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ABSTRACT 

Forty-four sediment samples were collected from 28 locations in the Hanford Reach 
of the Columbia River to assess the presence of metals and man-made radionuclides in the 
near shore and shoreline settings of the Hanford Site. Three locations were sampled upriver 

·--of the Hanford Site-plutonium-production -reactors. --Twenty-two locations were sampled near 
the reactors. Three locations were sampled downstream of the reactors near the Hanford 
Townsite. Sediment was collected from depths of Oto 6 in. and between 12 to 24 in. below 
the surface. 

Samples containing concentrations of metals exceeding the 95 % upper threshold limit 
values (DOE-RL 1993b) are considered contaminated. Contamination by arsenic, chromium, _ 
copper, lead, and zinc was found. Zinc and lead were the most frequent contaminants; 91 % 
and 68 % of the samples exceed the zinc and lead 95 % upper threshold limit values. 
Arsenic, lead, and zinc contamination may not be attributable to Hanford activities; elevated 
concentrations occur in the upriver samples. Zinc and lead contamination was found in 75 % 
of the upriver samples. Arsenic contamination was found in one upriver sample and in one 
sample from the 100 K Area. Chromium contamination was found in 25 % of the samples. 
Copper contamination was found in 23 % of the samples. 

Man-made radionuclides occur in all samples except four collected opposite the 
Hanford Townsite. Man-made radionuclide concentrations were generally less than 1 pCi/g. 
Cesium-137 and europium-152 were the most frequently detected radionuclides and had the 
highest concentrations. Maximum concentrations ofcesium-137 and europium-152 were 4.6 
and 1.8 pCi/g , from a 100 H Area sample. Radionuclide varieties and abundances and 
concentrations were greatest in the area from 100 D to the 100 F Slough. Fewer 
radionuclide varieties and generally lower concentrations were found upriver , and at 
100 B/C, 100 K, and Hanford Townsite localities. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND SCOPE 

During and as the result of past operations of plutonium production reactors at the 
Hanford Site in the 100 Areas (Figure 1-1), hazardous and radioactively contaminated 
effluent discharged to the Columbia River. The effluents consisted primarily of reactor 
coolant water containing radionuclides, chemical constituents added to control corrosion, and 
wastes from the process sewers. The effluents were discharged to the mid-channel of the 
river bottom and at the shoreline. The discharges of cooling water effluent ceased when the 
production reactors were shut down. However, springs and seeps exist along the 100 Area 
shoreline that may be contributing contaminants to the nearshore sediments. 

The purpose of this investigation was to determine if radiological and chemical 
contaminants are present in Columbia River sediments. This study is among the activities 
identified in the Columbia River Impact Evaluation Plan (DOE-RL 1993a) and is intended as 
a first step in the establishment of an appropriate and comprehensive river sediment sampling 
program. The grain-size of sediments of interest to this study were s 4 mm in diameter, 
e.g., sand-sized and smaller. The study was not intended to determine the extent of 
contamination. 

1.2 PREVIOUS STUDIBS 

Sediment on the shoreline and river bottom along the Hanford Reach was sampled 
intermittently between 1957 and 1989 (DOE-RL 1993a). In 1989, radionuclide 
concentrations were measured in sediment samples from locations upstream of the Hanford 
Reservation (behind Priest Rapids Dam) , along the Hanford Reach (White Bluffs Slough, 100 
F Slough, and Hanford Slough) , and downstream of the Hanford Reservation (behind the 
McNary Dam) (Jaquish and Bryce 1990). Jaquish and Bryce (1990) collected four samples 
from behind the Priest Rapids Dam. An upper tolerance limit (Hines and Montgomery 1980) 
for the 1989 Priest Rapids Darn samples is presented in the Columbia River Impact 
Evaluation Plan (DOE-RL 1993a) to facilitate comparisons to Hanford Reach and McNary 
Dam samples. Only concentrations of cobalt-60 (in all samples) and ruthenium-106 (two of 
three samples) from the -Hanford Reach were greater than the upper tolerance limit. The 
cobalt-60 concentrations ranged from 0.035 to 0.055 pCi/g for Hanford Reach samples. The 
cobalt-60 upper tolerance limit was 0.003 pCi/g. The rutheniurn-106 concentrations ranged 
from -0.083 (non-detected) to 0.210 pCi/g for Hanford Reach samples. The ruthenium-106 
upper tolerance limit was 0.122 pCi/g. All other radionuclide concemrations from the 
Hanford Reach samples were less than the upper tolerance limits. The average 
concentrations of cobalt-60, strontium-90, europium-154, europium-155, and plutonium-
239/240 from McNary Dam samples (Jaquish and Bryce 1990) were greater than the upper 
tolerance limits for Priest Rapids Dam samples (DOE-RL 1993a). 

1-1 
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The most recent sampling and analyses of sediment from the Hanford Reach for 
chemical and radiological constituents occurred in 1991 (DOE-RL 1992a). In the fall of 
1991 employees of Westinghouse Hanford Company (WHC) and IT Corporation (IT), a 

- WHC-subcontractor, collected samples of ground water and sediment at seeps and springs 
, __ that discharge along the 100 Area shoreline from the 100 B/C Area to the Hanford Townsite 

of the Hanford Reach (DOE-RL 1992a). The samples were analyzed for radionuclides and 
U.S: Environmental Protection Agency (EPA) Contract Laboratory Program (CLP) target 
analyte list (T AL) metals. The samples were not analyzed for lead or mercury, and specific 
isotopes of uranium were not identified. The concentrations of radionuclide and chemical 
constituents found in samples collected in 1991 (DOE-RL 1992a) at sites that were also 
sampled in 1992 are included in summary tables in Chapter 4. 

As part of the reporting of the 1991 sampling results, seep/spring locations were 
assigned site identification numbers based on the Hanford River miles to provide a consistent 
method of site identification (DOE-RL 1992a). Hanford River miles are measured 
downstream beginning at the Vernita Bridge, and are marked by milepost signs situated on 
the 100 Area shoreline of the Hanford Reach. Although most of these mileposts are visible 
from the river, some have toppled and some are absent. During the 1992 sediment 
sampling, location coordinates for most of the Hanford River mileposts and for many of the 

· seeps/springs sampled in 1991 were collected using a global positioning system (GPS) 
receiver. 
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2.0 HYDROWGIC SETIING 

The Columbia River is the largest river in the Pacific Northwest and the fifth 
largest river (by volume) in North America. It originates in the mountains of eastern 
British Columbia, Canada and flows through the northern edge of the Hanford Site. It 
forms the outer boundary of the 100 Area operable units and the 600 Area of the 
Hanford Site between the 100 F Area and the 300 Area. 

Flow of the Columbia River is regulated by 11 dams within the United States: 7 
.' upstream and 4 downstream of the Hanford Site. The Priest Rapids Dam is the nearest 
: dam to the Hanford Site, about 5.5 mi upstream of the site boundary and 9 mi upriver of 

the Vernita Bridge. The McNary Dam is the first dam downstream of the Hanford Site. 
It is about 70 mi downstream of the Hanford Townsite. 

The Hanford Reach of the Columbia River extends from the Priest Rapids Dam 
to the head of Lake Wallula, which is created by McNary Dam. The head of Lake 
Wallula is about 22 mi downstream of the Hanford Townsite. The wetted width of the 
river through the Hanford Reach ranges from about 305 to 792 m (1,000 to 2,600 ft). 
There are many bends and several islands in the river along this reach. River elevation 
may fluctuate daily up to 1.5 m (5 ft) as a result of hourly variations in water releases 
from Priest Rapids Dam (ERDA 1975). 

Although the Hanford Reach is free flowing, the flow rate is regulated. Flows 
through the Hanford Reach vary considerably, because of the relatively small storage 

• capacities and the operational practices of the nearby upstream impoundments. Flow 
through the Hanford Reach of the river is relatively swift. Surface velocities vary from 
<0.85 m/s (3 ft/s) to >3.1 m/s (11 ft/s), depending on the flow rate (ERDA 1975). 
There are river gauges at both Priest Rapids and at the 100 N Area. Typical daily flows 
during summer, fall, and winter range from 1,000 to 7,100 m3 /s (37,000 to 250,000 ft3 /s). 
Flows up to 12,700 m3 /s (450,000 ft3 /s) are frequently recorded during periods of peak 
spring runoff. Average monthly flow rates generally peak from April through June, and 
the lowest monthly mean flows are observed during September and October. Recent 
annual average flows at Priest Rapids Dam range from 2,800 to 3,400 m3 /s (100,000 to 
120,000 ft3 /s). The long-term average annual flow at Priest Rapids Dam, based on 
68 years of record, is approximately 3,400 m3 /s (120,000 ft3 /s) (McGavock et al. 1987). 
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3.0 INVESTIGATION METHODS 

3.1 SELECTION OF SAMPLING SITES 

Areas of interest for sampling were identified in the Description of Work for 100 Area 
Columbia River Sediment Sampling (Gustafson 1992). Sampfmg of fine-grained sediment, 
i.e., <4 mm in diameter, was desired from locations downstream of outfall structures, from 
backwater sloughs, on downstream side of islands, and from areas of springs/seeps discharge 
that were sampled in 1991. Areas with the greatest anthropogenic radionuclide 
concentrations identified by An Aerial Radiological Survey of the Hanford Site and 
Su"ounding Area (Reiman and Dahlstrom 1990) were selected from the four categories of 
sampling areas as potential sampling locations. 

The potential sampling locations were evaluated in consultation with representatives of 
the EPA, the Washington State Department of Ecology (Ecology), WHC and IT. The 
evaluation included field reconnaissance. During the reconnaissance some of the potential 
sampling locations were found to lack fine-grained sediment. It was agreed that such 
locations would not be sampled. 

Figure 3-1 shows the 28 locations sampled along the Hanford Reach in the fall of 
1992. Samples were collected in the following locations: 

• three locations upstream of the Vernita Bridge 
• two locations in the 100 B/C Area 
• four locations in the 100 K Area 
• four locations in the 100 D Area, three of which were on D Island 
• three locations between 100 D and 100 H Areas 
• four locations in the 100 H Area 
• five locations in the 100 F Area 
• two locations in the Hanford Townsite area 
• one location on the shore opposite of the Hanford Townsite. 

The inset boxes in Figure 3-1 refer to more detailed figures in Chapter 4 that show 
sampling locations for each sampling area. The sampling locations were field screened in 
accordance with Environmental Investigations Instruction <Em 3.4 (WHC 1988) using a 
Ludlum 14C scintillation counter with beta/gamma (/3-y) and gross gamma (-y) probes to 
select sites with the highest activity for sampling. Background levels of activity were 
established at the White Bluffs boat ramp daily before sampling. Access to the sampling 
locations was provided by boat or by four-wheel-drive vehicle. 

Toe positions of sampling sites were plotted during sampling on U.S. Geologic 
Survey (USGS) 1:24000 scale (7.5 minute) topographic maps or on DOE 1:2000 scale 
topographic maps of the 100 Area operable units. Coordinates of sample locations were 
obtained using a single GPS receiver. Single position GPS fixes and an average position 
from 32 GPS fixes were obtained for each sampling location. The single position and 
average position coordinates were converted from longitude/latitude to North American 
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Datum (NAD) 1983 metric state plane coordinates using CORPSCON Version 2.1 software 
obtained from the National Oceanic and Atmospheric Administration, National Coast and 
Geodetic Survey. The average position coordinates are reported. 

