solving the extremely difficult 
problems associated with the highly corrosive, 
scale-forming hot brines of the Salton Trough in 
California's Imperial Valley. Our program involves 
a broad attack on all these problems, with special 
emphasis on brine chemistry, the mechanisms of 
corrosive attack and scale formation,2 the develop
ment of corrosion-resistant materials, methods for 
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disposing of spent brine and precipitated solids, and 
the development of reliable, efficient energy conver
sion systems. 

The LLL program is now in transition. Its 
emphasis is shifting from applied research to 
development and involvement in field demonstra
tion programs." 

Geothermal energy includes many kinds of un
derground energy sources. Some produce dry 
steam, some produce hot water, some are just hot, 
dry rock formations to which water would need to 
be added before any steam would be produced. Dry 
steam resources have already been harnessed at The 
Geysers, California, and elsewhere around the 
world. Such resources are relatively rare, however. 

The hydrothermal hot brine deposits add up to a 
much more abundant resource, and their exploita
tion represents the next technological step. Systems 
developed for hydrothermal applications should 
also be useful in extracting energy from other 
geothermal resources. 

Of particular significance are the identified 
hydrothermal resources in the Salton Trough 
geologic province, a long, narrow underground for
mation straddling the U.S.-Mexican border. In the 
U.S. part of this region, there are six known 
geothermr.l resource areas. Just south of the border, 
in the same geologic setting, a 75- MW flashed steam 
plant has been operating since 1973. The entire 
region is perhaps the best-known and best-
characterized water-dominated geothermal resource 
in North America. 

The Salton Sea Geothermal Field contains 10% of 
all the hydrothermal resources in the U.S. (in
cluding dry-steam resources) and the hottest of the 
large waiter-dominated resources. 

The Salton Sea Geothennal Field, a small sector 
of one of the T ough's six resource areas, is the best-
explored field hi the U.S. Already 23 wells have 
been drilled here, producing a wealth of geological 
and geophysical data. Aside from the field's size, 
convenient location, and potential for low-cost 
geothermal power, one of our main reasons for 
high-priority development here is the need for ad
vanced technologies to harness this resource. Some 

of these brines contain up to 30 wt% dissolved 
minerals, posing serious problems in scale forma
tion and control, corrosion, solids handling and 
control, efficient and reliable energy conversion 
methods, and spent-brine disposal. 

The LLL geothermul energy program is focused 
on solving the problems unique to the Salton Sea 
geothermal resource area. Our basic objectives are 
to produce the needed advanced technologies and to 
reduce the technical risks enough to entourage and 
accelerate commercial development. The program is 
structured to include strong industrial involvement 
through technology transfer and joint ventures in 
time to stimulate commercialization in the 1980's. 
To accomplish this, we have two basic activities: 
technology development and industrial support. 

Our work in industrial support, at present and for 
the immediate future, is mainly in conjunction with 
the Joint ERDA/San Diego Gas and Electric Com
pany project at Niland in the Salton Sea Geother
mal Field. This project is based on a four-stage 
flashed-steam binary proMSS. Here, at the wellhead, 
separators remove and pass the vapor fraction to 
heat exchangers, where the heat is transferred to 
isobutane which then drives a turbine in a closed-
loop cycle. 

The LLL role in this effort is mainly to carry out 
the necessary materials analyses and tests, develop 
the scale control and solid-handling methods, and 
provide data on backup or alternate approaches, if 
necessary. 

Our technology program emphasizes develop
ment of total-flow energy conversion, which differs 
from the flashed-steam process in that everything in 
the wellhead product goes through the energy-
extraction stages and is disposed of by injection into 
the ground (see Fig. I). The problems of scale 
buildup, spent-brine injection, and development of 
corrosion-resistant system materials are receiving 
major attention. 

If successfully developed, total-flow systems have 
the potential of achieving the highest electrical-
energy output per unit mass of wellhead fluid. The 
concept was recognized at the start as a high-risk 
venture, but with a payoff great enough to make it 
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Fcg. 1. The total-flow concept for geotbennal energy developMent Hot bites flow k"7on production wells (right) sbroogh pipes to the 
total-flow iupake carbines (center). The tarbines are directly llaked to generators that convert toe power of the brute-steam ndxtare to elec-
tricnl ontpnt. The spent brines nre pined to distant disposal wells where they are pomped back underground. Condensation 05*1110 vnpor trac
tion is ncconiplished conventionally. 

attractive. Three main problem areas can be iden
tified: 

• The energy-conversion system. 
• The chemistry of the brine with regard to 

scale and solids formation and disposal of the 
cooled fluids. 

• The corrosion-resistant materiab required for 
successful performance of the conversion system in 
the brine environment. 

We considered a number of energy-conversion 

devices for the total-flow process, and selected the 
impulse turbine as the most suitable candidate for 
several masons, particularly for its simplicity and 
high efficiency potential. AU of the pressure and 
temperature drop takes place in the stationary and 
readily accessible nozzles. Also, the components 
downstream of the nozzle, including the highly 
stressed turbine wheel, operate at relatively low 
temperatures—about 50°C. These low temperatures 
retard corrosion-accelerated Tailu.-.s. 



So far we have worked out all our energy-
conversion engineering in the laboratory on a 
prototype system using only clean working fluid at 
temperatures and pressures typical c f actual 
wellhead conditions. We have built and tested a 
complete impulse turbine. These tests verify our 
analytical performance models, which indicate that 
existing designs are capable of 38 to 48% engine ef
ficiency. Advanced designs capable of efficiencies 
up to 70% appear to be achievable. The key to this 
increase in efficiency is the combination of develop
ment of nozzles that can produce a very fine spray 
(a spray with no liquid droplets larger than about 1 
lira) and blade redesign. 

An important feature of our geothermal program 
is its interdisciplinary approach, combining 
engineering, chemistry, material science, and 
geosciences to produce a complete system. Except 
for conversion engineering, most of the work is per
formed in the field with real brines. This enables us 
to test and evaluate scale-control methods, 
materials for conversion systems, and disposal 
schemes for solids and spent brine. The results 
should find broad application to any candidate 
system for exploiting a highly saline brine resource. 

