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shipped to the analytical laboratory. The AIRNET
project plan (ESH-17 1999) and the numerous
procedures through which the plan is implemented
provide details about the sample collection, sample
management, chemical analysis, and data management
activities.

b. Data Management. Using a palm-top
microcomputer, we recorded the 1999 field data,
including timer readings, volumetric airflow rates at
the start and stop of the sampling period, and com-
ments pertaining to these data, electronically in the
field. We later transferred these data to an electronic
table format within the Air Quality Group (ESH-17)
AIRNET Microsoft Access database. We also received
the analytical data described in the next section in
electronic form and loaded them into the database.

c. Analytical Chemistry. A commercial
laboratory analyzed each 1999 particulate matter filter
for gross alpha and gross beta activities. These filters
were also grouped across sites, designated “clumps,”
and analyzed for gamma-emitting radionuclides. For
1999, clumps ranged from six to nine filters. Gamma-
emitting radionuclides were also measured at each
Federal Facilities Compliance Agreement station by
grouping the filters collected each quarter. We
combined half filters from the six or seven sampling
periods at each site during the quarter to prepare a
quarterly composite for isotopic analyses for each
AIRNET station. These composites were dissolved,
separated chemically, and then analyzed for isotopes
of americium, plutonium, and uranium using alpha
spectroscopy. Every two weeks, ESH-17 staff distilled
the water from the silica gel cartridges and submitted
the distillate to a commercial laboratory for tritium
determination by liquid scintillation spectrometry. All
analytical procedures meet the requirements of 40
Code of Federal Regulations (CFR) 61, Appendix B,
Method 114. The AIRNET project plan provides a
summary of the target minimum detectable amounts
(MDA) for the biweekly and quarterly samples.

d. Laboratory Quality Control Samples. For
1999, ESH-17 and the contractor analytical laborato-
ries maintained a program of blank, spike, duplicate,
and replicate analyses. This program provided
information on the quality of the data received from
analytical chemistry laboratories. The chemistry met
the QA requirements for the AIRNET program.

4. Ambient Air Concentrations

a. Explanation of Reported Concentrations
Including Negative Values. Tables 4-1 through 4-12
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summarize the ambient air concentrations calculated
from the field and analytical data. Table 4-1 summa-
rizes the average background concentrations of
airborne radioactivity. Tables 4-2 through 4-12
summarize ambient air concentrations by the type of
radioactivity or by specific radionuclides. The
summaries include the number of results; the number
of these results less than the uncertainty; the maxi-
mum, minimum, and average concentrations; the
sample standard deviation; and, for the group summa-
ries, the 95% confidence intervals. The number of
results are normally equal to the number of samples
analyzed, whereas the number less than the uncer-
tainty is the number of analyses that do not have a
measurable amount of the material of interest. The
MDA used in Tables 4-11 and 4-12 are the levels that
the instrumentation could detect under ideal condi-
tions. Finally, all AIRNET concentrations and doses
are total measurements without any type of regional
background subtractions or corrections unless other-
wise stated.

All data in this AIRNET section, whether in the
tables or the text, that are expressed as a value plus or
minus () another value represent a 95% confidence
interval. Because these confidence intervals are
calculated with data from multiple sites and through-
out the year, they include not only random measure-
ment and analytical errors but also seasonal and
spatial variations as well. As such, the calculated 95%
confidence intervals are overestimated (wider) for the
average concentrations and probably represent
confidence intervals that are essentially 100%. In
addition, the air concentration standard deviations in
the tables represent one standard deviation as calcu-
lated from the sample data. All ambient concentrations
are activity concentrations per actual cubic meter of
sampled air.

Some values in the tables indicate that we mea-
sured negative concentrations of radionuclides in the
ambient air, which, of course, is impossible. However,
it is possible for the measured concentration to be
negative because the measured concentration is a sum
of the true value and all random errors. As the true
value approaches zero, the measured value approaches
the total random errors, which can be negative or
positive and overwhelm the true value. Arbitrarily
discarding negative values when the true value is near
zero will result in overestimated ambient concentra-
tions.

b. Gross Alpha and Beta Radioactivity. We
use gross alpha and gross beta analyses primarily to
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evaluate general radiological air quality and to
identify potential trends. If gross activity in a sample
is consistent with past observations and background,
immediate special analyses for specific radionuclides
are not necessary. If the gross analytical results appear
to be elevated, then immediate analyses for specific
radionuclides may be performed to investigate a
potential problem, such as an unplanned release.
Gross alpha and beta activity in air exhibits consider-
able environmental variability and, for alpha measure-
ments, analytical variability. These naturally occurring
sources of variability generally overwhelm any
Laboratory contributions.

The National Council on Radiation Protection and
Measurements (NCRP) estimated the average concen-
tration of long-lived gross alpha activity in air to be
2 fCi per cubic meter. The primary alpha activity is
due to polonium-210 (a decay product of radon) and
other naturally occurring radionuclides (NCRP 1975,
NCRP 1987). The NCRP also estimated average con-
centration levels of long-lived gross beta activity in air
to be 20 fCi per cubic meter. This activity is primarily
because of the presence of lead-210 and bismuth-210
(also decay products of radon) and other naturally
occurring radionuclides.

In 1999, we collected and analyzed more than
1,000 air samples for gross alpha and gross beta activ-
ity. As shown in Table 4-2, the annual mean for all of
the stations is less than the NCRP’s estimated average
(2 £Ci per cubic meter) for gross alpha concentrations.
Two factors probably contribute to these seemingly
lower concentrations: the use of actual sampled air
volumes instead of converting to standard temperature
and pressure volumes and the burial of alpha emitters
in the filter that are not measured by front-face count-
ing. Gross alpha activity is almost entirely from the
decay of natural radionuclides, primarily radon, and is
dependent on variations in natural conditions such as
atmospheric pressure, atmospheric mixing, tempera-
ture, soil moisture, and the “age” of the radon. The
differences among the groups may be attributable to
these factors (NCRP 1975, NCRP 1987).

Table 4-3 shows gross beta concentrations within
and around the Laboratory. These data show variabil-
ity similar to the gross alpha concentrations. All of the
annual averages are below 20 fCi per cubic meter, the
NCRP estimated national average for beta concentra-
tions, but the gross beta measurements include little if
any lead-210 because of its low-energy beta emission.
In addition, the gross beta measurements are also
calculated on the actual sampled air volumes.

0

c¢. Tritium. Tritium is present in the environ-
ment primarily as the result of nuclear weapons tests
and natural production by cosmogenic processes
(Eisenbud and Gesell 1997). Tritium is released by the
Laboratory in curie amounts; in 1999, Laboratory
operations released approximately 1,600 curies of
tritium. Tritium is released from Laboratory opera-
tions as hydrogen (HT or T,) and as an oxide (HTO or
T,0). We measure the tritium as an oxide because the
dose impact is about 14 thousand times higher than if
it were hydrogen (DOE 1988b).

Estimating ambient levels of tritium as an oxide
(water) requires two factors: water vapor concentra-
tions in the air and tritium concentrations in the water
vapor. Both of these need to be representative of the
true concentrations to obtain an accurate estimate of
the ambient tritium concentrations. In early 1998, it
was found that the silica gel collection medium was
not capable of removing all of the moisture from the
atmosphere (see 1998 ESR 4.A.4.c) (Eberhart 1999).
Collection efficiencies were as low as 10% to 20% in
the middle of the summer when the ambient concen-
trations of water vapor were the highest. Because
100% of the water was not collected on the silica gel
and we used this water to measure water vapor
concentrations, the atmospheric water vapor, and
therefore tritiated water, has been underestimated.
However, data from the meteorological monitoring
network provide accurate measurements of atmo-
spheric water vapor concentrations and have been
combined with the analytical results to calculate all
ambient tritium concentrations in this report. The EPA
approved use of this method for compliance calcula-
tions of atmospheric tritium concentrations in March
1999 (EPA 1999).

Table 4-4 presents the sampling results for tritiated
water concentrations. The annual concentrations for
1999 at all of the on-site and perimeter stations were
higher than all of the regional and pueblo stations. In
addition, 15 of the 16 on-site stations in technical
areas with tritium sources (TA-16, TA-21, and TA- 54)
had higher annual concentrations than all of the
perimeter stations. These data indicate that the
Laboratory is a measurable source of tritium based on
ambient concentrations. All annual mean concentra-
tions at all sampling sites were well below the
applicable EPA and the DOE guidelines.

The highest off-site annual concentration, 4.4 pCi
per cubic meter, was at station 17 near the Bandelier
fire lookout. This concentration is equivalent to about
0.3% of the EPA public dose limit. We calculated
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elevated concentrations at a number of on-site sta-
tions, with the highest maximum and annual mean
concentrations at station 35 within TA-54, Area G.
This sampler is located in a radiological control area,
near shafts containing tritium-contaminated waste.
The annual mean concentration, 768 pCi per cubic
meter, is only 0.004% of the DOE DAC for worker
exposure.

We also saw elevated annual air concentrations at
other Area G stations, at TA-21 stations, and station
25 located at TA-16. Station 25 is located near a
tritium facility, but the source of the higher tritium
levels appears to be off-gassing from some used
tritium processing equipment that is stored nearby.
The TA-21 stations are located near operations that
use tritium.

d. Plutonium. While plutonium occurs natu-
rally at extremely low concentrations from cosmic
radiation and spontaneous fission (Eisenbud and
Gesell 1997), it is not naturally present in measurable
quantities in the ambient air. All measurable sources
are from plutonium research and development activi-
ties, nuclear weapons production and testing, the
nuclear fuel cycle, and other related activities. With
few exceptions, worldwide fallout from atmospheric
testing of nuclear explosives is the primary source of
plutonium in ambient air. Four isotopes of concern
can be present in the atmosphere: plutonium-238,
plutonium-239, plutonium-240, and plutonium-241.
Plutonium-241 is not measured because it is a low-
energy beta emitter that decays to americium-241,
which we do measure. This beta decay is not only
hard to measure, but the dose is small when compared
to americium-241. Plutonium-239 and plutonium-240
are indistinguishable by alpha spectroscopy and are
grouped together for analytical purposes. Therefore,
any ambient air concentrations or analyses listed as
plutonium-239 actually represent both plutonium-239
and plutonium-240.

Table 4-5 presents sampling results for plutonium-
238. Most of the analytical results, including the on-
site stations, were below the uncertainty level. The
highest group summary mean was for the TA-54, Area
G, stations, with an annual mean of 1.3 aCi/m?. This
result is less than 0.1% of the EPA public dose limit.
The highest annual mean for an individual station was
for station 34 at TA-54 with an annual mean activity
of 5.9 aCi/m?, which corresponds to 0.3% of the EPA
public dose limit, or 0.03 mrem. Only two quarterly
concentrations were above their uncertainties, and
both were at station 34, which indicates that measure-
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ments at this site are quantitative and above back-
ground levels.

Sampling results for plutonium-239, -240 appear in
Table 4-6. As with the plutonium-238 analyses, most
of the analytical results were below their estimated
uncertainties. The highest annual mean at any off-site
station, and the only one with concentrations above
the uncertainties, occurred at a perimeter sampler in
the Los Alamos townsite (07) with an annual concen-
tration of 7.4 aCi/m? of plutonium-239, -240. This
concentration is equivalent to a dose of 0.04 millirems
or 0.4% of the EPA public dose limit. This quantitative
measurement appeared to be caused by soil distur-
bances associated with nearby construction activity in
a former Laboratory technical site with contaminated
soil that had been remediated. Undoubtedly trace
amounts of contamination remained after cleanup, and
the recent construction activity resuspended the
contamination.

The TA-54, Area G, stations clearly had elevated
ambient concentrations with an annual average of
about 24 aCi/m3. The annual average for station 27,
which had been the highest concentration for the last
two years, dropped from 73 aCi/m? in 1998 to 51
aCi/m3 in 1999 apparently because the nearby gravel
road was paved in early 1999. The source of these
elevated levels, resuspension of contaminated particu-
late matter from material unearthed during a trenching
operation, was originally mitigated in 1997 (Kraig and
Conrad 2000, ESP 1998).

We recorded the highest annual concentration at
station 34 in Area G. The concentration was 105
aCi/m3, an increase of more than 27 times the 1998
concentrations for this site. This concentration is
equivalent to a dose of 0.5 mrem, but it is only
0.005% of the DOE DAC for workplace exposure. See
Section 4.A.5 for additional information.

e. Americium-241. Americium-241, a decay
product of plutonium-241, is the primary source of
radiation from this plutonium isotope. Nuclear
explosions, the nuclear fuel cycle, and other process-
ing of plutonium release plutonium-241 to the
environment.

Table 4-7 presents the americium results. As with
the plutonium isotopes, americium is present in very
low concentrations in the environment as the low
annual mean concentrations seen at the regional,
pueblo, and perimeter station summaries show. One
quarterly off-site measurement at station 32, the
county landfill, was above its uncertainty level. The
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annual concentration at this site was 8.0 aCi/m3,
which is equivalent to a dose of 0.04 mrem or 0.4% of
the EPA public dose limit. The cause(s) of this higher
concentration were not identified.

The only other sites with measurements above the
uncertainties were at Area G. The overall concentra-
tion at Area G was the highest for any group of
samplers with an average of 16.5 aCi/m3. The highest
annual concentration was at station 34 at 89.7 aCi/m3,
which was nearly 6 times higher than the second
highest annual concentration. The estimated dose from
this concentration is 0.47 mrem or 0.004% of the DOE
DAC for worker exposure. See Section 4.A.5 for
additional information on the increase of plutonium
and americium at station 34.

Station 27 concentrations dropped again this year.
In 1997, the concentrations at station 27 had peaked at
469 aCi/m3. By 1998, mitigation efforts had caused
the concentrations to drop an order of magnitude to
48 aCi/m3. The most recent mitigation, paving the
nearby gravel road, reduced the 1999 concentrations
to 15 aCi/m3. The concentration at this Area G site,
which is a controlled-access area, is equivalent to a
dose of 0.08 mrem or only 0.0008% of the applicable
DOE DAC.

f. Uranium. Three isotopes of uranium are
normally found in nature: uranium-234, uranium-235,
and uranium-238. The natural sources of uranium are
crustal rocks and soils. Therefore, the ambient concen-
trations depend upon the mass of suspended particu-
late matter, the uranium concentrations in the parent
material, and any local sources. Typical uranium
crustal concentrations range from 0.5 ppm to 5 ppm,
but local concentrations can be well above this range
(Eisenbud and Gesell 1997). Relative isotopic abun-
dances are constant and well characterized. Uranium-
238 and uranium-234 are essentially in radioactive
equilibrium, with a measured uranium-238 to ura-
nium-234 isotopic activity ratio of 0.993 (as calcu-
lated from Walker et al., 1989). Thus, activity concen-
trations of these two isotopes are effectively the same
in particulate matter derived from natural sources.
Because known LANL uranium emissions are en-
riched (excess uranium-234 and -235) or depleted
(excess uranium-238), we can use comparisons of
isotopic concentrations to estimate LANL contribu-
tions. Using excess uranium-234 to detect the pres-
ence of enriched uranium may not seem suitable be-
cause the enrichment process is normally designed to
increase uranium-235 concentrations. However, the
enrichment process normally increases uranium-234 at
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a faster rate than uranium-235, and the dose from
natural uranium is about an order of magnitude higher
for uranium-234 than for uranium-235. Tables 4-8
through 4-10 give uranium results by isotope. The
quarterly uranium-234 and -238 measurements that are
above their uncertainties for both isotopes are plotted
in Figure 4-5 along with a line representing the natural
abundance of the two isotopes.

All annual mean concentrations of the three ura-
nium isotopes were well below the applicable EPA and
DOE guidelines. We measured all the maximum an-
nual uranium concentrations in Area G. The maximum
annual uranium-234 concentration was 116 aCi/m? at
stations 27 and 50 in Area G, which is equivalent to a
dose of about 0.15 mrem. The maximum annual ura-
nium-235 concentration was 7.2 aCi/m?3 at station 27,
which is equivalent to a dose of 0.01 mrem, but three
of the four quarterly concentrations were below their
uncertainties. The maximum annual uranium-238
concentration was 119 aCi/m3, which is equivalent to a
dose of about 0.14 mrem. Most of the uranium-235
measurements (93%), both on- and off-site, were be-
low the uncertainties, whereas less than 7% of the
uranium-234 and uranium-238 concentrations were
below the MDA. Consequently, the uranium-235 data
should not be considered quantitative measurements
and will not be evaluated as such.

Both the regional and pueblo groupings had higher
average concentrations of uranium-234 and uranium-
238 than all of the other groupings except for the TA-
54, Area G, stations. The higher concentrations for the
regional and pueblo groups result from increased par-
ticulate matter concentrations associated with unpaved
roads, unpaved parking lots, and other soil distur-
bances such as construction activities and even grazing
but not any known “man-made” sources of uranium.
Dry weather or a drier climate can also increase ambi-
ent concentrations of particulate matter and therefore
uranium. Annual mean concentrations for both ura-
nium-234 and uranium-238 were above 50 aCi/m? at
five sites for 1999. Four of these stations are located at
Area G (27, 38, 45, and 50), and one is located at the
Los Alamos County Landfill (station 32).

We measured most of the quarterly uranium
measurements above 50 aCi/m? at Area G or at the Los
Alamos County Landfill. As noted earlier, the Area G
sites also typically have plutonium and americium
concentrations that are above background levels.
However, comparable concentrations of uranium-238
and uranium-234 indicate that the higher uranium
concentrations at the Area G sites and at the county

Environmental Surveillance at Los Alamos during 1999



4. Air Surveillance

landfill are attributable to natural uranium associated
with higher levels of resuspended particulate matter
from unpaved roads and the surface soil disturbances.

Station 77 at TA-36, which is located in an area
where depleted uranium is still present as surface
contamination from explosive tests, had uranium-238
concentrations that were more than double the ura-
nium-234 concentrations. It has been previously iden-
tified as a location with excess ambient concentrations
of uranium-238 (Eberhart et. al., 1999, and ESP 1999).
The 1999 uranium-238 and uranium-234 concentra-
tions at this site were 30 and 13 aCi/m?® respectively. If
we presume that all of the measured uranium-234 at
this site is natural, then about 44% or 13 aCi/m? of the
uranium-238 would also be natural. Therefore, the
estimated LANL contribution is 17 aCi/m? of ura-
nium-238, which is equivalent to an on-site dose of
about 0.02 mrem or 0.0001% of the DOE DAC for
workplace exposure. The National Emission Standards
for Hazardous Pollutants (NESHAP) standard is 10
mrem for all radionuclides, so the maximum measured
dose from LANL uranium emissions would be about
0.2% of the standard if it were a public exposure. The
other AIRNET samplers in this area do not show simi-
lar patterns, an indication that the excess uranium-238
is small, localized, and not caused by current explo-
sive tests.

g. Gamma Spectroscopy Measurements. In
1999, gamma spectroscopy measurements were made
on groups of filters including analyses of “clumps”
(biweekly filters grouped across sites for a single
sampling period) and quarterly composites (biweekly
filters grouped across time for a single site). Even
though these gamma emitters have no action levels
per se, we would investigate any measurement above
the MDA, other than beryllium-7 and lead-210, be-
cause the existing data indicate that such a measure-
ment is highly unlikely except after an accidental
release. Instead of action levels, the AIRNET Sam-
pling and Analysis Plan (ESH-17 1999) lists the mini-
mum detection levels for 16 gamma emitters that
could either be released from Laboratory operations or
that occur naturally in measurable amounts (beryl-
lium-7 and lead-210). The minimum levels are equiva-
lent to a dose of 0.5 mrem. The beryllium-7 and lead-
210 measurements were the only isotopes above their
minimum detectable activities.

Table 4-11 summarizes the “less than” concentra-
tions. The average annual MDA for every radionuclide
in this table meets the required minimum detection
levels. Because every value used to calculate the
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average annual MDA was a “less than” value for the
14 radionuclides listed in the table, it is likely that the
actual concentrations are 3 or more standard devia-
tions away from the average MDA. As such, the
ambient concentrations, which were calculated from
the MDA values, are expressed as “much less” (<<)
values.

Table 4-12 summarizes the beryllium-7 and lead-
210 data. Both beryllium-7 and lead-210 occur
naturally in the atmosphere. Beryllium-7 is
cosmogenically produced, whereas lead-210 is a
decay product of radon-222. Some lead-210 is related
to suspension of terrestrial particulate matter, but the
primary source is atmospheric decay of radon-222.
Even though the beryllium-7 and lead-210 are derived
from gases, both become elements that are present as
solids or particulate matter. These radionuclides will
quickly coalesce into fine particles and also deposit on
the surfaces of other suspended particles. The effec-
tive source is cosmic for beryllium-7 and terrestrial
for lead-210, so the ratio of the two concentrations
will vary, but they should be relatively constant for a
given sampling period. Because all of the other
radionuclides measured by gamma spectroscopy are
“less than” values, measurements of these two
radionuclides provide verification that the sample
analysis process is working properly.

5. Investigation of Elevated Air Concentrations

Upon receiving the analytical chemistry data for
biweekly and quarterly data, ESH-17 personnel
calculated air concentrations and reviewed them to
determine if any values indicated an unplanned
release. Two action levels have been established:
investigation and alert. Investigation levels are based
on historical measurements and are designed to
indicate that an air concentration is higher than
expected. Alert levels are based on dose and require a
more thorough, immediate follow-up. During 1999,
ESH-17 reviewed the effectiveness of existing action
levels and decided to recalculate them to provide more
useful information. We calculated new action levels
for plutonium, americium, and tritium, based on a
more robust statistical treatment of outliers and an
evaluation of seasonal fluctuations of tritium from
Area G. We developed new methods for determining
action levels for gross alpha, gross beta, and uranium
and will implement them in 2000. See the discussion
of how we determined action levels on the Air Quality
Group Web site: http://www.air-quality. LANL.gov.
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In 1999, a number of air sampling values exceeded
ESH-17 investigation levels. When a measured air
concentration exceeds an investigation level, ESH-17
verifies that the calculations were done correctly and
that the sampled air concentrations are likely to be
representative, i.e., that no cross contamination has
taken place. Next, we work with personnel from the
appropriate operations to assess potential sources and
possible mitigation for the elevated concentrations.

Numerous tritium measurements continued to
exceed action levels because tritium concentrations
are now calculated using absolute humidity from
meteorological measurements (see ESP 1999,
4.A.4.c). We based the revised (August 1999) investi-
gation levels on tritium concentrations calculated
using absolute humidity, which eliminated this
problem.

A number of uranium measurements exceeded
action levels during 1999. In each case, the follow-up
investigation demonstrated that natural uranium
associated with higher levels of suspended particulate
matter produced the elevated uranium concentrations.
We reached this conclusion by comparing the ratio of
measured uranium-234 and uranium-238 air concen-
trations with the ratio in naturally occurring uranium.
Therefore, no Laboratory source of increased uranium
emissions was identified.

The following sections identify six incidents of
elevated air concentrations that warrant further
discussion.

a. Elevated Plutonium-239 and Americium-
241 at Station 34 at TA-54, Area G, during the First
and Second Quarters of 1999. The 1999 first quarter
air concentrations at station 34, at the northeast corner
of Area G, were elevated above normal for ameri-
cium-241 (24 aCi/m?) and plutonium-239 (206
aCi/m3). The measured concentrations were well
above the six-year averages for these radionuclides: 5
and 19 aCi/m3, respectively. Concentrations of
plutonium-238 were also elevated. Discussions with
operations staff at Area G revealed the following.

On March 15, 1999, a 55-gal. drum was retrieved
as part of the Transuranic Waste Inspectable Storage
Project (TWISP) at TA-54. Inspection revealed a
small hole on the bottom, and alpha contamination
was detected. Workers removed surface contamination
and sealed the drum within a second drum. However,
before the contamination was remediated, small
amounts of radionuclides were released to the air.
These releases caused increased concentrations at
station 34, which is very close to the operations. If the
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releases had been large or widespread, we would have
seen increases at other air monitoring stations nearby.

The operations group instituted radiologically
engineered controls to help minimize future releases
to the air during these activities. These features
included more complete monitoring of drum surfaces
at each step of drum handling, immediate bagging of
drums with suspected contamination, continuous local
air sampling, enhanced area swiping to identify
contamination, and training of all employees in the
new operation procedures.

In spite of these mitigation measures, air concentra-
tions increased during second quarter, with ameri-
cium-241 and plutonium-239 concentrations of 265
and 197 aCi/m?3, respectively. The operations group
evaluated additional mitigation measures and imple-
mented them during the third quarter. Plutonium
concentrations returned to pre-1999 concentrations
during the third quarter. Americium concentrations
declined greatly by the third (68 aCi/m>) and fourth
quarters (32 aCi/m3) but still remained elevated in
comparison to pre-1999 concentrations (1-12 aCi/m?3).
The annual average air concentrations of plutonium-
239 and americium-241 at station 34 are both less than
0.01% of the DACs for workers.

b. Elevated Tritium near TA-33 during 1999.
From the end of 1998 through 1999, decontamination
and decommissioning operations at TA-33, Bldg. 86,
produced increased tritium emissions that the
AIRNET system detected. These operations, which
were exhausted through a monitored stack, included
characterization and depressurization of formerly used
lines and vessels and were necessary before the
building could be demolished.

These emissions resulted in exceedances of
investigation levels at several stations in the vicinity
of TA-33, Bandelier, and White Rock during the first
quarter, in July, and in September. The Bandelier
AIRNET station recorded peak concentrations of 14
pCi/m? in January. If this concentration had occurred
for an entire year, the resulting dose would be less
than 0.1 mrem.

Before initiating these operations, all environmen-
tal groups, including ESH-17, conducted a review of
impacts. As a result of this review, ESH-17 worked
with facility personnel to determine potential levels of
emissions and to set limits on annual emissions. The
decontamination and decommissioning operations are
well within these limits and are considerably less than
regulatory limits.
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c. Elevated Tritium at the County Landfill
during January and February 1999. Measurements
at the county landfill exceeded investigation levels for
tritium during the last two weeks of January and the
first two weeks of February. The highest concentration
measured was 9 pCi/m3, which, if it had occurred for
an entire year, would result in a concentration less
than 0.06 mrem. No cause for these elevated concen-
trations was identified. Following this four-week
period, concentrations were at typical levels for the
remainder of the year.

d. Elevated Plutonium-239 at Station 07
during the Third and Fourth Quarters of 1999.
During the third and fourth quarter of 1999, elevated
concentrations of plutonium-239 were measured at
station 07 (Shell Station) in the townsite. These higher
measurements (12.6 and 14.0 aCi/m? respectively)
appear to have been caused by soil disturbances
associated with nearby construction activity at a
former Laboratory technical site (TA-1) with contami-
nated soil that was subsequently remediated. Undoubt-
edly, trace amounts of contamination remained after
cleanup, and the recent construction activity had
resuspended the contamination. If these concentrations
had been measured for an entire year, the dose impact
would have been 0.07 mrem. Measurements of
uranium-234 and uranium-238 concentrations were
also elevated at this location during the fourth quarter,
further demonstrating construction-related increases in
resuspended particulate matter.

e. Elevated Tritium near TA-21 in December
1999. In December 1999, cleanup activities at the
Tritium Science and Fabrication Facility (TA-21-209)
produced higher than average tritium emissions. One
on-site station (75) recorded a concentration of 22.5
pCi/m3, exceeding an investigation level, and several
nearby stations in the townsite measured higher than
normal air concentrations. The annual average air
concentration of tritium at station 75, 7.3 pCi/m3, is
more than one million times less than the DAC for
occupational workers.

Before initiating these operations, all environmen-
tal groups, including ESH-17, conducted a review of
impacts. As a result of this review, ESH-17 worked
with facility personnel to determine potential levels of
emissions and to set limits on annual emissions. The
cleanup operations are well within these limits and are
considerably less than regulatory limits.

f. Elevated Plutonium-239 at Station 45 TA-
54, Area G, during the Fourth Quarter of 1999.
During the fourth quarter of 1999, station 45 at TA-54,
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Area G, recorded an elevated plutonium-239 concen-
tration. The concentration of 52 aCi/m> was the
highest value recorded during 1999 but was similar to
the highest values recorded in 1997 and 1998 at this
station. The probable cause of this elevated value is
resuspension of residual soil contamination at the
eastern end of Area G. The annual average air concen-
tration of plutonium-239 at station 45, 24.5 aCi/m? is
about 0.001% of the DAC for workers.

g. Ongoing Investigations. A number of
stations have measured elevated concentrations from
Laboratory operations in past years. Several of these
stations continue to measure somewhat elevated
concentrations that we continue to monitor. We refer
the reader to the earlier Environmental Surveillance
Reports for a complete discussion of the sources of
elevated emissions.

Elevated plutonium and americium concentrations
continue to occur at TA-54, Area G, at stations 27 and
38, although much reduced from 1997 levels. Tritium
concentrations at TA-16 at station 25 remained
elevated during 1999. However, the peak concentra-
tion (104 pCi/m?3) is less than 1/10 of the 1998 peak
(1528 pCi/m3). The annual average air concentration
of tritium at station 25, 55.1 pCi/m3, is about 0.001%
of the DAC for workers.

6. Long-Term Trends

Previous Environmental Surveillance Reports
covered long-term trends for isotopic measurements
(ESP 1997) and tritium (ESP 1998 and ESP 1999).
Gross alpha, gross beta, and gamma measurements are
evaluated here. Future reports will rotate between
these three general categories.

The primary purpose of the AIRNET monitoring
system is to provide measurements of air contami-
nants that are potentially released by LANL. However,
most of the measurements are normally dominated by
naturally occurring radionuclides: alpha measurements
by the decay of polonium-210; beta measurements by
the decay of bismuth-210; and gamma activity mea-
surements by the decay of beryllium-7 and lead-210.

These naturally occurring radionuclides are present
in the atmosphere as particulate matter, but essentially
all are attributable to radioactive decay of atmospheric
radon-222 (Figure 4-6), which is a gas, or cosmogenic
production of beryllium-7 from cosmic ray interaction
with common atmospheric gases. These radionuclides
are derived from gas-phase stable isotopes that are
either already well mixed such as nitrogen or become
well mixed as a result of a relatively “long” half-life
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(3.8 days for radon-222) compared to atmospheric
turbulence. Ambient concentrations are relatively
uninfluenced by particulate matter emissions, concen-
trations, or resuspension. In addition, these radionu-
clides are concentrated on fine particles and, as such,
little affected by atmospheric deposition. Concentra-
tions may vary regionally, but local concentrations of
alpha, beta, and gamma emitters are comparable except
when local sources become significant or when air
sampling problems are encountered. Graphs of the
gross alpha (Figure 4-7), gross beta (Figure 4-8),
beryllium-7 (Figure 4-9), and lead-210 data (Figure
4-9) show the relatively low spatial variation when
compared with the variation over time.

Historically, one of the primary advantages of
measuring gross alpha, gross beta, and gamma radia-
tion has been the promptness of the results and the
subsequent assurance that no large releases were
undetected. However, problems in the sampling and
analytical processes reduced our ability in the past to
use these data in this way. Improvements in the last
four years, followed by extensive data analyses, have
allowed us to use these data more effectively in our
environmental surveillance program.

