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ABSTRACT

Monitoring of radon and helium concentrations and measure-
ments of geochemical parameters (He3/He4 ratios, N, and Ax

2
concentrations, Ra226.and Pb210 activities, D/H and 013/016

ratios
in water, conductivity) at primary network sites on the

Elsinore, San Jacinto, and San Andreés faults has continued

at monthly intervals during,1977. Dﬁring the past six months

the major effort in this study has been devoted to completing
helium measurements 6n all sampleé collected since the inception
of monitoring in August, 1974, using the portable field mass
spectrometer ("helium sniffer"). With the incorporation of

a laboratory vacuum system for removing all gases but helium

and neon, and the use of calibrated helium standards, the field
mass spectrometer routinely operates with a precision of 1%.
Nitrogen and argon, extracteé with helium from the water samples,
are collected on charcdal for gas chromatographic analysis, and

helium aliquots for measurement of the He3/He4 ratio are also

saved.



This report presénts the first complete set bf graphs of
radbn and helium measurements vs. time for all network samples
during the three year monitoring period 1974-1977, together
with a tabulation of all the data. With the exception of
several geothermal wells in which severe two-phase separation
problems, irregular usage, and sampling difficulties, h;ve resulted
in relatively poor helium records, the data provide reasonably
good, and in many cases excellent, baseline levels for both
helium and radon. Several patterns of variation are observed,
including quite constant concentrations, seasonal or periddic
maxima and minima in both gases, and irregular fluctuations (at
Eden, Soboba, and Warner Hot Springs) which are probably
correlated with variations in usage patterns. In many cases the
helium and radon variations are positively correlated, with
fractional concentration fluctuations which are approximately
of the same magnitude rathe£ than being proportional to two-phase
partition coefficients as had been expected. In other cases
(Eden Hot Springs, Agua Caliente), helium and radon variations
are uncorrelated, perhaps due to different source functions.

Measurements of nitrogen and argon on network samples has
just begun, but significant applications of these measurements
to the understanding of the helium‘and radon variations have
already emerged. It is found that the He-Ar and Nz—Ar data
constitute linear arrays which can be described by a two-component
mixing model. The high-concentration end-member ("input component")

is water approximately saturated with atmospheric N2 and Ar at




v15°C, 1 atmosphere, enriched in helium by underground addition,

and either slightly enriched in Ar by partial loss of gas or

slightly enriched in N2 (or air) by a yet undetermined process.

The low—concéntration component is a surface layer of hot

spring water in solubility equilibrium with the atmosphere at

the spring temperature and thus containing essentially no

helium. Up to 75% of the initial helium in the water feeding

the hot spring has been lost by gas separation and dilution with

the atmospheric component; the latter effect is the major

process which lowers the helium concentration. These results

are obviously highly significant for the interpretation of

possible precursory variations in helium and radon concentrations

and detailed studies on the associated gases are continuing.
Measurements of gas phase radon in the soil at eight

network sites and three test sites in ILa Jolla, carried out

by D. Macdougall, has continued; graphs and tabulated results

of the complete data are presented. At three sites on the Imperial

fault, the sampling éeriod which ended in September of this year,

about one month before two earthquakes of M=4.9 and 4.2, produced

the highest values yet measured at these sites. The counting

rates then dropped abruptly during the last sampling interval

(one-month) which included the actual earthquakes. There is

considerable variability in the soil radon records and they are

strongly affected by condensation of water droplets at some

sites in some seasons, which reduces the effective surface area

exposed to radonv(but does not otherwise affect the detection

characteristics of the cellulose nitrate film). There is no




obvious correlation between soil radon activity and radon
concentration in the liquid phase at sites where both have

been measured.




l. INTRODUCTION

Radon monitoring on the Southern California network continued
during the past six months. During this grant period a major effort
was made to analyze the entire inventory of samples stored for
helium analysis, using the small helium mass spectrometer with
calibrated standards. All the samples have been analyzed, and weA
now report the complete set of both radon and helium data on the
entire network (Appendix 1). Samples collected éach month are
now being analyzed for helium as well as radon on a continuing
basis, with other analyses (dissolved N2 and Ar, stable isotépe

26 0

ratios D/H and 018/016 in water, and Ra2 and Pb2l activities)

made on selected samples at regular intervals.

2. SAMPLING NETWORK

The "Southern Network", from San Bernardino to the Imperial
Valley, is shown in Figure 1. Sites designated as the primary
network, for monthly sampling, are listed in Table 1. A "secondary
network" of sites, sampled at occasional intervals for comparison
studies, is listed in Table 2. Minor changes in the plumbing and
pumping eqguipment at several of these wells continue to cause
difficulties in obtaining a good continuous record, but no major
changes in the network have occurred since the last report.

A new sqmpling site, the E. Robison well, has been located on
the southern portién of the San Jacinto fault at Ocotillo Wells,

an area 'in which there is a conspicuous gap in the sampling network.
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TABLE 1: PRIMARY SAMPLING NETWORK

WARING

SITE CODE LOCATION TYPE T°C NUMBER
Elsinore Fault
ELSI-1W Elsinore Hot Spring Well 40 169
MURI-1W Murrieta Hot Springs Well 54 -170
ATIB-1W Agua Tibia Springs : Well 38 178
WARN-1P Warner Hot Springs Pool 56 179
ACAL-15 Agua Caliente, Borrego Park Spring 38 180
San Jacinto Fault
EDEN-1P Eden Hot Springs, Beaumont Pool 38 172
SOBO-1P Soboba Springs, San Jacinto Pool 36 174
INCA-1P Indian Canyon Springs, San Jacinto Pool 36
San Andreas Fault (San Bernardino Area)
AROW-1P Arrowhead Hot Springs Pool 80 162
'SANA-1P Santa Ana Canyon Pool 41 163
Mission Creek - Banning Faults
DSRT-1W Desert Hot Springs Well 41 174-A
PALM-1P  Palm Springs Pool 40 175
San Andreas Fault (Imperial Valley)

HMIN-1W Hot Mineral Well, Salton Sea Well 75 176-A
BASH-1W Bashford's Baths, Salton Sea Well 63
FRNK-1P Frink'Spring, Salton Sea Spring 31
CO2W-1W CO, Wells, Salton Sea ‘ Well 40

2
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TABLE 2: SECONDARY SAMPLING NETWORK

WARING
SITE CODE LOCATION TYPE T°C NUMBER
Elsinore Fault
MURI-1P Murrieta Hot Springs Pool 49 170
WARN-2P Warner Hot Springs Pool 53 ’179
‘WARN-3P Warner Hot Springs Pool 56 179
ACAL-2S Agua Caliente, Borrego Park Spring 37 180
ACAL-1P Agua Caliente, Borrego Park Pool 30 180
ACAL-2P Agua Caliente, Borrego Park Pool 31 180
San Jacinto Fault
EDEN-2P Eden Hot Springs, Beaumont Pool 32 172
San Andreas Fault (San Bernardino Area)
AROW-1W Arrowhead Hot Springs Well 80 162
San Andreas Fault (Imperial Valley)
DOSP-1P Dos Palmos Springs, Salton Sea Spring 28 176
FOYS-1W Fountain of Youth, Salton Sea Well 57
WIST-1P Wister Mud Pots, Salton Sea Pool 16
WIST~6P Wister Mud Pots, Salton Sea Pool 15

NILA-2W Niland Slabs, Imperial Valley Well 42




o

The well is close to the surface expression of the 1968 Borrego
Mtn. earthguake, and samples groundwaﬁgr at depths of 80 to 185 feet.
Some plumbing modifications are required for sampling, which we
hope to begin this year.

Sampling at Hot Mineral Well in the‘Imperial Valley (HMIN-1W)
was discontinued after July, 1977, because of large irregular
two-phase fluctuations caused by a plumbing modification. The
large increases in helium and radon in July (Fig. 11) are due to
unavoidable trapping of gas during water collection. We are
continuing to inspect the well at monthly intervals in order to

resume sampling if possible.

3. DISSOLVED HELIUM AND RADON MEASUREMENTS

The complete set of data on helium and radon in the liquid
phase for each primary network site thréugh September, 1977, is
presented in Figures 2 through 13. As in the data tabulations, the
sites are arranged from west to east by faults and from north to
south along each fault (Figure 1). All radon measurements have been
made on one-liter water samples collected in evacuated bottles,
using alpha scintillation counters to count the radon stripped from
the water samples in the laboratory. |

Samples for helium.anéiyées are collected in two types of
containers, both designed to iﬁsure the integrity of the sample

relative to helium leakage. Most samples are collected in duplicate P

in soft copper tubing in which 20-gram samples of water are sealed

by pinching off the tubing with refrigeration clamps. The water

sample is admitted to a vacuum line by rerounding one of the
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pinch-seals after connecting the tubing to theyline and pumping out
the air. The other type of sampler used is a 50 cc. evacuated

flask made of Corning 1720 glass, a special glass of very low

helium permeability, sealed with a two-way glass stopcock through
which the inlet tubing can be flushed before admitting the sample

to the flask. The evacuated flasks are used when sampling conditions
are such that the hydrostatic or pressure head -of a spring or well
cannot be used to flush water through the copper tubes. Water from
the flasks is admitted”directly to the vécuum line through the

inlet stopcock.

The helium analyses are made on the small portable mass spectro-
meter (the "sniffer") by measuring the peak height of He4 after
removing N2, 02, Ar, and other gases e#cept neon on charcoal at
liguid nitrogen temperature. The He-Ne mixture is pumped to a
titanium getter and the spectrometer inlet by a small diffusion pump
which is then closed off from the inlet prior to expanding theﬁ
gases into the maching_ffbm a fixed volume. The spectrometer inlet
is a Granville—Phillips variable‘leék which is kept at a fixed,
setting; pressure in the spectrometer is adjusted by the pump-out
valve to the oil diffusion pump, which is adjusted to give reasonable
peak intensities for a set of samples and standards. The standards

are a set of three calibrated He-N, mixtures which span the helium

2
concentration range from atmospheric to the highest values encountered
in the networks. The samples are run alternately with appropriate
sized standards, so that each sample is bracketed by two standards

run with the same pump-out valve setting. The helium blank of this

[
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system is less than 0.05 x 10_6 ccSTP of helium, which corresponds to
the helium contéined in one gram of air-saturated water and is
complefely negligible for all samples except “CO2 Wells" in the
Imperial Valley, for which it amounts to about 3% of the sample at
most. The overall precision of measurement with the laboratory
inlet system is about 1 percent on replicates of standards.

In the following graphs of the helium measurements, the copper
tubing samples, which are collected in tandem, are distinguished
as "Al" (symbol = a circle) for the first tubing sample (closest
to the source), and "A2" for the second sample (symbol = a triangle)
in the pair. The samples collected in evacuated glass flasks are
denoted by a hexagon symbol. The distinction between the Al and A2
samples in the copper tubing collections is necessitated by the
difficulties in sampling several of the hot wells by this method,
namely ELSI-~1W, MURI-1W, and ATIB-1W, on the Elsinore fault, |
BASH-1W in the Imperial Valley, and recently, with the installation
of a modified pumping system, HMIN-1W in the same area. In these
wells, the high pressure at @he sampling point has necessitated the
use of copper tubing samplers, even though errors in the helium
sampling are caused by this procedure.

The sampling effect for helium is seen in Figures 2 and 3
for the three Elsinore Fault wells (ELSI, MURI, and ATIB), and in
Figures 11 and 12 for the twd Imperial Valley hot wells (HMIN and
BASH). The Al sample, first in line, is often (though not always)
higher in helium content than the A2 sample collected second in
line. In all these wells, the emerging fluid is in two phases, and

the first copper tube tends to trap gas bubbles which, because of the
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extreme insolubility of helium, gives an erroneously high helium
content; Recent experimentsvon some of these wells, in which we

were able to collect samples in flasks as well as in copper tubes

by modifying the sampling system have shown that the A2 samples

agree much better with the larger flask samples, indicating an
addition of He to the Al sample, rather than loss from the A2

sample. (Some of these results can be seen in last helium collections
at ATIB-1W, shown in Figure 3. Duplicate experiments, not plotted in
the figure, show that the flasks give much more reproducible, and
generally lower, helium concentrations than the tubes, and always
agree better with the second tube when the two tubes give different
results). It appears that accurate sampling of two-phase hot wells
requires collection in evacuated containers in which the correct
proportion of the phases can be obtained, and we are currently in

the process of modifying the sampling systems so that this procedure

can be routinely carried out in a safe way.
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4. HELIUM AND RADON IN WELL SAMPLES

All of the wells in the Southern Network are gedthermal wells,
with temperatures ranging from about 40°C (Agua Tibia and 002 Wells)
) to approximately 70°C at Hot Mineral Well and Bashford in the
Imperial Valley. All of these wells are two-phase systems and almost
all of them are affected by variations invusage and occasional
® changes in pumping 6r plumbing systems, so that the establishment
of a general baseline concentration is particularly difficult
for helium. The best records have been obtained from Desert
Hot Springs (DSRT-1W, Figure 9), and Murrieta Hot Springs (MURI~1W,
Figure 2). The radon record from DSRT is remarkably uniform
and does not correlate with the occasional helium concentration
spikes which are probably two-phase effects. The one low radon value
in December, 1974, is probably a sampling effect due to a collection
method which was discontinued after that time because loss of
gas phase was noticed in that sample. Several earthquakes of
magnitude 3 to 4 have occurred near Desert Hof Springs; these
events are marked in Figure 9 - they show no apparent correlation
with radon or helium variations. The radon record at Murrieta
Hot Springs is also uniform, except for an increased activity in
the period Januarnyune, 1977, which included a small earthquake
of M=3.3 (Figure 2). .Unfortunately this increased activity
L & followed a one-month period between the December and January col=-
lections during which this resort was closed down and the well was
. not used. Well temperatures during February to June were about 4°C

9P lower than normal, indicating that the well was not completely
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flushed to normal conditions until July of this year. The helium
record at Murrieta is reasonably good as a baseline; éhe one high
value late in 1975 is not: understood, but may be correlated with
a change in the pumping system (Figure 2).

The radon record at Agua Tibia shows a strong seasonal varia-
tion with a summer maximum occurring with great regularity (Figure 3).
This well is almost completely unused from October. to April when
the streams are flowing (although it is flushed for our sampling).
The main usage starts in May or June when the streams dry up, and
this clearly results- in the observed maximum due to the increased
flow rate and shorter decay time. The lack of helium correlation
may be due to variations in the gas loss, which occurs upstream
in the flow system at a point where the well cannot. be sampled.