We have established that scale deposition can be 
eliminated by making the brine more acid. Drop
ping the pH from S.6 at the wellhead to 4.5 by 

B 
Evaluate scale-

control methods 
and materials 

Chemistry 
and materials 

Concept I 
definition I 

Conversion 
engineering 

S Test initial design 
of total flow turbine 

Scale-control-
established 

component tests 

Design and test 
2-MW brine-

tolerant system 

Design and test oV 
turbine with 

smaller spray droplets 

Industrial 
participation 

• Turbine desiyn 
• Balance of plant 

Commercial-scats 
pilot plant 

R g . 2 . Development program for the total-flow system. We have been evaluating scale control methods and corrosion-resistant materials, 
and testing the initial design of the impulse turbine. We ere now moving into the next area: testing components, selecting materials, improv
ing turbine design, and enlisting industrial participation. Material selection is based on apnts from both chemistry studies and initial turbine 
designs. Chemistry and materials shdhs also impact turbine design and industrial participation, especially in relation to the economics of 
our total-flow concept. The final step will be to design and test a 2-MW brine-tolerant system. Success here conld lead to a commercial-wale 
pilot plant 



Activities 1981 

Droplet size reduction tests 

Field nozzle test 

Laboratory turbine tests 

Scale control proven 

Matorisis selected 

Solids coritral application 

Design field system 

Fabricate components 

Field testing program 

Fig. 3. Development timetable for the total-flow system. 

adding 100 to 200 ppm oi hydrochloric acid pre
vents the formation of the silica-ge! "glue" that 
holds the scale particles together and bonds them to 
solid surfaces. Solids may form as colloids, but they 
stay in suspension and pass through the system 
without doing any harm. 

Examination after the test showed that control 
nozzles exposed to unmodified brine acquired scale 
deposits at the rate of 25 nm/hr, while other test 
nozzles exposed to acidified brine stayed clean. A 
rough analysis shows that acidification would add 
less than 2 mills/kW-hr to the cost of energy, in
dicating that the method will prove economically 
feasible as well. We also have experimental evidence 
thai acidification stabilizes the colloidal suspension 
of silica in the spent brine, raising the possibility 
that we may be able to dispose of the spent brine by 
pumping it back into the ground without having 
this disposal well plugged up by suspended solids. 

At the same time, limited tests of turbine-blade 
materials subjected to the acidified brines flowing 
from the test nozzles indicate that some titanium 

albys are encouragingly resistant to corrosion and 
erosion. Field tests will continue through FY 1978 
to explore, in detail, acidification and materials 
response under a wider range of conditions to 
further verify these tests or to define limits of ap
plicability. 

Figure 2 outlines the program strategy. Our final 
goal is to design and field-test a 2-MW, brine-
tolerant, total-flow system capable of producing 35 
W • hr/kg of brine with 25% dissolved solids. As in
dicated, the energy-conversion design work will 
continue in the laboratory, with the goal of achiev
ing 70% engine efficiency. If this effort is successful, 
we plan to combine the results with concurrent 
scale-control and materials-selection field work to 
design and field-test the complete 2-MW system in 
FY 1980-1981. We plan to enlist strong industrial 
involvement to expedite commercialization of the 
concept if the field tests are successful. 

Figure 3 shows the overall total-flow develop
ment schedule. Provided access to production and 
disposal wells continues to be available, we plan to 

G 



complete all field and laboratory work by the end of 
FY 1978. As already noted, we will be seeking 
strong industrial participation in the design and 
construction of the 2-MW system for the field test. 

TD date we have: 
c Designed and operated a geothermal test 

facility at LLL to simulate the thermodynamic con-
ditions of any hydrolnermai weS output. In this 

facility we have tested turbine nozzles and blades, 
developed methods for measuring and characteriz
ing two-phase (steam and brine) flow, and tested 
and evaluated total-flow turbines with outputs up to 
about 100 kW. 

• Developed and tested a single-stage total-flow 
impulse turbine. The Jesuits indicate that the 
original research goal of 10% engine efficiency is 
achievable. 

• Designed and operated a geothermal field-test 
station for brine chemistry and materials studies un
der field conditions. 

• Established that by brine acidification, it is 
technically and economically feasible to eliminate 
scale buildup. 

• Determined that acidification also has poten
tial for solids control and may be a solution to the 
plugging of disposal wells. 

• Identified and field-tested promising 
corrosion- and erosion-resistant alloys for turbine 
blades, nozzles, and other exposed parts. 

• Established and developed techniques for 
brine sampling, brine characterization, scale sur
veillance, and field tests of materials. 

• Developed computer modeling techniques for 
calculating advanced two-phase turbine design, 
two-̂ Iiase flow, brine chemistry, and multiwell 
production-injection reservoir management. 

• Developed a data base for assessing the extent 
of the geothermal resource in the Salton Sea region. 

o Established joint projects, cooperative 
research and development, and continual technical 
interchange with industry. 

Key Words: energy conversion; environmental studies; geothermal 
brines: geothermal brines—material*; geothermal rnergy; test 
facilities. 

NOTES AND REFERENCES 

1. A description of this separate environmental assessment ef
fort, known as the Imperial Valley Environmental Project, 
appeared in the May 1976 Energy and Technology Review 
(UCRL-52000-76-5), p. 21. 

2. Previous geothermal b"ne studies, with special reference to 
our work on controlling scaling and corrosion, were dis
cussed in the March 1976 Energy and Tehnology Review 
(UCRL-52000-76-3), p. 1. 



GEOTHERMAL ENERGY SYSTEMS 

Fnergy Conversion Engineering 

Efficiently extracting energy from the hot, 
corrosive brines of the Salton Trough presents 
problems that rule out all conventional turbines and 
expansion engines. Normal practice is to separate 
brine and steam and use only the latter, wasting the 
energy tied up n the brine. It would be far more ef
ficient to use the total flow, extracting energy from 
both brine and steam. But conventional turbines, 
designed to operate on pure steam, would quickly 
wear out o, plug up with scale if exposed to brine. 

We have investigated a number of unconvei>.ional 
brine-tolerant devices and are actively developing two 
of them. Tests with a single-jet axial-flow impulse tur-
bite indicate that a muitijet rersnnr wutritf torre an ef
ficiency of 38 to 41%. The two-phase impulse turbine 
appears capable of 70% efficiency with further 
development. The radial-outflow reaction turbine 

Contact Anders W. Lundberg (Ext. 3946) for further informa
tion on this article. 

looks promising as an auxiliary device, extracting 
energy from the separated brine while a conventional 
turbine nms on the steam. 

The material that comes from a geothermal well 
in the Salton Sea area is a seething mixture of steam, 
water, and dissolved solids—"rock soup." ac
cording to one observer—under high pressure. 
Reduction of pressure during flow to the surface 
causes the mixture to boil violently and form a 
stream of wet steam filled *ith droplets of concen
trated brine. Conventional steam turbines are un
able to accept such a mature.- the dropkls in she 
stream would gradually eat away the turbine blades 
by corrosion and erosion, and precipitated soiids 
would deposit in the expansion nozzle, building up 
layers of scale that would quickly choke it off. 

Existing'geothermal power plants have avoided 
the brine problems, either by exploiting resources 
that produce only dry steam or by separating out 
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the brine before passing the steam through the tur
bine. About one-third of the energy in the mixture 
would be lost in the discarded brines. 

The total-flow concept involves passing the whole 
wellhead product, steam, droplets, and dissolved 
solids, through a specially designed turbine. The 
previous article describes our progress toward im
plementing this process in terms of preventing scal
ing and corrosion. This article will concentrate on 
the energy conversion engineering. 