We have used the gross alpha measurements to
retroactively identify local releases of plutonium and
americium by using the gross alpha data from stations
27 and 38 above the 3-sigma control limits as shown in
Figure 4-7. These two sites, which are co-located at
Area G, represent only about 4% of the gross alpha
measurements from 1997 through 1999, yet they
account for nearly half of concentrations that are
greater than the control limits. We originally identified
this contamination when measured atmospheric
concentrations of plutonium and americium had
increased by about two orders of magnitude. Follow-up
investigations found that a localized area of contami-
nated soil had been exposed during a trenching
operation and that some of the contaminated material
had been incorporated into a dirt road (Kraig and
Conrad 2000). If a similar situation occurs in the
future, comparison of the gross alpha measurements to
the control limits may provide an indication of the
problem before isotopic results are available.

LANL has no sources of beta radiation that could
significantly increase the gross beta measurements, but
the naturally occurring bismuth-210, which is the
primary gross beta source, is easily detected. Lead-210,
which decays to bismuth-210, is also a beta emitter, but
it is not usually detected by the gross beta measurement
process because of its low-energy beta emission. Gross
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beta measurements have been and still are used to
correct errors in airflow measurements and calcula-
tions because the concentrations are comparable from
site to site as with other decay products. More
recently, we identified low beta concentrations outside
the 3-sigma control limits at several stations (27, 32,
and 38) as shown in Figure 4-7. These sites, which are
located at Area G (27 and 38) and the county landfill
(32), have high particulate matter concentrations.
Even though they represent only about 6% of the
gross beta measurements from 1997 through 1999,
they account for more than half of the concentrations
that are lower than the control limits. Many of these
low beta measurements occurred in late 1998 and
early 1999 when the weather was unusually dry (0.42
inches of precipitation were recorded at Area G from
November 1, 1998, through February 28, 1999),
which apparently increased the local particulate matter
concentrations. Resolution of this problem is still in
progress, but several possible causes have been
identified.

Until recently our gamma measurements have not
been useful for quantifying ambient concentrations of
gamma emitters. Detection limits varied greatly and
were generally so high that environmentally signifi-
cant concentrations may have been missed. However,
after working with our contract laboratories, increas-
ing count times, and grouping filters together for
analysis, the gamma measurements now represent an
important component of our ability to detect unantici-
pated releases. The consistent and explainable
measurements of lead-210 and beryllium-7 as shown
in Figure 4-9 indicate that our sampling and analysis
activities are performing as expected, and the low
detection limits ensure that no significant releases of
gamma emitters go undetected. Stations 27 and 38 are
included in the TA-54 group, which had low beryl-
lium-7 and lead-210 during early 1999 similar to the
beta measurements pattern; these results once again
indicate an air sampling problem for sites with high
particulate matter concentrations.

B. Stack Air Sampling for Radionuclides (Scott
Miller)

1. Introduction

Radioactive materials are an integral part of many
activities at the Laboratory. Some operations may vent
these materials to the environment through a stack or
other forced air release point. Air Quality personnel at
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the Laboratory evaluate these operations to determine
impacts on the public and the environment. If this
evaluation shows that emissions from a stack may
potentially result in a member of the public receiving
0.1 mrem or greater in a year, the Laboratory must
sample the stack in accordance with Title 40 CFR 61,
Subpart H, “National Emission Standards for Emis-
sions of Radionuclides Other than Radon from Depart-
ment of Energy Facilities” (EPA 1989). As of the end
of 1999, 29 stacks met this criterion. An additional two
sampling systems were in place to meet DOE require-
ments for nuclear facilities prescribed in their respec-
tive technical or operational safety requirements.
Where sampling is not required, we estimate emissions
using engineering calculations and radionuclide
materials usage information.

2. Sampling Methodology

As of the end of 1999, LANL continuously sampled
31 stacks for the emission of radioactive material to the
ambient air. LANL has identified four types of radioac-
tive stack emissions: (1) particulate matter, (2) vapor-
ous activation products (VAP), (3) tritium, and (4)
gaseous/mixed air activation products (G/MAP). For
each of these emission types, the Laboratory employs
an appropriate sampling method, as described below.

Operations at facilities such as the Chemistry and
Metallurgy Research Building (CMR) and TA-55
generate emissions of radioactive particulate matter
that are sampled using a glass-fiber filter. A continuous
sample of stack air is pulled through the filter, which
captures small particles of radioactive material. These
samples are analyzed weekly using gross alpha/beta
counting and gamma spectroscopy to identify any
increase in emissions and to identify short-lived
radioactive materials. Every six months, ESH-17
composites these samples to be shipped to an off-site
laboratory. That laboratory analyzes these composited
samples to determine the total activity of materials
such as uranium-234, -235, and -238; plutonium-238,
plutonium-239, -240; and americium-241. ESH-17 then
uses these data to calculate emissions.

Los Alamos Neutron Science Center (LANSCE)
operations and hot cell activities at CMR and TA-48
generate VAP emissions such as selenium-75 and
bromine-77 that are sampled with a charcoal cartridge.
A continuous sample of stack air is pulled through a
charcoal filter that adsorbs vaporous emissions of
radionuclides. Gamma spectroscopy determines the
amount and identity of the radionuclide(s) present on
the filter.
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A collection device known as a bubbler measures
tritium emissions from the Laboratory’s tritium
facilities. This device enables the Laboratory to
determine not only the total amount of tritium released
but also whether it is in the elemental (HT) or oxide
(HTO) form. The bubbler pulls a continuous sample of
air from the stack, which then “bubbles” through three
sequential vials containing ethylene glycol. The
ethylene glycol collects the water vapor from the
sample of air, including any tritium that may be part of
a water molecule (HTO). “Bubbling” through these
three vials removes essentially all HTO from the air,
leaving only elemental tritium. The sample containing
the elemental tritium passes through a palladium
catalyst that converts the elemental tritium to HTO.
The sample is then pulled through three additional
vials containing ethylene glycol to collect the newly
formed HTO. The amount of HTO and HT is deter-
mined by analyzing the ethylene glycol for the
presence of tritium using liquid scintillation counting
(LSO).

Although the tritium bubbler described above is the
Laboratory’s preferred method for measuring tritium
emissions, we employ a silica gel sampler at the
LANSCE facility. A sample of stack air is pulled
through a cartridge containing silica gel. The silica gel
collects the water vapor from the air, including any
HTO. After the water is distilled from the sample, we
analyze the water with LSC to determine the amount
of HTO. Using silica gel is necessary because the
ethylene glycol also collects some of the gaseous
emissions other than tritium from LANSCE. These
additional radionuclides interfere with the determina-
tion of tritium, resulting in less accurate results. Also,
because the primary source for tritium is activated
water, sampling for only HTO is appropriate.

We measure G/MAP emissions that result from
activities at LANSCE using real-time monitoring data.
A sample of stack air passes through an ionization
chamber that measures the total amount of radioactiv-
ity in the sample. Gamma spectroscopy and decay
curves identify specific radioisotopes.

3. Sampling Procedure and Data Management

Sampling and Analysis. We chose our
analytical methods for compliance with EPA require-
ments (40 CFR 61, Appendix B, [EPA 19] Method
114). General discussions on the sampling and analysis
methods for each of LANL’s emissions follow.

Particulate Matter Emissions. We generally
removed and replaced weekly glass-fiber filters that
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sampled facilities with significant potential for radioac-
tive particulate emissions and transported them to the
Health Physics Analysis Laboratory (HPAL). Before
screening the samples for the presence of alpha and beta
activity, the HPAL allowed approximately 72 hours for
the short-lived progeny of radon to decay. These initial
screening analyses checked that potential emissions
were within normal values. Final analyses were per-
formed after the sample had been allowed to decay for
approximately one week. In addition to alpha and beta
analyses, the HPAL identified the energies of gamma
ray emissions from the samples with gamma spectros-
copy.

Because the energy of decay is specific to a given
radioactive isotope, the HPAL could determine the
identity of any isotopes detected by the gamma spec-
troscopy. The amount, or activity, of an isotope could
then be found by noting the number of photons detected
during analysis. HPAL analyzed glass-fiber filters from
LANSCE using only gamma spectroscopy.

Because gross alpha/beta counting cannot identify
specific radionuclides, the glass-fiber filters were
composited every six months for radiochemical analysis
at an off-site commercial laboratory. The data from
these composite analyses quantified emissions of radio-
nuclides such as the isotopes of uranium and plutonium.
To ensure that the analyses requested (e.g., uranium-
234, -235, -238; plutonium-238, -239, etc.) identified
all significant activity in the composites, ESH-17 com-
pares the results of the isotopic analysis to gross activ-
ity measurements.

VAP Emissions. We generally removed and
replaced weekly the charcoal canisters that sampled
facilities with the potential for significant VAP emis-
sions. These samples went to the HPAL where gamma
spectroscopy identified and quantified the presence of
vaporous radioactive isotopes.

Tritium Emissions. We also generally col-
lected and transported to the HPAL on a weekly basis
the tritium bubbler samples from facilities with the
potential for significant elemental and oxide tritium
emissions. The HPAL added an aliquot of each sample
to a liquid scintillation cocktail and determined the
amount of tritium in each vial by LSC.

We used silica gel for sampling facilities with the
potential for significant tritium emissions in the oxide
form only where the bubbler system would not be
appropriate. We transported these samples to the
Inorganic Trace Analysis Group (CST-9). CST-9 staff
distilled the water from the silica gel and determined
the amount of tritium in the sample using LSC.
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G/MAP Emissions. We used continuous
monitoring to record and report G/MAP emissions for
two reasons. First, the nature of the emissions is such
that standard filter paper and charcoal filters will not
collect the radionuclides of interest. Second, the half-
lives of these radionuclides are so short that the
activity would decay away before any sample could be
analyzed off line. The G/MAP monitoring system
includes a flow-through ionization chamber in series
with a gamma spectroscopy system. We measured total
G/MAP emissions with the ionization chamber. The
real-time current this ionization chamber measured was
recorded on a strip chart, and the total amount of
charge collected in the chamber over the entire beam
operating cycle was integrated on a daily basis. The
composition of these G/MAP emissions was analyzed
with the gamma spectroscopy system. Using decay
curves and energy spectra to identify the various
radionuclides, LANSCE personnel determined the
relative composition of the emissions. They typically
took decay curves one to three times per week based
on accelerator operational parameters. When LANSCE
made major ventilation configuration changes, new
decay curves and energy spectra were recorded.

4. Analytical Results

Measurements of Laboratory stack emissions during
1999 totaled 1,900 Ci. Of this total, tritium emissions
composed approximately 1,600 Ci, and air activation
products from LANSCE contributed 300 Ci. Combined
airborne emissions of materials such as plutonium,
uranium, americium, and particulate/vapor activation
products were approximately 0.007 Ci. Table 4-13
provides detailed emissions data for Laboratory
buildings with sampled stacks. Table 4-14 provides a
detailed listing of the constituent radionuclides in the
groupings of G/MAP and particulate/vapor activation
products (P/VAP). Table 4-15 presents the half-lives of
the radionuclides emitted by the Laboratory. During
1999, nonpoint source emissions of activated air from
the LANSCE facility (TA-53) comprised 17 Ci carbon-
11 and 0.7 Ci argon-41, while TA-18 contributed
0.49 Ci argon-41.

5. Long-Term Trends

See Figures 4-10 through 4-13 for radioactive
emissions from sampled Laboratory stacks. These
figures illustrate trends in measured emissions for
plutonium, uranium, tritium, and G/MAP emissions,
respectively. As the figures demonstrate, emissions of
uranium and G/MAP showed decreases while emis-
sions of plutonium and tritium showed increases.
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Figure 4-14 shows the total contribution of each of
these emission types to the total Laboratory emissions.
It clearly demonstrates that G/MAP emissions and
tritium emissions make up the vast majority of radioac-
tive stack emissions. In 1999, however, we notice that
the relative percentages of G/MAP and tritium have
exchanged places. This change is driven by two factors
related to the operations of two facilities. Historically,
the LANSCE stack has contributed greater than 90% of
LANL’s emissions; however, the LANSCE facility
curtailed 1999 operations in the area that generates the
majority of the short-lived activation products. As a
result, emissions at LANSCE in 1999 totaled less than
5% of emissions reported in 1998. While operations at
LANSCE were curtailed, cleanup efforts at a no longer
used tritium facility increased. This facility, which
historically housed high-pressure tritium operations at
TA-33, has been shut down for several years. As facil-
ity personnel prepare to transfer the facility for decon-
tamination and decommissioning, releases of tritium
have increased. These increases result from activities
such as opening pipes and containers to demonstrate
that significant tritium has been removed. In total,
these operations increased tritium emissions from
65 Ci in 1998 to slightly over 900 Ci in 1999. To en-
sure that emissions from these planned operations did
not cause the Laboratory to approach the regulatory
limit of 10 mrem/yr, these operations were administra-
tively controlled not to exceed 1,500 Ci, which would
have a dose impact < 0.1 mrem.

As described above, changes in emissions for tri-
tium and G/MAP are related to operations. The same is
true for the increase in plutonium emissions. The ma-
jority of these emissions resulted from operations at the
CMR Facility involving plutonium powders. In all
cases where increased emissions were detected, they
are still well below the amounts that could result in an
off-site individual receiving a dose equal to the regula-
tory limit of 10 mrem/yr.

C. Cosmic, Gamma, and Neutron Radiation
Monitoring Program (Mike McNaughton)

1. Introduction

ESH-17 monitors gamma and neutron radiation in
the environment, that is, outside of the workplace,
according to the criteria specified in McNaughton et
al., 2000.

This radiation consists of both naturally occurring
and man-made radiation. Naturally occurring radiation
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originates from terrestrial and cosmic sources.
Because the natural radiation doses are generally
much larger than those from man-made sources, it is
extremely difficult to distinguish man-made sources
from the natural background.

Naturally occurring terrestrial radiation varies
seasonally and geographically. Radiation levels can
vary up to 25% at a given location because of changes
in soil moisture and snow cover that reduce or block
the radiation from terrestrial sources (NCRP 1975).
Spatial variation also results from the soil type. For
example, dosimeters that are placed in a canyon will
receive radiation from the sidewalls of the canyon as
well as from the canyon bottom and will record higher
radiation exposures than those dosimeters on a mesa
top that don’t receive exposure from the walls. The
aerial survey of Los Alamos (DOE/NV 1998) shows
variations of more than a factor of two, from about 60
mrem/yr on the mesa tops to 140 mrem/yr in some
canyons.

Naturally occurring ionizing radiation from cosmic
sources increases with elevation because of reduced
atmospheric shielding (NCRP 1975). At sea level, the
dose rate from cosmic sources is 27 mrem/yr. Los
Alamos, with a mean elevation of about 2.2 km,
receives 70 mrem/yr from cosmic sources, whereas
White Rock, at an elevation of 1.9 km, receives 60
mrem/yr. Other locations in the region range in
elevation from 1.7 km at Espafiola to 2.7 km at the
Pajarito Ski Hill, resulting in a corresponding range of
50 to 90 mrem/yr from cosmic sources. Cosmic
sources can also vary £10% because of solar modula-
tions (NCRP 1987). These fluctuations along with
those from terrestrial sources make it difficult to
detect an increase in radiation levels from man-made
sources, especially when the increase is small relative
to the magnitude of natural fluctuations.

In summary, the dose rate from natural terrestrial
and cosmic sources varies from about 100 to 200
mrem/yr. In publicly accessible locations, the dose
rate from man-made radiation is much smaller than,
and difficult to distinguish from, natural radiation.

2. Monitoring Network

a. Regional, Perimeter, and On-Site Areas. In
an attempt to distinguish any impact from Laboratory
operations, ESH-17 has located 97 thermoluminescent
dosimeter (TLD) stations around the Laboratory and
in the surrounding communities. This network of
dosimeters is divided into three groups: (1) The
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regional group has five locations ranging from ap-
proximately 6 to 20 km from the Laboratory boundary.
These regional stations are located in the neighboring
communities of Espafiola, EI Rancho, Santa Fe, San
Ildefonso Pueblo, and Santa Clara Pueblo. (2) The
perimeter group has 29 locations within 4 km of the
Laboratory boundary (see Figure 4-15). (3) The 63 on-
site locations are within Laboratory boundaries,
generally around operations that may produce ionizing
radiation.

b. LANSCE. We monitor external penetrating
radiation from airborne gases, particles, and vapors
resulting from operations of LANSCE at TA-53 with a
network of 24 TLD stations. Twelve of these monitor-
ing locations are approximately 800 m (0.5 mi) north
of and downwind from the LANSCE stack. The other
12 TLD stations are about 9 km (5.5 mi) from
LANSCE, near the southern boundary of the Labora-
tory, and serve as a background measurement.

c. Low-Level Radioactive Waste Management
Areas. The Laboratory has 10 inactive and 1 active
(TA-54, Area G) low-level radioactive waste manage-
ment areas. To monitor external penetrating radiation
from these areas, we have placed 97 dosimeters around
the perimeter of these waste management areas. All
waste management areas are controlled-access areas
and are not accessible to the general public.

d. Technical Area 18 Albedo Dosimeters. We
monitor potential neutron doses from criticality
experiments at TA-18 with seven albedo TLD stations.
‘We maintain these stations on the north, south, and east
sides of TA-18. Albedo dosimeters are sensitive to
neutrons and use a polyethylene phantom to simulate
the human body, which causes neutron backscatter.

Each monitoring station has two albedo TLDs. If
Pajarito Road closes during TA-18 experiments, one of
the dosimeters is removed and stored at a control
location until the road reopens. This procedure allows
for a comparison of the total annual dose measured at
these stations with the total annual dose that a member
of the public could receive at these stations. Back-
ground stations are located at Santa Fe and TA-49, and
a control dosimeter is kept in a shielded vault.

e. Direct-Penetrating-Radiation (DPR)
Dosimeter Locations. Beginning in January 2000, the
number of DPR-monitoring locations decreased from
240 to 140 as a consequence of the recommendations
in McNaughton et al., 2000. The retired locations do
not meet the criteria defined in the report. Typical
reasons for retiring a location were as follows: some
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locations were too far from the Laboratory, e.g., the
location at the Pajarito Ski Hill; some locations
became redundant when the facility being monitored
was closed, e.g., the lon Beam Facility; some loca-
tions do not have a significant source of radiation,
e.g., TA-59; and some locations are not accessible to
the public, e.g., Area AB at TA-49. Three locations
near the old LANSCE lagoons were moved to the new
lagoons because the old lagoons are locked and no
longer being used. McNaughton et al., 2000 contains
details of these changes.

3. Sampling Procedures, Data Management, and
Quality Assurance.

The environmental TLDs that the Laboratory uses
are composed of natural lithium fluoride crystals,
referred to by their trade name of TLD-100. After
exposure to radiation, the TLD chips are collected,
then heated in a laboratory to release the energy stored
in the crystal. This stored energy is released in the
form of light that is proportional to the amount of
radiation the TLD has absorbed. The light released is
measured and recorded.

ESH-17’s operating procedures (ESH-17 1997)
contain procedures that outline the QA/QC (quality
assurance/quality control) protocols; placement and
retrieval of the dosimeters; and reading of the dosim-
eters, data handling, validation and tabulation.

We encountered and corrected two problems that
affected the data quality for 1999. During the second
quarter of 1999, a new method of annealing the TLDs
caused some of the dosimeters to emit 40% of the
usual amount of light. A correction factor was derived
using redundant dosimeters placed at the same
location and also by comparing with previous data.
The second problem concerned fading of the TLD
signals during the three months in the field. The fade
corrections were larger than usual (up to 27%) and
also showed a larger variation than usual with an
average standard deviation of 10%.

We estimated the uncertainty in the TLD-100 data
by combining the uncertainties from three sources: the
variation of individual TLD chips (3%), the light-
output-to-dose calibration (8%), and the fade (10%).
The overall one-standard-deviation uncertainty
reported in Tables 4-16 and 4-17 is 13%.

The albedo dosimeters, provided by the Health
Physics Measurements Group (ESH-4), are accredited
by the DOE Laboratory Accreditation Program.
ESH-4 provides quality assurance for the albedo
dosimeters.
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4. Analytical Results

a. Regional, Perimeter, and On-Site Areas.
Table 4-16 presents the results for the regional,
perimeter, and on-site locations. For some stations,
one or more quarters of data are not available as a
result of dosimeter loss. The missing data have been
replaced by the average of the other quarters, as
indicated in the footnote.

The annual dose equivalents at the perimeter and
regional stations ranged from 100 to 180 mrem. These
dose rates are consistent with natural background
radiation and with previous measurements. The largest
dose rates are in areas to the northeast, in particular at
stations 10, 20, 24, 37, and 51, where terrestrial
background is high (DOE/NV/11718-107). None of
these measurements indicates a contribution from
Laboratory operations.

The annual dose rates at most on-site locations
listed in Table 4-16 are less than 180 mrem, which is
consistent with the dose rate expected from natural
terrestrial and cosmic sources. The locations with
doses greater than 200 mrem are at TA-53 and
Mortandad Canyon.

Stations 61, 62, 63, and 104 are close to the TA-53
lagoons. As the water evaporates from the lagoons, the
shielding is less and the dose rate increases, so the
1999 doses are larger than in previous years. Access to
the lagoons is restricted to radiological workers with a
written permit. Stations 64 and 65 are close to the
TA-53 “boneyard” where radioactive materials are
stored. The 1999 doses are similar to the doses in
previous years.

Stations 69 and 97, 98, and 99 are in Mortandad
Canyon, which receives treated effluent from the
liquid-waste treatment plant at TA-50. These locations
are not normally accessible to the public. The 1999
doses are similar to the 1998 values.

b. LANSCE. We compared the TLD measure-
ments collected at the 12 stations located directly to
the north of LANSCE with the 12 background stations
at TA-49. The ratio of the dose north of LANSCE
stations to the background stations was 1.02 £0.11
mrem. Therefore, there is no statistically significant
difference between the site and background TLD
measurements, which means that the man-made dose
at this location was too small to measure using TLDs.

c. Low-Level Radioactive Waste Management
Areas. Table 4-17 presents the results from monitor-
ing the waste management areas. Annual doses at
most locations were within the range 100 to
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180 mrem, which is the expected range of doses from
natural terrestrial and cosmic radiation. Higher doses,
indicative of man-made radiation, were measured at
one location in Area T and about half the locations at
Area G.

The annual dose at station 323 at Area T is about
twice the expected dose from natural terrestrial and
cosmic radiation. This level is consistent with the
measurements of soil contamination reported in
LANL 1991, which indicate 50 pCi/g of cesium-137
in the soil at this location. The origin and type of the
contamination is also discussed in LANL 1990 and
Rogers 1977. Area T is not accessible to the public.

The highest waste management area doses for 1999
were measured at TA-54, Area G, LANL’s only active
low-level radioactive waste area. The 35 environmen-
tal surveillance TLDs at TA-54, Area G, are located
within the waste site and along the security fence. The
doses measured at this site are representative of
storage and disposal operations that occur at the
facility. Evaluation of these data is useful in minimiz-
ing occupational doses. However, Area G is a con-
trolled-access area, and these measurements are not
representative of a potential public dose.

The readings from TLD stations at TA-54, Area G,
in the vicinity of the TWISP were higher than in
previous years. The TWISP project entails bringing
transuranic (TRU) waste out of belowground storage
for further characterization and ultimate shipment to
the Waste Isolation Pilot Plant (WIPP). The radiologi-
cal constituents of these drums vary greatly, and the
drum inventory near the TLDs is changing constantly.
Until the drums are shipped to WIPP, external pen-
etrating radiation doses near the project are expected
to increase.

The TLD locations at Area G are not in an area that
members of the public are capable of routinely
accessing. Calculations and measurements show that
the dose from Area G is not detectable at the DOE
boundary, 350 m to the north. Nevertheless, we are
continuing to monitor these dose rates closely.

We have two systems deployed at Area G for
monitoring the DPR: TLDs or electrets ion chambers
(EIC). Because of large differences between the two
systems at locations near certain TWISP operations,
we performed tests to assess TLD and EIC response to
gamma energy levels similar to those in TRU waste.
We found that our TLD dosimeters overrespond by
about 50% to the low-energy gamma radiation from
TRU materials (Kraig et al., 1999). Therefore, some of
the results reported in Table 4-17 reflect this over-
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response. Actual doses at many Area G locations are
smaller than reported.

d. Technical Area 18 Albedo Dosimeters.
Table 4-18 presents the monitoring results from the
TA-18 albedo dosimeter monitoring network. Two
dosimeters were placed at each of the seven locations
around TA-18. In previous years, we removed one
dosimeter whenever Pajarito Road was closed. In
1999, Pajarito Road was never closed, so both
dosimeters were continuously in place and received
the same dose. The difference between the two
dosimeter readings indicates the typical uncertainty
from random processes such as variability of indi-
vidual TLDs and fading during the three months in the
field. This uncertainty is estimated to be = 4 mrem.

An additional uncertainty of about a factor of two
comes from the neutron correction factor, NCF. The
neutron dose a dosimeter measures depends on the
neutron-energy spectrum. The actual neutron dose is
obtained by multiplying the dosimeter reading by the
NCF. The albedo dosimeter data reported in the 1997
and 1998 environmental surveillance reports were
calculated with NCF = 0.07. We calculated the data in
the present report with NCF = 0.145, which corre-
sponds to the neutron energy spectrum from the DOE-
standard D,0O-moderated neutron spectrum from
californium-252. Given the uncertainty in the neutron
energies from TA-18, we do not have a perfect
measurement of the NCF. We chose the higher value
because it is more conservative, and it derives from a
DOE standard (McNaughton 2000).

The maximum value in Table 4-18 is 36.5 mrem,
which occurred at station 03, the parking lot to the
east of TA-18. Routine public access is usually
confined to locations 4-7, along Pajarito Road. For
these locations, the maximum is 16.4 mrem.

The values in Table 4-18 would apply to a hypo-
thetical individual who remains continuously at the
specified location. According to Table 4 (page 65) of
NCRP Report No. 49 (NCRP 1976), an occupancy
factor of 1/16 is appropriate for “outside areas used
only for pedestrians or vehicular traffic.” Under this
assumption, the neutron dose would be about 2 mrem.

D. Nonradioactive Emissions Monitoring (Jean
Dewart, Craig Eberhart)
1. Introduction

The Laboratory, in comparison with industrial
sources such as power plants, semiconductor manu-
facturing plants, and refineries, is a relatively small
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source of nonradioactive air pollutants. Thus, opacity
monitoring was the only nonradioactive air emissions
monitoring we performed as required by state or
federal air quality regulations during 1999.

We calculated emissions from industrial-type
sources annually as the New Mexico Environment
Department (NMED) required. These sources are
responsible for the majority of all the nonradiological
air pollutant emissions at the Laboratory. See Chapter
2 for these data. Research sources vary continuously
and have very low emissions. As such, they are not
calculated annually; instead, each new or modified
research source is addressed in the new source review
process.

Because Laboratory nonradioactive air emissions
are small, the ambient monitoring program is limited
in scope. We conduct particulate matter sampling
during wildland fires in the vicinity of the Laboratory.
NMED permits for prescribed burns for forest fire
management require particulate matter sampling; the
Laboratory conducted one prescribed burn in Novem-
ber 1999. We also performed ambient sampling for
beryllium to determine the impact of Laboratory
beryllium emissions.

2. Particulate Matter Sampling

We took particulate matter (PM-10) samples
(particles less than 10 pm in aerodynamic diameter)
on West Jemez Road during a prescribed burn in
November 1999. The measured value on November 6
was 10.2 ug/m3. This reading is well below the 24-
hour National Ambient Air Quality Standard for PM-
10 of 150 ug/m?.

3. Detonation and Burning of Explosives

a. Total Quantities. The Laboratory tests
explosives by detonating them at firing sites that the
Dynamic Testing Division operates. The Laboratory
maintains monthly shot records that include the type
of explosives used as well as other material expended
at each site. Table 4-19 summarizes the amounts of
expended materials. The Laboratory also burns scrap
and waste explosives because of treatment require-
ments and safety concerns. In 1999, the Laboratory
burned 3.8 tons of high explosives.

An assessment of the ambient impacts of high-
explosives testing, presented in the Site-Wide Envi-
ronmental Impact Statement for Los Alamos (DOE
1999), indicates that high-explosives testing produces
no adverse air quality impacts. The actual quantities of
materials detonated during 1999 were less than the
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amounts for which impacts are analyzed in the Site-
Wide Environmental Impact Statement.

b. Beryllium Quantities. In the early 1990s, we
analyzed a limited number of AIRNET samples for
beryllium in an attempt to detect potential impact
from regulated sources and releases from explosive
testing. All values were well below the New Mexico
30-day ambient air quality standard of 10 nanograms
per cubic meter. With the recent heightened interest in
the health effects of beryllium, AIRNET samples are
again being analyzed for this contaminant.

However, New Mexico no longer has an ambient
air quality standard for beryllium for comparison with
AIRNET measurements. Therefore, we selected
another air quality standard to use for comparison
purposes: the NESHAP standard of 10 ng/m> (40 CFR
Part 61 Subpart C National Emission Standard for
Beryllium) can be, with EPA approval, an alternative
to meeting the emission standard for beryllium. LANL
is not required to use this alternative standard because
the permitted sources meet the emission standards, but
it is used in this case for comparative purposes.

We analyzed quarterly composited samples from 23
sites for beryllium in 1999, an increase in four
locations from the 1998 program. We selected the
original 19 sites because they were located near
potential beryllium sources or in nearby communities.
The 1998 results indicated that the source of beryllium
in our AIRNET samplers was naturally occurring
beryllium in resuspended dust. Dust may be resus-
pended mechanically, by vehicle traffic on dirt roads
or construction activities, or by the wind in dry
periods. To verify this conclusion, we added seven
additional sampling locations (including two QA
stations for nine samplers total), four of which are
routinely impacted by above normal amounts of
resuspended dust. The locations selected for high
resuspended dust were at Jemez Pueblo and three
locations at TA-54, Area G. The Jemez Pueblo station
is located in a dirt parking lot near the visitor’s center,
next to a dirt road. The TA-54, Area G, sites are
located near dirt roads and earthmoving activities. In
addition, each of these four locations is in an area with
lower rainfall, where the wind resuspends more dust
than in a wetter area. Three stations that monitored an
environmental restoration project at TA-49 were
discontinued at the end of 1998.

Air concentrations for 1999, shown in Table 4-20
are, on average, higher than the 1998 values. These
higher concentrations are due to a number of reasons:
the selecting of additional sampling locations highly
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impacted by resuspended dust, discontinuing of
sampling locations with relatively low impact from
resuspended dust, drier conditions in 1999 than in
1998, and a major construction project taking place
near AIRNET station 07. All values are less than 7%
of the NESHAP standard. It should be noted that these
quarterly concentrations have not been corrected for
the small amounts of beryllium present in the filter
material.

The highest measured beryllium concentrations
occur at TA-54, Area G. These stations also routinely
measure the highest amounts of naturally occurring
uranium. Because this site has no beryllium handling
operations, the source of the beryllium is most likely
from naturally occurring beryllium in the soils,
resuspended by the wind or by vehicles on dirt roads
and earthmoving/construction operations. TA-54, Area
G, is located in the drier portion of the Laboratory,
making wind resuspension a more important contribu-
tor than at other Laboratory locations. The next
highest beryllium concentrations were measured at the
county landfill and at station 07. The earth-moving
operations and vehicle traffic on dirt roads at the
county landfill are the largest sources of resuspended
dust impacting the AIRNET station. A construction
project began immediately adjacent to station 07
during 1999, causing a large increase in the amount of
resuspended dust and, therefore, beryllium in com-
parison with 1998.