The iadén records at ELSI (Figure 2), and CO2W-1lW and NILA-2W
(Figure 13), are also reasonably good, but the helium records in
these wells are more severely affected by sampling problems.
NILA-2W is a new well, drilled in March of 1976; it has shown a
steady decline in radon activity and irregular helium fluctuations
which appear to be real. CO2W, also in the Imperial Valley, is
an usused well with a broken casing through which both gas and
water emerge. There are observable variations in the gas flow
which are associated with some of the variability in the radon and
helium records; for example, increased gas loss was noted in September
of 1976, and the radon decrease with a corresponding much greater
effect for helium (due to its greater partitioning into the gas

phase) is clearly correlated with this fluctuation.
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The most difficult wells to monitor systematically are the
two high-temperature wells in the Imperial Valley: HMIN-1W
(Figure 11) and BASH-1W (Figure 12). Hot Mineral Well (HMIN-1W)
has been severely affected by pumping system modifications; there
are large cavitation effects resulting in uncontrollable gas slugs
at the sampling orifice. Sampling of this well was discontinued
this year when the helium content suddenly increased by an order
of magnitude and the two samplers began to give different results
(Figure 11). .However, we continue to examine the well monthly and
it is hoped that conditions in the well may stabilize with the

continued usage of the new pumping system.

5. HELIUM AND RADON IN SPRING SAMPLES

Ten springs have been monitored continuously on the Southern
Network; an eleventh - Waterman Hot Springs - was sealed off early
in 1976 after a one-year record had been obtained. All of these
are "hot springs" in the sense of exhibiting temperatures greater
than ambient air temperatures; the temperatures range from 31°C
(at Frink Spring) to 80°C at Arrowhead Hot Springs. In general these
springs give much better records than the hot wells because the
two-phase separation effects - when present - tend to take place
more smoothly and consistently, and the usage effects are less
important.

Spring monitoring sites are distinguished.by an "S" in the

label if the emérging source water is sampled directly (ACAL-1S) ,
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or a "P" (INCA-1P) if sampling is done from a pool fed by an tnder-
ground source. The helium and radon records are plotted on a
logarithmic scale in Figures 2 to 13 so that the fractional
variations are directly comparable. For gas-loss effects, the
fractional helium loss is expected to be an order of magnitude
greater than the radon loss, because of the much greater insolubility
of helium and consequent greater partitioning into the gas phase.

One of the ﬁost significant findings of the present results is

that, in general, the variations in these two gases have approxi-
mately the same percentage fluctuation, indicating a more-complicated
effect. This effect is being studied by means of measuring the
associated nitrogen and argon fluctuations, and the first results

of this work are described in the following section.

Five of these springs show reasonably constant baseline levels
for one or both components. ACAL-1S (Figure 4) shows a remarkably
steady helium concentration over three years; the radon record
is irregular during 1975 (some bubbling was noted in this normally
single-phase spring from August to November of that year), and shows
a steady monotonic decrease of radon activity since November, 1976.
INCA-1P (Figure 6) alsb shows a very steady helium record with
minor radon excursions about a constant baseline. (This is a two-
phase spring in which gas loss occurs; it is also affected by
usage. The single low helium value in late 1975 is associated
with an exceptionally low water level). AROW-1P (Figure 7),
~ another two-phase spring shéws minor fluctuations in which the

radon and helium variations are well-correlated and represent
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approximately the same fractional variations despite the order

of magnitude difference in gas—?hase partitioning (this effect is
discussed in the following section). PALM-1P (Figure 9)'shows a
fairly steady radon activity but an irregular helium record with
"sawtooth" autumn maxima in 1975 and 76, and an increased helium
level thereafter. Several earthquakes of magnitude 3 to 4 have
occurred north of Palm Springs on the Mission Creek fault (these
are shown in Figure 9) and the helium records may be affected by
these events, but the irregular record during the present year
precludes any definite conclusion. Finally FRNK-1P in the Imperial
valley gives an excellent steady baseline for both helium and
radon (Figure 10); the one low radon measurement (February, 1977)
is associated with a sampling effect in which bubbles were lost
in a sampling valve while drawing the radon sample.

Two of these springs show remarkable periodic or seasonal
‘variations; in both cases the radon and helium variations are well-
correlated and show the same fractional excursion. SANA-1P
(Figure 8) shows a remarkable two-year periodicity with correlated
radon and helium maxima in the summers of 1975 and 1977, but broad
minima during 1976. DOSP-1P in the Imperial Valley (Figure 10)
shows a very pronounced summer maximum in both helium and radon
during 1975 and 1976, obviously reléted to‘recharge and flow rates.
This low-temperature and 1ow--He3 spring is no longer béing monitored
continucusly, but occasional spot checks for variations relative to
this pattern will be made.

The remalnlng three springs show irregular variations which

are probably related to irregular usage patterns. Warner Hot
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Springs (WARN-1P, Figure 4) showed a rapid increase in both components
in April, 1976, at a time when the water level dropped to the
lowest level ever observed by us. Since then there has been a
steady decrease in radon to activities less than those observed
prior to this event, associated with a helium decrease to the
previous baseline concentration. EDEN-1P (Figure 5) and SOBO-1P
(Figure 6), on the San Jacinto fault, have shown raden variations
~which, as described in preVious reports, have been associated
with one or both of two earthquakes of magnitude 4.7 and 4.3
about 20 miles south of these springs on the fault in August of
1975 and 1976. At EDEN-1P (Figure 5), a radon peak was associated
only with the 1975 event. The helium record shows no correlation
with either earthquake, but does indicate a decrease in January, 1977,
which may be associated with a nearby earthquake of M=3.0 during
that month. The record in this spring, however, is highly irregular
due to variable usage. The inhabitants moved away in September,
1976, and since then the level has‘fluctuated very irregularly due
to occasional usage by neighbors. We are continuing to monitor
the spring because of the exceptionally high radon activity at this
site, but unless regular usage of the water is resumed the record
will probably not be very reliable.

At nearby SOBO-1P on the San Jacinto (Figure 6), the record
prior to 1977 indicates a seasonal summer maximum in both helium
and radon, similar to the regular oscillation observed at DOSP-1P.
However, the levels did not decrease in late 1976, and the 1977
record has been complicated by.installation of a new sampling system

upstream of the pool, and by a shut-down of the institution during



@ which the pool has been completely drained, in September 1977.
(The upstream sampling point, designated SOBO-1S in Figure 6,
shows significantly higher radon and helium concentrations).

In January of this year, a period of low water usage prior to the

®
September closing began, and the irregular usage may have affected
the record since the summer of 1976. We have gone to considerable

® effort to install an integrating flowmeter at this site, so it is
hoped that regular usage and normal conditions will be re-established
in the near future.

In general, these springs are prc;viding reasonably good

* baseline records for helium and radon. Only two earthquakes of
magnitude greéter than 4 have occurred anywhere near these sites
(the two San Jacinto events 20 miles south of the three sites

¢ on this fault), and no clear associations with any earthquakes have
yet been seen. In the meantime, however, the baseline values have
been established, and considerable progress in understanding the

® nature of the radon and helium variations which have been observed
is being made, as described in the following section.

®

]
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6. HELIUM-ARGON-NITROGEN CORRELATIONS

In order tc study the processes responsible for the observed
helium and radon fluctuations it is necessary to look at variations
in associated "conservative" gases which are generally not strongly

influenced by addition to groundwater from rocks. Ar40 is of

course a radiogenic daughter of K40, so that one may expect a

slight addition of argon associated with helium‘to the initial

argon content of the water, and nitrogen may be produced by

bacterial activity, but these effects should be small because of

the high atmospheric concentrations of these two gases. (Measurements

of the Ar40/Ar36

and NlS/N14 ratios in these gases are planned

in order to elucidate these effects). ‘During the extraction process
for helium on the portable mass spectrometer vacuum line, N2 and

Ar in the water samples are guantitatively trapped on charcoal at
liguid nitrogen temperature. These gases are then transferred to

a glass breakseal tube containing charcoal, and analyzed separately
on a gas chromatographic system constructed for this purpose during

the past year. Although time does not permit N, and Ar analysis

2
of all samples collected, we are currently analyzing from half to
one-third of the samples in the complete collection, concentrating
on those which are associated with major helium variations. At

present we have a detailed N_-Ar record for Arrowhead Hot Springs

2
(AROW-1P) and partially complete data on seven other springs. (The
accumulated data will be included in the "geochemical parameter”
list beginning with the next report). We here discuss primarily

the AROW-1P data which have yielded considerable insight into the

nature of the radon and helium fluctuations, which are well-correlated
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in this -spring (Figure 7).
In Figure 14 the dissolved helium and nitrogen concentrations
at AROW-1P are plotted against the dissolved argon concentration.

The N.-Ar data form a linear array (r=0.95) which lies below the

2
atmospheric N2—Ar solubility curve (dashed line), on the "Ar-rich"

side of the curve. These samples thus appear to represent a
two-component mixture, in which the high-gas concentration, or
"input component" does not, however, lie on the original surface
water solubility curve. This may be due to an approximately 10%
enrichment of Ar40 by radiogenic Ar addition underground, or it
may represent an input component which haé suffered some loss of a
gas phase by bubble separation.. The trajectory for a solution
phase losing gas at 80°C from an initial point on the étmospheriC'
solubility equilibrium curve at 15°C, 0.92 atm (total pressure

at the spring elevation) is shown by the "gas loss" curve in the
upper right part of the diagram; the solution is enriched in

argon by this process because nitrogen, being less soluble, is

36 analysis will ultimately decide

preferentially lost. An Ar40/Ar
between these mechanisms, but since gas loss by bubbles is actually
observed in the spring, we have chosen to represent the "input
component” as water which has been partially stripped of gas by
two-phase separation. |

(Assuming the initial saturation to have occurred at 15°C,
0.92 atm pressure, and sing;e~stage gas stripping at 80°C, the spring
input temperature, the parameter "psi", which is the ratio of gas

flux to liquid flux out of the spring can be calculated; the value

defined by the intersection of the loss curve with the observed
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N2—Ar array is 1.6 ccSTP of total gas/liter of water. A crude
measurement of these fluxes, made by Horowitz, gave 25 ccSTP/minute
of gas flow vs. approximately 19 liters/minute of water flow,

which corresponds to a value of 1.3 ccSTP/liter of water, in good
agreement with the required value. Thus the fixing of the input
component by the gas-loss process 1is entirely consistent with the
data) .

The most significant aspect of the N2—Ar array, however, is

the intersection with the atmospheric solubility curve at the

approximate temperature of the surface water in the hot spring.

There is a temperature gfadient in this spring, with high temperature
(80°C) at the bottom of the artificial pool fed by the upwelling
spring, and lower temperatures at the surface. The gradient has

been measured only once, during very high winds which caused
considerable stirring; the observed near-surface temperature was
77°C. The actu;i intersection point in Figure 14 is only 65°C,

but the difference is within the precision with which the solubility
curve is known at these temperatures and the precision with which

the slope of the N,-Ar array is defined. Thus the second "component"

2
defined by the array is water which is saturated with N2 and Ar

at approximately the surface temperature of the spring itself.

The NZ—Ar variations therefore reflect varying degrees of mixing
between the "input component", i.e. the heated groundwater originally
saturated with gas under atmospheric conditions and partially
stripped of gas by bubble separation during flow into the spring
enclosure, and a "high-temperature equilibrium" component produced

by re-equilibration with the atmosphere in surface water of the

- spring.
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The He-Ar array for these samples is strikingly in accord with
this model. As shown in Figure 14, the array is linear, and the
helium concentration goes to zero (or the atmospheric equilibrium
value of about 0.03 x 10_6ccSTP/gram) at almost exactly the Ar
concentration at which the N2—Ar mixing line intersects the
solubility curve. The helium loss by dilution with the "high-
temperature equilibrium" component is of course much greater than
the loss of N2 and Ar because of the very low atmospheric concentra-
tion of helium (5 ppm). The same effect also applies to radon
because of the low atmospheric radon concentration relative to the
radon concentration in the spring.

This model thus accounts completely for the fact that radon
and helium in the spring samples are well~correlated, with the
same fractional variations in concentration (cf. Figure 7), due
to the fact that the equilibrium component has essentially zero
concentration of both gases. In this particular spring, we are
observing only 25% of the original helium concentration in the
input fluid before gas separation occurs. From the solubilities
and the observed data, we find that there is an initial loss of
15% of the original helium due to the gas-phase separation, and a
further 60% loss by dilution with the water which has exchanged
with the atmosphere. The original helium content of the water is
thus found to be about 32 x lO—6 ccSTP/gram, about 4 times the
observed "baseline" value of 8 x 10_6;

Nitrogen-argon measurements on other springs have not yet
been completed, but the partial data for the following spring sites:

ACAL-1S, EDEN-1P, INCA-1P, SANA-1P, PALM-1P, and DOSP-1P, all show
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the same effect of dilution with a high*temperature gsolubility
equilibrium component, indicated by the intersection of the

N2—Ar array with the atmospheric solubility curve at the observed
spring temperature, with a similar effect for the helium vs. argon
dilution line. The two-component model thus appears to have
general validity for a wide range of spring types, and to account
for the frequent observation of similar fractional helium and
radon variations in these springs.

It is apparent that these gas-loss and two-component dilution
effecté serve to reduce considerably the ampiitude of possible
precursory effects related to seismic activity. This is especially
true in Springs such as DOSP-1P (Figure 10) and SANA-1P (Figure 8)
which exhibit periodic oscillations. The Nz—Af data for these
two springs are very well correlated with each other and with
helium and radon; the "high-temperature" (28°C and 38°C) equilibrium
component is at a méximum in winter at DOSP, and during 1976 at
SANA, and the periodic fluctuations in helium and radon are entirely
due to alternations between extreme values of the two components.

At Dos Palmos, the "input component” is not depleted of N, and Ar,

2

but instead is enriched in N, relative to original low-temperature

2
atmospheric solubility. This is also true of ACAL, iNCA, EDEN, and
PALM, all of which are "N2~rich“_waters relative to the solubility
curve, in contrast to AROW, SANA, and WARN, which are "Ar-rich".

We expect that further studies involving isotopic measurements on
argon and nitrogen will enable us to determine the reasons for

these differences in input components, which in turn will help us

understand the intrinsic relationship between radon and helium in
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these springs. For example, the excellent.correlation between

radon and helium at the WARN, AROW, SANA, and DOSP network sites,

all of which obey the two-component model, probably indicates

that radon and helium at these sites are derived from single sources.
On the other hand, there is a complete léck of correlation between
helium at Eden Hot Springs and Agua Caliente where the He-N,-Ar
relationships also obey the model (He goes to zero concentration

at the N2—Ar intersection with the solubility curve at 35°C). 1In
this case the radon is probably derived from a different source

than the helium, and its concentration does not depend on fluctu-

ations in the proportions of the two components.