3.2 SAMPLE COLLECTION 

Forty-four samples were collected in accordance with the Hanford Reach Sediment 
Sampling Performance Procedure (Appendix A) and Ell 5.2 (WHC 1988). Sample material 
consisted predominantly of sand-sized and fmer grained material, coarser grained sediments 
were not selected for sampling or were removed from the sample to the extent practicable. 

All samples were collected from the shore. S~ples were collected from the Oto 
6-in. interval below land surface (bis) and from the 12 to 24-in. interval bls if possible. The 
6 to 12-in. interval was discarded, as directed by the DOW (Gustafson 1992). In many 
locations coarser grained sediment such as gravel and cobbles, was found beneath the 0 to 
6-in. interval. In some cases this coarse-grained sediment prevented the collection of fme 
grained sediment from the 12 to 24-in. sample interval, or required the removal of the coarse 
grained clasts to allow collection of fmer grained sediment from the clast interstices. 

3.3 SAMPLE HANDLING 

Each sample was assigned a unique Hanford Environmental Information System 
(HEIS) sample identification alphanumeric code number in accordance with the Hanford 
Environmental Information System (HEIS) Operators Manual (WHC 1991). After sample 
container filling , closure, labeling, application of chain-of-custody tape, and bagging, the 
containers were placed in a cooler with ice. Sample custody was maintained in accordance 
with Ell 5.1 (WHC 1988). 

A total activity sample was submitted to the 105 N Health Physics Laboratory for a 
total activity analysis. The associated sediment sample was held onsite until the total activity 
results were available and indicated that radioactivity present in the sediment sample did not 
exceed radiation release standards for shipment to the offsite laboratories. None of the 
samples exceeded the radiation release standards. 

3.4 SAMPLE ANALYSES 

The analytes were selected based upon contaminants identified in the Hanford Reach 
spring sampling effort conducted in the fall of 1991 (DOE-RL 1992a). 
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3.4.1 Chemical Analyses 

Samples were analyzed using EPA CLP methods for TAL metals, (aluminum, 
antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, 
magnesium, manganese, nickel, potassium, selenium, silver, sodium, thorium, vanadium, 
zinc) and for mercury and lead. Tables from the Final Data Validation Summary Report, 
Columbia River Sediment Data (WHC 1993} present all the analytical chemical data in 
Appendix B. 

3.4.2 Radionuclide Analyses 

Radionuclides were identified and concentrations quantified using alpha 
spectroscopy, beta counting, and gamma-ray spectroscopy. The gross alpha and gross 
beta activities were also determined. A total activity analysis was also performed by the 
105 N Health Physics Laboratory as described above in Section 3.3. Tables from the 
Final Data Validation Summary Report, Columbia River Sediment Data (WHC 1993) 
present all the radionuclide analytical data in Appendix C. 

3.4.3 Grain Size Analysis 

The grain size of the sediment samples was determined using sieve analyses and 
hydrometer analyses. These analyses were performed onsite by the WHC Geotechnical 
Engineering Laboratory. The grain size analysis plots are included as Appendix D. 

3.5 QUALI1Y ASSURANCE/QUALI1Y CONTROL 

Quality control (QC) samples were collected as specified in the Quality Assurance 
Project Plan (DOE-RL 1992b ), and documented in the field logbook per Ell 1.5 
(WHC 1988). Quality control samples consisted of four duplicate samples, two split 
samples, and two equipment blank samples. Duplicate and split samples were collected 
in accordance with the sampling performance procedure (Appendix A) and Ell 5.2 
(WHC 1988). The equipment blank media was silica sand. 

3.6 DATA VALIDATION 

Analytical data from chemical and radionuclide analyses were validated in 
accordance with Data Validation Procedures for Chemical Analyses (Bechtold 1992a) and 
Data Validation Procedures for Radionuclide Analyses (Bechtold 1992b). Results of the 
validation are presented in the Final Data Validation Summary Report, Columbia River 
Sediment Data (WHC 1993). 
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4.0 SAMPLING RESULTS 

Results of analysis of selected metallic and radionuclide constiruents in sediment 
samples from the Hanford Reach are presented in the following sections. 

'The inorganic analytica1 data"frotn the sedim.ent ·samples are compared to the Sitewide 
soil background data to determine if sediment concentrations represent contamination. The 
characterization of the natural chemical composition of Hanford Site soil samples is presented 
in Hanford Site Background: Part 1, Soil Background for Nonradioactive Analyses (DOE-RL 
1993b). Soil includes sediment and consists of geologic materials other than bedrock that are 
less than 2 mm in diameter (DOE-RL 1993b). This characterization is based on the chemical 
analysis of inorganic constituents from 170 samples. The characterization included an 
analysis of physical properties and factors that might affect the natural soil chemical 
composition, as-determined by regulatory protocols. Hanford Site background soil 
concentrations are used to evaluate Columbia River sediment because of the following : 

• Soil materials in the vadose zone of the Hanford Site have fundamental 
physical and chemical similarities that are a result of soil constituent source 
areas on the periphery of the Columbia Plateau and deposition of the 
constituents by catastrophic floods, aeolian or fluvial processes 
(DOE-RL 1993b). 

• Chemical composition data from Hanford Site vadose zone background soil 
samples can be represented as a single Sitewide statistical population for all 
naturally occurring inorganic analytes (DOE-RL 1993b). 

• Only a small number of the analyzed Hanford Site vadose zone background 
soil samples have one or more analytes concentrations that are significantly 
larger than the majority of soil background samples (DOE-RL 1993B). 

An inorganic constituent is considered a potential contaminant if the reported 
concentration exceeds the 95 % upper threshold limit (UTL) from the Hanford Site 
background data (DOE-RL 1993b). The 95% UTL is an abbreviation of the 95% confidence 
limit of the 95th percentile of the data distribution. The 95 % UTL, is identified by the 
Washington Administrative Code (WAC), Model Toxics Control Act (MTCA) (WAC 173-
340-708 [lid]) as one way to define contamination threshold levels. Table 4-1 presents the 
95% UTL values using a Weibull distribution (DOE-RL 1993b). Table 4-1 also presents the 
concentrations of metallic constituents found in topsoil from riparian grass and juniper 
ecosystems at two background sampling sites located between the Vernita Bridge and the 100 
B/C Area (DOE-RL 1993b). The riparian samples are notable because concentrations of lead 
and zinc in the topsoil from grass and juniper ecosystem samples are about five times larger 
than the 95% UTL values (DOE-RL 1993b). The concentration of arsenic in juniper 
ecosystem topsoil is three times larger than the 95 % UTL value. 
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Data from the 1991 sediment samples (DOE-RL 1992a) are included in Tables 4-3 
and 4-4 for comparison to the 1992 data obtained from samples collected at the same 
locations. 

Because site-wide background levels for radionuclides have not been established 
(DOE-RL 1993b) all detected concentrations of anthropogenic radionuclides are considered 
potential contaminanK The detected radionuclides concentrations are compared to those 
found in samples from the Vernita area. This comparison of radionuclide data is not 
intended or implied to be a screening process. The radionuclides potassium-40, radium-226, 
thorium-228, and thorium-232 are naturally occurring and not considered cootamioanti;, but 
are included in the summary tables. 

All grain size percentage values cited in the following sections are weight percents. 
The grain-size classes utilized follow American Society of Testing and Materials (ASTM) 
Standards D422-63 and D643-78 (ASTM 1993). The plots of the grain-size analyses are in 
Appendix D. 

4.1 VERNITA AREA 

Five samples were collected at three locations shown in Figure 4-1. The samples 
were collected on the shore . During sampling the Columbia River shoreline was at a lower 
elevation than is shown by Figure 4-1. These samples were collected to investigate the 
chemical and radiological characteristics of sediments upriver of the 100 Areas of the 
Hanford Site. Field screening instruments indicated background-levels of {3-y and 'Y activity 
at the Vernita area sampling locations. 

Samples B07NF5 and B07NF6 were collected at location VBUl from the O to 6-in. 
and 12 to 22-in. intervals bis. Location VBUl is about 0.9 mi upstream of the bridge. 
Sample B07NF7 was collected at location VBU2 from the Oto 6-in. interval bis . Sample 
B07NF8 was collected at location VBU3 from the Oto 3-in. interval bls. Locations VBU2 
and VBU3 are about 1.2 mi upstream of the bridge. The presence of cobbles at locations 
VBU2 and VBU3 prevented collection of fme grained sediment from more than 3 to 6-in. 
bis. The sample location coordinates, distance from Vernita Bridge (in miles), sample 
dates, intervals sampled, median grain size, inorganic constituents with concentrations greater 
than the 95 % UTL, and all detected radionuclides are presented in Table 4-2. 

4.1.1 Inorganic Constituents 

Concentrations of arsenic, lead, and zinc were greater than the 95 % UTL values in 
sample B07NF5 from the Oto 6-in. interval bis at location VBUl . The amounts of lead and 
zinc present in samples B07NF7 and B07NF8 from locations VBU2 and VBU3 were also 
greater than the 95 % UTL values. The concentrations of lead and zinc are less than values 
reported for Hanford soils from either riparian ecosystem samples and the arsenic 
concentration is less than was found in the riparian juniper ecosystem sample (Table 4-1) 
(DOE-RL 1993b). 
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4.1.2 Radionuclide Constituents 

The maximum concentrations of radionuclides detected were small; 16 pCi/g of 
potassium-40, 0 .14 pCi/g of cesium-137, 1.2 pCi/g of radium-226, 1 pCi/g of 
uranium-233/234 and uranium-238, and 2.5 pCi/g of thorium-228 and thorium-232. The 
only man-made radionuclide found was cesium-137. 

4.1.3 Grain-Size Analysis 

All of the samples from the Vernita area consist predominantly of medium- and fine­
grained sand. Medium-grained sand, consisting of particles 2.0 to 0.425 mm in diameter, 
constitute 56% to 64% of the samples. Fine-grained sand, consisting of particles 0.425 to 
0.075 mm in diameter, constitute 36% to 43 % of the samples. The samples contain < 10% 
silt and clay, i.e., particles smaller than 0.075 mm and 0.005 mm, respectively. 

4.2 100 B/C AREA 

Four samples were collected at two locations in the 100 B/C Area as shown in 
Figure 4-2. The samples were collected on the shore. During sampling the Columbia River 
shoreline was at a lower elevation than is shown by Figure 4-2. Sediments from these 
locations were also sampled in the 1991 investigation of Hanford Reach seeps 
(DOE-RL 1992b). Samples B07NF3 and B07NF4 were collected at location BC2, which 

. corresponds to .the:i991 ·seep 037-1. Sample .B07ND1 and QC sample B07ND9 were 
collected at location BCl, which corresponds to the 1991 seep 038-2. Field screening 
instruments indicated background-levels of /3-y and 'Y activity at the 100 B/C sampling 
locations. 