Earlier in this chapter, we used the ratio of ura-
nium-238 to uranium-234 to detect impacts from
LANL because these isotopes are naturally present at
a constant ratio. No comparable situation exists for
beryllium isotopes, but the ratio of beryllium to other
elements or radionuclides will be relatively constant if
the local sources of particulate matter are similar.
Because most of our sites are located on the Pajarito
Plateau, a direct relationship between the ambient
concentrations of uranium-234 and beryllium is likely
unless there are naturally occurring local variations or
releases to the environment. The direct correlation of
beryllium to uranium-234 for all 1999 samples, as
shown in Figure 4-16, indicates no unexpectedly high
beryllium concentrations at any of the 23 sampling
locations, including the TA-15-36 sites where beryl-
lium has been used in explosives testing.

We performed cerium analyses on AIRNET filters,
beginning in the second quarter of 1999, to assist in
the interpretation of measured beryllium concentra-
tions. Because LANL could be a source of uranium-
234, potentially undermining the comparison of
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beryllium and uranium-234, AIRNET filters were
analyzed for cerium, a rare earth element occurring in
our soils and not emitted by Laboratory activities. The
three quarters of cerium results correlate with beryl-
lium in a fashion almost identical to uranium-234,
supporting the conclusion that beryllium concentra-
tions are from natural levels in resuspended soils. A
full year of cerium data will be published for CY2000.

E. Meteorological Monitoring (George Fenton)

1. Introduction

Data obtained from the meteorological monitoring
network support many Laboratory activities, including
emergency management and response, regulatory
compliance, safety analysis, engineering studies, and
environmental surveillance programs. To accommo-
date the broad demands for weather data at the
Laboratory, we measure a wide variety of meteoro-
logical variables across the network, including wind,
temperature, pressure, relative humidity and dewpoint,
precipitation, and solar and terrestrial radiation. The
Meteorological Monitoring Plan (Baars et al., 1998)
provides the details of the meteorological monitoring
program. An electronic copy of the Meteorological
Monitoring Plan is available on the World Wide Web
at http://www.weather. LANL.gov/monplan/
mmp1998.pdf.

2. Climatology

Los Alamos has a temperate, semiarid mountain
climate. However, large differences in locally ob-
served temperature and precipitation exist because of
the 1,000-ft elevation change across the Laboratory
site.

Four distinct seasons occur in Los Alamos. Winters
are generally mild, with occasional winter storms.
Spring is the windiest season. Summer is the rainy
season, with frequent afternoon thunderstorms. Fall is
marked by drier, cooler, and calmer weather. The
climate statistics summarized below are from analyses
provided in Bowen (1990 and 1992).

Several factors influence temperatures in Los
Alamos. Despite its southern location, summertime
temperatures at the Laboratory (elevation 7,400 feet)
are cooler than nearby locations at lower elevations.
The sloped terrain of the Pajarito Plateau causes
cooled air to drain off the plateau at night; thus
nighttime low temperatures on the plateau are often
warmer than those at lower elevations. Also, the
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Sangre De Cristo Mountains to the east act as a barrier
to arctic air masses affecting the central United States,
although the temperature does occasionally drop
below 0°F. Another factor affecting local temperature
is the lack of moisture in the atmosphere. With less
moisture, cloud cover is less and the atmosphere has a
lower capacity to store heat, promoting daytime solar
heating and nighttime radiative cooling. Wide varia-
tions in daily temperatures (a 23°F range on average)
result from this diurnal heating and cooling cycle.

Winter temperatures range from 30°F to 50°F
during the daytime and from 15°F to 25°F during the
nighttime, with a record low temperature of —18°F.
Winds during the winter are relatively light, so
extreme windchills are uncommon. Summer tempera-
tures range from 70°F to 88°F during the daytime and
from 50°F to 59°F during the nighttime, with a record
high temperature of 95°F.

The average annual precipitation (which includes
both rain and the water equivalent for frozen precipi-
tation) is 18.73 in. The average annual snowfall is
58.9 in., with freezing rain and sleet occurring rarely.

Winter precipitation in Los Alamos is often the
result of storms approaching from the Pacific Ocean
or of cyclones forming and/or intensifying leeward of
the Rocky Mountains. Large snowfalls may occur
locally from orographic lifting of the storms by the
Jemez Mountains. The record single day snowfall is
22 in., and the record single season snowfall is 153 in.
The snow is usually a dry, fluffy powder, with an
equivalent water-to-snowfall ratio of 1:20.

The summer rainy season accounts for 37% of the
annual precipitation. From July to August, afternoon
thunderstorms form as a result of moist air advected
from the Pacific Ocean and the Gulf of Mexico that
convects and/or is orographically lifted by the Jemez
Mountains. These thunderstorms can yield hail, large
downpours, strong winds, and lightning. Local
lightning density, among the highest in the USA, is
estimated at 7 to 22 strikes per square mile per year.
Approximately 90% of the detected local lightning
activity (within a 30-mile radius) occurs from May to
August.

The complex topography of Los Alamos influences
local-scale wind patterns, notable in the absence of
large-scale disturbances. Often a distinct diurnal cycle
of winds is observed. Daytime upslope flow of heated
air on the Pajarito Plateau adds a southeasterly
component to the winds on the plateau. Nighttime
downslope flow of cooled air from the mountain and
plateau adds a light westerly to northwesterly compo-
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nent to local winds. Flow in the canyons of the
Pajarito Plateau is very complex and different from
flow over the plateau. Canyon flows are often aligned
with the canyon axes, usually from the west as
drainage flow. Canyon winds occasionally exhibit a
rotating pattern, caused by an interaction of drainage
flow down the canyon and mesa-top flows across the
tops of the canyons.

3. Monitoring Network

A network of six towers gathers meteorological
data (winds, atmospheric state, precipitation, and
fluxes) at the Laboratory (see Fig. 13.1 in the Meteo-
rological Monitoring Plan [Baars et al., 1998]). Four
of the towers are located on mesa tops (TA-6, -49, -53,
-54), one is in a canyon (TA-41), and one is on top of
Pajarito Mountain (PJMT). The TA-6 tower is the
official meteorological measurement site for the
Laboratory. A sonic detection and ranging (SODAR)
instrument is also located adjacent to the TA-6
meteorological tower. Precipitation is measured at
TA-16, TA-74, and in the North Community of the
Los Alamos townsite, in addition to each of the tower
sites.

4. Sampling Procedures, Data Management, and
Quality Assurance

Instruments in the meteorological network are sited
in areas with good exposure to the elements being
measured, usually in open fields, to avoid wake effects
(from trees and structures) on wind and precipitation
measurements. Open fields also prevent the obstruc-
tion of radiometers measuring solar and terrestrial
radiation (ultraviolet to infrared spectra).

Temperature and wind are measured at multiple
levels on open lattice towers. Instruments are posi-
tioned on west-pointing booms (toward the prevailing
wind), at a distance of at least two times the tower
width (to reduce tower wake effects). The multiple
levels provide a vertical profile of conditions impor-
tant in assessing boundary layer flow and stability
conditions. The multiple levels also provide redundant
measurements, which support data quality checks. The
boom-mounted temperature sensors are shielded and
aspirated to minimize solar heating effects.

Data loggers at the tower sites sample most of the
meteorological variables at 0.33 Hz, store the data,
then average the samples over a 15-minute period and
transmit the data to a Hewlett Packard workstation by
telephone or cell phone. The workstation automati-
cally edits measurements that fall outside of allowable
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ranges and generates time series plots of the data for
data quality review by a meteorologist. Daily statistics
of certain meteorological variables (i.e., daily mini-
mum and maximum temperatures, daily total precipi-
tation, maximum wind gust, etc.) are also generated
and checked for quality.

All meteorological instruments are refurbished and
calibrated annually during an internal audit/inspection.
Field instruments are replaced with backup instru-
ments, and we check the replaced instruments to
verify that they remained in calibration while in
service. All instrument calibrations are traceable to the
National Institute of Standards and Technology. An
external audit is typically performed once every two
or three years; the most recent audit took place during
the summer of 1999. Initial results indicated no
significant anomalies with the instruments in the
network.

5. Analytical Results

For a graphical summary of Los Alamos weather
for 1999, see Figure 4-17. The figure depicts the
year’s monthly average temperature ranges and
monthly precipitation and monthly snowfall totals,
compared with monthly normals (averaged from
1961-1990).

Climatologically, Los Alamos weather for 1999
was warmer and dryer than normal. Patterns were
consistent with “La Nifia” conditions, particularly
during the winter months. Persistent high pressure
over the Four Corners area frequently diverted storm
systems away from Los Alamos, resulting in clear
skies, decreased precipitation, warmer days, and cool
nights.

Temperatures were 4° to 6°F above normal in
January, February, March, October, and November
and 2°F below normal from April through July. The
average maximum of 58°F in November was the
highest on record for Los Alamos. The year’s average
maximum and mean temperatures were 2°F and 1°F
above normal, respectively, while the average mini-
mum temperature was normal.

Monthly precipitation totals were 5% to 50% of
normal for January, February, August, October,
November, and December, whereas March through
June, September, and October were 120% to 220% of
normal. For the year, total precipitation was 87% of
normal at 16.65 inches (see Table 4-21). Because of
the dry winter, the annual snowfall total was 49% of
normal at 28.8 inches. Snowfall totals for March and
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April were 130% of normal, but the other months
ranged from only 0% to 40% of normal.

Wind statistics, based upon 15-minute averaged
wind observations at the four Pajarito Plateau towers
and the Pajarito Mountain tower for 1999, appear as
wind roses in Figures 4-18, 4-19, and 4-20. Wind
roses depict the percentage of time that the wind
blows from each of 16 compass rose points. The wind
roses also show the distributions of wind speed for
each of the 16 directions, displayed by shading of the
rose barbs (see the wind rose legends). For example,
at the TA-6 tower for all times (day and night, Figure
4-18), the most frequent wind direction was west-
northwesterly, occurring 12% of the time. The winds
were from the WNW at 0.5 to 2.5 m/s for 4.5% of the
time, 5 to 7.5 m/s for 5.5% of the time, and greater
than 7.5 m/s for about 1% of the time. Winds at TA-6
were calm 0 to 0.5 m/s (not attributable to a specific
direction) for 1% of the time.

The four Pajarito Plateau towers measured daytime
winds (sunrise to sunset) as predominately from the
south because of upslope flow of heated daytime air
(see Figure 4-19). Nighttime winds (sunset to sunrise)
on the Pajarito Plateau were lighter and more variable
than daytime winds and typically from the west, as a
result of a combination of prevailing winds from the
west and downslope drainage flow of cooled mountain
air (see Figure 4-20). Winds atop Pajarito Mountain
are more representative of upper-level flows and
primarily ranged from the northwest to the southwest,
largely because of the prevailing westerly winds.

F. Quality Assurance Program in the Air Quality
Group (Terry Morgan)

1. Quality Assurance Program Development

During 1999, ESH-17 revised three quality plans
that affect collection and use of air quality compliance
data: the group Quality Management Plan, the project
plan for the AIRNET system, and the project plan for
the Meteorology Monitoring Project. The revisions
reflect a new structure for the quality documents
within the group. We also revised numerous imple-
menting procedures to reflect the constant improve-
ments in the processes. For example, we revised ap-
proximately 43 procedures related to environmental
monitoring during 1999. QA plans for sampling sys-
tems follow the EPA QA-R/5 data quality objective
process and incorporate required elements of DOE QA
programs. Together, these plans and procedures de-
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scribe or prescribe all the planned and systematic
activities believed necessary to provide adequate con-
fidence that ESH-17 processes perform satisfactorily.

2. Analytical Laboratory Assessments

During 1999, two external laboratories performed
all chemical analyses reported for AIRNET samples.
The Wastren-Grand Junction analytical laboratory,
associated with the DOE’s Grand Junction Project
Office, provided biweekly gross alpha, gross beta, and
isotopic gamma analytical services. Paragon
Analytics, Inc., Fort Collins, Colorado, provided
biweekly AIRNET tritium analytical services.
Wastren-Grand Junction also provided analytical
chemistry services for alpha-emitting isotopes
(americium, plutonium, and uranium) and stable
beryllium on AIRNET quarterly composite samples.
Our on-site Health Physics Analytical Laboratory
performed all instrumental analyses (gross alpha,
gross beta, isotopic gamma, and tritium) reported for
stack emissions and in-stack samples. The Wastern-
Grand Junction site analyzed semester composites of
in-stack filters for alpha and beta emitting isotopes.

Application of the data quality objectives process
led to definition of analytical chemistry requirements.
The statements of work we used to procure chemical
analyses from the commercial laboratories summa-
rized these requirements. Before awarding the
purchases, ESH-17 evaluated the lab procedures,
quality plans, and national performance evaluation
program results of these suppliers and found that they
met purchase requirements. ESH-17 also performed
formal on-site assessments at all three laboratories
during 1999 (Gladney 2000a, Gladney 2000b).

All three analytical laboratories participated in
national performance evaluation studies during 1999.
The DOE Environmental Measurements Laboratory in
New York, NY, sponsors a DOE-wide environmental
intercomparison study, sending spiked air filters twice
a year to the participating laboratories. Other commer-
cial and state agencies also produce materials and
sponsor intercomparison programs. The results of
these performance evaluations are included in each
assessment report.

G. Unplanned Releases (Scott Miller)

During 1999, the Laboratory had no instances of
increased airborne emissions of radioactive or
nonradioactive materials that required reporting to
either NMED or EPA.
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Two instances of increased emissions in 1999
resulted from process problems. First, during the week
of June 4, 1999, a small release of a radioactive form
of silicon, silicon-32, occurred at the Radiochemistry
facility, TA-48. This release comprised 5 microcuries
and had a dose impact less than 1 microrem (0.001
mrem).

The second unplanned release was noted during the
week of June 25, 1999. An operation at the CMR
facility resulted in a small release of a radioactive
form of technetium, technetium-99. An operation
involving the heating of enriched uranium volatized
technetium-99 present in the sample. An equipment
malfunction allowed this technetium-99 to be released
to the room and subsequently vented through the
stack. This release comprised 50 microcuries and had
a dose impact less than 1 microrem (0.001 mrem).

H. Special Studies—Neighborhood Environmental
Watch Network Community Monitoring Stations

Neighborhood Environmental Watch Network
(NEWNET) is a LANL Nonproliferation and Interna-
tional Security Division program for radiological
monitoring in local communities. It establishes
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meteorological and external penetrating radiation
monitoring stations in local communities and around
radiological sources. These stations are the responsi-
bility of a station manager from the local community.
The stations have a local readout, and the data can be
downloaded onto a personal computer at the station if
this process is coordinated with the station manager.

Station measurements include wind speed and wind
direction, ambient temperature, relative humidity, and
barometric pressure. Also, the station measures gross
gamma radiation using a pressurized ion chamber; the
radiation sensors are sampled at 5-second intervals
and averaged every 15 minutes.

The data from these stations are transmitted via
satellite communications to a downlink station at
LANL. The data are converted to engineering units,
checked and annotated for transmission errors or
station problems, stored in a public access database,
and presented on the World Wide Web. The data from
all the stations are available to the public with, at
most, a 24-hour delay. The NEWNET web page also
includes a Spanish language version.

More information about NEWNET and the data is
available at http://newnet. LANL.gov/ on the World
Wide Web.
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1. Tables

Table 4-1. Average Background Concentrations of Radioactivity in
the Regional Atmosphere

Northern New Mexico

(LANL)? EPA Concentration

Units 1999 Limit?
Gross Alpha  fCi/m3 1.0 NA¢
Gross Beta  fCi/m3 134 NA
234y aCi/m3 19.2 7,700
235y aCi/m3 2.1 7,100
238y aCi/m3 17.3 8,300
238py aCi/m?3 -0.1 2,100
239,240py aCi/m?> 0.7 2,000
Tritium pCi/m?3 0.3 1,500
241Am aCi/m?3 2.2 1,900

4Data from regional air sampling stations operated by LANL at Santa Fe
(2 sites), El Rancho, and Espaiiola.

bEach EPA limit equals 10 mrem/yr.

°NA = not applicable.
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Table 4-2. Airborne Long-Lived Gross Alpha Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m3) Deviation
Regional Stations
01 Espafiola 26 0 1.86 0.39 0.96 0.41
03 Santa Fe 26 0 1.47 0.51 0.94 0.32
55 Santa Fe West 26 0 2.09 0.41 0.94 0.51
(Buckman Booster #4)
56 El Rancho 25 0 2.05 0.37 1.02 0.54
Pueblo Stations
41 San Ildefonso Pueblo 26 0 1.70 0.39 0.99 0.44
59 Jemez Pueblo-Visitor’s Center 25 0 2.51 0.48 1.09 0.51
Perimeter Stations
04 Barranca School 26 0 1.90 0.44 0.89 0.41
05 Urban Park 26 0 1.79 0.40 0.93 0.34
06 48th Street 26 0 1.62 0.39 0.79 0.30
07 Gulf/Exxon/Shell Station 26 0 1.97 0.60 1.15 0.36
08 McDonald’s Restaurant 26 0 1.57 0.25 0.91 0.33
09 Los Alamos Airport 26 0 1.79 0.35 0.81 0.40
10 East Gate 25 0 2.03 0.43 0.92 0.42
11 Well PM-1 (E. Jemez Road) 26 0 1.97 0.32 0.90 0.43
12 Royal Crest Trailer Court 26 1 2.01 0.26 0.89 0.46
13 Rocket Park 26 0 2.04 0.29 0.86 0.48
14 Pajarito Acres 26 0 1.65 0.29 0.81 0.37
15 White Rock Fire Station 26 0 2.18 0.45 0.98 0.49
16 White Rock Nazarene Church 26 1 1.61 0.17 0.83 0.39
17 Bandelier Fire Lookout 26 0 2.17 0.30 0.87 0.45
26 TA-49 26 0 2.00 0.30 0.86 0.42
32 County Landfill (TA-48) 26 0 1.76 0.49 1.08 0.33
54 TA-33 East 26 0 243 0.25 0.95 0.53
60 LA Canyon 26 0 1.60 0.54 0.99 0.32
61 LA Hospital 26 0 1.97 0.42 0.95 0.37
62 Crossroads Bible Church 26 0 1.91 0.28 0.87 0.44
63 Monte Rey South 26 0 1.91 0.33 0.85 0.43
90 East Gate-Backup 1 0 1.79 1.79 1.79
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 26 0 1.62 0.41 0.82 0.37
77 TA-36 1J Site 26 0 1.79 0.35 0.79 0.41
78 TA-15-N 26 0 1.89 0.30 0.77 0.39
TA-21 Stations
20 TA-21 Area B 26 0 1.48 0.32 0.85 0.31
71 TA-21.01 (NW Bldg 344) 26 0 1.76 0.32 0.84 0.42
72 TA-21.02 (N Bldg 344) 25 0 1.84 0.36 0.81 0.43
73 TA-21.03 (NE Bldg 344) 25 0 2.03 0.26 0.84 0.43
74 TA-21.04 (SE Bldg 344) 26 1 1.94 0.18 0.88 0.46
75 TA-21.05 (S Bldg 344) 26 0 1.54 0.38 0.84 0.33
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Table 4-2. Airborne Long-Lived Gross Alpha Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m®) Deviation
TA-54 Area G Stations
27 Area G (by QA) 26 0 2.27 0.50 1.24 0.54
34 Area G-1 (behind trailer) 26 0 1.92 0.42 1.14 0.39
35 Area G-2 (back fence) 26 0 2.12 0.48 1.01 0.49
36 Area G-3 (by office) 26 0 1.64 0.44 0.98 0.39
45 Area G/South East Perimeter 26 0 2.25 0.79 1.33 0.36
47 Area G/North Perimeter 26 0 1.91 0.49 1.03 0.39
50 Area G-expansion 26 0 2.40 0.66 1.35 0.43
51 Area G-expansion pit 26 0 2.33 0.56 1.13 0.44
Other On-Site Stations
23 TA-5 26 0 3.12 0.32 1.04 0.59
25 TA-16-450 26 0 1.48 0.29 0.85 0.31
30 Pajarito Booster 2 (P-2) 26 0 1.99 0.48 1.05 0.44
31 TA-3 26 0 1.83 0.40 0.99 0.40
33 TA-49 Area AB 1 0 0.74 0.74 0.74
49  Pajarito Road (TA-36) 26 0 2.13 0.46 1.03 0.49
QA Stations
38 TA-54 Area G-QA (next to #27) 26 0 4.60 0.46 1.25 0.85
39 TA-49-QA (next to #26) 26 0 1.76 0.48 0.90 0.36
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m3) Interval® Deviation
Regional 103 0 2.09 0.37 0.96 +0.09 0.45
Pueblo 51 0 2.51 0.39 1.04 +0.13 0.47
Perimeter 546 2 2.43 0.17 0.91 +0.03 0.41
TA-15 and TA-36 78 0 1.89 0.30 0.79 +0.09 0.39
TA-21 154 1 2.03 0.18 0.84 +0.06 0.39
TA-54 Area G 208 0 2.40 0.42 1.15 +0.06 0.45
Other On-Site 131 0 3.12 0.29 0.99 +0.08 0.45

Concentration Guidelines

Concentration guidelines are not available for gross alpha concentrations.

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m3) Deviation
Regional Stations
01 Espafiola 26 0 25.2 8.1 14.3 4.7
03 Santa Fe 26 0 21.3 8.5 13.0 3.6
55 Santa Fe West 26 0 24.0 5.8 13.2 4.4
(Buckman Booster #4)
56 El Rancho 25 0 22.9 7.7 13.2 4.2
Pueblo Stations
41 San Ildefonso Pueblo 26 0 25.3 6.2 13.7 4.8
59 Jemez Pueblo-Visitor’s Center 25 0 17.2 7.9 11.7 2.6
Perimeter Stations
04 Barranca School 26 0 21.3 7.6 12.5 3.3
05 Urban Park 26 0 18.6 8.0 11.8 2.7
06 48th Street 26 0 18.3 7.3 11.3 2.9
07 Gulf/Exxon/Shell Station 26 0 23.0 8.8 12.9 3.1
08 McDonald’s Restaurant 26 0 21.1 8.1 12.4 3.3
09 Los Alamos Airport 26 0 21.2 7.6 12.5 3.8
10 East Gate 25 0 23.5 7.9 12.8 3.9
11 Well PM-1 (E. Jemez Road) 26 0 22.3 7.0 11.7 4.0
12 Royal Crest Trailer Court 26 0 19.8 7.9 12.5 32
13 Rocket Park 26 0 22.5 7.5 13.0 4.1
14 Pajarito Acres 26 0 20.4 7.6 12.5 3.5
15 White Rock Fire Station 26 0 22.8 7.2 13.0 4.4
16 White Rock Nazarene Church 26 0 20.8 7.3 12.3 3.6
17 Bandelier Fire Lookout 26 0 22.5 7.8 13.3 4.0
26 TA-49 26 0 21.3 6.8 12.1 32
32 County Landfill (TA-48) 26 0 20.4 4.1 11.4 4.0
54 TA-33 East 26 0 22.4 7.7 134 4.2
60 LA Canyon 26 0 19.7 8.2 11.8 3.1
61 LA Hospital 26 0 21.8 7.8 12.6 3.7
62 Crossroads Bible Church 26 0 21.5 7.3 13.0 3.9
63 Monte Rey South 26 0 20.4 7.4 12.7 3.8
90 East Gate-Backup 1 0 18.6 18.6 18.6
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 26 0 22.8 7.3 12.4 3.8
77 TA-361J Site 26 0 22.3 7.8 12.5 3.7
78 TA-15-N 26 0 23.2 7.7 12.2 3.8
TA-21 Stations
20 TA-21 Area B 26 0 21.4 8.3 12.7 33
71 TA-21.01 (NW Bldg 344) 26 0 22.0 8.0 12.6 3.6
72 TA-21.02 (N Bldg 344) 25 0 22.1 7.8 12.8 3.7
73 TA-21.03 (NE Bldg 344) 25 0 22.3 8.1 13.0 3.8
74 TA-21.04 (SE Bldg 344) 26 0 20.8 6.7 12.7 3.6
75 TA-21.05 (S Bldg 344) 26 0 21.8 7.7 12.9 3.7
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4. Air Surveillance

Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 26 0 24.3 4.1 11.6 5.2
34 Area G-1 (behind trailer) 26 0 19.7 7.5 12.7 3.5
35 Area G-2 (back fence) 26 0 20.3 7.5 12.1 3.6
36 Area G-3 (by office) 26 0 19.8 7.0 12.4 3.7
45 Area G/South East Perimeter 26 0 23.7 7.4 12.8 4.1
47 Area G/North Perimeter 26 0 22.3 7.3 12.5 3.8
50 Area G-expansion 26 0 222 8.3 13.0 3.8
51 Area G-expansion pit 26 0 21.6 7.8 12.3 3.5
Other On-Site Stations
23 TA-5 26 0 20.7 8.0 12.8 3.5
25 TA-16-450 26 0 20.9 6.7 12.4 34
30 Pajarito Booster 2 (P-2) 26 0 21.6 6.6 12.7 3.9
31 TA-3 26 0 19.7 7.7 12.0 3.1
33 TA-49 Area AB 1 0 11.7 11.7 11.7
49  Pajarito Road (TA-36) 26 0 24.0 7.6 13.1 4.2
QA Stations
38 TA-54 Area G-QA (next to #27) 26 0 19.9 34 10.7 4.5
39 TA-49-QA (next to #26) 26 0 19.3 6.7 12.2 33
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (fCi/m3) (fCi/m3) (fCi/m3) Interval®  Deviation
Regional 103 0 25.2 5.8 13.4 +0.8 4.2
Pueblo 51 0 25.3 6.2 12.7 +1.1 4.0
Perimeter 546 0 23.5 4.1 12.5 +0.3 3.6
TA-15 and TA-36 78 0 23.2 7.3 124 +0.8 3.7
TA-21 154 0 22.3 6.7 12.8 +0.6 3.6
TA-54 Area G 208 0 24.3 4.1 124 +0.5 3.9
Other On-Site 131 0 24.0 6.6 12.6 +0.6 3.6

Concentration Guidelines

Concentration guidelines are not available for gross beta concentrations.

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-4. Airborne Tritium as Tritiated Water Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (pCi/m3) (pCi/m3) (pCi/m3) Deviation
Regional Stations
01 Espafiola 24 21 2.5 -1.32 0.3 0.8
03 Santa Fe 25 19 3.5 -2.5 0.3 1.1
55 Santa Fe West 25 20 1.3 -1.5 0.2 0.6
(Buckman Booster #4)
56 El Rancho 25 19 1.9 -0.9 0.4 0.6
Pueblo Stations
41 San Ildefonso Pueblo 26 15 1.9 -0.9 0.6 0.8
59 Jemez Pueblo-Visitor’s Center 26 22 1.6 -1.0 0.1 0.7
Perimeter Stations
04 Barranca School 26 6 3.7 -0.4 1.5 0.9
05 Urban Park 26 13 2.4 -1.2 0.7 0.8
06 48th Street 26 9 2.4 -1.6 0.9 0.9
07 Gulf/Exxon/Shell Station 26 5 2.9 -0.6 1.4 0.9
08 McDonald’s Restaurant 26 1 5.9 0.8 2.6 1.2
09 Los Alamos Airport 26 1 9.6 0.0 3.6 1.9
10 East Gate 25 0 6.6 1.0 3.8 1.4
11 Well PM-1 (E. Jemez Road) 26 2 5.3 0.5 2.1 1.2
12 Royal Crest Trailer Court 26 4 3.7 0.5 1.8 1.0
13 Rocket Park 26 2 6.7 0.7 3.5 1.5
14 Pajarito Acres 26 2 6.5 0.5 24 1.6
15 White Rock Fire Station 26 4 4.6 0.7 2.2 1.1
16 White Rock Nazarene Church 26 2 8.3 0.8 3.5 2.1
17 Bandelier Fire Lookout 26 1 13.8 1.2 4.4 3.2
26 TA-49 26 1 8.3 1.1 3.6 1.6
32 County Landfill (TA-48) 26 5 8.6 -0.6 2.2 2.0
54 TA-33 East 26 1 11.9 0.9 4.0 2.9
60 LA Canyon 26 7 32 0.3 1.5 0.7
61 LA Hospital 26 10 3.0 2.1 1.2 1.1
62 Crossroads Bible Church 26 6 6.5 -0.4 2.0 1.6
63 Monte Rey South 26 5 7.4 0.0 23 1.8
90 East Gate-Backup 1 0 6.1 6.1 6.1
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 26 8 3.5 -1.1 1.4 1.2
77 TA-36 1J Site 26 7 4.0 -1.1 1.7 1.2
78 TA-15-N 26 3 4.2 0.8 2.0 0.9
TA-21 Stations
20 TA-21 Area B 26 0 9.6 1.9 4.5 2.1
71 TA-21.01 (NW Bldg 344) 26 1 10.6 0.6 3.7 2.0
72 TA-21.02 (N Bldg 344) 25 0 11.8 2.0 4.9 2.4
73 TA-21.03 (NE Bldg 344) 25 0 254 4.3 10.6 4.9
74 TA-21.04 (SE Bldg 344) 26 0 16.3 2.3 5.8 3.0
75 TA-21.05 (S Bldg 344) 26 1 22.5 0.6 7.3 4.8
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4. Air Surveillance

Table 4-4. Airborne Tritium as Tritiated Water Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (pCi/m3) (pCi/m3) (pCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 26 0 65.1 3.7 18.3 16.3
34 Area G-1 (behind trailer) 26 0 30.8 4.6 12.7 7.0
35 Area G-2 (back fence) 25 0 3,654.3 394 767.8 1,001.1
36 Area G-3 (by office) 26 0 59.3 7.8 25.6 11.6
45 Area G/South East Perimeter 26 0 31.0 2.7 12.7 8.2
47 Area G/North Perimeter 26 0 61.3 3.7 19.1 16.1
50 Area G-expansion 25 0 36.6 3.9 13.5 8.0
51 Area G-expansion pit 26 0 19.8 2.7 9.7 4.6
Other On-Site Stations
23 TA-5 26 5 4.7 -0.3 2.2 1.2
25 TA-16-450 26 0 113.2 12.8 55.1 28.6
30 Pajarito Booster 2 (P-2) 26 7 5.4 0.1 1.8 1.2
31 TA-3 26 2 6.8 1.2 2.7 1.4
33 TA-49 Area AB 1 0 2.7 2.7 2.7
49  Pajarito Road (TA-36) 26 5 3.6 -0.8 1.7 1.1
QA Stations
38 TA-54 Area G-QA (next to #27) 26 0 67.3 4.3 18.7 16.0
39 TA-49-QA (next to #26) 26 0 9.4 1.9 3.9 1.7
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (pCi/m3) (pCi/m?3) (pCi/m3) Interval®  Deviation
Regional 99 79 3.5 -2.5 0.3 +0.2 0.8
Pueblo 52 37 1.9 -1.0 0.4 +0.2 0.8
Perimeter 546 87 13.8 2.1 24 +0.2 1.9
TA-15 and TA-36 78 18 4.2 -1.1 1.7 +0.2 1.1
TA-21 154 2 25.4 0.6 6.1 +0.6 4.1
TA-54 Area G 206 0 3,654.3 2.7 107.2 +57.6 421.9
Other On-Site 131 19 113.2 -0.8 12.6 +4.3 24.7

Concentration Guidelines
DOE Derived Air Concentration (DAC) Guide for workplace exposure is 20,000,000 pCi/m?3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 1,500 pCi/m?.