Our energy-conversion-engineering work in
volves four separate, though interrelated, lines of in
quiry. These include impulse turbine design, nozzle 
design, droplet characterization, and reaction tur
bine design. 

Among the various expandeis considered for the 
total-flow process, the impulse turbine is clearly the 
best choice for producing power from the Salton 
Sea resource. Other total-flow machines, such as the 
radial-outflow reaction turbine, may be attractive a_-
small units or as elements of a hybrid system, ex
tracting power from the brine fraction while a con
ventional turbine runs on the steam fraction. We 
will discuss hybrid applications in a later section. 

To achieve optima] turbine designs, we have un
dertaken both analytical and experimental ac
tivities. Among our analytical activities are efforts 
to develop modeling capabilities for predicting tur
bine and nozzle performance with two-phase flow, 
to develop a two-phase fluid-dynamics capability 
for studying fluid behavior in three-dimensional 
nozzles and curved blade passages, and to develop a 
more realistic droplet-breakup model. 

To date we have: 
e Designed and demonstrated efficient super

sonic nozzles expanding steam-water mixtures. 
• Oesigned the axial-flow impulse turbine and 

demonstrated its feasibility. 
• Verified analytical prediction of turbine per

formance, including loss mechanisms. 
Our future experimental activities will: 
• Characterize the liquid phase in terms of 

droplet size, velocity, and void fraction. 
• Verify the droplet breakup model and 

evaluate droplet breakup strategies. 

• Hstablish optimized blade contours and 
geometry for more efficient turbine designs. 

• Design and demonstrate a full-admission noz
zle inlet manifold. 

• Demonstrate the higher efficiency of an im
pulse turbine with optimized components and a 
single nozzle in the laboratory and with multiple 
nozzles in the Held. 

• Design and test the reaction turbine concept 
for application alone or in conjunction with conven
tional turbines. 

IMPULSE TURBINE DESIGN 

An impulse turbine, as distinguished from a reac
tion turbine, is one in which a more-or-less axial 
flow impinges on curved radial blades and changes 
direction, imparting an impulse to the turbine rotor. 
A child's sheet-plastic pinwheel on a stick is an ex
ample of an impulse turbine. A reaction turbine, on 
the other hand, is one in which jets mounted on a 
wheel drive it one way by reaction by spraying fluid 
in the other direction. A fireworks pinwheel is an 
example of a reaction turbine. 

One of the main reasons for choosing the impulse 
turbine is its simplicity. There is only one moving 
part, the rotor, and no rotary seal. All the brine ex
pansion takes place in the nozzle, ucalizing possible 
scaling in a single part that is easy to clean or 
replace. In addition, everything downstream of the 
nozzles, including the highly stressed turbine blades, 
stays relatively cool, say 50°C. Such low tem
peratures help to retard corrosive attack. 

Figure 1 shows our special impulse-turbine rotoi 
being machined. It has wide, gently curved blades 
with sharp leading and trailing edges. The sharp 
edges help to minimize the shock-wave effects in the 
supersonic flow between the blades. The spaces be
tween the blades have a uniform cross section to 
provide a smooth flow of fluid past the wheel. 

To simplify construction, shorten development 
time, and minimize costs, we designed this rotor 
with integral blades, machining it in one piece from 
a solid aluminum forging. Then we plated it with 
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Fig . 1 . Machining the integral blades on (be impulse-turbine test rotor. For simplicity ard economy, we made the rotor from a single solid 
aluminum forging. Several features of the design are apparent. The blades have sharp leading and trailing edges. The leading and trailing 
edges of a single blade are in the same axial plane. The concave side of one blade is parallel to the convex side of the next blade, producing a 
fluid passage of uniform width. In use, one or more nozzles will direct a liquid-vapor mixture at supersonic speeds into this passage. In pass
ing between the blades, the fluid will change direction, imparting an impulse to '-hi blades. 

nickel for added durability. Aluminum (even with 
protective nickel plating) would never survive in a 
brine environment, but this rotor was exposed to 
plain water only. 

In operation, a nozzle aims a jet of droplet-laden 
steam into the spaces between the blades. The work
ing fluid simply changes direction as it goes by the 
blades, and this is what drives the wheel. 

This change in direction is what makes droplet 
size so important to efficient turbine operation with 
wet steam. Large droplets will not follow the vapor 
flow and will hit the turbine blades. Computer 

predictions and experiments indicate that if the 
spray is fine enough, with no particles larger than 
about 1 /im, most of the spray droplets wi)I stay in 
the high-velocity vapor stream, completely missing 
the turbine blades and hence contributing their full 
share of momentum to the impulse driving the tur
bine. 

This preoccupation with droplet size is vital in 
getting the most out of the Salton Sea brines. Only if 
the droplets are small enough to go with the vapor 
stream and miss the turbine blades will it be possible 
to extract most of the energy of the liquid phase, 
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and this amounts to about half of the total energy 
available at the wellhead. 

At the same time, it is important to get the highest 
possible jet velocity from the nozzle. Turbine ef
ficiency goes as the nozzle thrust efficiency squared, 
where 100% efficiency would represent complete 
conversion of thermal and pressure energy to 
kinetic energy. Typical values in our experimental 
work, are 85 to 95%. 

Our. impulse turbine test facility consists of three 
major systems. The first component is the hot-water 
supply system, which provides the high ressure 
steam-water mixtures for testing the turbi e's per
formance. It.is a closed cycle including a heater and 
a condenser, together with throttling and regulating 
valves. It is charged with ordinary industrial process 
water, not brine, since its purpose is to investigate 
only the mechanical and fluid-dynamics aspects of 
the impulse turbine design. 

A feature of the hot-water supply system is its 
capability for remote control. This makes it possible 
to conduct turbine tests in safety, with all personnel 
excluded from the test area. Remote control is 
achieved with pneumatic process controls on the 
steam supply system and electrohydraulic controls 
on the turbine drive and brake system. The control 
room includes remote display, both for the prime 
test parameters of input fluid conditions, nozzle 
performance, and turbine torque, speed, and output 
power, and for such auxiliary information as 
hydraulic system pressures and turbine tem
peratures, pressures, vibration, and displacements. 

The second major system is a combined hydraulic 
drive and braking system. This connects directly to 
the turbine shaft and can either drive the turbine for 
measurements of disk friction and windage losses, 
or it can load the turbine for steam-drive per
formance measurements. 

The third major component is the data acquisi
tion system, located in the control room. Data from 
the various remote readouts are sequentially sam
pled by a multichannel scanner and input to an 80-
channel data logger. The output is on paper tape 
and on magnetic tape recording for input to a com
puter. 

NOZZLE DESIGN AND ANALYSIS 

There are two main goals for the two-phase noz
zle program. One is the efficient conversion of the 
inlet thermal energy of the brine to kinetic energy at 
the nozzle exit. The second is the reduction of the 
liquid content of the brine-steam mixture to tiny 
droplets (<1 y.m) at the nozzle exit. 

