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AREA G PERIMETER SURFACE-SOIL
AND SINGLE-STAGE WATER SAMPLING

Environmental Surveillance for Fiscal Year 94
Group: ESH-19

by
Ron Conrad, Marquis Childs, Catherine Rivera Lyons, and Fawn Coriz

ABSTRACT

ESH-19 personnel collected soil and single-stage water samples around the
perimeter of Area G at Los Alamos National Laboratory during FY 94 to
characterize possible contaminant movement out of Area G through surface-water
and sediment runoff. These samples were analyzed for tritium, total uranium,
isotopic plutonium, americium-241, and cesium-137. Ten metals were also
analyzed on selected soils using analytical laboratory techniques. All radiochemical
data was compared with analogous samples collected during FY 93 and reported in
LA-12986.

Elevated levels of tritium (as high as 1,715,560 pCi/L) were found in
perimeter soil samples during FY 94. Ten single-stage water runoff samples had a
tritium activity greater than 1000 pCi/L. The tritium concentrations in soils are
generally higher than those found during analogous sampling accomplished in
FY 93. Although we propose two major subsurface-to-surface tritium migration
mechanisms, we do not know how well these surface-sample results reflect the true
Area G near-surface tritium distribution.

For soil samples, the average plutonium-238 activity was 0.435 pCi/g, while
for plutonium-239 the average activity was 0.203 pCi/g. The locations of elevated
plutonium readings in soil samples were consistent with the history of plutonium
disposal at Area G, which was also reflected in the americium-241 results. Am-
241 on soils had a mean concentration of 0.059 pCi/g. Cesium-137 activities in
soils had a wide distribution and ranged from 0.12 to 1.89 pCi/g. The uranium soil
concentrations had an average value of 4.3 pg/g and were uniformly distributed
around Area G.

Of the ten metals analyzed on twenty-one perimeter soils collected around Area
G, all were within the baseline concentrations for metals established from the soil
sampling done in the undisturbed Area G expansion grid.

Baseline concentrations for future disposal operations were established for
metals and radionuclides by a sampling program in the proposed Area G Expansion
Area.

Considering the amount of radioactive waste that has been disposed at Area G,
there is evidence of only low concentrations of radionuclides on perimeter surface
soils. Consequently, little radioactivity is leaving the confines of Area G via the
surface water runoff pathway.




EXECUTIVE SUMMARY

Area G, in Technical Area 54, has been the principal facility at Los Alamos National
Laboratory for the storage and disposal of low-level and transuranic (TRU) radioactive waste since
1957. Our investigation during FY 94 focused on defining whether surface water has moved
contaminated sediments out of the Area G site perimeter. Soil samples were analyzed for tritium,
total uranium, isotopic plutonium, americium-241, and cesium-137. Ten metals — silver, arsenic,
barium, beryllium, cadmium, chromium, mercury, nickel, lead and selenium — were analyzed on
soils using standard analytical chemistry techniques. Filtered-water fractions from single-stage
collectors were analyzed for tritium. Filtered-sediment fractions of the single-stage samples were
analyzed for isotopic plutonium only.

Elevated levels of tritium (as high as 1,715,560 pCi/L) in soil were found for sampling
locations adjacent to the tritium burial shafts located on the south-central perimeter of Area G.
Additionally, tritium concentrations in soil as high as 435,560 pCi/L were detected adjacent to the
transuranic waste (TRU) pads in the northeast corner of Area G. The majority of soil samples
collected from sampling points surrounding the TRU pads and extending to the west were elevated
in tritium concentration. During FY 94, ten single-stage water samples (out of a total of 159) had
tritium concentration greater than 1000 pCi/L, with the highest value measured at 17,200 pCi/L.
The highest tritium readings in runoff water were from locations adjacent to the tritium shafts.
Two primary mechanisms, vapor-phase transport and capillary action, may allow tritium to move
from the subsurface to surface soils. Tritiums residence time in surface soils is unknown,
however, and we do not know how well our sample results reflect tritiums actual surface
distribution at Area G.

The uranium on soil concentrations ranged from 2.6-7.0 pg/g with an average value of
4.3 £0.80 pg/g. Plutonium-238 activities ranged from 0.001-16.68 pCi/g with an average of
0.44 £ 0.01 pCi/g. Plutonium-239 activities in soils ranged from 0.006 to 2.773 pCi/g with an
average of 0.203 = 0.03 pCi/g. The total activities for plutonium-238 and -239 isotopes ranged
from 0.01-17.86 pCi/g with an average of 0.638 + 0.034 pCi/g. The locations of elevated
plutonium readings were consistent with the history of plutonium disposal at Area G: the sampling
stations adjacent to the TRU pads and the oldest disposal pits had the highest plutonium levels for
both surface-soil and single-stage sediment fraction samples. The two areas of elevated
americium-241 activity reflected the elevated activities found for plutonium. Cesium-137 activities
in soils had a wide distribution and ranged from 0.12-1.89 pCi/g, with an average value of 0.46 +
0.17 pCi/g. There was no perimeter area where soil concentrations of cesium-137 were
significantly elevated.
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For the ten metals in soil analyzed, there were no apparent elevated concentrations over the
metal in soil concentrations measured in the baseline soils collected from the proposed Area G
Expansion Area located immediately west of the active part of Area G.

1.0 INTRODUCTION

Area G, in Technical Area 54 (TA-54), has been the principal facility at Los Alamos National
Laboratory (LANL or the Laboratory) for the storage and disposal of low-level and TRU ‘
radioactive waste since 1957 (see Figure 1). From the environmental surveillance standpoint, one
question that has to be addressed is whether there has been an impact on the surrounding
environment from the disposal operations that have taken place at Area G. One aspect of this
question is whether contamination associated with surface soil within Area G somehow migrates
off-site. The two most likely pathways (ignoring the improbable ground water pathway) for
spread of contamination from Area G surface sediments are airborne dispersion of particulate
matter or gases and off-site movement of contaminated sediments and/or dissolved chemical
compounds by surface-water runoff.

This environmental surveillance investigation was carried out, in part, to ensure ongoing
compliance with Department of Energy (DOE) Order 5400.1, “General Environmental Protection
Program” (June, 1990), and DOE order 5820.2A, “Radioactive Waste Management” (September,
1988), and to satisfy criticisms from the Nuclear Facility Defense Safety Board on the paucity of
formal environmental surveillance activities at Area G.

Our investigation focuses principally on defining the potential for the transport of
contaminated sediment and surface-water runoff out of Area G.- Extensive surface-soil and
surface-water-runoff sampling was initiated in FY 93 around the perimeter of Area G and
continued during FY 94. Sampling locations were intentionally selected to best indicate whether
contaminants were moving offsite; thus, these sampling locations should be considered as those
locations most sensitive to possible contaminant migration outside of Area G. The data collected
during FY 94 can be used to

1. determine whether there has been movement of contaminants out of the site;

2. compare with baseline concentrations of constituents on soils sampled in an
undisturbed area of TA-54 proposed for the expansion of Area G disposal operations;

3. compare with baseline concentrations established at the same locations during the
FY 93 sampling and to define contaminants of potential concern (COPCs) and locales
for future Area-G surveillance efforts; and
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assist Area G Waste Management personnel attempts to engineer techniques to prevent
off-site movement of contaminants by either indicating areas of concern or assessing
effectiveness of engineering fixes in place to preclude off-site movement of
contaminants.

Sediment movement out of Area G via the surface-water pathway is important because this is

a major mechanism for disseminating nongaseous contaminants from the surface of Area G to

outlying areas. Contamination of the ground surface of Area G (and formation of the surface soil

source term for surface water runoff) may have resulted from

1.
2.

dispersion of material from active pits by natural phenomena and anthropic activities;

movement of contaminated sediments off the TRU pads or other disposal areas by
wind, surface-water runoff, mass wasting, or anthropic activities;

. capillary action or vapor movement of buried, radioactive contaminants in pits and

shafts to the surface;

inadvertent spills or discharges from facilities or vehicles handling contaminated
materials;

. dispersion of radioactive material from trucks carrying waste into Area G; and

. transport of contaminants or contaminated materials to the surface by burrowing

animals, vegetation, or anthropic activities.

Radioactive surface soil contamination has been documented within the confines of Area G,
and it is important to determine if these contaminants are moving off the mesa top to areas where

the public may be exposed or to where there may be a detrimental impact to the environment.

To this end, an extensive perimeter sampling network has been established at Area G

(Figure 2, inside back cover pocket).

2.0 OBJECTIVES OF INVESTIGATION

The objectives of these investigations are to

1.

define those perimeter locations at Area G where concentrations of radioactive
contaminants are expected to be elevated in surface soils or where surface-water-runoff
channels are established. These are established by walking the site and detecting the
small channels that are formed by surface water runoff originating in Area G;

quantify the levels of radioactive and Resource Conservation and Recovery Act
(RCRA) regulated metal contaminants in surface soils around the perimeter of Area G




and compare to baseline levels from surface-soil samples taken in adjacent,
nonimpacted locations;

3. provide contaminant concentration data that can be compared to analogous baseline data
collected in FY 93; and .

4. document whether contaminants (either dissolved in water or as sediments) are moving
off-site through surface-water runoff and compare to contaminant concentrations in
samples collected from adjacent areas where disposal has not occurred.

Enhanced Area G surveillance is expected on an annual basis (depending on funding) in order
to provide an up-to-date picture of existing radioactive (and other constituent) contamination in
perimeter surface soils and surface-water runoff. Ultimately, measurable impacts on adjacent areas
can be documented by comparing these data with those from future surveillance efforts.

2.1 Areal and Temporal Extent

The investigation to define off-site migration of contaminants is limited to the near mesa top
perimeter outside the fence of Area G, the hillsides directly below Area G, and one major
drainage within the disposal area itself. Surface-soil sampling stations and single-stage water
samplers were installed in small arroyos or rivulets incised into the hillsides around the perimeter
of Area G. The single-stage-sampler locations are designed to collect runoff either on the mesa
top (just outside the fence line) or at points before the runoff enters the bottom of either of the two
adjoining canyons, Cafiada del Buey and Pajarito Canyon. This micro-scale surface water runoff
sampling complements the macro-scale storm water runoff sampling performed by Environmental
Safety and Health Division, Group 18 (ESH-18).

This study is not intended to define potential contamination in the environment downstream
from Area G. The sediments in the canyon bottoms, surface water, and ground water from wells
located downstream from Area G are all monitored on an annual basis by ESH-18.

Based on available funding, this investigation will be performed yearly with annual reports
being prepared to compare contemporary with historical data.
2.2 Data Needs

The data needs for the FY 94 perimeter surveillance study are
1. surface-soil samples (0-6 in. deep) from existing runoff pathways located just outside

the Area G perimeter fence and analyses of these samples for those constituents listed
below in Section 5.4;




2. surface-water-runoff samples collected with single-stage samplers from minor runoff
pathways that were estimated to have significant runoff volumes originating in Area G
and analyses of these surface-water-runoff samples for constituents listed below in
Section 5.4.; and

3. surface soil and single-stage runoff water samples from the undisturbed proposed
Expansion Area, and analyses of these samples for constituents listed below in
Section 5.4.

The Expansion Area is located where no radioactive-waste disposal has occurred, but is an
area into which Waste Management operations are expected to expand. In FY 94 a regular 100 X
100 foot grid was established in this area, just west of the old Area G gate (the area west of the
shaded yellow expanse in Figure 2). The analytical data from samples collected in this area will
serve as baseline concentrations for constituents of interest when disposal operations are initiated in
this Expansion Area. This information is presented in this paper to serve as one benchmark against
which perimeter soil and water constituent concentrations will be compared.

3.0 HEALTH AND SAFETY TRAINING FOR WSS PERSONNEL

All field work was performed by members of the ESH-19 Waste Site Studies (WSS) team.
Each member of the team has received and is up-to-date with all the requisite health and safety
training required to perform environmental sampling at Area G. This training includes
HAZWOPER (Hazardous Worker Operations), Rad Worker and General Employment Training.
All field work was done following the guidelines of the WSS site-specific Health and Safety Plan
(HASP) for Area G.

All members of the team also received radiation support personnel training, which allowed
them to competently operate the Eberline ESP-1 beta/gamma and Ludlum Model 139 alpha meters
and to perform routine frisking and radiation screening operations.