4See Section A.4.a of this chapter and Appendix B for an explanation of negative values.
%95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-5. Airborne Plutonium-238 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard

Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m®) Deviation
Regional Stations

01 Espafiola 4 4 0.1 -0.5% -0.1 0.3

03 Santa Fe 4 4 0.0 -0.3 0.1 0.1

55 Santa Fe West 4 4 0.3 -0.3 0.0 0.2

(Buckman Booster #4)

56 El Rancho 4 4 0.5 -0.5 0.1 0.4
Pueblo Stations

41 San Ildefonso Pueblo 4 4 0.4 -0.4 0.1 0.3

59 Jemez Pueblo-Visitor’s Center 4 4 0.3 -0.3 0.1 0.3

Perimeter Stations

04 Barranca School 4 4 0.4 -0.3 0.0 0.3
05 Urban Park 4 4 0.7 0.0 0.4 0.3
06 48th Street 4 4 0.4 -0.3 0.1 0.3
07 Gulf/Exxon/Shell Station 4 4 0.6 -0.1 0.2 0.3
08 McDonald’s Restaurant 4 4 0.0 -0.5 -0.3 0.2
09 Los Alamos Airport 4 4 0.1 -0.2 0.0 0.1
10 East Gate 4 4 0.5 -0.6 0.1 0.5
11 Well PM-1 (E. Jemez Road) 4 4 0.3 -0.3 0.0 0.3
12 Royal Crest Trailer Court 4 4 1.9 -0.2 0.5 0.9
13 Rocket Park 4 4 0.6 -0.4 0.1 0.5
14 Pajarito Acres 4 4 0.0 -0.3 -0.2 0.1
15 White Rock Fire Station 4 4 0.4 -0.3 0.0 0.3
16 White Rock Nazarene Church 4 4 0.3 -0.6 -0.1 0.4
17 Bandelier Fire Lookout 4 4 1.4 0.1 0.5 0.6
26 TA-49 4 4 0.1 -0.3 -0.1 0.2
32 County Landfill (TA-48) 4 4 0.9 -0.6 0.2 0.6
54 TA-33 East 4 4 0.7 -0.3 0.0 0.4
60 LA Canyon 4 4 0.5 -0.3 0.1 0.3
61 LA Hospital 4 4 0.5 -0.6 0.0 0.5
62 Crossroads Bible Church 4 4 0.4 -0.5 0.0 0.4
63 Monte Rey South 4 4 0.5 0.0 0.2 0.3
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 4 4 0.9 -0.4 0.1 0.6
77 TA-36 1J Site 4 4 0.5 0.1 0.2 0.3
78 TA-15-N 4 4 0.3 -0.3 0.0 0.3
TA-21 Stations
20 TA-21 Area B 4 4 0.2 -0.3 0.1 0.3
71 TA-21.01 (NW Bldg 344) 4 4 0.2 -0.6 -0.2 0.3
72 TA-21.02 (N Bldg 344) 4 4 1.6 0.5 0.8 0.5
73 TA-21.03 (NE Bldg 344) 4 4 1.6 0.5 0.9 0.5
74 TA-21.04 (SE Bldg 344) 4 4 0.0 -0.8 -0.3 0.3
75 TA-21.05 (S Bldg 344) 4 4 0.4 -0.4 0.0 0.4
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4. Air Surveillance

Table 4-5. Airborne Plutonium-238 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 4 3.9 0.2 1.2 1.8
34 Area G-1 (behind trailer) 4 2 12.2 0.1 5.9 5.6
35 Area G-2 (back fence) 4 4 0.7 -0.1 0.3 0.4
36 Area G-3 (by office) 4 4 0.6 0.1 0.4 0.2
45 AreaG/South East Perimeter 4 4 2.1 0.0 1.2 1.0
47 Area G/North Perimeter 4 4 0.8 0.0 0.5 0.4
50 Area G-expansion 4 4 1.1 -0.3 0.4 0.6
51 Area G-expansion pit 4 4 0.4 -0.3 0.0 0.3
Other On-Site Stations
23 TA-5 4 4 0.0 -0.8 -0.4 0.4
25 TA-16-450 4 4 0.0 -0.1 -0.1 0.1
30 Pajarito Booster 2 (P-2) 4 4 0.0 -0.8 -0.3 0.3
31 TA-3 4 4 1.8 0.0 0.8 0.8
49  Pajarito Road (TA-36) 4 4 1.4 -0.5 0.7 0.8
QA Stations
38 TA-54 Area G-QA (next to #27) 4 4 1.5 -0.5 0.6 1.0
39 TA-49-QA (next to #26) 4 4 1.2 -0.8 -0.1 0.9
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m?) (aCi/m?) Interval®  Deviation
Regional 16 16 0.5 -0.5 -0.1 +0.1 0.3
Pueblo 8 8 0.4 -0.4 0.1 +0.2 0.3
Perimeter 84 84 1.9 -0.6 0.1 +0.1 0.4
TA-15 and TA-36 12 12 0.9 -0.4 0.1 +0.3 0.4
TA-21 24 24 1.6 -0.8 0.2 +0.3 0.6
TA-54 Area G 32 30 12.2 -0.3 1.3 +0.9 2.6
Other On-Site 20 20 1.8 -0.8 0.1 +0.3 0.7

Concentration Guidelines

DOE Derived Air Concentration (DAC) Guide for workplace exposure is 3,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 2,100 aCi/m3.

4See Section A.4.a of this chapter and Appendix B for an explanation of negative values.
%95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-6. Airborne Plutonium-239 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard

Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m®) Deviation
Regional Stations

01 Espaiiola 4 4 2.1 -0.98 0.5 1.3

03 Santa Fe 4 4 1.9 -0.6 0.8 1.1

55 Santa Fe West 4 4 1.6 -0.2 0.8 0.8

(Buckman Booster #4)

56 El Rancho 4 4 2.1 -1.4 0.6 1.5
Pueblo Stations

41 San Ildefonso Pueblo 4 4 0.5 -0.7 0.1 0.5

59 Jemez Pueblo-Visitor’s Center 4 4 3.7 -0.1 1.1 1.7

Perimeter Stations

04 Barranca School 4 4 0.7 -1.2 -0.1 0.9
05 Urban Park 4 4 1.2 0.0 0.6 0.5
06 48th Street 4 4 1.3 0.5 0.9 0.4
07 Gulf/Exxon/Shell Station 4 2 14.0 0.8 7.4 6.9
08 McDonald’s Restaurant 4 4 0.9 -0.1 0.4 0.4
09 Los Alamos Airport 4 4 2.9 0.0 1.7 1.4
10 East Gate 4 4 2.3 0.1 1.1 0.9
11 Well PM-1 (E. Jemez Road) 4 4 1.8 0.0 1.2 0.8
12 Royal Crest Trailer Court 4 4 1.3 -0.3 0.4 0.8
13 Rocket Park 4 4 1.0 0.1 0.4 0.4
14 Pajarito Acres 4 4 1.4 -0.3 0.6 0.7
15 White Rock Fire Station 4 4 1.2 0.1 0.7 0.5
16 White Rock Nazarene Church 4 4 3.0 -0.2 0.9 1.4
17 Bandelier Fire Lookout 4 4 1.1 -0.1 0.5 0.6
26 TA-49 4 4 1.3 0.1 0.6 0.5
32 County Landfill (TA-48) 4 4 8.1 2.4 4.0 2.7
54 TA-33 East 4 4 2.0 0.4 1.2 0.7
60 LA Canyon 4 4 1.6 0.0 1.0 0.7
61 LA Hospital 4 4 2.0 1.3 1.6 0.3
62 Crossroads Bible Church 4 4 1.7 0.1 0.6 0.7
63 Monte Rey South 4 4 1.9 0.0 0.9 0.8
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 4 4 1.9 -1.3 0.9 1.4
77 TA-361J Site 4 4 1.1 -1.2 -0.1 1.0
78 TA-15-N 4 4 2.5 -1.2 0.6 1.5
TA-21 Stations
20 TA-21 Area B 4 4 2.7 0.2 1.5 1.0
71 TA-21.01 (NW Bldg 344) 4 4 1.4 0.0 0.9 0.6
72 TA-21.02 (N Bldg 344) 4 4 6.5 0.5 34 2.5
73 TA-21.03 (NE Bldg 344) 4 2 10.9 -0.2 5.4 5.1
74 TA-21.04 (SE Bldg 344) 4 3 9.2 4.4 5.6 2.4
75 TA-21.05 (S Bldg 344) 4 4 4.3 2.0 2.9 1.0
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4. Air Surveillance

Table 4-6. Airborne Plutonium-239 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 1 166.7 4.9 51.9 77.1
34 Area G-1 (behind trailer) 4 1 205.6 7.5 105.0 111.3
35 Area G-2 (back fence) 4 4 1.4 0.8 1.2 0.3
36 Area G-3 (by office) 4 4 1.5 -0.2 0.8 0.7
45 Area G/South East Perimeter 4 0 52.4 7.8 24.5 20.7
47 Area G/North Perimeter 4 4 4.8 0.6 3.2 1.9
50 Area G-expansion 4 4 6.9 2.3 4.7 1.9
51 Area G-expansion pit 4 4 3.1 -0.9 1.2 1.6
Other On-Site Stations
23 TA-5 4 4 0.6 -0.1 0.2 0.3
25 TA-16-450 4 4 1.6 0.6 1.2 0.4
30 Pajarito Booster 2 (P-2) 4 4 1.5 0.0 0.7 0.6
31 TA-3 4 4 5.7 0.1 1.9 2.6
49  Pajarito Road (TA-36) 4 4 1.4 -0.6 0.1 0.9
QA Stations
38 TA-54 Area G-QA (next to #27) 4 2 25.8 3.3 12.7 10.8
39 TA-49-QA (next to #26) 4 4 0.9 -0.1 0.3 0.4
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m?) (aCi/m?) Interval®  Deviation
Regional 16 16 2.1 -14 0.7 +0.6 1.1
Pueblo 8 8 3.7 -0.7 0.6 +1.1 1.3
Perimeter 84 82 14.0 -1.2 1.3 +0.5 2.2
TA-15 and TA-36 12 12 2.5 -1.3 0.5 +0.8 1.3
TA-21 24 21 10.9 -0.2 33 +1.2 2.9
TA-54 Area G 32 22 205.6 -0.9 24.1 +20.0 55.4
Other On-Site 20 20 5.7 -0.6 0.8 +0.6 1.3

Concentration Guidelines
DOE Derived Air Concentration (DAC) Guide for workplace exposure is 2,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 2,000 aCi/m3.

4See Section A.4.a of this chapter and Appendix B for an explanation of negative values.
%95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-7. Airborne Americium-241 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m®) Deviation
Regional Stations
01 Espafiola 4 4 2.7 1.9 2.3 0.4
03 Santa Fe 4 4 3.8 1.6 2.4 1.0
55 Santa Fe West 4 4 4.1 0.9 2.5 1.3
(Buckman Booster #4)
56 El Rancho 4 4 2.5 0.9 1.7 0.8
Pueblo Stations
41 San Ildefonso Pueblo 4 4 2.2 0.7 1.7 0.7
59 Jemez Pueblo-Visitor’s Center 4 4 9.0 1.0 3.5 3.7
Perimeter Stations
04 Barranca School 4 4 1.6 0.8 1.2 0.3
05 Urban Park 4 4 3.2 1.1 2.2 0.9
06 48th Street 4 4 5.0 1.3 3.2 1.6
07 Gulf/Exxon/Shell Station 4 4 5.9 1.6 2.9 2.1
08 McDonald’s Restaurant 4 4 4.3 1.9 2.9 1.1
09 Los Alamos Airport 4 4 3.8 2.0 2.8 0.8
10 East Gate 4 4 3.5 2.1 2.7 0.6
11 Well PM-1 (E. Jemez Road) 4 4 1.9 0.5 1.3 0.6
12 Royal Crest Trailer Court 4 4 3.0 1.2 1.9 0.8
13 Rocket Park 4 4 3.5 1.2 2.6 1.0
14 Pajarito Acres 4 4 4.2 1.3 2.5 1.3
15 White Rock Fire Station 4 4 3.8 1.3 2.5 1.1
16 White Rock Nazarene Church 4 4 2.6 0.3 1.5 1.0
17 Bandelier Fire Lookout 4 4 3.0 1.4 2.3 0.8
26 TA-49 4 4 5.5 0.9 3.0 2.0
32 County Landfill (TA-48) 4 3 20.4 2.2 8.0 8.4
54 TA-33 East 4 4 4.3 0.9 2.5 1.4
60 LA Canyon 4 4 5.0 1.4 2.5 1.7
61 LA Hospital 4 4 3.4 1.6 2.4 0.9
62 Crossroads Bible Church 4 4 3.6 1.2 2.0 1.1
63 Monte Rey South 4 4 2.8 0.8 2.1 1.0
TA-15 and TA-36 Stations
76 TA-15-41 (formerly15-61) 4 4 4.3 1.4 3.1 1.2
77 TA-361J Site 4 4 5.9 1.2 3.7 2.0
78 TA-15-N 4 4 2.4 0.6 1.4 0.8
TA-21 Stations
20 TA-21 Area B 4 4 5.3 1.3 2.9 1.7
71 TA-21.01 (NW Bldg 344) 4 4 2.9 0.4 1.3 1.1
72 TA-21.02 (N Bldg 344) 4 4 5.0 1.5 3.1 1.6
73 TA-21.03 (NE Bldg 344) 4 4 6.1 2.1 4.1 1.9
74 TA-21.04 (SE Bldg 344) 4 4 3.1 1.4 2.5 0.8
75 TA-21.05 (S Bldg 344) 4 4 4.9 2.5 3.5 1.0
Environmental Surveillance at Los Alamos during 1999 119



4. Air Surveillance

Table 4-7. Airborne Americium-241 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 1 28.0 6.6 15.2 9.3
34 Area G-1 (behind trailer) 4 0 234.6 24.0 89.7 98.5
35 Area G-2 (back fence) 4 4 4.4 1.8 3.3 1.1
36 Area G-3 (by office) 4 4 4.2 1.3 2.6 1.4
45 Area G/South East Perimeter 4 1 13.1 7.0 10.9 2.7
47 Area G/North Perimeter 4 3 7.8 1.9 4.4 2.5
50 Area G-expansion 4 4 5.7 2.4 3.8 1.4
51 Area G-expansion pit 4 4 34 1.4 2.3 0.9
Other On-Site Stations
23 TA-5 4 4 4.7 2.2 3.6 1.0
25 TA-16-450 4 4 5.2 1.7 3.2 1.7
30 Pajarito Booster 2 (P-2) 4 4 4.4 1.0 2.9 1.5
31 TA-3 4 4 2.7 1.8 2.2 0.4
49  Pajarito Road (TA-36) 4 4 4.5 1.7 34 1.3
QA Stations
38 TA-54 Area G-QA (next to #27) 4 2 16.4 5.0 10.2 5.1
39 TA-49-QA (next to #26) 4 4 4.7 1.5 2.5 1.5
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m?) (aCi/m?) Interval®  Deviation
Regional 16 16 4.1 0.9 2.2 +0.5 0.9
Pueblo 8 8 9.0 0.7 2.6 2.2 2.7
Perimeter 84 83 20.4 0.3 2.6 +0.5 2.3
TA-15 and TA-36 12 12 5.9 0.6 2.7 +1.1 1.7
TA-21 24 24 6.1 0.4 2.9 +0.7 1.5
TA-54 Area G 32 21 234.6 1.3 16.5 +15.1 41.9
Other On-Site 20 20 5.2 1.0 3.1 10.6 1.2

Concentration Guidelines

DOE Derived Air Concentration (DAC) Guide for workplace exposure is 2,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 1,900 aCi/m3.

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-8. Airborne Uranium-234 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Deviation
Regional Stations
01 Espafiola 4 0 25.9 10.5 20.5 6.9
03 Santa Fe 4 0 41.1 14.9 25.6 11.7
55 Santa Fe West 4 0 16.1 10.8 13.2 2.3
(Buckman Booster #4)
56 El Rancho 4 0 21.7 11.8 17.6 4.9
Pueblo Stations
41 San Ildefonso Pueblo 4 0 32.8 11.8 26.0 9.6
59 Jemez Pueblo-Visitor’s Center 4 0 49.7 29.6 37.5 8.6
Perimeter Stations
04 Barranca School 4 0 14.4 7.9 11.8 2.8
05 Urban Park 4 0 25.3 9.3 19.4 7.0
06 48th Street 4 1 7.6 5.3 6.3 1.0
07 Gulf/Exxon/Shell Station 4 0 70.2 20.2 35.3 23.4
08 McDonald’s Restaurant 4 0 11.6 7.6 9.9 1.7
09 Los Alamos Airport 4 1 13.6 5.7 8.4 3.5
10 East Gate 4 0 18.4 5.3 11.1 5.6
11 Well PM-1 (E. Jemez Road) 4 1 10.0 5.2 7.7 2.3
12 Royal Crest Trailer Court 4 0 15.3 8.2 11.4 3.1
13 Rocket Park 4 0 9.6 7.3 8.4 1.0
14 Pajarito Acres 4 0 9.4 6.0 8.0 1.5
15 White Rock Fire Station 4 0 15.7 6.5 11.6 4.1
16 White Rock Nazarene Church 4 1 11.5 5.5 9.0 2.6
17 Bandelier Fire Lookout 4 2 9.3 5.4 7.1 2.0
26 TA-49 4 2 13.7 4.8 8.3 4.1
32 County Landfill (TA-48) 4 0 75.6 39.0 58.1 19.5
54 TA-33 East 4 0 11.9 6.3 9.2 2.6
60 LA Canyon 4 0 15.7 5.7 11.6 4.2
61 LA Hospital 4 0 32.0 9.1 18.3 9.7
62 Crossroads Bible Church 4 1 10.9 5.3 8.3 2.3
63 Monte Rey South 4 0 11.5 6.1 9.3 2.3
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 4 2 12.3 4.4 6.9 3.7
77 TA-361J Site 4 0 16.5 11.1 13.1 2.3
78 TA-15-N 4 0 10.9 4.1 8.2 2.9
TA-21 Stations
20 TA-21 Area B 4 0 40.5 6.8 15.7 16.5
71 TA-21.01 (NW Bldg 344) 4 1 14.3 6.4 9.1 3.5
72 TA-21.02 (N Bldg 344) 4 0 13.9 6.4 9.0 34
73 TA-21.03 (NE Bldg 344) 4 1 11.2 8.2 10.0 1.3
74 TA-21.04 (SE Bldg 344) 4 1 17.4 5.3 9.8 5.3
75 TA-21.05 (S Bldg 344) 4 0 14.7 5.7 10.1 3.8
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4. Air Surveillance

Table 4-8. Airborne Uranium-234 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 0 304.7 29.8 115.6 129.1
34 Area G-1 (behind trailer) 4 0 63.9 17.5 344 20.4
35 Area G-2 (back fence) 4 0 25.6 9.1 19.7 7.5
36 Area G-3 (by office) 4 0 51.8 18.1 28.9 15.7
45 Area G/South East Perimeter 4 0 72.7 44.1 58.7 12.1
47 Area G/North Perimeter 4 0 30.1 8.1 19.5 10.3
50 Area G-expansion 4 0 249.9 49.2 115.5 91.9
51 Area G-expansion pit 4 0 96.5 21.2 474 33.6
Other On-Site Stations
23 TA-5 4 0 11.5 7.8 9.8 1.6
25 TA-16-450 4 0 8.9 54 7.4 1.4
30 Pajarito Booster 2 (P-2) 4 0 11.4 6.5 8.7 2.2
31 TA-3 4 0 10.6 6.6 8.8 2.1
49  Pajarito Road (TA-36) 4 0 16.1 5.7 11.0 5.0
QA Stations
38 TA-54 Area G-QA (next to #27) 4 0 138.7 28.5 69.7 52.0
39 TA-49-QA (next to #26) 4 1 15.8 3.5 8.3 5.3
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Interval®>  Deviation
Regional 16 0 41.1 10.5 19.2 +4.3 8.1
Pueblo 8 0 49.7 11.8 31.7 +8.7 10.4
Perimeter 84 9 75.6 4.8 13.7 +2.9 13.5
TA-15 and TA-36 12 2 16.5 4.1 9.4 +2.5 3.9
TA-21 24 3 40.5 5.3 10.6 +3.0 7.1
TA-54 Area G 32 0 304.7 8.1 55.0 +23.0 63.7
Other On-Site 20 0 16.1 54 9.1 +1.3 2.8

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 20,000,000 aCi/m>. See Appendix A.
EPA 40 CFR 61 Concentration Guide 7,700 a Ci/m?3.

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-9. Airborne Uranium-235 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard

Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m®) Deviation
Regional Stations

01 Espafiola 4 4 2.1 1.0 1.6 0.6

03 Santa Fe 4 4 4.8 2.9 3.6 0.9

55 Santa Fe West 4 4 2.2 0.2 1.3 0.8

(Buckman Booster #4)

56 El Rancho 4 4 1.9 1.4 1.7 0.3
Pueblo Stations

41 San Ildefonso Pueblo 4 4 2.5 0.8 1.6 0.7

59 Jemez Pueblo-Visitor’s Center 4 3 7.3 2.3 4.1 2.2

Perimeter Stations

04 Barranca School 4 4 1.2 0.0 0.6 0.5
05 Urban Park 4 4 2.2 0.3 1.1 0.9
06 48th Street 4 4 2.0 0.4 1.3 0.7
07 Gulf/Exxon/Shell Station 4 3 5.9 1.3 3.0 2.2
08 McDonald’s Restaurant 4 4 1.2 0.5 0.9 0.3
09 Los Alamos Airport 4 4 2.2 0.4 1.1 0.8
10 East Gate 4 4 1.6 0.6 1.2 0.5
11 Well PM-1 (E. Jemez Road) 4 4 2.1 1.0 1.5 0.5
12 Royal Crest Trailer Court 4 4 1.5 0.0 0.9 0.6
13 Rocket Park 4 4 2.3 0.6 1.3 0.7
14 Pajarito Acres 4 4 2.5 -0.52 1.0 1.3
15 White Rock Fire Station 4 4 1.9 1.6 1.8 0.1
16 White Rock Nazarene Church 4 4 2.7 0.3 1.2 1.1
17 Bandelier Fire Lookout 4 4 2.0 1.6 1.8 0.2
26 TA-49 4 4 2.1 0.2 1.1 0.8
32 County Landfill (TA-48) 4 3 4.9 1.9 3.0 1.4
54 TA-33 East 4 4 3.3 0.2 1.3 1.3
60 LA Canyon 4 4 3.7 1.2 2.1 1.1
61 LA Hospital 4 4 2.9 1.3 1.8 0.8
62 Crossroads Bible Church 4 4 2.4 0.4 1.1 0.9
63 Monte Rey South 4 4 1.9 0.0 1.1 0.8
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 4 4 1.8 0.5 1.2 0.5
77 TA-361J Site 4 4 2.5 0.9 1.5 0.7
78 TA-15-N 4 4 2.5 -0.3 1.3 1.2
TA-21 Stations
20 TA-21 Area B 4 4 2.0 -0.5 1.3 1.2
71 TA-21.01 (NW Bldg 344) 4 4 2.3 -0.1 1.3 1.1
72 TA-21.02 (N Bldg 344) 4 4 2.2 0.4 1.2 0.9
73 TA-21.03 (NE Bldg 344) 4 4 2.9 0.0 1.3 1.3
74 TA-21.04 (SE Bldg 344) 4 4 2.6 -0.1 1.3 1.2
75 TA-21.05 (S Bldg 344) 4 4 0.8 0.0 0.5 0.4
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4. Air Surveillance

Table 4-9. Airborne Uranium-235 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 3 19.7 2.3 7.2 8.4
34 Area G-1 (behind trailer) 4 3 4.9 0.6 2.0 1.9
35 Area G-2 (back fence) 4 4 1.7 0.1 0.9 0.8
36 Area G-3 (by office) 4 3 4.3 0.0 1.6 1.9
45 Area G/South East Perimeter 4 1 5.1 2.2 3.7 1.2
47 Area G/North Perimeter 4 4 2.6 1.0 1.6 0.7
50 Area G-expansion 4 1 12.6 1.5 6.7 4.8
51 Area G-expansion pit 4 3 6.5 1.3 32 2.4
Other On-Site Stations
23 TA-5 4 4 2.8 1.1 1.9 0.7
25 TA-16-450 4 4 2.1 0.5 1.2 0.7
30 Pajarito Booster 2 (P-2) 4 4 1.6 0.3 1.2 0.6
31 TA-3 4 4 1.8 -0.3 0.9 0.9
49  Pajarito Road (TA-36) 4 4 34 0.8 2.1 1.3
QA Stations
38 TA-54 Area G-QA (next to #27) 4 3 12.1 1.0 4.5 5.1
39 TA-49-QA (next to #26) 4 4 1.1 0.5 0.7 0.3
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m?) (aCi/m?) Interval®  Deviation
Regional 16 16 4.8 0.2 2.1 +0.6 1.1
Pueblo 8 7 7.3 0.8 2.8 +1.7 2.0
Perimeter 84 82 5.9 -0.5 1.4 +0.2 1.0
TA-15 and TA-36 12 12 2.5 -0.3 1.3 +0.5 0.8
TA-21 24 24 2.9 -0.5 1.1 +0.4 1.0
TA-54 Area G 32 22 19.7 0.0 34 +1.4 4.0
Other On-Site 20 20 34 -0.3 1.5 +0.4 0.9

Concentration Guidelines
DOE Derived Air Concentration (DAC) Guide for workplace exposure is 20,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 7,100 aCi/m3.

4See Section A.4.a of this chapter and Appendix B for an explanation of negative values.
%95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-10. Airborne Uranium-238 Concentrations for 1999

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m®) Deviation
Regional Stations
01 Espafiola 4 0 25.3 11.8 20.9 6.2
03 Santa Fe 4 0 35.4 9.7 21.3 11.7
55 Santa Fe West 4 0 134 8.3 11.7 2.4
(Buckman Booster #4)
56 El Rancho 4 0 17.5 12.7 154 2.0
Pueblo Stations
41 San Ildefonso Pueblo 4 0 33.0 13.6 24.5 8.0
59 Jemez Pueblo-Visitor’s Center 4 0 50.8 27.0 36.8 10.0
Perimeter Stations
04 Barranca School 4 0 15.5 11.0 12.7 1.9
05 Urban Park 4 0 24.7 7.9 18.2 7.3
06 48th Street 4 1 6.5 4.8 5.7 0.9
07 Gulf/Exxon/Shell Station 4 0 68.9 19.9 33.1 23.9
08 McDonald’s Restaurant 4 0 12.2 9.6 10.6 1.1
09 Los Alamos Airport 4 0 10.9 7.2 8.8 1.6
10 East Gate 4 0 20.0 7.6 12.5 5.3
11 Well PM-1 (E. Jemez Road) 4 0 7.9 6.3 6.8 0.8
12 Royal Crest Trailer Court 4 0 19.4 9.1 13.7 4.2
13 Rocket Park 4 0 10.6 6.5 8.5 1.8
14 Pajarito Acres 4 0 18.4 6.1 10.6 5.5
15 White Rock Fire Station 4 0 13.5 9.0 12.2 2.1
16 White Rock Nazarene Church 4 0 10.6 6.1 8.8 1.9
17 Bandelier Fire Lookout 4 1 10.0 3.6 7.5 2.8
26 TA-49 4 0 14.8 6.3 9.2 4.0
32 County Landfill (TA-48) 4 0 73.7 41.3 57.4 18.6
54 TA-33 East 4 0 11.5 7.0 9.6 1.9
60 LA Canyon 4 0 14.2 6.1 10.4 33
61 LA Hospital 4 0 26.7 9.0 16.1 7.7
62 Crossroads Bible Church 4 0 10.3 6.2 8.9 1.8
63 Monte Rey South 4 0 27.0 4.7 11.4 10.4
TA-15 and TA-36 Stations
76 TA-15-41 (formerly 15-61) 4 1 11.7 7.1 8.6 2.1
77 TA-36 1J Site 4 0 40.5 20.4 30.2 8.8
78 TA-15-N 4 2 24.7 2.7 11.9 9.8
TA-21 Stations
20 TA-21 Area B 4 1 38.1 4.0 14.6 15.8
71 TA-21.01 (NW Bldg 344) 4 0 10.8 8.3 9.7 1.2
72 TA-21.02 (N Bldg 344) 4 0 10.1 6.0 7.9 2.1
73 TA-21.03 (NE Bldg 344) 4 0 14.0 10.3 11.8 1.7
74 TA-21.04 (SE Bldg 344) 4 0 10.2 6.5 8.2 1.6
75 TA-21.05 (S Bldg 344) 4 1 9.6 5.5 7.8 1.8
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4. Air Surveillance

Table 4-10. Airborne Uranium-238 Concentrations for 1999 (Cont.)

Number of Sample
Number of Results Maximum  Minimum Mean Standard
Station Location Results <Uncertainty (aCi/m?) (aCi/m®  (aCi/m3) Deviation
TA-54 Area G Stations
27 Area G (by QA) 4 0 296.6 30.5 114.4 125.2
34 Area G-1 (behind trailer) 4 0 71.3 21.8 36.7 23.2
35 Area G-2 (back fence) 4 0 24.8 11.0 194 6.0
36 Area G-3 (by office) 4 0 49.5 24.1 37.5 13.5
45 Area G/South East Perimeter 4 0 75.0 51.3 62.6 11.2
47 Area G/North Perimeter 4 0 27.8 10.2 19.6 8.4
50 Area G-expansion 4 0 261.0 50.1 118.7 97.2
51 Area G-expansion pit 4 0 102.8 25.5 50.4 353
Other On-Site Stations
23 TA-5 4 1 13.5 5.6 9.6 3.2
25 TA-16-450 4 0 8.6 3.1 6.6 2.5
30 Pajarito Booster 2 (P-2) 4 0 12.8 7.9 9.8 2.3
31 TA-3 4 0 11.5 5.1 9.0 3.0
49  Pajarito Road (TA-36) 4 0 16.0 8.7 12.0 3.5
QA Stations
38 TA-54 Area G-QA (next to #27) 4 0 140.8 30.9 70.4 52.1
39 TA-49-QA (next to #26) 4 1 13.8 5.0 8.6 4.1
Group Summaries
Number of 95% Sample
Number of Results Maximum Minimum Mean Confidence Standard
Station Location Results <Uncertainty (aCi/m3) (aCi/m3) (aCi/m3) Interval®>  Deviation
Regional 16 0 354 8.3 17.3 +3.9 7.4
Pueblo 8 0 50.8 13.6 30.6 +8.9 10.7
Perimeter 84 2 73.7 3.6 13.9 +2.9 13.2
TA-15 and TA-36 12 3 40.5 2.7 16.9 +7.7 12.1
TA-21 24 2 38.1 4.0 10.0 2.7 6.4
TA-54 Area G 32 0 296.6 10.2 57.4 +22.9 63.5
Other On-Site 20 1 16.0 3.1 9.4 +1.5 3.2

Concentration Guidelines
DOE Derived Air Concentration (DAC) Guide for workplace exposure is 20,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 8,300 aCi/m3.

