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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
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United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
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WORKSHOPS 

A Fracture Hydrology Modeling Workshop was held 
February 19-20, 1980, at LBL. The major topics were 
the strength and weakness of existing thermal hydro
logical models for fractured rock masses. Over 65 par
ticipants from industry, academia, government, and 
national laboratories attended. 

A Geothermal Computer Code Workshop will be held 
June 17-19,1980,atthe LBLAuditorium in Building 
50. The meeting will concentrate on the current and 
future uses of reservoir engineering geothermal codes 
developed at LB L. The first day session will cover the 
basic theory of various LBL codes. The second day 
will be devoted to work on specific problems, and the 
third day will consist of practical work using LBL 
computer codes with terminals in LBL's Building 50 
"Graphics Room." 

Ocean Thermal Energy Conversion 

P. Wilde 

Ocean Thermal Energy Conversion uses the temperature 
difference between warm surface and cold deep water to pro
duce electric power with a gas or steam turbine. An OTEC 
plant can be operated in either a "closed" or "open" cycle. In 
the closed-cycle configuration, warm surface water heats an 
evaporator containing an appropriate working fluid, and the 
vaporized working fluid drives a gas turbine. After passing 
through the turbine, the vapor is condensed by cold deep 
water and then returned t6 the evaporator for reuse. In the 
open-cycle configuration, sea water is used as the working 
fluid, warm surface water is brought to a boil in a partially 
evacuated evaporator, and the steam produced is used to drive 
the turbine. Once again, cold deep water is drawn up to con
dense the steam after passage through the turbine. 

(col1til1ued 011 page 2) 

Geophysical Experiments at 
the Stripa Site 

P. H. Nelson 

The Swedish-American Cooperative Program on Radio
active Waste Storage in Mined Caverns in Crystalline Rock at 
Stripa, Sweden, is now approaching the end of its first experi
mental phase. Begun in July 1977, the project will take at least 
until July 1981 before analysis and reporting are complete on 
the first experiments undertaken: measuring the response of 
granite to thermal heat produced by radioactive waste and 
assessing the permeability in a medium where fluids move 
along fracture surfaces rather than through interconnected 
pore spaces. These objectives were initially prescribed by the 
project's principal investigators, P. A. Witherspoon, N. G. W. 
Cook, and J. E. Gale. 

Two characteristics of the Strip a project set it apart from 
scientific investigations of lesser scale. 

First, it is an in-situ field experiment. Only by working in 
real field situations can the required research for waste storage 
be realistically performed because of the sampling and scaling 
problems inherent in engineering designs in geological media. 
For example, fracture patterns cannot be adequately repli
cated in the laboratory; hence field studies are mandatory if 

(continued 011 page 4) 
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OTEC (continued) 

At present there are three basic options that use OTEC 
systems: 

Moored/electric. The OTEC plant is attached to the sea 
floor with a combined mooring/electrical transmission cable, 
and the OTEC-generated electricity is connected to the power 
grid system via a submarine transmission line. 

Grazing/manufacturing. The OTEC plant is located on a 
floating maneuverable platform or ship and is used to generate 
power. The power, in turn, is used to manufacture a product 
such as hydrogen or ammonia from sea water, or alumina or 
aluminum from raw material brought to the ship. For the 
grazing/manufacturing option, the commercial product is not 
electricity but goods exported via surface ships to markets. 
The plant, using its own motive power, grazes the thermal 
resource without regard to bathymetry except that the water 
depth must be greater than the depth of the cold water pipe. 
This opens up a much larger area that can be used for OTEC. 
It also increases the area of potential concerns. With only a 
minimum depth limitation, the grazing plant could operate 
either in the economic zone of nearby nations or strictly in 
international waters. The environmental impacts of an opera
ting OTEC grazing plant could be transferred by ocean cur
rents into neighboring economic zones even though the plant 
itself was in international waters, thus potentially causing 
complex jurisdictional problems. 

Seaside/electric or manufacturing. This type of OTEC 
plant is land-based, with the sea water brought to the genera
ting plant either by pipelines along the sea floor, through tun
nels, or as "waste" heat from a seaside power plant. Such a 
plant could generate power for the electrical grid or for manu
facturing purposes as in the grazing option. This type of plant 
has the basic attributes of conventional seaside power plants 
so it would have the same environmental concerns. 

