V. Environmental Radiological Program Information

A major component of the Laboratory’s environmental surveillance program
includes monitoring for potential exposures to the public from Laboratory-related
radiation sources and assessing the risk associated with that exposure. Air effluents
are routinely monitored at approximately 90 release points on Laboratory property.

In addition, air sampling is conducted on Laboratory property, along the
Laboratory perimeter, and in more distant areas that serve as regional background
stations. Atmospheric concentrations of tritium, uranium, plutonium, americium,
radioiodine, and gross alpha and beta are measured. During 1994, the largest
airborne release of radioactive material was 50,200 Ci (1,860 Thq) of short-lived
(8-s to 20-min half-life) air activation products from the Los Alamos Meson Physics
Facility (LAMPF). Water effluent from the liquid waste treatment plant is sampled

to determine the release of radionuclides. Total releases increased in 1994. No
radioactive contribution in foodstuffs posed a threat to the health or safety of the
public. The maximum individual effective dose equivalent (EDE) to a member of
the public from 1994 Laboratory operations is estimated to be 3.5 mrem/yr (0.035
mSv/yr). The average doses to individuals in Los Alamos and White Rock were
0.27 and 0.06 mrem (0.0027 and 0.0006 mSv), respectively. These doses are estimated
to add lifetime risks of less than one chance in one million to an individual’s risk of
cancer mortality.

A. Introduction

Many of the activities that take place at the Los Alamos National Laboratory (LANL or the Laboratory) involve
handling radioactive materials and operating radiation-producing equipment. A major aspect of the Laboratory’s
environmental surveillance program is monitoring the environment for ionizing radiation from Laboratory-related
sources. lonization is the process of adding one or more electrons to, or removing one or more electrons from,
atoms or molecules, thereby creating ions. Only ionizing radiation is considered in this chapter.

Alpha and beta particles and x-rays and gamma rays are different types of ionizing radiation. These radiation
types can penetrate matter and be absorbed in living tissues to varying degrees potentially causing cellular
damage. Alpha radiation penetrates poorly; a piece of paper or the outer layer of dead skin can stop it. Beta
radiation has low-to-moderate penetrating ability and can be stopped by the equivalent of a few sheets of paper.
X-rays and gamma radiation have much greater penetrating ability but can be reduced greatly by dense material,
such as lead or concrete.

Radiation is emitted both by naturally occurring and man-made materials. LANL background radiation is
composed of the natural component and man-made radiation exclusive to Laboratory operations. Examples of
natural background radiation sources include naturally occurring radon gas and naturally occurring uranium and
thorium in regional rock and soil. An example of man-made background radiation is radioactive fallout from
historical nuclear weapons testing programs around the world. lonizing radiation is also produced by medical
diagnostic and treatment procedures, and accounts for the largest radiation dose to the American public from man-
made radiation. Consumer products such as tobacco products, smoke detectors, and television sets may also be
sources of ionizing radiation. Other sources of exposure to ionizing radiation include radiological occupations, the
processing and storing of nuclear fuels, and scientific research at facilities such as LANL.

B. Radiological Emissions

1. Measurement of External Penetrating Radiation.

a. Introduction. Natural external penetrating radiation originates from terrestrial and cosmic sources. The
terrestrial component results primarily from naturally occurffigand radionuclides in the decay chains of
naturally occurring thorium and uranium. Terrestrial radiation varies diurnally, seasonally, and geographically.
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External radiation levels can vary from 15% to 25% at a given location because of changes in soil moisture and
snow cover (NCRP 1975b). There is also spatial variation due to topographical and geological variations (ESG
1978).

Natural ionizing radiation from cosmic sources increases with elevation because of reduced atmospheric
shielding. At sea level, cosmic sources yield between 25 and 30 mrem/yr. Los Alamos, with a mean elevation of
about 2.2 km (1.4 mi), receives about 75 mrem/yr (unshielded) from cosmic sources. However, different locations
in the region range in elevation from about 1.7 km (1.1 mi) at Espafiola to 2.7 km (1.7 mi) at Fenton Hill, resulting
in a corresponding range of 45 to 90 mrem/yr from cosmic sources. This component cetO%tyecause of
solar modulations (NCRP 1987a).

Fluctuations in natural background ionizing radiation 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.

b. Monitoring Network and Results. L evels of external penetrating radiation (including x-rays and gamma
rays and charged-patrticle contributions from cosmic, terrestrial, and man-made sources) are measured with
thermoluminescent dosimeters (TLDs), pressurized ionization chambers, and high-purity germanium (HPGe)
detectors. LANL's environmental monitoring of external penetrating radiation is made up of three networks.

These networks are used to measure natural and man-made radiation exposures (1) on site (the Laboratory) and off
site (perimeter and regional), (2) at the Laboratory boundary north of the LAMPF, and (3) at on-site low-level
radioactive waste management areas. These three networks are known, respectively, as TLDNET, LAMPFNET,
and WASTENET.

Results from the environmental monitoring networks are presented below. In summary, the TLD measurements
indicate no detectable radiological impact to humans or the environment due to external penetrating radiation from
LANL operations.

Laboratory and Regional Areas (TLDNET)This environmental network consists of 53 stations divided
into three groups. The off-site regional group has 7 locations ranging 28 to 117 km (17 to 73 mi) from the
Laboratory boundary. The regional stations are located at Fenton Hill and in the neighboring communities of
Espafiola, Pojoaque, and Santa Fe. The Pueblos of San Illdefonso, Jemez, and Taos are also part of this network.
The off-site perimeter group consists of 24 stations within 4 km (2.5 mi) of the Laboratory boundary; the on-site
group includes 23 locations on Laboratory grounds (Figure V-1). Table V-1 contains the TLD measurements
obtained at off-site regional, off-site perimeter, and on-site monitoring stations. The current minimum detection
limit of the TLD system is 3 mrem. TLD network sampling methodology is explained in Section VIII.B.1.
Station #52 at Taos Pueblo was discontinued in the fourth quarter of 1993 and not used in 1994 because of the
repeated loss of TLDs from the station. Changes in administrative procedures will allow for data to be collected
from this location in 1995. Some of the other TLD stations are lacking one or more quarters of data. Vandalism,
animal predation, processing error, new TLD mid-year placement, and removal requests by the public all can result
in loss of data for a given quarter.

The range of values observed in each network of stations is consistent with the expected variability in natural
background radiation and is consistent with the range of results observed in 1993. Of the stations having a
complete set of data, the 1994 annual dose at off-site regional stations ranged from 110 to 153 mrem. Annual
measurements at off-site perimeter stations ranged from 101 to 165 mrem.

Technical Area (TA) 53 Network (LAMPFNET).This network monitors external penetrating radiation
from airborne gases, particles, and vapors resulting from LAMPF operations at TA-53. Air emissions from the
LAMPF linear accelerator constitute the largest Laboratory source of off-site external penetrating radiation. The
network consists of 24 TLD stations. Twelve monitoring TLD stations are directly across from TA-53 to measure
LAMPF emissions. The stations are 800 km (0.5 mi) north and downwind from LAMPF. The other 12 TLDs are
background sites and are located about 9 km (5.5 mi) from TA-53, near the southern boundary of the Laboratory
(Figure V-1). Both monitoring and background TLD stations are placed at approximately the same elevations. The
use of a t-test to statistically compare data determined no statistical difference between the TLD results observed at
LAMPF and those observed at the background locations. In addition to the TLDs, there is a network of three
HPGe detector systems installed on the north side of Los Alamos Canyon and located north of, north-northeast of,
and northeast of LAMPF (Figure V-2). At each site, a photon energy spectrum is collected hourly and analyzed for
various radionuclides and the resulting exposure rate. In addition to providing for rapid data analysis, these
systems have a very low detection level and are quite sensitive to changes in ambient exposure levels. Along with
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Figure V-1. Off-site perimeter and on-site Laboratory TLD Locations. (Does not show off-site regional stations.)
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Table V-1. TLD Measurements for 1994

1994 Annual Dose 1993 Annual Dose

Station ID#  Location (mrem)? mrem)?
REGIONAL
1.  Espafola 76> (x£13) 105 (x12)
2. Pojoaque 118 (x13) 820 (x10)
3. Santa Fe 122 (x12) 109 (£12)
4. Fenton Hill 152 (x13) 157 (x12)
52. West Taos Pueblo out of service 27¢ (x 6)
53.  San Ildefonso Pueblo 113 (x13) 504 (x10)
54. Jemez Pueblo 110 (£ 13) 664 (£ 8)
PERIMETER
5. Barranca School, Los Alamos 118 (£ 13) 112 (£12)
7. Cumbres School, Los Alamos 125 (£ 10) 124 9
8. 48th Street, Los Alamos 132 (£ 10) 126 9
9. Los Alamos Airport 110 (£ 10) 79 (= 7)
10. Bayo Canyon, Los Alamos 145 (£13) 148 (x12)
I1. Shell Station, Los Alamos 140 (£ 10) 174 9
12. Royal Crest Trailer Court, Los Alamos 133 (£13) 117 (£12)
13. White Rock 124 (x10) 113 (x11)
14. Pajarito Acres, White Rock 122 (x14) 126 (x12)
15. Bandelier Nat’l Monument Lookout Station 143 1D 138 9
16. Pajarito Ski Area 118 (£ 13) 120 (x12)
20. Well PM-1 (SR4 and Truck Rt.) 148 (x13) 154 (x12)
41. McDonald’s Restaurant, Los Alamos 128 (£ 10) 121 9
42. Los Alamos Airport-South 123 (£13) 116 (£12)
43. East Gate Business Park, Los Alamos 114 (£13) 104 (x12)
44. Big Rock Loop, Los Alamos 165 (£13) 147 (x12)
45. Cheyenne Street, Los Alamos 160 (£13) 139 (x12)
46. Los Pueblos Street, Los Alamos 139 (£13) 820 (11
47.  Urban Park, Los Alamos 135 (x13) 820 (x10)
48. Los Alamos County Landfill 122 (£13) 116 (£12)
49. Pifion School, White Rock 124 (£13) 103 (x12)
50 White Rock Church of the Nazarene 101 (£13) 81 (x12)
51. Bayo Canyon Well, Los Alamos 103 (x12) 112 (£13)
ON-SITE
17. TA-21 (DP West) 152 (x10) 139 9
18. TA-6 (Two Mile Mesa) 134 (x10) 82 (x11)
19. TA-53 (LAMPF) 152 (x10) 142 (x12)
21. TA-16 (S-Site) 99> (£12) 129 (x11)
22. Booster P-2 144 (x13) 117 (x12)
23. TA-3 East Gate of SM 43 132 (x13) 109 (x12)
24. State Highway 4 98> (% 11) 147 (£12)
25. TA-49 (Frijoles Mesa) 119 (x10) 113 9
26. TA-2 (Omega Stack) 135 (x13) 121 (x11)
27. TA-2 (Omega Canyon) 159 (£13) 201 (x12)
28. TA-18 (Pajarito Site) 127 (x13) 128 (x12)
29. TA-35 (Ten Site A) 114 (x13) 91> (= 11)
30. TA-35 (Ten Site B) 140 (x13) 119 (x12)
31. TA-59 (Occupational Health Lab) 138 (£13) 119 9
32. TA-3-16 (Van de Graaff) 145 (£13) 123 (x12)

112 Environmental Surveillance at Los Alamos during 1994



V. Environmental Radiological Program Information

Table V-1. TLD Measurements for 1994 (Cont.)

1994 Annual Dose 1993 Annual Dose
Station ID # Location (mrem)? mrem)?
ON-SITE
33. TA-3-316 (Ion Beam Bldg.) 142 (£13) 130 (£12)
34. TA-3-440 (CAS) 129 (£13) 110 (£12)
35. TA-3-420 (CMR Bldg. West Fence) 115 (£13) 109 (£12)
36. TA-3-102 (Shop) 119 (£13) 116 (£12)
37. TA-72 (Pistol Range) 146 (£13) 135 (£12)
38. TA-55 (Plutonium Facility South) 133 (£13) 143 (£12)
39. TA-55 (Plutonium Facility West) 140 (x14) 107 (£10)
40. TA-55 (Plutonium Facility North) 135 (£13) 150 (£12)

aThe uncertainty of each measurement, shown in parentheses, is the propagated error of the quarterly
measurements.

bAnnual dose is the sum of three quarters.

“Only 4th quarter data available.

dAnnual dose is the sum of two quarters.
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Figure V-2. High-Purity Germanium Detector Monitoring network at LAMPF, TA-53.
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the HPGe systems, a high-pressure ion chamber is present as a backup system at the center north-northeast station.
Figure V-3 presents an example of the hourly dose rate measured during a typical month of the 1994 LAMPF
facility operating cycle. Figure V-4 presents summary data on the contribution of external penetrating radiation to
the maximum individual dose and the maximum Laboratory boundary dose. The maximum Laboratory boundary
dose assumes continued occupancy at the site, whereas the maximum individual dose incorporates adjustments for
occupancy and shielding.

Low-Level Radioactive Waste Management Areas Network (WASTENEERvironmental TLDs are
placed at 86 locations at LANL to monitor external penetrating radiation at 11 low-level radioactive waste
management areas. Only one of these areas was active in 1994. The waste management areas are controlled-
access areas and are not accessible to the general public. The average annual dose at each location is calculated
from a set of TLDs located at each site. Annual doses at the waste management areas are presented in Table V-2.
The annual average doses at all waste management areas during 1994 ranged from 105 to 160 mrem. Exposure
data for Waste Area F at TA-6 are not available for 1994. Extensive and detailed geophysical sampling and
characterization of the site disrupted the monitoring program for the year. Monitoring of Waste Area F will resume
in 1995 upon completion of the site characterization study. The highest WASTENET annual average dose for 1994
was measured at TA-54, Area G, LANL's only active low-level radioactive waste area. The 25 TLDs of Area G are
located within the waste site and along the perimeter fence. The highest dose was measured close to TRU waste
storage areas. These areas were uncovered and the contents retrieved during 1994 in conjunction with a plan to
build new domes for the temporary storage of TRU waste materials. The higher exposures measured near the
mounds are attributed to contaminated dirt particles, which became airborne when the mounds were disturbed.
Since the other TLDs placed around Area G received exposures similar to those observed at the regional stations,
the exposure due to the active storage area is deemed to be highly localized within Area G.
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Figure V-3. Typical TA-53 hourly radiation exposure rate at East Gate with LAMPF in operation.
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Figure V-4. Summary of estimated maximum individual and maximum Laboratory boundary doses from external
penetrating radiation generated by Laboratory operations (excluding contributions from cosmic, terrestrial, and
medical diagnostic sources). Maximum individual dose calculated with DOE-approved modeling and
measurement methods that take building shielding and occupancy into account.

*No above background Laboratory boundary doses as measured by TLDs were recorded during 1991 or 1992.