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-11. Airborne Gamma-Emitting Radionuclides that are Potentially Released by LANL

Operations
Gamma Emitting Number of Number of Mean Measured Average MDA as a
Radionuclide Results Results <MDA (fCi/m3)  Percent of the Required MDA
3As 324 324 <<0.75 0.1
T4As 324 324 <<0.63 0.6
109¢q 324 324 <<0.07 0.3
57Co 324 324 <<0.13 0.2
60Co 324 324 <<0.29 34.6
134Cs 324 324 <<0.27 20.0
137¢g 324 324 <<0.24 25.5
54Mn 324 324 <<0.28 2.0
22Na 324 324 <<0.30 23.2
83Rb 324 324 <<0.51 3.0
86Rb 324 324 <<4.96 17.7
103Ry 324 324 <<0.26 0.2
3Se 324 324 <<0.21 2.4
657n 324 324 <<0.61 13.4

Table 4-12. Airborne Concentrations of Gamma-Emitting Radionuclides that Naturally
Occur in Measurable Quantities

Gamma Emitting  Number of Number of Mean Estimated Dose
Radionuclide Results Results <MDA (fCi/m3) (mrem)
"Be 324 0 85 0.04
210pp 324 0 11 41
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Table 4-13. Airborne Radioactive Emissions from Laboratory Buildings with Sampled Stacks in 1999 (Ci)

TA-Building 3Ha 241Am PuP e Th P/VAP4 G/MAP¢
TA-03-029 2.6x 1070 2.1x107° 6.1 x107° 2.1x 107

TA-03-035 1.2x 107 6.4x107°

TA-03-102 3.3x 1077 3.8x 107

TA-16-205 1.6 x 102

TA-21-155 6.6 x 10!

TA-21-209 4.2 %102

TA-33-086 9.4 x 102

TA-41-004 1.3 x 10!

TA-48-001 6.1 x 10710 3.9% 1073

TA-50-001 1.3 %1077 5.1x10°8 3.7x10°8

TA-50-037 1.9% 1078

TA-50-069 9.9x 1011

TA-53-003 1.8 x 100 43 %100
TA-53-007 4.5x% 107! 2.5x%1073 3.0x 102
TA-55-004 1.8 x 100 54x10°8 6.3x 1078 7.1x10°8

4 Includes both gaseous and oxide forms of tritium.
b Includes 238Pu, 23%Pu, and 240Pu.
¢ Includes 234U, 233U, and 238U.

d P/VAP—Particulate/vapor activation products.
¢ G/IMAP—Gaseous/mixed activation products.
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4. Air Surveillance

Table 4-14. Detailed Listing of Activation
Products Released from Sampled Laboratory

Stacks in 1999 (Ci)

Table 4-15. Radionuclide: Half-Life Information

TA-Building Radionuclide Emission

TA-48-001 3As 1.83 x 1075
TA-48-001 T4As 4.49 x 107
TA-48-001 TTBr 1.15%x 107>
TA-48-001 68Ga 1.73x 1073
TA-48-001 68Ge 1.73x 1073
TA-48-001 73Se 3.50 x 1074
TA-53-003 4Ar 1.50 x 107!
TA-53-003 ic 4.11 x 100
TA-53-007 4AAr 1.29 x 10!

TA-53-007 T6Br 2.32x 107
TA-53-007 82Br 6.27 x 107
TA-53-007 10c 424 x 1072
TA-53-007 lic 2.62 x 102
TA-53-007 60Co 3.97 x 107°
TA-53-007 197Hg 1.60 x 1073
TA-53-007 3N 1.59 x 100
TA-53-007 16N 1.50 x 1072
TA-53-007 140 1.00 x 10!
TA-53-007 150 1.89 x 10!

Environmental Surveillance at Los Alamos during 1999

Nuclide Half-Life
H 123 yr
"Be 53.4d
10c 193 s
¢ 20.5 min
3N 10.0 min
16N 7.13 s
140 70.6 s
150 122.2's
22Na 2.6 yr
24Na 14.96 h
32p 14.3d

40K 1,277,000,000 yr
4Ar 1.83h
34Mn 312.7d
36Co 78.8d
3TCo 270.9 d
38Co 70.8 d
60Co 53yr
2As 26 h
3As 80.3d
T4As 17.78 d
T6Br 16 h
71Br 2.4d
82Br 1.47d
75Se 119.8d
855r 64.8d
895r 50.6d
90sr 28.6 yr
1311 8d
134Cs 2.06 yr
137¢s 30.2 yr
18305 13h
18505 93.6d
19105 15.4d
193Hg 3.8 hr
195Hg 9.5 hr
195mpyg 1.67d
197Hg 2.67d
197Tmp g 23.8 hr

B4y 244,500 yr

35y 703,800,000 yr

238y 4,468,000,000 yr
238py 87.7 yr
23%py 24,131 yr
240py 6,569 yr
241py 14.4 yr

241 Am 432 yr
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1998-1999

TLD Station 1998 Annual 1999 Quarters 1999 Annual

ID # Location Dose (mrem) Monitored Dose (mrem)
Regional 01 Espafiola NA?2 1-4 110+ 14
53 San Ildefonso Pueblo 12127 14 116 £ 15
95 El Rancho NA? 14 133 £ 17
101 Santa Fe West 138 £8 14 127 £ 17
103 Santa Clara Pueblo NA? 14 145 £ 19
Perimeter 05 Barranca School, Los Alamos 148 £8 1-4 134 £17
07 Cumbres School, Los Alamos 140 £8 1-4 132 £17
08 48th Street, Los Alamos 159 £9 1-4 156 £20
09 Los Alamos Airport 140£9 1-4 154 £20
10 Bayo Canyon, Los Alamos 182 £ 10 1-4 171 £22
11 Shell Station, Los Alamos 161 £9 1-4 158 £21
12 Royal Crest Trailer Court, Los Alamos 148 £8 1-4 139 £18
13 White Rock Fire Station 149 £9 14 140 £ 18
14 Pajarito Acres, White Rock 141 £8 1-4 136 £18
15 Bandelier National Monument 160 £9 14 157 £20
16 Pajarito Ski Area NA?2 2-4b 142 £ 18
41 McDonald’s Restaurant, Los Alamos 162 £9 1-4 147 £19
42 Los Alamos Airport-South 162 £ 10 1-4 13518
43 East Gate Business Park, Los Alamos 1559 1,4° 126 £ 16
44 Big Rock Loop, Los Alamos 186 £ 11 1-4 170 £22
45 Cheyenne Street, Los Alamos 176 £ 10 1-4 156 £20
46 Los Pueblos Street, Los Alamos 174 £ 10 1-4 153 £20
47 Urban Park, Los Alamos 154 £9 1-4 143 £19
49 Pifion School (Rocket Park) White Rock 105 =7 14 130 £ 17
50 White Rock Church of the Nazarene 100 £ 6 14 130 £ 17
51 Bayo Canyon Well, Los Alamos 177 £ 10 1-4 168 £22
55 Monte Rey South, White Rock 136 £7 1-4 132 £17
56 East Gate (mid station) 175 £ 10 14 160 £ 21
60 Piedra Drive, White Rock 135 £8 1-4 133 £17
66 East Gate NA? 14 150 £ 19
67 Los Alamos Hospital NA?2 2-4b 134 £ 17
68 Trinity (Crossroads) Bible Church 169 + 10 14 156 £ 20
80 TA-16 SR4 Back Gate 152+9 1-4 148 £ 19
81 TA-16 SR4 Ponderosa Camp 143 + 20 1-4 147 £ 19
On-Site 17 TA-21 (DP West) 172+ 10 1-4 154 +£20
18 TA-6 (Two Mile Mesa) 154 +9 1-4 145+ 19
19 TA-53 (LANSCE) 190 = 11 1-4 158 £ 21
20 Well PM-1 (SR4 and Truck Rt.) 179 £ 10 1-4 169 + 22
21 TA-16 (S-Site) 146 £ 10 1-4 154 +£20
22 Booster P-2 155+9 1-4 154 +£20
23 TA-3 East Gate of SM 43 NA? 1-4 122+ 16
24 State Highway 4 194+ 11 1-4 182+ 24
25 TA-49 (Frijoles Mesa) 150+ 8 14 140 £ 18
26 TA-2 (Omega Stack) 156 +9 1-4 135+ 18
28 TA-18 (Pajarito Site) NA? 1-4 189 =25
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1998-1999 (Cont.)

TLD Station 1998 Annual 1999 Quarters 1999 Annual
ID # Location Dose (mrem) Monitored Dose (mrem)
On-Site 29 TA-35 (Ten Site A) 137 8 1-4 131 £ 17
(Cont.) 30 TA-35 (Ten Site B) 133 +8 1-4 130 £ 17
31 TA-59 (Occupational Health Lab) NA? 14 145 £ 19
32 TA-3-16 (Van de Graaff) 158 £9 1-4 144 £ 19
33 TA-3-316 (Jon Beam Bldg.) 156 £9 1-4 145+ 19
34 TA-3-440 (CAS) 174 £ 10 1-4 171 £ 22
35 TA-3-420 (CMR Bldg. West Fence) 146 £ 8 1-4 133 £ 17
36 TA-3-102 (Shop) 149+9 1-4 141 £ 18
37 TA-72 (Pistol Range) 168 + 10 14 177 £23
38 TA-55 (Plutonium Facility South) 164 £ 8 1-4 162 £ 21
39 TA-55 (Plutonium Facility West) 183+ 10 1-4 165 £ 21
40 TA-55 (Plutonium Facility North) 142 +£8 1-4 143 £ 19
48 Los Alamos County Landfill 148 £9 1-4 140 £ 18
56 East Gate Mid Station 175+ 10 1-4 160 + 21
57 TA-54 West (TLD Lab) 182 10 1-4 150 £ 19
58 TA-54 Lagoon (TA-36 Pajarito Road) 170 £ 10 1-4 167 £22
59 Los Alamos Canyon NA? 1-4 167 £22
61 S. LANSCE Lagoons NA#? 1-4 2,157 £ 280
62 N. LANSCE Lagoons NA? 1-4 347 £45
63 E. LANSCE Lagoons NA? 1-4 3,122 + 406
64 NE LANSCE Area A Stack NA? 1-4 240 + 31
65 NW LANSCE Area A Stack NA? 1-4 219 £ 28
69 TA-50 Old Outfall 189 £ 10 1-4 185 +24
70 TA-50 Dirt Road to Outfall 163 £9 1,2,4b 175 £23
71 TA-50 Dirt Road Turnoff 159 +£9 1-4 157 £20
72 TA-50 East Fence, S. Corner 157 £9 1-4 166 £ 22
73 TA-50 East Fence, N. Corner 142 £ 8 1-4 148 £ 19
74 TA-50 Pecos Drive 146 £ 8 1-4 141 £ 18
75 TA-50-37 West 155+9 1-4 158 £ 21
76 TA-16-450 WETF 159 +£9 1-4 141 £ 18
77 TA-16-210 Guard Station 159 +9 1-4 147 £ 19
78 Fitness Trail SW TA-8-24 154 + 14 1-4 158 £ 21
79 Fitness Trail SE TA-8-24 162 £9 1-4 157 £20
82 TA-15 Phermex N TA-15-185 169 £ 10 1-4 163 £ 21
83 TA-15 Phermex Entrance 144 £ 10 1,2,4b 120 £ 16
84 TA-15 Phermex NNE Entrance 151 £9 1,2,4b 132 £ 17
85 TA-15 Phermex N DAHRT 149 £ 10 1-4 146 £ 19
86 TA-15-312 DAHRT Entrance 155+9 1,2,4b 146 £ 19
87 TA-15-183 Access Control 174 £ 10 14 157 £20
88 TA-15 R-Site Road 163 £ 10 1-4 150 £ 20
89 TA-15-45 SW 169 £ 10 1-4 153 £20
90 TA-15-306 North NA? 1-4 152 £ 20
91 TA-15, 1J Firing Point 164 £9 1-4 151 £20
92 TA-36 Kappa Site NA? 1-4 160 + 21
93 TA-15 Ridge Road Gate 141 £8 1-4 138 £ 18
94 TA-33 East (VLBA Dish) 129 £ 8 1-4 124 £ 16
96 TA-54 Meteorological Tower NA? 1-4 148 £ 19
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1998-1999 (Cont.)

TLD Station 1998 Annual 1999 Quarters 1999Annual

ID # Location Dose (mrem) Monitored Dose (mrem)
On-Site 97 TA-50 GS-1-1, Mortandad Canyon 182 £11 1-4 180 £ 23
(Cont.) 98 TA-50 GS-1-2, Mortandad Canyon 426 =22 14 379 £49
99 Mortandad Canyon, MCO-5 447 £ 24 1-4 418 £ 54
100 Mortandad Canyon, MCO-13 175 £8 1-4 155 £20
104 E. LANSCE Lagoons NA? 2-4b 242 £ 31

4NA = not applicable—the 1998 data for this station were incomplete.
bData for the missing quarter(s) have been replaced with an average of the data for the other quarters.
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4. Air Surveillance

Table 4-17. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation at Waste
Disposal Areas during 1998-1999

TLD Station 1998 Annual 1999 Quarters 1999 Annual
ID # Location Dose (mrem) Monitored Dose (mrem)
Area A 201 TA-21 Area A-1 141 £9 14 140 £ 18
202 TA-21 Area A-2 159+9 1-4 157+ 20
203 TA-21 Area A-3 155+8 1-4 155+ 20
204 TA-21 Area A-4 154 +9 1-4 141+ 18
205 TA-21 Area A-5 150+ 9 1-4 146 = 19
Area AB 221 TA-49 AB-1 142 +9 1-4 158 £ 21
222 TA-49 AB-2 149+ 9 1-4 163 = 21
223 TA-49 AB-3 1519 1-4 153+ 20
224 TA-49 AB-4 143 +9 1-4 155+ 20
225 TA-49 AB-5 142 +9 1-4 150 %+ 19
226 TA-49 AB-6 146 £ 8 1-4 150 % 19
227 TA-49 AB-7 141 £ 8 1-4 153+ 20
228 TA-49 AB-8 NA? 1-4 142+ 19
229 TA-49 AB-9 141 £8 1-4 149+ 19
230 TA-49 AB-10 142 £ 8 1-4 164 + 21
Area B 241 TA-21 Area B-1 158 £ 15 14 147 £ 19
242 TA-21 Area B-2 161 +9 1-4 157+ 20
243 TA-21 Area B-3 158+ 9 1-4 147+ 19
244 TA-21 Area B-4 NA? 1-4 147+ 19
245 TA-21 Area B-5 NA? 1-4 140+ 18
246 TA-21 Area B-6 152 £8 1-4 148 £ 19
247 TA-21 Area B-7 NA? 1-4 151+20
248 TA-21 Area B-8 161 +9 1-4 155+ 20
249 TA-21 Area B-9 15719 1-4 155+ 20
250 TA-21 Area B-10 157 £ 8 1-4 153+ 20
251 TA-21 Area B-11 163 £ 8 1-4 154+ 20
252 TA-21 Area B-12 167 £ 9 1-4 157+ 20
253 TA-21 Area B-13 164 £ 9 14 158 £ 21
254 TA-21 Area B-14 171 +9 1-4 153+ 20
Area C 261 TA-50 N Area C-1 150 £8 14 138 £ 18
262 TA-50 N Area C-2 162 +9 1-4 166 + 22
263 TA-50 Area C-3 160 + 10 1-4 167 £ 22
264 TA-50 Area C-4 165+ 9 1-4 181 £ 23
265 TA-50 SE Area C-5 163 + 10 1-4 159 + 21
266 TA-50 Area C-6 164 £ 9 14 164 + 21
267 TA-50 Area C-7 151 £ 8 1-4 154+ 20
268 TA-50 S Area C-8 147+ 9 1-4 139+ 18
269 TA-50 Area C-9 159+ 9 1-4 152+ 20
270 TA-50 W Area C-10 157 £ 8 1-4 161 =21
Area E 281 TA-33 Area E-1 1559 14 152 £ 20
282 TA-33 Area E-2 162 +9 1-4 161 =21
283 TA-33 Area E-3 168 £ 10 1-4 166 + 22
284 TA-33 Area E-4 169 £ 10 1-4 184+ 24
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4. Air Surveillance

134

Table 4-17. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation at Waste

Disposal Areas during 1998-1999 (Cont.)

TLD Station 1998 Annual 1999 Quarters 1999 Annual
ID # Location Dose (mrem) Monitored Dose (mrem)
Area F 301 TA-6 Area F-1 1358 14 148 £ 19
302 TA-6 Area F-2 142 +9 1-4 144 £ 19
303 TA-6 Area F-3 143 £ 8 1-4 146 £ 19
304 TA-6 Area F-4 159+9 1-4 146 £ 19
Area G 601 TA-54 Area G-1 179 £ 10 1-4 192 £ 25
602 TA-54 Area G-2 289 + 16 1-4 291 £+ 38
603 TA-54 Area G-3 178 £ 12 1-4 184 £ 24
604 TA-54 Area G-4 163 +9 1-4 180 £ 23
605 TA-54 Area G-5 190 + 13 1-4 198 £ 26
606 TA-54 Area G-6 175 £ 10 1-4 295 + 38
607 TA-54 Area G-7 224+ 15 1-4 245+ 32
608 TA-54 Area G-8 261 £ 16 1-4 254 £33
610 TA-54 Area G-10 224 +12 1-4 236 £ 31
611 TA-54 Area G-11 355 +21 1-4 473 £ 61
613 TA-54 Area G-13 297 £ 17 1-4 357 £ 46
614 TA-54 Area G-14 252+ 14 1-4 291 £+ 38
615 TA-54 Area G-15 186 £ 10 1-4 192 £ 25
616 TA-54 Area G-16 177 £ 13 1-4 184 £ 24
617 TA-54 Area G-17 189 + 18 1-4 185+ 24
618 TA-54 Area G-18 189 + 12 1-4 179 £ 23
619 TA-54 Area G-19 219+ 11 1-4 219+ 28
620 TA-54 Area G-20 168 £ 11 2-4b 200 £+ 26
622 TA-54 Area G-22 245 + 14 1-4 242 + 31
623 TA-54 Area G-23 168 12 1-4 215+ 28
624 TA-54 Area G-24 172 +9 1-4 170 £ 22
625 TA-54 Area G-25 207 £ 11 1-4 199 + 26
626 TA-54 Area G-26 178 £ 10 1-4 173 £22
628 TA-54 Area G-28 208 £ 12 1-4 235+ 31
629 TA-54 Area G-29 197 £ 12 14 215+ 29
630 TA-54 Area G-30 241 + 14 1,4b 257 £33
631 TA-54 Area G-31 204 £ 13 1-4 190 £ 25
634 TA-54 Area G-34 289+ 16 1-4 269 £ 35
635 TA-54 Area G-35 251+ 15 2-4b 260 * 34
636 TA-54 Area G-36 176 £ 10 1-4 186 £ 24
637 TA-54 Area G-37 184 £ 10 2-4b 183 £ 24
638 TA-54 Area G-38 190 £ 11 1-4 166 £ 22
639 TA-54 Area G-38 NA? 1-4 300 £ 39
640 TA-54 Area G-38 NA? 1-4 271 £ 35
641 TA-54 Area G-38 NA? 1-4 278 £ 36
Area T 321 TA-21 Area T-1 162 £9 14 160 + 21
322 TA-21 Area T-2 154 £ 8 1-4 153 £20
323 TA-21 Area T-3 295 + 17 1-4 297 £ 39
324 TA-21 Area T-4 158 £ 11 14 151 £20
325 TA-21 Area T-5 1317 1-4 135+ 18
326 TA-21 Area T-6 153+9 1-4 148 £ 19
327 TA-21 Area T-7 165+9 1-4 152 £ 20
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4. Air Surveillance

Table 4-17. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation at Waste
Disposal Areas during 1998-1999 (Cont.)

TLD Station 1998 Annual 1999 Quarters 1999 Annual
ID # Location Dose (mrem) Monitored Dose (mrem)
Area U 341 TA-21 Area U-1 152 £8 1-4 140 + 18
342 TA-21 Area U-2 169 £ 9 1-4 154+ 20
343 TA-21 Area U-3 147 +9 1-4 149+ 19
344 TA-21 Area U-4 154 +9 1-4 144+ 19
Area 'V 361 TA-21 Area V-1 143 +9 1-4 133+ 17
362 TA-21 Area V-2 152 +8 1-4 153+ 20
363 TA-21 Area V-3 156 £ 9 1-4 154+ 20
364 TA-21 Area V-4 154 £ 8 1-4 153+ 20
Area W 381 TA-35 Area W-1 141 £8 1-4 138 £ 18
382 TA-35 Area W-2 NA? 1-4 170 £ 22
383 TA-35 Area X 139 £ 8 1-4 131+ 17

4NA = not applicable—the 1998 data for this station were incomplete.
bData for the missing quarter(s) have been replaced with an average of the data for the other quarters.
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4. Air Surveillance

Table 4-18. TA-18 Albedo Dosimeter Network

Location Dosimeter #1 Dosimeter #2
ID# Location (mrem) (mrem)
1 NEWNET Kappa Site 10.2 11.0
2 TA-36 Entrance 16.4 10.6
3 TA-18 Personnel Gate at Parking Lot 36.5 31.3
4 P2 Booster Station at TA-54 Entrance 8.5 6.6
5 TA-51 Entrance 5.0 33
6 Pajarito Hill West of TA-18 Entrance 9.9 10.8
7 TA-18 Entrance at Pajarito Road 17.0 16.0
8.1 TA-49 Background 3.9 NA?
8.2 Santa Fe Background 3.9 NA?
9 Vault Control 1.2 NA?

4NA = not applicable—background or control location with one dosimeter.
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4. Air Surveillance

Table 4-19. DX Division Firing Sites Expenditures

for Calendar Year 1999
(All units are in kilograms unless otherwise noted.)
CY 1999
Materials Expended Material Totals
HE 1298
Aluminum 688
Beryllium 0.5
Brass 48
Copper 41
Depleted Uranium 67
Lead 0.5
Lexan 1
Uranium Oxide 0.075
Steel (RHA) 10
Stainless Steel 159
Tantalum 0.18
Teflon 0.005
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4. Air Surveillance

Table 4-20. Airborne Beryllium Concentrations

Sample
Number of Maximum Minimum Mean Standard
Station Location Results (ng/m?3) (ng/m3) (ng/m?3) Deviation
Regional/Pueblo Stations
01 Espanola 4 0.038 0.016 0.029 0.010
03 Santa Fe 4 0.053 0.021 0.033 0.015
41 San Ildefonso Pueblo 4 0.039 0.018 0.031 0.009
55 Santa Fe West 4 0.016 0.012 0.014 0.002
(Buckman Booster #4)
56 El Rancho 4 0.022 0.011 0.017 0.005
59 Jemez Pueblo-Visitor’s Center 4 0.096 0.059 0.077 0.015
Perimeter Stations
04 Barranca School 4 0.024 0.009 0.017 0.006
07 Gulf/Exxon/Shell Station 4 0.121 0.025 0.057 0.044
09 Los Alamos Airport 4 0.013 0.006 0.010 0.003
10 East Gate 4 0.028 0.008 0.017 0.009
12 Royal Crest Trailer Court 4 0.017 0.008 0.012 0.005
16 White Rock Nazarene Church 4 0.012 0.005 0.009 0.003
26 TA-49 4 0.016 0.004 0.009 0.005
32 County Landfill (TA-48) 4 0.136 0.079 0.107 0.029
39 TA-49-QA (next to #26) 4 0.013 0.004 0.007 0.004
61 LA Hospital 4 0.033 0.013 0.022 0.009
On-Site Stations
23 TA-5 4 0.013 0.008 0.010 0.002
31 TA-3 4 0.014 0.008 0.010 0.003
76 TA-15-41 (formerly 15-61) 4 0.010 0.005 0.007 0.002
77 TA-361J Site 4 0.011 0.008 0.009 0.001
78 TA-15-N 4 0.009 0.004 0.006 0.002
TA-54 Area G Stations
27 Area G (by QA) 4 0.693 0.060 0.260 0.296
35 Area G-2 (back fence) 4 0.053 0.018 0.039 0.015
36 Area G-3 (by office) 4 0.098 0.026 0.052 0.032
38 Area G-QA (next to #27) 4 0.312 0.056 0.152 0.120
Group Summaries
95 % Sample
Number of Maximum  Minimum Mean Confidence Standard
Station Location Results (ng/m?3) (ng/m?3) (ng/m3)  Interval® Deviation
Regional/Pueblo Stations 24 0.096 0.011 0.034 +0.009 0.023
Perimeter Stations 40 0.136 0.004 0.027 +0.011 0.034
On-Site Stations 20 0.014 0.004 0.009 +0.001 0.003
TA-54 Area G Stations 16 0.693 0.018 0.126 +0.084 0.171

495% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-21. 1999 Precipitation (in.)
TA-6 TA-16 TA-49 TA-53 TA-54 TA-74 North Community

January 0.15 0.18 0.08 0.17 0.08 0.00 0.14
February 0.07 0.13 0.05 0.07 0.02 0.00 0.01
March 1.44 1.55 1.36 1.25 1.11 0.38 1.34
April 241 3.41 2.17 2.01 2.19 1.98 2.62
May 1.81 2.57 1.63 1.13 1.66 2.56 2.07
June 1.72 2.18 1.86 1.50 3.75 2.83 1.41
July 3.01 4.49 2.65 1.44 1.70 1.80 4.10
August 2.06 2.06 3.15 3.05 4.10 3.57 3.16
September 2.71 2.30 1.88 1.29 1.45 1.26 2.23
October 0.57 1.74 0.51 0.45 0.50 0.41 0.50
November 0.36 0.03 0.01 0.03 0.29 0.04 0.04
December 0.34 0.48 0.33 0.26 0.24 0.22 0.23
Total 16.65 21.12  15.68  12.65 17.09 15.05 17.85
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4. Air Surveillance
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Figure 4-1. Off-site perimeter and on-site Laboratory AIRNET locations.
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4. Air Surveillance
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4. Air Surveillance
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4. Air Surveillance
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4. Air Surveillance
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4. Air Surveillance
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Figure 4-12. Tritium emissions from sampled Laboratory stacks since 1986.
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Figure 4-15. Off-site perimeter and on-site Laboratory TLD locations.
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Figure 4-16. Quarterly beryllium and uranium-234 concentrations for 1999.
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Abstract

The 1999 surface water and runoff analysis results are generally consistent with past findings.
We collected runoff samples using automated samplers, the samplers are actuated when a
significant precipitation event causes flow in a drainage crossing the boundaries of Los Alamos
National Laboratory (LANL or the Laboratory). Sixteen gross alpha measurements and one gross
beta measurement exceeded the Department of Energy (DOE) derived concentration guides
(DCG) for public dose in runoff samples in 1999. These samples came from Cariada del Buey,
Ancho and Los Alamos Canyons and from around Area G, the Laboratory’s low-level radioactive
waste disposal facility. We use DCGs to screen runoff samples for cases of larger contaminant
transport rather than to evaluate health risk. The DOE DCGs for public dose are determined
assuming that two liters per day of water are consumed each year. Runoff, however, is present
only a few days each year, and is not used for drinking water.

In 1998, LANL found high-explosives constituents in the regional aquifer at Technical Area
(TA) 16 in the southwest portion of the Laboratory at concentrations above the Environment
Protection Agency (EPA) Health Advisory guidance values for drinking water. Continued testing
of water supply wells in 1999 showed that these compounds are not present in Los Alamos County
drinking water. Other groundwater samples from the regional aquifer were consistent with
previous results. Trace levels of tritium are present in the regional aquifer in a few areas where
liquid waste discharges occurred, notably beneath Los Alamos, Pueblo, and Mortandad Canyons.
The highest tritium level found in a regional aquifer test well is about 2% of the drinking water
standard. Nitrate concentrations in a test well beneath Pueblo Canyon remain elevated, but in
1999, they were only about half the drinking water standard. In 1999, we detected no radionu-
clides other than naturally occurring uranium in Los Alamos County or San Ildefonso Pueblo
water supply wells.

Analytical results for alluvial and intermediate depth groundwater are similar to those of past
years. Waters near former or present effluent discharge points show the effects of these dis-
charges. No samples exceeded DOE DCGs for public exposure. Alluvial groundwater samples in
Los Alamos and Mortandad Canyons exceeded DOE DCGs for a DOE-operated drinking water
system. The constituents exceeding drinking water DCGs were gross beta and americium-241.
Alluvial groundwater is not used for drinking water.

The 1999 sediment sampling analysis is generally consistent with historical data. Plutonium
occurs above fallout levels in Pueblo and Los Alamos Canyons and extends off-site from the
Laboratory. Within Mortandad Canyon, the greatest radionuclide levels in sediments are found
between the point where Radioactive Liquid Waste Treatment Facility (RLWTF) effluent enters the
drainage and the sediment traps, approximately a 3-km distance. Radionuclide levels near or
slightly exceeding background levels are found downstream of the sediment traps, extending to
the Laboratory/San Ildefonso Pueblo boundary. A number of sediment samples near and down-
stream of the TA-54 Solid Waste Operations at Area G contained plutonium-238 at activities
greater than background. We also found above background levels of plutonium and americium in
sediments downstream of Area AB.

No high explosives or other organic compounds were detected at any of the surface water,
runoff, sediment, or groundwater stations discussed here.

The 1999 strontium-90 data LANL collected in sediments, surface water, and groundwater are
not valid because the analytical laboratory failed to properly apply the analytical technique. The
data at every location for 1999 are questionable, and this represents the loss of an entire year’s
monitoring data for strontium-90. We present the data in this report for documentary purposes
only. If taken at face value, the 1999 strontium-90 values would indicate unusually high levels in
sediments, surface water, and groundwater. LANL has resolved the analytical laboratory prob-
lems and will continue monitoring strontium-90 at all locations in 2000. In 1999, the New
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Mexico Environment Department (NMED) collected split samples at many wells where LANL data
appeared to show unusually high strontium-90 values. NMED samples show only one detection of

strontium-90, supporting our conclusion that the 1999 strontium-90 data are not valid.
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A. Description of Monitoring Program

Studies related to development of groundwater
supplies began at Los Alamos in 1945 under the
direction of the US Geological Survey (USGS).
Studies specifically aimed at environmental monitor-
ing and protecting groundwater quality were initiated
as joint efforts between the Atomic Energy Commis-
sion, the Los Alamos Scientific Laboratory, and the
USGS in about 1949. These initial efforts focused on
Pueblo and DP/Los Alamos Canyons, which received
radioactive industrial waste discharges in the early
days of the Laboratory.

The current network of annual sampling stations
for surface water and sediment surveillance includes a
set of regional (or background) stations and a group of
stations near or within the Los Alamos National
Laboratory (LANL or the Laboratory) boundary. The
regional stations establish the background quantities
of radionuclides and radioactivity derived from
natural minerals and from fallout affecting northern
New Mexico and southern Colorado.

Groundwater samples are taken from wells and
springs within or adjacent to the Laboratory and from
the nearby San Ildefonso Pueblo. The on-site stations,
for the most part, focus on areas of present or former
radioactive waste disposal operations, such as canyons
(Figure 1-3). To provide context for discussion of
monitoring results, the setting and operational history
of currently monitored canyons that have received
radioactive or other liquid discharges are briefly
summarized below.
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For a discussion of sampling procedures, analytical
procedures, data management, and quality assurance,
see Section F below.

1. Acid Canyon, Pueblo Canyon, and Lower Los
Alamos Canyon

Acid Canyon, a small tributary of Pueblo Canyon,
was the original disposal site for liquid wastes gener-
ated by research on nuclear materials for the World
War II Manhattan Engineer District atomic bomb
project. Acid Canyon received untreated radioactive
industrial effluent from 1943 to 1951. The Technical
Area (TA) 45 treatment plant was completed in 1951,
and from 1951 to 1964 the plant discharged treated
effluents that contained residual radionuclides into
nearby Acid Canyon. Several decontamination projects
have removed contamination from the area, but
remaining residual radioactivity from these releases is
now associated with the sediments in Pueblo Canyon
(ESP 1981).