In addition, each team member watched the Area G site-specific training video, was aware of
the health and safety rules and guidelines under which Area G employees operate, and performed
field duties according to the Area G in-house health and safety protocols. Each WSS team member
formally checked in and out of Area G daily if the work was within Area G. Work outside the
fence at Area G did not require formal check-in. Each field task was performed using the buddy
system: at no time did team members undertake a task at Area G without another team member
being present. Finally, all team members were also enrolled in an annual LANL medical
surveillance program.




4.0 FIELD INVESTIGATION METHODS

Accepted techniques were used to identify and certify sampling locations, install sampling
equipment, take samples, and make measurements on these samples. A summary of field
protocols is found in the following sections.

4.1 Land Survey

A WILD brand electronic theodolite, complete surveying station was used in the field. This
equipment was used and field data were collected employing WILDsoft 2000 software for data
reduction. Bill Kopp, a LANL technical staff member and professional engineer registered in the
State of New Mexico, supervised all of the surveying for this project.

At all of the sampling locations (coordinates referenced to NAD 1983), an aluminum stake
was emplaced to memorialize the position.

The unique sampling locations on the perimeter of Area G were coded as G-##-#. The
first two numbers after “G” in the sequence refer to one of seventy permanent survey monuments,
each of which is identified by a piece of rebar driven into the ground and tagged with an
aluminum cap marked with the location number. These 70 monuments were originally installed
in 1991 as part of the old A411 material disposal area (MDA) low-energy gamma (FIDLER) study
to characterize potential movement of radioactive contaminants off-site. FIDLER readings are still
taken on an annual basis at each of these 70 locations; the data collected in FY 94 are found in
Appendix A of this report. For the perimeter surveillance study, the soil and single-stage
sampling sites were numbered in reference to these 70 permanent, surveyed locations. For
instance, two soil or combination soil/single-stage sampling locations are sited near monument
MDA-24. These locations are identified by a tagged aluminum stake with tags G-24-1 and
G-24-2.

The Expansion Area soil sampling 100 X 100 foot grid was also memorialized by surveying in
the locations. At each one of these locations, a four-foot aluminum stake was pounded in the
ground. Brass tags attached to the stake describe the locations with the notation, G-X-##. The
gridded locations are numbered consecutively from G-X-1 through G-X-54 (excluding point
G-X-7).

On the map depicting the perimeter and Expansion Area surveillance locations (Figure 2),
soil-sample points are in orange, single-stage water sample points are in blue, and the combination
points for surface-soil and single-stage samples are in green. The Expansion Area grid points are
depicted by purple numbers. This map was prepared by Jan Benson of the Facility for Information
Management and Display (FIMAD).




4.2 Field Techniques

The following standard sampling and instrument procedures, adopted by the WSS team to
collect soil and water samples and to make associated measurements, were used during this

investigation:
SOP Number Title
LANL-ER-SOP-01.02 Sample Containers and Preservation
LANL-ER-SOP-03.01 Land Surveying Procedures
LANL-ER-SOP-06.09 Spade and Scoop Method for Collection of Soil Samples
LANL-ER-SOP-06.29 Single-Stage Sampling for Surface-Water Runoff
LANL-ER-SOP-10.04 MCA-465/FIDLER Instrument System
LANL-ER-SOP-14.01 Berthold Low Alpha and Beta Activity Counter.

Calibration, Quality Control, Detection Limit, and Use

LANL-ESH-8-008 General Field Work
Spectrace 9000 Instrumental Procedure for XRF Measurement

DOE GJ/TMC-07(83), UC-70A “Procedures for Field Chemical Analyses of Water
Samples,” by Nic Korte and Dennis Ealey

Before soil samples were collected, 60-s counts were made at the soil surface to define surface
soil beta/gamma activity. These readings were made with an Eberline ESP-1 beta/gamma meter
equipped with a pancake probe. The beta/gamma measurements were taken principally to define
any potential radioactive hazards at sampling points. A typical soil-background level for ESP-1
counts at Area G was 300 cpm.

4.3 Chain-of-Custody Procedure

In addition to the above standard operating procedures (SOPs), we followed procedure
LANL-ESH-8-002, “Chain-of-Custody for Environmental Samples.” In this project, each sample
was handled under standard chain-of-custody procedures, using traceable forms, transfer
signatures, and custody tape. Every sample was always kept within sight of one of the WSS team
members or locked in a room, refrigerator, or cooler to which only the WSS team members have
keys. After samples were screened for gross radioactivity (see Section 5.1 below), those requiring
analytical chemistry services were delivered to the Sample Receiving Facility (Chemical Science
and Technology Division, Group 3, or CST-3), located at SM-59-1, TA-59. CST-3 personnel
took formal custody of the samples at that time. All FY 94 samples were analyzed on-site at LANL
except the soil samples from the Expansion Area which were analyzed by a contract laboratory.




5.0 SAMPLE ANALYSIS
The FY94 analytical chemistry data is found in Tables 1, 2, and 3.

5.1 Soil Samples — Gross Alpha and Beta Counting

After the soil samples were collected, they were taken to TA-59 where small aliquots of each
sample were prepared for gross radioactivity counting and x-ray fluorescence (XRF) metal
measurements. The main purpose of the gross counts was to determine whether the samples could
be brought into Building SM-59-1 (that is, whether the samples met the CST-3 building limits for
radioactivity, which have been established to minimize background counts in the building).

5.2 Soil Samples — XRF Measurements

Little information is available on metal concentrations in soils at Area G. Thus, we
determined beginning in FY 93 that it would be valuable to begin developing a data base containing
concentrations of metals on soils using the XRF technique. These potential soil contaminants, in
their elemental forms or as ionic compounds associated with soils, are expected to be disseminated
into the environment by the same routes discussed above in Section 1.0. Although XRF
measurements were again made on soils collected in FY 94, these data are not included in this
report since more accurate wet chemistry analytical techniques for metals on soils were performed
and these metal data are included in this report.

5.3 Water Samples — pH and Conductivity Measurements

The single-stage water samples were collected in 1-gal. polyethylene bottles. The bottles were
collected as soon as possible after a storm event and brought back to TA-59, where temperature,
PH, and specific conductivity measurements were made (Korte, 1983). The pH and specific
conductivity results are found in Table 2.
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Table 1: 1994 TA-54 Area G (OU 1148) perimeter soil data. Samples can be located on the maps of Figures 3-9
by referring to the sample location numbers listed in the first column of this table.

Soil Radioisotope data
Sample Moisture SH  41Am 13705 Total U 238py  239py  Total Pu
Location  Date wt % pCi1  pCi/g p(filg pe/e  pCilg pCi/g pCi/g
G-5-1 7/14/94 4.9 690 0.075 <0.52 7.0 0.030  0.094 0.124
G-5-2 7/14/94 2.5 620 0.014 <0.28 5.4 0.006 0.024 0.030
G-6-1 7/14/94 24 600 0.005 <0.23 3.7 0.004  0.006 0.010
G-7-1 7/14/94 32 840 0.003 <0.33 41 0.005 0.007 0.012
G-8-1 7/14/94 2.3 370 0.006 <0.32 3.8 0.001 0.007 0.008
G-8-2 7/14/94 1.5 540 0.030 <0.36 4.4 0.001 0.010 0.011
G-9-1 7/14/94 7.8 1000 0.030 <0.56 5.6 0.007  0.100 0.107
G-10-1  7/14/94 3.3 520 0.102 <0.38 4.6 0.004  0.009 0.013
G-10-2  7/14/94 6.2 920 0.026 <0.39 5.1 0.007  0.067 0.074
G-11-1  7/14/94 2.1 620 0.007 <0.30 42 0.007  0.013 0.020
G-12-1  7/14/94 1.2 1170 0.013 <0.21 4.0 0.003 0.012 0.015
G-12-3  7/14/94 2.5 1360  0.030 <0.47 4.5 0.007  0.090 0.097
G-13-1  7/14/94 4.2 1010 0.007 <0.34 3.8 0.000  0.020 0.020
G-13-9  7/14/94 2.1 970 0.011 <0.30 5.1 0.005 0.028 0.033
G-14-1  7/14/94 1.4 590 0.013 <0.16 2.6 0.007  0.008 0.015
G-15-1  7/14/%4 1.8 790 0.014 <0.31 5.0 0016  0.043 0.059
G-152  7/14/94 1.0 1550 0.018 0.58 4.1 0.015  0.060 0.075
G-152R  7/14/94 1.3 1130 0.010 <0.34 4.1 0.020 0.031 0.051
G-16-1  7/14/94 2.8 2110 0.011- 0.32 34 0.004 0.019 0.023
G-17-1  7/14/94 1.6 1800 0.008 <36 4.3 0.004  0.006 0.010
G-172  7/14/94 4.0 2360 0.021 <36 5.1 0.009  0.079 0.088
G-17-3  7/14/94 1.7 2070 0.013 <26 44 0.004  0.029 0.033
G-18-1  7/14/94 23 1430 0.010 <.38 52 0.004  0.024 0.028
G-19-1  7/14/94 1.0 1240 0.134 <37 5.0 0.011 0.037 0.048
G-192  7/14/94 1.6 2490  0.008 <31 35 0.003 0.010 0.013
G-20-1  7/14/94 2.1 5470 0.017 1.05 4.5 0.009  0.038 0.047
G202  7/14/94 2.6 4410 0.006 <.26 4.2 0.003 0.009 0.012
G-21-1  7/14/94 0.9 2560  0.013  0.84 4.0 0014 0.013 0.027
(continued)
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Table 1 (continued): 1994 TA-54 Area G (OU 1148) perimeter soil data. Samples can be located on the maps of
Figures 3-9 by referring to the sample location numbers listed in the first column of this table.

Soil Radioisotope data
Sample Moisture 35 241am 137Cs TotalU 238py  23%y  Total Pu
Location  Date wt % pCi/l pCi/g pCi/g Helg pCi/g pCi/g pCi/g
G-21-1R  7/14/94 1.4 2340 0016 <0.34 4.0 0.020 0.028 0.048
G-22-1  7/14/94 2.0 3630 0.003 <0.33 3.6 0.005 0.002 0.007
G-23-1  7/14/94 24 2180 0.003 <0.36 4.1 0.002 0.007 0.009
G232 7/14/94 1.2 8550 0.015 <0.30 4.0 0.007 0.042 0.049
G-24-1  7/14/94 1.0 2490 0.007 <0.33 3.8 0.005 0.012 0.017
G242  7/14/94 5.8 2520 0.010 <0.36 4.3 0.006 0.027 0.033
G-25-1  7/14/94 23 2590 0.021 1.68 4.9 0.007 0.057 0.064
G-26-1  7/14/94 34 3310 0.018 1.75 4.8 0.006 0.065 0.071

G-27-1  7/14/94 2.8 13330  0.017 1.40 4.2 0.004 0.033 0.037
G-28-1  7/14/94 1.5 19960  0.010 <0.33 3.5 0.004 0.023 0.027
G-28-2  7/14/94 0.9 30760  0.015 <0.37 4.1 0.009 0.029 0.038
G-29-1  7/14/94 0.7 253300 0.009 <0.22 2.8 0.023 0.011 0.034
G292 7/14/94 1.4 1097620 0.018 <0.40 4.4 0.026 0.045 0.071
G-29-3  7/14/94 1.3 1715560 0.006  <0.39 4.4 0.005 0.015 0.020
G-30-1  7/14/94 0.6 205310 0.007 <031 33 0.009 0.025 0.034
G-31-1  7/14/94 3.2 404100 0.032 1.89 5.4 0.024 0.117 0.141
G-31-1R  7/14/94 2.9 403030  0.027 0.81 4.8 0.019 0.096 0.115
G-31-2  7/14/94 0.8 201950 0.006 <0.31 4.3 0.009 0.010 0.019
G-31-3  7/14/94 0.5 115680 0.006 <0.26 3.0 0.007 0.010 0.017
G-32-1  7714/94 2.0 53840  0.076 <0.39 5.4 0.022 0.392 0414
G322 7/14/94 1.7 47160  0.010 <0.32 4.1 0.007 0.027 0.034
G-32-3  7/14/94 1.6 31130 0.025 <0.31 4.5 0.010 0.058 0.068
G-33-1  7/14/94 1.8 14100  0.020 <0.38 4.4 0.016 0.122 0.138

G-34-1  7/14/94 0.9 6320 0.008 <0.39 4.0 0.006 0.012 0.018

G-342  7/14/94 1.5 4700 0.016 <0.33 4.4 0.005 0.046 0.051

G-343  7/14/94 14 3900 0.008 <0.28 4.8 0.004 0.040 0.044

G344  7/14/94 1.2 4200 0.016 <0.28 4.4 0.020 0.050 0.070

G-34-5  7/21/94 1.1 8210 0.017 <0.39 33 0.050 0.049 0.099

G-34-6  7/21/94 6.7 2870 0.015 <0.52 4.7 0.017 0.088 0.105
(continued)
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Table 1 (continued): 1994 TA-54 Area G (OU 1148) perimeter soil data. Samples can be located on the maps of

Figures 3-9 by referring to the sample location numbers listed in the first column of this table.