Our design system is an iterative process that 
balances both theoretical and experimental inputs. 
The theoretical modeling provides a basis for the in
itial experimental design. Experimental results 
either verify or modify the theoretical model, in
dicating the direction of change for future designs. 

We have several theoretical tools for predicting 
nozzle flow characteristics, including an isentropic, 
homogeneous equilibrium modei that incorporates 
the equation of state for pure water and simulated 
brine. Our latest development is a quasi-one-
dimensional, two-phase, single-component model. 
This model includes normal shock waves and uses 
l'ulerian calculations on the mixture and 
Lagrangian calculations on the droplets. At present 
we are working to extend its predictive capability to 
two dimensions. 

At the same time, our experimental program has 
been producing data on the efficiencies of high-
velocity two-phase nozzles (both circular and rec
tangular in cross section) and developing analytic 
tools and instrumcntatio.i. 

Figure 2 shows a typical nozzle installed in our 
chamber ready for testing. Hot water under 
pressure enters from the rear at up to 290°C and 7.6 
MPa (1100 psia), representative of wellhead tem
peratures and pressures. In the control valve some 
of this water flashes into steam, and the resulting 
steam-water mixture rushes out through the nozzle. 
Note the large number of sampling tubes above, 
beneath, behind, and on the near side of the nozzle 
and its supply piping. The experimental information 
includes the hot water temperature and pressure, 
the nozzle pressure profile, the nozzle thrust, and 
the nozzle exit pressure. 

The early work on steam nozzles, a half-century 
ago, indicated that their performance on 
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Fig. 2 . A typical nozzle Installed inside the 
nozzle test chamber before operation. Note the 
large number of test connections for measuring 
pressures and temperatures at various points 
ale.ig £ c fluid flow and through the nozzle. 

steam-water mixtures was discouragingly inef
ficient. It wasn't until the 1960's that further work 
showed that properly designed nozzles could 
operate with reasonable efficiency on such mixtures. 

We have conducted a series of tests on conical 
nozzles to determine the best operating conditions 
using steam-water mixtures. Our method was to 
keep the inlet conditions of pressure and tem
perature fixed and to vary the ambient exit pressure. 
We were able to show that a simple conical nozzle 
can form a steam-water mixture into a supersonic 
jet with 86% efficiency. 

Because of their symmetry, conical nozzles are 
simplest to treat mathematically and are the natural 
first choice for experimental subjects. In practice, 
however, we might want to use some other shape: 
rectangular, for example, or trapezoidal. Our tests 
show that there is no measurable difference in ef
ficiency between conical and rectangular nozzles. 

DROPLET-PHASE CHARACTERIZATION 

The goals of the droplet-phase characterization 
program are twofold: to measure droplet sizes and 
velocities throughout typical two-phase nozzles, 
and to find ways to produce droplets I jum in 
diameter or smaller. To accomplish these goals we 
need many different experimental tools. These in
clude a transparent nozzle arrangement, techniques 
for measuring droplet size and velocity, and a way 
of visualizing nozzle flow. 

Figure 3 shows our transparent nozzle setup. This 
piece of equipment is basic to the rest of the droplet 
characterization effort. It exposes the flow 
throughout the nozzle to view, making it possible to 
apply optical instruments to measure droplet size, 
velocity, and flow. For flow information we use a 
pulsed ruby laser to provide lbs brief light flashes 
for stop-action pictures. For velocity measurements 
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Fig. 3 . Transparent nozzle test setup for observations of droplet size, droplet velocity, and fluid flow. The hot-water-steam mixture under 
high pressure enters the test chamber from above, expands tn the nozzle, and returns to the heater hy way uf the large pipe and a condenser. 

wc use an argon ion laser and a Doppler inter
ferometer that converts the velocity information 
into easily analyzed high-frequency signals. For 
droplet size measurements we use a helium-necm 
laser and measure the scattering of the light beam. 

Figure 4 gives the general layout of this droplet-
size measurement system. The scattering of light 
from a single spherical particle is well understood, 
and the theory is readily extended to scattering from 
many particles of different sizes. The angular extent 
of the scattering is a function of particle size. 

As indicated in the figure, the laser light enters 
the droplet stream as a narrow beam. The measured 
droplet-size distribution, therefore, applies strictly 
to only those droplets within this narrow beam. It 
takes a series of exposures to map the distributions 
throughout the nozzle. 

At the bottom of Fig. 4 is a computer-interpreted 

display representing the intensity of scattered light. 
A microdensitometer scan of the original black-
and-white film yields numerical values of film den
sity that the computer translates into rainbow hues. 
The row of spots along the top of the frame shows 
calibration exposures. Sizes calculated from our 
laser measurements agree within 10% with the sizes 
of glass beads in water measured directly with a 
microscope or by measuring the ratio of volume to 
surface area. 

REACTION TURBINE DESIGN 

The conventional way to get power from hot 
brines is to expose them to reduced pressure, form
ing a lot of steam (flash evaporation), to separate 
the steam from the brine and send it to a turbine, 
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and lo dispose of the brine. As pointed out curlier, 
this is wasteful. A large part of the energy stays in 
the spent brines, reducing the system efficiency. 

One wa> lo improve the system efficiency would 
he to add a turhme that works on the brine. Passing 
the hrine Ihrough such a turbine releases still more 
steam, which can then drive a second, lower-
pressure turbine. I he reaction turbine is just such a 
mechanism (see l i g . 5j. 

One advantage of this approach is that mosi of 
the system—steam-brine separator, scrubber, and 
sleam turbines—is based on existing equipment. 
The onl> part that nwJs full development is the 

r e g i o n ':-:"!;:•:.. This, in F„;rn. i'. largelv a mutter of 
determining the bust nozzle design. 

I igurc 6 presents an array of nozzle designs, 
progressing from the conventional to proposed ad
vanced designs. The lop picture is of a conventional 
converging-diverging no/./le much like the ones 
used in our impulse turbine work. A steam-water 
mixture enters from the left and converts much of 
its thermal energy into kinetic energy as it passes 
through the throat and expands in the diverging exit 
cone. 

The second picture shows the shape of the first 
reaction turbine nozzle thai we tested, essentially a 

Two-phase nozzle 

Beam expander 
and 

spatial filter 
Ui to. 