Samples B07NF3 and B07NF4 were collected from the Oto 6-in. and 12 to 18-in. 
intervals bls. Sample B07ND9 and the QC split sample B07ND1 were collected from the 0 
to 6-in. interval bls at location BCl. The presence of cobbles at location BCl prevented 
collection of fine-grained sediment from depths > 6 in. bls. The sample location 
coordinates, distance from Vernita Bridge (in miles), sample dates, intervals sampled, 
median grain size, inorganic constituents with concentrations greater than the 95 % UTL, 
detected radionuclides, and the maximum radionuclide concentrations found in samples from 
the Vernita area are presented in Table 4-3. 

4.2.1 Inorganic Constituents 

Concentrations of chromium were greater than the 95 % UTL values in all samples 
from the 100 B/C Area. The maximum, 131 mg/kg, occurs in sample B07NF4, collected 
from the 12 to 18-in. interval bis at location BC2. This concentration is twice the maximum 
found' in the 0 to 6-in. interval bis. The concentrations of lead and zinc were also greater 
than the 95 % UTL values in samples B07ND 1 and B07ND9. The concentration of zinc in 

4-3 

-- --------



c:i 
"-.0 
'·...O 
LJ 

t 
'.....O 
Cj°'"', ·~ ,. __ 
·- 4 •-· 

WHC-SD-EN-TI-198, Rev. 0 

sample B07ND 1 also exceeded the 95 % UTL. The concentrations of lead and zinc were 
within the range found in samples from the Vernita area, as shown in Table 4-2 . 

. 4.2.2 Radionuclide Constituents 

· The maximum concentrations Of potassium-40, cesium-137, radium-226, 
uranium-233/234, uranium-238, thorium-228, and thorium-232 in samples from 100 B/C 

· locations are similar to those from the Vernita area, as shown in Table 4-2. The only man­
made radionuclide found was cesium-137. 

4.2.3 Grain-Size Analysis 

Samples B07ND9 and B07NF3 consist of 14%· and 3% medium-grained sand, 85% 
and 92 % fine-grained sand, and 1 % and 5 % silt and clay . Sample B07ND 1 contains 19 % 
gravel, i.e . , particles 76.2 to 4.75 mm in diameter, 11 % coarse-grained sand, 6% medium.­
grained sand, 61 % fine-grained sand, and 3% silt and clay. Sample B07NF4 consists of 3% 
medium-grained sand, 45% fine-grained sand, 42% silt, and 10% clay. 

4.3 100 K AREA 

Five samples were collected at four locations in the 100 K Area, as shown by 
Figure 4-3. The samples ·were collected on the shore. During sampling the Columbia River 

· shoreline was at a lower elevation than is shown by Figure 4-3 . Sample B07NG2 was 
collected at location K3 near Coyote Rapids, 5.7 mi downstream of the Vernita Bridge. The 
riverbank consists predominantly of cobble and gravel. Samples B07NGO and B07NF9 were 
collected at location KUl, a small sandy beach about 6.2 mi downriver of the bridge and just 
upriver of the 100-KW intake strucrure. Sample B07NG1 was collected at location K2 , 
which is 6.4 mi downriver of the bridge and between the 100-KW and 100-KE intake 
structures. The shore between the intake strucrures is composed predominantly of boulders, 
cobbles, and gravel. Sample B07NG4 was collected at location N, a groundwater seep area 
upriver of the 100 N Area, and about 8.1 mi downriver of the bridge. The shore at location 
N consists principally of cobbles, however, the seep has deposited fine-grained sediment. 
This seep corresponds to_ the 1991 seep sampling location 082-2 (DOE-RL 1992a). Field 
screening instruments indicated background levels of {3-y and -y activity at all 100 K sampling 
locations. 

Samples B07NGO and B07NF9 were collected from the Oto 6-in. and 12 to 18-in 
-· intervals bls. The presence of cobble-sized and larger clasts at locations K2, K3, and N 

prevented collection of fine-grained sediment from depths > 6 in. (K2) or 3 in. (K3 and N) 
bis. The sample location coordinates, distance from Vernita Bridge (in miles), sample dates, 
intervals sampled, median grain size, inorganic constituents with concentrations greater than 
the 95 % UTL, detected radionuclides, and the maximum radionuclide concentrations found 
in samples from the Vernita area are presented in Table 4-4. 
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4.3.1 Inorganic Constituents 

The concentration of arsenic was greater than the 95% UTL value in sample B07NG4 
from location N. Concentrations of chromium were greater than the 95 % UTL value in 
samples B07NF9 and B07NG4 collected at locations KUl and N; the maximum of 
64.1 mg/kg occurs in sample B07NF9 collected from the 12 to 18-in. interval bis at location 
KUL Concentrations of'lead were greater than the 95% trrL values in all ·samples except 
B07NG2. Concentrations of zinc exceeded the 95 % UTL in all samples. The maximum 
concentrations of chromium, lead, and zinc from the 100 K Area occur in sample B07NF9 
collected from the 12 to 18-in. interval bis at location KUl. 

t 4.3.2 Radionuclide Constituents 

The maximum concentrations of potassium-40, radium-226, uranium-233/234, 
uranium-238 , thorium-228, and thorium-232 in the 100 K samples are generally similar to 
those from the Vernita area, as shown in Table 4-4. The concentrations of cesium-137 and 
europium-152 in sample B07NF9 exceed those found in Vernita or 100 B/C samples . 
Europium-152 was not detected at the Vernita area or 100 B/C Area samples. The cesium-
137 and europium-152 concentrations from 100 K Area samples are 0.45 and 0.32 pCi/g, 
respectively. 

4.3.3 Grain-Size Analysis 

Samples B07NG1, B07NG2, and B07NG4 consists predominantly of medium- and 
fine-grained sand. Medium-grained sand constitutes 45%, 27%, and 54% of the samples, 
and fine-grained sand 55 % , 65 % , and 46 % , respectively . All three samples contain 
< 10% (by weight) silt and clay. 

Medium-grained sand constitutes 2% of samples B07NF9 and B07NGO, both of which 
are from location KU 1. Fine-grained sand constitutes 55 % and 83 % , respectively, of 
samples B07NF9 and B07NGO. The remaining 43 % and 15 % consists of silt and clay. 
Sample B07NF9 contained 39 % silt and 5 % clay. The individual silt and clay percentages 
are not provided for sample B07NGO. 

4.4 100 D AREA 

Six samples and three QC samples were collected at four locations in the 100 D Area 
as shown in Figure 4-4. The sediments were collected on the shore. During sampling the 
Columbia River shoreline was at a lower elevation than is shown in Figure 4-4. Samples 
B07NF1 and B07NF2 were collected at location D5, a small sandy beach just upstream of 
the 100 D intake structure, 10.3 mi downstream of the Vernita Bridge. Samples B07ND4 
and B07ND7 were collected at location D11. Samples B07ND6 and B07ND8 were collected 
at location D12. Samples B07NH5 , B07NH6, and B07NH7 were collected at location D13 . 
Locations D11 , D12, and D13 are about 11.3 mi downstream of the Vernita Bridge. Field 
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screening instruments indicated background levels of /3-y and 'Y activity at all 100 D sampling 
locations. 

Samples B07NF1 and B07NF2 were collected from the Oto 6-in. and 12 to 18-in . 
.. - intervals bis, respectively. On D Island six samples were collected from the Oto 6-in. 

interval bis, only sample B07ND5 was collected from the 12 to 18-in. interval bls . The 
sample location coordinates, distance from Vemita ·Bridgc (in-miles), sample dates, intervals 
sampled, median grain size, inorganic constituents with concentrations greater than the 95 % 
UTL, all detected radionuclides, and the maximum radionuclide concentrations found in 
samples from the Vernita area are presented in Table 4-5. 

4.4.1 Inorganic Constituents 

. Concentrations of chromium, copper, · lead, and zinc exceeded the 95 % UTL values in 
100 D Area samples, as shown in Table 4-5. Concentrations of chromium and copper 
exceeded the 95% UTL values only in samples B07NF2 (chromium) and B07ND5 (copper) . 
Concentrations of lead exceeded the 95 % UTL value in all samples except B07NF1 . 
Concentrations of zinc exceeded the 95 % UTL value in all samples. The concentrations of 
lead were similar to those found in samples from the Vernita area. The maximum 

\ concentration of zinc from 100 D samples was 14% greater than the maximum from the 
Vernita area. 

· - 4.4.2 Radionuclide Constituents 

The maximum concentrations of potassium-40, radium-226, uranium-233/234, 
uranium-238, thorium-228, and thorium-232 in the 100 D samples are generally similar to 
those from the Vernita area, as shown in Table 4-5. Concentrations of cesium-137 ranged 
from 0.1 to 1.3 pCi/g. Concentrations of europium-152 ranged from non-detectable to 
0.9 pCi/g. The maximum concentrations of cesium-137 and europium-152 occur in sample 
B07NF2 collected from the 12 to 18-in. interval bis at location D5. 

Several radionuclides were detected in the 100 D Area that were not detected 
upstream at Vernita or at the 100 B/C or 100 K Areas: cobalt-60, europium-154, 
europium-155, radium-228, thorium-231, thorium-234, uranium-235, neptunium-237, and 
americium-241. Concentrations of cobalt-60 ranged from non-detected to 0.41 pCi/g. The 
detections of europium-154, europium-155, radium-228, thorium-231, thorium-234, 
uranium-235, neptunium-237, and americium-241 all occur in sample B07NH7, a QC split 
sample. Concentrations of europium-154 and europium-155 were 0.04 pCi/g. 
Concentrations of thorium-231 and thorium-234 were 0.29 and 0.69 pCi/g, respectively. 
The neptunium-237 concentration was 0.48 pCi/g. The americium-241 concentration was 
0.24 pCi/g. 
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9 4.4.3 Grain-Size Analysis 

Samples B07ND4, B07ND5, B07ND6, B07ND7, B07ND8, BN07NF1, B07NH5, 
B07NH6, and B07NH8 consist predominantly of medium- and fine-grained sand. The 
percentage of medium-grained sand in the nine samples ranges from 11 % to 38%. The 
percentage of fine-grained sand ranges from 63 % to 90 % . Eight of the nine samples contain 

·· <2% silt and clay; sample ·B07ND6 contained 1% silt and 1 % clay. 

Medium- and fine-grained sand constitute 77% of sample BO~-P2. The remaining 
23% is silt and clay. This sample is from the 12 to 20-in. interval bls at location D5; a 
beach just upriver of the 100 D intake structure. 

4.5 HORN AREA 

Five samples were collected at two locations between the 100 D and 100 H Areas 
near the horn of the Columbia River and from the island located in the horn as shown in 
Figure 4-5. The sediments were collected on land. During sampling the Columbia River 
shoreline was at a lower elevation than is shown in Figure 4-5. Samples B07NH1 and 
B07NH2 were collected at location DAl, about 11.9 mi downriver of the Vernita Bridge. 
This location may have been flooded by the river at times when the production reactors were 
operating and was near an area with elevated concentrations of man-made radionuclides in 
1988 (Reiman and Dahlstrom 1990). Field screening instruments indicated background levels 
of {3-y and -y activity at all horn area locations. Samples B07NDO and B07NC9 were 
collected at location D/H, about 12.8 mi downriver of the -bridge. Sample B07NFO was 
collected on the island located about 13 mi downriver of the bridge. 