Table V-2. Doses Measured by TLDs at On-Site Waste Disposal Areas during 1994

Annual
Number of Doses
Waste Disposal TLD (mrem)

Area Locations Mean Minimum Maximum Uncertainty?
TA-21, Area A 5 129 123 135 13
TA-21, Area B 14 135 120 145 13
TA-50, Area C 10 113 163 136 13
TA-33, Area E 4 139 149 146 13
TA-6, AreaF N/AP N/A N/A N/A 0
TA-54, Area G 25 160 36 370 13
TA-21,Area T 7 159 123 275 14
TA-21, Area U 4 131 125 141 14
TA-21, Area V 4 105 89 131 12
TA-35, Area W 3 110 105 113 13
TA-49, Area AB 10 126 80 160 13

3Uncertainty is the propagated error of the quarterly measurements.
PNot monitored in 1994 because of geophysical study.
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2. Airborne Radioactivity Monitoring.

a. Introduction. Natural atmospheric and fallout radioactivity levels fluctuate and affect measurements
made during the Laboratory’s air sampling program. Worldwide background airborne radioactivity is largely
composed of fallout from past atmospheric nuclear weapons tests by several countries, natural radioactive
constituents from the decay of thorium and uranium attached to dust particles, and materials resulting from
interactions with cosmic radiation (for example, natural tritiated water vapor produced by interactions of cosmic
radiation and stable water). Levels of background radioactivity in the atmosphere, which are useful in interpreting
air sampling data, are summarized in Table V-3. Note that the measurements taken in Santa Fe by the
Environmental Protection Agency (EPA) are similar to or lower than those taken by the Laboratory as regional
background values and are significantly lower than DOE Derived Air Concentration (DAC) guides for uncontrolled
areas.

The radiological air sampling network at the Laboratory is designed to measure environmental levels of airborne
radionuclides that may be released from Laboratory operations. Laboratory emissions include microcurie
guantities of plutonium and americium, millicurie quantities of uranium, and curie (Ci) quantities of tritium and
activation products.

Particulate matter in the atmosphere is primarily caused by the resuspension of soil, which is dependent on
current meteorological conditions. Windy, dry days can increase the soil resuspension, whereas precipitation (rain
or snow) can wash particulate matter out of the air. Consequently, there are often large daily and seasonal
fluctuations in airborne radioactivity concentrations caused by changing meteorological conditions. The measured
airborne concentrations (Table V-3) are less than 1% of the DAC guide for uncontrolled areas. The DAC guide
represents a concentration that would result in an annual dose of 100 mrem (1 mSv).

The quantities of airborne radioactivity released depend on the types of research activities and can vary
markedly from year to year (Figures V-5 to V-7). During 1994, emissions reported from Laboratory stacks
amounted to 51,300 Ci (1,900 TBq). These emissions include 50,200 Ci (1,860 TBq) of air activation products
from LAMPF. A list of 1994 emissions is provided in Tables V-4 and V-5, and a comparison of emissions during
1993 and 1994 is provided in Table V-6.

Table V-3. Average Background Concentrations of Radioactivity in the Regional Atmosphere

Radioactive Santa Fe? New MexicoP DOE DAC Guide for
Constituent Units 1988-1993 1994 Uncontrolled Area®
Gross beta 10715 pCi/mL4 120 (8.0)° 3.0 (4.2) 9,000
Tritium 10712 pCi/mL NA 13 (8.4) 100,000
Uranium (natural) 1 pg/m? 54.6 (38.9) 74.2 (127) 100,000

234y 1018 uCi/mL 20.7 (5.3) 16.8 (20.6) 90,000

235y 1018 uCi/mL 0.8 (0.7) 14 (2.4) 100,000

238y 1018 uCi/mL 18.2 (13.0) 16.7 (20.6) 100,000

238py 10718 pCi/mL 02 (0.3) 24 (6.1) 30,000
239.240py 1018 uCi/mL 0.2 (0.3) 42  (6.6) 20,000

241 Am 1018 uCi/mL NA 49 (5.1 20,000

3EPA (1989-1993), Reports 53 through 73. Data are from the EPA Santa Fe, New Mexico, sampling
location and were taken from January 1988 through March 1993. Data for 1994 were not available
at time of publication.

YData are annual averages from the regional stations (Espafiola, Pojoaque, Santa Fe) and were taken
by the Laboratory during CY94.

¢See Appendix A. These values are presented for comparison.

4] pCi/mL = 37 kBg/mL

€Uncertainties ( 2s) are in parentheses.
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Figure V-5. Tritium in airborne stack effluents.
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Figure V-6. Plutonium in airborne stack effluents.
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and“1 Ar) from LAMPF.
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Table V-4. Airborne Radioactive Emissions from Laboratory Operations in 1994 (in Ci)

Radio-

nuclide TA-3 TA-152 TA-16 TA-21 TA-33 TA-35
Tritium®  5.38 x 10! 2.46x 10! 3.32x 102 4.56 x 102

IOC

llC

13N

16N

140

150

UBE®

41Ar

MFP4 3.84x 107 5.00x 1078

B4y 40x 1073

35y 1.34x10* 1.7x10* 1.82x 10

28y 6.20x10° 3.7x103

Pu® 6.00 x 10° 2.40x 10° 3.90 x 1077
P/VAPf

Radio-

nuclide TA-41 TA-43 TA-48 TA-50 TA-53  TA-54 TA-55 Totals
Tritium®  1.72 x 10? 1.46 x 10! 226 x 10! 1.08 x 103
10c 2.12x 103 2.12x 103
lic 1.41 x 104 1.41 x 104
3N 6.93 x 103 6.93 x 103
1oN 1.80 x 103 1.80x 103
140 7.29 x 102 7.29 x 102
150 2.43 x 104 2.43 x 104
UBE 9.61 x 10° 9.61 x 10°°
Ar 2.84 x 102 2.84 x 102
MFP 3.90x 10* 6.79x 10°° 435x 103
B4y 4.00x 103
35y 4.00x 107 487 x 10
2387 3.76 x 1073
Pu 2.00x 108 3.22x10° 3.10x 107 1.00x 10°® 1.20x 107 1.25x 107
P/VAP 8.13x 102 3.14x 10! 3.96 x 10!

8For dose calculation purposes, emissions from both TA-15 and TA-36 are conservatively considered to be
released from TA-15.

1994 tritium releases reported from TA-16, TA-21, and TA-53 were 51%, 52%, and 100% tritium oxide
respectively. All remaining tritium releases were of indeterminate form.

‘UBE = Unidentified beta emitters.

4MFP = mixed fission products.

Plutonium includes 238Pu, 239Pu, 240Pu, 24! Py, and 2*! Am.

fP/VAP = particulate/vapor activation products. These include 13 radionuclides at TA-53 dominated by ®2Br, "Be,
3Mn, and 77Br; and 7 radionuclides at TA-48 dominated by 7?As, 73Se, and 7’Br. Individual radionuclide
totals for 1994 emissions are shown in Table V-5.
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Table V-5. Detailed Listing of Activation Products from Laboratory Operations in 1994 (in Ci)

Mixed Location
Activation
Products Radionuclide TA-53 TA-48
Particulate/Vapor 2As 1.11 x 102
(P/VAP) BAs 1.90 x 10~
T4As 3.75x 1073
%8Ge 1.70 x 1073
Be 2.53x 102 7.67 x 107°
TTBr 1.17 x 1072 2.37x 102
73Se 483x10% 2.21x 102
82y 2.52x 107!
0Co 6.28 x 107>
195Hg 9.69 x 104
195Hg 4.02x 107
54Mn 1.83 x 1072
18505 239x 10
Hsc 1.62x 10
483¢ 6.03 x 1073
1827 1.13x 1073
48y 1.94x 10
Gaseous Mixed HAr 2.84x 102
(GMAP) 10¢ 2.12x 103
e 1.41 x 104
8Kr 1.50 x 102
13N 6.93x 103
16N 1.80x 103
140 7.29 x 102
150 243 x 10*

Another source of airborne radioactivity at the Laboratory is diffuse emissions, or emissions that do not come
from a discrete location such as a stack or vent. In 1994, the following emissions were estimated from diffuse

sources.
Tritium (as water vapor):
Plutonium:
Uranium:
Americium-241
Mixed fission products:

Gaseous mixed activation products:
Particulate/vapor activation products:

86 Ci
0.55 uCi
43 mCi
0.12 uCi
4.4 nCi
1,000 Ci

0.04Ci

In 1994, 98% of LANL's emissions were gaseous mixed activation products that diffused from several buildings
through the Laboratory, primarily from TA-53. Reductions in diffuse emissions from TA-53 were accomplished
through the use of engineering controls, including sealing migration pathways throughout the facility. A list of
selected nuclides and their half-lives is given in Table D-11.

Radioactive air emissions at the Laboratory are monitored according to DOE/EH-0173T “Environmental
Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance” (DOE 1991a) and 40
CFR (Code of Federal Regulations) Part 61, Subpart H, “National Emission Standards for Emissions of
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Table V-6. Comparison of 1993 and 1994 Release of Radionuclides from Laboratory Operations

Airborne Emissions?

Activity Released Ratio
Radionuclide Units 1993 1994 1994:1993
Tritium Ci 2,100 1,100 0.5
Uranium uCi 2700 3800 1.4
Plutonium pCi 6 13 2.2
Gaseous mixed activation products Ci 32,100 50,200 1.6
Mixed fission products pCi 1,360 450 0.3
Particulate/vapor activation products Ci 13 0.4 0.03
Total Ci 34,200 51,300
Liquid Effluents
Activity Released Ratio
Radionuclide Units 1993 1994 1994:1993
Tritium mCi 2,660.00 2,230.00 .84
82.85.89.908¢ mCi 7.64 37.00 4.84
137Cs mCi 8.17 8.5 1.04
B4y mCi 0.12 12 1
238,239,240py mCi 1.08 3.25 3.01
24 Am mCi 11.20 3.06 273
Total mCi 2,688.21 2,281.93

#Detailed data are presented in Tables V-4 and V-5 for airborne emissions.
"Does not include dynamic testing.

Radionuclides Other than Radon from DOE Facilities” (EPA 1989b). Based on off-site environmental monitoring
results and on doses calculated from measured stack emissions, the off-site doses are less than the 10 mrem/yr
standard given in 40 CFR 61.92.

On July 17, 1990, LANL notified the DOE that the Laboratory met the 10 mrem/yr standard but did not meet
the monitoring requirements (40 CFR 61.93) with its existing sampling program. On November 27, 1991, EPA
Region 6 issued the DOE a notice of noncompliance (NON) with 40 CFR 61, Subpart H, specifically stating the
following:

1. Every release source from an operation that uses radionuclides has not been evaluated using the approved

EPA computer model to determine the dose received by the public, as required by 40 CFR 61.93(a).

2. DOE has failed to comply with 40 CFR 61.93(b)(4) because it has not determined each release point that has

the potential to deliver more than 1% of the EDE standard.

3. The facility has not installed stack monitoring equipment on all its regulated point sources in accordance

with the above analysis and 40 CFR 61.93 (b)(2)(ii) and (iii).
4. The facility has not conducted, and is not in compliance with, the appropriate quality assurance programs
pursuant to 40 CFR 61.93 (b)(2)(iv).

5. The facility is in violation of 40 CFR 61.94 “Compliance and Reporting” because it has not calculated the

highest EDE in accordance with the regulations cited above.

As a result of the NON, the DOE is negotiating a Federal Facility Compliance Agreement (FFCA) with EPA
Region 6. The FFCA will include schedules that the Laboratory will follow to come into compliance with the
Clean Air Act. A revised action plan was submitted by DOE Los Alamos Area Office (LAAO) to EPA in March
1993. Until the FFCA is completed, the Laboratory will continue to address the issues raised in the 1991 NON.
The FFCA is expected to be signed before the end of 1995.
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b. Monitoring Network. The sampling network for ambient airborne radioactivity consists of 52
continuously operating air sampling stations with 3 stations added and 2 stations discontinued in 1994. Three
regional monitoring stations, 28 to 44 km (18 to 28 mi) from the Laboratory are located in Espafiola, Pojoaque, and
Santa Fe. The data from these stations are used as reference points for determining regional background and
fallout levels of atmospheric radioactivity. There are currently 13 perimeter stations located within 4 km (2.5 mi)

of the Laboratory boundary.

Thirty-three on-site stations are within the Laboratory boundary (Figure V-8, Table D-12). Two samplers are
collocated or replicate samplers, one at Station #27 at TA-54 and one at Station #26 at TA-49, for quality assurance

purposes.

In addition to the various networks or groups mentioned, stations can also be classified as being inside

or outside a controlled area. A controlled area is where radioactive materials or elevated radiation fields may be
present and are clearly posted as such (DOE 1988). The active waste site, TA-54, Area G, is an example of a

controlled area.
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Figure V-8. Approximate locations for off-site perimeter and on-site Laboratory stations for
sampling airborne radionuclides. (Does not show Regional Stations; see Table D-12 for
specific locations.)
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History of Changes in Sampling Stationdn addition to Station #27, which is part of the routine air
sampling network, four site-specific stations were located at the active radioactive waste disposal site at TA-54,
Area G in October 1984. In August 1992, five stations for samphdn air were added to the air monitoring
network, with an additional station being added in January 1993. ¥Hesmtions are collocated with other
stations. In October 1992, five new stations were established at TA-21 to monitor potential emissions resulting
from the demolition and removal of a decommissioned nuclear facility, as part of the DOE’s Environmental
Restoration (ER) Project. In May 1993, five additional stations were established at TA-54, Area G to monitor
potential emissions from the waste remediation project known as the Transuranic Waste Inspectable Storage Project
(TWISP). Also during 1993, the Laboratory installed stations at the northern New Mexico Pueblos of Jemez, San
lldefonso, and Taos at the request of the respective tribal governments. In 1994, three stations were installed to
monitor potential emissions from the PHERMEX and R-306 firing sites. The station located on the roof of the
TA-59 Occupational Health Laboratory was discontinued in 1994, and at the request of residents of the area,
Station #14, Pajarito Acres, was discontinued in 1994. Station #1, Espafiola, was moved to an alternate location in
the City of Espafiola during 1994 because of a change in property ownership.

c. Analytical Results.