HeNe laser 

condenser 

Film 

tj&s^li / 
Liquid-vapor 
mixture flow 

Film calibration 

>r valve 
* Collecting 

Control -^ 'TV/ f | 

Compressed liquid 
rom hot-water generator 

Initial laser beam —— 

Film calibration exposures 

\—— Scattered laser beam 

F ig . 4 . Droplet size measurement using the transparent nozzle. A tightly colli. iat«d bea'fi from a helium-neon laser is scattered in passing 
through the jet in the nozzle. The amount of scattering is a measure of the droplet size distribution in the jet. The exposed Him contains a 
black-and-white record of (he scattering, together with calibration exposures. From this record we can derive the variation in scattered light 
intensity, using a micro densitometer to measure the density variations and a computer to translate this data into intensity values. The com
puter can present the result as an isometric plot or as a color-coded map. 
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liquid nozzle and a mixture nozzle in series. Hot 
water under pressure Alls the nozzle inlet and 
squirts through the liquid nozzle. Note the small 
step between the liquid nozzle and the exit cone, 
which expands the resulting steam-water mixture. 
The liquid nozzle in this conriguration had a good 
efficiency (about 94%), but the steam nozzle ef
ficiency was only about 40 to 44%. The problem 
seemed to be that the brine flashed into steam only 
on its exposed surface; there was always a liquid jet 
down the center of the exit cone. 

The third picture shows an improved nozzle that 
we tested. We inserted a pintle, a solid rod that 
blocked off the center of the liquid nozzle throat 
and forced the liquid to emerge as a hollow cylinder. 
Experimental results with this modified nozzle have 

been extremely gratifying. The steam nozzle ef
ficiency was nearly doubled, to 72%. 

The bottom frame of Fig. 6 shows a proposed 
nozzle design for the impulse turbine that has 
evolved from these reaction-turbine experiments. In 
this design, brine and steam that have previously 
been separated are recombined in the nozzle. The 
brine enters as thin, high-velocity sheet jets that im
pinge in the middle of the cylindrical vapor stream. 
We expect the combination of droplets and high-
velocity steam to produce an exceptionally fine 
spray. 

The success of the pintle nozzles has encouraged 
us to proceed with design of a complete reaction 
turbine. According to present plans it will be com
pleted and tested early in FY 1978. 

Liquid nozzle 

Two-phase steam nozzle 

Bearing housing 

Exhaust 

Saturated liquid in 

Fig . 6 . The radial-outflow reaction turbine. Pressurized brine enters through the hollow a x i a ] bearingand flows radially out to two or more 
nozzles on the rim. The turbine operates by pure reaction; there are no carefully shaped blades or flos to corrode or wear out. 
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Two-phase steam 

Conventional converging-dfvergingi nozzle 

High pressure liquid 
Liquid nozzle 

•Two-phase steam 

Initial reaction-turbine nozzle 

r High pressure liquid 

r Liquid nozzle 
Two-phase steam 

rVapo; 

Improved reaction-turbine nozzle 

r Vapor nozzle 

r Two-phase steam 

- Liquid 

Proposed impulse-turbine nozzle 

Fig . 6 . Evolving nozzle design. The first step En converting the conventional converging-diverging nozzle 
Co high-pressure brine operation was to provide a liquid nozzle before the two-phase nozzle. The emerging 
jet was supposed to break up Into droplets through self-boiling pressures, but this was only partly effective. 
Provision of a pintle makes the liquid issue from a ring-shaped orifice. The resulting thia sheet of liquid 
breaks up into finer droplets for more efficient nozzle operation. Tbe proposed impulse-turbine nozzle depic
ted last is a further extension of tbb development. ID this case the liquid enters in Inward- and outward-
streaming jets that collide in tbe center of the vapor passage. This collision, together with tbe high-velocity 
vapor flow, sbouM produce tbe extremely fine droplets needed for efficient operation of tbe Impulse turbine. 
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CONCLUSIONS 

Our investigations cf turbines suitable for service 
with the Salton Trough brines have yielded several 
significant developments. We have built and tested 
an impulse turbine rotor that appears capable, with 
some further development, of 70% efficiency. We 
have developed optical instrumentation that enables 
us to measure aioplet size, velocity, and distribution 
in the supersonic spray jetting from our nozzles. We 
have greatly improved the efficiency of nozzles for 
expanding hot liquids, as in the reaction turbine. 
This development has stimulated further improve
ments in nozzles for the impulse turbine. These 
results, together with the success in scale prevention 
reported in the previous article, indicate that we are 
making good progress toward our goal of harness
ing the enormous energy resource represented by 
the world's geothermal brines. 

Key Words: corrosion prevention: erosion: geothermal brines: 
geothermal brines—scaling effects: geolhermai energy—energy 
conversion: two-phase flow; two-phase nozzles. 
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LABORATORY TRENDS 

Continuing Education at LLL 

Over a decade ago, LLL began a continuing educa
tion program for engineers. At that time, many of our 
engineering staff had been out of school for some 
years, and their formal education was no longer di
rectly relevant to their current work. A program was 
designed to encourage them to restore skills and im
prove performance. About four years ago, in view of 
the progam's success among engineers, interest in 
continuing education began to grow among LLL 
scientists. Today's program serves physicists, 
chemists, and other scientists as well as engineers. Its 
goals are to combat obsolescence of skills and main
tain staff vitality through a variety of nondegree-
orienteo' courses offered during wording hours. 

More than 2000 scientists and engineers work in 
research and development at the Laboratory, and 
more than a third of them hold doctoral degrees. 

Contact Wallace D. Decker lExt. 3442) for fanner information 
on this article. 

Fast-moving technological developments and 
changing program needs can result in some skills 
becoming obsolete unless concerted efforts are 
made to ensure that this does not happen. Continu
ing education is an important element in our efforts 
to maintain and enhance the excellence of our 
technical staff. 

Our continuing education program began in the 
1960's, primarily for engineers. Course work was 
directed toward helping them adapt to the rapid 
technological changes in our research programs. 
The R&D slump in the early 1970's, however, in
creased concern about improving the Laboratory's 
overaff health" and competitive position. We found1 

that obsolete skills were not the only problem; staff 
vitality was important, too. For us, vitality means 
both intellectual vigor and the creativity with which 
R&D tasks are initiated, pursued, and completed. 

Many activities can enhance staff vitality. At
tending professional society meetings, studying in
dependently, taking on new assignments, reading 
professional journals, writing papers, and taking 
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Fig. 1. LLL professional staff by degree level and specially. 
The laboratory's contlmiug education program is seared to the 
needs of this professional staff, i e . , to our scieutbts and 
engineers. When the program began about 11 years ago, it was 
designed to encourage engineers to restore technological skills 
and improve perform:-ce. Today's program, however, serves 
physicists, chemists, and other scientists as well as engineers. 

sabbatica1 leaves can all contribute. Yet these may 
not completely meet the needs of scientists and 
engineers for whom technical vitality is a real and 
sometimes overwhelming challenge. A continuing 
education program of formal courses provides a 
valuable tool for maintaining and improving 
technical skills. 

The Laboratory's continuing education program 
is geared to the needs of our professional staff.* As 
shown in Fig. 1, engineers and physicists make up 
70% of this staff. Many have degrees from 20 years 
ago or more, and many have taken no formal 
courses since they began working at the Laboratory. 