® 7. SOIL RADON (By D. Macdougall)

.There has been evidence for long-distance radon movement

within the earth for many years (see Tanner 1958, 1964). Short

) term fluctuations related to meteorological factors are well-
known; long term patterns have been related to uranium bearing
ore bodies (Weidenbaum et al., 1970; Gingrich, 1975; Mogro-

© Camperoc and Fleischer, 1977) and to the stresses associated with
seismic activity (Sadovsky et al., 1972; King, 1976). Because
of tﬂe short half life of radon 222 (3.8 days), these latter

Py observations imply relatively rapid (convective?) transport of
radon gas through permeable soil and rock matrices.

We report here meaéurements of gas phase radon monitored

at the eight sites shown in Figure 15. An additional three test
sites in La Jolla, away from active fault traces, have been
monitored‘for seasonal variations. Details of the experimental
procedure, and discussions of earlier results were included in
previous reports (Teghnical Reports Nos. 5 and 6). Kodak alpha
sensitive cellulose nitrate (CA80-15) was used as the detector
for all measurements. Only alpha particles with energy £ 4 MeV
are recorded as tracks. Thus daughter products adsorbed on the
surface of the plastic, as well as uranium-bearing dust particles,
will not produce extraneous tracks. Based on calibration ex-

periments with a 208

Po source, reproducibility of count rate in
this material is excellent. Moisture does not affect the
detection characteristics; except for the case of actual water

@ droplets condensed on the film, which reduce the surface area
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exposed to air. This is a general problem for alpha track radon
measurement, and is discussed in Technical Report No. 6; we

have not yet devised a simple and effective solution to this
problem. All cases where water droplets were observed on the
detector when it was collected are marked with a QW" in Figures 16
through 21. 1In these cases, care was taken not to count areas

of the plastic with obviously very low track density. However,
many-of these results may still be spuriously low.

At one site (NILA, Figure 19) it was necessary to move the
sampling hole. This was done on July 3, 1977, and is indicated
on Figure 20. Results before and after this change may not be
strictly comparable. |

Figure 16 through 21 show the results of measurements
accumulated over approximately the past fifteen months. Data
for the network sites are also tabulated in Appendix 3. With
the exception of the La Jolla sites (SRD-F, SRD-B and HC YARD),
each data point represents an integrated count over a time period
of approximately one month. The samﬁling interval at the La Jolia
sites has varied considerably and is currently one week. Data
are plotted at the mid-point of the sampling intervals.

Because large variations in absolute activity are recorded
from sitevto site, counts in Figures 16 through 21 are plotted
.1ogarithmical;y so that fractional changes may be compared easily,
regardless of the total counting rate. As discussed in the previous
report (Technical Report No; 6), there is ﬁo obvious correlation
between the soil gas phase and the liquid phase radon at sites

where both have been measured. This becomes quite evident when
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Figures 2, 3, 5, 13 and 16 - 19 are compared.

Figure 20 shows results of the measurements‘made at the
three Imperial Fault sites. With continuous data now available
for more than a year's time, it is obvious that there is a
close similarity among these three records. For an unknown
feason, the amplitude of variations seems to be considerably
greater at the HOLTON RD. site than at the two others. Two
earthquakes, of magnitude 4.9 and 4.2, occurred along the
Imperial Fault in early November, 1976. In our previous report
(Technical Report No. 6) we noted that there was no obvious
feature of the soil radon data that could be identified with
these events. However, the recent (October 1977) earthquake
swarm within a few miles of these three sites was preceded by
a distinct peak in soil radon activity. The sampling period
ending September 13, about a month before the onset of the
earthquake activity, produced the highest values we have yet
measured at each of the three sites. Counting rates dropped
sharply for the last sampling interval, which spanned the period .
of earthquake activity. Re-analysis of the earlier part of the
record also shows a morxe sqbdued peak in couﬁting rate preceding
the November 1976 earthquake activity by about the same amount
of time. Especially at the ROSS RD. site, the recording period
spanning thé earthquake activity also showed a distinct drop in
count rate. This drop also coincided with a large storm
(rainfall ~0.7 inches), but even greater precipitation during

storms at the end of December 1976 and in January 1977 did not
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have a similar effect on the count rates. The observed winter
high values seem to be typical of most sites, except Perhaps
those in La Jolla.

Measurements at the La Jolla sites show that there is
considerable week-to-week variation. The monthly records
apparently smooth out these changes, and show longer term

variations, such as the winter bulge of high values observed

at other sites.
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APPENDIX 1

RADON AND HELIUM TABULATIONS: LIQUID PHASE

The accumulated measurements of helium concentrations and
radon activities in the liquid phase are listed in the following
table, together with the collection dates and temperature and
conductivity data. Sampling locations are listed by fault
from west to east (Elsinore, San Jacinto, San Andfeas), and from
north to south along the individual faults. The primary network
locations are marked with asterisks before the names.

The laboratory precision for helium measurements with the
He4 mass spectrometer is about 1%; however uncertainties due to
sampling effects may be considerably greater because of the low
solubility and high diffusivity of helium. The helium concentrations
are tabulated in units of lO‘GCcSTP/gram of water.

Radon activities are tabulated in units of dpm/gram .of water.
Sample data with an "X" in.the "Radon Note" column after the first
entry for a site are "excess radon" values, corrected for the Ra226
activities listed in Appendix 2 (tabulated in units which differ
by a factor of 1000 from the radon units). The other data are
total radon activities; in these cases the radium correction is
always insignificant. The long-term precision in radon measurements

is better than 5%.



RADON FHr HELIUM IN TiE LIGUIp PHASE

SAMPLE

DATE
MtsDD/YY

ELSINORE FruLT

* ELSL =14
1lu

14

1d
14
1w

Ly
4

1
1w

1d

14
1a
Iw
1w
14
iw
1w

1w
1

~

1w

lw

lu

1w
1w

iw

8722774
117 8,774

1/ 3/75
3/17,75
4/17/75
5/20/75
B/14/75
9/18/75%
10/22/75
11/18/75

12/719/78

172376

2/24/76
3/26/76
.4/53/76

/28,76
6/25/76

7722776

8§/25/76
/22776
10720776

lz2/721/76

1s721/77

2/2%/77
by.01777

5/ 3,717

TEMF

DEG €

40.1
39,9

40,8

‘39,4

40,1
4G,6
41,1
42,2
40,0
40,0

36,9

CONp
PMHO

835
710

670
720
700
T4u
700
700
720
715
820
760

690

780

790
889

890

! SOUTHERN NETWORK

PLGE

RADON NOTE HELIUM NOTE

DPM/G

¢.270
0,349
U.290
6.239
V274
0,237
0,305
U.251
0.229
0.257

0.275

G.246
0.274
V.254
G.245

0.226
0.212

U234
U.,279
0.2586

G.401

U.254

0.254%
U,2H2

0,210

T o>

.PCC/G

6.570
4.400
20,700

5,040
S.070
84170

9.84¢0

7.180
9.080
8,140
T.820
13,010

8,630

8,440
9.500
8,73n
8.290

12.9%0
8,280
19,540
11,070
11,31p
9.840
9,430
9.570
10,660

9,350

10,020
9,330
8,660

19.850

14,140

12,.,92¢
7449

18,740
13,91p
11,570
13,450
14,450
106,370

Al &
A2 G
A3 G

1

®



PAGE 2
RADOr AND HELIUM 1IN THE LIGUID PHASE : SOUTHERN NETWORK

) SAMPLE DATE TEMP cOND RADON NOTE HELIUM NOTE
) MM/0D/YY DEG C PMHD DPM/G pCC/G
* ELSI -1w s/ 3/77 _ 9,190 A2
1w &/ 9777 40,6 960 0.283 11,540 a2
1w 77 6/77 40.8 974 0.252 11,620 Al
. : 9.660 A2
1w 6/12/777 40,5 1300 0,290 13,340 AL
’ : 8,860 A2
. 8,57a F
1w 9/1€/,77 80,0 1000 U.222 10,290 al
10,320 A2
8,100 F
MURI «1P ﬁ/22/74 49,0 0-“93
* MURI =1w 8/22/74 53,0 1280 0,241
Y 11/ 6/74% - 54,0 1270 U.294 25,900 Al 6
26,500 A2 G
22,200 F 6
1w 1/ 3,775 54,0 1270 U.231 23,400 Al
14 2/2G/75 54,2 12706 0,244 21,85¢c Al
1w 4L/16/75 53,3 1260 0,258
1w S5/20/75 52,2 1260 0.266 18,500 A2
1w as14/7% 54,0 1263 0,285 18,050 Al
1w 9/16/,75 54,0 1260 U.286 46,530 Al
. 53¢760..A2
1w 10721775 53,0 . 1265 0.256 A 27,870 Al
‘ 52,0 U.269 B 19.100 B1
14 11/18/75 53,6 1270 L.2Rr3 A 23.,22¢ Al
50,8 U.26¢ B 19,250 Bl
1w 12/19/75 50,6 1270 U.2R1 15,9606 Al
. 16,210 A2
1w 1723776 53,3 1260 V.282 25,250 Al
22.A7D A2
1w 2/24/776 53,7 1270 06,270 25,170 Al
‘ 18,160 A2
iw 3/26/76 53,3 12706 0.250 26,54¢c Al
- 20,080 A2
1w 4/23/76 52,86 127% U.308 19.100 Al
1 S/28/75 53,0 1270 0,266 19,1&8¢c Al
. 22.550 A2
1w 6/25/76 S4,4 1240 V.241 17.17¢c Al
1w 7722776 53,4 1210 U.24Y% 22,200 Al
17.990 A2
Iw s724/776 52,8 1295 . De.262 15,0006 Al
ld 9/722/76 53,3 1320 0.282 17.900 A1l
1w 10720776 52,5 1300 0,233 23,030 Al

1&,390 A2




RADON AWr HELIUM IN THE LIGUID PHASE 3 SOUTHERN NETWORK L e

SAMPLE DATE TEMP COND RADON NOTE HELIUM NOTE

MM/DD/YY CEG C PMHO DPM/G PCC/G
* MURL 1w 12/21/76 50.6 1330 0.216 18.630 Al
-19.370 A2
1w 1/21,77 S0,0 1340 O.414 24,940 Al
' 21,600 A2
1w 2/25/77 48,9 1380 $.3%9 18,050 Al
14,260 A2
la 5/ 3777 L. 3 1410 0.383 17.200 Al
1 &/ 9/77 47,8 1405 0,387 17.860 A2
1w 7/ &777 51,4 1300 Ue2R1 Al 26,230 Al
‘ 0.266 A2 25,650 A2
1l 86/11/777 5¢,&e 1300 Le270 AL 22.31p0 Al
0.250 A2 21.620 A2
1w 9/16/77 52,1 1300 L,254 Al 22,110 A2
0,260 A2
* ATIB =14 11/721/74% 38,0 495 0,099 10,780 F 6
1w 1/ 8s75 ol A +7?
36,4 52% 0,105 B 7 9.410 B2
1w 2720775 38,0 560 0.099 Al 10,570 A3
G.107 A2 9.230 A2
1 4/16/7%5 36.2 730 0.277 7.050 Al
3,810 A2
lw S5/20/75 35,8 720 Z.150 A2
14 as14/7% 38,0 51¢ 0,313 12,760 Al
6.450 A2
Tw 9/17/75% 38,0 520 (.285 7.820 A}
8,180 A2
la 13722775 3b,.0 500 0,140 12,610 Al
T.140 A2
14 11718775 38,2 506 Uo148 T.480 Al
6,900 A2
iw 12719775 38,06 500 0.106 6,120 Al
10,930 AR
1w 1/¢3/76 36,3 510 0.201 6,260 A}
T.700 A2
1w /24770 38.6 50u 0,090 6,410 Al
6,150 A2
iw 3/726/7¢€ 36,9 1010 0,177 4,760 Al
4 420 A2
14 “/?3/76 37.7 ’ 0-176 5.800 Al
T.760 A2
1w 5/28/77¢ 37,7 580 0,228 6,150 A2
1w 6/26/76 36,0 5320 0.306 6,260 Al
64200 A2

1w Tr22/76 3840 520 0,222 6,060 Al




PAGE 4
® RADON AND HELIUM IN ThE LIGUID PHASE 3 SOUTHERN NETWORK ‘
SAMPLE DATE TEMP conD RADON NOTE HELIUM NOTE
MM/DD/YY  DEG C pMHO DPM/G pecse
® * ATIB -1w 7/22/76 6.010 A2
1w 8/724776 36,0 560 0,283 6,970 Al
, 6,860 A2
1w 9722776 38,4 530 0,108 7.870 Al
8.410 A2
1w 10/22/76 38,3 540 0,177 16,570 Al
11,500 A2
® 14 1l2/714/76 36,5 530 0.096 11,110 Al
11,870 A2
1w 12/21,76 38,6 520 0,094 9,906 Al
: 8,520 A2
1 1721777 38,6 - 530 L.089 12,980 A1
9.520 A2
o 1w 2725777 38,4 550 0,095 11.6z0 A1
9.54C A2
1w 4/ 1s77 37,6 790 U.121 9.710 Al
h 100’470 A2
1w 5/ 3,77 36,8 520 Le252 Al 10,100 A1
. 0.242 A2 11,490 A2
1w 6/ 8/77 690 o114 AL 11.870 Al
® U.l01 A2 8.840 A2
14 7/ 6777 37,8 52y U324 AL 9.010 Al
U.30p2 A2 8.260 A2
1w 8712777 37,8 53¢ 0.297 Al 10.47¢C Al
0,279 A2 8.690 A2
0.287 A3 5.2800 F1
G.2R9 A4 5.520 F2
® 1w 9/16/77 36,0 530 0.242 Al 9.690 Al
j U.234 A2 T.040 A2
Te6l0 F1
6+300 F3
® - WARN =2P 8/16/74 483 o942 3,990 G
2K 11/ 6/74% 53,0 NC
WARN =2P 11/ 6/74% 56,0 NC
* WARN =1P =~ B/16/74% 53,0 486 1,320 6€.720 A1 G
iP 11/ 6,74 57,0 484 1,160 4,606 A2
o ‘ ’ 5,100 A1 6
5.510 F 6
1y 1/ 8775 56,0 485 1,150 4,240 A2
ir 2720775  Sé,¢ 482 V.563 S.080 A2
1P 4/16/75 55,9 450 1,070 4.200 A2
- : 1P 5/20/75 56,0 465 1.0R0 ' 5.240 A2
® 1P 8/1%/7% 57,0 487 1,270 4,950 Al