Soil Radioisotope data
Sample Moisture SH  24Iam 137Cs Total U 23%pu  23%u Total Pu
Location Date wt % pCil pCi/g pCilg pglg pCi/g pCi/g pCilg
G-34-7 7/21/94 3.0 5110 0.007 <0.40 3.8 0.009 0.023  0.032
G-34-8 7/21/94 1.8 4210 0.033 <0.46 4.8 0.008 0.048  0.056
G-34-9 7/21/94 4.6 6400 0.012 <0.36 4.1 0.008 0.065 0.073
G-34-10 7/21/94 5.8 3830 0.412 0.70 4.7 0.106  2.773 2.88
G-34-11 7/21/94 7.0 3980 0.090 <0.54 4.9 0.052 0542 0.594
G-34-12 7/121/94 4.2 4140 0.006 <0.39 4.0 0.006 0.007 0.013
G-34-13 7/21/94 3.2 17690 0.012 <0.44 4.1 0259 0.028  0.287
G-34-14 7/21/94 6.1 4080 0.006 <0.43 3.2 0.098 0.022 0.120
G-34-15 7/21/94 6.1 3820 0.011 <0.48 3.7 0.157 0.028  0.185
G-35-1 7/14/94 1.6 5480 0.084 1.26 4.2 0.010 0.125 0.135
G-35-2 7/14/94 . 1.5 8660 0.053 <0.31 4.1 0.016 0.643 0.659
G-36-1 7/14/94 2.1 2730 0.053 0.54 5.1 0.009 0122 0.131
G-36-1R  7/14/94 2.6 3070 0.047 0.65 4.5 0014 0115 0.129
G-36-2 7/14/94 1.6 3120 0.015 <0.35 4.1 0.005 0.034 0.039
G-38-1 7/21/94 3.6 3920 0.014 <0.48 4.0 0.005 0.031 0.036
G-38-2 7/21/94 2.0 79620 0.181 <0.39 4.5 0211 0982  1.193
G-39-1 7/21/94 0.9 11430 0.042 <0.39 3.7 0.681 0.203  0.884
G-39-2 7/21/94 1.6 8100 0.021 <043 31 0.042 0068 0.110
G-40-1 7/21/94 2.0 4490 0.068 <0.55 5.1 2489  0.281 2.77
G-40-2 7/21/94 3.1 3020 0.059 <0.39 4.6 3434  0.295 3.73
G412 7/21/94 4.7 3170 0.051 <0.46 4.4 1.163  0.156 1.32
G-42-1 7/21/94 1.2 5110 0.082 <0.42 4.5 0385  1.031 1.42
G-43-1 7/21/94 5.9 8200 0.249 <0.46 4.2 0574 1.814 2.39
G43-1R  7/21/94 55 9410 0.106 <0.47 4.3 0.687 0.481 1.17
G-43-2 7/21/94 35 9240 0.119 <0.48 3.9 0.508 0.711 1.22
G-44-1 7/21/94 2.1 158550 0.242 <0.44 43 15.778  0.588 16.37
G-45-1 7/21/94 3.1 436560 0.270 <0.46 4.4 1266  0.639 1.95
G-46-1 7/21/94 4.0 49400 0.336 <0.43 52 16683 1.173 17.86
G-46-2 7/21/94 34 27750 0249 <0.53 4.5 1.863  1.093 2.96
(continued)
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Table 1 (continued): 1994 TA-54 Area G (OU 1148) perimeter soil data. Samples can be located on the maps of
Figures 3-9 by referring to the sample location numbers listed in the first column of this table.

Soil Radioisotope data
Sample Moisture SH 28TAm 137Cs TotalU 238pu  239Pu Total Pu
Location Date wt % pCi pCi/g pCi/g uglg pCi/g pCi/g pCi/g
G-47-1 7/121/94 3.7 4800 0.242 <0.46 3.7 0.078 1.782 1.86
G-48-1 7/21/94 4.2 5400 0.050 <0.68 4.3 0.131  0.297 0.428
G-48-2 7/21/94 3.7 5070 0.103 <0.69 4.8 0.081 0579 0.660
G-48-3 7/21/94 37 4990 0.126 <0.45 4.3 0.085 1.157 1.24
G-48-2 7/21/94 3.7 5070 0.103 <0.69 4.8 0.081  0.579 0.660
G-48-3 7/21/94 3.7 4990 0.126 <0.45 4.3 0.085 1.157 1.242
G-49-1 7/21/94 5.5 1870 0.055 <0.42 2.7 0.028 0.216 0.264

G-50-1 7/18/94 0.9 31160  1.546 <0.14 3.8 0.142  1.063 1.21
G-50-2 7/18/94 0.7 30100 0.102 <0.12 3.9 0.033  0.075 0.108

G-51-1 7/18/94 2.7 5420 0.015 <.014 4.5 0.017 0.031 0.048
G-52-1 7/18/94 1.8 4200 0.008 <0.14 4.3 0.006 0.011 0.017
G-52-2 7/18/94 1.8 5990 0.007 <0.14 3.2 0.009 0.031 0.040
G-52-3 7/18/94 1.5 6690 0.020 <0.14 3.9 0.031  0.050 0.081
G-53-1 7/18/94 2.4 2330 0.014 0.89 4.5 0.015 0.043 0.058
G-54-1 7/18/94 0.9 6760 0.007 0.29 4.2 0.016 0.019 0.039
G-54-2 7/18/94 1.4 3900 0.012 <0.16 4.1 0.008  0.033 0.041
G-55-1 7/18/94 1.5 3530 0.014 0.23 3.7 0.007  0.044 0.051
G-55-1R 7/18/94 2.4 2190 0.020 <0.13 3.9 0.006  0.098 0.104
G-57-1 7/18/94 1.3 1900 0.012 1.14 4.4 0.008  0.037 0.045
G-58-1 7/18/94 1.3 2420 0.008 0.30 4.2 0.052 0.025 0.077
G-59-1 7/18/94 1.5 1280 0.010 1.17 5.4 0.005 0.029 0.034
G-60-1 7/18/94 1.5 930 0.009 0.58 4.4 0.003 0.022 0.025
(continued)
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Table 1 (continued): 1994 TA-54 Area G (OU 1148) perimeter soil data. Samples can be located on the maps of

Figures 3-9 by referring to the sample location numbers listed in the first column of this table.

Soil Radioisotope data
Sample Moisture 3g 241Am  137Cs TotalU 238py 239y Total Pu

Location Date wt % pCil1 pCilg pCig ng/e  pCilg pCifg  pCilg
G-62-1 7/18/94 1.2 760 0.003 <.18 4.6 0.002 0.013 0.015
G-64-1 7/18/94 1.1 830 0.012 <22 52 0.005 0.029 0.034
G-65-1 7/18/94 3.9 530 0.013 1.28 4.1 0.006  0.057 0.063
G-65-2 7/18/94 0.8 860 0.006 <17 4.5 0.003  0.008 0.011
Mean NC* 52128  0.059 NC* 4.3 0435 0203  NA**
Median NC* 3910 0.015 NC* 4.3 0.009 0.039 NA**
Std. Dev. NC* 204805 0.161 NC=* 0.7 2211 0428  NA**
Upper Limit NC* 1715560 1.546 NC=* 7.0 16.683  2.773  NA¥**
Lower Limit NC* 370 0.003 NC=* 2.6 0.000 0.002  NA**

*Not Calculated

**Not Applicable
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Table 2: 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can be located on
the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this table. Please
note that negative values sometimes result from counting statistics when average background activities are subtracted

from gross analytical results.

Sample 3H Conductivity
Location Date pCil1 pH ptmhos
G-5-1 9/14/94 -400 6.90 50
G-5-2 8/8/94 0 6.91 30
G-6-1 8/8/94 200 6.52 40
G-6-1 8/23/94 300 6.12 52
G-8-2 9/14/94 -100 6.20 55
G-9-1 8/8/94 0 6.30 40
G-9-1 8/23/94 0 6.29 40
G-102  9/14/94 -200 6.10 80
G-12-1 8/8/94  -100 6.55 50
G-12-2 9/8/94 100 6.30 32
G-12-3 9/8/94 -100 6.00 51
G-13-1 8/8/94 0 6.92 90
G-13-2 9/8/94  -300 5.90 100
G-13-2  7/28/94 100 6.70 140
G-13-3  8/23/94 200 7.34 30
G-13-5  7/28/94 0 6.80 180
G-13-5 8/30/94 -100 6.70 205
G-13-6  7/28/94 0 7.01 40
G-13-7 8/8/94 100 6.89 40
G-13-7 8/8/94 200 7.30 31
G-13-8 8/4/94  -100  6.50 170
G-13-8  8/23/94 100 6.37 152
G-139 8/8/94 100  6.95 110
G-139 8/23/94 200  6.70 138
G-14-1 7/28/94 100  6.08 260
G-14-1 8/8/94 -100 6.96 250
G-14-1 9/12/94 -100 7.96 500
G-141  8/23/94 -100 6.96 400
G-15-1  9/14/94 -100 6.20 270

(continued)
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Table 2 (continued): 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can
be located on the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this
table. Please note that negative values sometimes result from counting statistics when average background activities

are subtracted from gross analytical results.

(continued)

Sample 3H Conductivity
Location Date pCil1 pH ptmhos
G-16-1 8/8/94 200 7.71 40
G-16-1  8/23/94 -100 7.50 20
G-17-1 8/8/94 -100 7.26 80
G-17-1  8/12/94 -100 8.36 50
G-17-1  8/23/94 300 6.83 30
G-17-2  8/12/94 100 7.86 120
G-17-3  8/12/94 -100 8.00 30
G-18-1  9/14/94 0 7.10 20
G-18-1 9/8/94 300 6.30 40
G-18-2 8/8/94 0 7.82 50
G-182  8/12/94 100 7.78 80
G-18-2  8/23/94 200 7.03 50
G-18-3 9/8/94 -100 6.50 31
G-18-3  8/12/94 300 7.80 50
G-19-1 8/8/94 100 7.42 90
G-19-2 9/14/94 200 7.10 70
G-19-2  8/12/94 200 7.81 30
G-21-2 8/8/94 1800 7.39 200
G-21-2 8/23/94 200 7.06 202
G-22-1 8/8/94 0 7.84 50
G-22-1 9/8/94 -100 6.40 30
G-24-1 8/8/94 -100 7.40 40
G-28-2 9/8/94 200 6.30 49
G-28-3 8/8/94 0 7.32 50
G-28-3  8/12/94 200  7.68 40
G-29-2 8/8/94 6100 8.10 320
G-29-2 9/8/94 200 6.30 60
G-30-1 8/8/94 1800 7.16 60
G-30-1  8/23/94 7400 6.79 49
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Table 2 (continued): 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can
be located on the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this
table. Please note that negative values sometimes result from counting statistics when average background activities
are subtracted from gross analytical results.

Sample 3H Conductivity
Location Date pCi/1 pH pmhos
G312  8/12/94 2500 7.60 300
G-31-2  8/23/94 4300 7.10 120
G-31-2 8/8/94 9000 7.15 150
G-31-3 0/8/94 500 6.20 140
G-32-1 8/8/94 1300 7.54 130
G-32-1  8/23/94 17200 17.58 195
G-34-1 8/8/94 500  8.29 2000
G-34-1 9/8/94 200  6.50 50
G342  9/8/94 -100 640 65
G-34-3 8/8/94 100  6.90 40
G-34-3 9/8/94 200 6.60 25
G-34-4 8/8/94 100  7.61 40
G-344  8/23/94 100 7.35 53
G-34-6 8/8/94 0 6.14 70
G-34-6  8/25/94 200 6.45 58
G-347 7/28/94 400 7.10 150
G-347  8/25/94 -300 6.30 158
G-34-8  8/25/94 400 6.40 22
G-349  8/25/94 -200 6.40 119
G-34-9 8/8/94 0 6.24 20
G-34-10 7/28/94 300 7.10 135
G-34-10  8/8/94 100 6.14 70
G-34-11 9/14/94 -100 6.50 155
G-34-12 8/25/94 -600  6.51 55
G-36-1 8/8/94 100  6.54 110
G393 9/14/94 100 6.60 110
G-394  9/14/94 -100 6.60 115
G-41-1 8/12/94 -100 8.00 110
G-41-3  8/29/94 0 7.00 60

(continued)

18




Table 2 (continued): 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can
be located on the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this
table. Please note that negative values sometimes result from counting statistics when average background activities

are subtracted from gross analytical results.