The initiative to participate in our continuing 
education program comes from the individual. 
Since courses arc presented during normal working 
hours, participants must also have their supervisors' 
approval, but approval is generally granted unless 
there is an obvious work schedule conflict. Class 
time is charged to the individual's job, not to 
overhead. This policy underscores the Laboratory's 
dedication to continuing education by making such 
work an integral part of an employee's job. The 

• in this context, we lim't professional to the scientists and 
engineers on our technical slati. Other professionals, such as 
lawyers and buyers in administrative areas, are not included. So 
defined, LLL professionals number about 2200 out of a total 
staff of some 6400. 



rationale is that this activity—maintaining and ad
vancing job skills—is no more appropriately called 
overhead than is the time professionals spend work
ing with reference materials in the library or in their 
own offices. 

The courses selected are.usually directly related to 
the individual job or field but need not always be so. 
As long as a technical course stimulates new ways of 
thinking, we feel that it can be usef JI to the mature 
professional. Although it is impossible to quan
titatively measure the benefit.': of our continuing 
education progi..m, various evaluation processes 
have convinced us that the program has succeeded 
in helping maintain a vital technical staff and com
petent laboratory. 

COURSE SPECTRUM 

One way to categorize the courses offered in the 
continuing education program is by how they relate 
to a professional's career needs: 

• Refresher courses are aimed at restoring 
eroded skills and strengthening fundamentals. 
These courses allow professionals to review 
technology that they may have used very little since 
graduation. To many professionals, such work of
ten provides a foundation for further studies. 

• Courses to advance expertise in a specialty 
present the latest technology, from either industry 
or university sources, and help professionals 
become more competent in their chosen fields. 

• Courses to broaden a professional's un
derstanding of other fields appeal to those who 
want to keep up with related areas but not to ac
quire specialized knowledge in them. Through such 
cross-fertilization, a breakthrough in one field may 
lend a clue for success in another. 

The courses meeting these specific needs come 
from a variety of sources. Some are in-house 
courses taught by our own employees, who under
take teaching :i addition to their regular duties 
without extra compensation. Presenting these 
courses benefits the teachers as well as the students. 
For many it fulfills a desire to teach; it also 
strengthens the teachers' knowledge of their 

specialties. Instructors are encouraged to give exam
ples and homework based on LLL programs. The 
first or second time an in-house course is taught, it 
is videotaped. Thereafter it can be offered 
repeatedly on television, with the aid of a proctor. 

We also receive seven channels of graduate-level 
televised courses from nearby universities: four 
from Stanford University, two from the University 
of California at Davis, and one from the University 
of California at Berkeley. These offsite television 
links are shown in Fig 2. Except for the Berkeley 
courses, all <-un oe audited for continuing education. 
The majority of them are in electrical and 
mechanical engineering, but courses are also offered 
in such fields as materials and computer sciences, 
statistics, and physics. 

LLL enrollment in the 82 Stanford courses of
fered during three quarters in 1976-1977 illustrates 
the wide appeal of instructional television. The 139 
auditors came from a variety of disciplines: 65 from 
electronics engineering, 25 from physics, 19 from 
computations, 11 from chemistry, 8 from 
mechanical engineering, and 11 from other fields. 
Their educational backgrounds were equally 
diverse: 48 had a Ph.D. degree, 43 an M.S., 36 a 
B.S., and 12 no college degree. The auditors' ages 
ranged from 23 to 59 years, with 51 having receive.! 
their degrees less than 10 years ago, 61 between 10 
and 20 years ago, and 15 more than 20 years ago. 

Finally, we have purchased some special courses 
from companies and universities to provide 
education in areas of technology that are new to us 
or in which we lack the expertise to develop our own 
courses. For example, we contracted with the 
University of Southern California for a course on 
petroleum reservoir engineering and with 
Pennsylvania State University for one on coal 
characteristics. 

All courses are offered on a quarterly basis to 
coincide with those received via our university 
television links. Classes usually meet two or three 
t. Ties a week for a one-hour session. Because some 
subjects are best covered with a few intensive all-day 
sessions, however, in-house courses may be shorter 
or longer than an academic quarter. 
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Mt. Diablo 

Fig. 2 . Off silt universit* television link* to I.I.I, (top) and our 
Km cm Id Korim for viewing it'lt'vised courses (bottom I. All seven 
channels art received at the Laboratory via a Mt. Diablo relay 
and (hen tia.ismitted t>> coastiai cable to both Sandia 
Laboratories, Liver more* and the Department of Applied 
Sciences IDAS) quartered on LI.L grounds. (DAS is ad
ministered by ihe College of Kngineering at the l niversily of 
California, Davis. I \ \ e can also broadcast back to I C Davis on 
one channel; this is used for transmitting courses that originate at 
DAS—many of tliem taught by I.l.L employees—and for 
studenl/faculty consultalions-

Table 1. Participation ir. continuing 
education courses for FY 1976. 

Sponsor Curses Complc lions 

Mechanical engi neei ring 29 296 

lilectronics engi necring 17 431 

Computations 

Chemistry 

5 

1 

47 

70 

Itiysics 6 128 

UC Davis • Stanford (audit) 72 145 

I .( . Davis laud it) 9 19 

l o tats 139 1136 

Television has made our program practical, 
because missed classes can be made up at the in
dividual's convenience. Before we started to 
"ideolape classes (Fig. 1). dropout rates were high: 
often only 50'.. of those enrolled would complete a 
course. With videotapes for makeup, enrollment 
has been more stable and participation much 
greaier. Table I shows participation during FY 
1976. Since some people take more than one course 
in a year, the number of participants may be only 60 
to 80'?, of the number of course completions. All 
completions are registered in personnel records but 
dropouts and failures are not. 

PROGRAM B t N t m S 

Although courses in the continuing education 
program are conducted during work hours, we have 
observed no drop in productivity when individuals 
devote two or three hours per week to class time. A 
small dose of education seems to provide a stimulus 
that prevents an output drop. Still, continuing 
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Fig . 3 . TV studio and control room at I.I.I,. All in-house 
classes art- videotaped hen- the first time they arc offered. With 
tideolapes for makeup, enrollment has increased and dropouts 
have declined in our continuing education courses. Videotaping 
also allows us to repeat courses later with the aid of a proctor. 

education is not the answer for everyone. Some in
dividuals and groups simply will not participate; 
some supervisors discourage it. Since the 
Laboratory pays and promotes for performance 
rather than for course work, however, the varying 
levels of participation have not detracted from the 
program's success. A number of benefits for the in
dividual and for the Laboratory have accrued. 

Many scientists and engineers find that the 
stimulation of course work increases their produc
tivity; the inherent discipline of the course schedule 
carries over into their regular work assignments. 
This* stimulation may be the reason why individuals 
do not need their work loads relaxed, even when 
several hours of class time are added to their 
schedules each week. And, although our continuing 
education coui ";s are nondegree-oriented, par
ticipation in the program has encouraged many 
professionals to return to formal education for 
another degree. 