PAGE
RADON AND HELIUM IN THE LIOGUID FHASE ; SOUTHERN NETWORK
SAMPLE DATE TEMP CcORD RADON NOTE HELIUM NOTE
MM/CD/ZYY DEG C pMHU DPM/G pccse
* WARN =1P 8/15/775 5,040 A2
1P 9/17/75 56 .8 4ge 1,190 Al 4,300 Al
l.220 A2 4,540 A2
l.200 A3
0,650 A4
‘ ' 1.140 A5
1P 10/21/,75 56,8 481 1,260 5,060 Al
4.810 A2
iP 11718775 58,9 482 1.210 2.290 Al
’ 4,550 he
P 12/12/775 57.2 483 1.100 A1 4,600 Al
) .865 A2 4,100 A2
L.150 A3
1.190 A4
1.200 AS
1.160 A6
1P 1/23/76 58,9 4890 1.070 4,020 Al
© U4o230 A2
1P 2/24/76 57 .8 487 1,140 " 3,910 AlE
4,580 A2
1P 3/26/76 ° 57,2 480, 1.020 4,600 Al
4,300 A2
1p 423,76 58,7 480 1,470 6.360 AlE
. . 7.180 A2
1P  5/2B /76 57,7 462 1.230 5,520 Al
1P 6/25/76 56,8 459 1,380 6,70¢ Al
6,510 A2
1P 7s22776 56,4 H43 1,280 6.0l Al
1P b/24/76 56,4 477 1.220 5.310 Al
ipP 9/22/76 57.9 500 1,100 4,800 Al
9749 4,780 A2
1P 10/20/76 56,9 550 1200 S.230 Al
1P 12721776 56,9 550 1.060 4,140 Al
1P - 1/21,77 58,8 S40 1,010 4,000 Al
1P 2/25,77 Sé 44 499 0.99c 4,060 Al
1P uy 1,77 57,8 485 1,090 4,150 Al
1P 5/ 3,17 56,0 ua7 1,110 4,670 Al
1P &/ 3/77 582 48y 0.908 4,770 A2
1P 7/ 1777 §57.5 486 1.070 4,930 A2
P 87 6/77 E6,0 43y 1,060 4,620 A2
1P 9/13/77 57 .4 488 V.906 ‘ 4,540 A2
ACAL =1P 8/16/74 30,0 525 0,566

P 11/ €774 3C.0 1,090

ACAL =2P 5/16/74 31.0 53u 0,629 3,670 A G




® ) PAGE [
RADON AND HELIUM IN THE wLIQUID PHASE § SOUTHERN NETWORK
SAMPLE DATE TEMP COND RADON NOTE HELIUM NOTE
MM/DDZYY pEG C PMHU DPM/G Hec/6
® ACAL =2S B8/16/74% 37.0 520 1.610
28 11/ 6774 3700 510 ‘ NC
» ACAL ~18 11/ 6/74 39,0 3,310 8.990 F 6
1s 1/ 8775 38,0 510 2,630 10,450 F G
e 1s 2/20/75 38,0 510 1,500 9.390 F
18 3/80775 38,0 510 3,460 8,770 F
15 4/e5/75 37,9 , 510 2,700 8,420 F
18 &6/ B/75% 36,0 510 3.050 7 8,770 F
13 8/28/75 38,4 510 3,180 8.320 F
13 10/ 3775 38,3 500 2,440 8,810 F
18 11/ 2/75 38,5 510 2,390 8,130 F
® 15 11,27/7% 36,0 545 3,530 8,000 F
15 i/ 9776 57.9 510 3.200 9.060 F
is 2/ F/76 37,7 520 5,340 B,920 F
15 5/11/7756 37,5 510 3,420 8,8u4p F
1S 4/ 8,76 37.9 S1u 3,380 9,050 F
18 430,76 37,9 810 3,280 8,850 F
15 6/ /76 3843 510 3.160 8.920 F
18 7/ 3,76 38,2 5060 £.900 T.940 F
1s 7/30/76 36,3 510 3,260 8,980 F
18 10/ 2776 38,2 520 3,110 8,570 F
18 10730776 38.2 510 2.820 8,300 F
13 127351776 38,0 500 2.860 8,600 F
18 2/ 4717 37,8 S1v 2,820 9.020 F
1s 37117277 38,0 510 3,120 6,840 F
i 5/13/77 37,5 - 8510 €.95%0 9,030 F
18 o/ 3777 37,9 510 2.890 7.780 F
13 1/ /77 37.8 510 2.890 8,550 F
15 87 6777 37.8 520 2.590 8,550 F
F

1s 9/13/77 38,0 530 £,660 8.480

SAN JACINTO FAULLT

EDEN »2P 8/ 7/74 3240 456 6450 X
@ 2P 9/26/74 32,0 448 5,620 3.230 Al 6
. 3,250 A2 6
2P 10/19/74 30,0 455 4, 4A0
2P 1/ 3775 25,0 451 2,200 7
2P 9/1R/75 29,0 byo 5,370 2.770 A2




PAGE 7
RADON AND HELIUM IN THE LIGUID PHASE ; SOUTHERN NETWORK

SAMPLE DATE TEMP COND RADOM NOTE HELIUM NOTE
MM/DDZYY DEG C pMHO DPM/G : peces6
* EDEN =3P a8/ T/74 38,0 433 6.130 X .
1P 9/26/74 38,0 Wev 7.140 Al 4,300 Al 6
T.660 A2 4,220 A2 6
1P 10/19/774 37,0 436 T 460 4,780 Al 6
W,700 A2
1P 1/ 3/7% 35.0 431 6,410 7 3,790 A2 .
1p 2/28/775 55,8 430 7.540 Al 4,500 A2
T.840 A2
« T340 A347
1P 417775 35,2 436 6,420 4,370 A2
1P 5722775 56,0 bzl 4,030 A2
1P 7/18/775% 37.8 433 9460 Al 4,140 A2 E
8.940 A2 3.930 AM4
1P 8/ T/7% 3g,.8 430 13,200 3,780 A2
1P 9716775 36,3 4ol 10.900 Al 3,330 AY
10.600 A2 3.360 A2
1P 106/29/75 37.7 425 B,480 3,940 A2
1P 11720775 37.0 425 8,760 3.700 A2
1P 12/23/75 35,% 4o2 6,640 b 420 A2
1P 1/30/76 36,0 425 6,970 4,100 A2
1P 2/20/76 35,2 b2e 6,080 4410 A2
1P 4/ 1776 36,0 41e 6,480 4,280 A2
1P 4/16/76 35,8 414 7.400 4,000 A2
1p 5/26/76 36,8 414 0.860 4,690 A2
1P 6/24,76 37,7 420 5,950 4,040 A2
1P 7/14/776 3746 421 6,070 4.44p A2
1P 8712776 37,5 429 5,790 Al 4,300 A2
6,240 A2
1P 10/ 9/7e 36,4 450 4,940 Al
4,670 A2
1P 10715776 36,4 4y 4,280 4,500 A2
iP 11717778 35,4 445 4,920 3,790 A2
1P 12714776 37.6 440 12.000 3.350 Al
3.360 A2
1P 1/12/,77 37,2 424 10,100 2,%0 Al
2,380 A2
1P 2716717 36,0 439 6,890 4,310 A2
1P 3716777 35,0 455 6,170 3660 A2
1P 4s12/77 35,5 415 74190 4,050 A2
1Pk 4/21,77 37,0 414 10,300 3,590 A2
1P 5/11/,77 36,9 4oy 8,380 2,990 A}
2,960 A2
1P 6/ 8/77 3745 4z0 10,100 b,p2p0 A2
1P T/ 6777 38,2 b2y 13,800 Al 4,330 A2
: 15.300 A2

1P 8710777 38,5 418 T.140 A1 5,910 Al




PAGE 8
RADON AND HELIUM IN THE LIGUID PHASE : SOUTHERN NETWORK

SAMPLE DATE TEMP COND RADON NOTE HELIUM NOTE

MM/DD/YY  DEG € PMHO DPM/G pcc/ss
* EDEN «1P 87107717 6.490 A2 5.070 A2
1P 9/11/77 38,0 416 5490 4,490 A2
SoB0 «15 85/11/77 40,5 320 3.940 Al 0,822 Al
3,630 A2 0,827 A2
18 £/ B/TT 40,0 315 4,150 Al 0.936 A2
3980 A2
18 1/ 6/77 41,1 315 4,210 0,997 A2
15 6712777  4l,4 520 4,000 0,390 Al
1.006 A2
0,956 F
13 9/11/777 41,1 320 3,770 AL 1,008 Al
3,870 A2 0.999 A2
* S0R0O ~1P 9/726/T4 37.5 316 24640 0.549 A2 G
1P 10/20/74 37,8 313 2.710 0.434 A1 6
' 0.454 A2 6
1P 1/ 3,75 34,8 315 2.170 0.351 A2
1P 2728775 35,8 313 €.,110 0.324 Al
: 0.328 A2
1P 4/17/275 35.5 518 €370 0.404 A2
1P 5/22/7% 35,8 315 c.160 7 0.524 Al
0.525 A2
1P 7718775 39,0 309 3,790 0.597 Al
0.502 A2
1P 8/ 7/75 W0,z 314 2990 0.518 A2
P 4/18/75 k0,7 319 2,890 O.426 Al
D.433 A2
1P 11720775 38,2 321 1.7P0 0,285 Al
0.288 A2
1P 12723775 38,7 3235 1.720 0,210 Al
0,217 A2
1P 1730776 36,6 326 2.020 0,258 A2
1P . 2720776 33,6 327 2,040 0.299 Al
v 0.308 A2
1P 4/ 1/7¢  35.8 326 1.790 0.220 Al
0,225 A2
1P 4/16/76 35,2 326 28476 Delg? AZ
1P 5/26/76  37.2 335 2,910 0,504 A2
1P e/24776 37,6 3yy 2.65%50 0,578 Al
' Ce57¢ A2
1P 7/14776 38,3 341 3,160 0.579 Al
0,577 k2
1P 8712776 37,3 342 2.870 A1 c.568 A2

£.840 A2



RADON ANP HELIUM IN THE LIGUID PHASE

SAMPLE DATE
MM/DD/YY
* S0BO «1P 9/15/76

iP 16/15/776

1P 11717776
ipP 12/14/76

ir 1712777

ir 2/18777
P /167177
1P 4712777
P 5/1C/777

1P 6/ B777
WP 77 6777
1P /11771

1y 8/12/77

1P 5/11/77

* INCA =1P 3714775
1P 4717775
P 5/22/75%
P 7/18/770
1P &f 17715
1P 9726775
P 10724 /75
iP 11720775
arP 12/25/75

1P 1730776
ipP 2/720/76
iP 47 1s76
1P 4/16,76
1P 5726776
1P YPLYAL
iP 7/14/776
ipP us12/776

1P 9715776
g 10715776

iP. 11717776
ip 12714776

TEMP

DEG C

3647,

36.4

35.2
37.9

36,9

38,0
Ie,9
34,9
36,9

34,5
38,2

35.0

33,0

39,2
35,9
35,2
25,8
35.0
34,8
35,1
35,0
6.1

3642
35,3
3b,3
3o, 4
35.0
39.2
56,4
36,4

3,4
3641

36.1
36,43

COND
PMHU

340
3595

347
339

335

312
350
3n0
315

336

233
2217
227
234
229
229
229
229
2z7

233
233
234
234
250
246
244
247

247
258

250
249

.
[

SOUTHERN NETWORK

RADON NOTE HELIUM NOTE

DFM/6

20510
2.370
2,590

2.400
2.32¢

3,300

24340
2,450
2e360
1,800
1.920
24,110
2.120

2.480

1,690
l.640

0,934

0,981

G.947
0,936
1,010
0.804
0,914
0,794

0.987
0,988
3,950
0.963
G.799
0.787
0,941
v.888
Ve.BU4
0.827
0.861
V.837
U,934
0,969

Al
A2

Al
A2

Al
A2

Al
A2
Al
A2

pcc/6

0.452

0.525
6.521
0.437
0.527
0.531

0.618
0.623
0.543
D+545
0,462
0.381
0.379

0.591
0.591
0.605
0.583
- G574
0.434
0.446

0.769
0.729
0,63k
C.h92
Deb34
0,71
D.494
0,590
0.736

o714
0.717
6.7%1
C.707
0.6u42
0.c80
0,726
0.726

0.702
0.72%

0,727
0,700

PAGE
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PAGE 10
RADON ANp HELIUM IN THE LIGQUIpD PHASE ¢ SOUTHERN NETWORK

SAMPLE DATE TEMP COND RADON NOTE HELIUM.NOTE

MrsDR/ZYY DEG C PMHO pPM/G T Fccls
#* INCA =3P 1/12/77 35,7 248 0.948 0.723 F
1P 2/16/77 35,6 225 0,826 0,692 F
1P 3/16/717 35,8 245 0,828 0,718 F
1P 4s12/717 35,2 225 U.907 0,691 F
1P 5/11/77 36,4 239 6,870 0,708 F e
1P 6/ 8/77 35.5 230 U.849 0.662 F
1P 2/ 6777 35,5 ©230 0,781 0,678 F
1p &/11/777 36,0 235 0,869 0.734 F
1P Y/21/77 36,0 230 0,929 0.721 F

Salh ANDREAS FAULT (SAN BERNARDINO AREA)