Gross Alpha and Beta RadioactivityGross alpha and beta analyses are used in evaluating general
radiological air quality and identifying potential trends in the data. Alpha or beta activity for any single radio-
nuclide cannot be present in greater quantity than the total gross concentration found on a filter. If gross activity in
a sample is consistent with past observations and background, special analyses for specific radionuclides are not
required. If the sample analytical results appear to be elevated, then analyses for specific radionuclides are
required to confirm or deny a problem such as an unplanned release. Gross beta activity in air exhibits consider-
able environmental variability, as shown in Figure V-9, which plots the results from one regional and one perimeter
station. The National Council on Radiation Protection and Measurements (NCRP) estimated average concentration
of long-lived gross alpha activity in air to be 2.0 xX3¥QCi/mL (74 uBg/m?). The primary alpha activity is due to
polonium-210 (a decay product of radon gas) and other naturally occurring radionuclides (NCRP 1987a). The
NCRP also estimated average concentration levels of long-lived gross beta activity in air to be 20,0Ci/fr)

- & Santa Fe = East Gate
S I

Gross Beta Activity (1 x I pCi/mL)

2 6 10 14 18 22 26 30 34 38 42 46 50
Week in 1994

Figure V-9. Gross beta activity in air at one regional and one perimeter location.
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(740pBg/md). This activity is primarily due to the presencé¥Pb and?19Bi (decay products of radon), and

other naturally occurring radionuclides. There were more than 1,000 air samples collected in 1994 and analyzed
for gross alpha and gross beta activity (Table V-7 and Table V-8 respectively). No unusual above-background
average annual results were observed in 1994.

Tritium. Tritium is released by the Laboratory in Ci (Gbqg) amounts. In addition, tritium is present in the
environment as the result of nuclear weapons tests and is also produced naturally by the cosmogenic process
(Kathren 1984). Sampling results are presented in Table V-9. About 5% of the off-site samples were above the
upper limit background (ULB) or the regional samplers’ mean plus two standard deviations value of 7 x 10
mCi/mL (0.36 Bg/md). The maximum off-site concentration was recorded at Station #16, the Nazarene Church.
The calculated tritium dose based on local mean air concentration at Station #16 was 0.19% of the EPAs public
dose limit (PDL) of 10 mrem (0.1 mSv) per year. Elevated concentrations were observed by Station #35, G-2, at
the TA-54, Area G waste site near shafts where tritium-contaminated waste is disposed. However, the maximum
concentration observed at Station G-2 is less than 0.001% of the DOE DAC for controlled areas. All annual mean
concentrations were well below the applicable EPA and DOE guidelines.

Plutonium. Plutonium is released by the Laboratoryi (kBg) amounts. In addition, plutonium is
present in the environment because of fallout from past nuclear weapons testing, and in some isolated cases, from
natural sources (Kathern 1984). Sampling result3*fu are presented in Table V-10. Although 1% of the off-
site sample results above the ULB value of 8.5 *8@Ci/mL (0.31pBg/m3) were recorded in 1994, none of the
annual means for on-site or off-site exceeded the UBL. Sampling resfit8-f8fPu are presented in Table V-11.
About 3% of the off-site sample results were above the ULB value of 10.63u0/mL (0.392uBg/m?). The
maximum on-site value 88924y was recorded during the second quarter at Station #36, G-3, TA-54, Area G,
and is less than 0.02% of the DOE DAC for controlled areas. All annual mean concentrations were well below the
applicable EPA and DOE guidelines.

Americium. Since americium often occurs along with plutonium, a subset of plutonium samples is also
submitted for this analysis; results are presented in Table V-12. Seven percent of the off-site sampling results were
above the ULB value of 10.0 x #8uCi/mL (0.37uBg/m?). The highest off-site concentrations occurred at
Station #10, East Gate, and Station #16, Nazarene Churctt*¥ne doses at Stations #10 and #16 were 0.37%
and 0.32%, respectively, of the EPAs PDL of 10 mrem (0.1 mSv)/year. All other annual mean concentrations were
also well below the applicable EPA and DOE guidelines.

Uranium. Uranium is released from the Laboratory in m@Bq) amounts and is naturally occurring in
rocks and soil; please refer to a general discussion regarding uranium in the environment in a previous annual
report (EARE 1995b). Tables V-13 to V-15 present radioisotopic resul8%sr23%U, and238J respectively.

About 6% of the off-site samples f6t*U were greater than the ULB value of 37.5 xX1#QCi/mL (1.39uBg/m°).

The maximum off-site value was recorded at Station #15; White Rock Fire StatioR3“Ttdose at Station #15
was 0.16% of the EPA's Public Dose Limit (PDL). About 4% of the off-site samplé$¥dexceeded the ULB
value of 3.8 x 188 uCi/mL (0.14uBg/nP). The maximum off-site value was also recorded at Station #15; the
corresponding3®U dose was 0.065% of the EPA’'s PDL. The elevated reading for Station #42, Taos Pueblo, is
unexplained at this time. Seven percent of the off-site sampling resud&owere above the ULB value of

39.2 x 1018 pCi/mL (1.45uBg/m3). The highest off-site values were observed in the White Rock townsite.
Stations #13, #15, and #16 38U doses rates that are respectively 0.021%, 0.020%, and 0.019% of the EPA’s
PDL. All annual mean concentrations were well below the applicable EPA and DOE guidelines. Total uranium
concentrations, in terms of mass, can be calculated using the conversion factors provided in Table V-16 for
comparison with uranium data from previous environmental surveillance reports.

In addition to releases of enriched uranium from some Laboratory facilities, depleted uranium (consisting of
primarily 238U is dispersed by experiments that use conventional high explosives. About 111 kg (246 Ib) of
depleted uranium containing about 0.08 Ci (3 Gbq) of radioactivity was used in such experiments in 1994
(Table V-17). Most of the debris from these experiments was deposited on the ground in the vicinity of the firing
sites. Limited experimental data show that no more than about 10% of the uranium becomes airborne in a high-
explosive test (Dahl 1977). Dispersion calculations indicate that resulting maximum airborne concentrations
would be greater than concentrations attributable to the natural abundance of uranium that is resuspended in dust
particles; however, the predicted values were not detected at on-site stations or off-site stations. The actual amount
released is likely to be smaller than the values given in Table V-17. Additional air sampling conducted near the
active firing sites supports this conclusion.
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Table V-7. Airborne Long-Lived Gross Alpha Concentrations for 1994

V. Environmental Radiological Program Information

1 fCi/m3 =1 x 1015 uCi/mL = 3.7 x 10-5 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum  Mean
Location (m3) Samples <MDL (fCi/m3) (fCi/m3)  (fCi/m3) 2s
Regional Stations
1 Espafiola 33,800 15 0 4.8 2.2 34 1.7
2 Pojoaque 57,100 42 1 4.4 0.2 2.7 1.9
3 Santa Fe 57,700 23 2 4.9 0.0 2.4 2.6
Group Summary 62 3 4.9 0.0 2.8 2.3
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 24 0 5.6 0.8 2.8 2.1
42 Taos Pueblo 6,900 3 1 6.1 -0.0 2.9 6.2
48 Jemez Pueblo 29,900 7 0 2.2 0.6 1.7 1.4
Group Summary 34 1 6.1 -0.0 2.6 2.6
Perimeter Stations
4 Barranca School 59,700 25 0 4.8 0.8 3.0 2.2
5 Urban Park 53,800 22 1 4.6 0.2 2.4 1.8
6 48th Street 58,600 25 0 5.2 0.4 3.0 2.5
7 Los Alamos Shell 54,100 23 0 5.1 0.9 3.1 2.4
8 McDonald’s 60,300 25 0 5.5 1.8 34 2.0
9 Los Alamos Airport 61,500 25 0 5.5 0.6 32 23
10 East Gate 59,500 25 1 4.7 0.0 3.0 2.0
11 Well PM-1 58,700 25 0 5.6 1.4 3.6 2.0
12 Royal Crest 57,800 25 0 5.6 1.6 3.4 2.2
13 Pifon School 56,900 23 0 5.0 1.1 3.1 2.2
15 White Rock Fire Station 60,200 25 0 53 1.8 33 1.8
16 Nazarene Church 56,700 25 0 7.5 0.7 32 2.9
17 Bandelier 49,200 23 0 5.7 1.6 3.5 1.9
Group Summary 316 2 7.5 0.0 32 2.2
On-Site Stations
19 TA-21, DP Site 54,100 24 0 7.0 1.4 33 2.6
20 TA-21,Area B 56,000 22 0 5.1 0.4 3.2 2.5
21 TA-6 61,000 25 1 4.2 0.0 2.3 2.3
22 TA-53, LAMPF 55,300 24 0 7.2 1.2 3.6 2.6
23 TA-52, Beta 60,600 25 0 4.7 1.3 3.2 1.8
25 TA-16-450 56,900 24 2 8.8 -0.0 2.9 3.7
26 TA-49 56,900 25 2 8.8 -0.0 2.9 3.7
27 TA-54, Area G 59,000 19 2 5.2 0.1 2.8 2.6
28 TA-33 HP Site 48,900 18 2 8.3 0.0 2.3 3.7
29 TA-2, Omega 42,000 22 0 6.7 0.6 33 3.0
30 Booster P-2 55,000 25 0 5.9 1.6 3.1 2.3
31 TA-3 62,200 16 0 8.4 1.9 34 2.6
32  County Landfill 36,700 25 0 5.2 2.2 3.5 1.8
33 Area AB 60,100 13 0 3.7 0.6 2.0 1.7
Group Summary 307 9 8.8 -0.0 3.0 2.6
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Table V-7. Airborne Long-Lived Gross Alpha Concentrations for 1994 (Cont.)

1 fCi/m3 =1 x 10-'5 uCi/mL = 3.7 x 105 Bq/m?

Total Air No. of
Volume  No. of Samples Maximum Minimum  Mean

Location (m3) Samples <MDL (fCi/m?3) (fCi/m3)  (fCi/m?) 2s
Area G Fenceline

34 Area G-1 58,900 23 2 53 0.0 2.7 2.9

35 Area G-2 58,700 24 2 4.6 0.1 2.7 2.2

36 Area G-3 51,800 21 4 4.5 0.0 2.2 2.9

37 Area G-4 56,100 21 3 9.5 -0.0 2.7 4.1
Group Summary 89 11 9.5 -0.0 2.6 3.1
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 23,400 10 0 10.7 0.5 33 59

44  Area G (S Perimeter) 60,000 25 1 9.5 0.4 2.9 3.7

45 Area G (SE Perimeter) 59,700 25 1 9.5 0.2 3.0 3.8

46 Area G (E Perimeter) 60,000 25 0 9.5 0.6 33 33

47 Area G (N Perimeter) 59,600 25 1 10.5 0.3 34 4.5
Group Summary 110 3 10.7 0.2 1.6 4.0
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 25 0 5.5 0.8 34 2.3

72 TA-21.02 58,500 25 0 6.1 1.5 3.9 2.0

73 TA-21.03 58,400 25 0 8.8 1.4 3.8 3.0

74 TA-21.04 58,600 25 1 8.4 0.0 33 35

75 TA-21.05 56,500 24 1 52 0.0 3.0 2.5
Group Summary 124 2 8.8 0.0 2.3 2.7
TA-15 Firing Sites

76 TA-15-NNW 51,500 19 0 8.5 1.6 4.0 2.4

77 TA-15-NNE 43,100 16 2 8.4 -0.0 3.1 3.9

78 TA-15-N 40,700 15 2 10.4 -0.0 4.2 6.3
Group Summary 50 4 10.4 -0.0 3.8 5.0
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 20,000
Uncontrolled Area DOE Derived Air Concentration guide 2,000
LANL Minimum Detection Limit 0.4

The concentration guide for Plutonium-239 is used for gross alpha*.

Concentration guides are for above-background values.

126

Environmental Surveillance at Los Alamos during 1994



V. Environmental Radiological Program Information

Table V-8. Airborne Long-Lived Gross Beta Concentrations for 1994

1 fCi/m® = 1 x 10" pCi/mL = 3.7 x 10" Bg/m®

Total Air No. of
Volume No. of Samples Maximum Minimum  Mean
Location (m3) Samples <MDL (fCi/m3) (fCi/m3)  (fCi/m3) 2s
Regional Stations
1 Espafiola 33,800 15 0 18.8 8.7 12.2 4.6
2 Pojoaque 57,100 24 1 18.2 1.2 11.9 7.7
3 Santa Fe 57,700 23 2 19.9 0.1 10.9 9.1
Group Summary 62 3 19.9 0.1 11.6 7.6
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 24 0 35.5 2.7 14.0 12.5
42 Taos Pueblo 6,900 3 1 14.0 0.2 9.0 15.3
48 Jemez Pueblo 29,900 7 0 25.4 3.2 13.6 15.7
Group Summary 34 1 35.5 0.2 13.4 13.3
Perimeter Stations
4 Barranca School 59,700 25 0 19.0 3.5 12.3 7.3
5 Urban Park 53,800 22 0 16.8 1.6 10.0 7.3
6 48th Street 58,600 25 0 22.7 2.7 11.8 8.2
7 Los Alamos Shell 54,100 23 0 20.9 4.7 11.9 6.1
8 McDonald’s 60,300 25 0 20.9 9.3 13.6 6.1
9 Los Alamos Airport 61,500 25 0 20.5 2.2 12.8 8.0
10 East Gate 59,500 25 1 223 0.0 13.0 8.9
11 Well PM-1 58,700 25 0 20.0 6.6 13.9 6.1
12 Royal Crest 57,800 25 0 21.5 5.8 13.6 6.3
13 Pifion School 56,900 23 0 16.5 3.6 11.7 6.0
15 White Rock Fire Sta. 60,200 25 0 18.8 9.4 12.9 5.1
16 Nazarene Church 56,700 25 0 19.6 4.2 12.5 7.4
17 Bandelier 49,200 23 0 20.8 8.8 13.8 54
Group Summary 316 1 22.7 0.0 12.6 6.9
On-Site Stations
19 TA-21, DP Site 52,300 24 0 28.9 7.4 12.6 8.7
20 TA-21,Area B 51,400 22 0 21.1 1.1 12.7 9.1
21 TA-6 61,000 25 1 16.2 0.0 10.1 8.0
22 TA-53, LAMPF 55,300 24 0 31.7 4.5 14.3 9.8
23 TA-52, Beta 60,600 25 0 18.5 8.4 12.5 5.0
25 TA-16-450 56,900 24 2 34.6 0.0 11.6 13.2
26 TA-49 59,000 25 2 20.1 -0.1 11.4 9.6
27 TA-54,Area G 48,900 19 1 253 1.2 12.4 10.8
28 TA-33, HP Site 42,000 18 0 19.5 2.0 12.9 7.5
29 TA-2, Omega 55,000 22 0 22.5 8.5 12.7 6.5
30 Booster P-2 62,200 25 1 30.6 6.2 13.6 9.1
31 TA-3 36,700 16 0 15.5 9.2 11.9 3.4
32  County Landfill 60,100 25 0 16.1 4.4 10.7 53
33 Area AB 49,000 13 0 34.6 7.4 15.2 14.1
Group Summary 307 7 34.6 -0.1 12.4 9.1
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Table V-8. Airborne Long-Lived Gross Beta Concentrations for 1994 (Cont.)