Preliminary surveys and laboratory studies to provide 
baseline data are being conducted (Fig. 1) in the waters of 
Puerto Rico, the Gulf of Mexico, and Hawaii for moored or 
seacoast OTEC plants, and in the equatorial South Atlantic 
for plant-ship operations. These data plus existing archival 
information can be used to model effects of OTEC operations. 
Many deleterious environmental effects of operating problems 
such as biostimulation and outgassing can be alleviated by 
using mitigating strategies. Various assessment research studies 
on toxicity and biocide releases are under way to investigate 
areas where no clear mitigating strategy is available. Data from 
these programs are being integrated into a series of environ
mental compliance documents including a programmatic envi
ronmental impact assessment. 

There are four major classes of environmental concerns 
associated with OTEC deployment and operation: redistribu
tion of oceanic properties (ocean water mixing, impingement/ 
entrainment, climaticlthermal effects); chemical pollution 
(biocides, working fluid leaks, corrosion); structural effects 
(artificial reef, bottom assessment); and socio-economic and 
legal issues (worker safety, environmental-maritime law, 
secondary economic impacts). 

The potential changes in the properties of sea water due 
to OTEC pumping operations are a major concern because 
large amounts of cold deep water and warm shallow water will 
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Figure 1. Locations of preliminary OTEC surveys and labora

tory studies in the Gulf of Mexico, South Atlantic, Puerto 
Rico, and Hawaii. 

be pumped to the heat exchangers, likely at some third depth. 
Parameters such as temperature, salinity, density, dissolved 
oxygen, nutrients, carbonates, and particulates will be modi
fied by mixing with ambient ocean water in the vicinity of the 
eventual discharge. Discharges in the photic zone may cause 
biostimulation due to the increased nutrient contributions 
from the deep waters. This could cause changes in either the 
size, relative abundance, or species composition of the resident 
marine population, resulting in secondary effects on the food 
web. Displacement of sea water might have toxic effects on 
ambient species by introducing trace chemical substances from 
other depths. Certain species, particularly those with low mo
bility, will be harmed by impingement/entrainment in the 
pumping system, either by contact with the screens and walls 
of the pipe-heater exchanger system, or by the pressure and 
temperature changes encountered in transit of the system from 
intake to discharge. Surface discharges may produce climatic 
effects by altering the ratio of air surface to water tempera
ture. Such an alteration at sufficient scale, such as in an OTEC 
park, could affect the microclimate by modifying locally 
generated winds and currents. Long-term operation of a large 
number of OTEC plants could either reduce available heat due 
to thermal extraction, or increase the release of carbon dioxide 
and other gases dissolved in cold deep waters. This is particu
larly true for open-cycle systems where gases even normally 
dissolved in the surface ocean must be separated from vapor
ized sea water so that gas bubbles do not impede plant effi
ciency. Such gases will be vented into the atmosphere. Sub
surface discharges below the mixed layer in the pycnocline 
could mitigate all or most of the potential problems asso
ciated with surface discharges. 

Chemical pollution could result from various OTEC plant 
operations and maintenance procedures. Of major concern is 



OTEC (continued) 

the proposed use of biocides to keep the system components 
clean of biological growth. The level of concentration of bio
cides needed to impede growth in the system will unques
tionably affect organisms in the vicinity of the discharge. 
Furthermore, if chlorine is used as a biocide and ammonia as 
a working fluid, accidental combinations of these chemicals 
can produce compounds even more toxic to ambient organ
isms than the separate chemicals. Leaks of the working fluid 
of a closed-cycle system will pollute ambient ocean water. 

The effect and chemical fate of working fluid leaks into 
sea water are not well understood. For example, in proper 
amounts ammonia is a nutrient and could stimulate marine 
growth, thereby complicating the biofouling problem; ex
cessive doses associated with a major leak, however, are toxic 
to both marine and human life. Chemical pollution will also 
be produced by the corrosive effect of sea water passing 
through the heat-exchanger system. Corrosion would produce 
metallic ions and scale particles, which could have direct toxic 
effects or long-term effects by incorporating corrosion pro
ducts into the particulate food supply of marine organisms 
through the process of bioaccumulation. There are alternative 
ways (mechanical systems) to clean heat-exchanger systems, 
but these may not clean surfaces to the extent necessary for 
efficient operation. 