AROW =1w 10/19/74 BULO 590 0.231 A 5,260 C 6
79,5 G.765 B 10,000 D 6
6,006 A

7.820 B 6
* ARNW ~1P 10/19/74 650.0 153y 0,320 B,660 6
1P 12/10/74 79.9 153¢ 11,160 Al
1P 3/18/775% 79.0 1530 0,294 8,770 A2
1P 4/22/75 78,8 1830 U.284 8,370 A2
1P &/ 3775 80.0 154y 6.306 10.620 Al
1P Br26/75 80,0 1540 0.390 10,480 Al
1P Ys30/75% 79.7 1549 U304 7.760 A2
1P 16/729/7¢8 7946 1530 0.319 8.0e0 Al
1P 11725775 79.7 1535 U,373 8,890 Al
ip 17 7776 78,9 1540 G.327 B U460 Al
1P 2/ 4776 79.3 1535 U307 8,180 Al
1P 3/ 9,76 79.0 1530 0,308 8,360 Al
1P 4/ 7/78 79,3 153y 0319 8,420 Al
1P b/ub/Te 79.1 1540 U321 8.410 AL
1P 6/ 2/76 80,1 1550 U.281 7.950 Al
8,160 A2
1P B/29/76 60,9 1530 0.394 11,390 Al
. 12,040 A2
1P 7727776 79,8 1550 : 0.299 84240 4l
: 8.170 A2
1P 8750776 BUL1 - 1520 U.276 7.510 Al
B8.270 A2
1P 9/30/7a 80,6 1550 U.281 B.200 Al
10,310 A2
1P 10728776 79.6 1550 "Ue333 9.470 AL
. _ 9.440 A2
1P 12728776 . 40,0 1550 U361 10,260 Al

10,560 a2




"PAGE 11
RADON AND HELIUM IN THE LIGUID PHASE : SCUTHERN NETWORK

SAMPLE DATE TEMP conD RADON NOTE HELIUM NOTE
MM/DB/YY  DEG C JoMHO DPM/G peese
* ARGW «1P 2/ 2/71 6046 0,363 8.420 Al
1P 3/ 9/77 81,7 1600 ¢.308 7.610 Al
1P 5/11/77 76,0 1590 0.268 8.390 Al
1P 6/ 5,77  19.5 1590 0.2958 8.220 A2
1P 7/ 4/77  61.0 1580 G246 6.010 A2
1p 8/ 9777 80,0 1580 0.276 8.570 A2
1P 9/15/77 79,5 1580 0,204 8.936 A2
WATR 1P 3/18/75% 65,8 1660 0,733 X 2,290 F
1P 4/22/75 5448 1660 Dab4Y 1.920 F
1P 6/ 3/15 67,8 1665 0,638 ? 1.980 F
1P 8726775 67,5 1660 676U 2,410 F
1P 9/30/75 6743 1640 0,295 2,310 F
1P 16/29/75 67,2 1650 U.580 1,960 F
1P 11/25/75  6bei 1670 0,695 . 2,070 F
1P 17 7/76 6641 1645 0.671 2.030 F
1p 2/ 4/76 66,2 1670 6.370 1,650 F
1P 3/ 9776 66,6 1645 U.B18 2.480 F
WATR =2P 4/ 7/76 - 69,7 1650 : 0.182 F
0,175 F
» SAA -1P 3/19/75 36,0 1255 1.170 0.253 F
' 1P 4/22/75  39.5 1250 G.5R0 0,401 F
1P 6/ 3/75  41.5 1250 1.870 0,609 F
1P A/26/75 404 1250 1,730 0,490 F
1P 9/30/75  3d.8 1255 1,606 0.339 F
1P 10/29/75 3640 1265 1.620 0.3%3 F
1P 11/25/75 33,3 1270 1,280 0.219 F.
1P 1/ 7716 32,3 12¢6 0,894 0,166 F
P 2/ 4776 32,3 1260 0.791 0.152 F
1P 3/ 9/7¢ 35,9 1230 ° 1,110 0,238 F
1P 4y T/7€ 38,3 1234 0,756 0.161 F
1P 4/28/76  38.8 1240 1.130 0,250 F
1P B/ 2/76 80,2 1240 U910 0.206 F
1P 6/29/76 41,1 1240 1.0RC 0.257 F
1P 7/27776 39,2 1280 1,130 C.247 F
1P 8/30/76 37,5 1300 1,040 0.242 F
1P 9/3C/76 3840 1280 L 0,459 F
1P 10/28/76 37,5 1260 0,935 0,204 F
1P 12/28/76 34,7 1230 14110 0.241 F
1P 2/ 3777 6.4 1250 1,570 0,361 F
1P 3/ 9777 37.3 - 1300 2,120 0,570 F
F

P 5/11/77 57.8 1350 U.496 0,124




* SANA «1P

s OSHT =qw

DATE
MM/DD/YY

6/ 5/77

7/ 4777
87 9777
9/16/77

8/ 7/74
9/26/T4

la2/711/74

3719775
Usz3/75
6/ S5/75

8/14,75

107 1,75
10/30/75
11/2%/75

1/ B/s76
2/ 4/76
%3/ 9776
4/ T/76
L Us2B/T6
e/ 3776

5/30/7e
7728776

/50776
9/30/76
1y/08 /70
1z729/76

2/ 3,77
3/ 9777
S/11/77
7/ 3777

&y 8/77
97158277

TEMP

DEG C

41,9

40,8
38,0
35.5

M1SSION CRECK, BAMNHING FAULTS

4240
“2.0

42,0

4l.4
39.4
40,8

40,0

41,0
40,0
38,7

37,3
37,9

39,1
38,9
39,0

40,3
39,6

41,7
40,0
4040
GU.U

40,6
4u,0

39,6
40,43

RADON ANR HELIUM IN TRE LIGUID PHASE

CONG
PMHO

1300

1300
131v
1350

1450
1470

1490

1475
147y
1490

1476

1460
1460
145¢

1460
146y
146y
1460
1459
14&y

1430

1450
1450
l46v
143y
1420
1450

1500

1430

1495

1500
1500

SOUTHERN NETWORK

DFM/G

<2070 Al
2,170 A2

2,200
1,590
2,010

0,238

G.700
u.572
U,570

V.526 A1 E

Vo7l
U.646
0.635
0,591

0,633
V.640
U.65Y4
U.619
G.6n0
0,596

U449
U,.595

0.572
U.595
v.60%
0,599

U.587

G.567
0,597

- Ue569

Le551
0,596

RADON NOTE HELIUM NOTE
pcese

0.604

0.603
0343
0.u45¢

5.170
3.690
3,430
5.9€0

5.340
HeB30
9.270
8,410
S5.28¢C

6.,28¢C
S.440
8,650
Te3%8¢

S.110
5.260
S.450
S.21c
5.090
4,2%0
4s4e0
4,840
84,260
S.230
Seu70
44930
6,070
4.73C

3.790
4.180
4,530
5.560
4,240
4.510
5.580
6.050

mmTm mn



RADON ANR HELIUM IN THE LIGUID PHASE

SAMPLE

PALM =1

« PALM =1P
1P

1P

1P

1P
v
1P
1P

1P

1P
1P

1P
1P
1P

P

SAM AMOCREAS FALLT

.

DOSP  wiw

1w
1w

DATE
MM/DD/YY

&/27/75

8/

7774

9/26/74%

12/712/74%

3/19/77%

4/23/77%

&/

us7s

8/26/73

10/

1775

16/350/7%

1/
2/
3/
4/

7776
by76
9/7e
7/76

4/728/77¢

&/

2/76

6/36/76

1/28/76
u/31/76
9/30/76
lo/28/76
12/28/76

e/
3/
6/

7/
u/

3/77
/77

57,77
3,77
&s717

9/15/77

TEMP

bEG C

22,0

41,5
40,5

4o.6
39.6

40,0
40,0
40,6
40,4

40,0

39,1
39,7
38,9
29.7
40,0
40.3
4C.6

40,6
40,6
40,3
40.0
39,4

39.7
46,3

40,8
40.5
4045
4043

COND
PMHO

316
314

313
313

315
313
317
318

319

318
320
320
313
320
333
530

338
330
345
326
330

33u
320

32¢
326
322
340

(IMPERIAL VALLEY)

12/11/74

2/
6/

S/76
3776

2648

28e2
26,8

.
.

2045

21190
2050

SOUTHERN NETNORK

AGE

RADON NOTE HELIUM NOTE

DPM/G

0,342

0.064%
U.058

0.057

G.053
0,050
U,06cC
0.065

0,052

U.050
u,058
6,055
U.057
0,056
U,053
G.0u8

U,053
0,055
0,050
v.049
U,054

U047
6,078

U.056
0,062
0.061
0,056

G.928

pcc/s6

4.990
5.290
3,920

4,470
4,360
4,640
4.730
5,580
6.100
6.010
4,510

4,330
4,550
4,410
4.980
4.86G¢0
5,180
S.70¢0
T74C
5.460
5.55¢0
5,590
4,250
5.320

b.220
7.830
Te920
9.uT0
8,760
8.430
7.760

Al 6
A2 6
A2

Al
A2
A2
A2
A2
Al
A2
A2

A2
A2
A2
A2
A2
A2

A2
A2
A2
A2

A2

h2
Al
A2
A2
A2
A2
A2



PAGE 14
RADON AWM HELIUM IN THE LIQUID PRASE § SOUTHERN NETWORK

SAMPLE DATE TEMP cOND RADON NOTE HELIUM NOTE
MmM/UD/YY DEG C PMHO DPM/G PCC/G
COSP «1w 6/30/76 28,7 1910 0.794%
COsP =1P 12/11/74 27.0 1680
1P 320775 273 0.657 0.245 F
1P 4724775 28,0 1610 0,574 0,246 F
P &/ 4,15 27.8 1620 0,823 0,348 F
P /27775 28,1 15¢90 0,923 0,307 F
1P 107 1/75 27.8 153% 0779 0.242 F
1P 1G/51/75 27.2 . 1525 V.666 0,249 F
1P 1176775 26,7 1550 0,783 0.234 F
P 1/ 8776 26,2 1575 (.538 0,168 F
1 £/ 5776 26,2 157v U614 0,210 F
1P 3710776 20,9 158V U.526 0,183 F
1P 4y 8/7e 27.4 15¢E0Q 0,509 0,170 F
1P w/29/76 2743 1580 Ge612 A 0.219 F
26.0 173\0 0.62‘0 B
P &/ 3776 28,6 . 159¢ 0.795 0.359 F
1P /30776 - 28,6 1560 J, 643 0,342 F
1P 7728776 26.4 1550 0.660 0.286 F
1P 8/31/76 272 1520 U815 0.329 F
1p 10/ 1/76 2749 1500 L 0.27% F
1P 10729776 27,6 1530 0.666 0,24% F
1P larsz9/76 27,6 1560 U.48d 0.154 F
HUMIMN «1P 11/727/74 63.0 5700 S.470 X 0,234 F 6
: v 12/710/74% 71,0 5700 0,797 E 0,1%6 A2
1p 1724775 68,0 5700 12,200 Al 0,114 A2
65.0 12.600 A2
1P 1730775 ©7.0 5700 D 0RD ? 0.08¢ A2
1P 27 6775 70,0 1u,200 0,184 A2
1P 2/19/775 69.5 5700 6.020 7? 0.109 A2
1P 4723775 7360 0.202 A2
1P 6/ 47715 68,0 0,289 A2
1P 7/24/75 68,5 5700 9,880 Al 0.240 A2
67,6 ’ 5.800 B
* HMIN =14 3/19/75 THe? 4V.600 X D796 AR
1-‘1 ‘4/23/75 7101 57”0 ‘47-700 1.""80 A2
14 &7 /75 7l.1 1,360 A2
1w 17247795 71.0 . 47,600 Al 1.540 A2
. 4b.300 A2
1w b/28/715 70.0 5804 46,000 Al 2.170 A2
14 1us 2775 TEe3 5800 2v.200 1.3Co0 A2
1 117 1/7% 71.9 59¢CJ 41,600 2.UEL A2

1w 11726775 7043 590u 45,900 2,200 A2




PAGE 15
RADON AND HELIUM IN THE LIGUID PHASE : SOUTHERN NETWORK

SaMPLE DATE TEMP COnD RADON NOTE HELIUM NOTE

MIM/CD/YY DEG C PMHO DPM/G FCCIG
* HMIN <34 1/ &/76 Tlal 5800 46,700 1,400 Al
1.840 A2
1w 2/ S5/76 71.1 5800 4,400 1,170 AL
1.010 A2
1 3710776 7i.1 5800 44,900 « 2,980 Al
2,390 A2
1w 4/ 8/76 64,7 5800 44,600 I,700 AR
1w 4729776 69 .4 5800 43.700 1.110 A2
1w a&rf 4776 Teol 590y NC
1w 7/2%/76 Te,.2 5900 NC
1w 11/2%/76 70,6 5800 42,700 3,200 A2
1w ie/29/174 70,0 5600 heallO 1120 A2
1w z/ 4777 THel4 5800 464,100 5.020 Al
1w 3zies77 T4, 4 5500 32,000 6,000 Al
1.9560 A2
1w 5/12,77 71,0 5500 116,000 3.07¢ Al E
* . ‘ 1.330 A2
1w &/ 4/77 75,3 5800 37.900 AL . 6,400 Al
38.800 A2
1w T/ 2777 75,8 5800 56,300 Al 51,10c Al E
86,600 A2 71,600 A2 E
1a d7 8,77 To,1 5800 NC
1w S/14/77 7946 5900 NC
» BAgH wlw 3/720/75 63,0 5300 24,400 X 3.580 A2
1w 4se3779 §6,1 530U 15,000 5,160 Al
4,740 A2
1w 6/ /79 58,9 5350 3.760 A2
1a T/24/7% 61.0 S40u 22,300 2.44¢ A2
14 TR LTS 60,0 5300 18,400 1,860 Al
. . 1.630 A2
1w ar28/7% 6l.0 5300 . 16,000 2,70 AR
1a 1G/7 3775 6240 5200 16,900 2,590 A2
1a Li/31/,75 55,0 5300 22.700 4,590 A2
1w 11/26/7% 54,4 5300 7.110 7.090 Al
4,720 A2
1w 1/ 8/76 54,8 T 5250 23.000 7.280 Al
. 5,270 A2
14 2/ 5776 53,9 5200 23,100 4,180 A2
iw 3710776 5745 530V 11,800 %.010 Al
3.340 A2
id 4y B/76 58,7 5200 22,500 3,406 AL
2.520 A2
1w 4/29/76 6U.1 5300 25,300 2,330 Al
. b,640 A2
1 e/ 4s76 61,0 530U 24,100 2.75C A2

1w 7/ 1776 62,2 5400 17.000 3,170 Al




RADON AND HELIUM IN THE LIGUID PHASE

SAMPLE

* BASH ~1W
1w
1w
iw
1w
1w
iw
1d
1w
1w

W

FOYS 1w

Id

¥ FRIK «1P

ip

1P
1P
ipP
1P
ipP
1P
1P
v
1P
1P

1p
1P

P
1P

DATE
MN/GR/ZYY

7/28/76
8/31/76
10/ 1776

lp/729/76
12729776

&7 4717
Y/10/777
5/12/77

6/ 3/77
1/ 2/77

87 T/77

9714277

4/24/75

o7 1776

12710774

1724775

179775
2/ R/75
3/19/775%
4/23/75
6/ Ws71%
7724775
67277275
16/ 2775
lo/s31/7S
11726775