Samples B07NH1 and B07NH2 were collected from the Oto 6-in. and 12 to 
20-in. intervals bls. Samples B07NDO and B07NC9 were collected from the O to 6-in. and 
12 to 18-in. intervals bls. Sample B07NFO was collected from the Oto 6-in. interval bls; 
cobbles were encountered and prevented collection of the deeper interval. The sample 
location coordinates, distance from Vernita Bridge (in miles), sample dates, intervals 
sampled, median grain size, inorganic constituents with concentrations greater than the 95 % 
UTL, detected radionuclides, and the maximum radionuclide concentrations found in samples 
from the Vernita area are presented in Table 4-6. 

· 4.5.1 Inorganic Constituents 

Concentrations of chromium, copper, lead, and zinc exceeded the 95 % UTL values in 
samples from the horn, as shown in Table 4-6. Chromium and copper exceeded the 95 % 
UTL values in samples B07NH2. Concentrations of lead exceeded the 95 % UTL value in 
samples from the Oto 6-in. intervals bls, but not in samples from the deeper intervals. 
Concentrations of zinc exceeded the 95% UTL value in all samples. The concentrations of 
lead were similar to those found in samples from the Vernita area. The maximum 
concentration of zinc (377 mg/kg) from the Hom area samples was 67% greater than the 
maximum from the Vernita area (226 mg/kg). 
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4.5.2 Radionuclide Constituents 
' : ~ 

The maximum concentrations of potassium-40, radium-226, thorium-228, and 
thorium-232 in samples from the horn of the Columbia are generally similar to those from 
the Vernita area, as shown in Table 4-6. The maximum concentrations of man-made 
radionuclides cobalt-60, cesium-137, europium-152, and europium-155 are small; all are 
< 1 pCi/g. 

Concentrations of cobalt-60 range from non-detected to 0.33 pCi/g. Concentrations 
of cesium-137 ranged from non-detected to 0.56 pCi/g. Concentrations of europium-152 
ranged from non-detected to 0.94 pCi/g. Concentrations of europium-155 range from 
non-detected to 0.79 pCi/g. The maximum concentrations of europium-152 and 
europium-155 occur in sample B07NH1. Th.is location also has the largest uranium 
concentrations in the 12 to 20-in. interval. Concentrations of cobalt-60 and cesium-137 were 
largest in sample B07NF0, collected on the island. 

4.5.3 Grain-Size Analysis 

Medium- and fme-grained sand constitutes 42 % and 51 % of sample B07NF0, 
respectively. The remaining 7 % of sample B07NF0 consists of silt and clay . This sample 
was collected on the island in the Hom of the Columbia River from the 0 to 6-in. interval 
bls. 

Sample B07NC9 contains 12 % gravel, 6% coarse-grained sand, and 72 % 
medium- and fme-grained sand. Sample B07ND0 consist of 2 % medium-grained sand, 88 % 

· fme-grained sand, 7% silt, and 3% clay. These samples were collected at location DAl 
from the 0 to 6-in. and 12 to 20-in. intervals bls. 

Sample B07NH1 consists of 3 % medium-grained sand, 72 % fme-grained sand, and 
25 % silt and clay. Sample B07NH2 consists of 34 % medium-grained sand, 53 % fme­
grained sand, and 13 % silt and clay. These samples were collected at location D/H from the 
0 to 6-in. and 12 to 18-in. intervals bls. 

4.6 100 H AREA 

Six samples and two QC samples, a duplicate and split sample, were collected at four 
locations in the 100 H Area, as shown by Figure 4-6. The samples were collected on land. 
During sampling the Columbia River shoreline was at a lower elevation than is shown in 
Figure 4-5. Samples B07NG3, B07NG5, B07NG6, and B07NG7 were collected at location 
HUl, a sandy beach near the former site of the 100 H river water intake structure and near 
the upstream boundary of the 100 H Area. Location HUl is about 14.5 mi downstream of 
the Vernita Bridge and just downstream of seep 145-2, which was sampled in 1991. Samples 
B07NC0 and B07NC1 were collected at location Hl. Samples B07NC2 and B07NC3 were 
collected at locations H2 and H3, respectively. Locations Hl, H2, and H3 were dry and 
grass-covered when sampled, although they may have been flooded by the river at times 

4-8 



WHC-SD-EN-TI-198, Rev. 0 

when the production reactors were operating. Locations Hl, H2, and H3 were within an 
.. area with elevated concentrations of man-made radionuclides in 1988 (Reiman and 
Dahlstrom 1990). Field screening instruments indicated background levels of /3-y and -y 
activity during sampling at all 100 H Area locations. Locations Hl and H2 are about 15 .6 
and 16.0 mi downriver from the Vernita Bridge. Location H3 is about 16.8 mi downriver of 
the bridge. 

Samples B07NG3 and B07NG5 were collected from the O to 6-in. and 12 to 
18-in. intervals bls at location HUl. A duplicate QC sample, B07NG6, was collected from 
the O to 6-in. interval bis and a split QC sample, B07NG7, was collected from the 12 to 

, 18-in. interval bis at location HUl. Samples B07NCO and B07NC1 were collected from the 
., , 0 to 6-in. and 12 to 18-in. intervals bls at location Hl. Samples B07NC2 and B07NC3 were 
•:. collected from the Oto 6-in. intervals at locations H2 and H3,-respectively. Cobbles and 

gravel at locations H2 and H3 prevented the collection of material from intervals deeper than 
6 in. bis. The sample location coordinates, distance from Vernita Bridge (in miles), sample 
dates, intervals sampled, median grain size, inorganic constituents with concentrations greater 
than the 95 % UTL, detected radionuclides, and the maximum radionuclide concentrations 
found in samples from the Vernita area are presented in Table 4-7. 

4.6.1 Inorganic Constituents 

Concentrations of chromium, copper, lead, and zinc exceed the 95% UTL values in 
samples from 100 H. The concentrations of chromium exceeded the 95 % UTL values in 
samples B07NC1 and B07NC3 from locations Hl and H3. The concentrations of copper 

·. exceeded the 95% UTL value in samples B07NCO and B07NC1 from location Hl and in 
sample B07NC2 from location H2. The concentrations of lead and zinc in all the samples 

· are greater than the 95 % UTL values. The maximum lead concentrations from 100 H 
locations were less than the maximum from the Vernita area. The maximum zinc 
concentration from the 100 H Area (i.e., 397 mg/kg from sample B07NG3) is 76% greater 
than the maximum found in the Vernita area. 

4.6.2 Radionuclide Constituents 

The maximum concentrations of potassium-40, radium-226, thorium-228, and 
thorium-232 in the 100 H samples are generally similar to those from the Vernita area, as 

· shown in Table 4-7. The maximum concentrations of cobalt-60, and europium-154 are 
small; i.e., <0.4 pCi/g. The concentrations of cesium-137 range from 0.33 to 4 .6 pCi/g . 
The europium-152 concentrations range from non-detected to 1.8 pCi/g. The europium-154 
concentrations range from non-detected to 0.24 pCi/g. Sample B07NCO, collected from the 
O to 6-in. interval at location Hl, has the maximum concentrations of cesium-137, 
europium-152, and europium-154 of all the samples analyzed from the 1992 Hanford Reach 
sampling. 

The radionuclides thorium-231, thorium-234, plutonium-239/240, and neptunium-237 
were detected in QC split sample B07NG7 but were not found in other 100 H samples . The 
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plutonium-239/240 concentration is 0.07 pCi/g. Concentrations of thorium-231, thorium-
234, and neptunium-237 were all < 1 pCi/g . 

4.6.3 Grain-Size Analysis 

· Fine-grained sand, constitutes at least ·90% of samples B07NG3 ," B07NG6, 1307NGS, 
and 82 % of sample B07NH7. These samples are from the beach at location HUI. Medium­

.. grained sand constitutes 0% to 2% of these samples. The remaining 4% to 18% of these 
samples consists of silt and clay. 

Sample B07NCO consists of 2 % medium-grained sand, 58 % fine-grained sand, and 
35 % silt and 5 % clay. Sample B07NC1 consists of 8 % medium-grained sand, 58 % fine­
grained sand, 23% silt, and 11% clay. These samples were collected at location Hl at the 0 
to 6-in. and 12 to 18-in. interv-als bis. 

Samples B07NC2 and B07NC3 contain 13% and 14% medium-grained sand, 73% and 
78 % fine-grained sand, and 12 % and 8 % silt, respectively. Both samples contain 2 % clay. 
These samples were collected-from locations H2 and H3 in the Oto 6-in. intervals bis . 

4.7 100 F AREA 

Eight samples were collected from five locations in the 100 F Slough which is 
immediately · downstream.' of the 100 F Area, -'as shown by Figure 4-7. The samples were 
collected on land. During sampling the Columbia River shoreline was at a lower elevation 
than is shown by Figure 4-7. The sampling locations are about 19.9 to 21.0 mi downstream 
of the Vernita Bridge and about 1 to 2 mi downstream of the 100 F outfall. Samples 
B07NB8 and B07NB9 were collected in location F3, an area where many springs discharge 
groundwater through the sediment into the slough. Locations F2, F4, and Fil were within 
areas with elevated concentrations of man-made radionuclides in 1988 (Reiman and 
Dahlstrom 1990) . Field screening instruments indicated background-levels of (3-y and 'Y 
activity at locations Fl, F2, F4, and Fll during sampling. Field screening instruments 
indicated activity greater than background (3-y and 'Y activity at location F3 during sampling . . , 

Samples B07NB6 and B07NB7 were collected from the Oto 6-in. interval bis at 
locations Fl and F2. Cobbles were encountered at both locations when attempting to sample 
at greater depth intervals. Samples B07NB8 and B07NB9 were collected from the Oto 6-in. 
and 12 to 24-in. intervals bis, respectively, at location F3. Samples B07NC4 and B07NC5 
were collected from the O to 6-in. and 12 to 16-in. intervals bis, respectively, at location F4. 
Samples B07NG9 and B07NHO were collected from the Oto 6-in. and 12 to 18-in. intervals 
bis, respectively, at location Fll. The sample location coordinates, distance from Vernita 
Bridge (in miles), sample dates, intervals sampled, median grain size, inorganic constituents 
with concentrations greater than the 95 % UTL, detected radionuclides, and the maximum 
radionuclide concentrations found in samples from the Vernita area are presented in 
Table 4-8. 
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4. 7 .1 Inorganic Constituents 

Concentrations of chromium, copper, lead, and zinc exceed the 95 % UTL values in 
100 F Slough samples, although not all samples contain concentrations that exceed the 95 % 
UTL values, as shown by Table 4-8. Sample B07NC56 does not exceed any 95% UTL 
values and sample B07NHO only exceeds the zinc 95 % UTL value. Concentrations of 
· chromium exceed the 95 % · UTL ·value in samples B07NB8 and B07NB9. The copper 
concentrations exceed the 95 % UTL value in all samples except B07NC5 and B07NHO. 
Concentrations of lead exceed the 95% UTL value in six of the eight samples, however, the 
maximum concentration of 55 . 7 mg/kg is less than the maximum reported from the Vernita 
area samples, 57.7 mg/kg. The zinc concentrations exceed the 95% UTL value in seven of 
the eight samples. The maximum zinc concentration from 100 F Slough samples, 
315 mg/kg, is 39% greater than the maximum value found in Vernita area samples, 
226 mg/kg. 