1 fCi/m® =1 x 1015 uCi/mL = 3.7 x 10~ Bq/m®

Total Air No. of
Volume No. of Samples Maximum Minimum  Mean

Location (m?  Samples <MDL (fCi/m3) (fCi/m®  (fCi/m3) 2s
Area G Fenceline

34 Area G-1 56,300 23 2 21.2 0.0 11.6 11.6

35 Area G-2 56,100 24 1 18.1 0.6 11.6 7.0

36 AreaG-3 49,200 21 2 18.4 0.4 10.5 9.5

37 Area G-4 51,300 21 2 22.5 0.0 11.5 10.6
Group Summary 89 7 22.5 0.0 11.3 9.7
Area G TRU Waste Inspectable Storage Program

43  Area G (S of Dome) 23,400 10 0 37.0 2.0 12.6 19.5

44  Area G (S Perimeter) 60,000 25 1 19.6 0.9 11.0 8.0

45 Area G (SE Perimeter) 59,700 25 1 19.6 1.0 12.2 9.0

46 Area G (E Perimeter) 60,000 25 2 18.2 -0.1 12.3 8.8

47 Area G (N Perimeter) 59,600 25 1 349 0.8 13.3 11.3
Group Summary 110 5 37.0 -0.1 12.2 10.5
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 25 0 19.2 3.9 12.4 6.8

72 TA-21.02 58,500 25 0 19.0 9.9 13.7 4.8

73 TA-21.03 58,400 25 0 28.0 7.6 14.1 8.4

74 TA-21.04 58,600 25 2 31.7 -0.3 12.5 11.2

75 TA-21.05 56,500 24 1 16.3 -0.2 11.9 7.6
Group Summary 124 3 31.7 -0.3 12.9 8.0
TA-15 Firing Sites

76 TA-15-NNW 51,500 19 0 36.0 11.0 16.2 13.5

77 TA-15-NNE 43,100 16 1 27.4 -0.2 14.1 11.9

78 TA-15-N 40,700 15 1 37.4 0.0 19.1 19.4
Group Summary 50 2 37.4 -0.2 16.4 15.3
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 2,000,000
Uncontrolled Area DOE Derived Air Concentration guide 9,000
LANL Minimum Detection Limit 0.4

The concentration guide for Plutonium-239 is used for gross alpha*.
Concentration guides are for above-background values.
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Table V-9. Airborne Tritium as Tritiated Water Concentrations for 1994

V. Environmental Radiological Program Information

1 pCi/m? =1 x 10'2 uCi/mL = 3.7 x 102 Bq/m?

Total Air No. of
Volume  No. of Samples Maximum Minimum Mean
Location (m3) Samples <MDL (PCi/m?) (pCi/m3) (PCi/m3)  2s
Regional Stations
1 Espafiola 60 15 14 19.3 -0.5 1.7 9.8
2 Pojoaque 105 24 21 20.1 -1.0 1.3 8.5
3 Santa Fe 97 22 21 18.4 -0.5 1 7.8
Group Summary 61 56 20.1 -1.0 1.3 8.5
Pueblo Stations
41 Pueblo of San Ildefonso 92 24 22 23.8 -0.9 1.5 9.6
42 Taos Pueblo 24 1 1 0.1 0.1 0.1 0.1
48 Jemez Pueblo 57 7 5 2.6 -0.4 0.6 2.5
Group Summary 32 28 23.8 -0.9 1.3 8.4
Perimeter Stations
4 Barranca School 105 25 22 333 -0.6 1.9 13.2
5 Urban Park 91 21 18 6.3 -0.9 0.9 3.0
6 48th Street 99 24 19 35.8 -0.2 2.3 14.4
7 Los Alamos Shell 96 23 21 20.0 -0.3 1.5 8.1
8 McDonald’s 102 24 15 323 0.0 3.2 13.1
9 Los Alamos Airport 101 23 19 16.8 -0.4 2.2 9.0
10 East Gate 105 25 19 15.0 0.0 2.1 6.8
11 Well PM-1 100 24 20 355 -2.5 24 14.3
12 Royal Crest 94 23 19 11.2 -0.1 1.5 5.1
13 Pifion School 89 20 15 25.3 -0.4 2.6 11.6
15 White Rock Fire Station 103 24 22 15.7 -0.2 1.4 6.2
16 Nazarene Church 94 23 16 36.2 -0.4 3.0 14.8
17 Bandelier 84 23 22 16.2 -0.9 1.4 6.6
Group Summary 302 247 36.2 -2.5 2.0 10.4
On-Site Stations
19 TA-21, DP Site 95 25 7 42.1 -0.2 6.0 20.1
20 TA-21,Area B 99 24 16 14.5 -0.5 2.0 5.9
21 TA-6 108 25 23 25.7 -0.5 1.5 10.2
22 TA-53, LAMPF 93 23 17 15.5 -0.2 1.9 6.5
23 TA-52, Beta 103 24 19 6.9 0.2 1.5 2.9
25 TA-16-450 96 23 11 120.0 0.1 9.1 50.5
26 TA-49 104 25 20 19.4 -0.6 1.8 8.3
27 TA-54,Area G 95 22 7 26.4 0.3 9.7 17.2
28 TA-33, HP Site 85 20 14 7.0 0.2 1.8 3.5
29 TA-2, Omega 76 17 6 25.4 0.0 4.2 11.8
30 Booster P-2 96 22 20 41.6 -0.2 2.7 17.5
31 TA-3 61 15 11 9.1 -0.1 2.0 4.8
32 TA-48 102 24 20 11.6 -0.5 1.4 4.7
33 Area AB 90 14 13 6.7 0.0 1.1 3.3
Group Summary 303 204 120.0 -0.6 3.4 18.0
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Table V-9. Airborne Tritium as Tritiated Water Concentrations for 1994 (Cont.)

1 pCi/m® =1 x 102 uCi/mL = 3.7 x 10 Bq/m?

Total Air No. of
Volume  No. of Samples Maximum Minimum  Mean

Location (m3) Samples <MDL (pCi/m?3) (pCi/m3) (pCi/m3) 2s
Area G Fenceline

34 Area G-1 108 25 6 73.7 0.6 13.9 354

35 Area G-2 103 24 2 1140.0 0.6 250.0 650.0

36 Area G-3 100 24 16 420.0 -1.4 19.5 170.0

37 Area G-4 99 23 10 46.9 0.1 5.1 19.3
Group Summary 96 34 1140.0 -1.4 72.0 390.0
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 41 10 6 6.4 0.5 2.3 3.6

44  Area G (S Perimeter) 100 24 10 25.7 0.0 59 13.4

45 Area G (SE Perimeter) 101 24 9 28.4 0.0 4.4 12.1

46 Area G (E Perimeter) 106 25 7 31.0 0.4 8.2 15.5

47 Area G (N Perimeter) 105 25 4 45.6 0.7 11.7 233
Group Summary 108 36 45.6 0.0 7.1 16.9
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 99 24 18 21.6 0.0 2.9 10.4

72 TA-21.02 103 25 17 15.4 0.2 2.7 7.1

73 TA-21.03 103 25 14 13.5 -1.7 3.1 6.5

74 TA-21.04 100 24 14 10.2 0.3 2.8 5.8

75 TA-21.05 104 25 16 313 -0.1 43 13.6
Group Summary 123 79 313 -1.7 3.1 9.1
TA-15 Firing Sites

76 TA-15-NNW 87 17 12 13.9 -0.2 23 7.6

77 TA-15-NNE 80 15 12 8.0 0.0 1.3 4.0

78 TA-15-N 68 14 12 8.6 0.2 1.6 5.5
Group Summary 46 36 13.9 -0.2 1.8 5.9

Concentration Guidelines

Controlled Area DOE Derived Air Concentration guide 20,000,000
Uncontrolled Area DOE Derived Air Concentration guide 100,000
EPA 40 CFR 61 Concentration guide 1,500
LANL Minimum Detection Limit 2
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Table V-10. Airborne Plutonium-238 Concentrations for 1994

1 aCi/m3 =1 x 1013 uCi/mL = 3.7 x 108 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum Mean
Location (m?  Samples <MDL (aCi/m3) (aCi/m3)  (aCi/m3) 2s
Regional Stations
1 Espafiola 33,800 3 2 6.1 2.3 1.7 8.4
2 Pojoaque 59,200 4 3 33 1.0 1.9 2.0
3 Santa Fe 57,700 4 2 8.8 0.3 34 8.0
Group Summary 11 7 8.8 -23 2.4 6.1
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 4 4 2.2 0.1 1.2 1.8
42  Taos Pueblo 20,600 2 2 2.6 -0.1 1.2 3.9
48 Jemez Pueblo 32,500 3 3 0.9 -1.2 -0.1 2.1
Group Summary 9 9 2.6 -1.2 0.8 2.4
Perimeter Stations
4 Barranca School 59,700 4 3 32 -1.0 1.4 3.7
5 Urban Park 53,800 4 3 3.1 -0.4 0.9 3.0
6 48th Street 58,600 4 4 0.9 -0.8 -0.0 1.6
7 Los Alamos Shell 54,100 3 2 3.5 -1.9 0.5 5.5
8 McDonald’s 60,300 4 4 2.5 -4.5 -1.2 5.7
9 Los Alamos Airport 61,500 4 3 4.6 1.4 2.3 3.1
10 East Gate 59,500 4 2 5.9 0.1 2.5 5.1
11 Well PM-1 58,700 4 4 1.8 -0.5 0.8 1.9
12 Royal Crest 57,800 4 4 -0.1 2.4 -1.0 2.3
13 Pinon School 56,900 4 4 0.0 -1.8 -0.7 1.5
15 White Rock Fire Station 60,200 4 4 1.9 -0.6 0.4 2.2
16 Nazarene Church 56,700 4 4 2.4 -1.1 0.3 3.0
Group Summary 51 44 5.9 -4.5 0.6 4.0
On-Site Stations
19 TA-21, DP Site 54,100 4 3 3.1 -0.4 1.6 3.5
20 TA-21,AreaB 56,000 4 3 4.7 -1.0 1.5 4.8
21 TA-6 61,000 4 4 -0.1 -0.8 -0.4 0.6
22  TA-53, LAMPF 55,300 4 3 4.0 -0.9 1.0 43
23 TA-52, Beta 60,600 4 4 1.1 -0.4 0.4 1.6
25 TA-16-450 56,900 4 4 1.0 -3.6 -0.9 4.0
26 TA-49 59,000 4 3 3.1 0.1 1.6 2.6
27 TA-54, Area G 53,900 4 3 4.1 0.4 2.5 3.1
28 TA-33, HP Site 48,000 4 3 3.1 2.1 0.2 4.4
29 TA-2, Omega 56,800 4 4 1.3 -0.9 0.2 1.8
30 Booster P-2 62,200 4 4 2.0 -1.2 0.4 34
31 TA-3 36,700 3 3 1.4 -0.6 0.3 2.0
32  County Landfill 60,100 4 3 3.7 0.1 1.6 3.0
33 ArcaAB 51,100 4 4 1.8 -1.1 0.0 2.5
Group Summary 55 48 4.7 -3.6 0.7 33
Environmental Surveillance at Los Alamos during 1994 131



V. Environmental Radiological Program Information

Table V-10. Airborne Plutonium-238 Concentrations for 1994 (Cont.)

1aCi/m®=1x 1018 uCi/mL = 3.7 x 10" Bq/m®

Total Air No. of
Volume  No. of Samples Maximum Minimum Mean

Location (m®)  Samples <MDL (aCi/m?) (aCi/m®)  (aCi/m®) 2s
Area G Fenceline
34Area G-1 61,300 4 3 8.7 0.0 3.1 7.7

35 Area G-2 58,700 4 4 2.9 -1.2 0.5 3.5

36 Area G-3 56,400 4 2 9.2 0.3 4.4 8.6

37 Area G-4 44,400 3 3 1.5 0.2 0.9 1.3
Group Summary 15 12 9.2 -1.2 2.3 6.5
Area G TRU Waste Inspectable Storage Program

43  Area G (S of Dome) 23,400 2 1 3.9 -0.3 1.8 6.0

44 Area G (S Perimeter) 60,000 4 3 3.1 0.2 1.2 2.7

45 Area G (SE Perimeter) 59,700 4 4 0.8 -1.2 -0.2 1.8

46 Area G (E Perimeter) 60,000 4 1 6.0 34 4.8 23

47 Area G (N Perimeter) 59,600 4 3 7.5 0.6 2.7 6.4
Group Summary 18 12 7.5 -1.2 2.1 5.0
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 4 4 1.5 -0.2 0.5 1.5

72 TA-21.02 58,500 4 4 0.4 -2.6 -0.8 2.5

73 TA-21.03 58,400 4 1 8.2 1.1 4.4 6.0

74 TA-21.04 58,600 4 3 5.5 0.1 1.9 5.0

75 TA-21.05 58,700 4 4 3.0 -2.2 0.7 4.6
Group Summary 20 16 8.2 -2.6 1.3 5.2
TA-15 Firing Sites

76 TA-15-NNW 51,500 4 3 4.2 -0.7 1.0 4.4

77 TA-15-NNE 43,100 4 2 8.4 -0.4 3.9 8.5

78 TA-15-N 40,700 4 3 4.1 -7.8 -0.3 10.4
Group Summary 12 8 8.4 -7.8 1.5 8.2
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 3,000,000
Uncontrolled Area DOE Derived Air Concentration guide 30,000
EPA 40 CFR 61 Concentration guide 2,100
LANL Minimum Detection Limit 4
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Table V-11. Airborne Plutonium-239,240 Concentrations for 1994

V. Environmental Radiological Program Information

1 aCi/m3 =1 x 10718 pCi/mL= 3.7 x 10-8 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum Mean
Location (m?  Samples <MDL (aCi/m3) (aCi/m3)  (aCi/m3) 2s
Regional Stations
1 Espafiola 33,800 3 1 10.9 0.7 5.2 10.4
2 Pojoaque 59,200 4 2 5.4 1.5 3.1 3.6
3 Santa Fe 57,700 4 3 9.3 2.1 43 6.8
Group Summary 11 6 10.9 0.7 4.1 6.5
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 4 2 5.2 -0.1 2.1 5.1
42 Taos Pueblo 20,600 2 1 5.0 0.0 2.5 7.0
48 Jemez Pueblo 32,500 3 2 3.7 2.4 0.6 6.1
Group Summary 9 5 5.2 -2.4 1.7 53
Perimeter Stations
4 Barranca School 59,700 4 4 2.6 1.8 2.3 0.8
5 Urban Park 53,800 4 4 1.5 -0.7 0.7 2.0
6 48th Street 58,600 4 3 3.2 0.9 2.0 2.3
7 Los Alamos Shell 54,100 3 3 2.6 0.4 1.9 2.5
8 McDonald’s 60,300 4 3 10.2 0.5 33 9.3
9 Los Alamos Airport 61,500 4 2 4.6 0.1 2.5 4.4
10 East Gate 59,500 4 3 4.1 -0.3 1.4 3.9
11 Well PM-1 58,700 4 4 1.7 -0.3 0.9 1.9
12 Royal Crest 57,800 4 4 2.7 -0.7 0.9 3.0
13 Pifon School 56,900 4 4 1.9 -0.7 0.6 2.9
15 White Rock Fire Station 60,200 4 3 7.1 -0.9 2.1 7.0
16 Nazarene Church 56,700 4 3 43 -0.3 1.1 4.3
17 Bandelier 50,100 4 3 4.1 -1.9 1.0 5.0
Group Summary 51 43 10.2 -1.9 1.6 4.0
On-Site Stations
19 TA-21, DP Site 54,100 4 2 4.5 0.0 2.6 3.9
20 TA-21,AreaB 56,000 4 1 8.5 0.3 3.8 6.9
21 TA-6 61,000 4 4 2.5 -2.4 0.8 4.5
22 TA-53, LAMPF 55,300 4 3 32 -0.4 1.5 34
23 TA-52, Beta 60,600 4 4 2.8 -0.6 0.8 3.0
25 TA-16-450 56,900 4 4 1.0 -1.9 0.0 2.6
26 TA-49 59,000 4 2 5.1 0.5 2.7 4.0
27 TA-54, Area G 53,900 4 1 8.5 -0.7 5.7 8.5
28 TA-33, HP Site 48,000 4 3 4.1 -3.7 0.3 6.4
29 TA-2, Omega 56,800 4 2 5.9 0.5 2.9 4.5
30 Booster P-2 62,200 4 2 6.8 1.2 3.8 4.9
31 TA-3 36,700 3 2 5.9 0.9 2.9 54
32  County Landfill 60,100 4 3 7.7 1.4 34 5.8
33 Area AB 51,100 4 3 4.1 -0.4 0.9 43
Group Summary 55 36 8.5 -3.7 2.3 5.5
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V. Environmental Radiological Program Information

Table V-11. Airborne Plutonium-239,240 Concentrations for 1994 (Cont.)