(continued)

Sample H Conductivity
Location Date pCil pH pmhos
G-41-3  8/12/94 -200 8.10 120
G414  8/8/94 0 7.60 90
G-41-4  9/12/94 -300 7.90 97
G422  8/29/94 -100 6.80 31
G423  7/28/94 100 6.60 70
G-42-3  8/8/94 0 7.15 40
G-42-3  8/12/94 -100 8.31 30
G424  9/12/94 -200 8.20 30
G424  7/28/94 0 6.40 70
G-42-5  8/8/94 -100 7.58 20
G-43-3  8/12/94 100 8.27 25
G-43-3 7/28/94 100 6.70 20
G-44-2  7/28/94 100 6.80 30
G-44-2  8/8/94 -300 6.96 70
G-44-2  8/4/94 200 7.94 60
G443 8/12/94 0 7.91 60
G443 9/12/94 -200 8.00 30
G444  8/8/94 100 7.33 30
G-44-5 8/25/94 -100 7.40 20
G-452  7/28/94 100 6.90 20
G452  8/8/94 -200 7.06 50
G452 8/12/94 -100 7.91 50
G453 8/25/94 100 6.48 19
G-46-3 8/12/94 0 8.04 20
G464  8/8/94 100 6.83 190
G464  8/4/94 100 7.80 120
G472 7/28/94 100 7.00 30
G-472  8/8/94 -200 6.89 40
G-47-3 8/12/94 0 7.90 30
G-47-4  9/13/94 -200 7.80 25
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Table 2 (continued): 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can
be located on the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this
table. Please note that negative values sometimes result from counting statistics when average background activities
are subtracted from gross analytical results.

Sample 3H Conductivity
Location Date pCi/l pH pmhos

G-48-4  8/25/94 0 6.60 79
G484  8/8/94 -100 7.53 40
G-49-1 7/28/94 200 6.90 550
G49-1 8/8/94 -100 6.54 340
G-49-1  8/4/94 -100 7.57 350
G492 7/28/94 200 6.90 50
G492 8/12/94 -100 7.70 220
G493 8/25/94 700 7.50 260
G-493  7/28/94 200 7.00 600
G-50-1 7/28/94 -100 7.10 600
G-50-1  8/8/94 0 6.77 390
G-50-1 7/28/94 300 7.10 25
G-51-1 8/12/94 -100 8.80 30
G-51-2  8/8/94 200 6.87 50
G-512 9/12/94 200 7.70 30
G-513 7/28/94 300 6.70 500
G-51-3  8/8/94 100 6.82 40
G-51-4 9/12/94 3800 7.20 70
G-52-4 9/13/94 100 7.10 78
G-52-4  8/8/94 0 720 90

G-54-3  8/8/94 -200 8.25 60

G-55-2  8/29/94 -100 6.90 150
G-55-3  8/8/94 -100 6.42 40

G-55-3 9/13/94 200 7.40 35

G-56-1 7/28/94 0 7.40 20

G-56-1  8/8/94 -100 7.30 20

G-562 9/12/94 -300 7.50 15

G-56-2  8/8/94 200 6.98 30

G563  8/8/94 -100 6.91 30

(continued)
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Table 2 (continued): 1994 TA-54 Area G (OU 1148) water fraction data from single-stage samplers. Samples can
be located on the maps of Figures 3-9 by referring to the sample location numbers listed in the first column of this
table. Please note that negative values sometimes result from counting statistics when average background activities
are subtracted from gross analytical results.

*Not submitted.

Sample 3H Conductivity
Location Date pCil1 pH yimhos
G-56-3  8/12/94 0 7.99 30
G-56-4  8/8/94 0 7.24 30
G-564  9/13/94 0 7.40 15
G-572  8/29/94 -200 7.10 25
G-572  7/28/94 0 7.30 30
G-57-3 9/13/94 -300 7.20 10
G-58-2  9/13/94 0 7.00 30
G-58-3 8/8/94 -300 NS* NS*
G-58-3  8/12/94 0 8.01 25
G-59-1 8/8/94 -300 6.33 30
G-60-1 8/8/94 -100  6.38 30
G-65-1 9/13/94 -200 6.80 50
G-65-1  8/25/94 0 6.81 108
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5.4 Requested Analytical Services

54.1 Surface-Soil Samples
The following analytical services were requested for soil samples taken during FY 94:
1. isotopic plutonium by radioactivity/alpha spectroscopy (RAS),

2. total uranium by kinetic phosphorescence analysis (KPA) or inductively coupled
plasma spectrograph (ICP),

tritium by distillation of soil moisture and scintillation counting,
cesium-137 and americium-241 by gamma spectroscopy,

percent moisture by gravimetric methods, and

A L b~ W

metals extracted by Environmental Protection Agency (EPA) SW-846 Method 3050
followed by appropriate ICP or atomic absorption (AA) analytical techniques.

54.2 Single-Stage Water Samples
For each water sample, we requested that the sample first be filtered through a 0.45-um filter.
The following analyses were then requested:
Filtered-water fractions
1. Tritium,
Filtered-sediment fractions

1. Isotopic plutonium (for the majority but not all samples).

543 Laboratory Soil-Sample Preparation

Before the CST-9 soil analyses for radionuclides (excepting tritium), the soils were first dried
overnight at 100°C and then sieved through a number 12 Tyler sieve to remove large-sized particles
and foreign matter (twigs, grass, etc.). When these dried soil (or the sediment-fraction of the
single-stage water sample) samples were analyzed for plutonium and uranium, these radionuclides
were first extracted from the dried soils by a hot nitric acid/hydrofluoric acid leaching procedure
that effectively dissolves the entire sample. Standard CST analytical chemistry procedures were
then followed for separating, plating, and counting radionuclides.

Before soils were analyzed for metals, they were dried at between 100° and 150°F for between
4 and 12 hours, and subsequently milled for one hour in a shaker mill. The soils were then
digested prior to metal analysis according to EPA SW-846 Method 3050 (hot nitric acid digestion).
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6.0 EXPANSION AREA BASELINE STUDY

As stated above, an approximately ten acre site directly west of active Area G has been
identified as the location for the expansion of Waste Management disposal operations. 1Itis
appropriate to gain baseline surface soil and water chemistry data before any operations are initiated
in this area. This baseline data will not only be used in the future to define any impacts from the
active operations that will be taking place in this area, but will serve in this study as baseline or
local background for comparison to perimeter soil and surface water runoff samples collected
during FY 94 in the active part of Area G.

During FY 94, an 100 ft X 100 ft regular grid was established in the Expansion Area. In
FY 94, twenty-five randomly chosen surface soil samples were collected from the Expansion Area
grid. The analyses requested on these samples are found listed in Section 5.4.1.

In addition, ten baseline single-stage runoff collection and soil sampling stations were installed
along the mesa top adjacent to the Expansion Area. These stations are G-8-2, 9-1, 10-2, 11-1,
12-1, 12-2, 12-3, 13-1, 59-1 and 60-1. During FY 94, single-stage water samples were collected
at 9 of these 10 stations. The requested analyses for these water samples are listed in Section
5.4.2. The analytical chemistry data for the Expansion Area samples are included in Tables 2
and 3.

7.0 PERIMETER SOIL-SAMPLE RESULTS FOR CONSTITUENTS OF INTEREST
7.1 Tritium

The analytical radiochemistry results for the soil and single-stage samples are presented in
Tables 1 and 2. Figures 3 and 4 depict the perimeter and Expansion Area tritium distributions for
the soil and single-stage water samples. Appendix B contains box plots depicting the distribution
of tritium concentration on surface soils collected around the Area G perimeter and in the
Expansion Area during FY 93 and FY 94. The tritium values for the water samples collected at a
particular sampling station as depicted in Figure 4 may be an average of several measurements if
several samples were collected after different individual storm events. From the perimeter soil
sampling (those samples taken from locations in minor drainages into which we expected
sediments to be carried and water to flow during a storm event), it is shown that there is elevated
soil tritium activity over the entire active portion of Area G. The tritium concentrations in soils
collected in FY 94 are by-and-large slightly elevated above analogous samples collected in FY 93

(see Box plots in Appendix B). Tritium on soil samples collected adjacent to the TRU pads and
tritium shafts are most highly elevated over baseline. From Figure 3, one can see elevated levels
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Table 3: 1994 TA-54 Area G (OU1148) sediment fraction data from single-stage samplers. Listed here are the
plutonium results for sediment filtered from the single-stage water samples.

Sample 238py  239py  Total Pu
Location  Date pCi/g pCi/g pCi/g
G-5-1 9/14/94  0.016 0.09 0.025
G-5-2 8/8/94  0.059  0.009 0.068
G-6-1 8/23/94  0.001  0.015 0.016
G-6-1 8/8/94  0.005 0.218 0.223
G-9-1 8/23/94 0.008  0.076 0.084
G-10-2 9/14/94 0224  0.164 0.388
G-12-3 9/8/94 001 . 043 0.44
G-13-1 8/8/94  0.056 0.02 0.076
G-13-2 9/8/94  0.009  0.022 0.031
G-13-2  7/28/94 0.006  0.006 0.012
G-13-6  7/28/94 0.001  0.007 0.008
G-13-7  8/23/94  0.047 0.04 0.087
G-13-7 8/8/94  0.008  0.014 0.022
G-13-8 8/8/94  0.008  0.029 0.037
G-14-1  7/28/94  0.022 0.04 0.062
G-14-1  8/23/94 0.036  0.018 0.054
G-14-1  8/12/94 0.018  0.012 0.030
G-14-1 8/8/94  0.033  0.025 0.058
G-16-1  8/23/94 0.042 0.09 - 0.132
G-16-1 8/8/94  0.018  0.049 0.067
G-17-1  8/23/94 0.037 0.125 0.162
G-17-1  8/12/94  0.021 0.05 0.071
G-172  8/12/94 0.011  0.017 0.028
G-17-3  8/12/94 0.016  0.039 0.055
G-18-1 9/8/94 0.012  0.015 0.027
G-18-1  9/14/94 0.198 0.114  0.312
G-182  8/23/94 0.016  0.016 0.032
G-182  8/12/94 0.006  0.014 0.020
G-18-2 8/8/94  0.009  0.051 0.060

(continued)
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Table 3 (continued): 1994 TA-54 Area G (OU 1148) sediment fraction data from single-stage samplers. Listed here
are the plutonium results for sediment filtered from the single-stage water samples.

(continued)

Sample 238py 239y Total Pu
Location  Date pCi/g pCi/g pCi/g
G-18-3 9/8/94  0.021 0.011 0.032
G-183  8/12/94 0.01 0.009 0.019
G-19-1 8/8/94  0.012  0.008 0.020
G-192  9/14/94 0.017  0.031 0.048
G-21-2  8/23/94 0.013 0.012 0.025
G-21-2 8/8/94  0.023  0.009 0.032
G-22-1 9/8/94  0.024  0.016 0.040
G-22-1 8/8/94  0.027  0.018 0.045
G-24-1 8/8/94  0.008 0.32 0.328
G-28-2 9/8/94  0.032  0.027 0.059
G283  8/12/94  0.06 0.055 0.115
G-28-3 8/8/94  0.082 0.05 0.132
G-29-2 9/8/94  0.039  0.046 0.085
G-29-2 8/8/94  0.014  0.033 0.047
G-30-1  8/23/94 0.041 0.045 0.086
G-312  8/23/94 0.035  0.037 0.072
G312  8/12/94 0.153  0.007 0.160
G-31-2 8/8/94  0.016  0.022 0.038
G-31-3 9/8/94 0.012  0.017 0.029
G-32-1 8/8/94  0.018  0.049 0.067
G-34-1 9/8/94 0.023  0.141 0.164
G-34-1 8/8/94  0.007  0.017 0.024
G-34-2 9/8/94  0.005  0.025 0.030
G-34-3 9/8/94 0.013  0.079 0.092
G-34-3 8/8/94 0.01 0.265 0.275
G-34-4  8/23/94 0.096  0.136 0.232
G-34-4 8/8/94  0.022  0.109 0.131
G-34-6  8/25/94 0.008 0.144 0.152
G-34-7  7/28/94 0.028  0.486 0.514
G347  8/25/94 0.039  0.247 0.286
G348  8/25/94 0.042  0.158 0.200
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Table 3 (continued): 1994 TA-54 Area G (OU1148) sediment fraction data from single-stage samplers. Listed here
are the plutonium results for sediment filtered from the single-stage water samples.