17 8776
¢/ 5776
3/10/7€
4/ B/7¢
4/29/776

TEMP.
DEG C

61.7
62,2
62,2

60,0
52,8

57,8
57.2
84,5

61,4
63,3

63,3

63,3

57,0

57,.2

31.0

31.0

24,0
31.0
31.2
31,5
30.0
31,
3144
5144
31,4
31.3

31,4
31,0
31.0
31,5
31,5

COND
PHHO

5900
5700

5500

. Skoo

S4oU
5200
5200

5200
Slou

Slov

5200

8000

6300

6300

6200
6150
b10v
6200
6200
620V
6300
620y
6360
5350

6400
0300
6500
650u
6700

SOUTHERN NETWORK

RADON WOTE HELIUM NOTE
pecse

DPM/G

19.200
15,700
21,300

2e.600

106,000
21,400

21,800
22,100
2u,700

14,000
16,300

19.300

16,200
16.400

2.440

2,360

«,340
‘0300
2.280
2,560
£.300
24170
€s110
2.190
€, 430
<.080
2,200
S HEU

<,380
- 24380
2,420
'<c.470
- &s240

Al
A2

Al
A2

Al
A2

2.140
2,280
6.7E0
5.980
4,740
4,560
2,820

3,510
3,610
2,000
2.280
1.860D
l.410
8.050
€.8€0
3,830
3,580
4.290
3,600

D.432

0,357
0377

0,365
0.369
0,364
0.355%
0e384
0,348
0.334
0.344
0,341
0.35%
0,360
0.354

0.350
0,255
0.321
G.3€5
0,358

PAGE
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©
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RADON AND HELIUM IN THE LIBUID PHASE : SOUTHERN NETWORK

SamPLE

* FRILK -1P
P
1P
1P
b
¢
¥

1P
iP
b
1P
1P
1P
1P

~18T =1F
iP

W1sT =&F

* Co2w =1w

14

1vi

iw
1w

iw
1w
1w
1a
1w
iw

iw
1w

1A
1w

LATE
MM/OD/YY

&/ 3/76
7/ 1776
7728778
a/31/776
/50776
10729776
12730776

2/ 3777
3710777
“w12/77
&/ /77

7/ 3777

as /17
914777

1724775

1729775 .

1724775 ¢

11/27/74

l2/710/74

1/23/75

1/29/7%
2/ 6775

4724775
7/25/75
6/¢8/775
1657 2775
117 1775
11727775

1/ 8/76
2/ 6/76

"3/710/776
4y 8B/76

TEMP
DEG C

3144
31.9
31l.6
31,6
3l.6
31lokt
3l.4

31,5
31.7
30,9
31,4
31.5
3142
31,0

16,0

1640

15,0

40,0

40,0

39,5

39,9

39.8
39.0
39.3

COND
PMHO

6700
6800
7000
7000
6900
6800
6800

6800
6200
6200
6200
6200
6200

6400 .

31700
31600

31200

31000
3090v

39900
31000
21400
31300
31100
3225

32300
32000

32100
31600

- PAGE

RADON NOTE HELIUM NOTE

DPM/6 PCC/G
e«320 0.368 F
2,200 0.350 F
240 0.3%9 F
4150 0.363 F
2.290 0.370 F
€+180 0.369 F
2.430 0,370 F
1,500 0,328 F
2,210 0.364 F
c.200 0.365 F
l.,810 0,361 F
1.320 € 0.359 F
2,330 0,427 F
€4200 0.3t4 F
¢.198
DeHu4d
0.392 0.045 Al
6,075 Xx 0.041 F1

G.0u45 F2
0.051 F3
0,068 o.c44 F1
D.046 F2
0,076 Al 0,038 F
C.070 A2
0,068 A3
GeOR2 A4
U.067 0,044 F
0,072 Al 0.042 F
L. 077 A2
6.115
v.081 0,022 F
1,300 0.G31 F
(L.069 0,023 F
Ll063 0,041 F
vl.083 AL 0,041 F
L.08U A2
U.071 AL 0,031 F
0+115 A2
G.066 . 0,030 F
C.064H C.033 F
¢.08a5 F

0,034

17



RADON AND HELIUM IN THE LIQUID PHASE

SAMPLE

» COoW =

NILA =

NILA =

1w
1w
1w
1w
1w
1w
1w
1w

14
la
1y
1w
11‘.
1w

!

1w
h Y

pe ]
24
;N
vl

DATE
MM/DD/ZYY

4750776
6/ 3/76
7/ 2776
7729776
9/ 1776
1o/ 1776
10/29/76
12/29/76

2/ 4,17
3710777
5/12/777
&/ U717
Tr 2777
&7 1777

9715777

11727774
12/10/74

3/10/76
47 R/76
4/29/776
5/21/7¢

6/ U/T6
17/ 2/76
7/729/76
9/ 1/786
lus 1775
10729778

12/30/76

2/ 4/77
3710777

&/ 4/77

1/ 2777
8/ T/77

9/14/717

TEMP
CEG €

5948
40.5
40,6
40.6
40,7
L4G.6
40,3
Zd,.6

36,3
50,68
38,9
39,7
4¢,0
4G,0

39.6

26.7
26,0
26,7
Wi,3

44,3
43.9
45,9
be.2
3846
4049

4040

39,4
36,3

41.0

QOQB
40e0

40,6

COND
PMHO

3180U
32550
3400u
33800
33300
34500
34500
34300

34200
3150u
31500
31000
30500
31000

305¢0

3800
3790

2870
2830
2830
2960

3055
3130
3010
309U
3120
3120

30860

3100
3000

3000

3000
3000

3090 -

SOUTHERN NETWORK

PAGE

RADON NOTE HELIUM NOTE

DPM/G

L.073
0.064
U.064
U.069
G.049
0,061
0,085
0,059

G.070
u,072
0,094
Lol
U076
0.084
v.088
G.0R3

U.138

0341

C.377
0.014%
0.022
¢.311
0.313
(.383
0o3u7
¢.397
U.356
Ue322
U,319

0375

G.320
Ue336

La321

U.304
L.276
v.306

Al
Az
Al
A2

Al
A2

Al
A2

PCC/G

0,032
0.021
0,030
0,018
0,015
0,015
0,029

0.028
0.043
0.04e
C,033
0,027
0,034

0o025

0.916

1.710
1.85¢0
2,040

1,940
2,040
2.090
2,110
2.15¢0
3,050
3.7H40
2.320

2.110
5,570
3.110
3,470
3,06¢C
k.,570
2.1€0

2,190

T

M mMmMmTTnTm

F e
A2

A2
A2
A2

A2

A2
A2
A2
Al
A2
Al

A2
ha
Al
A2
A2

Az

18



PAGE 19
RADON AND HELIUM IN THE LIGUID PHASE : SOUTHERN WETWORK

PRINARY SAMPLING NETWORK L = SAMPLE LOST
ANALYTICAL ERROR SUSPECTED NC = NO SAMPLE COLLECTED
VALUE UNCERTAIN BY £20-40% FOR DECAY CURRECTION

SAMFLE COLLECTED IN 1720 GLASS FLASK

SAMELE ANALYZED Gu HE3/HE4 MASS SPECTRUMETER

ALL DATA THIS SITE EXCESS RADOW, CORRECTED FOR RA226
AlvA2esee= DUPLICATE SAMPLES

AevBeeas= SAMPLES COLLECTED AT DIFFERENT TIMES. OR USING DIFFERENT
FPROCENURE OR SAWMPLER

X @MY M*
U




APPENDIX 2
GEOCHEMICAL DATA: LIQUID PHASE
The following table lists the accumulated measurements of conductivity,
D/H and 018/016 ratios, Ra-226, and Pb-210 in the network water samples.
Conductivity is tabulated in units of 10—6 mhos/cm. The isotopilc data
are tabulated as delta values relative to Standard Mean Ocean Water
(SMOW) , the international isotopic water standard maintained by the
International Atomic Energy Agency in Vienna. The delta values are
units of per mil, and are defined as:

3

§=[(R / -1} x 10

sample RSMOW)

where R is the D/H or 018/016 ratio.

The Ra226 data tabulated here are measured on 20-liter samples except
in a'few cases when the activities are so high that there is no blank
problem in measurements on l-liter samples. All Pb210 measurements

are made on 20-liter water samples collected in plastic containers and

stripped of radon in the field immediately after collection.



ALUALYTICAL DATA ¢

SAMPLE

DATE
MM/DD/YY

FLSINURE FauLT

* ELSI «1b
1,
1.

* MURY wlb
1.
Fu

% ATl =1y
1k
l{

* WAKP =iP
1F

ACAL =28
SAM JACT! TC

EOoET, -2F
2F

28

* Lybr =17
INg

LB

1k

ip

1p

ir

1F

* SOBG =-1F
ir

* IuCA =1F
ir

11/ 8/74
1pr22/75
12721776

117 &6/74
4/:3/76
12721770

11/21/74
11,18/75
1z/714/76

117 6/74
12721776

117 €/74

FAULTY

u/ T/74
10/19/74
1/ 3775
w/ T/76
10/19/74
1/ 3/75
e/28/75
11720775
1/50/76
2720778
/16777

10720774
12714776

3714775
12/14/76

TEMP

L1WUI0 PHASE

COND

DEG ¢ MU-MHO

4040
40.0
8.9

54,0
52.8

50.6

3.0
3b.2
3845

57.0
56,9

3740

32 ’U
3040
250
3E.0
37.0
35.0
358
37eu
X640
5.2
36.0

25.2
3643

710
680
€90

1270
1275
1330

495
500
530

484
550

510

456
455
451
433
426
b31
430
425
425
426
430

313
339

233
cu9

SOUTHERN NETWORK

DELTA D

PER MiL

'59.0’~

-55,1

»53.4

64,0

«T1.7

=624
'65.0

=63,6
63,0
63,2

=59,8

"6"".0

DELTA 018
PER MIL

=8.44

=7.61

-8,39

=940

-9.90

'9001
«9.08

*2.14
'9007
=3,12

«3.00

=9e45

PAGE
RA226 PB210
DPM/KG DPM/KG
0,432
0,058
0,167
0.015
o 0,063
0.069 -
0.075
17.000
7.400
2.534
10,590
45,690
0,092
0.089
0.076

1



PAGE ?

ANALYTICAL DATA § LIQUID PHASE SUUTHERN NETWORK
SAMPLE DATE TEMP  COND DELTA D DELTA 018 RA226 PB210
MM/Z0DZYY LEG C MU=MHO PER MIL PER MJIL DPM/KG DPM/KG

sal ANDREAS FAULT (SAN BERNARDING AREA)

AROW =1w 10/19/74 80.0 590 =-55.1 «8.37

x ARCw =1F 10/19/74 800 1530 b4, 0 =-8,99
1 12710774 79,9 1530 . -blyd «9,05

1P 428776 19,1 1540 O.141
‘WATR =1P 5/18/75 €5.8 1660 €401 -8,85
SANA = CR 3719775 24.0 610 -59,2 -8,70

* SANA 1P 3719775 365.0 1255 «71.6 «l0o34

NISSIUM CREEKe BANNING FAULTS

* DSRT =1w 12/11/74% 420 1490 -83.2 «10¢39
1l 1p/30/7S  40.0 1460 0,167
% PALE <1F 12/11/74% 40.6 313 =~78e3 ~10.88

Spls ANDREAS FAULLT (LHPERIAL VALLEY)

NOSP =1k 12/11/74 2be8 2045 «91,8 -11e24
iw &/ 3776 26.8 2050 -91,4 «-11,15
CoSP =1F  12/11/74% £740 1680 -93,4 -11.47
LF 3720775 27.3 -95,0 =11.61
1F 4724775 2.0 1610 . -S4,6 -11,60
in &/ 3776 cteb 1590 =95.95 =-11e&47
Hilly =1p  11/27/74% 63.0 5700 -71,6 -B8,38 55,000
ir 27 6775 T0.0 ~T72,3 -8,48
* Holl =dw 4/23/75 11.1 5700 -73,3 -8.79
Lw 5/ 4775 71,1 73,1 - =B,87
l, 11/ 1775 71.9 5960 2,660
1l 1/ 8/7¢ 71.1 5800 99,950
Ay 2/ 9/76 71,1 5840 146,000
1y, 12729776 T0.0 5600 : 924600

PILL -1 11727774 73.0 4690 =Thoc -8,88




PAGE 3

AMALYTICAL DATA ¢ LIWUID PHASE SOCUTHERN NETWORK
SAMPLE DATE TEMP COND CELTA D DELTA 018 RA226 PB210
. MM/DD/ZYY  DEG ¢ MU=MHO PER MIL FPER MIL OPM/KG DPVNM/KG
* BASH =lw 3/20/75 63,0 5200 7227 =8.74 92.100
1. 4723775 56.1 S30y -73.1 -8,74
Fn .17 B/T7e  S4,4 5250 91,830
1k 3/10/76 57,5 5300 ‘85,700
1y “12/29/76 52,8 5430 100,000
FUYS =il 4724775 57,0 69,3 -8,30
+ FREhrk =1p 12/10/74 31.0 6300 «~T70.0 =8.35
ip 1/24/75 31.0 6300 =69, b -8,32
= 4723775 31.5 62C0 oy 41 =5437
WIST =1i*  1/24/75 1640 -35,5 ~3.44 56,000
KIST -aP 1724775 15.90 -UH,e 0.32 70,000
* Cu2l =4 11727774 CU4GL0U 31700 -78,8 -5.29 62890
le 27 /75 4U,0 30500 «-T79,3 -5.,35
1w 4/24/75 39,5 30900 7943 =5,38
b 2/ 6476 39,8 32000 6.270
1. 1o/ 1776 4(0.6 34500 7.930
LILA «3iv 11727774 44,0 3600 6T, 0 -Te89 2,400
ILA =2k 3710/7e 26,7 2870 675 -5.04 6290 E
2w 85/21/776 4.3 2960 3,410
2 6/ /76 44,3 Aess 2.740
2 97 1776 42,2 3¢90 wET 5 -8.01
26 10/ 1776 35,6 51z0 ‘ 3.510
2 2/ /77 39.4 3100 -6745 «8,04

Pt I¥ARY SAMPLING METwOKRK
AHALYTICAL ERRGR SUSPELTED
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RADUN ALPHA=TRACK DATA