The inventory of radioactivity remaining in the
Pueblo Canyon system is only approximately known.
Several studies (ESP 1981, Ferenbaugh et al., 1994)
have concluded that the plutonium in this canyon
system does not present a health risk to the public.
Based on analysis of radiological sediment survey data,
the estimated total plutonium inventory in Acid
Canyon, Pueblo Canyon, and Lower Los Alamos
Canyon ranges from 246 mCi to 630 £ 300 mCi (ESP
1981). The estimated plutonium releases were about
177 mCi, in satisfactory agreement with the measured
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inventory considering uncertainties in sampling and
release estimates. About two-thirds of this total is in
the Department of Energy (DOE)-owned portion of
lower Pueblo Canyon.

Pueblo Canyon currently receives treated sanitary
effluent from the Los Alamos County Bayo Sewage
Treatment Plant in the middle reach of Pueblo Can-
yon. Water occurs seasonally in the alluvium, depend-
ing on the volume of surface flow from snowmelt,
thunderstorm runoff, and sanitary effluents. Tritium,
nitrate, and chloride, apparently derived from these
industrial and municipal disposal operations, have
infiltrated to the intermediate perched ground water
(at depths of 37 to 58 m [120 to 190 ft]) and to the
regional aquifer (at a depth of 180 m [590 ft]) beneath
the lower reach of Pueblo Canyon. Except for occa-
sional nitrate values, levels of these constituents are a
small fraction of the EPA drinking water standards.

Starting in 1990, increased discharge of sanitary
effluent from the county treatment plant resulted in
nearly continual flow during most months except June
and July in the lower reach of Pueblo Canyon and
across DOE land into the lower reach of Los Alamos
Canyon on San Ildefonso Pueblo land. From mid-June
through early August, higher evapotranspiration and
the diversion of sanitary effluent for golf course
irrigation eliminate flow from Pueblo Canyon into Los
Alamos Canyon. Hamilton Bend Spring, which in the
past discharged from alluvium in the lower reach of
Pueblo Canyon, has been dry since 1990, probably
because there was no upstream discharge from the
older, abandoned Los Alamos County Pueblo Sewage
Treatment Plant. Farther east, the alluvium is continu-
ously saturated, mainly because of infiltration of
effluent from the Los Alamos County Bayo Sewage
Treatment Plant. Effluent flow from Pueblo Canyon
into Los Alamos Canyon generally extends to some-
where between the DOE/San Ildefonso Pueblo
boundary and the confluence of Guaje and Los
Alamos Canyons.

2. DP Canyon and Los Alamos Canyon

In the past, Los Alamos Canyon received treated
and untreated industrial effluents containing some
radionuclides. The upper reach of Los Alamos Canyon
experienced releases of treated and untreated radioac-
tive effluents during the earliest Manhattan Project
operations at TA-1 (1942—-1945) and some release of
water and radionuclides from the research reactors at
TA-2. An industrial liquid waste treatment plant that
served the old plutonium processing facility at TA-21
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discharged effluent containing radionuclides into DP
Canyon, a tributary to Los Alamos Canyon, from 1952
to 1986. Los Alamos Canyon also received discharges
containing radionuclides from the sanitary sewage
lagoon system at the Los Alamos Neutron Science
Center (LANSCE) at TA-53. The low-level radioac-
tive waste stream was separated from the sanitary
system at TA-53 in 1989 and directed into a total
retention evaporation lagoon.

The reach of Los Alamos Canyon within the
Laboratory boundary presently carries flow from the
Los Alamos Reservoir (west of the Laboratory) as
well as National Pollutant Discharge Elimination
System (NPDES)-permitted effluents from TA-53 and
TA-21. Infiltration of effluents and natural runoff from
the stream channel maintains a shallow body of
groundwater in the alluvium of Los Alamos Canyon
within the Laboratory boundary west of State Road 4.
Groundwater levels are highest in late spring from
snowmelt runoff and in late summer from thunder-
showers. Water levels decline during the winter and
early summer when runoff is at a minimum. Ground-
water also occurs within alluvium in the lower portion
of Los Alamos Canyon on San Ildefonso Pueblo lands.

3. Sandia Canyon

Sandia Canyon has a small drainage area that heads
at TA-3. The canyon receives water from the cooling
tower at the TA-3 power plant. Treated effluents from
the TA-46 Sanitary Wastewater Systems (SWS)
Facility are rerouted to Sandia Canyon. These efflu-
ents support a continuous flow in a short reach of the
upper part of the canyon. Only during summer
thundershowers does stream flow approach the
Laboratory boundary at State Road 4, and only during
periods of heavy thunderstorms or snowmelt does
surface flow extend beyond the Laboratory boundary.

4. Mortandad Canyon

Mortandad Canyon has a small drainage area that
heads at TA-3. Its drainage area receives inflow from
natural precipitation and a number of NPDES outfalls,
including one from the RLWTF at TA-50. The TA-50
facility began operations in 1963. The effluents
infiltrate into the stream channel and maintain a
saturated zone in the alluvium extending about 3.5 km
(2.2 mi) downstream from the outfall. The eastern-
most extent of saturation remains on-site, ending
about 1.6 km (1 mi) west of the Laboratory boundary
with San Ildefonso Pueblo. Over the period of
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operation, the radionuclides in the Radioactive Liquid
Waste Treatment Facility (RLWTF) effluent have
often exceeded the DOE DCGs for public dose. The
effluent also contains nitrate that has caused alluvial
groundwater concentrations to exceed the New
Mexico groundwater standard of 10 mg/L (nitrate as
nitrogen). In 1999, the new reverse osmosis and
ultrafiltration system at the RLWTF began operation.
This system removes additional radionuclides and
nitrate from the effluent, and discharges from the plant
now meet the DOE public dose DCGs and the New
Mexico groundwater standard for nitrate.

Continuous surface flow across the drainage has
not reached the San Ildefonso Pueblo boundary since
observations began in the early 1960s (Stoker et al.,
1991). Three sediment traps located about 3 km (2 mi)
downstream from the effluent discharge in Mortandad
Canyon dissipate the energy of major thunderstorm
runoff events and settle out transported sediments.
From the sediment traps, it is approximately 2.3 km
(1.4 mi) downstream to the Laboratory boundary with
San Ildefonso Pueblo.

The alluvium is less than 1.5 m thick in the upper
reach of Mortandad Canyon and thickens to about
23 m at the easternmost extent of saturation. The
saturated portion of the alluvium is perched on
weathered and unweathered tuff, generally with no
more than 3 m of saturation. There is considerable
seasonal variation in saturated thickness, depending
on the amount of runoff experienced in any given year
(Stoker et al., 1991). Velocity of water movement in
the alluvium ranges from 18 m/day in the upper reach
to about 2 m/day in the lower reach of the canyon
(Purtymun 1974; Purtymun et al., 1983). The high
turnover rate for water in the alluvial groundwater
prevents accumulation of chemicals from the RLWTF
effluent (Purtymun et al., 1977). The top of the
regional aquifer is about 290 m below the alluvial
groundwater.

5. Pajarito Canyon

In Pajarito Canyon, water in the alluvium is
perched on the underlying tuff and is recharged
mainly through snowmelt and thunderstorm runoff.
Saturated alluvium does not extend beyond the facility
boundary. Three shallow observation wells were
constructed in 1985 as part of a compliance agreement
with the State of New Mexico to determine whether
technical areas in the canyon or solid waste disposal
activities on the adjacent mesa were affecting the
quality of shallow groundwater. No effects were
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observed; the alluvial groundwater is contained in the
canyon bottom and does not extend under the mesa
(Devaurs 1985).

6. Canada del Buey

Cafiada del Buey contains a shallow alluvial
groundwater system of limited extent. The thickness
of the alluvium ranges from 1.2 to 5 m, but the under-
lying weathered tuff ranges in thickness from 3.7 to
12 m. In 1992, saturation was found within only a
0.8-km-long segment, and only two observation wells
have ever contained water (ESP 1994). Because
treated effluent from the Laboratory’s SWS Facility
may at some time be discharged into the Cafiada del
Buey drainage system, a network of five shallow
groundwater monitoring wells and two moisture moni-
toring holes was installed during the early summer of
1992 within the upper and middle reaches of the
drainage (ESP 1994). Construction of the SWS Facil-
ity was completed in late 1992.

B. Surface Water Sampling

1. Introduction

The Laboratory monitors surface waters from re-
gional and Pajarito Plateau stations to evaluate the
environmental effects of its operations. No perennial
surface water flows extend completely across the
Laboratory in any canyon. Periodic natural surface
runoff occurs in two modes: (1) spring snowmelt run-
off that occurs over days to weeks at a low discharge
rate and sediment load and (2) summer runoff from
thunderstorms that occurs over hours at a high dis-
charge rate and sediment load. The surface water
within the Laboratory is not a source of municipal,
industrial, or irrigation water, though wildlife does use
the waters. Activities of radionuclides in surface water
samples may be compared to either the DOE Derived
Concentration Guides (DCGs) or the New Mexico
Water Quality Control Commission (NMWQCC)
stream standards, which in turn reference the New
Mexico Environment Department’s (NMED’s) New
Mexico Radiation Protection Regulations (Part 4,
Appendix A). However, New Mexico radiation protec-
tion activity levels are in general two orders of magni-
tude greater than the DOE DCGs for public dose, so
we will discuss only the DCGs here. The concentra-
tions of nonradioactive constituents may be compared
with the NMWQCC General, Livestock Watering, and
Wildlife Habitat standards. The NMWQCC ground-
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water standards can also be applied in cases where
groundwater outflow may affect stream water quality.
Appendix A presents information on these standards.

2. Monitoring Network

We collect surface water samples from Pajarito
Plateau stations near the Laboratory and from regional
stations. We take surface water grab samples annually
from locations where effluent discharges or natural
runoff maintains stream flow. Runoff samples have
historically been collected as grab samples from
usually dry portions of drainages during or shortly
after runoff events. As of 1996, we collect runoff
samples using stream gaging stations, some with
automated samplers (Shaull et al., 1996). Samples are
collected when a significant rainfall event causes flow
in a monitored portion of a drainage. Many runoff
stations are located where drainages cross the
Laboratory’s boundaries.

We collect regional surface water samples (Figure
5-1) from stations on the Rio Grande, Rio Chama, and
Jemez River. These waters provide background data
from areas beyond the Laboratory boundary.

Figures 5-2, 5-3, and 5-4 show surface water
monitoring stations located on the Pajarito Plateau.
We use samples from the stations to monitor water
quality effects of potential contaminant sources such
as industrial outfalls or soil contamination sites.

3. Radiochemical Analytical Results

Table 5-1 lists the results of radiochemical analyses
for surface water and runoff samples for 1999. As
discussed in Section 5.F, the analytical laboratory had
data quality problems with analysis of strontium-90
for 1999. Therefore, the strontium-90 data appear in a
separate table, Table 5-2. To emphasize values that are
detections, Tables 5-3 and 5-4 list radionuclides
detected in surface water and runoff samples. Detec-
tions are defined as values exceeding both the analyti-
cal method detection limit and three times the indi-
vidual measurement uncertainty. The analytical
laboratory determined analysis-specific detection
limits for many radiochemical measurements in 1999;
see Tables 5-3 and 5-4. Individual detection limits
were not provided for gross alpha, gross beta, or
uranium. Because uranium, gross alpha, and gross
beta are almost always detected, we indicate in Table
5-3 only occurrences of these measurements above
threshold values. The specific levels are 5 pg/L for
uranium, 5 pCi/L for gross alpha, and 20 pCi/L for
gross beta and are lower than the Environmental
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Protection Agency (EPA) maximum contaminant
levels (MCLs) or screening levels.

The righthand columns of Tables 5-3 and 5-4
indicate radiochemical detections that are greater than
1/25 of the DOE DCGs for public dose for ingestion
of environmental water (1/25 of the DOE DCG for
public dose is the DOE drinking water system DCG).
The EPA drinking water limits for gross alpha and
gross beta values are higher than 1/25 of the DOE
public dose DCG (that is, greater than the DOE
drinking water system DCGs), so we use the EPA
values to screen gross alpha and gross beta values.
The DOE public dose DCG value for gross beta is
actually the strontium-90 DCG, and the DCG for
gross alpha is the plutonium-239, -240 DCG. We
chose DCGs because the isotopes represented had the
lowest DCGs for alpha and beta emitters. Bear in
mind that surface waters on the Laboratory are not
used for drinking water.

Runoff samples have high turbidity and present
special analysis and interpretation problems. Drinking
water is generally low in turbidity, so measurements
reflect mainly dissolved constituents, rather than those
associated with sediments. We use the DOE DCGs for
public dose to screen runoff samples for cases of
larger contaminant transport rather than to evaluate
health risk. The DCGs are determined assuming that
2 liters of water per day are consumed each year.
Runoff, however, is present only a few days each year,
and is not used for drinking water. Runoff samples
frequently contain high levels of suspended solids
(exceeding 25,000 mg/L). The analytical uncertainties
associated with measurement of gross alpha and beta
levels in samples with high suspended solids are
probably greater than reported on the accompanying
tables. Because of these large uncertainties, the high
gross alpha and beta values may have low precision.
The higher than reported uncertainties are results of
the analytical process. Gross alpha and beta counting
uses a small portion of the sample so the counted
sample does not shield alpha or beta emissions from
reaching the detector. In samples with high suspended
solids, very little sample volume is used. The mea-
sured concentration is then extrapolated to a 1-liter
volume. Because the sample is not homogeneous, it is
unlikely that a small portion of a runoff sample will
represent the concentration of constituents in the total
sample.

Sixteen gross alpha measurements and one gross
beta measurement exceeded the DOE public dose
DCQG values in runoff samples in 1999. We have not
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been able to tie these measurements to particular
radionuclides; the radionuclides measured in the
samples do not account for the gross alpha and gross
beta measurements. Other radionuclides present, such
as naturally occurring potassium-40, may account for
a significant portion of the gross alpha and beta
measurements, for example. The gross alpha samples
were from Area G stations G-SWMS-2, G-SWMS-3,
G-SWMS-4, G-SWMS-5, and G-SWMS-6 and
Cafiada del Buey at White Rock, DP Canyon near Los
Alamos, and Los Alamos Canyon near Los Alamos.
Gross beta exceeded the DCG at Ancho Canyon at
TA-39. Stations with values greater than half the DCG
were gross alpha from the surface water sample at
Mortandad Canyon at GS-1 and runoff samples from
G-SWMS-4, Sandia Canyon below the Power Plant,
Sandia Canyon at Roads and Grounds, and Los
Alamos Canyon near Los Alamos. Gross beta mea-
surements more than half the DCG occurred at Ancho
Canyon near Bandelier and G-SWMS-3, whereas
plutonium-239, -240 at Los Alamos Canyon near Los
Alamos and americium-241 at G-SWMS-4 were
greater than half the DCG.

Except for strontium-90, most of the measurements
at or above detection limits are from locations with
previously known contamination: the perimeter of
Area G, Acid/Pueblo Canyon, DP/Los Alamos Can-
yon, and Mortandad Canyon. A few of the measure-
ments at or above detection limits were from locations
that do not typically show detectable activity. Detec-
tions from locations outside the known contaminated
areas near TA-54, Area G, and in Pueblo, DP/Los
Alamos, and Mortandad Canyons are discussed below.

a. Radiochemical Analytical Results for
Surface Water. Several regional and perimeter
stations had detections of radiochemical parameters
with no apparent source. Rio Chama at Chamita
showed two detections of americium-241. Numerous
other surface water, runoff, and groundwater samples
had detections of americium-241 at about these levels,
as did two de-ionized water (DI) blanks. The Jemez
River also showed a detection of americium-241. See
Section 5.F.3 for a discussion of radiochemical quality
control (QC) results. Several stations showed detec-
tions of gross gamma: two samples from the Rio
Grande at Otowi (the upper station is outside the
influence of runoff from LANL), Frijoles at Rio
Grande, and the Jemez River station.

Station SCS-3 in Sandia Canyon showed a detec-
tion of plutonium-238. No apparent source exists in
Sandia Canyon for this radioactivity.
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Three surface water stations (Pueblo 1, Mortandad
at GS-1, and Los Alamos Canyon Reservoir) exceeded
the EPA MCL of 8 pCi/L for strontium-90 in drinking
water. Only Mortandad at GS-1 has shown values of
this size previously, so the other two values likely
reflect analytical problems.

b. Radiochemical Analytical Results for
Runoff. Automated samplers collected runoff samples
whenever rainfall events caused significant runoff at
these stations. See Section 5.F.1 for a description of
the runoff samplers and sampling protocols.

The radionuclides we measured in our analyses did
not account for the high gross alpha and gross beta
readings from runoff samples, suggesting that addi-
tional radionuclides may be present. Alternatively, the
methodology for measuring gross alpha and beta may
have problems as discussed above.

At station Los Alamos Canyon near Los Alamos
(LA), runoff contained cesium-137, americium-241,
plutonium-239, -240, plutonium-238, gross alpha and
beta, and uranium. LA Canyon below TA-2 had
americium-241, plutonium-239, -240, and plutonium-
238. DP Canyon near LA had cesium-137, americium-
241, plutonium-239, -240, plutonium-238, and gross
alpha, beta, and gamma. For Los Alamos Canyon near
Los Alamos, values were similar to those seen in 1997
and 1998, though uranium and plutonium values are
somewhat higher. DP Canyon near LA and Los
Alamos Canyon near Los Alamos had several stron-
tium-90 values above the drinking water MCL. The
strontium-90 values are similar to prior runoff, surface
water, and alluvial groundwater values in Los Alamos
and DP Canyons.

In the four runoff samples collected at Cafiada del
Buey at White Rock, we detected all radiochemical
parameters that we measure, except tritium, in at least
one runoff sample. High suspended sediment levels in
the samples are probably the source of the radioactiv-
ity. Samples collected in 1997 and 1998 showed
similar levels of radioactivity, although in 1999 gross
beta was lower than earlier samples, plutonium-238
was about five times higher, plutonium-239, -240 was
lower, and uranium was about twice earlier values.

The Canada del Buey at White Rock runoff
samples had strontium-90 values ranging from five to
seven times the drinking water MCL. These values are
more than three times prior values and could reflect
analytical laboratory problems.

Sources for the radioactivity seen at station Cafiada
del Buey at White Rock may include Area G at TA-54
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or other Laboratory facilities along Canada del Buey.
Runoff samples from stations G-SWMS-4 and G-
SWMS-6 on the east and north of Area G showed
radioactivity comparable to the Cafiada del Buey at
White Rock runoff samples in 1998 and 1999.

Levels of radioactivity similar to those in the 1998
Cafiada del Buey at White Rock runoff samples have
not been seen in the past at the nearby sediment
station. Another surface water station and two alluvial
wells (CDBO-6 and CDBO-7) located upstream of
Area G in Cafiada del Buey have also not shown such
high levels of radioactivity. However, the wells have
had fairly large gross alpha and gross beta values; the
gross alpha value at CDBO-6 also exceeded the DOE
public dose DCG in 1998.

For runoff samples at TA-54, Area G, all radio-
chemical parameters measured except tritium were
detected in at least one runoff sample. We have previ-
ously detected these radionuclides in sediment and
runoff samples collected around Area G, and these
results indicate that a small amount of radioactivity
leaves the area because of surface erosion and runoff.
The highest previous strontium-90 value for an Area G
runoff station was 11.5 pCi/L in 1997; thirteen 1999
values exceed this level, and they range up to
101 pCi/L. These values could be a result of analytical
laboratory problems.

Three stations in Ancho Canyon (North Fork
Ancho Canyon at TA-39, Ancho Canyon at TA-39,
and Ancho Canyon near Bandelier) showed several
radiological constituents including cesium-137;
americium-241; plutonium-239, -240; plutonium-238;
gross beta and gamma; and uranium. The only recent
sample from these stations was from Ancho Canyon
near Bandelier in 1996; the sample had no significant
radioactivity. Strontium-90 at these stations ranged
from below to nine times (73.7 pCi/L) the EPA
drinking water MCL. No recent runoff, surface water,
or spring samples in Ancho Canyon have shown such
high values of strontium-90, so the values could
reflect analytical laboratory problems.

Pajarito Canyon above SR-4 had detections of
cesium-137; americium-241; plutonium-239, -240;
and plutonium-238. Pajarito Canyon above Threemile
Canyon showed cesium-137 and plutonium-239, -240.
These stations have not been sampled in the last few
years; surface water samples have not shown such
levels of radionuclides. One strontium-90 value at
Pajarito Canyon above SR-4 exceeded the EPA drink-
ing water MCL; such values have not been seen previ-
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ously and may be the result of analytical laboratory
problems.

Potrillo Canyon near White Rock showed the
presence of cesium-137; americium-241; plutonium-
239, -240; and gross gamma. Except for gross gamma,
levels were similar to a 1997 sample. A strontium-90
value was about six times the 1997 level and may be
the result of analytical laboratory problems.

Three stations in Sandia Canyon (Sandia Canyon
below the Power Plant, Sandia Canyon below Wet-
lands, and Sandia Canyon near Roads & Grounds at
TA-3) collectively showed the presence of americium-
241; plutonium-238; plutonium-239, -240; and gross
alpha, beta, and gamma. Prior runoff samples are not
available for these stations, and the levels are higher
than usually seen at surface water stations in Sandia
Canyon. SCS-3 did have a lower, though unusual,
detection of plutonium-238 in 1999. The three runoff
stations had strontium-90 values at about half the EPA
drinking water MCL. The values are higher than
earlier surface water values in Sandia Canyon so may
be the result of analytical laboratory problems.

c. Technical Area 50 Discharges. The cumula-
tive discharge of radionuclides from the RLWTF into
Mortandad Canyon between 1963 and 1977 and
yearly discharge data for 1997 through 1999 appear in
Table 5-5. In addition to total annual activity released
for 1997 through 1999, Table 5-5 also shows mean
annual activities in effluent for each radionuclide and
the ratio of this activity to the DOE DCG for public
dose. In 1999, americium-241, plutonium-238, and
plutonium-239, -240 again exceeded the DCG. As
mentioned above, the new reverse osmosis and
ultrafiltration system began operation at the RLWTF
in 1999. This system is designed to remove additional
radionuclides from the effluent, and the discharges
will meet the DOE public dose DCGs.

In response to a letter of noncompliance from the
NMED, in March 1999 the RLWTF instituted a
program to restrict the discharge of nitrogenous
wastes into facility’s collection system. As a result, the
nitrate (nitrate as nitrogen) concentration of all
effluent discharge from the RLWTF after March 21,
1999, was less than 10 mg/L. The average 1999
effluent nitrate concentration (value of 24.2 mg/L,
nitrate as nitrogen) exceeded the New Mexico
groundwater standard of 10 mg/L but was much lower
than the values for the previous two years.

The fluoride concentration in the discharge also
has declined over the last three years. The 1999
effluent fluoride concentration (average value of
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1.12 mg/L) was below the New Mexico groundwater
standard of 1.6 mg/L. The 1997 average effluent
fluoride concentration exceeded the New Mexico
groundwater standard by 25%, and in 1998 it was
approximately equal to the standard.

4. Nonradiochemical Analytical Results

a. Major Chemical Constituents. Table 5-6
lists the results of analyses for major chemical
constituents in surface water and runoff samples for
1999. The results are generally consistent with those
observed in previous years, with some variability. The
measurements in waters from areas receiving effluents
show the effect of these effluents. None of the results
were outside the ranges for standards with the follow-
ing exception. The total dissolved solids (TDS) value
at SCS-2 exceeded the EPA secondary drinking water
standard. Several other TDS values (at SCS-1, SCS-3,
Mortandad at Rio Grande, and Pueblo 3) exceeded
half the EPA secondary drinking water standard, and
sulfate at SCS-2 exceeded half the EPA secondary
drinking water standard. The nitrate value for
Mortandad at Rio Grande was about 51% of the
NMWQCC Groundwater Standard. These stations are
all downstream from sanitary sewage discharges.

b. Trace Metals. Table 5-7 lists the results of
trace metal analyses on surface water and runoff
samples for 1999. Samples collected for trace metal
analysis (with the exception of unfiltered runoff
samples) were filtered so that they could be compared
to the NMWQCC standards that apply to dissolved
constituents. Samples collected for mercury and
selenium analysis were unfiltered, as the NMWQCC
standards for these analytes apply to total metal
content. The levels of trace metals in samples for 1999
are generally consistent with previous observations.

As in 1998, several surface water, runoff, and
groundwater samples showed detections of selenium
in 1999. Typically, selenium has not been detected in
surface water or groundwater on the Pajarito Plateau.
The analytical detection limit for selenium in 1999
samples was 3 ng/L, higher than in previous years and
higher than the New Mexico Wildlife Habitat Stan-
dard of 2 ug/L. New Mexico changed this value to
5 ng/L in February 2000. Numerous selenium results
reported as 3 pug/L do not appear to be detections
(having three sigma uncertainties equal to the reported
value), raising the question of whether these values
indicate the presence of selenium. Selenium was
present in runoff samples at Cafiada del Buey near
White Rock, three samples at Los Alamos Canyon
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near Los Alamos, Ancho Canyon at TA-39, North
Fork Ancho Canyon at TA-39, Potrillo Canyon near
White Rock, and G-SWMS-6.

The analytical detection limit for mercury
(0.1 pg/L) is not adequate to determine whether it is
present in excess of the New Mexico Wildlife Habitat
stream standard of 0.012 pg/L. New Mexico changed
this value to 0.77 ug/L in February 2000. In 1998, we
did not detect mercury at any location with the
exception of a runoff sample at Cafada del Buey at
White Rock. For 1999, we detected mercury at Sandia
Canyon Truck Route, Pajarito Canyon above
Threemile Canyon, Los Alamos Canyon near Los
Alamos, Los Alamos Canyon below TA-2, DP Canyon
near Los Alamos, G-SWM-3, North Fork Ancho
Canyon, Ancho Canyon near Bandelier, Ancho
Canyon at TA-39, and Canada del Buey at White
Rock.

Runoff samples we collected at Los Alamos
Canyon near Los Alamos again had lead levels
exceeding NM Groundwater and Livestock Watering
standards and showed the presence of beryllium,
cadmium, and cobalt. Barium exceeded the New
Mexico Groundwater limit. This station is upstream of
State Road 4 in Los Alamos Canyon. Los Alamos
Canyon below TA-2 also showed the presence of
barium, beryllium, cobalt, and lead. DP Canyon near
Los Alamos had beryllium, lead, and chromium.

Stations in Sandia Canyon had beryllium, lead, and
chromium.

In addition to high levels of radioactivity as
described earlier, runoff samples from Cafiada del
Buey at White Rock contained levels of barium,
beryllium, cadmium, cobalt, nickel, and selenium near
or exceeding regulatory standards. Note that some of
these regulatory standards apply to groundwater or
drinking water rather than expressly to surface water
and are used for purposes of comparison.

Pajarito Canyon above Threemile Canyon had
beryllium and cadmium. Pajarito Canyon above SR-4
showed beryllium and antimony. Potrillo Canyon near
White Rock had barium, beryllium, cadmium, cobalt,
and vanadium near or above regulatory limits. None
of these stations have prior samples.

Stations in Ancho Canyon (North Fork Ancho
Canyon at TA-39, Ancho Canyon at TA-39, and
Ancho Canyon near Bandelier) had barium, beryllium,
cadmium, cobalt, chromium, mercury, nickel, lead,
selenium, and vanadium near or above regulatory
standards. None of these stations have prior samples,
except for Ancho Canyon near Bandelier on 6/29/96.
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None of the metals that exceeded a standard in 1999
did so in the 1996 sample.

The Area G runoff stations showed the presence of
barium, beryllium, cadmium, cobalt, chromium,
mercury, nickel, lead, selenium, and vanadium near or
above regulatory standards.

Aluminum, iron, and manganese concentrations
exceed EPA secondary drinking water standards in
surface water and runoff samples at many locations.
These results reflect the presence of suspended solids
in the water samples. Some of these cases occur with
filtered samples. The results are due to naturally
occurring constituents (e.g., aluminum, iron, and
manganese) of minerals in the suspended solids.

¢. Organic Constituents in Surface Water and
Runoff. Table 5-8 summarizes the locations where we
collected organic samples in 1999. (See Section
5.F.2.c. for analytical methods and analytes.) We
analyzed samples for volatile organic compounds
(VOCs), semivolatile organic compounds (SVOCs),
and polychlorinated biphenyls (PCBs). Some samples
were also analyzed for high-explosive (HE) constitu-
ents. No HE or other organic compounds were
detected above the analytical laboratory’s reporting
level at any stations in 1999.

5. Long-Term Trends

Long-term trends for surface water are discussed in
Section 5.D with groundwater trends.

C. Sediment Sampling

1. Introduction

Sediment transport associated with surface water
runoff is a significant mechanism for contaminant
movement. Contaminants originating from airborne
deposition, effluent discharges, or unplanned releases
can become attached to soils or sediments by adsorp-
tion or ion exchange.

There are no federal or state regulatory standards
for soil or sediment contaminants that we can use for
comparison with the Laboratory’s environmental
surveillance data. Instead, contaminant levels in
sediments may be interpreted in terms of toxicity as a
result of ingestion, inhalation, or direct exposure. The
Laboratory’s Environmental Restoration Project uses
screening action levels (SALs) to identify contami-
nants at concentrations or activities of concern. SALs
are screening levels selected to be less than levels that
would constitute a human health risk. SAL values are
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derived from toxicity values and exposure parameters
using data from the EPA.

We can also compare the data with activities of
radionuclides resulting from atmospheric fallout or
from naturally occurring radionuclides. We used
radionuclide analyses of sediment samples collected
from regional stations for the period 1974 to 1986 to
establish background activities from atmospheric
fallout of radionuclides and to determine the back-
ground concentrations of naturally occurring uranium
(Purtymun et al., 1987). McLin et al. (in preparation)
developed provisional background levels for data from
the period 1974 to 1996. We use the average activity
of each of the radionuclides in the regional station
samples, plus twice its standard deviation, as an
estimate of the upper limit of background values. This
approach assumes that the regional station values are
normally distributed and that about 95% of the
regional station samples will fall within two standard
deviations of the mean. If the activity of an individual
sediment sample is greater than the estimated back-
ground value, we consider the Laboratory as a
possible source of contamination. Tables summarizing
analytical results list both background and SAL values
for sediments.

2. Monitoring Network

Sediments are sampled in all major canyons that
cross the Laboratory, including those with either
perennial or ephemeral flows. We also sample
sediments from regional reservoirs and stream
channels annually.

Regional sediment sampling stations (Figure 5-1)
are located within northern New Mexico and southern
Colorado at distances up to 200 km from the Labora-
tory. Samples from regional stations provide a basis
for estimating background activities of radionuclides
resulting from atmospheric fallout or from naturally
occurring radionuclides. We obtained regional
sediment samples from reservoirs on the Rio Grande
and the Rio Chama and at stations on the Rio Grande
and Jemez River.

Stations on the Pajarito Plateau (Figure 5-5) are
located within about 4 km of the Laboratory boundary,
with the majority located within the Laboratory
boundary. The information gathered from these
stations documents conditions in areas potentially
affected by Laboratory operations. Many of the
sediment sampling stations on the Pajarito Plateau are
located within canyons to monitor sediment contami-
nation related to past and/or present effluent release
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sites. We sampled three major canyons (Pueblo, Los
Alamos, and Mortandad Canyons) that have experi-
enced past or present liquid radioactive releases from
upstream of the Laboratory to their confluence with
the Rio Grande.