Sample 238py  239%pu  Total Pu

Location  Date pCi/g pCi/g pCi/g
G-34-9  8/25/94 0.037  0.011 0.048
G-34-10  7/28/94 0.033  0.177 0.210
G-34-11 9/14/94  0.143 0.16 0.303
G-34-12  8/25/94 0.132  0.201 0.333
G-36-1 8/8/94 0.02 0.151 0.171
G-39-3  9/14/94 0.286  0.182 0.468
G-39-4  9/14/94 0.139  0.111 0.250
G41-1  8/12/94  7.75 0.378 8.12
G41-3  8/29/94 0.062  0.049 0.111
G41-3  8/12/94  0.041 0.039 0.080
G414  9/14/94 0.038  0.016 0.054
G414 8/8/94  0.044  0.014 0.058
G422 8/29/94 0.143  0.443 0.586
G423 7/28/94  0.111 0.092 0.203
G423  8/12/94 0.183  0.075 0.258
G-42-3 8/8/94 0275  0.134 0.409
G-424  7/28/94 0.165  0.024 0.189
G424  9/14/94 0498  0.111 0.609
G-42-5 8/8/94  1.513 1.069 2.58
G-43-3  7/28/94 0337  0.066 0.403
G43-3  8/12/94 0.421 0.191 0.615
G442  7/28/94 0.106  0.027 0.133
G-44-2 8/8/94 0229  0.052 0.281
G442  8/12/94 0282  0.047 0.329
G443 9/14/94 0256  0.092 0.348
G443  8/12/94 0.316  0.027 0.343
G-44-4 8/8/94  0.555 1.404 1.96
G-44-5  8/25/94 1.357  2.347 3.704
G452  7/28/94  0.291 0.028 0.319
G452  8/12/94 0269  0.034 0.309
G452 8/8/94 0364  0.016 0.380

(continued)
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Table 3 (continued): 1994 TA-54 Area G (OU 1148) sediment fraction data from single-stage samplers. Listed here
are the plutonium results for sediment filtered from the single-stage water samples.

Sample 238py 239Pu  Total Pu
Location  Date pCi/lg pCi/g pCi/g
G453  8/25/94 4.880  1.113 5.99
G464 8/8/94  1.101 1.860 2.96
G472 8/894  0.380  0.052 0432
G474  9/14/94 0460  6.086 6.55
G484  8/25/94 0.550 1.292 1.84
G49-1  7/28/94 0.027 0.091 0.118
G49-1  8/12/94 0.048  0.235 0.283
G-49-1 8/8/94 0.060 0.116 0.176
G492  7/28/94 0.024  0.056 0.08
G492  8/12/94 0.052  0.231 0.283
G493 7/28/94 0.052  0.592 0.644
G493  8/25/94 0.022  0.031 0.053
G-50-1 7/28/94  0.045 0.138 0.183
G-50-1 8/8/94  0.078 0.078 0.156
G-51-1  7/28/94  0.013 0.017 0.030
G-51-1  8/12/94  0.022 0.044 0.066
G512  9/14/94  0.020 0.047 0.067
G-51-3  7/28/94  0.041 0.178 0.219
G-51-3 8/8/94  0.220 0.056 0.276
G-51-4  9/14/94  0.017 0.034 0.051
G-54-3 8/8/94  0.038 0.043 0.081
G-55-2  8/29/94 0.009 0.062 0.051
G-55-3  9/14/94  0.034 0.139 0.173
G-55-3 8/8/94  0.076 0.066 0.142
G-56-1  7/28/94 0.012 0.043 0.055
G-56-1 8/8/94  0.013 0.046 0.059
G-56-2 8/8/94  0.000 0.016 0.016
G-56-3  8/12/94  0.010 0.013 0.023
G-56-3 8/8/94  0.008 0.034 0.042
G-564 8/8/94  0.021 0.037 0.058
G-564  9/14/94  0.009 0.037 0.046
G-572  8/29/94 0.016 0.031 0.047

(continued)
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Table 3 (continued): 1994 TA-54 Area G (OU 1148) sediment fraction data from single-stage samplers. Listed here
are the plutonium results for sediment filtered from the single-stage water samples.

28

Sample 238py  239py  Total Pu
Location Date pCi/g pCi/g pCi/g
G-57-2  7/28/94 0.003 0.009 0.009
G-58-3 8/12/94 0.026  0.056 0.082
G-65-1 8/25/94 0.010 0.013 0.023
G-65-1 9/14/94 0.027  0.031 0.058
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soil-moisture interactions are limited to the top few centimeters of surface soils. At that time,
tritium concentrations in the surface-soil stratum could be altered by the

1. exchange and entrainment in water of available tritium on soils by water running off of

a particular location or .
2. erosion away of tritium-bound sediments.

It is assumed that on soil, tritium is incorporated into the associated water that is termed “soil >
moisture.” When the laboratory prepares a soil sample for tritium analysis, soil moisture is
distilled out of a weighed sample of soil. The tritium measured in the distilled-off water is deemed
to represent the tritium content of the soil and is reported as activity per liter of soil moisture. If it



of tritium (as high as 436,560 pCi/L) in soil from sampling locations between monuments G-42
and G-51. These locations are along the northern edge of the TRU pads and extend along the
fenceline to the west some 600 feet. To the east and south of the TRU pads (between monuments
G-34 and G-41), the soil samples also show moderately elevated tritium activity. One isolated soil
sample, G-38-02, on the perimeter at the south edge of the TRU pads, had a relatively high tritium
concentration (79,620 pCi/L). This particular soil sample also had an elevated tritium
concentration during the FY 93 sampling campaign. The locale for the most elevated soil tritium
soil concentrations in FY 94 is adjacent to the tritium disposal shafts and encompasses sample
series G-27 through G-32. Soil samples from this area had tritium activities as high as

1,715,560 pCi/L. Figure 10 is a scatter plot depicting the tritium in soil concentrations at
analogous locations for the years FY 93 and FY 94. This figure indicates that the localized regions
of elevated tritium concentrations on the perimeter of Area G were the same during FY 93 and FY
94 but tritium concentrations for FY 94 were generally higher that the tritium activities from
equivalent samples collected in FY 93. The significance of year-to-year measured tritium
concentrations in soil (and runoff water) will be discussed below.

Storm-water runoff (single-stage) samples were also collected in the majority of those
locations where perimeter soil samples were taken. We collected 159 water samples by the single-
stage-sampler method during FY 94 (at many stations multiple collections were made on different
dates). The analytical chemistry data for these samples are presented in Tables 2 (tritium) and 3
(plutonium). Only the water fractions of the single-stage samples were analyzed for tritium.

The tritium activity of the vast majority (92%) of the samples ranged from reported values of
-600—400 pCi/L. Although the detection limit for tritium analyzed by this method is 300 pCi/L,
the counting statistics may generate values that are less than the detection limit, and sometimes even
negative values may be reported. We consider the activity range of -600—400 pCi/L to be the
baseline tritium concentration range for surface-water runoff at Area G.

Ten single-stage water samples had tritium concentrations over 1000 pCi/L, and in FY 94 one
single-stage water sample (from the tritium shaft area, sample G-32-1) had a tritium activity
measured at 17,200 pCi/L. Multiple (collected after different storm events) samples from the same
station collected from the tritium shaft area illustrate how the tritium concentrations can vary
depending on the most recent “weather” extant at Area G (see Table 2). The rationale for this
variability is discussed by the authors below.

An important consideration regarding the tritium results for surface soils or single-stage
samplers is that they reflect the surface-soil environment only at the time of the soil sampling or the
storm event. The ambient conditions at a particular location are factors that will determine the
concentration and availability of tritium at the time a sample is taken. When precipitation falls,
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soil-moisture interactions are limited to the top few centimeters of surface soils. At that time,
tritium concentrations in the surface-soil stratum could be altered by the

1. exchange and entrainment in water of available tritium on soils by water running off of
a particular location or .

2. erosion away of tritium-bound sediments.

It is assumed that on soil, tritium is incorporated into the associated water that is termed “soil
moisture.” When the laboratory prepares a soil sample for tritium analysis, soil moisture is
distilled out of a weighed sample of soil. The tritium measured in the distilled-off water is deemed
to represent the tritium content of the soil and is reported as activity per liter of soil moisture. If it
had recently rained before the sampling event or if the soil came from a location that was naturally
damp (shaded area) or where anthropic activities (such as a water truck spraying on the ground
surface) had impacted the soil, this added water to the natural soil moisture would cause a dilution
of the tritium concentration on that soil that had a source resulting from disposal of tritium at
Area G. Figures 4 and 10 illustrate the manifestation of this hypothesis. In both FY 94 and
FY 93, the regions of baseline, slightly elevated and most elevated tritium concentrations on soils
are the same. However, the absolute concentrations of tritium measured on soil during those two
years are shown to be generally different.

By minimizing the period of time taken for the collection of all the samples and purposefully
collecting samples during dry periods, one can hopefully eliminate most of the local environmental
impacts discussed above.

7.2 Uranium

Total uranium analysis data (Table 1) are reported as the mass of uranium present in a soil
sample (Ug uranium per gram of soil). For the 110 perimeter soil samples analyzed in FY 94, the
uranium concentrations ranged from 2.6-7.0 pg/g. The average value for total uranium in
perimeter soils was 4.3 + 0.8 pg/g. The geographic distribution for these soil uranium readings is
depicted in Figure 5. The uranium in soil concentrations reported for FY 94 data are biased higher
than the soil uranium values reported in FY 93 (see Box plot in Appendix B). One reason for this
apparent difference in total uranium concentrations is that the samples analyzed in FY 93 were done
in-house by the KPA method while the FY 94 samples were done by an outside laboratory by the
ICPMS method. Obviously there is a positive bias with the ICPMS method with respect to the
KPA method.
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Uranium concentrations were not determined in the sediment fraction of the single-stage
samples during FY 94 since the analogous data collected during FY 93 illustrated no significant
distribution of uranium on sediment fractions collected in the single-stage runoff samples. This, in
fact, is to be expected since the perimeter soils on the mesa top that would serve as the source term
for sediments collected in the single-stage sample bottles have no obvious or significant uranium
distribution.

7.3 Plutonium Isotopes

During the FY 94 perimeter surface-soil sampling campaign, 110 perimeter soil samples were
analyzed for isotopic plutonium (plutonium-238, -239, and -240). Plutonium-239 and -240 are
reported as the sum of the activity of these two isotopes but hereafter they will be referred to only
as plutonium-239. The plutonium soil data are presented in Table 1. The plutonium-238 activities
range from 0.001 pCi/g to 16.683 pCi/g. The average plutonium-238 activity is 0.44 + 0.01
pCi/g. The mean value is far above the median value (0.009 pCi/g) because several samples have
elevated plutonium levels and the frequency distribution plot is positively skewed. For plutonium-
239, activities range from 0.01-2.77 pCi/g. The mean plutonium-239 activity is 0.20 £ 0.03
pCi/g. The plutonium-239 data is also positively skewed, with the median plutonium-239 value
for the same sample set being 0.039 pCi/g. For convenience, the sum of the plutonium isotope
activity (total) for each sample is also presented in Table 1 (box plots of the total plutonium
distribution on perimeter and Expansion Area surface soils collected in FY 93 and FY 94 are
presented in Appendix B). In Figure 6, total plutonium isotope activity in perimeter soils is plotted
by location. Figure 6 shows that perimeter surface soils increase slightly in plutonium activity as
one moves from the west of Area G (with little or no history of waste-disposal activity) to the east
(where waste disposal occurred). The highest total plutonium activities are associated with the
TRU pads and the lower-numbered inactive disposal pits (location series G-38—46), with elevated
readings also found to the west of the TRU pads along the northern edge of Area G up through
location series G-50. There are other elevated plutoninm readings from sites scattered around the
perimeter but these sites are found predominantly in the eastern half of Area G.