1 aCi/m3 =1 x 1018 uCi/mL= 3.7 x 108 Bq/m?

Total Air No. of
Volume No. of Samples Maximum Minimum Mean

Location (m®)  Samples <MDL (aCi/m3) (aCim3)  (aCi/m3) 2s
Area G Fenceline

34  Area G-1 61,300 4 1 6.6 1.1 3.7 4.5

35 AreaG-2 58,700 4 2 7.8 1.3 3.8 5.7

36 Area G-3 56,400 4 2 332 1.1 10.1 30.9

37 Area G-4 44,400 3 3 2.5 0.5 1.8 2.2
Group Summary 15 8 332 0.5 5.0 16.1
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 23,400 2 1 6.5 0.9 3.7 8.0

44  Area G (S Perimeter) 60,000 4 1 5.4 0.6 3.6 4.5

45 Area G (SE Perimeter) 59,700 4 2 5.1 1.0 3.0 4.4

46 Area G (E Perimeter) 60,000 4 2 12.1 0.2 4.6 10.6

47 Area G (N Perimeter) 59,600 4 2 6.3 1.9 34 4.1
Group Summary 18 8 12.1 0.2 3.6 59
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 4 1 9.0 0.6 4.4 7.0

72 TA-21.02 58,500 4 1 8.1 0.1 5.2 7.2

73 TA-21.03 58,400 4 2 10.0 2.6 53 6.8

74 TA-21.04 58,600 4 1 17.1 3.0 9.3 12.0

75 TA-21.05 58,700 4 1 15.0 2.5 6.8 11.2
Group Summary 20 6 17.1 0.1 6.2 8.9
TA-15 Firing Sites

76 TA-15-NNW 51,500 4 4 0.7 -2.2 -0.6 2.5

77 TA-15-NNE 45,200 4 2 28.1 -0.3 7.8 27.2

78 TA-15-N 40,700 4 3 3.9 -4.1 0.7 6.8
Group Summary 12 9 28.1 -4.1 2.6 16.6
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 2,000,000
Uncontrolled Area DOE Derived Air Concentration guide 20,000
EPA 40 CFR 61 Concentration guide 2,000
LANL Minimum Detection Limit 3
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V. Environmental Radiological Program Information

Table V-12. Airborne Americium-241 Concentrations for 1994

1 aCi/m3=1x 1018 uCi/mL = 3.7 x 108 Bq/m3

Total Air No. of
Volume  No. of Samples Maximum Minimum Mean
Location (m®)  Samples <MDL (aCi/m?) (aCi/m3)  (aCi/m3) 2s
Regional Stations
3 Santa Fe 57,700 4 1 6.6 1.1 4.9 5.1
Perimeter Stations
9 Los Alamos Airport 61,500 4 0 9.9 34 5.8 5.7
10 East Gate 59,500 4 1 13.5 1.8 7.1 10.3
12 Royal Crest 57,800 4 0 7.8 2.6 4.5 4.6
13 Pifion School 56,900 4 0 7.1 2.7 4.0 4.2
15 White Rock Fire Station 60,200 4 0 7.0 2.1 5.2 4.5
16 Nazarene Church 56,700 4 1 13.5 1.9 6.1 10.5
Group Summary 24 2 13.5 1.8 5.4 6.7
On-Site Stations
19 TA-21, DP Site 54,100 4 0 12.1 2.3 7.3 9.9
20 TA-21,Area B 56,000 4 1 10.1 1.6 6.1 7.5
21 TA-6 61,000 4 1 6.6 1.6 4.1 4.6
22 TA-53, LAMPF 55,300 4 2 7.2 1.8 3.9 52
26 TA-49 59,000 4 2 12.3 0.7 4.6 10.7
27 TA-54,Area G 53,900 4 0 14.0 5.1 11.4 8.4
30 Booster P-2 62,200 4 1 4.1 1.9 3.0 1.9
31 TA-3 36,700 3 0 9.8 3.3 5.8 7.0
Group Summary 23 6 14.0 0.7 5.5 8.4
Area G Fenceline
34 Area G-1 61,300 4 0 8.6 2.9 52 5.1
35 Area G-2 58,700 4 1 9.7 1.3 6.6 7.3
36 Area G-3 56,400 4 0 9.4 4.0 6.0 4.8
37 Area G4 44,400 3 0 8.1 4.1 5.5 4.5
Group Summary 15 1 9.7 1.3 5.8 5.1
Area G TRU Waste Inspectable Storage Program
43  Area G (S of Dome) 23,400 2 0 7.9 32 5.5 6.7
44  Area G (S Perimeter) 60,000 4 0 8.7 2.9 53 5.0
45 Area G (SE Perimeter) 59,700 4 0 10.9 2.2 6.2 7.2
46 Area G (E Perimeter) 60,000 4 1 7.4 1.5 5.6 5.5
47 Area G (N Perimeter) 59,600 4 1 10.2 0.3 5.4 8.3
Group Summary 18 2 10.9 0.3 5.6 5.8
TA-21 Decontamination and Decommissioning Project
71 TA-21.01 58,400 3 0 7.5 5.0 6.7 2.9
72 TA-21.02 58,500 3 0 34 2.8 32 0.5
73 TA-21.03 58,400 3 0 13.9 32 8.0 10.8
74 TA-21.04 58,600 3 0 8.1 3.0 5.8 52
75 TA-21.05 58,700 3 0 52 3.4 4.6 2.0
Group Summary 15 0 13.9 2.8 5.6 5.8
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 2,000,000
Uncontrolled Area DOE Derived Air Concentration guide 20,000
EPA 40 CFR 61 Concentration guide 1,900
LANL Minimum Detection Limit 4
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V. Environmental Radiological Program Information

Table V-13. Airborne Uranium-234 Concentrations for 1994

1 aCi/m3 =1 x 1013 uCi/mL = 3.7 x 108 Bq/m?

Total Air No. of
Volume No. of Samples Maximum Minimum Mean
Location (m?  Samples <MDL (aCi/m3) (aCim3)  (aCi/m3) 2s
Regional Stations
1 Espafiola 33,800 3 0 9.9 5.9 8.4 4.4
2 Pojoaque 59,400 4 0 33.8 5.7 21.4 28.1
3 Santa Fe 57,700 4 0 26.9 8.7 18.2 15.3
Group Summary 11 0 33.8 5.7 16.7 20.8
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 4 0 48.2 16.5 26.4 29.7
42 Taos Pueblo 20,600 2 1 39.4 0.6 20.0 54.9
48 Jemez Pueblo 32,500 3 0 25.4 14.4 20.9 11.6
Group Summary 9 1 48.2 0.6 232 27.9
Perimeter Stations
4 Barranca School 59,700 4 1 14.5 2.7 6.3 11.0
5 Urban Park 53,800 4 1 13.6 -0.2 6.1 12.0
6 48th Street 58,600 4 1 10.3 2.0 5.8 7.4
7 Los Alamos Shell 54,100 3 0 14.7 7.5 12.0 7.9
8 McDonald’s 60,300 4 2 7.4 1.2 4.3 6.2
9 Los Alamos Airport 61,500 4 0 30.4 3.1 11.5 25.7
10 East Gate 59,500 4 0 23.1 5.7 12.1 15.2
11 Well PM-1 58,700 4 0 8.8 3.1 5.2 5.0
12 Royal Crest 57,800 4 1 6.5 3.1 4.6 3.1
13 Pifon School 56,900 4 0 21.5 4.2 9.3 16.4
15 White Rock Fire Station 60,200 4 0 97.8 4.2 28.8 92.1
16 Nazarene Church 56,700 4 1 18.6 0.9 7.1 15.8
17 Bandelier 50,100 4 2 44.1 1.7 14.2 40.2
Group Summary 51 9 97.8 -0.2 9.7 29.7
On-Site Stations
19 TA-21, DP Site 54,100 4 1 13.6 3.2 6.2 9.9
20 TA-21,Area B 56,000 4 2 5.8 1.3 3.6 4.1
21 TA-6 61,000 4 0 347 33 12.4 29.8
22 TA-53, LAMPF 55,300 4 0 9.4 4.4 7.1 5.0
23 TA-52, Beta 60,600 4 2 12.8 1.3 5.7 11.1
25 TA-16-450 56,900 4 1 19.9 2.7 10.3 14.2
26 TA-49 59,000 4 2 8.8 1.4 4.0 6.6
27 TA-54, Area G 53,900 4 0 51.1 20.3 39.0 27.3
28 TA-33, HP Site 48,000 4 2 10.2 1.5 5.5 8.7
29 TA-2, Omega 56,800 4 0 10.1 3.5 7.3 5.7
30 Booster P-2 62,200 4 1 22.1 1.4 8.8 18.4
31 TA-3 36,700 3 0 20.5 5.6 12.7 15.0
32 County Landfill 60,100 4 0 24.4 14.9 20.8 8.2
33 Area AB 51,100 4 1 20.5 1.5 10.5 18.4
Group Summary 55 12 51.1 1.3 11.0 22.0
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V. Environmental Radiological Program Information

Table V-13. Airborne Uranium-234 Concentrations for 1994 (Cont.)

1 aCi/m3 =1 x 1013 uCi/mL = 3.7 x 108 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum Mean

Location (m?  Samples <MDL (aCi/m3) (aCi/m3)  (aCi/m3) 2s
Area G Fenceline

34 Area G-1 61,300 4 0 58.9 6.8 26.2 45.4

35 Area G-2 58,700 4 0 37.1 4.1 17.3 29.8

36 Area G-3 56,400 4 0 780.0 29.5 230.0 740.0

37 Area G-4 44,400 3 0 19.1 6.7 12.9 12.4
Group Summary 15 0 780.0 4.1 76.5 390.0
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 23,400 2 0 41.3 19.2 30.3 31.4

44 Area G (S Perimeter) 60,000 4 0 32.1 14.8 23.9 16.6

45 Area G (SE Perimeter) 59,700 4 0 35.5 19.4 25.4 14.5

46 Area G (E Perimeter) 60,000 4 0 24.6 12.5 16.7 10.8

47 Area G (N Perimeter) 59,600 4 0 40.1 14.8 22.6 23.5
Group Summary 18 0 41.3 12.5 23.1 18.2
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 4 1 17.0 2.9 9.9 15.4

72 TA-21.02 58,500 4 0 300.0 12.6 85.8 280.0

73 TA-21.03 58,400 4 0 19.9 6.1 11.4 12.8

74 TA-21.04 58,600 4 0 253 8.9 14.2 15.3

75 TA-21.05 58,700 4 1 9.3 1.4 6.6 7.1
Group Summary 20 2 300.0 1.4 25. 130.0
TA-15 Firing Sites

76 TA-15-NNW 51,500 4 1 12.0 1.2 7.5 9.2

77 TA-15-NNE 45,200 4 1 23.5 1.9 12.2 17.8

78 TA-15-N 40,700 4 0 30.0 4.2 18.0 25.7
Group Summary 12 2 30.0 1.2 12.6 19.2
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 20,000,000
Uncontrolled Area DOE Derived Air Concentration guide 90,000
EPA 40 CFR 61 Concentration guide 7,700
LANL Minimum Detection Limit 4
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V. Environmental Radiological Program Information

Table V-14. Airborne Uranium-235 Concentrations for 1994

1 aCi/m3 =1 x 1018 uCi/mL = 3.7 x 108 Bq/m?