SOUTHERN NETWORK

SITE DATE TRACKS/
IN ouT cM2 HR

FLSINURE FAULT

MURT 7/22/76 8/2u/76 1145
F/24/76 9/22/76 9,5 W
9s22/716 10/720/78 2.8 W

10720776 12/21/76 3.7 W
1z/21/7706 1721777 4.9 W
1/21/77 2725777 S.4 W
2725717 4s 1777 F.9 W
wy 1777 S/ 3/77 13,8
5/ 3,77 a7 9777 14.6
€7 9777 77 &/77 10,1
7/ 6777 6/11/77 10.8
esx1777 9/716/77 . Gelt W

ATIB 6/26/776 1722776 5642
T/22/76 a/24/76 £35¢3
E/24776 9s22/76 90,4
Qs22/76 10/22/76 81,0

1o/22/76 1z/21/7e £9,.8
12/21/76 1721/77 47.8 W
1/21/777 2/25/77 4B.9 W
r/e8/717 4y 1777 95,2
wy 1777 S/ 3/77 8047
5, 3/77 &/ &/17 110.0
a«s 8,77 7/ /77 48,0
77 6/77 v/12/17 73,8

£r12777 9/16/77 120.0

SaAM JACIHTC FAULT

LUEN 6/24%/76 7734776 12640
T/14/78 8r12/76 97.1
ns12/7s6 107 9/76 214.0
1oy 9776 10/15/76 9648

16/15/76 11/17/7¢ 12740
11,17/7¢ 12/714/78 123.0
12/34/76 1712777 16340 W
1712717 2/16/717 194,0
2/16/77 3/16/77 1e5.0
2/16/77 4wr12/11 170.0
4s12/77 5/11/77 " 132.0
5711777 6/ B/T7 43,0
e/ B/17T . 1/ 6477 131.0
77 6777 8/10/71 115.0
&/10/777 9/11/71 1370



PAGE 2
RADPON ALPHA«TRACK CATA ¢ SOUTHERN NETWORK B

SITE DATE TRACKS/
IN ouT cM2 HR

SAM ANDREAS FAULT (SAN BERNARDINO AREA)

AROW 7/21/76 8/30/76 505
8/30/76 9/30/76 - 047
9/30/76  10/28/76 2.2
10/28/Te 11729776 0e9 W -
11,29/75  12/28/76 1e1 W
12/28/76 27 2/77 1e3 W
2/ 2777 3/ 9/77 1.5 W
3/ 9/77 5/11/77 1.0 W
5/11/77 6/ S/77 1.9 W
€/ 5777 17 4777 146 W
7/ 4/77 8/ 9777 0e5 W
87 9/77 9/15/17 1.2 ¥
SAN ANDREAS FAULT (IMPERIAL VALLEY)
NILA 7/ /16 1/29/76 3744
7/29/76 9/ 1/76 5249
-9/ 1/7e 10/ 1/78 4641
iny 177« 10/29/76 46,3
1/29/76  11/29/76 39,5 W
11729/76 12/30/76 2449 W -
12/50/78 2/ 4/77 55.8
R/ 4/T7 3/10/77 49,8
3/10/77 5/12/77 5244
5/12/77 6/ 4/77 4942
& W77 1/ 3/77 31.9
7/ 3/77 8/ 1/17 55.6 N
87 7/77 9/14/77 95,0
IMPERIAL FAULT
HOLT 7/29/76 9/ 1/76 23.6
9/ 1776 10/ 2/76 17.2
1n/ 2/76  10/29/76 17.3
10/29/76  11/29/76 12,9 W
11/29/76  12/30/76 5.1 W
12/30/76 27 4/17 5,3 W
2/ 4/77 3/10/77 11,2
3710777 5/13/71 17,4

S/13/77 &/ 3777 15.8
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RACON ALPHA=-TRACK DATA : SOUTHERN NETWORK

SITE DATE TRACKS/ e e R

IN ouT CM2 HR ; T T LT
HOLT 6/ 3717 77 3/17 15,1 .
' 7/ 3777 87 1/17 2945
&/ 1777 9713777 50,0
ROSS T/ 2/76 1/29/76 49,6 T ST -
7/29/176 97 1/76 40.1
o/ 1/7s 107 2/76 44 o8
16/ 2/76 10/29/76 44,0
1n/29/78 11729776 35,1 -
11/29/7¢ 12/30/76 37,2 ] .
12/30/7¢ 2/ 4777 49,6 ' T
27 4717 3710777 5743
2710777 5/13/77 50.4 . ' ' TmE e s
S/13%/,17 &/ 3/71 35,9 -
6/ 3,77 T/ 3/77 41.4
7/ 3777 87 /717 5143
&7 T/77 9/13/77 62,2
S~31 7/ 2,76 7/29/76 26,8
7729776 9/ 1/76 35,2
ey 1/76 10/ 2/76 2647 -
16/ 2776 10/29/76 2544
ic/s29/76e 11/29/76 24,0
11,294,705 12/36/76 28,5 T
12/30/76 2/ 4777 33,8
2/ 4,77 3710/77 29,0
2/10/71 5/13/77 38,4
/13,77 &/ 3777 29.6
£/ 3/77 T/ 3/77 30,4
1/ 3,77 8/ 1777 35,2
87 7,77 9/13/77 4840

WATER CONCENSED ON FILM&
NEW HOLEs SaMPLING LOCATION CHANGED
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ABSTRACT

This report covers the first ten months of radon and helium
monitoring along the Sén Andreas fault in the Palmdale area.
From a study of 21 possible well and spring locations, a primafy
network of eight sites, including seven wells and one natural
hot spring (33°C) spaced along a 50 mile stretch of the fault
from Lake Hughes to Big Pines, has been selected. The parameters
being measured include temperature, conductivity, dissolved radon

activity and helium concentration, He3/He4 isotope ratios, Ra226

16 ratios in the water. Radon and helium

activity, and D/H and 018/0
are measured at monthly intervals at the eight primary sipes, and
occasionally at other secondary locations. During the past six
months‘our major effort has been devoted to the analysis of
samples which had been stored for helium analysis on the portable
helium mass spectrometer, pending addition of a vacuum-line system
for removal of all gases but helium and neon. This system has

been put into operation; all helium‘analyses have been completed

and the data are tabulated- and presented graphically in this




report together with the accumulated radon measurements.

The Palmdale area well samples sﬁow no pronounced coherence
of radon and helium fluctuations or strong seasonal variations,
in contrast to the one hot spring site (Warm Springs) which has
a strong helium-radon covariance and a large, apparently seasoﬁal,
effect of minimum helium and radon concentrations in the month
of April. Only one site, the Palmdale Water Diétrict Well #17
(PDLE-1W) shows an apparent correlation of‘monitorgd parameters
with seismic activity. 1In this well pronounced one-month spikes
of increased temperature, conductivity, helium, and radon
activity were observed on September 9 of this year, three days
after a swarmvneaf Juniper Hills with a maximum magnitude of 2.7.
Similar high values of these four parameters were observed in
November 1976, the first time the well was sampled, about three
weeks after a magnitude 2.6 earthquake near Pearblossom. Unfor-
tunately both these "geochemical events" may be related to

sporadic well usage immediately before sampling, despite the

3

fact that all wells are flushed with several well-volumes of water

and brought to constant temperature béfore samples are taken.
Large-scale pumping experiments requiring pumping and disposal
of wvolumes of the order of lO5 liters of water are regquired to
study this possibility; these experiments are planned for the
near-future when arrangements can be made to accomodate the

required water volumes.

q



1. INTRODUCTION

Our first report on the Palmdale area monitoring program
(TR No. 1, April 1977) described the initial survey of wells and
springs in this area for radon and heliﬁm concentratiops, He3/He4
isotopic ratios, and D/H and 018/016 measurements on the waters.
Some 21 possible monitoring sites were studied, and 8 locations
were selected for regular monthly radon and helium mdnitoring.
Report No. 1 includéd the initial helium concentration and isotope
ratio analyses, both measured on the helium-isotope mass spectrometer,
the D/H and 018/016 data, and the radon results from the first
several months of monitoring. Samples collected for monthly
helium measurements were stored in the initial copper-tube
pinchclamp samplers until conversion of the portable helium mass
spectrometer to precision laboratory analysis could be completed.
Since submission of the first report, the new vacuum-line
inlet system for the portable helium spectrometer has been compieted
and put into operation. Details of the system are included in
the accompanying report (TR No. 7, October, 1977) on radon and
helium monitoring on the "Southern Network", i.e. the area from
San Bernardino to the Mexican border. Briefly, the analytical
procedure consists of total gas extraction from 20 grams of water
(collected in the copper tubing), followed by removal of all
gases but helium and neon by adsorption on charcoal at liquid-nitrogen
temperature and reaction with a getter. The He-Ne fraction is then
~admitted to the spectrometer for peak height measurement of He4

in comparison with calibrated standards measured before and after

each sample. By measuring helium in the pure He-Ne fraction rather



.
than in the total extracted gas (as is done with measurements made ‘
in the field), a routine laboratory precision of 1% in the helium
measurements has been achieved. (The overall errors are probably
somewhat larger because of the general difficulties in sampling
helium in a repreéentative fashion, especially in the Palmdale
area where helium concentrations are considerably lower than in
the other areas being monitored).

During the present period of work the major emphasis has
thus been on analyzing the entire set of Palmdale network samples
for helium concentrations, while continuing the monthly radon
analyses as usual. This objectivé has been achieved, and in this
report we present graphs and tabulations of the helium and radon
concentrations in the eight network sites for the period from

November, 1976, to September, 1977.

2. SAMPLING NETWORK

Figure 1 shows the Palmdale network monitoring sites, and
other sampling loéations we have investigated. There are eight
"Primary Network" sites; 7 wells along the San Andreas fault, and
one hot spring, "Warm Springs", on the Clearwater Fault just west
of the San Andreas at the north end of the monitoring section,
southwest of Lake Hughes. Although not directly on the San Andreas
fault, the Warm Springs site contains the "hottest" water found in
-the area (33°C), and is an important control for comparison with
the well data, since there are no thermal springs along the fault

trace in this area.
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PALMDALE AREA PRIMARY NETWORK

TABLE 1:
SITE CODE LOCATION WELL DEPTH TEMPERATURE CONDUCTIVITY
(FEET) (°C) (uMho/cm)
WARM-1P Warm Springs - 33 1920
HUGH~2W  Lake Hughes Well 270 15 600
RACK-2W Rackett Ranch Well 115 17 900
RITT-1W Rittexr Ranch 100 12-20 800
Clubhouse Well
' MESS-1W Messer Ranch Well 90 17 1100
PDLE-1W Palmdale Water Dist. 400 19 1400
Well #17
VALY-1W  Valyermo Well 152 17 600
PINE-1W Big Pines Well 230 8.5 400



® The previous report (TR No. 1) listed the characteristics of
all 21 possible monitoring sites we investigated in the Palmdale
area. Table 1 summarizes the most important data on the eight

© primary network sites. The choice of these sites for primary
network was based on location, spacing, availability for routine
sampling, and representation of different groundwater aquifers as

® inferred from stable isotope data (D/H and 018/016 ratios),
conductivity, temperature, etc., as described in the previous

report.

3. HELIUM AND RADON MEASUREMENTS

The accumulated helium and radon measurements in the spring

and well waters are tabulated in Appendix 1. The radon measurements
are made by alpha scintillation counting after total radon extraction
from one-liter water samples; these data are tabulated in dpm/gram
of water. The helium measurements are tabulated in units of
10_6ccSTP of helium/gram of water. Temperature and conductivity
data are also tabulated for all samples.
® The monthly helium and radon results are plotted for each

of the eight primary network sites in Figures 2 through 9. The

radon activities in these waters vary by almost a factor of ten,
@ from about 0.2 dpm/g at Warm Springs (WARM-1P) to 1.9 dpm/g at

Rackett Rénch Well (RACK-2W), a range which is quiﬁe similar to

that observed along the Elsindre,vSan Jacinto, and San Andreas
® | faults in our Southern network. Helium concentrat.ions in the

Palmdale waters are, however, lower by factors of 10 to 100 than




concentrations in the Southern network, with the exception of the
single hot spring - Warm Springs - in which helium is supersaturated

6ccSTP/g) by a factor

relative to atmospheric solubility (0.045 x 10~
of about 100. The next-warmest water in the Palmdale network is
the Palmdale Well #17, PDLE-1W, at 19°C, which is supersaturated
by almost a factor of 10 in helium. The remaining waters range
in supersaturation from a factor of 4 (HUGH-2W) down to 1.5
(PINE-1W), as aescribed in our previous report.

The Palmdale well samples do not show any pronounced coherence
of radon and helium fluctuations; nor does there appear to be
any significant seasonal effect; with the possible exception of
helium in PINE-1W which appears to have a maximum concentration in
June and July. The hot spring sample, WARM-1P, does, however,
show both a strong helium-radon covariance and a large seasonal
effect, in which both helium and radon exhibit pronounced minima
in April, with no corresponding variation in temperature. The
Lake Hughes well, HUGH-2W, also has a strong helium minimum in
March-April, but its radon activity has remained essentially
constant since January. The Rackett Ranch Well, RACK-2W, had a
very low radon activity in February of this year compared to the
remainder of the record; this corresponded with an exceptionally
low water temperature 14.6°C, vs. about 17°C for the rest of the
year. This effect probably reflects a sample of stagnant well
water in which significant decay of radon had occurred prior to
sampling, as there is no accompanying fluctuation in the helium

concentration.
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4. POSSIBLE CORRELATIONS WITH SEISMIC ACTIVITY

Since the. inception of radon and helium monitoring in November,
1976, seismic activity has centered around the Juniper Hills-
Valyermo area, southeast of Palmdale on the San Andreas. Only
one of our monitoring sites, the Palmdale Water District Well #17
(PDLE-1W), shows a possible correlation of radon and helium
variations with seismic events. This well is about 25 km
northwest of the Juniper Hills area, on the San Andreas (Figure 1).
Karen McNally, who has been monitoring seismic activity in the
field during the past year, has kindly provided us with the
" records of the principal events; the dates and magnitudes of
these events are indicated in Figure 7 above the helium, radon,
and temperature records. All of these earthquakes occurred near
the Juniper Hills-Valyermo area except for the magnitude 2.6 event
on November 3, 1976, which had an epicenter close to Llano, about
10 km east of Pearblossom and about 10 km north of the fault trace.