The single-stage samples collected during FY 94 were separated into a water fraction and a
sediment fraction. Isotopic plutonium analyses were run on the sediment fraction. These data are
included in Table 3 and depicted in Figure 7. The locations of single-stage samples where the
sediment contains elevated levels of plutonium reflect the areas where soils are also elevated in
plutonium. That is, in the vicinity of the TRU pads.
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7.4 Americium-241

Americium-241 is normally found with plutonium in soils because it is a direct radioactive
decay product of plutonium-241. Corroboration of plutonium distribution in soils is possible by
using the attendant americium-241 analytical results. Table 1 includes the soil americium-241
results, while Figure 8 depicts the geographic distribution of the americium-241 readings (box
plots depicting the americium-241 distribution in surface soils collected at perimeter and Expansion
Area locations in FY 93 and 94 can be found in Appendix B). The americium-241 values for
perimeter soils varied from 0.003 pCi/g to 1.55 pCi/g. The mean americium-241 concentration
in soils was 0.059 £ 0.031 pCi/g. An area with elevated americium-241 soil levels was found
adjacent to the TRU pads in the area of series G-48-51. This location of elevated americium-241
reflects the elevated activities of plutonium in soils reported above in Section 7.3 (compare
Figures 6 and 8).

7.5 Cesium-137

Cesium-137 is another isotope of interest at Area G. All perimeter soils were analyzed by
gamma spectroscopy for cesium-137, and these data are found in Table 1. Figure 9 illustrates a
fairly even distribution of cesium-137 in perimeter surface soils at Area G. Cesium-137 activities
in soils range from less than 0.12 pCi/g to 1.89 pCi/g, with an average concentration in soils of
0.43 £0.17 pCi/g. These data show a wide distribution of low levels of cesium-137 in Area G
perimeter soils.

7.6 Metals

Because little analytical data are available on RCRA-regulated metals in Area G surface soils,
we continued a program begun in FY 93 for collection of soil samples for analysis of metals. In
FY 94, ten RCRA metals were analyzed on twenty one soil samples collected from the perimeter of
Area G. We submitted these twenty one soil samples for EPA SW-846 metal analyses of Ag, As,
Ba, Be, Cd, Cr, Hg, Ni, Pb, and Se. Table 4 summarizes the metal-on-soil data. There is no
apparent contamination of Area G perimeter surface soils by any of the metals analyzed. Included
in the summary table are the mean, median, and standard deviation from the mean for the metals
Ba, Cr, and Pb. These are the only metals that were analyzed that yielded enough “non-detect”
data points to calculate basic statistical parameters. Box plots comparing distributions of these
three metals on FY 93 and FY 94 perimeter soils, as well as soils from the Expansion Area are
presented in Appendix B of this report.
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Table 4:

1994 TA-54 Area G (OU 1148) metal on perimeter soil data.

Sample Laboratory Metal Analyses (ug/g)

Location Date Ag As Ba Be Cd Cr Hg Ni Pb Se
G9-1 7/14/94 | <0.63 33 110 <088 <1 65 <0.02 <38 238 <0.63
G-10-1  7/14/94 | <0.62 <1.9 86.9 1.7 <047 6.8 022 <42 139 <0.62
G-17-3  7/14/94 | <0.61 <19 743 <074 <09 85 <0.02 <52 11.6 <0.61
G-21-1 7/14/94 | <0.61 <14 449 <041 <053 3.5 <0.04 <12 7 <0.61

G-21-IR 7/14/94 | <0.6 <1 4 <039 <052 31 <003 <2 6.2 <0.6
G-242  7/14/94 | <0.64 3.1 178 1.7 <14 13.7 <0.02 9.;2 157 <0.64
G-342 7/14/94 | <0.61 <14 705 <0.65 <058 3.7 014 <13 84 <0.61
G-352 7/14/94 | <0.61 <1.7 116 <0.74 <0.78 6 <0.04 <35 128 <0.61
G-38-1 7/21/94 | <0.61 3.4 872 <089 <0.6 58 <0.02 <58 84 <0.61
G-382 7/21/94 | <0.61 <1.5 785 <052 <0.68 43 <0.02 <3.8 8.9 <0.61
G402 7/21/94 | <0.61 <2 511 <05 <037 28 <0.02 <3.6 7.6 <0.61
G431 7/21/94| 062 <13 59 <055 <021 3.5 <002 <31 8.6 <0.62

G-43-IR  7/21/94 | <0.62 <.83 57.7 <049 <051 43 <0.02 <34 8.7 <0.62
G44-1 7/21/94 | <0.61 <14 <31.8 <034 <02 2.6 <0.02 <12 59 <0.61
G45-1 7/21/94 | <0.61 2.8 526 <051 <075 4 <0.02 <23 9.7 <0.61
G-46-1 7/21/94 | <0.94 <1.8 58.6 <047 <048 7.7 <0.02 <41 149 <0.62
G-48-3 7/21/94 | <0.62 2.4 74 <046 <077 56 <0.02 <42 11.7 <032
G-502 7/18/94 | <0.6 <.84 51.1 <042 <036 39 <002 <19 59 <0.6
G-51-1 7/18/94 | <0.61 25 997 <0.81 <052 5.6 <0.02 <44 119 <0.61
G-54-1 7/18/94 | <0.6 <1.3 453 <05 <025 41 <002 <15 7.5 <0.6
G-58-1 7/18/94 | <0.6 29 657 <053 <039 49 <0.02 <35 9.6 <0.6
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Each soil sample collected was also run for metals on the XRF instrument. This continues a
practice started in FY 93. The XRF technique is a nondestructive method that irradiates soil
particles with x-rays from one of several sources. Measurements of the subsequent fluorescent
radiation can identify particular metals and determine their quantity as internal calibrations are
performed using pure metals. These data are collected to give an Area G metal-on-soil data base
for those locations where metals were not analyzed for by the more accurate ICP and AA wet
chemistry methods mentioned above. The XRF data are not presented in this report but are
available upon request.

8.0 STATISTICAL CONSIDERATIONS

Independent perimeter surface soil data sets are now available for FY 93 and FY 94 and the
Area G Expansion Area so that it is appropriate to compare this information. The comparisons
we choose to make are:

1. whether the FY 94 Area G perimeter soil chemistry data are statistically different from the
Expansion Area data,

2. and whether the soil chemistry data collected in FY 94 are statistically different from the
analogous data collected in FY 93 (considered the baseline year).

It is expected that the soil data for several constituents (especially tritium, plutonium, and
americium-241) for the perimeter G samples can be shown to be statistically different (for instance,
constituents will have higher average concentrations) than the soil data collected from the
Expansion Area where disposal operations have not occurred.

On the other hand, a more difficult question is determining whether, for example, the
plutonium activity in perimeter soils at Area G is increasing (or decreasing) from year to year.
Because concentration changes from year to year are expected to be small, only by statistical
analysis can one determine whether there truly are concentration changes of constituents on soil
from one year to the next.

In Appendix B, the data is presented as box plots to assist in making the two types of
comparisons discussed above. The first comparison is to look at the constituents measured on
perimeter soils and compare these concentrations to constituent concentrations measured on soil
samples collected in the proposed Area G Expansion (defined as background) Area. Surface soil
and single-stage water samples were collected in this Expansion Area during FY 94.

The second type of statistical assessment is done by comparing the constituent concentrations
for FY 94 with constituent concentrations for FY 93 from analogous locations. For instance, by
comparing tritium concentrations on soils collected in FY 94 to tritium concentrations on soils
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collected in FY 93. Box plots are used to depict all the distributions discussed below and to assist
in comparing the different data sets. Box plots give information on the median, interquartile range,
skewness, and other information which helps determine whether a distribution is normal. By
placing the box plots on the same scale and in the same figure, we have an immediate impression
of the differences and similarities of the distributions we are attempting to compare.

9.0 CONCLUSIONS

In the paragraphs below are discussions of the results of the FY 94 perimeter soil and water
sampling performed at Area G.

9.1 Tritium

Tritium has unique chemical properties that distinguish it from most radionuclides. As an
isotope of hydrogen, tritium can exchange with the normal hydrogen atoms in compounds such as
water. From information gathered at many facilities where tritium is stored, including LANL, we
know that tritium can migrate some distance from its place of disposal. Tritium in the soils at Los
Alamos has a wide distribution from both fallout and Laboratory activities. Disposal of hundreds
of thousands of curies of tritium in a series of pits, shafts, or pads occurred at Area G since this
facility opened in 1957. A relatively unstable isotope, tritium has a half-life of 12.26 years, during
which time half of the tritium transmutes into helium by emitting a low-energy beta particle.

An important question that needs to be addressed is that of the relationship between the tritium
found in annual surface-soil and water-runoff samples and the true distribution of tritium at the
site. One long-term goal of this study is to better define the actual tritium distribution in surface
soils (and possibly in the subsurface) at Area G by gathering these tritium concentration data over
a period of years.

Except for inadvertent discharges of tritium to the ground surface, the major sources of
surface tritium at Area G are materials that have been disposed (buried or emplaced) in one or
another of the many shafts, pits, and pads at the site. We expect the probability of finding tritium
at elevated levels to be greatest in closest proximity to these sources. Because disposal of waste
occurs in a fashion that entails subsequent covering by natural tuffaceous material (and at times
asphalt or cement), one important question is, by what pathway does subsurface trittum migrate to
the surface, so that it could possibly be carried offsite? We have postulated two primary
mechanisms for tritium transport to the surface: vapor-phase migration and capillary action.
Secondary mechanisms would be evapotranspiration, transport to the surface via vegetative growth
or burrowing animals, and anthropic activities such as excavation of tritium-contaminated soils,
tuff, or waste.
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Tritiated water (or other tritiated compounds with elevated vapor pressures) can migrate in the
vapor phase from the subsurface to the surface. Upon reaching the surface layer of soils, the
question is does tritium simply vent into the atmosphere or is there a mechanism for it to attenuate
with surface soils? Because tritium is found on surface soils, there must exist a viable mechanism
for attenuation. The only obvious mechanisms for tritiated water vapor migrating upward (or
laterally) to attenuate to surface-soil sediments are condensation on the surface particles when
encountering cooler temperatures (e.g., at night) and/or the tendency of very dry or salt-containing
surface soils to absorb this water vapor.

A second pathway by which tritium could arrive at the surface (and have some residence time)
would be capillary action. Capillary action is the phenomenon by which a liquid rises in a tube (or
a network of “tubes,” as in packed soil) because of the difference in surface tension between the
water molecules themselves and between the water molecules and the surface of the tube (or
packed soil particles). Unlike water transported via the vapor phase, water transported by capillary
action can also carry dissolved compounds. Thus, tritium that exists as a dissolved chemical
species can also migrate upwards to surface soils by capillary action.

By either of these two mechanisms — vapor-phase transport or capillary action — tritium
could move from subsurface soils to surface soils. Tritiums residence time in surface soils is
unknown because we do not know how the tritium migration rates from subsurface to surface soils
compare to the rates of tritium removal from the surface by evaporation or by other mechanisms.
We do know from tritium flux studies (where water vapor is captured on silica gel and the tritium
in the water measured) that tritium is escaping in the vapor phase from the ground surface. In
addition to evaporation, the mechanisms by which tritium can be removed from surface soils are:

1. exchange and runoff with surface water,
2. percolation back into the subsurface after a storm event,

3.  air dispersion of surface soil particles (containing tritium) during periods of high
winds,

4. evapotranspiration of tritium-containing water by vegetation, and
5. removal of trititum containing materials by human or animal intervention.

These tritium dispersal mechanisms are important because the actual date and time a sample is
taken (and concomitant measured tritium concentration) may be impacted by localized
environmental impacts. For example, during long dry periods one would expect the movement of
tritium on subsurface soils to be from the subsurface to the surface, and ultimately away from the
surface by one of the mechanisms mentioned above. If soil sampling occurred after a long dry

52




period, the question is would the tritium in the soil be higher or lower than the average value that
would be found for that sampling point if samples were taken every day of the year? Or if soil
samples were taken the day after a storm, would a lower than representative tritium concentration
be expected because some of the tritiated surface sediments were carried off by surface water
runoff or the tritium in the soil moisture was diluted by the rain water? These are difficult
questions that may only be answered after many years of quality surface soil sampling.