Total Air No. of
Volume No. of Samples Maximum Minimum Mean
Location (m?  Samples <MDL (aCi/m3) (aCim3)  (aCi/m3) 2s
Regional Stations
1 Espafiola 33,800 3 3 2.8 0.6 1.5 2.4
2 Pojoaque 59,400 4 4 3.0 0.4 1.6 2.5
3 Santa Fe 57,700 4 4 2.2 -0.9 1.0 2.8
Group Summary 11 11 3.0 -0.9 1.4 2.4
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 4 4 2.0 0.3 1.0 1.4
42 Taos Pueblo 20,600 2 1 11.7 -1.5 5.1 18.6
48 Jemez Pueblo 32,500 3 3 1.5 -0.2 0.5 1.7
Group Summary 9 8 11.7 -1.5 1.7 7.7
Perimeter Stations
4 Barranca School 59,700 4 4 0.6 -0.1 0.3 0.6
5 Urban Park 53,800 4 4 1.2 -0.2 0.6 1.2
6 48th Street 58,600 4 4 1.3 0.5 0.8 0.8
7 Los Alamos Shell 54,100 3 3 1.5 0.7 1.1 0.7
8 McDonald’s 60,300 4 4 1.9 0.1 0.7 1.7
9 Los Alamos Airport 61,500 4 4 0.3 -1.3 -0.5 1.4
10 East Gate 59,500 4 4 0.2 -0.3 -0.0 0.5
11 Well PM-1 58,700 4 4 2.1 -0.6 0.8 2.3
12 Royal Crest 57,800 4 4 0.9 -0.4 0.3 1.4
13 Pifon School 56,900 4 4 1.8 -0.5 0.2 2.1
15 White Rock Fire Station 60,200 4 3 14.9 0.3 4.6 13.8
16 Nazarene Church 56,700 4 4 1.5 -1.2 0.3 2.4
17 Bandelier 50,100 4 2 7.7 0.6 3.0 6.6
Group Summary 51 48 14.9 -1.3 0.9 4.8
On-Site Stations
19 TA-21, DP Site 54,100 4 4 1.5 -0.9 0.7 2.3
20 TA-21,Area B 56,000 4 4 2.4 -0.2 0.8 2.3
21 TA-6 61,000 4 4 0.1 -0.7 -0.3 0.7
22 TA-53, LAMPF 55,300 4 4 1.2 -0.3 0.5 1.3
23 TA-52, Beta 60,600 4 4 0.3 -0.6 -0.2 0.8
25 TA-16-450 56,900 4 4 0.6 -0.3 0.2 0.8
26 TA-49 59,000 4 4 0.1 -0.5 -0.2 0.6
27 TA-54, Area G 53,900 4 2 6.0 0.0 2.4 5.5
28 TA-33, HP Site 48,000 4 4 1.3 -0.2 0.7 1.3
29 TA-2, Omega 56,800 4 4 1.3 -1.2 0.2 2.2
30 Booster P-2 62,200 4 4 0.9 -0.1 0.4 1.1
31 TA-3 36,700 3 3 1.6 0.9 1.2 0.8
32 County Landfill 60,100 4 4 1.5 -0.2 0.6 1.8
33 Area AB 51,100 4 3 3.5 -0.2 1.2 3.2
Group Summary 55 53 6.0 -1.2 0.6 2.4
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V. Environmental Radiological Program Information

Table V-14. Airborne Uranium-235 Concentrations for 1994 (Cont.)

1aCi/m3 =1 x 1018 uCi/mL = 3.7 x 108 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum Mean

Location (m?  Samples <MDL (aCi/m3) (aCi/m3)  (aCi/m3) 2s
Area G Fenceline

34 Area G-1 61,300 4 4 1.9 -0.2 1.1 1.8

35 Area G-2 58,700 4 3 2.7 -0.3 1.8 2.8

36 Area G-3 56,400 4 3 23.4 1.5 7.5 21.3

37 Area G-4 44,400 3 3 2.5 -0.2 1.1 2.6
Group Summary 15 14 23.4 -0.3 3.0 11.5
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 23,400 2 1 3.0 0.5 1.7 3.6

44 Area G (S Perimeter) 60,000 4 4 1.9 0.0 0.7 1.7

45 Area G (SE Perimeter) 59,700 4 3 3.5 0.8 1.7 2.4

46 Area G (E Perimeter) 60,000 4 4 2.5 -0.5 1.0 2.5

47 Area G (N Perimeter) 59,600 4 4 2.5 1.3 1.8 1.2
Group Summary 18 16 35 -0.5 1.3 2.1
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 4 4 2.3 0.1 1.3 2.0

72 TA-21.02 58,500 4 3 7.9 0.8 2.9 6.7

73 TA-21.03 58,400 4 4 0.6 -0.4 0.2 0.9

74 TA-21.04 58,600 4 3 4.6 -0.5 1.3 4.5

75 TA-21.05 58,700 4 4 1.2 -0.5 0.4 1.5
Group Summary 20 18 7.9 -0.5 1.2 3.9
TA-15 Firing Sites

76 TA-15-NNW 51,500 4 4 2.4 -0.4 1.1 2.3

77 TA-15-NNE 45,200 4 4 1.4 -0.8 -0.1 2.1

78 TA-15-N 40,700 4 4 1.2 -1.0 0.4 2.0
Group Summary 12 12 2.4 -1.0 0.5 2.2
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 20,000,000
Uncontrolled Area DOE Derived Air Concentration guide 100,000
EPA 40 CFR 61 Concentration guide 7,100
LANL Minimum Detection Limit 4
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V. Environmental Radiological Program Information

Table V-15. Airborne Uranium-238 Concentrations for 1994

1 aCi/m3 =1 x 1013 uCi/mL = 3.7 x 108 Bq/m?

Total Air No. of
Volume No. of Samples Maximum Minimum Mean
Location (m?  Samples <MDL (aCi/m3) (aCim3)  (aCi/m3) 2s
Regional Stations
1 Espaiiola 33,800 3 0 15.5 9.8 12.4 5.8
2 Pojoaque 59,400 4 0 41.2 54 23.4 31.1
3 Santa Fe 57,700 4 0 25.8 8.8 17.4 14.1
Group Summary 11 0 41.2 54 18.2 21.0
Pueblo Stations
41 Pueblo of San Ildefonso 52,200 4 0 434 15.4 24.0 26.2
42 Taos Pueblo 20,600 2 1 24.8 1.5 13.1 33.0
48 Jemez Pueblo 32,500 3 0 27.7 17.0 214 11.1
Group Summary 9 1 43.4 1.5 20.7 22.5
Perimeter Stations
4 Barranca School 59,700 4 0 9.5 3.2 6.0 6.2
5 Urban Park 53,800 4 2 14.2 2.9 7.6 11.2
6 48th Street 58,600 4 0 10.0 5.0 7.7 4.6
7 Los Alamos Shell 54,100 3 0 17.0 5.0 12.6 13.3
8 McDonald’s 60,300 4 1 6.6 1.9 5.2 4.4
9 Los Alamos Airport 61,500 4 1 13.1 1.3 6.1 10.3
10 East Gate 59,500 4 0 14.5 7.6 9.9 6.4
11 Well PM-1 58,700 4 0 10.9 34 7.1 6.4
12 Royal Crest 57,800 4 1 8.4 2.5 5.1 4.9
13 Pifion School 56,900 4 2 60.0 2.2 16.3 50.0
15 White Rock Fire Station 60,200 4 0 49.9 33 15.8 45.5
16 Nazarene Church 56,700 4 2 50.0 1.1 15.0 50.0
17 Bandelier 50,100 4 1 15.3 2.4 6.9 11.8
Group Summary 51 10 60.0 1.1 9.3 23.5
On-Site Stations
19 TA-21, DP Site 54,100 4 0 6.7 43 5.6 2.2
20 TA-21,Area B 56,000 4 2 5.2 1.0 3.1 3.5
21 TA-6 61,000 4 1 25.2 1.8 9.6 21.2
22 TA-53, LAMPF 55,300 4 1 18.7 2.1 8.7 14.2
23 TA-52, Beta 60,600 4 0 50.0 43 16.7 45.1
25 TA-16-450 56,900 4 1 20.6 1.9 11.0 17.9
26 TA-49 59,000 4 2 12.1 0.9 52 9.9
27 TA-54,Area G 53,900 4 0 140.0 18.4 70.0 110.0
28 TA-33, HP Site 48,000 4 0 8.1 4.9 6.3 2.7
29 TA-2, Omega 56,800 4 0 9.0 3.8 7.0 4.8
30 Booster P-2 62,200 4 1 70.0 2.2 22.4 70.0
31 TA-3 36,700 3 0 28.1 3.5 13.4 259
32 County Landfill 60,100 4 0 37.4 19.4 30.1 17.5
33 Area AB 51,100 4 0 19.9 3.9 13.0 13.7
Group Summary 55 8 140.0 0.9 16.2 49.4
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Table V-15. Airborne Uranium-238 Concentrations for 1994 (Cont.)

1 aCi/m3 =1 x 1013 uCi/mL = 3.7 x 108 Bq/m3

Total Air No. of
Volume No. of Samples Maximum Minimum Mean

Location (m?  Samples <MDL (aCi/m3) (aCi/m3)  (aCi/m3) 2s
Area G Fenceline

34 Area G-1 61,300 4 0 60.0 13.1 27.5 50.0

35 Area G-2 58,700 4 0 100.0 52 334 90.0

36 Area G-3 56,400 4 0 70.0 12.6 46.1 50.0

37 Area G-4 44,400 3 0 472 5.7 19.6 50.0
Group Summary 15 0 100.0 5.2 32.5 60.0
Area G TRU Waste Inspectable Storage Program

43 Area G (S of Dome) 23,400 2 0 48.3 37.9 43.1 14.7

44 Area G (S Perimeter) 60,000 4 0 37.9 17.1 31.2 9.6

45 Area G (SE Perimeter) 59,700 4 0 43.8 22.5 28.4 20.5

46 Area G (E Perimeter) 60,000 4 0 31.0 11.2 21.9 21.2

47 Area G (N Perimeter) 59,600 4 0 75.0 13.8 24.9 21.0
Group Summary 18 0 75.0 11.2 28.5 21.7
TA-21 Decontamination and Decommissioning Project

71 TA-21.01 58,400 4 1 8.2 2.1 5.7 5.7

72 TA-21.02 58,500 4 1 53 1.8 3.8 33

73 TA-21.03 58,400 4 1 14.3 2.8 6.6 10.5

74 TA-21.04 58,600 4 1 8.3 2.9 6.4 4.9

75 TA-21.05 58,700 4 1 10.5 1.2 5.7 7.7
Group Summary 20 5 14.3 1.2 5.6 6.4
TA-15 Firing Sites

76 TA-15-NNW 51,500 4 0 39.6 9.0 19.5 28.1

77 TA-15-NNE 45,200 4 0 60.0 4.7 31.2 44.4

78 TA-15-N 40,700 4 0 170.0 4.6 80.4 170.0
Group Summary 12 0 170.0 4.6 43.7 110.0
Concentration Guidelines
Controlled Area DOE Derived Air Concentration guide 20,000,000
Uncontrolled Area DOE Derived Air Concentration guide 90,000
EPA 40 CFR 61 Concentration guide 8,300
LANL Minimum Detection Limit 4
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Table V-16. Airborne Uranium Concentrations Conversion Factors

Multiply # of by to obtain # of
UCi/mL 234U 1.60 x 1014 pg/m? 234U
UCi/mL235U 4.63 x 1017 pg/m? 235U
UCi/mL 238U 298 x 1018 pg/m? 238y

Table V-17. Estimated Concentrations of Radioactive Elements Released
by Dynamic Experiments

Fraction
1994 Released ? Annual Average Concentration Applicable
Element Total Usage (%) (4 km)P (8 km) Standard®
234y 3.96 x 102 Ci 10 5x 1017 2x 10777 9 x 10714 uCi/mL
33y 1.74 x 103 Ci 10 2x 10718 7x 10717 1 x 10-13 uCi/mL
28y 3.72x 102 Ci 10 4x 10717 2x 10717 1 x 1013 uCi/mL

3(Dahl 1977)
bDistance downwind.
¢(DOE 1990)

lodine. With the shutdown of the Omega West research reactor in December 1992, the potérifial for
emissions from LANL is practically eliminated. Data from all 5# sampling stations are presented in
Table V-18. All concentrations measured in 1994 were below the minimum detection limit (MDL) of 1% x 10
pCi/mL (0.37 Bg/n3).

d. Air Monitoring at TA-54, Area G. In addition to the routine air monitoring performed for the
environmental surveillance program, four air samplers are operated within the controlled area at TA-54, Area G, the
Laboratory’s active waste management area. In May 1993, five new stations were established to monitor potential
emissions resulting from the uncovering and repackaging of 16,500 barrels of TRU waste at the TWISP site. This
recovery effort is expected to last through FY 2002. All samplers measure air concentrations of#tium,
235y, 238y, 238p,239.24p; and41Am. Samplers are located near active waste handling and disposal operations.
The measured air concentrations reflecting operations for 1994 are given in Tables V-7 to V-15. Some air
concentrations are slightly above background but are less than 0.02% of the DOE’s radioactivity DAC guides for
controlled areas. Although the DACs for uncontrolled areas do not apply to TA-54, Area G, the annual average air
concentrations measured during 1994 also are less than these more restrictive DAC guides.

Tritium air concentrations at Station #35, G-2, were observed to be higher than readings from other samplers in
the area; these sampling results are shown in Figure V-10. Analysis of the results showed the data to be
lognormally distributed. For lognormal data distributions, the median or geometric mean of the distribution are
more appropriate estimates of the true value (Gilbert 1987).

The median air concentration at Station G-2 for 1994 was 14724 Di/mL (5.4 Bg/n?). All other air
samplers at TA-54, Area G measured tritium concentrations within the range of those observed elsewhere. Air
sampler #35, G-2, is located south of shafts used to dispose of higher-activity waste containing tritium and reflects
the air concentration close to the shafts.

e. TA-21 Decommissioning and Decontamination Projective stations were established in October 1992
to monitor potential emissions from facilities at TA-21 undergoing decommissioning. Stack emissions are also
monitored during the project. The buildings TA-21-3 and TA-21-4 will be razed at the end of the decommissioning
work. These structures were used mainly for nuclear chemistry involving uranium enriéfd amd may have
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Table V-18. Airborne Iodine-131 Concentrations for 1994

pCi/m3 =1 x 10712 uCi/mL = 3.7 x 102 Bq/m?

No. of
No. of Samples Maximum Minimum Mean
Location Samples <MDL (aCi/m3) (aCi/m3) (aCi/m3)  2s
Perimeter Stations
8 McDonald’s 32 32 1.3 -0.1 0.4 0.4

16 Nazarene Church 33 33 1.8 -0.4 0.5 0.6
On-Site Stations

20 TA-21 Area B 35 35 1.8 -0.2 0.4 0.5

21 TA-6 27 27 1.5 -0.2 0.4 0.5

31 TA-3 24 24 2.2 -0.3 0.6 0.7

32 County Landfill 34 34 1.0 0.0 0.4 0.5
Concentration Guidelines
Uncontrolled Area DOE Derived Air Concentration guide 400.0
EPA 40 CFR 61 Concentration guide 0.2
LANL Minimum Detection Limit 10.0

Concentration (1 x 10E-12 uCi/mL)
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Figure V-10. Tritium in air at sampler #35, G-2.
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work. These structures were used mainly for nuclear chemistry involving uranium enriéf&d amd may have

residual radionuclides. By combining the air sampling results with site-specific meteorology, an atmospheric
dispersion model, and the measured stack emissions, an upper limit on the nonstack air emissions for 1994 can be
calculated; these estimates are given in Table V-19.

3. Surface Water Monitoring.

Table V-19. 1994 Airborne Emissions from TA-21 a. Introduction. Surface waters from off-site

(regional and perimeter) and on-site (Laboratory and

Radionuclide Sfac.k Nonstack DOE lands) stations are monitored to routinely survey
Em‘ss{"“s Emlss{"“s the environmental effects of Laboratory operations. As
(HCi) (HCD) described in Section II.C, there are no perennial surface
By 182 <100 water flows that extend completely across the
9Py 2.40 <100 Laboratory in any of the canyons. Spring-fed flow

originating on the flanks of the Jemez Mountains in Los
Alamos Canyon continues into the Los Alamos
Reservoir on US Forest Service lands west of the Laboratory. Discharge from the reservoir supports flow onto the
western portion of the Laboratory for much of the year; during spring snowmelt, this flow is often sufficient to
extend across the entire Laboratory for several weeks. Two canyons have perennial or intermittent spring-fed flows
over short distances east of the Laboratory in White Rock Canyon: Pajarito Canyon (on Los Alamos County land)
and Ancho Canyon (on DOE land).