The physical presence of a structure the size of an OTEC 
system has an impact on the ocean. The structure, of whatever 
configuration, will become an attractive habitat for a wide 
range of organisms, based on experience from artificial reefs. 
The long-term effects of the structure on the environment will 
depend on the types, size, and abundance of the organisms 
attracted to the structure and this will modify the local popu
lation. Regional effects on population might be either inter
ference with or modification of nesting habits or migration 
pathways. In addition, both seacoast and moored plants have a 
physical connection to the sea floor through either pipelines 
or moorings and cableways. The environmental impacts on 
the benthos are likely to be minor due to the small extent of 
the actual contact area, especially in the deep ocean. They 

Figure 2. Instrumentation buoy in Gulf of Mexico. 
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may be significant locally, particularly where pipe and cable
ways cross into the more highly productive shallow water 
areas. Such bottom assessment studies include both marine 
geologic and marine benthic community investigations. 

These first three major classes of concerns deal chiefly 
with impacts on marine life. There are, however, human conse
quences of OTl.:c operations: the socio-economic and legal 
issues. Worker safety is regulated by the Occupational Health 
and Safety Administration (OSHA) and by the Coast Guard, 
for marine occupations. Potential work hazards are the chem
icals used or produced by the OTEC system (ammonia, chlo
rine), foul weather during marine operations, collision, and 
systems accidents. Because of the novelty of OTEC operations, 
standard safety procedures will need to be augmented by pro
cedures unique to OTEC. 

The location of OTEC facilities, either in international 
waters or where they will affect international waters, will 
raise issues of international rights and responsibilities beyond 
those treated by conventional maritime law and treaties. At 
present the law of the sea is in a state of flux so that the reso
lution of potential international issues may be complicated 
and time-consuming. Possible multilateral agreements or trea
ties among concerned parties, as is done for fishing rights, may 
be the interim solution to potential legal problems that may 
impede OTEC operations. 

Finally, the construction and operation of an OTEC facil
ity may affect existing social and institutional structures. New 
jobs will be created and shore-based "boomtown" growth may 
occur with its associated impacts on housing, education, sani
tation, and other services. The electrical energy produced by 
OTEC plants may be transmitted to consumers either by ac or 
de transmission lines. Any de transmission will require two 
converter facilities, one at sea and one on shore, causing land 
use problems. If OTEC systems are used to produce energy
intensive products, they will produce air/water emissions 
typical of those produced in similar land-based industries. 

Various OTEC environmental assessment and monitoring 
studies are now under way. Monitoring strategies are being 
designed for shipboard operations, manned platforms, and in
strumented buoys. An additional goal is to develop a packaged 
monitoring program that can be mobilized rapidly to help 
select sites for larger OTEC platforms. These data collection 
and monitoring strategies will be covered in a future News
letter article. 



STRIPA (continued) 

meaningful hydrologic studies are to be carried out. We also 
need to know how well material properties such as thermal 
expansion and the elastic moduli, measured on small samples 
in the laboratory, can be applied to predicting the mechanical 
response of rock. How much sampling is required? How will 
fractures and other inhomogeneities influence the estimates 
derived in the laboratory? Such questions can only be an
swered with in-situ tests. 

Secondly, the Stripa experiments are interdisciplinary, 
with working visits by hydrologists, geologists, geophysicists, 
and geochemists; electrical, mechanical, and mining engineers; 
compu ter specialists, and numerous technicians, each engaged 
in their specialty for a particular experiment. 

At Stripa the specialities overlap because of the inter
related nature of the experiments. For example, the fractures 
mapped by the geologist are of interest to both the mining 
engineer and the hydrologist; a borehole drilled for a hydro
logical measurement may be later used for a cross-hole geo
physical experiment with both data sets of mutual interest to 
the experimenters. The disciplines also overlap because of sim
ple physical proximity: if care were not exercised the conse
quences could easily be adverse. For example, tracer tests can
not be run before samples are taken for geochemical analysis 
of connate waters, nor can a hydrology experiment be run 
properly in an area where the rock has been heated to high 
temperatures in a previous heater experiment. Hence the 
Stripa experimental site forms a small-scale proving ground for 
the tests that will be required in a full-scale, hard-rock waste 
repository. 
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Figure 1. Heater H9 is centered in a large borehole 4.2 m be
low the floor of the underground drift. Only four of the nu· 
merous instrumentation boreholes surrounding the heater are 
shown here. I n this configuration sonic transducers in each of 
the four holes track the sonic wave propagational speed along 
ray paths in the central plane of the heater. The drift itself is 
340 m subsurface in the Stripa mine in central Sweden. 
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The analysis and reporting of the Stripa data is an ongoing 
effort of the Earth Science Division, LBL; the University of 
California, Berkeley; the University of Waterloo, Canada; and 
Terra Tek, Inc., of Salt Lake City. More than 20 technical 
reports have already been printed including several from Swe
dish investigators. This number will more than double by the 
time the program is completed. Moreover, the Swedish govern
ment, with the assistance of other countries, has decided to 
keep the site available and active for further experiments, and 
to investigate such problems as sealing boreholes and back
filling tunnels in a repository. The Stripa site, therefore, will 
remain the focus of experimental activity on an international 
basis for some years to come. 