After two years of systematic soil sampling at Area G, we begin to see a pattern in the
distribution of tritium in perimeter soils. By observing the maps of Area G tritium concentrations
on soil and surface water runoff (Figures 3 and 4), it is evident from the FY 94 data that there are
specific regions of Area G where tritium concentrations are particularly elevated. These regions
are predominantly in the area adjacent to the TRU pads (between MDA stations G-42 and 51) and
the tritium storage shafts (between MDA stations G-28 and 31). These tritium data, in fact, mirror
" the tritium-on-soil data collected at the same locations in FY 93. By observing the scatter plot in
Figure 10, one can see that although the absolute tritium concentrations on soil collected in FY 94
vary somewhat from the data for samples collected in FY 93, the areas of high, medium and low
tritium concentrations on surface soils are similar for the two years. This indicates that the
mechanisms (and sources) supplying tritium to the surface soils are rather constant from year to
year and only the local environment affects the absolute concentrations of tritium on the surface
soils.

An additional piece of data that supplements the soil and surface water information we
collected at Area G, is supplied by vegetation sampling done at several Area G locations.
Fresquez, et. a{ll., 1995, found elevated levels of tritium in vegetation collected at just those two
locations of Area G where surface soils were most highly elevated in trititum — north of the TRU
pads and west of the tritium shafts located on the south-central section of the disposal site. Also,
Fresquez found that vegetation collected from around Area G was generally elevated in
radionuclide concentrations above analogous vegetation sample radioactive concentrations
considered to be background.

By observing the box plots for the tritium distribution in soils collected in FY 93 and 94, it is
apparent that the tritium distributions in perimeter soils are different from and higher than the
distribution of tritium in soils from the Expansion Area. This result was expected. The difference
in the distributions of tritium (slightly higher in the FY 94 soils) in the soils collected in FY 93 and
FY 94 have been discussed above.
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Unless more is learned about the surface tritium flux (and there are ongoing studies at
Area G), a sample taken at any given time can only provide a snapshot of the tritium surface
concentration in soil at that particular time.

The flux effect or dependence on localized moisture content on soils may be minimized by
taking all samples during a one or two day sampling period since in this case each sampling
location would be subjected to similar atmospheric conditions. A narrow time window sampling
strategy would at least serve as a control for the seasonal and daily changes in the rate at which
tritium is removed from the surface. This surface sampling approach will be adopted in future
years.

As sampling for tritium continues on a year-to-year basis, the true or representative
distribution of tritium on soils throughout Area G should become more apparent. With more
surface tritium sample data in hand, the overall distribution of surface tritium at Area G should be
established so that a determination can be made as to whether it is possible to define true annual
increases or decreases in tritium activity in surface soils and runoff water.

9.2 Uranium

There is no apparent unnatural distribution of uranium in Area G perimeter soils indicating
little or no impact from disposal operations on uranium concentrations in surface soils. When
compared to Expansion Area background data (2.79 + 0.39 pg/g), perimeter soils collected in
FY 94 (mean concentration of 4.3 * 0.8 |1g/g), it appears that the perimeter soil uranium
concentrations are higher than background by a factor of approximately 1.5. This apparent
elevation of uranium concentrations in perimeter soils collected in FY 94 is, however, believed to
be a manifestation of the analytical technique used to analyze uranium in soils. The Expansion
Area samples were analyzed by LANL in-house laboratories by the KPA method while the FY 94
perimeter soil samples were analyzed by an outside laboratory using the ICPMS analytical
technique. If we go back and look at the FY 93 perimeter soil data (uranium mean concentration of
2.59 % 0.70 ng/g), also analyzed by the KPA method, the mean concentration is very similar to the
Expansion Area data set. In the future, to preclude having questions of this nature arise, all
samples will be analyzed in-house so that similar work-up procedures and analytical techniques
will be used.

9.3 Plutonium Isotopes

As stated above in Section 6.3, the locations of elevated plutonium readings are consistent
with the history of plutonium disposal at Area G. Figure 2 indicates that the lower-numbered or
older pits (1-24), all the disposal shafts, and the TRU pads are located in the eastern half of
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Area G. We assume that increased levels of contaminant concentrations in surface soils are
directly related to the location, quantity, and date when material was disposed in disposal units.
That is, there is a greater probability of finding a contaminant adjacent to a disposal unit where
large amounts of contaminants have been emplaced, and the longer a contaminant is held in a
specific location, the higher the probability that this contaminant will be disseminated to its
surroundings. In fact, we find the highest plutonium activities in soils at the eastern end of

Area G, in particular adjacent to the TRU pads and inactive disposal pits 2—-10. At no sampling
location where soil samples were collected in FY 94, is there a significantly higher total plutonium
concentration on soil than was found at that same location during the FY 93 sampling.

We also observe a geographic correlation between elevated plutonium levels in perimeter soils
and elevated levels of plutonium in the sediment fractions of the water samples. Figure 7
(plutonium levels in perimeter soils) and Figure 8 (plutonium levels in single-stage sample
sediments), show that the area adjacent to the TRU pads and inactive disposal pits 2-10 have the
highest plutonium levels for both surface-soil and single-stage sediment fraction samples.

Box plots are presented in the appendix which depict the distributions of thelogs of total
plutonium concentrations in surface soil samples collected in FY 93 and FY 94, as well as the same
data for samples collected from the baseline Expansion Area. The box plots show similarities of
the FY 93 and FY 94 total plutonium distributions, while indicating that both distributions have
higher concentrations and a wider distribution than total plutonium in samples from the Expansion
Area.

9.4 Americium-241

As stated above in Section 6.4, the tendency is to find elevated americium-241 levels in
perimeter surface-soil samples where there are elevated levels of plutonium isotopes. This trend is
generally illustrated by comparing the data depicted in Figures 6 and 8. The box plots for the
americium-241 distributions found in Appendix B indicate there is no statistical difference between
the FY 94 americium-241 data and the FY-93 americium-241 data. The box plots do indicate that
the americium-241 concentrations in soils collected from the active part of Area G are statistically
different from the americium-241 concentrations in soil collected from the Expansion Area.

9.5 Cesium-137

The FY 94 distribution of cesium-137 in perimeter soils is similar to that found in FY 93.
There are no locales along the Area G perimeter where cesium-137 is found in soils in significantly
elevated concentrations. The range and mean of cesium-137 concentrations in perimeter soils are
very similar to the Expansion Area cesium-137 range and mean. The box plots comparing FY 93
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and FY 94 concentration distributions indicates there is no statistical difference between the FY 94
cesium-137 data and the FY 93 cesium-137 data. The box plots indicate that the cesium-137 in soil
distribution in the active part of Area G is different (slightly greater) from cesium-137 in soil
distribution in the Expansion Area.

9.6 Metals

Our initial results (reported in LA-12986) for metal concentrations in perimeter soils at Area G
are based on the X-ray fluorescence analytical technique. These results indicate that the three
metals measured by XRF in soils — barjum, mercury, and lead — are within background metal
concentrations for Laboratory soils. The XRF technique, however, is not an accepted EPA
method for quantitative metal analysis. For this reason, during the FY 94 field season, twenty one
perimeter soils were collected and submitted to CST-3 for metal analyses. The analytical chemistry
results for metals on soils (Table 4) when compared to the metals-on-soils concentrations from the
Expansion Area found in Table 5 indicate that there is very little or no impact on metal surface soil
concentrations due to disposal operations in the active part of Area G. Box plots were constructed
for the three metals (barium, chromium, and lead), where there were enough values reported out
to yield a meaningful distribution. These box plots indicate similar distributions and concentrations
for both FY 93 and 94 and the Expansion Area soil samples.

57




1€0°0 820°0 €000 +6'0 00 10°T SI"™> 11000 08¢ szl SN «SN  #SN  «SN SN  «SN #SN SN SN «SN SN SN ¥6/6T/L €5-X-D
T00'0 1000 1000 €Z'T 90°0 90T 9I'> €000 OI L'01 *SN 4S8N #SN SN «SN  *SN #SN SN SN «SN  «SN  #SN  +6/6T/L 1S°X-D
1200 LI0'0 #00°0 LL'T 600 SL'T SI> 8000 OSP 124 1T>  €9°> 12> T'61 S'€> T0> LS 65> T¥> 99L LT €9 V6/6TL 05X-D
£10°0 10'0 €000 Z¥'t 800 SET SI™>  S00°0  09S 8'vi SN  #SN  #SN SN SN SN SN +SN SN +SN SN «SN ¥6/6T/L 8rX-D
800'0  S00'0 €000 OI'T 900 9I'T 1II> 000 OSI 0°St #SN  4SN  #SN  #SN «SN SN SN &SN SN SN SN SN V6/6T/L SUX-D
600'0 8000 100°0 €TT +0°0 LI'T LI'> TOO'O0 Obp Z'01 12> €9> 1T> §'0I €8> TO> S'L 65> §8> 19T € €9 V6/6UL XD
910'0  ZIO'0 +00°0 08T O0I'0 €97 LI™> 6000 08T 121 #SN  #SN  4SN  #SN #SN SN #SN SN  «SN SN SN SN V6/6T/L VXD
910'0 ¥10°0 200°0 LZT'T 900 601 #I'0 S000 OIE (A #SN  «SN  aSN «SN «SN SN  «SN SN  «SN +SN SN SN V6/6Z/L 6£X-D
90°0 €50°0 L0D'O LP'T .90°0 6€'1 L60 1200  06¥ Sy 12> 29> 12> SI TL> TO> YL €§> 89> 9E1 8 T9> V6/6T/L ¥SEXD
1S0°0 TF0'0 60000 I¥'I SO0 9€'1 9L'0 0200 08S Sy 17> 79> 1T> 8'SI 6'L> TO> TL TS> SL> TU9  TT U9 V6/6TIL  8EXD
STO'0 €200 TOO'0 €T'T  LO'O STI  L¥O  LOO'O OIS 9L SN 4SN SN SN #SN SN SN SN  «SN «SN SN SN V6/6T/L LEX-D
850°0  ¥S0°0 ¥00°0 8L'T 00 OL'T TET ¥I00  OVE S'11 *SN  «SN SN #SN «SN xSN  +SN &SN «SN  «SN SN SN ¥6/6Z/L €£-X-D
L700  STO'0 2000 IS'T  ZI'O LS'T 790 8000 OSE 9'6 TT> 9> TT> YIL TY> 0> LY TT> > €€l TT S9> P6/6TIL  0EXD
110°0 1000 1000 +2°'1 900 021 LI> S000 O8I 6°01 *SN «SN SN SN «SN SN SN SN  «SN SN SN SN V6/6Z/L 8TXD
$€0°0 €0°'0 $00°0 O¥'1 600 6€T S8'0 1100 082 S'€l TT> L9> TT> 101 €€> 0> LY TT>  §> I'S8 T L9> V6I6TUL  LTXD
T60°0  LPO'O S00°0 €9°T TI'0 S9'T 081 9100 0£9 o€l TT> L9>  TT> 6'TL L'E> TS S vE> 9S> 1LY TT L9> P6/6TIL 9TXD
$SI'0  6VI'0 S00°0 16'1 60°0 20T €T> LT0'O OSE 'zl *SN «SN SN SN #SN #SN SN SN «SN SN SN SN +6/6T/L WT-X-D
LT0°'0 9100 100°0 8E'T 900 S8I'T <TEO 8000 OST L6 #SN  #SN SN #SN #SN #SN SN SN  «SN  «SN SN SN ¥6/67/L 1TXD
$10°0 2100 2000 TII'T  S0'0 90'T +HEO0 80000 092 L's TC> 99> TT> 66 9'T> TO>  8'E v¥>  SP> 89S 61> 99> P6/6TIL  6I-X-D
$70'0  TP0'0 TO0'0 8S'T 80°0 SS'T 790 €100 092 9°S1 *SN &SN «SN  «SN «SN #SN SN SN  «SN  #SN  «SN SN +6/6Z/L 9I-X-D
1100  600°0 2000 6€T LO'O €21 91> 8000 082 L'zt SN #SN SN «SN +SN SN +SN SN +SN SN SN SN ¥6/6Z/L EI-X-D
$S0'0  1S0°0 €000 TS'T  90°0 8E'T 0TI PI00  OLE (A *SN  4SN SN SN «SN «SN SN SN  xSN «SN «SN SN +6/6Z/L TI-X-D
920°0  610°0 LOO'0O #S'T  +0°0 9€1 91> L000 OIL 161 > 1> vT> €11 L'S> TO> T9 vT> €9> €08 1'T> IL> P6/6TIL  OIX-D
STO'0 €200 TOO'0 €V OI'0 E¥'I $9°0 80000 Ol ¥'El *SN «SN SN SN #SN #SN SN #SN SN SN SN SN V6/6T/L 6XD
870°0  €40°0 S00°0 88T 80°0 6L'F 10°T 100 0O€ 6'L1 £T>  L> €T IV ¥'b> 20> 1S €T> 9> 866 1't> L'> VY6/6T/L  U8XD
170°0  9€0°0 S00°0 E€¥'1 LO0O LT1 660 9100 0ZE 6°91 YT> TL> VTS LY EV> T ¥ EF'> PS> 8°S9 TT> TL> Y6/6T/IL  8XD
TT0'0  E£10°0 6000 TH'1 80°0 <TP'I 10> LOO'O OTF L'yl £T> 69> ET> V'€l 98> CO> I8 TE> TI 651 6T 69> ¥6I6TIL  9XD
3npd  3710d 3yy0d 3/10d 8/10d 871Dd 8/1pd  B/1pd y1pd % m IL 928 4SS qd IN 8H 1 p) 2g wvg sy 3y oajeq uopedo]
ng [B10), NA6E€7 NASET NBET NSET NPET SILET WVIPT HE 2INISIOW 3/8n sasfiBuy (BN AL10jvioqe] sjdureg
vjleq adojosjoipey 110§