Periodic natural surface runoff occurs in two modes: (1) spring snowmelt runoff that occurs over highly
variable periods of time (days to weeks) at a low discharge rate and sediment load, and (2) summer runoff from
thunderstorms that occurs over a short period of time (hours) at a high discharge rate and sediment load. None of
the surface waters within the Laboratory are a source of municipal, industrial, or irrigation water. The waters are
used by wildlife.

Most canyons receive discharges from some of the approximately 124 National Pollutant Discharge Elimination
System (NPDES) permitted industrial and sanitary effluent outfalls, which support flows for varying distances in
some of the canyons. The largest effluent-supported flow is in Sandia Canyon from the TA-46 Sanitary Wastewater
Systems Consolidation (SWSC) Plant. In 1994, treated radioactive liquid waste effluents containing residual
radioactivity were released only from the central Radioactive Liquid Waste Treatment Plant at TA-50 into the
Mortandad Canyon drainage (Table V-6). In the past, Pueblo and Los Alamos Canyons also received effluents
containing radioactivity.

Concentrations of radionuclides in environmental water samples, whether from within the DOE site boundaries
or from off site, are compared with the ingested water Derived Concentration Guide (DCGs) for members of the
public.

b. Monitoring Network. The locations of surface water monitoring stations are shown in Figures V-11
and V-12 and are listed in Table D-13.

Off-Site Regional StationsRegional surface water samples were collected within 75 km (47 mi) of the
Laboratory from six stations on the Rio Grande, the Rio Chama, and the Jemez River. The six water sampling
stations are located at current or former US Geological Survey (USGS) gaging stations. These waters provide
baseline data for radiochemical and chemical analyses in areas beyond the Laboratory boundary. Stations on the
Rio Grande were at Embudo, Otowi, Cochiti, and Bernalillo (a former gaging station).

The Rio Grande at Otowi, just east of Los Alamos, has a drainage area of 374432,800 mf) in southern
Colorado and northern New Mexico. Discharge for the periods of record (1895-1905 and 1909-1994) has ranged
from a minimum of 1.7 ®is (60 f&/s) in 1902 to 683 Ats (24,110 f¥/s) in 1920. The discharge for water year
1994 (October 1993 through September 1994) ranged from37s5263 €/s) in August to 242 Ais (8,543 f¥/s)
in May (USGS 1995).

The Rio Chama is a tributary of the Rio Grande upstream from Los Alamos. At Chamita, on the Rio Chama, the
drainage area above the station is 8,148 (31143 m#) in northern New Mexico, together with a small area in
southern Colorado. Since 1971, some flow has been supplied by transmountain diversion water from the San Juan
drainage. Flow at the Chamita gage is governed by release from several reservoirs. Discharge at Chamita during
water year 1994 ranged from 7.3/m(257 fé/s) in August to 165 Ats (5,824 f¥/s) in May.
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The station at Jemez on the Jemez River drains
an area of the Jemez Mountains west of Los
Alamos. The Fenton Hill Hot Dry Rock Geothermal
EMBUDO Facility (TA-57) is located within this drainage. The
drainage area is small, about 1,220°K@i71 m#).
During water year 1994, discharge (as measured at
the gage 3.5 mi north of Jemez) ranged from (2 m
s (7 f€/s) in July to 8.9 s (314 f8/s) in May. The
river is a tributary of the Rio Grande downstream

ABIQUIU
RESERVOIR

CHAMITA

ESPANOLA—

& from Los Alamos.
/\4/? NATIONAL Surface waters from the Rio Grande, the Rio
§/ %«“NTA FE Chama, and the Jemez River are used for irrigation
> of crops in the valleys, both upstream and
'\ggscg'?(/'om downstream from Los Alamos. These rivers also
run through recreational areas on state and federal
0 10 lands.
SCALE BERNALILLO _LEGEND Off-Site Perimeter Stations.
@ SAMPLING LOCATION Radioactive Effluent Areakffluent-

associated radionuclides occur off site in Pueblo and
Los Alamos canyons. The residual contaminants are

FigureV-11. Off-siteregional surface water sampling from past discharges and are predominantly

locations. (Map denotes general locations only; see associated with sediments in the canyons (see

Table D-13 for specific coordinates.) Section V.B.5 for further information). Some
resuspension and redissolution occurs when surface
flows move across these sediments, resulting in
measurable concentrations in the surface waters.

Acid Canyon, a small tributary of Pueblo Canyon, is a former on-site release area for industrial effluents. Acid
Canyon and the upper portion of Pueblo Canyon are on what is now Los Alamos County land about 1,190 m (3,900
ft) west of the Los Alamos-Santa Fe County Line. Acid-Pueblo Canyon received untreated and treated industrial
effluent containing residual radionuclides from 1944 to 1964 (ESG 1981). Most of the residual radioactivity from
these historical releases is now associated with the sediments in Pueblo Canyon with an estimated total inventory
of about 600 mCi of Pu (ESG 1981). About two-thirds (400 mCi) of this total are in the DOE-owned portion of
lower Pueblo Canyon. Pueblo Canyon presently receives treated sanitary effluent from the Los Alamos County
Bayo sewage treatment plant in the middle reach of Pueblo Canyon. Increased discharge of sanitary effluent from
the county treatment plant, starting in 1990, resulted in nearly continual flow during most days of all months
except June and July in the lower reach of Pueblo Canyon and across the DOE land into the off-site lower reach of
Los Alamos Canyon on Pueblo of San lldefonso land. (See Section V.B.5.e for a discussion of the transport of
radionuclides on sediments in surface runoff.)

This effluent flow from Pueblo Canyon into Los Alamos Canyon generally extends to somewhere between
Totavi (just east of the DOE-Pueblo of San lldefonso boundary) and the confluence of Guaje and Los Alamos
canyons. During the peak irrigating season (mid-June through early August), the reduction in treatment plant
discharge because of effluent diversion for golf course irrigation and higher evapotranspiration eliminates flow
from Pueblo Canyon into Los Alamos Canyon.

The off-site surface water sampling stations are at Acid Weir (where Acid Canyon joins the main channel of
Pueblo Canyon), Pueblo 1, and Pueblo 2. Flow is irregular at these locations and depends mainly on snowmelt and
thunderstorm runoff and on return flow from the shallow alluvium. In the past, discharges from the Los Alamos
County Pueblo Canyon sanitary sewage plant upstream from the confluence with Acid Canyon maintained more
regular flow; however, discharges to the stream from this plant were permanently discontinued in 1991. In lower
Los Alamos Canyon, off-site surface water samples are collected at its confluence with the Rio Grande.

Other Areas. Off-site perimeter stations within about 4 km (2.5 mi) of the Laboratory boundary include
surface water stations at Los Alamos Reservoir, Guaje Canyon, and Frijoles Canyon. Los Alamos Reservoir, in
upper Los Alamos Canyon on the flanks of the mountains west of Los Alamos, has a capacity of $1,000 m
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FigureV-12. Surface water sampling locations for off-site perimeter and on-site Laboratory sites.
(Map denotes general locations only. See Table D-13 for specific locations.)
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(41 ac ft) and a drainage area of 16.6°Kt4 m?) above the intake. The reservoir is used for recreation and
limited storage of water for irrigation of landscaping in the townsite.

The station in Guaje Canyon is below Guaje Reservoir, which is located in upper Guaje Canyon and has a
capacity of 871 M (0.7 ac-ft) and a drainage area above the intake of about 14.&8m#?). Flow into the
reservoir is maintained by perennial springs. The stream and reservoir are used for recreation and for storing water
used for landscape irrigation in the townsite.

Surface water flow in Frijoles Canyon is sampled at Bandelier National Monument Headquarters. Flow in the
canyon is from spring discharge in the upper reach of the canyon. The drainage area above the monument
headquarters is about 44 k17 mP) (Purtymun 1980a). Surface flow in Frijoles Canyon is also sampled at the
confluence with the Rio Grande.

There are two other off-site perimeter stations in White Rock Canyon along the Rio Grande just east of the
Laboratory. These include the perennial reach of the stream in Pajarito Canyon (fed from Group | springs [see
Section VII for additional information]), and the continual flow of treated sanitary effluent (from the community of
White Rock) in Mortandad Canyon at its confluence with the Rio Grande.

On-Site Stations.

Radioactive Effluent AreaOn-site effluent release areas are canyons that receive, or have received,
effluents containing radioactivity, including Pueblo, DP, Los Alamos, and Mortandad canyons (see Figure 11-4 for
location of on-site canyons).

As noted above in the section describing off-site radioactive effluent areas, the portion of lower Pueblo Canyon
that is on DOE land contains sediments contaminated with residuals from past discharges into Acid Canyon. (See
Section V.B.5 for related information.) Surface flow is presently maintained across the DOE land in Pueblo
Canyon by discharge of effluent from the Los Alamos County Bayo sanitary sewage treatment plant located just
west of the Los Alamos County-DOE boundary. Some of this effluent flow infiltrates the tuff and maintains a
shallow body of perched alluvial water. (See Section VII for further information.) Pueblo Canyon discharges into
Los Alamos Canyon at State Road 502 near the eastern Laboratory boundary. Surface water is sampled at Pueblo 3
and at State Road 502 (Figure V-12).

DP Canyon, a small tributary of Los Alamos Canyon, received treated radioactive liquid waste effluents between
1952 and 1984. Some residuals remain, primarily associated with sediments that are subject to resuspension and
redissolution in surface flow. DP Canyon presently receives some sanitary effluent from the treatment plant at
TA-21. Sampling stations consist of two surface water stations in DP Canyon, DPS-1 and DPS-4.

In the upper reach of Los Alamos Canyon (above Station LAO-1), there were releases of treated and untreated
radioactive effluents during the earliest years of operations at TA-1 (late 1940s) and some release of water from the
research reactor at TA-2. The Los Alamos Canyon drainage also received discharge containing some radioactivity
in previous years from the sanitary sewage lagoon system at LAMPF (TA-53). (In 1989, the low-level radioactive
waste stream was separated from the sanitary system at TA-53 and directed into a total retention, evaporative
lagoon.) There is normally some surface flow in the westernmost portion of Los Alamos Canyon within
Laboratory boundaries that is maintained by discharge from the Los Alamos Reservoir. This flow generally
infiltrates the shallow alluvium in the canyon and is depleted before it reaches the eastern margin of the Laboratory
at State Road 4. Water quality in this portion of Los Alamos Canyon is monitored through samples taken of the
alluvial water. (See Section VII for further information.) Snowmelt will often saturate the alluvium sufficiently to
result in some surface flow beyond State Road 4 for varying periods in the spring. In the fall of 1991, the
Laboratory resumed continuous operation of a stream flow gaging station a short distance upstream from State
Road 4.

Mortandad Canyon has a small drainage area that heads at TA-3. Industrial liquid wastes containing
radionuclides are collected and processed at the industrial waste treatment plant at TA-50, which began operating
in 1963. After treatment, the effluents are released into Mortandad Canyon. Most of the residual contamination is
now associated with the sediments in the canyon. The inventory of TRU contaminants (altiy #08ntirely
contained on site (Stoker 1991). Hydrologic studies in the canyon were initiated by the USGS in 1960. Since that
time, there has been no known continuous surface water flow from the upper and middle reaches of the canyon
down to or beyond the Laboratory’s boundary; the small drainage area in the upper part of the canyon results in
limited runoff and a thick section of unsaturated alluvium in the lower canyon allows rapid infiltration and storage
of runoff when it does occur. One surface water station, Gaging Station 1 (GS-1) is located in Mortandad Canyon
a short distance downstream from the effluent release point. Most water quality observations in Mortandad
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Canyon are made on the alluvial water. (See Section VII for further information.) Three sediment traps are located
about 3 km (2 mi) downstream from the effluent discharge in Mortandad Canyon to dissipate the energy of major
thunderstorm runoff events and settle out transported sediments. It is approximately another 2.3 km (1.4 mi)
downstream to the Laboratory boundary with the Pueblo of San lldefonso .

Other Areas.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 and treated effluents from the TA-3 sanitary treatment plant. These
effluents support a continuous flow in a short reach of the upper canyon, but only during summer thundershowers
does stream flow reach the Laboratory boundary at State Road 4, and only during periods of heavy thunderstorms
or snowmelt does surface flow from Sandia Canyon extend beyond Laboratory boundaries or reach the Rio Grande.
Three surface water sampling stations, SCS-1, SCS-2, and SCS-3, are located in the reach of the canyon that
contain flow maintained by the effluents.

Surface water samples are collected in three other on-site canyons: Cafiada del Buey, Pajarito, and Water (at
Beta Hole). The flows at these locations are primarily maintained by effluents but do include some natural flows.
Spring-supported perennial flows in Water and Ancho canyons are sampled at the DOE boundary where these
streams join the Rio Grande.

c. Radiochemical Analytical ResultsThe results of radiochemical analyses of surface water samples for
1994 are listed in Table V-20. All results are below the DOE DCGs that limit potential exposure to the public from
ingestion of water to levels below the DOE public dose limit (PDL) (see Appendix A). The majority of the results
are near or below the detection limits of the analytical methods used. Most of the measurements at or above
detection limits are from locations with previously known contamination: Acid-Pueblo Canyon, DP-Los Alamos
Canyon, and Mortandad Canyon.

A few of the measurements at or above detection limits were from locations that do not typically show
detectable activity. This year, tA&Am analyses for Chaquehui Canyon at the Rio Grande and for Frijoles at Rio
Grande were slightly above detection limits. The tritium level in this year's sample from Frijoles Stream at the Rio
Grande is slightly above detection limit levels, but several orders of magnitude below the DOE DCG.

Measurements of radioactivity in surface water runoff in Pueblo and Los Alamos canyons, as well as several
additional locations, are presented in Table V-21. Samples collected on May 16, 1994, were analyzed for the
dissolved concentrations of radioactivity in solution, while analyses of runoff waters collected on May 20, 1994,
were additionally made on the suspended solids filtered from the water samples. (Radioactivity in solution refers
to the filtrate that passes through a OB-pore-size filter; radioactivity on suspended sediments refers to the
residue retained by the filter.) This was done in order to estimate the fraction of activity associated with the liquid
and suspended solid fractions.