4. 7 .2 Radionuclide Constituents 

The maximum concentrations of potassium-40, radium-226, thorium-228, and 
thorium-232 in the 100 F samples are generally similar to those from the Vernita area, as 
shown in Table 4-8. Sample B07NC4 contained 4.4 and 3.2 pCi/g of thorium-228 and 
thorium-232. respectively, which exceeds the maximum thorium concentration from the 
Vernita area. The uranium concentrations are all <2 pCi/g. The radionuclides cobalt-60, 

. cesium-137, europium-152, and europium-154 were all detected in samples from the 100 F 

. Slough; however, the maximum concentrations are all < 1 pCi/g. 

4. 7 .3 Grain-Size Analysis 

The two samples collected from location F3, B07NB8 and B07NB9, contain 27 % 
and 30% silt. considerably more than other locations in the 100 F Slough. 

Samples B07NB6 and B07NB7 contain 1 % and 3% medium-grained sand, 80% and 
86 % fine-grained sand, 11 % and 14 % silt, respectively. Both samples contain 4 % clay. 
These samples were collected at locations Fl and F2 from the Oto 6-in. interval bls. 

Samples B07NB8 and B07NB9 contain 6% and 2% medium-grained sand, 70% and 
66% fme-grained sand, 27% and 30% silt, and 3% and 2% clay, respectively. These 
samples were collected at location F3 from the Oto 6-in. and 12 to 24-in. intervals bis. 

Sample B07NC4 contains 1 % medium-grained sand, 91 % fme-grained sand, and 7 % 
silt, and 1 % clay. Sample B07NC5 contains 1 % gravel, 11 % coarse-grained sand, 8 % 
medium-grained sand, 67% fine-grained sand, 9% silt, 4% clay. These samples were 
collected at location F4 from the O to 6-in. and 12 to 16-in. intervals bls. 
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Sample B07NG9 contains 4 % medium-grained sand, 91 % fine-grained sand, and 5 % 
, silt and clay. Sample B07NH0 contains 37% medium-grained sand, 63% fine-grained sand, 
-- and no silt or clay. These samples were collected at location Fil from the 0 to 

6-in. and 12 to 18-in. intervals bls. 

4.8 HANFORD.TOWNSITE 

Six samples were collected at three locations in the Hanford Townsite area as shown 
in Figure 4-8. The samples were collected on land. During sampling the Columbia River 
shoreline was at a lower elevation than is shown in Figure 4-8. Samples B07NH3 and 
B07NH4 were collected at location FFl on the Franklin County shore of the Columbia River 
opposite of the Hanford Townsite and about 24.6 mi downstream of the Vernita Bridge. 
There is abundant fine-grained sediment at this site. An abandoned farm is nearby. Samples 
B07ND2 and B07ND3 were collected at location HAN2, which is at the upstream end of the 
Hanford Slough. Samples B07NC6 and B07NC7 were collected at location HANl at the end 
of the Hanford Peninsula. Location HANl is about 25.5 mi downstream of the Vernita 
Bridge. Location HAN2 is about 24.8 mi downstream of the Vernita Bridge. Locations 
HANl and HAN2 were within areas with elevated concentrations of man-made radionuclides 
in 1988 (Reiman and Dahlstrom 1990), although field screening instruments indicated 
background levels of /3-y and -y activity during sampling. 

Two samples were collected at each of the three locations. At each location a sample 
was collected from the 0 to 6-in. interval bls and from an interval deeper than 12 in; i.e., 12 

· to 20 in for sample''B07NH4 from location· at FFl ; 12 to 16 in for sample B07NC6 from 
,: location HANl, and 12 to 18 in for sample B07ND3 from location H.AJ.'l2. The sample 

location coordinates, distance from Vernita Bridge (in miles), sample dates, intervals 
sampled, median grain size, inorganic constituents with concentrations greater than the 95 % 
UTL, detected radionuclides, and the maximum radionuclide concentrations found in samples 
from the Vernita area are presented in Table 4-9. 

4.8.1 Inorganic Constituents 

Concentrations of zinc exceeded the 95% UTL value in all samples. The maximum 
concentration 293 mg/kg, from sample B07ND2, exceeded the maximum from the Vernita 
area by 30%. All the other zinc concentrations from the Hanford Townsite samples were 
less than the maximum from the Vernita area. No other 95% UTL values were exceeded for 
Hanford Townsite samples. 

4.8.2 Radionuclide Constituents 

The concentrations of radionuclides were similar to those reponed from the Vernita 
area in all samples except B07ND2. The concentrations of cobalt-60, cesium-137, europium-
152, and europium-154 in sample B07ND2 exceeded those from the Vernita area. In Vernita 
area samples, cobalt-60, europium-152, and europium-154 were not detected and the 
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maximum cesium-137 concentration was 0.14 pCi/g. In sample B07ND2 cobalt-60, 
europium-152, and europium-154 were detected, although concentrations were < 1 pCi/g, 
and the cesium-137 concentration was 1 pCi/g. Sample B07NC6 also contained cesium-137, 
but less than the Vernita area maximum. 

· 4.8.3 Grain-Size Analysis 

Samples B07NH3 and B07NH4 contain 6% and 5% medium-grained sand, 91 % 
and 88 % fine-grained sand, and 3 % and 7 % silt and clay. These samples were collected at 
location FFl from the O to 6-in. and 12 to 20-in. intervals bis. 

Sample B07NC6 contains 2 % medium-grained sand, 76% fme-grained sand, 20% silt, 
and 2 % clay. Sample B07NC7 contains 4 % gravel, 2 % coarse-grained sand, 8 % medium­
grained sand, 66% fme-grained sand, 14% silt, and 4% clay. These samples were collected 
at site HA.l'il, located at the end of the Hanford Townsite Peninsula from the Oto 6-in. and 
12 to 16-in. intervals bis. 

Sample B07ND2 contains 1 % gravel, 5 % coarse-grained sand, 1 % medium-grained 
sand, 77% fme-grained sand, 13% silt, and 3% clay. Sample B07ND3 contains 18% gravel , 
24% coarse-grained sand, 3% medium-grained sand, 39% fme-grained sand, 10% silt, and 
6 % clay. These samples were collected at site HAN2, located in the Hanford Slough, from 
the O to 6-in. and 12 to 18-in. intervals bls. 

Sample B07NG9 contains 4 % medium-grained sand, 91 % fme-grained sand, and 5 % 
silt and clay. Sample B07NHO contains 37 % medium-grained sand, 63 % fme-grained sand, 
and no silt or clay. These samples were collected at location Fll from the O to 6-in and 12 
to 18-in. intervals bis. 
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Figure 4-7. Location of Sediment Samples Collected in the 100 F Area, Fall 1992 
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Table 4-1. Upper Threshold Limits (UTL) and Riparian Ecosystem Topsoils 
for Inorganic Analytes ( concentrations in mg/kg) 

Analyte 95% UTL" Riparian Riparian juniper 
grass topsoilb topsoil• 

Aluminum 15,100 9,940 10,200 
Antimony N{_"I 13.7 14.2 
Arsenic 9 7.7 27.7 
Barium 175 88.8 90.8 
Beryllium 1.8 0.94 0.98 

Cadmium N{_"I 3.1 2.9 
Calcium 24,600 5,650 5,820 
Chromium 28 1.9.6 20.4 
Cobalt 19 10.1 10.6 
Copper 30 31.8 32.9 

Iron 38,200 20,300 20,800 
Lead 14.9 67.4 74.1 
Magnesium 9,160 5,110 5,250 
Manganese 583 297 304 
Mercury 1.3 0.12 0.12 

Nickel 25 20.0 19.9 
Potassium 3,()()() 2,020 2,100 
Selenium N{_"I 0.94 0.98 
Silver 2.1 2.4 2.5 
Sodium 1,390 273 263 

Thallium N{_"I 0.71 0.74 
Vanadium 107 43.6 44.7 
Zinc 79 356 366 

Source: DOE-RL 1993b 
• NR = Not Reported 
• 95% confidence limit of the 95th percentile of the data, Weibull distribution 
" Riparian grass terrestrial ecosystem topsoil at Hanford Site 
• Riparian juniper terrestrial ecosystem topsoil at Hanford Site 
d Not computed 
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Table 4-2. Vernita Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, and Detected Radionuclides 

Area Vernita Vernita Vernita Vernita 

Site ldelllifieatioo VBUl VBUl VBU2 VBU3 

Coordinata E (m) 144860.72 144860.72 144898.23 144852.60 

Coordinata N (m) 551603.09 551603.09 557066 .32 556915.S0 

River Mile -0.9 -0.9 -1.2 -1.2 

Sample Date 11/20/92 11/20/92 11/20/92 11120/92 

REIS Sample No. B07NFS B07NF6 B07NF7 B07NF8 

Quality Colllrol Sample NA NA NA NA 

Sample Deplb 0-6 in 12 • 22 in 0-6 in 0-3 in 
Median nain aize (mm) 0.50 0.50 0.53 0.60 

95% UTL 

Anenic (m,/q) 9.40 J 1.90 BJ 2 .40 J S.80 J 9 

Lead (m,/q) 57.70 J S.80 15.30 27.00 14.9 

Zinc (m,/q) 126.00 J 43 .70 J 151.00 J 205.00 J 79 

Grou Alpha (pCi/1) 8.30 J 6.10 J 8 .40 J 7.50 J 

Grou Beta (pCi/1) 16.00 14.00 15 .00 16.00 

Potauium-40 (pCi/1) 16.00 14.00 15.00 12.00 

Ceaium-137 (pCi/1) N/D 0.032 J N/D 0.14 J 

Radium-226 (pCi/1) 0.78 1.20 0 .63 0 .60 

Thorium-228 (pCi/1) 1.30 2.50 1.30 1.10 

Thorium-232 (pCi/1) 1.20 2.50 1.00 0.99 

Uranium-233/234 (pCi/1) 0.85 0.53 1.00 1.00 

Uranium-238 (pCi/1) 0 .54 0 .74 0 .58 0 .80 

Coordina1&1: Melen, Nonh American Datum 1983, Ital& plane coordina1e1, aoulh zone 
River Mile: Locations upltream of Vernita Bridie arc ne1ative values, locations dowmtream are positive values 
REIS : Hanford Environmental Information System 
Quality Control Sample: Duplicate aample1 analyzed by aame laboratory II primary aamplc, •plit umplcs •n• lyzed by 
different laboratory. 
95% UTL: Upper threshold limit from 95~ confidence interval of the 95 percentile of the Hanford Site aoil back,round 
data aet, Weibull dillribution (DOE-RL 1993b) 
NA: Not Applicable 
NIA: Not Analyzed 
N/D: Not Detecled 
J: Concentration ellim• led due to quality eOdrOI defacienciea 
BJ: Eatim• led concentration above the inauumeat detection limit but leu than the contract required detection limit 
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Table 4-3. 100 8/C Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, 

and Maximum Vernita Area Radionuclide Concentrations 

Area B/C Area B/C Area B/C Area B/C Area B/C Area B/C Area 

Site ldeotificatioa 037-1 BC2 BC2 031-2 BCl BCl 

Coordinate• E (m) 145279.16 145279.16 145279.16 145303.35 145303.35 145303.35 

Coordinates N (m) 564535.47 564535 .47 564535.47 564635.69 564635.69 564635.69 

River Mile 3.7 3.7 3 .7 3.7 3.7 3.7 

Sample Date 9/18/91 11/20/92 11/20/92 9/17/91 11/20/92 11/20/92 
HEIS Sample No. B06KR.7 B07NF3 B07NF4 B06KS0 B07ND9 B07ND1 