The monitoring record for this well is unfortunately interrupted
by a change in the pumping system in April of this year. Prior
to this time chlorine was injected at depth in the well with an
accompanying introduction of air bubbles which stripped out some
of the gases; on April l@ the system was modified so that this
air contamination no longer occurred. As shown by the breaks in
the record on this date, the measured He and Rn contents increased
by about 20% and 5% respectively when the air stripping was
eliminated (samples collected 13 April and 14 April, before and

- after the modification; data tabulated in Appendix 1).
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The largest magnitude event in the Juniper Hills area occurred
during a swarm on 6 September when an M=2.7 event was recdrded.
Our samples were collected three days later, on September 9,
and as shown in Figure 7, a very large helium concentration spike
was observed at this time, accompanied by a smaller radon and
temperature increase. The conductivity of the water also inéreased,
by about 14% relative to previous measurements,bat this time.

In Figure 7 the radon and helium records have been extended
to include the most recent measurements made. Table 2 lists the
complete record of temperature, conductivity, radon and helium
data, for the period from July 5 to November 9. It is clear
that a significant change in all these parameters occurred,
with a maximum signal in helium concentration which increased by
a factor of two relative to the previous baseline. A similar
apparent correlation can be seen in the data for 23 November, 1976,
when high helium, radon, and temperature values are observed after
the November 3 M=2.6 event; here, however, there are no earlier
data for comparison and only the decrease by January, 1977, can
be observed. The Valyermo Well (VALY-1W, Figure 8), although
much closer to the actual epicentral locations,bshows no evidence
of any correlaﬁion with these events. It should be noted, however,
that the Palmdale well has much higher conductivity and helium
concentration, a higher temperature, and a lower radon activity,
and is clearly sampling different water. (This is also shown by
the differences in D/H and 018/0l6 ratios in the two waters, as

described in TR #1; these data are listed in Appendix 2).
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TABLE 2: JULY TO NOVEMBER MEASUREMENTS ON
PALMDALE WELL #17 (PDLE-1W)

DATE TEMP. CONDUCTIVITY ‘ RADON HELIUM
(1977) (°c) (uMho/cm) (dpm/g) (pee/q)

July 5 19.2 1395 _ 0.52 0.40
' 0.38%

August 10 19.4 1400 0.54 0.35

September 9 20.0 1600 0.60 0.69
0.65% 0.66%

October 6 19.0 1405 0.59 0.34
0.55% 0.34%

November 9 19.2 0.55 0.31
0.31%

*Duplicate sample collections.
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‘Unfortunately, there are irregularities in the pumping
history of the PDLE-1W well prior to sampling which are difficult
to avoid, and which may, in fact, be correlated with the He, Rn,
temperature, and conductivity spikes in the November, 1976, and
September, 1977 samples. This well is normally sampled after
pumping for 30 to 50 minutes, which is sufficient to flush several
well-volumes of water through the system at a pumping rate of
360 liters/minute, and to bring the water to constant temperature.
We have three sampling dates on which it is known that the pump
had been off for 16 hours to 2 days prior to sampling: April 14,
October 6, and November 6, 1977, and all of these samples show
average baseline values for all parameters. On two occasions,
however, the pump had been operated for several hours prior to
our sampling; these occasions are, of course, the 23 November, 1976,
and the 9 September, 1977, collections. No pumping data are
available prior to the other collectiqns. Thus there is a
distinct possibility that pumping some 40,000 liters of water
through this well finally brings up a different water source
which is always higher in helium, radon, etc. 1In ord%r to test
this possibility, we have to sample the well over several hours at
some period when the reservoir can accomodate up to 105 liters
of water. It is hoped that arrangements can be made to do this
at the next sampling time; and we plan to make such tests at as
many wells as possible during the rest of the year. 1In the
meantime, the apparent correlation of monitoring parameters with

seismic activity has to be regarded as probably coincidental.



® 5. OTHER MEASUREMENTS

The stable isotope data (measured by J. O'Neil at USGS,

Menlo Park), and Ra226 measurements on network samples are tabu-
o lated in Appendix 2. These data and the He3/He4 isotope ratio
measurements were discussed in the previous Palmdale Network
report (TR No. 1). At the present time we are beginning measure-
® ments of dissolved nitrogen and argon (collected during the
i extraction of helium, and stored in breakseals). The application
of these measurements to the understanding of the helium and radon
@ variations is discussed in detail in the accompanying report on
the results from the Southern network (TR No. 7).
L
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APPENDIX 1

RADON AND HELIUM TABULATIONS: LIQUID PHASE

The accumulated measurements of heiium concentrations
and radon activities in the liquid phase are listed in the
following table, together with collection dates and water
temperature and conductivity. Sampling locations are
listed from northwest to southeast along the San Andreas.
The primary network locations are marked with asterisks
before the site codes. Helium concentrations are
tabulated in units of lO—6ccSTP/gram of water; radon

activities in dpm/gram of water.



"PAGE 1
RADON AND HELIUM IN THE LIQUID PHASE ¢ PALWMpALE AREA ’

SAMPLE DATE TEMP COND RANON NOTE HELIUM NOTE
Mit/LD/ZYY DEG C PMHO pPM/G PCC/G
* WARM =1P 117 4/76 2%.2 2000
1P 11/30/70 33,0 1990 L 5.300 Al G
5.400 A2 G
iP 1713777 32,3 2000 0.2A8 Al 5,310 A2
32,3 U334 A2
1P 2718777 35,3 1920 D231 4.48p A2
i 3718777 33,3 1920 L.21%9 4,930 A2
i 4y 4777 2340 1920 Uel73 3,210 ALl
: 3.220 A2
12 B/13/777 34,0 1920 U209 3.700 Al
3.700 A2
ir &7 6,77 33,5 19zu Ve24y 5,770 A2
10 7/ 4,77 32,5 1920 U232 5,030 A2
1P /10,777 31.0 1924 Ua20b 4700 A2
1P /10,77 34,2 1920 Vel220 5l 4,300 A2
0.224 A2
HUGH =1w 11/724/76 17,1 900 L.bU6 0.094 A2
» HUGH <24 11724776 15,1 610 1500 0.184% Al
& W 1713777 14,6 6,0 6.901 0,119 A2
zw /18777 15,2 - 510 Uu,903 0,177 A1 G
04197 A2
Zl 37167177 15,6 620 1,030 0.0849 A2
= /14,77 2,0 93U Ve980o 0.088 A2
2N 5/13/77 15,6 610U L.8584 0.115% A2
oW e/ T/77 15,6 603 Uu,928 0.1%1 A2
W 7/ Ww/77 5.7 €1y VeT24 0.136 A2
2 8710777 1740 620 NC NC
e W 9710777 1645 62y . NC NC
* FTACK =2wW 12/ 1/7¢ lo.8 &5 1.910 0094 A1 G
0.099 A2
2w 2/17,77 14,06 8140 1,160 0.108 A2
e 3/1T/77 16,9 &80 4,930 C.098 A2
zd 4s13/77 i7.2 90v 1,880 0.100 AZ
2N s5/12/77 16,8 895 1,830 - 0,105 A2
zw o/ G/T7 17.7 900 1.880 0.1c7 A2

zw 7/ 5777 L7,.2 889 14690 C,105 Az




Rapon AND HELIUM In THE L1IGUID PHASE

SaPLE

WR1G

98T

* RITT

- W
é4q

~-13

-l
i

14

1w
14
1w
1A
14
1w

14
1w

1
1w

L
P

POLE =2

*» PDLE =1W

DATE
MmM/oD/YY

as 9/77
9/10/77

11730776

11/24/76

11/24/76
127 1/7¢

/14777

2717777
3/17/77
us13/,77
5712777
6/ 6777
T/ S,s77
E/10/77
9/1C/77

11/724/76
2/18/77

3/18/77
LYALYANI
5/13/777
&s7 T/77
77 S5/77
6710777
9y @477

11/23/76

11/23/7¢&

TEMP
DEG ¢

14,0

14,4

12,0

14.5
19,5
17.2
17.8
2045
19,5

14,0

17.4

17,2
16,7
16,7
17,2
17,2
18,3
le,9

1645

2063

COND
PMHO

904
900

500
605

790
790

800
800
800
796
800
80U
794

80u
800

1100
1110

1110
1100
109%
l1lcu
1100
1105
1116

DPM/G

1.740
1,890
1.830

0.417

0,379

U,3n2
0,353

0.293
ved12
0.30n6
6,290
U314
0,278
0,259
0,283
G.2R0

0,902

Us.7RS
i,B87¢
0,693
u,83t
u.784
U750
V.962
U930

0.789Y

U.619

PALMNDALE AREA

Al

Al
A2

Al

A2

0,100
0.09“

0,050

04072

0,090

0,059
0.102
0,137
0,104
0.103
0,115
0,105
0.104

0,108

0.105

0.073
0,076
G.N69
0,072
0,079
0,073
0,074

0,071

0,070

0.u430
O.440

PAGE

RADON NOTE HELIUM NOTE
PCC/G

Az
A2

A2

A2

A2

A1 6
h2
A2
A2
A2
A2
Al
A2

A2

Al G
A2
A2
A2
A2
A2
A2

A2

a2

Al G
A2 G

n



PAGE
KADON AND HELIUM IN THE LIQUID PHASE : PALMDALE AREA
SamMPLE DATE TEMP COND RADON NOTE HELIUM NOTE
ME/DD/YY UEG € PMHO DPM/G PCC/G

¥ PDLE «1W 1714777 19.0 1360 Ue.522 0,273 A2
‘ 1w 2/17/77 19,3 1350 0.504 0,267 A2
1A 3/17/77 18,9 1390 V.507 0.330 A2

iw 4/13/77 19.4 130u 0,512 0.282 A2

1w w/i4 /777 16,9 13990 U.537 0,345 Al

0.34e A2

0,347 A2

0.362 A2

1w 1/ S/77 19,2 1395 0,919 0,400 Al

C.375 A2

1w 8/10/77 19,4 1400 0535 0.345 A2

1w 97 9777 20,0 1600 0,600 Al 0.691 A2

U648 A2 C.661 A4

¥ VALY =1w 11/30/7¢ 14,6 SEU 1,440 0,105 Al
“ 0.086 A2

iw 1/14777 14%.0 57y Les842C 0.080 A2

1w 2/17/777 15.4 - 593 1.660 0.085 A2

1w 3/17/777 14,7 600 1.110 0.067 A2

1w 4s13,77 16,7 S8 1.690 0.G87 Al

1w S5/12/77 15,8 595 1.360 0,685 A2

1a 6/ 6777 16,7 595 1,620 0.062 A2

1w 7/ S/717 17.8 590 1,360 0.,Ce1 A2

1w 8y 9,77 17,5 © 595 1,600 Al 0,065 A2

v l.610 A2
1w 9/ 9,77 16,7 590 1,680 Al 0.065 A2
1.480 A2

* PIb «1w 11723776 8,9 460 0,800 0,069 Al
0.067 A2

1w 1/14/77 8,3 460 0,823 0.069 A2

1w 2/17/17 8.6 343 U746 0.069 A2

1w 4/13/77 bed 435 Ue789 C.C69 AZ

1d 5712777 Ued 325 U891 0.077 A2

1w 6/ 6777 &e6 415 U.718 0.088 A2

aw 7/ 5777 CBaed 4no U.809 Ve062 A2

1w £/ 9/77 B3 450 U.840 0.072 A2

1w 9/10/777 8,9 - 454 U.86% Al 0,072 A2

(.829 A2



' PAGE
) RADON AHD HELIUM In THE LIQUID PHASE : PALMDALE AREA
* = PRKIMARY SAMPLING NETWORK L = SAMPLE LOST
E = AlALYTICAL ERKOR SUSPECTED NC = NO SAMPLE COLLECTED
2 = VYALUE UNCLRTAIn BY #20=-40% FOR DECAY CURRECTION
F = SHMFLE COLLFCTED IN 1720 GLASS FLASK
€ 6 = SAMFLE AWALYZED ON HE3/HE4 MASS SPECTRUMETER
X = ALL LATA THIS SITE EXCESS RADONy CORRECTED FOR RA226
Aleh2se0e= ULPLICATE SAMPLES
AvBeoss= SAMPLES CULLECTED AT DIFFERENT TIMES. OR USING DIFFERENT
PROCEDURE OR SAMPLER
.f
o
L
o
L
o
®




APPENDIX 2
GEOCHEMICAL DATA: LIQUID PHASE

The following table lists the accumulated measurements of

16 226 0

ratios, Ra , and Pb21 in the

conductivity, D/H and 018/0
netwérk water samples. Conductivity is tabulated in units of
10_6mhos/cm. The isotopic data are tabulated as delta values
relative to Standard Mean Ocean Water (SMOW), the international
isotopic water standard maintained by the International Atomic

Energy Agency in Vienna. The delta values are units of per mil,

and are defined as:

3

§ = [(R / - 1] x 10

sample RSMOW)

16 ratio. These stable isotope ratio

where R is the D/H or’OlS/O
measurements were made by Dr. J. O'Neil of the U.S. Geological

Survey, Menlo Park, California.
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WARE:

HUGH

HUwvH

RACK

POLE

. PULL

VALY

PINE

*
E
3

ran

ANALYTICAL DATA LIGUID PHASE

LE

“1F
ip

-1y

-2l

-2k
2w

-2y

-lg

-1lW

-1y

-2l
-1y
i

-l
1y

-1y
1y

PRIMARY SAMPLING RETwORK

DATE
ME/CD7YY

11/ 4/76
11730775

11724776
11/24/76

127 1,78
2/17777

11730776

1724776

11/24/76
11/24/76

11723776
11/723/7¢
1/14/777

11/30/76
/14777

11/23/7%
2717777

TEHP

CONG

DEG C MU=MHOQ

294
33.0

17.1
15.1

lé.8

1496

14,0

14,4

14,0

14.0

16.5
2063
19.0

2000
1990

900
610

850
€10

S00

605

720

1160

420
145¢
1360

560
570

450
343

AMALYTICAL ERROR SUSPECTED

DELTA D
PER MIL

'66.6
=67.4

-56,3
=620

-63,9

=61,.&

«60,8

62,2

"65.2

=T34
=72.06 .

«75,.6

PALMDALE AREA

UELTA o018
PER MIL

«9,99
‘9.86

=7.52
=9.15 -

-9.00

=-9+08
=9,00
-9.09
=9ely

«10,20
-9.87

'10.46

~12.3y

TA U AND DELTA Glg VALUES MEASURED BY Je O*HNEIL

RA226
nPM/KG -

0.186

0.050
0.460

0.129

PAGE '

 EB210

_DPM/KG -