Many participants have noted restored con
fidence in themselves as a result of successfully com
pleting courses. Some professionals have reported 

thai they hud drifted into a conservative mode, such 
as engineers designing empirically and inl'iitively 
rather than trusting their analysis. Such a mode 
does not encourage risk-taking, which is a necessary 
ingredient for the new ideas needed in a vital 
research and development program. 

There are also otbei benefil.v from the continuing 
education program. Instructors have become more 
expert in their fields, and the opportunity to con
tinue studying on the job is enticing to many 
prospective employees, especially when coupled 
with opportunities at the Laboratory for further 
degree-oriented work. 

It is difficult to prove that continuing education is 
cost-effective, but the subjective data we have 
collected supports its value in maintaining staff 
vitality in an R&D setting. Course evaluations 
remain predominantly positive. And the fact that 
enrollments remain high attests that many LLL 
professionals believe they are benefiting. 

hey Wards: continuing education, •.•duciawn 
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NUCLEAR ENERGY 

Western States Uranium 
Resource Survey 

ERDA's National Uranium Resource Evali >tion 
(NL'RE) program was established to provide a com
prehensive description of uranium resources in the 
United States. To carry out this task, ERD A has con
tracted with various facilities, including universities, 
private companies, and state agencies, to undertake 
projects such as airborne radiometric surveys, 
geological and geochemicai studies, and the develop
ment of advanced geophysical technology. LLL is one 
of four ERDA laboratories systematically studying 
uranium distribution in surface water, groundwater, 
and lake and stream sediments. We are specifically 
responsible for surveying seven western states. This 
past year we have designed and installed facilities for 
delayed-neutron counting and neutron-activation 
analysis, completed seven orientation surveys, and 

Contact Joseph F. Tinney {Ext. 5321'} forfurther information on 
this article. 

analyzed several thousand field samples. Full-scale 
reconnaissance surveys began last fall. 

Our part in the NURE program is to conduct 
hydrogeochemical surveys in Arizona, California, 
Idaho, Nevada, Oregon. Utah, and Washington. To 
carry out these surveys, we have developed tech
niques for selecting and acquiring samples, facilities 
and equipment for preparing and analyzing sam
ples, and methods for storing and interpreting data. 
Our objectives are to identify favorable areas for 
uranium exploration and aid in assessing U.S. 
uranium resources. 

To date, we have built and installed most of the 
equipment and facilities needed for sample analysis 
and data processing, made a large number of 
preliminary surveys, and collected and analyzed 
several thousand field samples. Full-scale recon
naissance sampling and analysis are now under way. 
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Fig. 1 . Sampling sites for hydrogeochemical and stream-sedimentsurveys. Wells, swings, streams, and lakes are sampled. Specific sites, 
shown by black ovals, are selected to maximize the likelihood or locating anomalous concentrations of uranium. 

About 120 000 sites will be sampled over the seven-
state area before the oroject is completed in 1981. 

GEOLOGY AND SAMPLE ACQUISITION 

Uranium is very mobile and can be found in 
various concentrations in the rock surrounding a 
deposit. As groundwater and streams flow through 
a region, some of the uranium in these rocks is 
mobilized so that anomalous concentrations can oc

cur in water or stream sediments some distance 
from the source. By systematically sampling and 
analyzing water from wells and springs along with 
water and sediments from streams and lakes (see 
Fig. 1), we expect to find patterns that will indicate 
potential new uranium districts. 

To develop our sampling strategy for the seven 
western states, we assigned a "uranium 
favorability" rating to each of the geologic and 
physiographic provinces shown in Fig. 2. Ratings 
were based on the geology of the area, known 
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Fig. 2 . Geologic and physiographic province map of the western United States showing (in gold) areas 
most favorable for uranium potential and (in dark grey) areas least favorable. The Pacific Coast ranges and 
the Ktamaths make up the Pacific Coast region. 
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uranium mining activities, and the amount of 
potential contamination from pollutants such as 
fertilizers or sewage outfall. (The higher levels of 
uranium and other trace elements sometimes found 
in fertilizers and industrial sewage could distort our 
search for anomalous uranium concentrations.) 
From these criteria, we assigned higher favorability 
ratings to the Basin and Range Province, the 
Colorado Plateau, and the Northern Rocky Moun
tain Province. The Great Valley of California and 
Pacific Coast region were assigned the lowest 
ratings. 

Because each province has a unique set of 
geologic, hydrologic, and climatic variables, we 
have been conducting orientation surveys in each 
province to select the best methods for recon
naissance surveys. These orientation surveys have 
helped us to select sampling locations, establish 
background levels of uranium and its associated 
trace elements in various regions, and improve our 
field measurements and analytical techniques. We 
have completed seven orientation surveys—five in 
the northern part of the Basin and Range Province 
(Nevada) and two in the Northern Rocky Mountain 
Province (Idaho and Washington). Three orienta
tion surveys are under way in th'. southern part of 
the Basin and Range Province (Arizona). 

We have begun reconnaissance sampling in the 
high uranium favorability areas and will continue to 
sample until early 1981, ending with the least 
promising areas. By FY 1978, about 32 000 sites will 
be sampled each year. Subcontractors will collect 
samples at 120000 sites over an area of 1 840 000 
km 2 (700,000 mi2); this represents a density of about 
one site per 15 km 2 (5.8 mi2). Clearly, such a widely 
spaced sampling program cannot locate individual 
ore deposits, but the results should allow us to iden
tify potential uranium districts and large anomalous 
areas. 

SAMPLE PREPARATION 

As part of our orientation surveys, we have 
prepared and analyzed several thousand field sam

ples. However, when the sampling program is fully 
under way, about 90% of the field samples will be 
prepared by a commercial laboratory and then 
returned to us for analysis. We will prepare only 
those samples requiring special processing. 

The procedures for sample preparation have been 
standardized. Sediment samples are dried, sieved, 
split into portions of about 3 g, and weighed. Two 
500-millilitre water samples are prepared from each 
location. One is evaporated to dryness for uranium 
analysis by delayed-neutron counting; the second is 
analyzed for sulfate und chloride by standard spec-
trophotometric techniques and for other elements 
by optical emission spectrometry. 

The facilities for the Laboratory's NURE 
program are located at the Livermore Pool-Type 
Reactor. They include sample-receiving and storage 
_reas, a sediment-processing laboratory, a clean 
room for water-sample handling, a pneumatic 
transport system for delayed-neutron counting and 
neutron-activation analysis, a data processing cen
ter, and an archival sample storage area. 

SAMPLE ANALYSIS 

Delayed-neutron counting and neutron-
activation analysis are our principal analytical 
methods. Del.-vcd-neutron counting detects 
products of uranium fission in sediment and water 
samples; neutron-activation analysis assays trace 
elements in sediment samples by detecting and 
analyzing gamma rays from radioactive decay of 
isotopes produced during neutron irradiation. 