A complete description of the wide range of activities at 
Strip a is impossible in so brief a space, so the focus here will 
be upon a specific set of geophysical experiments aimed at 
investigating fractures by applying sonic and ultrasonic prob
ing methods. Fracture discontinuities perturb the mechanical 
properties such as modulus and thermal expansion measured 
in the laboratory, and provide the principal pathways for the 
flow of groundwater. Determining fracture locations and their 
characteristics, therefore, is of great importance in site investi
gation. Experiments are now being carried out on high-fre
quency sonic methods (which seem to be the most effective 
line of pursuit) by Bjorn Paulsson, Richard Rachiele, and 
Steve Palmer, all of whom are engaged in graduate research 
programs in engineering geoscience at U.c. Berkeley. 

Paulsson's experimental configuration is shown in Fig
ure 1. Sonic probes are deployed in four boreholes surround
ing one of the electrical heaters, which simulates a canister of 
radioactive waste. The probes are oriented to record the ultra
sonic signal propagated along each of the four ray paths shown 
in the figure. The entire signal burst is recorded on an analog 
tape recorder for laboratory study of the attenuation and spec
tral effects caused by geological discontinuities and by ther
mally induced stress changes. The arrival times of the first 
compressional wave are also measured in the field. These mea
surements have been carried out throughout the course of the 
H9 heater experiment, as displayed in Figure 2 for the four 
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Figure 2. The H9 heater operated at 3600 W for almost 400 
days during 1978 and 1979. During this time the transducer 
array of Figure 1 was used to acquire the velocity changes 
shown here. The reference line was far enough from the heater 
that it was unaffected by the heater operation. (Data by 
B. Paulsson) 



STRIP A (continued) 

travel paths. Note in Figu}e 2, that the compressional velocity 
increases along all four travel paths during the 50 to 100 days 
following turn-on of the heater, remains at a fairly constant 
value for nearly 400 days of operation until the heater is 
turned off, and then quickly drops. As a check on system con· 
sistency, velocity measurements were made along a reference 
line between two nearby boreholes where the rock is unaf
fected by temperature or stress increases from the heater. 

Although simple in form, Paulsson's results are an inte
grated representation of the changes in acoustic velocity along 
the travel paths, each segment of which responds to different 
thermal and stress loads. How the rock responds depends upon 
its composition including any anisotropic effects, and upon 
the behavior of the discontinuities, which may be undergoing 
closure during the heating. Unraveling such dependencies and 
tying them to changes of rock modulus will represent an im
portant contribution to understanding the thermal effects in
duced in the rock mass surrounding the heaters. 

Measuring sonic v<:locity across the heated area is one 
approach to monitoring the rock behavior during repository 
operation. Another is recording the acoustic emission energy 
released when small displacements occur during the thermal 
expansion and contraction of the rock. 

Rachiele acquired the emission data shown in Figure 3 
using one of the same transducers used by Paulsson, inserted 
about 2 m down a borehole 3 m radial distance from the H10 
heater. Emissions were recorded during the steady state period 
for rwo weeks before the heater turn-off and for more than a 
month thereafter. As measured by the mechanical gauges in 
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Figure 3. Acoustic emissions from the 5·kW heater H 10. 
recorded from an ultrasonic transducer in a borehole 3 m dis· 
tanto The stress and displacement data are taken from gauges 
in nearby boreholes. The emission data are given as the num· 
ber of minutes during which more than 10 bursts exceeded a 
preset threshold. Counting was done only during the off·shift 
hours. (Data by R. Rachiele) 
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Figure 4, A multi-trace ultrasonic reflection record obtained 
along a profile on a laboratory test block, using a fixed shear
wave source and a movable receiver. Event A is a direct P
wave, event B a direct SH wave, and event C is a SH wave reo 
fleeted from an open crack located about 0.5 m below the 
transducers. (Data by S. Palmer) 

nearby boreholes, the thermal stress declines and the rock con
tracts during this initial cool~own phase. The acoustic emis
sion level increased with the heater turn-off and remained high 
for about three weeks before starting to decline. This behavior 
indicates that rock displacement can be monitored by a system 
of such sensors dispersed throughout the rock mass to locate 
and to gather information on the nature of the source mech
anism. Such an experiment has already been devised and im
plemented by E. Majer and T. V. McEvilly for another in-situ 
test now under way in granite at the Nevada Test Site. 