We also collected sediments from drainages
downstream of two material disposal areas. Area G at
TA-54 is an active waste storage and disposal area.
Nine sampling stations were established outside its
perimeter fence in 1982 (Figure 5-4) to monitor
possible transport of radionuclides from the area. The
surface drainage changed, and we dropped two
sampling stations in 1998 and added four others. G-4
R-1 and G-4 R-2 replaced station G-4. G-6 was
located in a channel that received runoff that was not
entirely from Area G. G-6R replaced G-6 and is
located in a stream channel that receives runoff only
from Area G. Station G-0 was added on the north side
of Area G in a drainage that flows to Cafiada del Buey.
We collected special samples in 1999 at the Transu-
ranic Waste Inspectable Storage Project (TWISP)
Dome at Silt Fence and G3-01 and G3-02.

Area AB at TA-49 was the site of underground
nuclear weapons testing from 1959 to 1961 (Purtymun
and Stoker 1987, ESP 1988). The tests involved high
explosives and fissionable material insufficient to
produce a nuclear reaction. We established 11 stations
in 1972 to monitor surface sediments in drainages
adjacent to Area AB (Figure 5-6). We added another
station (AB-4A) in 1981 as the surface drainage
changed.

Two special sediment sampling events occurred in
1999. In response to high values of gross alpha and
gross beta in runoff samples collected at Caiada del
Buey at White Rock, we collected sediment samples at
five sites along Cafiada del Buey in White Rock
(Figure 5-7). At each location, we collected several
samples from different depths. Table 5-9 provides the
information on sediment sample depths. In December,
the EPA conducted special sampling of sediments in
Ancho, Bayo, Cafiada del Buey, Mortandad, Pajarito,
and Sandia Canyons. LANL collected split samples at
these locations; most of the samples came from
outside of the Laboratory boundary (Figure 5-8). See
Table 5-9 for information on sediment sample depths.

3. Radiochemical Analytical Results for
Sediments

Table 5-10 shows the results of radiochemical
analysis of sediment samples collected in 1999. The
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sample size for most sediment samples is 100 g.
Reservoir sample sizes for plutonium-238 and
plutonium-239, -240 are 1,000 g, resulting in limits of
detection of 0.0001 pCi/g. As discussed in Section 5.F,
the analytical laboratory had data quality problems
with analysis of strontium-90 for 1999. Therefore, the
strontium-90 data appear in a separate table, Table 5-
11. To emphasize values that are detections, Tables 5-
12 and 5-13 list radiochemical detections for values
that are higher than background levels and also
identify values that are near or above SALs. Tritium
has no established background value for sediments, so
Table 5-12 shows all tritium detections. Detections are
defined as values exceeding both the analytical
method detection limit and three times the individual
measurement uncertainty. The analytical laboratory
determined analysis-specific detection limits for many
radiochemical measurements in 1999, which are listed
in Tables 5-3 and 5-4. Individual detection limits were
not provided for gross alpha, gross beta, or uranium.
Because of analytical laboratory delays, many
sediment stations did not have results completed for
plutonium-238, plutonium-239, -240, and americium-
241 in time for this report; these data will appear in
the next report. Except for strontium-90, results from
the 1999 sediment sample analysis are generally
consistent with historical data.

Strontium-90 was above fallout levels in all 105
sediment samples where it was detected in samples
from the Pajarito Plateau and at regional stations in
1999. These high values resulted from problems with
a new strontium-90 laboratory technique. Strontium-
90 has previously been detected infrequently at most
stations.

For 1999, samples from the upper and lower
stations in Rio Grande Reservoir (Colorado) had
cesium-137 at activities from 20 to 50% above
background. In 1998, sediment samples from all three
stations in the reservoir contained cesium-137 at
activities up to 70% above background. Cesium-137
activity in sediments analyzed from that reservoir in
1996 and 1997 was 20 to 30% greater than back-
ground. We detected tritium in two samples at Abiquiu
Reservoir at levels from 15 to 30% of the EPA
drinking water MCL. Guaje Reservoir sediments
contained above background values of gross alpha,
gross beta, cesium-137, and uranium. These values
were a few percent above background except for
uranium, which was about 250% of background. The
levels of tritium, strontium-90, plutonium-238,
plutonium-239, -240, americium-241, gross beta, and
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gross gamma in all other reservoirs were below
background values.

A sediment sample collected from station Rio
Grande at Bernalillo yielded a plutonium-238 value
nearly 70% above background. The sample from the
Jemez River had a plutonium-238 value slightly above
background.

Many 1999 sediment samples from the known
radioactive effluent release areas in Acid/Pueblo, DP/
Los Alamos, and Mortandad Canyons exceeded
background levels for tritium, cesium-137, plutonium-
238, plutonium-239, -240, americium-241, gross
alpha, gross beta, and gross gamma activities. These
levels are consistent with historical data.

Within both Los Alamos and Pueblo Canyon
sediments, above-background levels of plutonium are
evident for distances greater than 16 km downstream
from the sources in Acid and DP Canyons. The
contamination extends off-site across San Ildefonso
Pueblo lands and reaches the Rio Grande near the
Otowi Bridge. Plutonium-238 and plutonium-239,
-240 activities downstream of historical release sites
in those canyons have remained relatively constant
during the past. These patterns have been documented
for several decades in Laboratory reports (ESP 1981).

At station DPS-4 in DP Canyon, activities of
cesium-137, plutonium-238, and plutonium-239, -240
were about four times background in 1999, consistent
with historical data.

At Acid Weir (at the confluence of Acid Canyon
and Pueblo Canyon), plutonium-238 was five times
background, and plutonium-239, -240 activity was
nearly 300 times background (and about one-fourth of
the SAL). Americium-241 was five times background.
These values are all consistent with historical data.

Plutonium-239, -240 was 42 times background at
Pueblo 2, 8 times background at Pueblo 3, and was 47
times greater than background at Pueblo State Road
502. The activities of radionuclides at other sediment
stations in Acid/Pueblo Canyons and DP/Los Alamos
Canyons in 1999 were near background.

Within Mortandad Canyon, the greatest radionu-
clide levels in sediments are found between the point
where the TA-50 RLWTF effluent enters the drainage
(station GS-1) and the sediment traps (MCO-7),
approximately a 3-km distance. Radionuclide levels
decrease in the downstream direction from TA-50 to
the sediment traps. Radionuclide levels near, or
slightly exceeding, background levels are found
downstream of the sediment traps, extending to the
Laboratory/San Ildefonso Pueblo boundary station A-
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6. Based on mass spectrometry analysis, Gallaher
concluded that off-site plutonium contamination at
levels near fallout values might extend two miles
beyond the Laboratory boundary (Gallaher et al.,
1997).

In 1999, sediment samples from GS-1, MCO-5,
and MCO-7 in Mortandad Canyon showed cesium-
137 concentrations that were up to five times greater
than the SAL value. Median values since 1980 for
cesium-137 at these stations range up to six times
greater than the SAL value. Cesium-137 levels at
these stations have declined by factors of five to 35
since the early 1980s because of lower cesium-137
discharges from the RLWTF. The plutonium-239, -240
activity at MCO-5 was over three times the SAL, and
plutonium-238 activity was just over the SAL. The
validity of these plutonium values is uncertain:
duplicate plutonium analyses for this sample from
MCO-5 gave results for both plutonium-238 and
plutonium-239, -240 that were exactly one-tenth of
these unusually high values, and the gross alpha
values for the samples do not support the higher
plutonium results. During 1999, no other sediment
samples in Mortandad Canyon showed any values that
exceeded SAL values.

Downstream of the sediment traps at stations
MCO-9 and MCO-13 in Mortandad Canyon, pluto-
nium-238 and cesium-137 activities and uranium
concentrations were below background values. This
result is consistent with data from the last 15 years.

A number of sediment samples in the vicinity and
downstream of Area G contained plutonium-238 at
activities greater than background. Plutonium-238 was
60 times background at G-9 and more than 20 times
background at G-7. G-7, G-9, and G-6R had pluto-
nium-239, -240 activities more than 10 times back-
ground. Tritium was also found at G-4 R-1, G-4 R-2,
G-7, and TWISP Dome at Silt Fence. The station
Pajarito at State Road 4, which is located more than
one km downstream of Area G, had cesium-137 and
plutonium-239, -240 at levels greater than background
and plutonium-238 at nearly 70 times background.

We found plutonium-238 and plutonium-239, -240
at activities greater than background in a number of
sediment samples collected at Area AB. Station AB-3
is located immediately downstream of a known
surface-contamination area dating to 1960 (Purtymun
and Stoker, 1987). At AB-3, plutonium-239, -240 was
again nearly 50 times background, and plutonium-238
was three times background activity. These values are
consistent with past results.
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At Ancho at SR-4, tritium was detected. Chaquehui
at Rio Grande and Fence at SR-4 both had detections
of cesium-137 and plutonium-239, -240 slightly above
background.

We collected sediment samples in White Rock at
five sites along Cafiada del Buey (Figure 5-7). At site
#5 in Overlook Park, we found plutonium-239, -240 at
over 30 times background levels. At site #2 on Rover
near the stream channel, plutonium-239, -240 was
found at twice background.

In December, the EPA conducted special sampling
of sediments in Ancho, Bayo, Cafiada del Buey,
Mortandad, Pajarito, and Sandia Canyons. LANL
collected split samples at each station. Sandia Canyon
3 showed a detection of tritium. Bayo Canyon 1 and
Sandia Canyon 5 had cesium-137 slightly above
background.

The remainder of sediment samples collected at
locations at the Laboratory in 1999 were near back-
ground levels.

4. Nonradiochemical Analytical Results

a. Trace Metals. Beginning in 1992, we have
analyzed sediments for trace metals. Table 5-14
presents trace metal results for the sediment samples
collected in 1999.

Several trace metal values for sediments appear to
be up to about 1,000 times larger than prior values for
the station or values found at nearby stations. The
large values could be due to analytical laboratory
errors, but no errors were found upon reexamining
data packages. At Cochiti Lower, a selenium value of
440 mg/kg contrasts with nondetects at nearby stations
and prior measurements of either nondetection or of
0.6 mg/kg. Acid Weir had a lead value of 150 mg/kg,
compared with five prior measurements ranging from
15 to 32 mg/kg. The manganese value at Pueblo at
SR-4 was reported as 18,563 mg/kg, while six prior
values ranged from 200 to 650 mg/kg.

Since 1990, trace metals analysis has indicated the
presence of mercury at near detection limit concentra-
tions (0.025 mg/kg) in nearly 200 sediment samples.
The largest numbers of those historic samples (from
1990-1998) were from Los Alamos Canyon (22
samples), followed by Mortandad Canyon (21 samples
since 1992), Area AB (19 samples), and Area G (15
samples since 1994). In 1999, we did not find mercury
in sediments in Los Alamos Canyon, Area G, or Area
AB. Mortandad Canyon stations Mortandad West of
GS-1, Mortandad at GS-1, and Mortandad at MCO-5
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had low levels of mercury, far below the SAL of 23
mg/kg. During the special EPA sampling, mercury was
detected in Ancho, Bayo, Cafiada del Buey,
Mortandad, Pajarito, and Sandia Canyons. The highest
value, at Ancho Canyon 1, was 1% of the SAL.

The SAL for arsenic is 19 mg/kg. Several stations
show arsenic in sediments at levels larger than about
half the SAL, including Heron (7 to 14 mg/kg) and
Abiquiu Reservoirs (4 to 11 mg/kg), Pueblo at SR-502
(7.5 mg/kg), and Pajarito at SR-4 (9 mg/kg). Previ-
ously, seven arsenic results for Heron Reservoir
stations show a mean and maximum of 10.8 and 34
mg/kg; seven samples for Abiquiu Reservoir show a
mean and maximum of 4.1 and 8 mg/kg. The three
earlier arsenic results for Pueblo at SR-502 have a
mean and maximum of 1.4 and 3 mg/kg; seven
samples for Pajarito at SR-4 show a mean and
maximum of 0.7 and 1.1 mg/kg.

Chromium was found above or near the hexavalent
chromium SAL of 30 mg/kg (the total chromium SAL
is 210 mg/kg) at Heron, Abiquiu, Cochiti, and Guaje
Reservoirs and also during the special EPA sampling
in Pajarito and Sandia Canyons. Previously seven
chromium results for Heron Reservoir stations show a
mean and maximum of 14.6 and 18.1 mg/kg; seven
samples for Abiquiu Reservoir show a mean and
maximum of 10.7 and 22 mg/kg. Seven earlier
chromium results for Cochiti Reservoir stations show
a mean and maximum of 14.7 and 22 mg/kg. The
three earlier chromium results for Pueblo at SR-502
have a mean and maximum of 7 and 14 mg/kg; seven
samples for Pajarito at SR-4 show a mean and
maximum of 6.2 and 13 mg/kg.

b. Organic Analysis. Beginning in 1993, we
have analyzed sediments for PCB and SVOCs. Some
sediment samples have been analyzed for HE constitu-
ents since 1995. We analyze samples from only a
portion of the sediment stations each year. Table 5-15
lists these samples. The analytical results showed no
PCB, SVOC:s, or HE constituents detected above the
analytical laboratory’s reporting limit in any of the
sediment samples collected during 1999.

5. Long-Term Trends

For the plots discussed in this section, we show
only detections of a particular radionuclide in sedi-
ments; samples without such detections are not shown.

Figure 5-9a depicts plutonium-238 activities at five
stations in Mortandad Canyon from 1976 to 1999. GS-
1, MCO-5, and MCO-7 are located downstream of the
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RLWTF discharge point and upstream of the sediment
traps. Plutonium-238 activity at GS-1 has decreased
by a factor of about 10 during that time period and,
except for a 1999 sample at MCO-5, has not exceeded
the SAL since 1985. MCO-9 and MCO-13 are located
downstream of the sediment traps. Plutonium-238 is
infrequently above background at those stations and is
not regularly detected.

Figure 5-9b shows plutonium-239, -240 levels on
Laboratory lands in Mortandad Canyon. Plutonium-
239, -240 levels upstream of the sediment traps have
declined by approximately a factor of ten since the
1980s, presumably because of decreased radioactivity
in the RLWTF discharges and the dispersion of
previously contaminated sediments. Downstream of
the sediment traps, plutonium activities have remained
relatively constant; the activities are two orders of
magnitude less than upstream of the sediment traps
and are near background activities.

Figure 5-9c¢ shows that cesium-137 has been
present in Mortandad Canyon since the 1970s.
Between TA-50 and the sediment traps, cesium-137
levels have often exceeded the SAL but have de-
creased over the last 25 years. Cesium-137 levels
below the sediment traps have gradually declined to
near background levels.

D. Groundwater Sampling

1. Introduction

Groundwater resource management and protection
efforts at the Laboratory are focused on the regional
aquifer underlying the region (see Section 1.A.3) but
also consider groundwater found within canyon
alluvium and perched at intermediate depths above the
regional aquifer. The Los Alamos public water supply
comes from supply wells drawing water from the
regional aquifer.

The early groundwater management efforts by the
USGS evolved through the growth of the Laboratory’s
current Groundwater Protection Management Pro-
gram, required by DOE Order 5400.1 (DOE 1988).
This program addresses environmental monitoring,
resource management, aquifer protection, and
hydrogeologic investigations. The Laboratory issued
formal documentation for the program, the “Ground-
water Protection Management Program Plan,” in April
1990 and revised it in 1995 (LANL 1996a). During
1996, the Laboratory developed and submitted an
extended groundwater characterization plan, known as
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the Hydrogeologic Workplan (LANL 1996b), to the
NMED. NMED approved the Hydrogeologic Workplan
on March 25, 1998. Investigations under the
Hydrogeologic Workplan are described in Chapter 2.

Concentrations of radionuclides in environmental
water samples from the regional aquifer, the alluvial
groundwater in the canyons, and the intermediate-
depth perched systems may be evaluated by compari-
son with DCGs for ingested water calculated from
DOE’s public dose limit (see Appendix A for a discus-
sion of standards). The NMWQCC has also established
standards for groundwater quality (NMWQCC 1993).
Concentrations of radioactivity in drinking water
samples from the water supply wells, which draw
water from the regional aquifer, are compared with
New Mexico Environmental Improvement Board
(NMEIB) and EPA MCLs or to the DOE DCGs
applicable to radioactivity in DOE drinking water
systems, which are more restrictive in a few cases.

The concentrations of nonradioactive chemical
quality parameters may be evaluated by comparing
them with NMWQCC groundwater standards and with
the NMEIB and EPA drinking water standards,
although these latter standards are only directly
applicable to the public water supply. Although it is not
a source of municipal or industrial water, shallow
alluvial groundwater is a source of return flow to
surface water and springs used by livestock and
wildlife and may be compared with the Standards for
Groundwater or the Livestock Watering and Wildlife
Habitat Stream Standards established by the
NMWQCC (NMWQCC 1993, NMWQCC 1995).
However, it should be noted that these standards are
for the most part based on dissolved concentrations.
Many of the results reported here are total concentra-
tions (that is, they include both dissolved and sus-
pended solids concentrations), which may be higher
than dissolved concentrations alone.

2. Monitoring Network

Groundwater sampling locations are divided into
three principal groups, related to the three modes of
groundwater occurrence: the regional aquifer, alluvial
groundwater in the canyons, and localized intermedi-
ate-depth perched groundwater systems. Figure 5-10
shows the sampling locations for the regional aquifer
and the intermediate-depth perched groundwater
systems. Figure 5-11 presents the sampling locations
for the canyon alluvial groundwater systems. Purtymun
(1995) described the springs and wells.
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Sampling locations for the regional aquifer include
test wells, supply wells, and springs. New wells
constructed by the Hydrogeologic Workplan activities
are not yet part of the monitoring network.

We routinely sample eight deep test wells, com-
pleted within the regional aquifer. The USGS drilled
these test wells between 1949 and 1960 using the
cable tool method. The Laboratory located these test
wells where they might detect infiltration of contami-
nants from areas of effluent disposal operations. These
wells penetrate only a few tens or hundreds of feet
into the upper part of the regional aquifer. The casings
are not cemented because that would seal off surface
infiltration along the boreholes.

We collect samples from 13 deep-water supply
wells in three well fields that produce water for the
Laboratory and community. The well fields include
the off-site Guaje well field and the on-site Pajarito
and Otowi well fields. The Guaje well field, located
northeast of the Laboratory, now contains five wells.
With one exception (G-1A), the older wells were
retired in 1999 because of their age. Four new wells
were drilled in this field in 1998. Three of the former
wells and three of the remaining wells had significant
production during 1999. The five wells of the Pajarito
well field are located in Sandia and Pajarito Canyons
and on mesa tops between those canyons. Two wells
make up the Otowi well field, located in Los Alamos
and Pueblo Canyons. We took additional regional
aquifer samples from wells located on San Ildefonso
Pueblo.

We sample numerous springs near the Rio Grande
because they represent natural discharge from the
regional aquifer (Purtymun et al., 1980). As such, the
springs serve to detect possible discharge of contami-
nated groundwater from beneath the Laboratory into
the Rio Grande. Based on their chemistry, the springs
in White Rock Canyon are divided into four groups,
three of which have similar, regional aquifer-related
chemical quality. The chemical quality of springs in a
fourth group reflects local conditions in the aquifer,
probably related to discharge through faults or from
volcanics. Sacred Spring is west of the river in lower
Los Alamos Canyon.

We sample approximately half of the White Rock
Canyon springs each year. Larger springs and springs
on San Ildefonso Pueblo lands are sampled annually,
with the remainder scheduled for alternate years.

We sample the alluvial groundwater in five
canyons (Pueblo, Los Alamos, Mortandad, and
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Pajarito Canyons, and Cafiada del Buey) with shallow
observation wells to determine the impact of NPDES
discharges and past industrial discharges on water
quality. In any given year, some of these alluvial
observation wells may be dry, and thus we cannot
obtain water samples. Observation wells in Water,
Fence, and Sandia Canyons have been mostly dry
since their installation in 1989. All but two of the
wells in Cafiada del Buey are generally dry.

Intermediate-depth perched groundwater of limited
extent occurs in conglomerates and basalt at depths of
several hundred feet beneath the alluvium in portions
of Pueblo, Los Alamos, and Sandia Canyons. We
obtain samples from two test wells and one spring.
The well and spring locations allow us to monitor
possible infiltration of effluents beneath Pueblo and
Los Alamos Canyons.

Some perched water occurs in volcanics on the
flanks of the Jemez Mountains to the west of the
Laboratory. This water discharges at several springs
(Armstead and American) and yields a significant
flow from a gallery in Water Canyon, where this
perched water is sampled. During the winter of
1996-97, a falling tree broke the connecting pipe, and
the water now flows down Water Canyon. We now
sample the gallery at the point where the pipe broke.
Additional perched water extends eastward from the
Jemez Mountains beneath TA-16 in the southwestern
portion of the Laboratory. The drilling of
Hydrogeologic Workplan well R-25 confirmed the
existence of this perched water, at a depth of about
750 ft below the mesa top in 1998. The water was
found to contain high-explosives compounds resulting
from past Laboratory discharges. We are conducting
further work to characterize this perched zone.

3. Radiochemical Analytical Results for
Groundwater

Table 5-16 lists the results of radiochemical
analyses of groundwater samples for 1999. As
discussed in Section 5.F, the analytical laboratory had
data quality problems with analysis of strontium-90
for 1999. Therefore, the strontium-90 data are pre-
sented in a separate table, Table 5-17. LANL stron-
tium-90 values fall into two groups—regular and low-
level analyses. Where NMED split sample data are
available, we have presented them for comparison.

To emphasize values that are detections, Tables
5-18 and 5-19 list radionuclides detected in groundwa-
ter samples. Detections are defined as values exceed-
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ing both the analytical method detection limit and
three times the individual measurement uncertainty.
The analytical laboratory determined analysis-specific
detection limits for many radiochemical measure-
ments in 1999, which appear in Tables 5-18 and 5-19.
They did not provide individual detection limits for
gross alpha, gross beta, or uranium. Because uranium,
gross alpha, and gross beta are almost always de-
tected, we indicate in Table 5-18 only occurrences of
these measurements above threshold values. The
specific levels are 5 pg/L for uranium, 5 pCi/L for
gross alpha, and 20 pCi/L for gross beta and are lower
than the EPA MCLs or screening levels.

The righthand columns of Tables 5-18 and 5-19
indicate radiochemical detections that are greater than
1/25 of the DOE DCGs for public dose for ingestion
of environmental water (1/25 of the DOE DCG for
public dose is the DOE drinking water system DCG).
The EPA drinking water limits for gross alpha and
gross beta values are higher than 1/25 of the DOE
public dose DCG (that is, greater than the DOE
drinking water system DCGs), so we use the EPA
values to screen gross alpha and gross beta values.
The DCG value for gross beta is actually the stron-
tium-90 DCG, and the DCG for gross alpha is the
plutonium-239, -240 DCG. These DCGs were chosen
because the isotopes represented had the lowest DCGs
for alpha and beta emitters. No groundwater values
exceeded half the DOE public dose DCG values in
1999.

Discussion of results will address the regional
aquifer, the canyon alluvial groundwater, and the
intermediate-depth perched groundwater system.

a. Radiochemical Constituents in the Re-
gional Aquifer. For samples from wells or springs in
the regional aquifer, most of the results for radio-
chemical measurements were below the DOE drinking
water DCGs or the EPA or New Mexico standards
applicable to a drinking water system. In addition,
most of the results were near or below the detection
limits of the analytical methods used. The exceptions
are discussed below.

The main detected radioactive element was
uranium, found in springs and wells on San Ildefonso
Pueblo land. See Section 5.E for a discussion of these
values.

Supply wells G-6 and PM-1, Test Wells 3 and 4,
and Spring 6A showed apparent detections of ameri-
cium-241 at low levels. Numerous other surface water,
runoff, and groundwater samples had detections of
americium-241 at low levels, as did two DI blanks.
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Analytical laboratory problems caused many
apparent detections of strontium-90 where it has not
been seen previously. Levels of strontium-90 exceed-
ing the drinking water MCL of 8 pCi/L were appar-
ently detected in Test Wells 1, 3, 4, 8, DT-9, DT-10,
and Sanchez House Well at San Ildefonso Pueblo.
Strontium-90 was also detected in Los Alamos water
supply wells G-1, G-1A, O-1, O-4, and PM-4 and San
Ildefonso Pueblo water supply wells LA-5, Don Juan
Playhouse Well, Pajarito Well (Pump 1), and Eastside
Artesian Well. Sacred Spring and Spring 8B showed
strontium-90 detections. LANL believes that none of
these detections are valid and that they are due to
analytical laboratory problems. The NMED split
samples collected at many of the wells, which show
no detection of strontium-90, support this conclusion.
The NMED data did show a strontium-90 detection at
PM-1.

b. Radiochemical Constituents in Alluvial
Groundwater. None of the radionuclide activities in
alluvial groundwater are above the DOE DCGs for
public dose for ingestion of environmental water.
Except for gross beta, americium-241, and strontium-
90 values from Mortandad and Los Alamos Canyons,
none of the radiochemical measurements exceed DOE
DCGs applicable to a drinking water system. Levels
of tritium; cesium-137; uranium; plutonium-238;
plutonium-239, -240; and gross alpha, beta, and
gamma are all within the range of values observed in
recent years.

In Pueblo Canyon, samples from APCO-1 showed
detections of americium-241 and plutonium-239,
-240. This well had plutonium-239, -240 above the
detection limit in most years since 1994. We have seen
similar values in previous years in surface water and
alluvial groundwater in Pueblo Canyon, as a conse-
quence of past Laboratory discharges.

The samples of alluvial groundwater in Los Alamos
and DP Canyons show residual contamination, as we
have seen since the original installation of monitoring
wells in the 1960s. In particular, for LAO-1, LAO-2,
and LAO-3A, the activity of strontium-90 usually
approaches or exceeds the EPA primary drinking
water MCL of 8 pCi/L. Strontium-90 was apparently
detected in every alluvial well in Los Alamos and DP
Canyons in 1999; most values are suspect because of
analytical laboratory problems. Plutonium-239, -240
was not detected in LAO-0.7 for the first year since
1993. A number of wells had detections of low values
of americium-241, which may be the result of analyti-
cal laboratory problems; numerous other wells,
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springs, surface water samples, and two blanks had
detections in the same range. Several wells showed
gross beta activities approaching or exceeding the
drinking water screening level of 50 pCi/L.

The alluvial groundwater samples from Mortandad
Canyon showed activities of radionuclides within the
ranges observed previously. Tritium; strontium-90;
cesium-137; plutonium-238; plutonium-239, -240;
americium-241; and gross alpha, beta, and gamma are
usually detected in many of the wells. The radionu-
clide levels are in general highest nearest to the TA-50
RLWTF outfall at well MCO-3 and decrease down the
canyon. The levels of tritium, strontium-90, and gross
beta usually exceed EPA drinking water criteria in
many of the wells. In some years, the levels (except
for tritium) exceed the DOE drinking water system
DCGs, but the levels do not exceed the DOE DCGs
for public dose for ingestion of environmental water.
EPA has no drinking water criteria for plutonium-238;
plutonium-239, -240; or americium-241. Except for
americium-241 in MCO-3, the DOE Drinking Water
System DCGs for these latter radionuclides were not
exceeded in Mortandad Canyon alluvial groundwater
in 1999 samples.

PCO-1 had unusual detections of plutonium-238
and americium-241 in a sample taken March 26. A
second sample on December 9 did not detect pluto-
nium-238; americium-241 was not analyzed in the
second sample. In 16 samples taken since 1985, we
have never detected plutonium-238 at this well.
Americium-241 was detected only once, in 1995, out
of five previous samples analyzed.

Two wells in Cafiada del Buey contain little water
and in the past often yielded very turbid samples.
Except for strontium-90, we detected no radiochemi-
cal parameters in these wells in 1999. In 1998, Cafiada
del Buey well CDBO-6 had detections of gross alpha
and gross beta. The 1999 strontium-90 detection is
likely the result of analytical laboratory problems.

c. Radiochemical Constituents in Intermedi-
ate-Depth Perched Groundwater. In the 1950s,
based on measurements of water levels and major
inorganic ions, the USGS established that contami-
nated surface water and alluvial groundwater in
Pueblo Canyon recharge the intermediate-depth
perched zone water that underlies the canyon floor
(Weir et al., 1963; Abrahams 1966). Taken over time,
the radionuclide activity measurements in samples
from TW-1A, TW-2A, and Basalt Spring in Pueblo
and Los Alamos Canyons confirm this connection.
TW-2A, furthest upstream and closest to the historical
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discharge area in Acid Canyon, has shown the highest
levels. We detected no tritium in TW-2A in 1999;
1997 and 1999 are the only years since 1991 with no
tritium detections. Tritium levels in that well averaged
at about 2,590 pCi/L from 1992 through 1996. We
found no detectable plutonium-239, -240 in Basalt
Spring, TW-1A, or TW-2A, in contrast to earlier
years. Strontium-90 was detected in Test Well 2A at a
very high value and in Basalt Spring. These detections
are likely the result of analytical laboratory problems.
The sample from the Water Canyon Gallery, which
lies southwest of the Laboratory, was consistent with
previous results, showing no evidence of radionu-
clides from Los Alamos operations.

4. Nonradiochemical Analytical Results

Table 5-20 lists the results of general chemical
analyses of groundwater samples for 1999, and results
of trace metal analyses appear in Table 5-21.

a. Nonradiochemical Constituents in the
Regional Aquifer. With the exceptions discussed
here, values for all parameters measured for environ-
mental surveillance sampling in the water supply
wells are within drinking water limits. Separate
samples were collected from the public water supply
system to determine regulatory compliance with the
Safe Drinking Water Act, and these samples were all
in compliance for 1999 (see Section 2.9).

For well G-2, the fluoride level was over half the
standard of 1.6 mg/L and was similar to previous
measurements. The vanadium values in new wells G-
2A, G-3A, and G-5A were about 60% of the EPA
health advisory range of 80 to 110 pg/L. This result,
along with detection of cobalt in G-5A, may be due to
new well construction.

The test wells in the regional aquifer showed levels
of several constituents that approach or exceed
standards for drinking water distribution systems.
However, it should be noted that the test wells are for
monitoring purposes only and are not part of the water
supply system. TW-1 had a nitrate value of 5.8 mg/L
(nitrate as nitrogen), again below the EPA primary
drinking water standard of 10 mg/L. This test well has
shown nitrate levels in the range of about 5 to 20 mg/L
(nitrate as nitrogen) since the early 1980s. The source
of the nitrate might be infiltration from sewage
treatment effluent released into Pueblo Canyon or
residual nitrates from the now decommissioned TA-45
radioactive liquid waste treatment plant that dis-
charged effluents into upper Pueblo Canyon until
1964. Nitrogen isotope analyses the ER Project made
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during 1998 indicate that the nitrate is from a sewage
source (Nylander et al., 1999).

Six groundwater samples and several surface water
samples showed an apparent detection of selenium in
1998. Typically, we have not detected selenium in
groundwater on the Pajarito Plateau. Selenium was
found in Los Alamos Canyon alluvial groundwater
and in each of the three DT series test wells at TA-49.
We detected no selenium at these sites in 1999,
suggesting that the previous year’s values, which were
close to the detection limit, did not indicate its
presence. In 1999, we detected selenium at low levels
at Spring 1 and Spring 9.