"eJep [10s eary uoisuedxy (3411 NO) O LIV ¥S-V.L 7661 :S IqeL

58

~




REFERENCES

R. Conrad, M. Childs, Catherine Lyons, and F. Coriz, “Area G Perimeter Surface-Soil and
Single-Stage Water Sampling,” Los Alamos National Laboratory report LA-12986 (July, 1995).

Department of Energy, “General Environmental Protection Program,” DOE Order 5400.1
(June, 1990).

Department of Energy, “Radioactive Waste Management,” DOE Order 5820.2A (September,
1988).

F. Fresquez, J. B. Biggs, and K. D. Bennett, “Radionuclide Concentrations in Vegetation at
Radioactive-Waste Disposal Area G during the 1994 Growing Season,” Los Alamos National
Laboratory report LA-129544-MS (June, 1995).

R. O. Gilbert, Statistical Methods for Environmental Pollution Monitoring, New York,
Van Nostrand Reinhold, 1987.

N. Korte and D. Ealey, “Procedures for Field Chemical Analyses of Water Samples,” Department
of Energy report DOE GJ/TMC-07(83) (1983).

59



60




APPENDIX A

FIDLER PROBE MEASUREMENTS AT AREA G PERIMETER SITES
FY %4

I. PURPOSE

A FIDLER (field instrument for the detection of low-energy radiation) probe was utilized
during FY 94 to measure low-energy gamma and x-radiation on surface soils at 70 locations
around the perimeter of Area G. These 70 locations were sited in 1991 at minor drainages
emanating from Area G and represent what are considered locations biased to receive surface water
runoff (and associated sediments) from Area G during precipitation events. By configuring the
FIDLER probe so that it is measuring gamma and x-ray activity emanating from surface soils, one
can determine whether there is elevated gamma and x-ray activity on soils at these specific sites
located in small drainages around the perimeter of Area G. Upon measurement of low-energy
gamma radiation on an annual basis at the MDA survey points, it may be possible to discern
whether there are changes from year to year of the surface soils low-energy gamma activity, and
receive an early warning of the movement of radioactive contaminants out of Area G.

The FIDLER measurements continue a practice of environmental surveillance done at
radioactive material disposal areas (MDAs) located at LANL. Until 1991, a PHOSWICH
instrument was used to take these surface soil low-energy gamma measurements at Area G, and at
that time 16 unsurveyed locations were the sites of the annual measurements. In 1991, 70
locations were surveyed in and permanent markers were established for standardizing the
measurement points. In 1992, a FIDLER probe was purchased and this probe was used to make
the Area G low-energy gamma survey at the 70 locations. This procedure was continued in FY 93
and FY 94.

II. METHODOLOGY

A FIDLER probe (a thin layer sodium iodide crystal-photomultiplier tube assembly) in
association with a multi-channel] analyzer (MCA) can focus in on the low-energy gamma and x-ray
spectrum that represent radionuclides of interest.

At Area G, the radionuclides of interest are americium-241 ( as an indicator for the presence of
plutonium) and cesium-137. Americium-241 is known to always be found with plutonium and
because it has a strong peak (60 keV) in the low-energy gamma spectrum, it can be measured in the
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field with a FIDLER probe to serve indirectly as an indicator of the presence of Pu on surface
soils. The regions of interest (ROI) around the 60 keV peak is termed ROI 2. A second peak at
17 keV is surrounded by another region of interest, ROI (1), which is also indicative of the
presence of americium/plutonium. Cesium-137 has a peak in the low-energy gamma spectrum at
32 keV. The ROI about the 32 keV peak is termed ROI 3.

The calibration of the instrument and measurements taken with the FIDLER are done in
accordance with LANL-ER-SOP-10.04, FIDLER Instrument System.

During field measurements, the probe is situated in a fixed geometry in a tripod with the entry
window of the probe 12.0 inches from the ground surface. At each of the 70 MDA survey
locations (and 10 background soil points located immediately across the road from AreaJ), a
100 second count is made for ROI 1 and 2, and ROI 3. Three numbers are received at each
survey point. These numbers are in units of PCi/m? for ROI 1 and 2, and counts per 100 sec for
ROI 3. In the spreadsheet (Table 1), the values of the regions of interest that reflect Am/Pu (ROIs
1 and 2), is listed for each survey point. The 100 sec count for ROI 3 (the Cs-137 ROI) is also
listed.

III. RESULTS AND DISCUSSION

The ten background soil location counts (taken across highway adjacent to Area J) yielded an
average of 0 nCi/m” and 0.613 pCi/m® for ROIs 1 and 2, and 872 counts per 100 sec for ROI 3.
By comparing these averages with the equivalent counts measured at each of the 70 MDA survey
points, it is easy to see from Apppendix A Table 1 that except for MDA location Number 1, the
low-energy gamma activity for the 70 survey points around Area G is decidedly higher than the
activity measured by the FIDLER for the three ROIs for the 10 background locations.

A scatter plot of the counts for ROI 2 for each MDA survey point is found in Appendix A
Figure 1. The count results at 2 of these locations (MDA-17 and MDA-43) are definitively higher
than the measurements at adjacent locations. It is not mere coincidence that these two MDA survey
points are adjacent to radioactive waste storage domes. One dome (the one nearest MDA-17) is the
mixed waste storage dome where thousands of drums of mixed waste are stored. The second
dome is over TRU pad 2. The higher than expected gamma counts at these two MDA survey
locations have been attributed to “shine” that originates from the domes. Shine can be thought of
as gamma radiation emanating from a non-point source location (such as a dome or pile of hot
material). Shine manifests itself over a larger distance than the 1 foot distance between the
FIDLER probe and the ground surface. That is, if shine is present at a particular MDA survey
location, the FIDLER probe will add the shine gamma component to the gamma component
emanating from the soil. By placing a shield (e.g. a persons body) between the suspected source
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of the shine, or by pointing the probe opening away from the suspected source of the shine, one
can determine (if one obtains lower 100 sec counts or activity) that, in fact, the elevated low-
energy gamma counts are due to shine. Also, a soil sample taken at this location would not exhibit
any extraordinary gamma activity because the soil itself is not the source of the gamma radiation.
By following up on all three of these tests for shine, we determined that the high readings at
MDA 17 and 43 were due to shine and not high gamma activity on soils.

Finally, the scatter plot (Appendix A Figure 1) indicates that except for location MDA-1, all of
the MDA survey point counts are elevated over background. From points 2-13 (moving from
Area L to the old Area G gate), the counts are slightly elevated. From MDA survey points 1444
(encompasses all the MDA survey points from the old gate through the TRU pads), there is a slow
trend in gamma activity upward. From MDA survey points 4555, the gamma activity trends first
downward through MDA survey point 51, than upward through MDA survey point 55. Finally,
from MDA survey points 5670, the gamma activity trend is slowly downwards as the survey
points proceed westward and out of Area G. It is difficult at this time to determine whether the
trends in low-energy gamma radiation for the Area G MDA survey points are due to incremental
increases or decreases in soil gamma activity, or whether these trends are due to manifestations of
area wide shine that affects the individual soil gamma activities.
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Appendix A: Table 1 - FIDLER surveillance counts of low-energy gamma activity around the periphery of Area G.

Spectroscopic Regions of Interest

MDA Survey ROI 1 ROI 2 ROI 3
Point (LCi/m2) (nCi/m2) Counts/100 s
G-1 0 0.511 730
G-2 0 0.681 935
G-3 0 0.745 1060
G4 0 0.681 1020
G-5 0 0.745 1040
G-6 0 0.745 1030
G-7 0 0.786 1020
G-8 0 0.724 980
G9 0 0.765 1050
G-10 0 0.745 1040
G-11 0 0.786 1070
G-12 0 0.766 1010
G-13 0 0.765 984
G-14 0 0.788 1070
G-15 0 0.848 1140
G-16 0 0.873 1140
G-17 0 1.30 1740
G-18 0 0.915 1240
G-19 0 0.931 1260
G-20 0 0.894 1260
G-21 0 0.919 1180
G-22 0 1.01 1480
G-23 0 1.01 1460
G-24 0 0.873 1180
G-25 0 0.890 1170
G-26 0 0.809 1100
G-27 0 0.807 1070
G-28 0 0.937 1210
G-29 0 0.972 1250
G-30 0 0.809 1020
G-31 0 0.848 1010
(continued)
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Appendix A: Table 1 (continued) - FIDLER surveillance counts of low-energy gamma activity around the periphery

of Area G.

Spectroscopic Regions of Interest

MDA Survey ROI1 ROI 2 ROI3
Point (LC¥m2) (LCi/m2) Counts/100 s
G-32 0 0.894 1150
G-33 0 0.890 1140
G-34 0 0.788 1010
G-35 0 0.890 1180
G-36 0 0.724 1010
G-37 0 0.931 1350
G-38 0 1.02 1680
G-39 0 0.972 1570
G40 0 1.06 1790
G-41 0 1.08 1840
G-42 0 1.15 1910
G-43 0 3.10 6670
G44 0 1.32 2580
G-45 0 1.34 2120
G-46 0 0.851 1353
G47 0 0.766 1120
G-48 0 0.765 1030
G-49 0 0.745 1030
G-50 0 0.765 1050
G-51 0 0.788 1200
G-52 0 0.890 1290
G-53 0 1.06 2010
G-54 0 1.20 1830
G-55 0 0.851 1310
G-56 0 0.827 1210
G-57 0 0.809 1070
G-58 0 0.786 1040
G-59 0 0.766 1020
G-60 0 0.848 1110
G-61 0 0.745 1040
G-62 0 0.786 1090
(continued)
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Appendix A: Table 1 (continued) - FIDLER surveillance counts of low-energy gamma activity around the periphery
of Area G.

Spectroscopic Regions of Interest

MDA Survey ROI 1 ROI 2 ROI 3
Point (LCi/m?2) (RCVm?2) Counts/100 s
G-63 0 0.766 1080
G-64 0 0.807 1090
G-65 0 0.724 1000
G-66 0 0.807 1160
G-67 0 0.745 972
G-68 0 0.745 1030
G-69 0 0.681 967
G-70 0 0.724 1020

BKG-1 0 0.600 783
BKG-2 0 0.617 899
BKG-3 0 0.620 936
BKG-4 0 0.638 918
BKG-5 0 0.579 866
BKG-6 0 0.638 874
BKG-7 0 0.579 856
BKG-8 0 0.638 892
BKG-9 0 0.579 832
BKG-10 0 0.638 868
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Appendix A: Figure 1 - Scatter plot of FY 94 FIDLER surveillance measurements of low-energy gamma activity
around the periphery of Area G. Counts per 100 seconds for ROI 2, the spectral region that indicates americium and
plutonium activity, are plotted verses the MDA survey point number. The high values for the circled points at
locations G-17 and G-43 were believed to be due to shine artifacts.
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