Monitoring rock behavior is obviously a requisite activity 
during repository operation; however it is equally important to 
locate major fractures before the repository design is com
plete. The exploration phase requires developing high-resolu
tion techniques to locate fractures of a scale which could signi
ficantly influence the hydrological or mechanical rock proper
ties. Steve Palmer, with the consultation of visiting lecturer 
Ken Waters, is developing shear-wave reflection techniques at 
ultrasonic frequencies. Shear-wave propagation is desirable 
because it is more affected by the presence of water-filled 
discontinuities than is compressional-wave propagation. Fol
lowing the successful development of suitable piezoelectric 
transducers, initial experiments were performed in situations 
of simple geometry on large blocks of rock in the laboratory. 
The experimental results from a large sample with a tension
induced fracture subparallel to (and 0.5 m below) the working 
surface are shown in Figure 4. The shear-wave source was at
tached to the working surface and a receiver moved along a 



STRIPA (continued) 

traverse on the same surface. The first arrival, designated A, is 
the compressional wave, which travels directly from source to 
receiver. The event designated B is a shear-wave arrival that has 
followed a similar direct path from source to receiver. The 
shear-wave reflection from the tensile fracture is shown as 
event C of Figure 4. 

In the summer of 1979, a modified version of the labora
tory reflection system was tested at a quarry near Raymond, 
California. Seismic records obtained during this test are very 
similar to the records obtained in the laboratory (see Fig. 5). 
Event B of Figure 5 is again a shear-wave traveling directly 
from source to receiver. It is likely that event C is a shear-wave 
reflected from a jointing fracture approximately 1.4 m below 
the observation surface. Signal processing techniques, such as 
array synthesis and source deconvolution, are presently being 
applied to the data set collected at the quarry. The ultrasonic 
shear-wave reflection method could supply additional informa
tion in the spatial correlation of borehole fracture data, and 
could also be used as a reconnaissance tool where no borehole 
data are available. 

Another approach suitable for detecting fractures in single 
boreholes is the sonic waveform log, a method long applied in 
petroleum field exploration. Figure 6 shows such a log ac
quired with a slimhole scmic probe in one of the hydrological 
exploration boreholes at Stripa. The probe sends out sonic 
pulses through the fluid filling the borehole. The portion of 
the pulse that is refracted along the borewall is detected by the 
receiver, thereby detecting any velocity changes caused by the 
rock along the borewall. Distortions in the sonic waveform are 
attributed to fractures intersected by the hole; shown in the 
adjacent column are fractures observed in the core recovered 
from the hole and in television views of the wall of the hole. 
The dark band of the waveform record represents the first 
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Figure 5. A multi-trace ultrasonic reflection record from a 
granite quarry near Raymond, California. The first trace is 
averaged from receivers centered 57 cm from the source; the 
bottom trace from receivers 102 cm distant. (Data by S. 
Palmer) 
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Figure 6_ Sonic waveform log acquired at 300 to 383 m depth 
in a slant hole drilled from surface at Stripa. The black bands 
are the positive half-cycles of the sonic wavetrain, with the 
first band on the left representing the first P-wave arrival. The 
horizontal ticks in the other columns represent fracture inter
cepts. 

compressional arrival; later bands are a mix of various propaga
tiona! modes along the wall of the hole. Although the existing 
records are useful, confidence in the interpretation of such 
records can only come with increased understanding of their 
performance and the influence of open and sealed fracture 
planes upon the various propagational modes. Such studies re
quire the accurate acquisition of the full waveform and the 
availability of laboratory and field test sites to provide both 
simplified and realistic test situations. 