Test Well 1 had a lead concentration above the EPA
action level and a high antimony concentration,
similar to past values attributed to metal flaking from
hardware in the well. Levels of trace metals that
approach water quality standards in some of the test
wells are believed to be associated with turbidity of
samples and with the more than 40-year-old steel
casings and pump columns. In the last few years, iron,
manganese, cadmium, nickel, antimony, and zinc have
been high in several of the regional aquifer test wells.
The lead levels appear to result from flaking of piping
installed in the test wells and do not represent lead in
solution in the water (ESP 1996a).

La Mesita Spring had a nitrate value of 5.4 mg/L
(nitrate as nitrogen), at the upper limit of past values.
Samples collected for metals analysis from most of
the White Rock Canyon springs were filtered in 1999.
Many of the springs have very low flow rates, and we
collected samples in small pools in contact with the
surrounding soils. Except for selenium, none of the
springs showed trace metals at levels of concern in
1999.

b. Nonradiochemical Constituents in Alluvial
Groundwater. The canyon bottom alluvial groundwa-
ter in Pueblo, Los Alamos, and Mortandad Canyons
receives effluents. The groundwater shows the effects
of those effluents in that values of some constituents
are elevated above natural levels.

The Mortandad Canyon groundwater samples in
Table 5-20 exceeded or approached the NMWQCC
Groundwater Standards for fluoride and nitrate. The
nitrate source is nitric acid from plutonium processing
at TA-55 that enters the TA-50 waste stream. In
response to a letter of noncompliance from the
NMED, in March 1999 the RLWTF instituted a
program to restrict the discharge of nitrogenous
wastes into the facility’s collection system. As shown
in Figure 5-12, the nitrate (nitrate as nitrogen)
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concentration of effluent discharge from the RLWTF
after March 21, 1999, was less than 10 mg/L.

Under the Laboratory’s groundwater discharge plan
application for the RLWTEF, we collected separate
samples for nitrate, fluoride, and TDS bimonthly from
four alluvial monitoring wells in Mortandad Canyon
during 1999: MCO-3, MCO-4B, MCO-6, and MCO-7.
We reported the analytical results quarterly to the
NMED. During 1999, nitrate concentrations in alluvial
groundwater wells MCO-3, MCO-4B, and MCO-6
displayed a downward trend, as Figure 5-12 shows.
By December 1999, nitrate concentrations at these
three wells were below the NMWQCC Groundwater
Standard for nitrate of 10 mg/L (nitrate as nitrogen).
Beginning in June 1999, fluoride concentrations in
discharged effluent and at all four wells were below
the NMWQCC Groundwater Standard for fluoride of
1.6 mg/L, as shown in Figure 5-12.

The pH in PCO-1 was again below the EPA
secondary drinking water range of 6.8-8.5. The pH of
CDBO-6 was reported as 1.7, with a conductance
reported as 11,600 uS/cm. Neither of these values is
realistic; both probably represent analytical laboratory
aberrations. Usual values are pH of 7.3 and conduc-
tance of 200 uS/cm.

In 1998, we detected beryllium and barium in
Canada del Buey wells CDBO-6 and CDBO-7. We
also found lead at high levels in these wells in 1998.
We found none of these constituents in 1999, possibly
because the samples were much less turbid as a result
of lower pumping rates during sampling.

LAO-3A continued to show levels of molybdenum
just below the New Mexico Groundwater Limit. LAO-
5 had a detection of beryllium below the EPA drinking
water MCL, and MT-3 had a value just above the
MCL.

c. Nonradiochemical Constituents in Interme-
diate-Depth Perched Groundwater. In 1999, the
nitrate values for TW-2A and Basalt Spring were well
below NMWQCC Groundwater and EPA Drinking
Water Standards. These sample locations have
occasionally shown higher nitrate values in recent
years. The source of the nitrate is infiltration of
contaminated surface water and shallow groundwater
from Pueblo Canyon.

TW-2A again had levels of iron, lead, manganese,
and zinc approaching or exceeding water quality
standards. The detection of metals in these test wells
probably reflects either suspended sediments or the
flaking of metals from pump hardware and the well
casing rather than the existence of dissolved metals in
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the groundwater. Otherwise, the intermediate-depth
perched groundwater samples from these stations and
the Water Canyon gallery did not show any concentra-
tions of nonradiochemical constituents that are of
concern.

d. Organic Constituents in Groundwater. We
performed analyses for organic constituents on
selected springs and test wells in 1999. The stations
sampled appear in Table 5-22. Some samples were
analyzed for VOCs, SVOCs, and PCBs. Water supply
wells, test wells, and most springs were analyzed for
HE constituents. No organic or high-explosive
constituents were found above the analytical
laboratory’s reporting limit in the groundwater
samples listed in Table 5-22. We rejected most of the
possible organic detections reported by the analytical
laboratory because the compounds were either
detected in method blanks (that is, they were intro-
duced during laboratory analysis) or detected in trip
blanks. Trip blanks go along during sampling to
determine if organic constituents come from sample
transportation and shipment.

e. Special Water Supply Sampling. In 1998,
drilling of characterization well R-25 at TA-16 in the
southwest portion of the Laboratory revealed the
presence of high-explosive constituents at concentra-
tions above the EPA Health Advisory guidance values
for drinking water. As a result, the Laboratory tested
all nearby water supply wells for these compounds.
None of the analytical laboratories detected any high
explosives or their degradation products in any of the
water samples from any of the supply wells sampled.
In 1999, because of continuing concerns over possible
contamination of the regional aquifer, LANL imple-
mented quarterly sampling of some water supply wells
for selected constituents. Table 5-23 lists the dates and
constituents sampled. PM-2, 4, and 5 are closest to R-
25 where HE was found in groundwater in 1998. We
did not find HE in any of the water supply well
samples in 1999. Samples from PM-1 and O-4 showed
strontium-90 and PM-2 and PM-5 showed no perchlo-
rate during 1999. The Analytical Chemistry Sciences
Group (CST-9) analyzed these strontium-90 samples.

5. Long-Term Trends

a. Regional Aquifer. The long-term trends of
the water quality in the regional aquifer have shown
limited impact resulting from Laboratory operations.
In 1998, drilling characterization well R-25 at TA-16
in the southwest portion of the Laboratory revealed
the presence of high-explosive constituents. No high-
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explosive constituents have been found in water
supply wells. The extent of high explosives in the
regional aquifer is presently unknown. The Laboratory
is working in cooperation with regulatory agencies to
define the extent of the contamination and ensure that
drinking water supplies are adequately protected.

Aside from naturally occurring uranium, the only
radionuclide we consistently detected in water
samples from production wells or test wells within the
regional aquifer is tritium, which is found at trace
levels. We have found tritium contamination at four
locations in Los Alamos and Pueblo Canyons and one
location in Mortandad Canyon. The tritium levels
measured range from less than 2% to less than 0.01%
of current drinking water standards, and all are below
levels detectable by the EPA-specified analytical
methods normally used to determine compliance with
drinking water regulations.

Other measurements of radionuclides above
detection limits in the regional aquifer reflect occa-
sional analytical outliers not confirmed by analysis of
subsequent samples.

Nitrate concentrations in TW-1 have been near the
EPA MCL since 1980. The source of the nitrate might
be infiltration of sewage-effluent-contaminated
shallow groundwater and surface water in Pueblo
Canyon or residual nitrates from the now decommis-
sioned TA-45 radioactive liquid waste treatment plant
that discharged effluents into upper Pueblo Canyon
until 1964.

b. Surface Water and Alluvial Groundwater
in Mortandad Canyon. Figure 5-13 depicts long-
term trends of radionuclide concentrations in surface
water and shallow alluvial groundwater in Mortandad
Canyon downstream from the outfall for the RLWTF
at TA-50. Because of strong adsorption to sediments,
cesium-137 is not detected in groundwater samples.
The figure only shows radionuclide detections. If
more than one sample was collected in a year, the
average value for the year is plotted. The surface
water samples are from the station Mortandad at
GS-1, a short distance downstream of the TA-50
effluent discharge. Radioactivity levels at this station
vary daily depending on whether individual samples
are collected shortly after a release from the RLWTF.
These samples also vary in response to changes in
amount of runoff from other sources in the drainage.
The groundwater samples are from observation well
MCO-5 in the middle reach of the canyon. Groundwa-
ter radioactivity at MCO-5 is more stable than at
Mortandad at GS-1 because groundwater responds
more slowly to variations in runoff water quality.
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Chemical reactions such as adsorption do not delay
tritium transport, and high tritium activities are found
throughout the groundwater within the Mortandad
Canyon alluvium. The tritium level in MCO-5 in 1999
was above the EPA MCL of 20,000 pCi/L. The surface
water tritium activity at Mortandad at GS-1 reflects
diluted values of effluent from TA-50 as the effluent
mixes with other stream water. The tritium activity at
MCO-5 has fluctuated almost in direct response (with
a time lag of about one year) to the average annual
activity of tritium in the TA-50 outfall effluent.
Tritium values at both stations have decreased since
the mid-1980s because of decreased tritium content of
the TA-50 effluent.

The americium-241 activity of RLWTF discharges
has exceeded the DOE DCG for public dose of 30
pCi/L for all but four years since 1973. Americium-
241 activity has not been measured regularly at
monitoring stations in Mortandad Canyon. Under
many environmental conditions, americium is less
strongly adsorbed than cesium or strontium and moves
more readily in groundwater. The americium-241
activity in the observation wells was below the DOE
drinking water DCG of 1.2 pCi/L. Data for the last
four years at Mortandad at GS-1 show an increase in
americium-241 activity to near the DOE DCG for
public dose, but the value decreased in 1999. At
MCO-5, the americium-241 activity shows only a
slight increase over the past few years.

We detected plutonium isotopes at Mortandad at
GS-1, MCO-3, and MCO-7.5 in 1999 but at no other
alluvial observation wells. Both isotopes have been
detected at Mortandad at GS-1 and MCO-3 at levels
near the DOE public dose DCGs (30 pCi/L for
plutonium-239, -240 and 40 pCi/L for plutonium-238)
over the past few years. Values at other alluvial
observation wells except for MCO-4 and MCO-7.5
have been near the detection limit in the 1990s.
Plutonium has in general been detected in all alluvial
observation wells in Mortandad Canyon but appears to
be decreasing in activity at downstream locations. We
last detected plutonium-238 in MCO-8 in 1976 and in
MCO-7 and MCO-7.5 in 1985. Plutonium-239, -240
was last detected in MCO-8 in 1969, MCO-7.5 in
1987, and MCO-7 and MCO-7A in 1995.

E. Groundwater and Sediment Sampling at San
Ildefonso Pueblo

To document the potential impact of Laboratory
operations on lands belonging to San Ildefonso
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Pueblo, DOE entered into a Memorandum of Under-
standing (MOU) with the Pueblo and the Bureau of
Indian Affairs in 1987 to conduct environmental
sampling on pueblo land. This section deals with
hydrologic and sediment sampling. Figures 5-14 and
5-15 show the groundwater, surface water, and
sediment stations sampled on San Ildefonso Pueblo.
Aside from stations shown on those figures, the MOU
also specifies collection and analysis of additional
water and sediment samples from sites that have long
been included in the Laboratory’s Environmental
Surveillance Program, as well as special sampling of
storm runoff in Los Alamos Canyon. These locations
appear in Figures 5-1, 5-2, 5-3, 5-5, and 5-10. We
discuss the results of these analyses in previous
sections. Some sediment samples were collected in
1999 during sampling with the EPA in December. The
locations of these samples are shown in Figure 5-8,
and we discuss the results in Section 5.C.

1. Groundwater

Table 5-16 lists the results of radiochemical
analyses of groundwater samples for 1999. As
discussed in Section 5.F, the analytical laboratory had
data quality problems with analysis of strontium-90
for 1999. Therefore, the strontium-90 data are pre-
sented in a separate table, Table 5-17. LANL stron-
tium-90 values fall into two groups—regular and low-
level analyses. Where NMED split sample data are
available, we present them for comparison.

To emphasize values that are detections, Tables
5-18 and 5-19 list radionuclides detected in groundwa-
ter samples. Detections are defined as values exceed-
ing both the analytical method detection limit and
three times the individual measurement uncertainty.
The analytical laboratory determined analysis-specific
detection limits for many radiochemical measure-
ments in 1999, which are listed in Tables 5-18 and 5-
19. They did not provide individual detection limits
for gross alpha, gross beta, or uranium. Because
uranium, gross alpha, and gross beta are almost
always detected, we indicate in Table 5-18 only
occurrences of these measurements above threshold
values. The specific levels are 5 pg/L for uranium,

5 pCi/L for gross alpha, and 20 pCi/L for gross beta
and are lower than the EPA MCLs or screening levels.
The righthand columns of Tables 5-18 and 5-19
indicate radiochemical detections that are greater than

1/25 of the DOE DCGs for public dose for ingestion
of environmental water (1/25 of the DOE DCG for
Public Dose is the DOE drinking water system DCG).
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The EPA drinking water limits for gross alpha and
gross beta values are higher than 1/25 of the DOE
public dose DCG (that is, greater than the DOE
drinking water system DCGs), so we use the EPA
values to screen gross alpha and gross beta values.
The DCG value for gross beta is actually the stron-
tium-90 DCG, and the DCG for gross alpha is the
plutonium-239, -240 DCG. These DCGs were chosen
because the isotopes represented had the lowest DCGs
for alpha and beta emitters. No groundwater values
exceeded half the DOE public dose DCG values in
1999.

See Section 5.D for a discussion of most of the
groundwater stations (wells and springs) listed in the
MOU. The present section focuses on the San
Ildefonso Pueblo water supply wells.

As in previous years, the groundwater data for San
Ildefonso Pueblo indicate the widespread presence of
naturally occurring uranium at levels approaching or
in excess of proposed EPA drinking water limits.
Naturally occurring uranium concentrations near or
even much greater than the proposed MCL of 20 pg/L
are prevalent in well water throughout the Pojoaque
area and San Ildefonso Pueblo. The high gross alpha
readings for these wells are related to uranium
occurrence.

In 1999, we did not detect radionuclides other than
uranium in San Ildefonso Pueblo water supply wells.
In previous years, San Ildefonso Pueblo water supply
well data have suggested the occasional detection of
trace levels of plutonium and americium. In most
cases, these values are near the detection limit of the
analytical method so that it is uncertain whether
detection has occurred. At such measurement levels,
precise quantification of the amount detected is not
possible.

New Community Well again had a uranium
concentration exceeding the proposed EPA primary
drinking water standard of 20 pg/L. Uranium concen-
trations at the Don Juan Playhouse and Sanchez House
Wells were more than half of the proposed EPA
standard. Pajarito Pump 1 has had similar values but
because of a high analytical uncertainty, the 1999
uranium value was not a detection. These measure-
ments are consistent with the levels in previous
samples and with the relatively high levels of natu-
rally occurring uranium in other wells and springs in
the area.

The gross alpha levels in these wells are attribut-
able to the presence of uranium. The gross alpha
values in the wells were above the EPA primary
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drinking water standard of 15 pCi/L but were not
detections because of high analytical uncertainties.
This standard applies to gross alpha from radionu-
clides other than radon and uranium.

Analytical laboratory problems caused many
apparent detections of strontium-90 where it has not
been seen previously. A value of strontium-90 exceed-
ing the drinking water MCL of 8 pCi/L was apparently
detected in Sanchez House Well. Strontium-90 was
also detected in San Ildefonso Pueblo water supply
wells LA-5, Don Juan Playhouse Well, Pajarito Well
(Pump 1), and Eastside Artesian Well. LANL believes
that none of these detections are valid, and that they
are due to analytical laboratory problems. The NMED
split samples collected at LA-5 and Sanchez House
Well, which show no detection of strontium-90,
support this conclusion.

The chemical quality of the groundwater, shown in
Table 5-20, is consistent with previous observations.
The sample from the Pajarito Pump 1 Well exceeded
the drinking water standard for total dissolved solids;
this level is similar to those previously measured. This
well also has a chloride concentration at 70% of the
New Mexico Groundwater Limit.

The fluoride values for some wells (Eastside
Artesian and Sanchez House) are near the NMWQCC
Groundwater Standard of 1.6 mg/L, similar to
previous values. Several of the wells (Eastside
Artesian and Don Juan Playhouse) have alkaline pH
values above the EPA secondary standard range of 6.8
to 8.5; these values do not represent a change from
those previously observed in the area.

Many of the wells have sodium values significantly
above the EPA health advisory limit of 20 mg/L. The
values from Pajarito Pump 1, Sanchez House, and
Eastside Artesian Wells are especially high.

Table 5-21 shows trace metal analyses. The boron
value in Pajarito Pump 1 was nearly twice the
NMWQCC Groundwater Limit of 750 pug/L. This
value was similar to those of past years.

2. Sediments

We collected sediments from San Ildefonso Pueblo
lands in Mortandad Canyon in 1999 from several
stations. The results of radiochemical analysis of
sediment samples collected in 1999 appear in Table 5-
10. As discussed in Section 5.F, the analytical labora-
tory had data quality problems with analysis of
strontium-90 for 1999. Therefore, the strontium-90
data are presented in a separate table, Table 5-11. To
emphasize values that are detections, Tables 5-12 and
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5-13 list radiochemical detections for values that are
higher than background levels and also identify values
that are near or above SALs. Tritium has no estab-
lished background value for sediments, so all tritium
detections are shown in Table 5-12. Detections are
defined as values exceeding both the analytical
method detection limit and three times the individual
measurement uncertainty. The analytical laboratory
determined analysis-specific detection limits for many
radiochemical measurements in 1999, which are listed
in Tables 5-3 and 5-4. They did not provide individual
detection limits for gross alpha, gross beta, or ura-
nium. Because of analytical laboratory delays, many
sediment stations did not have results completed for
plutonium-238; plutonium-239, -240; and americium-
241 in time for this report. Section 5.C presents
related information. Results are comparable to
sediment data collected from these same stations in
previous years; exceptions are discussed below.

All sediment stations in Mortandad Canyon on San
Ildefonso Pueblo lands showed only background
activities of radionuclides. Sediments from the
sampling station located on San Ildefonso Pueblo
lands at Los Alamos at Otowi again showed the
activity of plutonium-239, -240 as nearly twice
background. This activity is slightly less than typical
sediment samples previously collected at that station.

F. Sampling Procedures, Analytical Procedures,
Data Management, and Quality Assurance

1. Sampling

The Draft Quality Assurance Project Plan (ESH-18
1996) is the basic document covering sampling
procedures and quality assurance (QA). The formal
procedures developed to address sampling for each
sample matrix (Mullen and Naranjo 1996, 1997)
provide more focused guidance. All sampling is
conducted using strict chain-of-custody procedures, as
described in Gallaher (1993). The completed chain-of-
custody form serves as an analytical request form and
includes the requester or owner, sample barcode
number, program code, date and time of sample
collection, total number of bottles, the list of analytes
to be measured, and the bottle sizes and preservatives
for each analysis required. We send the samples to the
Chemical Science and Technology (CST) Division or
to other analytical laboratories. Detailed analytical
methods are published in Gautier (1995). We submit
samples using blind sample numbers to prevent
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possible bias that might occur if the analyst knows the
sampled location.

We filtered in the field samples collected for
radionuclide and metals analysis at the White Rock
Canyon Springs to minimize the effects of surface
soils and to represent groundwater surfacing at the
springs. The “F/UF” column on the tables of analyti-
cal results shows a “UF” for unfiltered samples and an
“F” for samples filtered through a 0.45-micron filter.

We filtered in the field surface water samples
collected for metals analysis. This procedure allows
for comparison of analytical results with the
NMWQCC standards. These standards are mainly for
dissolved concentrations, except mercury and sele-
nium, for which standards are based on total concen-
trations. Mercury and selenium were not filtered in the
field and were analyzed to determine total concentra-
tion.

Automated samplers located at recently installed
gaging stations (Shaull et al., 1999) collected runoff.
The contents of bottles collected by the automated
sampler were first transferred to a churn splitter,
which agitates the samples to ensure that they are well
mixed and that the sediments are suspended. If the
automated sampler collected adequate water, we
submitted two sets of samples to the analytical
laboratory. One set was unfiltered and preserved for
total concentration analysis, whereas the other set was
submitted unfiltered and unpreserved. The analytical
laboratory filtered the latter samples, preserved them,
and routed them to the appropriate analyst. If insuffi-
cient water was available, only unfiltered samples
were analyzed to determine total concentrations.

2. Analytical Procedures

a. Metals and Major Chemical Constituents.
Metals and major chemical constituents are analyzed
using EPA SW-846 methods. Filtering in the analytical
laboratory and digestion methods (breaking down the
solids by acid) have changed over time. Before 1993,
water samples were preserved in the field and filtered
in the laboratory before digestion. From 1993 forward,
the analytical laboratory has not filtered water samples
submitted for metals analyses, with the exception of
runoff samples as mentioned above.

b. Radionuclides. Radiochemical analysis is
performed using the methods as updated in Gautier
(1995). Sediment samples are screened through a
number 12 US standard testing sieve before digestion.
The sieve meets ASTM E-11 specifications and
screens out materials larger than 1.7 mm. Ten-g
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samples are analyzed from stream channels; larger
1,000-g samples are analyzed from reservoirs for
plutonium-238 and plutonium-239, -240. Larger
1,000-g samples give a 10-fold improvement in
detection limits of plutonium-238 and plutonium-239,
-240 for reservoir samples.

We preserve water samples for radiochemical
analyses with nitric acid in the field to a pH of 2 or
less. Before 1996, the analytical laboratory filtered
water samples before digesting. Samples collected in
1996 and after are preserved in the field as before but
the analytical laboratory does not filter them. At the
analytical laboratory, both water and sediment
samples are completely digested in a mixture of nitric
and hydrofluoric acids. We collect a separate,
unpreserved sample for tritium analysis.

When especially precise trace-level tritium analy-
ses are required, we ship samples to the University of
Miami Tritium Laboratory. These samples are col-
lected and analyzed according to procedures described
in Tritium Laboratory (1996).

Negative values are reported for some radiological
measurements. Negative numbers occur because
measurements of radiochemical samples require that
analytical or instrumental backgrounds be subtracted
to obtain net values. Consequently, individual mea-
surement values can result in positive or negative
numbers. Although negative values do not represent a
physical reality, we report them as they are received
from the analytical laboratory. Valid long-term
averages can be obtained only if negative values are
included in the analytical results.

¢. Organics. Organics are analyzed using SW-
846 methods as shown on Table A-9. This table shows
the number of analytes included in each analytical
suite. Tables A-10 through A-13 list the specific
compounds that are analyzed in each suite. All organic
samples are collected in brown glass bottles, and the
VOC samples are preserved with hydrochloric acid. A
trip blank, or field blank, always accompanies the
VOC sample. A trip blank is a sample of de-ionized
water that accompanies the field samples and is
submitted for analysis like any other sample. The
analytical laboratory prepares method blanks and also
analyzes them with samples. If trip or method blanks
contain organic compounds, they were introduced
during sampling or analytical procedures. Certain
organic compounds used in analytical laboratories are
frequently detected in the method blanks. These
compounds include acetone, methylene chloride,
toluene, 2-butanone, di-n-butyl phthalate, di-n-octyl
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phthalate, and bis (2-ethylhexyl) phthalate (Fetter
1993).

3. Data Management and Quality Assurance

a. Data Management. CST transfers analytical
results to the Water Quality and Hydrology Group
(ESH-18) both electronically and as a hard copy.
Samples submitted to CST go through the SQL
Laboratory Information Management System. A data
retrieval query generates a table of ESH-18 data every
week. The data set is downloaded to ESH-18 comput-
ers every week. The sample location name, the sample
number, and the field data are stored in a separate
table, providing the link for associating a blind sample
number with a location name.

b. Strontium-90 Data for 1999. Because of
concern about possible presence of strontium-90 in
water samples from the regional aquifer, in 1998 ESH-
18 requested CST-9 to find a new analytical technique
with a lower detection limit. They instituted a new
technique for 1999 strontium-90 samples. Once 1999
analytical results became available, ESH-18 deter-
mined that numerous analytical values for strontium-
90 were probably significantly in error. Based on
comparison with previous data for particular stations,
comparison with data obtained by the NMED Over-
sight Bureau, and review of analytical laboratory
results and procedures, ESH-18 concluded that the
entire strontium-90 data set for surface water, runoff,
groundwater, and sediments for 1999 is not valid.

The data at every location for 1999 are question-
able, and this represents the loss of an entire year’s
monitoring data. We present the data in this report for
documentary purposes only. Taken at face value, the
1999 strontium-90 values would indicate unusually
high levels in sediments, surface water, and ground-
water. LANL has resolved the analytical laboratory
problems and will continue monitoring strontium-90
in 2000.

Results in Table 5-24 show a high analytical bias
for strontium-90. Ideally, the values for the blanks
should be zero; strontium-90 was detected in several
of the blanks. Table 5-24 also shows the reported
concentrations of strontium-90 in the spiked samples.
The reported concentrations range from about 15% to
90% of the actual spiked concentration.

ESH-18 questioned the analytical results that
indicated the presence of strontium-90 in a number of
water samples. The levels of strontium-90 could not
be confirmed with reanalysis of a portion of those
same samples. A Corrective Action Request (CAR)
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was initiated so that a thorough investigation could
examine potential problems associated with the data
sets in question. CST-9 wrote the draft CAR and dated
it August 10, 2000. The CAR concludes that the
analytical method, which employs selective extraction
resins, may not be adequate for analysis of strontium-
90 in the samples submitted for analysis.

A review of the analytical laboratory’s data
packages and standard operating procedures by the
DOE Analytical Management Program, dated August
6, 2000, indicated several problems with the analyses
that “very likely...result in erroneously high stron-
tium-90 results.” The DOE review points out operat-
ing procedures involving the extraction efficiencies of
the resins that could lead to deleterious effects on
resulting strontium-90 data. That review also outlined
several other reasons for erroneous strontium-90
results.

c. Quality Assurance. Each analytical batch of
water samples (20 samples or less) contains at least
one blank, one matrix spike, and a duplicate as
dictated by SW-846 protocols. CST provides these
quality control samples and submits them along with
environmental surveillance samples. ESH-18 also
submits blanks, spikes, and duplicate water samples.
Tables 5-25 and 5-26 present the analytical results of
the blanks and spikes. The analytical results for the
duplicates are presented on the analytical result tables.
No quality control samples were submitted for
sediment analysis.

ESH-18 submits DI trip blanks and spiked samples
as regular samples, without any indication that they
are QC samples. They go through the same analytical
process as the regular field samples. The DI blanks
and spiked samples are measured with the same
background contributions from reagents and biases as
the regular samples and give an estimate of back-
ground and systematic analytical errors.

We also submit trip blanks to detect if any organics
are inadvertently introduced during the sampling or
analytical laboratory procedures.

Results in Table 5-25 show a high analytical bias of
several analytes. Ideally, the values for all analytes in
the blanks should be zero. A high bias of 20% of the
detection limit is apparent in the uranium DI blank
results. A high bias of 25% and 35%, respectively, is
apparent in the plutonium-238 and plutonium-239 DI
blank results, and a high bias of 50% is observed in
the americium-241 DI blanks during the analysis
procedure. The likely causes for the unaccounted for
concentrations for americium-241 are the plutonium-
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242 and americium-247 tracers that are added to each
sample. Both of those tracers contain americium-241.

The concentrations reported in Table 5-25 for the
spiked samples are the concentrations after subtraction
of the average blank values. For plutonium-238 the
agreement is good, relative to their respective detec-
tion limits, between the analytical results and the
spiked concentrations after blank correction. The
indicated activity of plutonium-239 in the DI blanks
was nearly 20% more than the actual spiked concen-
tration, and americium-241 was 30% greater.

Taylor (1987) suggests a method for evaluating
detection limits based on the analytical results for
spiked samples. The standard deviation of the average
spiked sample result can be used as a measure of the
one sigma analytical uncertainty. Results of this
analysis are presented in the last two lines on Table 5-
25. Detection limits calculated using this method are
nearly identical to the values the analytical laboratory
reported for cesium-137, plutonium-238, and pluto-
nium-239. The calculated detection limit for ameri-
cium-241 is nearly twice as high as the laboratory
detection limit.

Analytical concentrations for DI blanks submitted
for trace metals were generally reported as less-than-
detection limits. Spiked samples for metals analyses
contained four metals: silver, barium, mercury, and
lead. The agreement between the spiked concentration
of barium and the analytical results was generally
good. The spiked concentrations of mercury and silver
were, respectively, 21% and 28% less than their
spiked concentrations. Standard deviations associated
with the average values of barium and mercury for the
DI blanks and spiked samples were significantly less
than the reported concentrations, suggesting relatively
precise measurements for those analytes.

QA samples were spiked with lead at a concentra-
tion of 7.5 pug/L. The analytical laboratory, however,
did not report lead concentrations of less than
60 ug/L.

4. Determination of Radiochemical Detections

CST has determined detection limits for each
analytical method. Radiological detection limits are
based on Currie’s formula (Currie 1968). Detection
limits appear at the bottom of the tables summarizing
the radiochemical analytical results. In deriving the
detection limits, CST included the average uncertain-
ties associated with the entire analytical method.
Sources of error considered include average counting
uncertainties, sample preparation effects, digestion,
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dilutions, gravimetric and pipetting uncertainties, and
spike recoveries.

While these method detection limits determined by
CST or other analytical laboratories give an idea of
the average limit of detection for a particular measure-
ment technique, the detection limits do not apply to
each individual sample measurement. Instead, the
question of whether or not an individual measurement
is a detection is evaluated in light of its individual
measurement uncertainty. For radiochemical analyti-
cal results, the analytical uncertainties are reported in
the tables. These uncertainties represent a one stan-
dard deviation (one sigma) propagated uncertainty. “It
is virtually unanimously accepted that an analyte
should be reported as present when it is measured at a
concentration three-sigma or more above the corre-
sponding method blank.” (Keith 1991) Our reported
values are corrected by blank subtraction to eliminate
the effects of positive or negative analytical laboratory
biases. Therefore, we report radiochemical detections
as values greater than three times the reported uncer-
tainty. For sediments, the values reported as detections
in the table are also above background levels deter-
mined for fallout (or natural background levels in the
case of uranium).

The limit of quantification or LOQ is the level
where the concentration of an analyte can be quanti-
fied with confidence. “When the analyte signal is 10
or more times larger than the standard deviation of the
measurements, there is a 99% probability that the true
concentration of the analyte is £30% of the calculated
concentration.” (Keith 1991) Thus, measured values
near the detection limit or less than 10 times the
analytical uncertainty do not provide a reliable
indication of the amount present. The importance of
this number is demonstrated when analytical results
are compared against standards; the analytical result
should be greater than 10 times the analytical uncer-
tainty for the comparison to be meaningful.

G. Unplanned Releases

ESH-18 investigated all unplanned releases of
nonradioactive liquid. Upon cleanup, personnel from
NMED-DOE/OB (Oversight Bureau) inspected the
unplanned release site to ensure adequate cleanup.
NMED-DOE/OB recommended administrative
closure of five of the six unplanned releases that
occurred in 1999. It is anticipated that the other
unplanned release investigation will be closed when
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NMED-DOE/OB personnel become available for
inspections.

1. Radioactive Liquid Materials

No unplanned radioactive liquid releases occurred
in 1999.

2. Nonradioactive Liquid Materials

There were six unplanned releases of