Quality Control Sample NA NA NA NA NA Duplicate 

Sample Depth 0-6 in 0 - 6 in 12 - 18 in 0-6 in 0-6 in 0 - 6 in 
Median grain aize (mm) NIA 0.20 0.60 NIA 0.27 0.35 

95 ~ UTL 
Chromium (m,/q) 52.10 65.20 131.00 51.70 J 50.60 47.60 28 
Lead (mg/kg) NIA 19.30 39.20 NIA 7.30 9 .00 14.9 
Zinc (mg/kg) 208.00 159.00 J 192.00 J 79.60 73 .10 J 13.10 J 79 

Vernita 
Orou Alpha (pCi/1) 4.00 N/D 8.10 J 11.00 N/D 6.70 J 8.40 
Orotl Beta (pCi/1) 15 .00 13.00 16.00 20.00 14.00 13.00 16.00 
Potaaaium-40 (pCi/g) 13.91 15.00 15 .00 13 .03 12.00 12.00 16.00 
Strootium-90 (pCi/1) 0.30 J N/D N/D 0.40 J N/D N/D N/D 

J 

Ceaium-137 (pCi/g) 0. 146 J 0.058 J N/D 0.033 J 0.031 J N/D 0.14 J 
Radium-226 (pCi/1) 0.776 0.58 0 .70 0.446 0.52 0.51 1.20 
Thorium-228 (pCi/g) 1.024 J 1.00 1.40 0.776 J 0.82 1.10 2.50 
Thorium-232 (pCi/g) 0 .955 0.95 1.10 0 .673 0 .79 0.15 2.50 
Unnium-233/234 (pCi/g) NIA 0.57 0 .84 NIA 0 .45 0.59 1.00 
Uranium-238 (pCi/1) NIA 0.52 1.10 NIA 0.26 J 0 .44 0.80 

Coordinates : Meten, North American Datum 1983, llate plane coordinates, aouth zone 
River Mile: Loc:ationa upare.am ofVemill Bridge are negative valuea, loc:ationa dowmtream are positive valuea 
HEIS: Hanford Environmental Information Syatem 
Quality Control Sample: Duplicate aamplea analyud by ume laboratory •• primary aample, aplit aamplea analyud by different 
laboratory. 
95 ~ UTL: Upper threshold limit from 95 ~ confidence inlerval of the 95 percentile of the Hanford Site eoil bacqround data aet, 
Weibull diatribution 
(DOE-RL 1993b) 
Vernita: Maximum radionuclide concentration found in aamplea from Vemi11 are.a 
NA: Not Applicable 
N/ A: Not Analyud 
N/D: Not Decected 
J: Concentration atimated due to quality cOlllrol deficiencies 
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Arca K Arca K Arca K Arca K Arca K-N Arca K-N Arca 
Site identification K3 KUI KUI K2 N 082-2 ~ 
Coordinates E (m) 146308.69 146712.49 146712.49 146308.69 148672.43 148672.43 111:1 

O"' 
Coordinate• N (m) S67619.70 S6810S .94 S6810S .94 S68Sl9 .69 S70348.S6 S70348 .S6 -ftl 
River Mile S.7 6.2 6 .2 6.4 8.1 8.1 

Sample Date 11121/92 11/21192 11/21192 11/21192 11122192 10118/91 t 
HEIS Sample No. B07NG2 B07NG0 B07NF9 B07NGI B07NG4 B06KTS 

Quality Control Sample NA NA NA NA NA NA 
Sample Depth 0- 6 in 0 - 6 in 12 - 18 in 0- 3 in 0 - 3 in 0- 6 in 

Median gnin 1ize (mm) 0.40 0.14 0 .09 0.40 0 .50 NIA 

9S" l!TL 
Anenic (mg/leg) 2.90 5.10 6.20 6 .00 10.70 NIA 9 

Chromium (mg/leg) 18.80 2S .80 64.10 24.30 56.40 34.90 28 

Lead (mg/leg) 10.60 40.20 59.30 30.50 23.90 NIA 14.9 

Zinc (mg/leg) 94.80 378.00 454.00 209.00 152.00 80.30 79 

Vernita 

Grou Alpha (pCilg) IS .00 S.20 J S.40 J NID N/D S.00 8.40 J 
Oro11 Beta (pCilg) 16.00 13 .00 12.00 14.00 IS .00 23 .00 16.00 

Pota11iu~ (pCilg) IS .00 13 .00 13 .00 13 .00 IS .00 14.S8 16.00 

Cesium-137 (pCi/1) N/D 0 .27 0.45 0 .11 J 0 . 19 0 .187 0 .14 J 
Europium-152 (pCila) N/D NID 0.32 N/D NID 0 .10 N/D 

Europium-lSS (pCilJ) N/D NID NID N/D NID o.on NID 

Radium-226 (pCil1) 0.9S 0 .71 0 .90 0 .66 0 .90 1.019 1.20 

Thorium-228 (pCil1) 1.90 0.91 1.40 1.10 1.30 I .Sl6 2.S0 

Thorium-232 (pCi/1) I.SO 0 .89 0 .91 0 .91 1.20 1.419 1.S0 

Unnium-233/234 (pCilJ) 0 .98 0.S3 0.77 0 .4S 0.3S R NIA 1.00 

Unnium-238 (pCil1) 0 .68 0 .S7 0 .96 0 .67 0 .S3 R NIA 0 .80 

Coordinate,: Meten, NOl1h American Datum 1983, •tale plane coordinates, aouth zone 
River Mile: Locationa upllrcam of Vernita Bridge arc negative values, locations downstream arc positive value• 
HEIS: Hanford Environmental Information System 
Quality Control Sample: Duplicate umple, analyzed by ume labontory H primary sample, 1plit sample• analyzed by different laboratory. 
9S" l!TL: Upper thrclhold limit from 9S" confidence interval of the 9S percentile of the Hanford Site •oil background data aet, Weibull di1tribution 
(OOE-RL 1993b) 
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Vernita: Maximum ndionuclide concentntion found in sample, from Vernita area ftl 
Cl 

NA: Not Applicable 
NIA: Not Analyzed 

-i3 -N/D: Not Detected -· 0 
J: Concentration e•timated due to quality control deficiencie, Cl 

r,i 

R: Concentration rejected due to quality control deficiencie, 
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Table 4-5. 100 D Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 1 of 2) 

Arca Dllllatc D lmake D bland D bland D bland 

Site Identification D5 D5 DD DD DD 

Coordinate, E (m) 15168-4.53 15168-4.53 153053.20 153053.20 153053.20 

Coordinate, N (m) 572658.65 572651.65 573711.27 573711.27 573711.27 

River Mile 10.3 10.3 11.3 11.3 11.3 

Sample Date l 1/19/92 11/19/92 11/24/92 11/24/92 11/24/92 

HEIS Sample No. B07NF1 B07NF2 B07NHS B07NH6 B07NH7 

Quality Control Sample NA NA NA Duplicate Split 

Sample Depth 0-6 in 12 - 11 in 0- 6 in 0-6 in 0-6 in 

Median grain 1izc (mm) 0 .23 0.12 0 .40 0 .39 0.38 

95$ UTL 

Chromium (m,fkr) 47.00 21.90 9 .10 11.30 5.30 28 

Copper (m,/q) 15.90 21.30 18.20 23.70 23.00 30 

Lead (1111/kr) 18.60 27.30 24.10 24.80 18.10 14.9 

Zinc (m,/ki) 221.00 257.00 185.00 209.00 167.00 79 

Vernita 

Groa Alpha (pCi/1) 5.10 J N/D 5.30 J N/D N/R 8 .40 

Groa Beta (pCi/1) 9 .00 12.00 17.00 16.00 15.70 J 16.00 

Potauium-40 (pCi/1) 12.00 13.00 15.00 13.00 17.80 J 16.00 

Cobalt-60 (pCi/1) 0.20 0.09 0 .25 0 .20 0.22 J N/D 

Ceaium-137 (pCi/1) 0.48 J 1.30 J 0.50 0 .54 0.52 J 0 .14 

Europium-152 (pCi/1) 0.35 J 0.90 J 0.32 0.32 0.27 J N/D 

Europium-154 (pCi/1) N/D N/D N/D N/D 0.04 J N/D 

Europium-155 (pCi/1) N/D N/D N/D N/D 0.04 J N/D 

Radium-226 (pCi/1) 0.54 0.61 0.59 0.54 N/D 1.20 

Radium-228 (pCi/g) N/D N/D N/D N/D 0.54 J N/D 

Thorium-228 (pCi/1) 0.91 0.95 0 .78 0.59 N/D 2.50 

Thorium-231 (pCi/1) N/D N/D N/D N/D 0 .29 J N/D 

Thorium-232 (pCi/1) 0.74 0.93 O.Sl 0.60 N/D 2.50 

Thorium-234 (pCi/1) N/D N/D N/D N/D 0.69 J N/D 

Uranium-233/234 (pCi/1) 0.44 0 .37 0.49 N/D N/R 1.00 

Uranium-235 (pCi/1) N/D N/D N/D N/D 0.02 J N/D 

Uranium-238 (pCi/1) 0.44 0 .58 0.30 0 .36 N/D 0.80 

Ncptunium-237 (pCi/a) N/D N/D N/D N/D 0.48 J N/D 

Americium-241 (pCi/g) N/D N/D N/D N/D 0.24 J N/D 

Coordinate,: Melen, Nonh American Datum 1983, state plane coordinates, 1011th zone 
River Mile: Location• uplllrUm of Vernita Bridie are neaative value,, location• downsuam are poaitive value, 
HEIS: Hanford Environmental lnfonnation Syatem 
Quality Control Sample: Duplicate aamplea analyud by same laboratory u primary sample, aplit samples analyzed by different laboratory. 
95 $ UTL: Upper threlhold limit from 95 $ confidence interval of the 95 percentile of the Hanford Site 10il bactaround data act, Weibull 

diltribution (DOE-RL 1993b) 
Vernita: Maximum radionucli~ concentration found in aample1 from Vernita area 
NA: Not Applicable 
N/D: Not Detected 
N/R: Noc Reported 
J: Concentration eltimated due to quality control deficiencic1 
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Table 4-S. 100 D Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 2 of 2) 

Ana Dlaland Dbla.od D bla.od Dlaland D bla.od 

Sile ldclllificatioo D11 D11 D12 D12 012 

Coordinate, E (m) 153077.98 153077.98 152981.88 153077.98 152981.88 

Coordinate, N (m) 573793.60 573793 .60 573687.50 573793 .60 573687.50 

River Mile 11.3 11.3 11.3 11.3 11.3 
Sample Date 11/19/92 11/19/92 11/19/92 11/19/92 11/ 19/92 