Nearly all of the dissolved radioactity measurements of runoff are below detection limits. Runoff from Los
Alamos and Pueblo Canyons are slightly elevated in the dissolved concentrations of trit#{Canih
comparison with the canyons that have not received radioactive effluent discharges (Frijoles, Pajarito and Sandia
Canyons). Although the concentrations'$Cs downstream of radioactive effluent areas appear to be elevated
approximately 10 times above-background levels, they are less than 25% of the DOE gtfi@sftor ingested
water.

In recent years, treated effluents containing low levels of radioactivity have been released from the central liquid
waste treatment plant (TA-50), from a smaller plant serving laboratories at TA-21, and from a sanitary sewage
lagoon system serving LAMPF at TA-53 (Table V-6). In 1989, the low-level radioactive waste stream was
separated from the sanitary system at TA-53 and directed into a total retention, evaporative lagoon. In 1994, there
were no releases from the TA-21 plant or the TA-53 total retention lagoons. Effluents from TA-50 are discharged
into the normally dry stream channel in Mortandad Canyon, where effluent affected surface flow has not passed
beyond the Laboratory’s boundary since the plant began operation in 1963.

d. Long-Term Trends. Long-term trends of the concentrations of dissolved radionuclide (the portion of the
sample that passes through a 0.45-micron membrane filter) in surface water in Pueblo Canyon (a former release
area) are depicted in Figure V-13. These measurements were made on samples collected at station Pueblo 3, which
is a short distance upstream of the confluence of Pueblo and Los Alamos canyons. This is taken to be
representative of the surface water flow that moves off site into the lower reach of Los Alamos Canyon on Pueblo
of San lldefonso. In general, there has been a decrease in the combined fE%is and?3%-24®u (in solution)
over three and a half decades. With continual improvements in detection limits, it is still possible for some
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Table V-20. Radiochemical Analysis of Surface Water for 1994

Total Gross Gross Gross
Tritium 90gy 131cs Uranium 238py 239.24py, 241Am Alpha Beta Gamma
LOCATION (nCi/L) (pCi/lL)  (pCi/L) ( pgl/L) (pCi/L) (pCi/L) (pCilL) (pCilL) (pCilL) (p CilL)
OFF-SITE STATIONS
REGIONAL STATIONS
Rio Chama at Chamita 0.0 (0%8) 0.5 (0.7) 1.0 (0.5) 0.7 (0.1) -0.019 (0.030) -0.021 (0.020) 0.028 (0.030) 2 (@ 37 (49 30 (50)
Rio Grande at Embudo 0.1 (0.3) 0.4 (0.7) 1.9 (0.7) 1.6 (0.2) 0.012 (0.030) 0.033 (0.020) 0.004 (0.030) 4 (1) 18 (2) 60 (50)
Rio Grande at Otowi 0.1 (0.3) 01 (0.7) <06 2.4 (0.2) -0.014 (0.030) 0.035 (0.022) NIA 3 5 (1) 20 (50)
Rio Grande at Frijoles 0.2 (0.3) 0.2 (0.7) <0.8 0.2 (0.0) 0.012 (0.030) 0.042 (0.020) 0.054 (0.030) -0 (0) 1 (0) 180 (50)
Rio Grande at Cochiti 0.0 (0.3) 0.3 (0.8) 1.9 (0.7) 1.6 (0.2) -0.017 (0.030) -0.014 (0.020) 0.017 (0.030) 3 (1) 1 (1) 10 (50)
Rio Grande at Bernalillo 0.2 (0.3) 0.5 (0.7) 15 (0.8) 2.0 (0.2)  0.018 (0.030) -0.006 (0.020) 0.011 (0.030) 3 ) 10 (1) 30 GO
Jemez River 01 (0.3) 0.7 (0.8) <1.4 1.2 (0.1) 0.012 (0.030) 0.017 (0.020) 0.040 (0.030) 13 (3) 19 (2) -10 (50) 5
PERIMETER STATIONS <
Acid-Pueblo Canyons a
Acid Weir 0.3 (0.3) 6.0 (0.7) <1.3 0.8 (0.1) 0.037 (0.030) 1.962 (0.138) 0.170 (0.030) 2 @ 7 @1 10 6o S
Pueblo 1 0.4 (0.3) 0.5 (0.8) 0.7 (0.4) 0.0 (0.0) -0.004 (0.030) -0.005 (0.020) N/A 2 () 4 (1) -10 (50)| 3
Los Alamos Canyon D
Los Alamos =1
Canyon Reservoir 0.2 (0.3) 0.0 (0.7) <1.0 0.1 (0.0) 0.029 (0.019) 0.005 (0.012) 0.034 (0.014) 0 (0) 10 70 (50)Q
Other Areas -
Pajarito at Rio Grande 05 (0.3) 2.1 (8.5) 1.5 (0.6) 0.9 (0.2)  -0.005 (0.030) 0.010 (0.020) 0.037 (0.030) 0 (1 3 (1) 40 (5))(;155J
Frijoles at o
Monument HQ <0.0 (0.1) N/A <1.9 N/A 0.006 (0.007) <0.002 (0.003) N/A 2 @ 0 (2 NA | S
Frijoles at Rio Grande 0.8 (0.3) -0.2 (0.6) 1.7 (0.8) 1.0 (0.2) 0.010 (0.030) -0.004 (0.020) 0.026 (0.030) 25 (5) 3 (0 200 5O)F
Chaquehui at Rio Grande 0.3 (0.3) 1.9 (0.8) <11 1.4 (0.1) 0.020 (0.030) 0.029 (0.020) 0.060 (0.030) 2 @ 2 (0) 0 GhA
ON-SITE STATIONS o
Mortandad Canyon Q
Mortandad at GS-1 2.9 (0.5) 10.2 (0.7) 5.7 (1.4) 0.5 (0.1) 0.465 (0.052) 0.162 (0.030) 0.533 (0.059) 3 (1) 35 (4) 50 (5P
DP-Los Alamos Canyons —
DPS-1 0.2 (0.3) 6.5 (0.8) 1.4 (0.3) 0.2 (0.0) 0.028 (0.030) 0.054 (0.020) 0.525 (0.058) 2 (1) 20 (2) 20 (50 8
DPS-4 0.3 (0.3) 0.4 (0.7) 1.2 (0.4) 1.1 (0.2) 0.009 (0.030) 0.044 (0.020) 0.070 (0.030) 0 (@ 46 (5) 80 (50 =
Los Alamos at Q
Gaging Station 1 06 (0.1) N/A <1.9 N/A 0.015 (0.012) 0.009 (0.010) N/A 2 (3 12 (4) nvA | 3
Los Alamos at SR 4 0.3 (0.1) N/A <1.6 N/A 0.005 (0.008) 0.005 (0.011) N/A 3 (3 15 (4) NA | S
Other Areas —h
Cafiada Del Buey 0.3 (0.3) 1.1 (0.8) N/A 0.3 (0.1) 0.007 (0.030) 0.008 (0.020) 0.023 (0.030) 2 @ 6 (1) -10 (50) S
Pajarito Canyon <0.1 (0.1) N/A <1.7 N/A 0.001 (0.009) 0.001 (0.004) N/A 1 @) 3 (3 NA | 3
Ancho at Rio Grande 0.3 (0.3) 0.9 (0.7) <10 0.3 (0.1)  0.005 (0.030) 0.005 (0.020) 0.043 (0.030) 0 (0) 2 0 8 (59
o
S5
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Table V-20. Radiochemical Analysis of Surface Water for 1994 (Cont.)

Total Gross Gross Gross
Tritium 90sy 131cs Uranium 238py 239,24¢py 241am Alpha Beta Gamma
LOCATION (nCi/L) (pCi/L)  (pCi/L) ( pg/L) (pCilL) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)
ON-SITE STATIONS (Cont.)
Sandia Canyon
SCS-1 0.4 (0.3) 0.3 (0.9) <0.8 0.5 (0.1) 0.006 (0.030) 0.012 (0.020) 0.017 (0.014) -1 (1) 10 (1) 40 (5
SCS-2 0.3 (0.3) 0.1 (0.7) <1.0 0.8 (0.2) 0.017 (0.030) 0.002 (0.020) 0.066 (0.023) 1 (1) 10 (1) 0 (50
SCS-3 0.0 (0.3) 0.1 (0.6) <11 1.0 (0.1) -0.001 (0.030) 0.028 (0.020) 0.062 (0.024) 1 (1) 9 (1) -20 (51
Sandia st SR4 0.1 (0.1) N/A <1.8 N/A <0.002 (0.007) 0.002  (0.005) N/A 0 1 (3) N/A
Limits of Detection 0.4 1 2 0.1 0.02 0.02 0.02 3 3
DOE DCG for
Public Dosé! 2000 1000 3000 800 40 60 30
DOE Drinking Water
System DCG 120 1.6 1.2 1.2
EPA Primary Drinking
Water Standaré 20 8 20 15
EPA Screening Levél 50

3Radioactivity counting uncertainties are shown in parentheses.
bLess than symbol (<) means measurement was below the specified limit of detection of the analytical method.
°N/A means analysis not performed, lost in analysis or not completed.
dStandards given here for comparison only, see Appendix A.
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Table V-21 Radiochemical Analysis of Spring Runoff Surface Water in 1994

Total 238py 238py 23%py 239y Gross Gross Gross
Location Tritium 1371cs Uranium Aqueous Suspended Aqueous Suspended  Alpha Beta Gamma
Date (nCi/L) (pCi/L) (/L) (pCi/L) (pCi/g) (pCi/L) (pCi/g) (pCi/lL)  (pCilL)  (pCilL)
OFF-SITE PERIMETER STATIONS
Los Alamos Canyon
Los Alamos Canyon Reservoir
05/16 0.3 (0.3 1.3 (54) 0.1 (0.0) 0.001 (0.030) NPA -0.001 (0.020) N/A 1 (0) 3 (0) 50 (60)
DP-Los Alamos Canyons
Los Alamos at Totavi <
05/16 0.6 (0.3) 285 (12.6) 0.8 (0.1) 0.003 (0.030) N/A 0.011 (0.020) N/A 1) 11 (1) 20 (6 ))I_I_I
Other Areas g
Frijoles at Monument HQ o
05/20 0.0 (0.1) <19 N/A 0.006 (0.007) N/A -0.002 (0.003) N/A 2 (2) 0 (2 N/A g
ON-SITE STATIONS D
Acid-Pueblo Canyons 5_,*
Pueblo Canyon at Gaging Station -
05/16 0.2 (0.3) 21.0 (13.3) 0.5 (0.1) 0.001 (0.030) N/A 0.014 (0.020) N/A 1) 16 (2) 140 (6 J)EUU
Q.
DP-Los Alamos Canyons o
Los Alamos At Gaging Station o
05/16 0.6 (0.3) 15.2 (11.8) 0.4 (0.1) 0.006 (0.030) N/A 0.083 (0.020) N/A 2 (1) 8 (1) 50 (6P%2.
05/20 0.3 (0.1) <1.0 <1.0 0.009 (0.95) 0.182(0.019) 0.006 (0.085) 2.034(0.077) 1 (4) 13 (7) N AQ_,O
05/25 0.6 (0.1) <1.9 N/A 0.015 (0.012) N/A 0.009 (0.009) N/A 2 (2) 12 (3) N/A| =
Los Alamos at State Route 4 ;U
05/20 0.3 (0.1) <1.6 (0.0) N/A 0.005 (0.008) 0.119(0.006) 0.005(0.011) 1.986(0.075) 3 (3) 15 (4) N @
=
Other Areas %
Pajarito Canyon —
05/20 -0.05 (0.1) <17 N/A 0.001 (0.009) 0.012(0.016) 0.001(0.004) 0.041(0.022) 1 (3) 3 (3) NIAS,
o
Sandia Canyon §
Sandia at State Route 4 Q
05/20 0.1 (0.1) <1.8 N/A -0.002 (0.007) 0.007(0.002) 0.002(0.005) 0.035(0.003) 0 (2) 1 (3) NAG
4Radioactivity counting uncertainties are shown in parentheses. >
bN/A means analysis not performed, lost in analysis, or not completed.
®Less than (<) means measurement was below the specified unit of detection of the analytical method.
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Figure V-13. Tritium and plutonium concentrations at the Pueblo-3 sampling station.

residuals to be detected. Except for an unexplained peak in 1982, tritium concentrations have fluctuated from near
the detection limit of the analytical methods to several times the levels typically observed in regional surface
waters. Transport of radioactivity occurs primarily as sediments are suspended and moved by the surface water
flow. This aspect of off-site transport from Pueblo Canyon into Los Alamos Canyon is described in the following
section covering sediment and soil monitoring.

4. Drinking Water.

This program includes sampling from various points in the Laboratory, Los Alamos County, and Bandelier
National Monument water distribution systems and from the Laboratory’s water supply wellhead to ensure
compliance with the federal Safe Drinking Water Act (SDWA) (40 CFR 141).

When gross alpha and beta activity measurements are below the screening limits, the Laboratory does not need
to perform further isotopic analyses or perform dose calculations. In 1994 the concentrations of gross alpha
activity were less than the screening level of 5 pCi/L, and the concentrations of gross beta activity measurements
were less than the screening limit of 50 pCi/L. These results are summarized in Table V-22. It should be noted that
gross alpha and beta monitoring of the water supply wells is also conducted by the Laboratory’s Environmental
Surveillance Program (See Table VII-1 of this report).

Radon is a naturally occurring radionuclide produced during the decay of geological sources of uranium. In
1994, radon sampling was performed at wellheads and points of entry of water from the two well fields into the
distribution system. This sampling was done to collect information before the issuance of final EPA regulations
governing radon in drinking water. As shown in Table V-23, the radon concentrations ranged from 188 to

152 Environmental Surveillance at Los Alamos during 1994



V. Environmental Radiological Program Information

Table V-22. Radioactivity in Drinking Water (pCi/L)

Sample Location Gross Alpha Gross Beta
Calibration Standard Value (Uncertainty) Value (Uncertainty)

ENTRY POINTS

Pajarito Booster #2

24 Am 0.50 (0.40)

Natural U 0.50 (0.40)

37¢Cs 1.60 (1.00)

0gr, Ny 1.60 (1.00)
Guaje Booster #2

24 Am 0.80 (0.40)

Natural U 0.90 (0.40)

37¢Cs 2.40 (1.00)

0gr, Ny 2.40 (1.00)
Pajarito Well Field PM-1

24 Am 2.60 (0.70)

Natural U 3.00 (0.80)

37¢Cs 5.10 (1.20)

0gr, Ny 4.80 (1.10)
Pajarito Well Field PM-3

24 Am 1.30 (0.50)

Natural U 1.50 (0.60)

37¢Cs 3.50 (1.30)

0gy, My 3.20 (1.20)

WELLHEADS

Pajarito Well Field PM-1

24 Am 3.80 (1.20)

Natural U 4.80 (1.40)

37¢Cs 3.80 (1.10)

0gy, My 3.70 (1.00)
Pajarito Well Field PM-2

24 Am 0.70 (0.