Test sites such as Strip a are extremely valuable both for 
executing experiments with very specific goals and for devel
oping and testing measurement techniques. The combined set 
of mechanical, hydrologic, and geologic data provides an unu
sually comprehensive data base in which new experiments can 
be initiated and cross-checked more readily than would be 
possible in a virgin site. Besides producing useful results in 
themselves, each experiment also becomes an investment in a 
specific underground research facility. The interdependent 
earth-science problems of radioactive waste disposal require 
such an integrated approach~ 



Effect of Paleoclimatic Fluctuations on the Transport of Radionuclides 
from Potential Waste Disposal Sites in the Great Basin of the 

Western United States 

Larry Benson 

Current concepts regarding underground emplacement of 
radioactive waste assume canister failure within several hun
dred years. Once exposed to the hydrologic environment, 
radionuclides will be leached from the wasteform and trans
ported from the disposal site at a rate equal to the fluid flow 
rate weighted by the residence time of the radio nuclides in 
the fluid phase. 

Several sites in the Great Basin have been suggested as suit
able for burying radioactive wastes; however, it is common 
knowledge that the Great Basin has been the site of large lake 
systems during the past several thousand years. Mifflin and 
Wheat (1977) have suggested that during the Wisconsin period 
at least 53 lakes existed in the 81 basins in Nevada. The former 
existence of such lakes demonstrates past changes in both local 
and regional flow systems which, if they were to occur in the 
future, would necessarily affect the leaching and transport of 
buried radioactive wastes. 

Figure 1 shows the areal extent of Pleistocene Lake Lahon
tan (- 22,000 km2

) at its highest known level (- 1330 m). 
This contrasts sharply with the total cumulative surface area 
of lakes in 1845 (- 1500 km2

). Radiocarbon dating of algal 
tufa, gastropods, and calcite-cemented sand (beachrock) in 
the Walker and Pyramid Lake Basins (see Figs. 1 and 2) were 
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Figure 1. Map showing areal extent of Lake Lahontan at its 
highest known level (- 1330 m). Areal extent of glaciers in 

Sierra Nevada was taken from Wahrhaftig and Birman (1965). 
Solid areas indicate existing lakes . 
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Figure 2. Sample location map. Solid dots represent tufa, gastropod, and beachrock collecting sites. Open circles 

are gravity core sites. 
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Figure 3. Elevation of pluvial Lake Lahontan constructed 
from Pyramid and Walker Basin data. Size of sample is equiva

lent to counting error. Lines labeled (1), (2), (3), and (4) 

represent possible trajectories for fluctuations in lake level. 
Note that the bottom of Pyramid and Walker Basins lie at dif

ferent elevations. The dashed line at 1310 m indicates the level 
of the highest sill in the Lahontan Basin system. When the 
water elevation reaches this level the nine individual lakes in

cluding Walker and Pyramid are connected. 

combined with previously dated noncarbonate materials 
(Born, 1972) to piece together an internally consistent eleva
tional history of Lake Lahontan (Fig. 3) for the past 30,000 
years (Benson, 1978). 

The main features of the Lahontan chronology are (1) ex
treme high stands (1330 m above sea level) during the intervals 
13,500 to 11,000 and 25,000 to 22,000 B.P.;(2) a moderately 
high stand (1260 m above sea level) 20,000 to 15,000 B.P.; 
(3) a low stand of unknown elevation 30,000 to 25,000 B.P.; 
(4) an extremely low stand 9000 to 5000 B.P.; and (5) an 
overall increase in the size of Walker and Pyramid Lakes during 
the past 5000 years, until the late nineteenth century. Pore 
fluid data (Figs. 2 and 4) indicate that Walker Lake desiccated 
some time between 9050 and 6400 B.P. Salts deposited as a 
result of this desiccation are still undergoing dissolution, 
causing a flux of chloride, carbon, and other solute species 
from the sediments to the overlying lake water. Pore fluid data 
obtained from Pyramid Lake sediments (Figs. 2 and 5) do not 
indicate the presence of a concentrated brine at depth. This 
suggests that Pyramid Lake did not desiccate during the period 

9050 to 6400 B.P; although it may have been severely reduced 
In size. 
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Figure 4. Chloride-depth profiles for interstitial fluids from 
Walker Lake cores. Note that concentration of CI" in deep 
water cores C, D, and F, increases with depth. This indicates 
presence of one or more chloride salts, precipitated during a 
previous period of desiccation, which are now undergoing dis
solution and transport to overlying lake water. 