HEIS Sample No. B07ND4 B07ND5 B07ND6 B07ND7 B07ND8 

Quality Control Sample NA NA NA Duplicate NA 

Sample Depth 0-6 in 12 - 18 in 0 - 6 in 0 - 6 in 12 - 20 in 
Median min 1ize (mm) 0 .35 0 .38 0.30 0 .40 0 .33 

95~ UfL 

Chromium (m,/kg) 10.30 9.40 10.60 12.90 9 .2 28 

Copper (m,/q) 26.00 34.20 20.70 27.50 6 .9 30 

Lead (ma/kg) 18.00 21.60 23.60 20.60 3 .4 14.9 

Zinc (ma/kg) 192.00 216.00 144.00 203.00 26 .8 79 

Vernita 

Grou Alpha (pCi/g) 4 .90 J N/D 6 .20 J 4.50 J 1.5 J 8 .40 

Grou Beta (pCi/g) 17.00 20.00 14.00 13 .00 18 16.00 

Potauium-40 (pCi/g) 14.00 15.00 15 .00 13 .00 17 16 .00 

Cobalt-60 (pCi/g) 0 .18 0 .41 N/D 0.19 N/D N/D 

Ceaium-137 (pCi/g) 0 .56 0.74 J 0.10 J 0 .62 J N/D 0 .1 4 

Europium-152 (pCi/g) 0 .22 0 .48 J N/O 0 .25 J N/D N/O 

Europium-154 (pCi/g) N/D N/D N/D N/O N/O N/D 

Europium-155 (pCi/g) N/D N/D N/D N/D N/D N/D 

Radium-226 (pCi/g) 0 .46 0 .42 0 .58 0 .48 0.5 1.20 

Radium-228 (pCi/g) N/D N/D N/D N/D N/D N/D 

Thorium-228 (pCi/g) 0 .50 0.46 0 .88 0.53 0.69 2.50 

Thorium-231 (pCi/g) N/D N/D N/D N/D N/D N/D 

Thorium-232 (pCi/g) 0 .58 0.50 0 .84 0.50 0.89 2.50 

Thorium-234 (pCi/g) N/D N/D N/D N/D N/D N/D 

Umiium-233/234 (pCi/g) 0.58 0.49 0.29 J 0 .44 0 .46 1.00 

Unnium-235 (pCi/g) N/D N/D N/D N/D N/D N/D 

Uranium-238 (pCi/g) 0 .68 0.36 0 .49 0 .44 0 .46 0 .80 

Ncptunium-237 (pCi/g) N/D N/D N/D N/D N/D N/D 

Americium-241 (pCi/g) N/D N/D N/D N/D N/D N/D 

Coordinate•: Meten, North American Datum 1983, IUle plane c:oordina1e1, aouth zone 
River Mile: I.ocatiom upllll'eam ofVe_rnita Bridge arc negative value•, loc:ation• dowmtrRm arc positive values 
HEIS : Hanford Environmeo&al Information Syatem 
Quality Control Sample: Duplicate aamplea analyzed by aame labontory a• primary aample, aplit aample• analyzed by different laboratory . 
95 ~ UTL: Upper lhrclhold limit from 95 ~ c:onfidence interval of the 95 percentile of the Hanford Sile soil background data act, Weibull 
dillributioo (DOE-RL 1993b) 
Vernita: Maximum ndionuclide concentration found in aamplea from Vernita area 

NA: Not Applicable 
N/D: Not Detected 
J: Concenuatioa eatimated due to quality control deficiencie• 
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Table 4-6. Hom of the Columbia River Area Sediment Sample Information, Inorganic 
Concentrations Greater than the 95% UTL, Detected Radionuclides, 

and Maximum Vernita Area Radionuclide Concentrations 

Area D/H Horn D/H Horn D/H Hom D/HHom laland 385 

Site Identification DAI DAI D/H D/H D4 
Coordinate, E (m) 153825.06 153825.06 15-444-4.13 154444.13 155101.07 

Coordinatea N (m) 574306.10 574306.10 575174.08 575174.08 515580.39 

River Mile 11.9 11.9 12.8 12.1 13 .0 

Sample Date 11123/92 11123/92 11/17/92 11/17/92 11/19/92 

HEIS Sample No. B07NH1 B07NH2 B07NDO B07NC9 B07NFO 
Quality Control Sample NA NA NA NA NA 
Sample Depth 0-6 in 12-20 in 0- 6 in 12 • 18 in 0-6 in 
Median grain aize (mm) 0.14 0.27 0 .11 0.24 0.24 

95$ UTL 

Chromium (ma/ka) 22.30 31.90 15.00 17.90 14.10 28 
Copper (mg/kg) 23.80 31.10 23 .3 J 23.3 J 23 .1 30 

Lead (mg/kg) 59.80 11.40 23.30 J 11.90 J 32.00 14.9 
Zinc (mg/kg) 294.00 85.10 221 .00 279.00 377.00 79 

Vernita 
Groaa Alpha (pCi/g) 7.70 J 11 .00 N/D 16.00 J 8.70 J 8.40 J 

Groaa Beta (pCi/a) 14.00 22.00 12.00 20.00 12.00 16.00 

Pocaaaium-40 (pCi/a) 14.00 15.00 11 .00 14.00 8.40 16.00 

Man,aneae-54 (pCi/a) N/D N/D N/D N/D 0.051 N/D 

Cobalt-60 (pCi/g) 0.10 N/D 0.062 0 .13 0.33 N/D 

Ceaium-137 (pCi/a) 0.09 N/D 0.24 J 0 .071 J 0.56 J 0.14 J 

Europium-152 (pCi/a) 0.94 N/D 0.11 0 .37 0.41 J N/D 

Europium-155 (pCi/J) 0.79 N/D N/D 0.18 N/D N/D 

Radium-226 (pCi/g) 0.98 1.30 0.77 1.00 0.55 1.20 

Thorium-228 (pCi/a) I.SO 2.50 1.20 1.70 0 .84 2.50 

Thorium-232 (pCi/a) 1.20 2.30 1.20 1.60 0.71 2.50 

Unnium-2331234 (pCi/a) 0.90 2.60 0.82 0 .99 0.84 1.00 

Uranium-235 (pCi/a) N/D N/D N/D 0.085 J N/D N/D 

Uranium-238 (pCi/g) 0.98 2.00 0.68 0.95 0.69 0 .80 

Coordinate,: Meten, North American Datum 1983, ute plane coordinates, aouth zone 
River Mile : Locations upatrum of Vernita Bridge are neaative values, locations downstream are positive values 
HEIS: Hanford Environmelllal Information System 

Quality Control Sample: Duplicate sample• analyzed by same laboratory as primary sample, 1plit amplea analyzed by 
different laboratory. 
95 $ UTL: Upper threshold. limit from 95 $ confidence interval of the 95 percentile of the Hanford Site 10il bacqround 
data aet, Weibull diatribution (DOE-RL 1993b) 
Vernita: Maximum radionuclide concentntion found in ample• from Vernita area 
NA: Not Applicable 
NIA: Not Analyzed 
N/D: Not Detected 
J : Concentration estimated due IO quality control deficiencies 
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Table 4-7. 100 H Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 1 of 2) 

Area ff Area H Area H Area H Area 

Site ldelllifi"tion HUI HUI HUI HUI 
Coordinate, E (m) 153623 .91 153623.91 153623.91 153623 .91 

Coordinatea N (m) 5n389.-46 5m89.-46 5n389.46 5n389.46 

River Mile 14.5 14.5 14.5 14.5 

Sample Date 11/22/92 11/22/92 11/22/92 11/22/92 

HElS Sample No. B07NG3 B07NG6 B07NG5 B07NG7 

Quality Control Sample NA Duplicate NA Split 

Sample Depth 0- 6 in 0-6 in 12 - 18 in 12 - 18 in 
Median grain 1ize (mm) 0.15 0 .15 0 .13 0.13 

95,; tm. 
Chromium (ma/kJ) 22.80 21.70 20.80 13.30 28 
Copper (mg/ki) 18.90 18.40 21.50 17.20 30 

Lead (ma/q) 32.70 31.30 27.80 27.90 14.9 

Zinc (mg/kg) 397.00 369.00 253.00 230.00 79 

Vernita 

Grou Alpha (pCi/g) N/D N/D N/D N/D 8.40 J 
Grou Beta (pCi/1) 14.00 9.30 J 13.00 16.00 J 16.00 

Potaaaium-40 (pCi/1) 15.00 14.00 14.00 15.20 J 16.00 

Cobalt~0 (pCi/1) 0.38 0 .37 0.12 0 .111 J N/D 

Ccaium-137 (pCi/1) 0 .76 0 .79 1.50 1.61 J 0.14 J 
Europium-152 (pCi/g) 0.50 0.56 1.50 1.33 J N/0 

Europium-154 (pCi/g) N/D N/D 0 .21 0 .141 J N/D 

ludium-226 (pCi/i) 0 .64 0.66 0.65 N/R 1.20 

Thorium-228 (pCi/g) 0 .85 0 .90 0 .88 N/R 2.50 

Thorium-231 (pCi/1) N/D N/0 N/D 0.454 J N/D 

Thorium-232 (pCi/1) 0 .84 0 .94 0 .93 N/R 2.50 

Thorium-234 (pCi/1) N/D N/D N/D 0.812 J N/0 

Uranium-233/234 (pCi/g) 0.45 R 0 .85 0 .49 N/R 1.00 

Uranium-235 (pCi/1) N/D N/0 N/D 0 .0217 J N/0 

Uranium-238 (pCi/g) 0 .75 R 0 .71 0 .41 N/0 0 .80 

Neptunium-237 (pCi/g) N/D N/D N/D 0.606 J N/0 

PlulOnium-239/240 (pCi/1) N/D N/D N/D 0 .0707 N/D 

Coordinatca: Melen, North American Datum 1983, lllate plane coordinate,, 1011th zone 
River Mile : Locationa upatram of Vernita Bridie arc negative valuca, locationa downatrcam arc poaitive 
value• 
HEIS : Hanford Environmental lnfonnation Sy1tem 
Quality Control Sample: Duplicate aamplea analyzed by aamc laboratory u primary aample, aplit aample1 
analyzed by different laboratory. 
95~ lm.: Upper thrclhold limit from 95~ confidence iolerval oflhe 95 percentile oflhc Hanford Site aoil 
backrround data act, Weibull dillribution (DOE-RL 1993b) 
Vernita : Maximum radionuclide concentration found in aample1 from Vernita area 
NA: Not Applicable 

NIA: Not Analyzed 

N/D: Not Detected 

J: Concentration catimated due 10 quality coatrol deficiencie1 

R: Concentration rejected due to quality control dcficicncie1 
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Table 4-7. 100 H Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 2 of 2) 