One of our significant achievements in the past 
year has been the design, fabrication, and installa
tion of a completely automated analytical system. 
Its major components (some of which are shown in 
Fig. 3) are a station for sample identification, an in-
core reactor irradiation facility, a delayed-neutron 
counter, four delay stations, four lithium-drifted 
germanium gamma-ray di otors, and a dropout 
station for analyzed samp >. 

Vials containing processed samples are placed 
in polyethylene capsules (called rabbits), which 
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Fig . 3 . Major components of our automated analysis system. Rabbits are identified at the send station (top left) before being 
sent through the pneumatic transport system to the reactor and on the delayed-neutron counter (center), shown here before un
derground mstallation. Rabbits containing sediments are then sent to a delay station (tcp right, shown with front lead blocks 
removed) to cool for up to 12 minutes before being moved through the transport system to one of four gamma-ray spectrometers 
{bottom right). The rabbit is then dumped Into a bin at the dropout station (bottom left). Lead shields separate the bins so that af
ter seven days an operator can remove the coolest samples, which have traveled on tracks to the end of the station, without being 
exposed to the hotter samples. 



transport the samples through a microprocessor-
controlled pneumatic transfer system. A code on 
each capsule is machine-read by a laser beam; the 
microprocessor identifies each rabbit and first sends 
it to the reactor for a 30-s irradiation and then to the 
delayed-neutron counter to determine uranium con
centrations. Water samples are next sent to the 
dropout station and archival storage; sediment sam
ples are sent to a delay station and subsequently to 
one of four lithium-drifted germanium detectors to 
obtain a 4096-channel gamma-ray spectrum of the 
activated elements. Four microprocessor:, collect 
the spectra from the gamma-ray spectrometers. 

After moving through the gamma-ray detector, 
the rabbit is relumed to the reactor to be irradiated 
for 2-1/2 minutes, and then ejected from the 
pneumatic transport system into a bin at the lead-
shielded dropout station. Seven days later, the sedi
ment sampl-.s are reinserted into the gamma-ray 
detectors for analysis of the long-lived activated <.!--
ments. 

This analytical system not only measures 
uranium in water and sediments but identifies over 
35 trace and major elements in sediments by 
gamma-ray spectrometry. The system can process 
26 000 samples per year per shift, or one sample 
every 3 minutes. When reconnaissance surveys are 
fully under way, we will use extra shifts to increase 
the processing r-te. Additional detector stations wi'l 
also be ins*.?,led to maintain analytical precisior >u 
the higher processing rate. 

Data processing for the delays^ neutron counter 
is fairly straightforward; however, the 4096-channel 
gamma-ray spectra typically show peaks 
representing many radionuclides. These reqv' i 
complex computer programs to convert spectral in
formation tc trace-element concentrations. 

We use a direct-reading, plasma-source, optical-
emissnn spectrometer to measure trace-element 
concentrations in water samples. This instrument 
also has a dc-arc source that we will use to assay 
sediment samples for all onentaiion studies and for 

quality assurance. The emission spectrometer has 
direct-reading channels that can measure IS ele
ments in water samples and 21 in sediments. We 
have developed computer hardware and software to 
process data from up to 400 samples a day. Finally, 
a computer-controlled analyzer will measure 
chloride and sulfate in water samples with standard 
calorimetric tests. 

DATA-BASE MANAGEMENT 

We have divided the data management for our 
program into three interrelated data-base sub
systems. The Irst of these gathers data on sample 
acquisition and field measurements. We use it to en
sure unique site identification, to validate and store 
field .neasurements, to store and protect informa
tion a jout site locations, and to record the kinds of 
samples taken at each site. 

A second subsystem—which catalogues data 
from sample analyses—records major and trace-
element concentrations including data on uranium 
and water chemistry. This subsystem collects and 
collates data from neutron-activation analysis 
delayed-neutron counting, optical emission spec
trometry, and sulfate and chloride measurements. 
Because information linking uranium concentra
tions with geographical locations is especially sen
sitive, controlled access to portions of the data is re
quired to prevent premature release of information. 

Our third subsystem, the archival data base, con
tains final data from the first two data bases and can 
be used with routines for statistical analysis and 
graphic display. The archival data base is used to 
generate magnetic tapes and tabular reports. 

As we complete portions of our survey, results 
will be published in various reports, listing chemical 
compositions and elemental concentrations for each 
sample type and location, correlations of raw data 
and geology, discussions of background and 
anomalous uranium values, and explorations of 



geochemical relationships. These reports will be 
available to the private sector through ERDA's 
open filing sy.'im at Grand Junction. Colorado. 

Key Worris: data banks: national uranium—exploration: national 
uranium resource* evaluation: neutron activation analysis: W RE: 
sediments: uranium—exploration. 
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PAST TITLES 

Articles in the Energy and Technology Review have been organized into subject areas approximately 
corresponding to the Assistant Administrators' areas of responsibility in the Energy Research and Develop
ment Administration. These subject areas are listed below with references to some recent articles in each 
category. (A semiannual index appears in the June and December issues.) 

CONSERVATION 

Modeling Combustion Processes (April 1977) 
Transportation's Role in the Energy Problem (March 1977) 
The Methanol Engine: A Transportation Strategy for the Post-Petroleum Era (December 1976) 

ENVIRONMENT AND SAFETY 

Phantom Construction: Building a Torso Manikin for Whole-Body Counting (December 1976) 
Getting the Facts About Ozone (November 1976) 
Characterizing Stack Emissions from Coal-Fired Power Plants (October 1976) 

" S , FOSSIL ENERGY 
Progress in Oil-Shale Research (February 1977) 
Hoe Creek No. 1: An in Situ Coal Gasification Experiment (January 1977) 
Underground Coal Gasification in the U.S.S.R. (September 1976) 

LABORATORY TRENDS 

The Laboratory: Retrospect and Prospect (February 1977) 
Achievements and Developments at LLL (February 1977) 

NATIONAL SECURITY 

Imaging Implosion Dynamics: The X-Ray Pin hole/Streak Camera (December 1976) 
Soviet Experience with Peaceful Uses of Nuclear Explosions (September 1976) 
Electric Gun: A Versatile Tool for Studying Explosive Initiation (August 1976) 
The Slapper: A New Kind of Detonator (July 1976) 

NUCLEAR ENERGY 

Safety and Safeguards: Defining the Issues (October 1976) 
Automated Uranium Assays (July 1976) 

PHYSICAL SCIENCES AND ENGINEERING 

The Magnetic-Quadrupole Spectrometer: Studying Neutron Reactions (April 1977) 
Mapping Underground Structure with Radio Waves (January 1977) 
DISPLAY: An Interactive Picture Editor (January 1977) 

SOLAR, GEOTHERMAL, AND ADVANCED ENERGY SYSTEMS 
Direct Energy Conversion for Fusion Reactors (March 1977) 
National MFE Computer Center: 1976 Update (December 1976) 
LLL Magnetic Fusion Energy Program: An Overview (June 1976) 
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