The data of Figure 3 indicate that relatively large changes in 
the level of Lake Lahontan occurred during the intervals 
15,000 to 13,000 B.P. (100 m rise) and 11,000 to 10,000 B.P. 
(150 m fall). Assuming that precipitation during the late Wis
consin ranged from 1.2 to 2.5 times its present-day value 
(Curry, 1969), and that there existed a 1:1 relationship be
tween increased precipitation and discharge to the Lahontan 
Basin, the evaporation rate would have had to decrease to 10 
to 20% of the present-day value to allow the lake to rise to 
1330 m. An energy balance algorithm that allows evaporation 
rate to be varied as a function of air temperature, water tem
perature, precipitable water aloft, and the amount and type of 
sky cover has been formulated and tested. Evaporation rates 
sufficient to sustain Pleistocene Lake Lahontan high stands 
can be simulated with a 10°C reduction in air temperature to
gether with a 10% increase in sky cover composed of 20 to 

30% heap clouds and 70 to 80% cirrus clouds. 
Theoretical calculations of the rate or lake-level change 

have also been compared with the data of Figure 3. By assum
ing that the evaporation rate changed instantaneously at 
15,000 B.P. to values necessary to maintain the 12,000 B.P. 
high stand (line 4, Fig. 3), it can be shown that the calculated 
rate of lake-level rise would have been rapid enough to match 
the observed rate of change. An additional calculation was also 
used to show that if the 11,000 B.P. climate was instanta-



neously changed to the climate of today, the calculated rate 
of decline of Lake Lahontan would have been at least as fast 
as the documented rate of decline (line 2, Fig. 2). 

It would appear that relatively moderate changes in climatic 
parameters such as air temperature and cloud cover are suffi
cient to cause relatively large changes in the hydrologic budget 
of certain closed basin systems in the Great Basin of the west
ern United States. The long-term storage or disposal of radio
active wastes should obviously be confined to basins where 
paleolakes have not formed during the last two million years. 
Additional research that clearly documents the existence of 
such "dry" basins is needed. 
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Figure 5. Chloride-depth profiles for interstitial fluids from 
Pyramid Lake cores. Note that chlorine concentration is a 
decreasing function of depth. This indicates that chloride salts 
do not exist within the deeper sediments and suggests that 
Pyramid Lake did not go dry when Walker Lake desiccated. 
The vertical increase in chloride concentration is attributed to 

downward flux of chloride from more concentrated overlying 
lake waters. 
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SYMPOSIUM 

The Third Invitational Well Testing Symposium will 
be held at LBL, March 26-28, 1980. The major topic 
to be discussed is testing in low permeability forma
tions. Sessions will include keynote address, case his
tories (civil and mining/reservoir engineering), well 
test design, analysis, and instrumentation. The Se· 
cond Invitational Well Testing Symposium, held in 
Berkeley on October 25·26, 1978, centered on the 
theme of the injection of fluids underground. Pro
ceedings, published as LBL·8883, are available upon 
request. 

INTERNATIONAL MEETINGS 

The Second Italian/American meeting on Geothermal 
Resource Assessment and Reservoir Engineering will 
be held October 20-22, 1980, at LBL's Building 50 
Auditorium. The meeting is jointly sponsored by the 
U.S. Department of Energy and the Ente Nazeonale 
ter l'Energie Elettrica of Italy. Simultaneous English/ 
Italian translations will be provided for the over 200 
participants expected. A field trip to The Geysers is 
planned for Thursday, October 23,1980. 

The Third Symposium on the Cerro Prieto Geother· 
mal Field, Baja California, Mexico, will be held in 
San Francisco on March 24·26, 1981, hosted by the 
U. S. Department of Energy and LBL in cooperation 
with the Comision Federal de Electricidad de Mexico. 
The meeting will concentrate on results obtained 
during the first three years of the U.S./Mexican Co
operative Agreement. Simultaneous English/Spanish 
translations will be provided for the 250 participants 
expected. A field trip to The Geysers has been sched· 
uled for Friday, March 27, 1981. Proceedings of the 
Second Symposium, held in Mexicali in October 
1979, will be published by CFE during 1980. 

EAR11I/CIENCEI SECOND CLASS MAl L 

Beverly Strisower and 

Werner J. Schwarz, editors 

Lawrence Berkeley Laboratory 

University of California 

Berkeley, CA 94720 

Phone: (415) 486·6756 

PUB 343 3·80/650 Prepared for U.S. Department of Energy under Contract W· 7405·ENG-48 

12 