Arca H Arca H Area H Arca HSloup 
Sile ldentifi"tion HI HI Hl H3 
Coordi1111e1 E (m) 152108.21 152108.21 151754.44 150833.85 
CoordiDalel N (m) 578262.99 578262.99 578910.94 579163.96 
River Mile 15.6 15.6 16.0 16.8 
Sample Dale 11/13/92 11/13/92 11/13/92 11/13/92 
HEIS Sample No. B07NCO B07NC1 B07NC2 B07NC3 
Quality Comol Sample NA NA NA NA 
Sample Depth 0 - 6 in 12 - 18 in 0- 6 in 0-6 in 
Median gniin ,ize (mm) 0 .10 0.14 0.25 0.27 

95~ UTL 
Chromium (m,lq) 22.60 18.90 18.80 18.30 28 

Copper (malq) 3".00 42.70 ll.60 26.10 30 
Lead (m,/q) 43.40 16.40 35.70 28.30 14.9 
Zinc (m,/q) 287.00 79.40 168.00 141.00 79 

Vernita 
Grou Alpha (pCi/g) N/0 26 .00 J 27.00 J 13.00 J 8.40 J 
Grou Beta (pCi/g) 18.00 23 .00 20.00 21.00 16.00 
Potaa•ium-40 (pCi/g) 14.00 13.00 14.00 14.00 16.00 
Cobalt-60 (pCi/g) 0.38 N/0 0 .09 N/0 N/0 
Ce•ium-137 (pCi/g) 4.60 J 0.52 J 0.43 J 0 .33 J 0 .14 J 
Europium-1S2 (pCi/g) 1.80 N/0 0 .47 0.23 N/0 
Europium-1S4 (pCi/g) 0.24 N/0 N/0 N/0 N/0 
Radium-226 (pCi/g) 0.8S 1.40 1.00 0 .69 1.20 
Thorium-228 (pCi/g) 0.90 3.00 1.90 1.30 2.50 
Thorium-231 (pCi/g) N/0 N/0 N/0 N/0 N/0 
Thorium-232 (pCi/g) 0.96 2.50 1.80 1.30 2.50 
Thorium-234 (pCi/g) N/0 N/0 N/D N/0 N/0 
Uranium-233/234 (pCi/g) 0.79 2.30 1.20 1.40 1.00 
Uranium-23S (pCi/g) N/0 N/0 N/0 N/0 N/0 
Uranium-238 (pCi/g) 0.77 2.30 1.20 1.20 0 .80 
Neptunium-237 (pCi/g) N/0 N/0 N/0 N/0 N/0 
Plutonium-239/240 (pCi/g) N/D N/0 N/0 N/0 N/0 

Coordinate,: Mcten, North American Datum 1983, ute plane coordinatea, aoulh zone 
River Mile: Loc:ationa up•tream of Vernita Bridge are negative valuea, ~lion• downatream are positive 
value, 
HEIS: Hanford Environme111al Information Sy•tem 
Quality Control Sample: Duplicate •mple• analyzed by •me laboratory a1 primary •mple, aplit ample• 
analyud by different laboratory. 
95 ~ UTL: Upper lhre•hold limit from 95 ~ confidence inlerval of the 95 percentile of the Hanford Site 10il 
background data 1et, Weibull dillribution (DOE-RL 1993b) 
Vernita: Maximum radionuclide conc:emntion found in •mple• from Vernita area 
NA: Not Appli"ble 
NIA: Not Aaalyud 
N/0: Not Dctec:led 
J: Concentration ellimated due to quality control deficiencie1 
R: Concentration rejected due toquality control deficiencie1 
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Table 4-8. 100 F Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 1 of 2) 

Arca F SlouJh F SlouJh F Sloup F SlouJh F SlouJh 

Site ldemification F4 F4 Fil Fil F2 

Coordinatea E (m) 146961.31 146961.31 146871.73 146871.73 146304.26 

Coordinatea N (m) 582032.69 582032.69 582731.80 582731.80 582149.16 

River Mile 19.9 19.9 20.2 20.2 20.4 

Sample Date 11/16/92 11/16/92 11/23/92 11/23/92 11/12/92 

HEIS Sample No. B07NC4 B07NC5 B07NG9 B07NHO B07NB7 

Quality Control Sample NA NA NA NA NA 
Sample Depth 0-6 in 12 • 16 in 0-6 in 12· 18 in 0-6 in 

Median grain liz.e {mm) 0.18 0 .27 0.27 0 .39 0.14 

95$ UTL 

Chromium {m,lq) 16.80 16.10 15.40 12.50 17.70 28 

Copper (m,/ka) 69.60 J 27 .20 J 29 .30 12.80 51.40 30 

Lead {m,/lta) 50.00 3 .80 J 49.70 11.10 49.70 14.9 

Zinc {m,lq) 315.00 27.60 296.00 97.30 309.00 79 

Vernita 

Grou Alpha (pCi/a) 33 .00 J 6 .90 J 4 .70 J N/D N/D 8.40 J 

Grou Beta (pCi/a) 25 .00 16.00 10.00 18.00 15.00 16.00 

Potuaium-40 (pCi/a) 14.00 15.00 15 .00 15 .00 16.00 16.00 

Cobalt-60 (pCi/a) N/D N/D 0.36 0.076 N/D N/D 

Ccaium-137 (pCi/a) 0.14 J N/D 0 .13 0 .16 0.33 J 0.14 J 

Europium-152 (pCi/a) N/D N/D 0 .92 0 .30 0 .28 N/D 

Europium-154 (pCi/g) N/D N/D 0.16 N/D N/D N/D 

Radium-226 (pCi/g) 1.70 0 .81 0 .69 0.67 0.92 1.20 

Tborium-228 (pCi/a) 4 .40 1.60 1.10 0 .99 1.70 2 .SO 

Tborium-232 (pCi/g) 3 .20 I.SO 0 .98 0 .92 1.80 2.50 

Uranium-233/234 (pCi/g) 1.60 1.40 0 .77 0 .88 1.10 1.00 

Uranium-238 (pCi/a) 2.00 0 .84 0 .49 0 .70 0 .93 0.80 

Coordinatea: Meten, Nonh American Datum 1983, state plane coordinates, IOUth zone 

River Mile: Locations upstream of Vernita Bridge are neaative values, locationa downatream are poaitive values 

HEIS : Hanford Environmental Information System 

Quality Control Sample : Duplicate 11mple1 analyzed by 11me laboratory H primary 11mple, aplit 11mple1 analyzed by 

different laboratory. 
95 $ UTL: Upper threshold limit from 95 $ confidence interval of the 95 percentile o( the Hanford Site 110il 
baclt,round data Nl, Weibull dillribution {DOE-RL 1993b) 
Vernita: Maximum radionuclide concentration found in 11mplea from Vernita area 

NA: Not Applicable 
NIA: Not Analyzed 

N/D: Not Detected 
J: Concentration ellimated due to quality coruol deficiencies 
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Table 4-8. 100 F Area Sediment Sample Information, Inorganic Concentrations 
Greater than the 95% UTL, Detected Radionuclides, and Maximum 

Vernita Area Radionuclide Concentrations (Page 2 of 2) 

Arca F Sloup F Sloup FSloup 

Sile Identification Fl F3 F3 
Coordinatca E (m) 146193.69 145485.01 145485.01 

Coordinate, N (m) 512262.17 512692.10 512692.10 

River Mile 20.5 21.0 21.0 

Sample Date 11/12/92 11/12/92 11/12/92 

HElS Sample No. B07NB6 B07NB8 B07NB9 

Quality Control Sample NA NA NA 

Sample Depth 0-6 in 0 • 6 in 12 • 24 in 
Median rrain 1ize (mm) 0.14 0.12 0.11 

95" lTTL 
Chromium (m,/q) 15.20 28.10 45.70 28 

Copper (m,/q) 62.90 37.40 42.10 30 

Lead (mg/q) 55.70 31.40 "4.30 14.9 

Zinc (mg/kg) 335.00 246.00 195.00 79 

Vernita 

Grou Alpha (pCi/g) N/D 9.80 J 21.00 J 8.40 J 

Grou Beta (pCi/g) n.oo 17.00 23.00 16.00 

Potauium-40 (pCi/g) 16.00 14.00 15.00 16.00 

Cobalt-60 (pCi/g) N/D N/D N/D N/D 

Cesium-137 (pCi/g) 0 .18 J 0 .26 J 0.19 J 0 .14 J 

Europium-152 (pCi/g) 0 .10 0 .18 0.20 N/D 

Europium-154 (pCi/g) N/D N/D N/D N/D 

Radium-226 (pCi/g) 0.74 0 .78 0.98 1.20 

Thorium-228 (pCi/g) 1.20 1.10 2 .00 2.50 

Thorium-232 (pCi/g) 1.10 1.20 1.90 2.50 

Uranium-233/234 (pCi/g) 0.67 0.79 1.00 1.00 

Uranium-238 (pCi/g) 0 .88 0.64 1.30 0.80 

Coordinate,: Meten, Nonh American Datum 1983, ltate plane coordinatca, 1011th zone 

River Mile: Location• upllream of Vernita Bridge are negative values, location• downatream are poaitive value• 
HEIS : Hanford Environmental Infonnation Syatcm 
Quality Control Sample: Duplicate aamplea analyud by aame laboratory II primary aample, aplit aamplea analyud 
by different laboratory. 

95" lTTL: Upper threabold limit from 95" confidence interval of the 95 percentile of the Hanford Site 10il 
background data aet, Weibull dillribution (DOE-RL 1993b) 

Vernita: Maximum radionuclide concentration found in aample1 from Vernita area 
NA: NOi Applicable 
N/ A: NOi Analyud 
N/D: NOi Detected 
J: Concentration eatimatcd due to quality control deficiencie1 
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Area Fr1nklin Co. Franltlin Co. Hanford Hanford Hanford Hanford 
Site Identification FFI FFI HAN2 HAN2 HANI HANI 
Coordinatea E (m) 141S98.93 141S98 .93 141117.46 141117.46 140407.72 140407.72 :3 
Coordinate, N (m) S8S380.62 58S380.62 S84739.S0 S84739.S0 SIJS736.77 S8S736.n 
River Mile 24 .6 24.6 24.8 24 .8 2S .5 2S.5 
Sample Date 11123/92 11/23192 11/17192 11/17192 11/16192 11/16/92 
HEIS Sample No. B07NH3 8O7NH4 807ND2 807NDJ B07NC6 B07NC7 
Quality Control Sample NA NA NA NA NA NA 
Sample Depth 0- 6 in 12 - 20in 0 - 6 in 12- 18 in 0-6 in 12 - 16 in 
Median grain aize (mm) 0.27 0 .23 0.17 0 .33 0.18 0. 13 

9S" UTL 
Zinc (mg/ltg) 82.00 96.00 293.00 ISS.00 123.00 219.00 79 

Vernita 
Oroaa Alpha (pCi/g) 7.40 J N/D N/D 11 .00 J 9 .00 J 6.30 J 1.40 1 
Oroaa Beta (pCi/g) 12.00 19.00 16.00 19.00 19.00 2LOO 16.00 
Potanium-40 (pCi/g) 15.00 17.00 14.00 17.00 16.00 17.00 16.00 
Cobalt~ (pCi/g) N/O N/D 0.056 N/D N/D N/O N/0 
Ceaium-137 (pCi/g) N/O N/D 1.00 J N/D 0 .074 J N/D 0.14 J 
Europium-152 (pCi/g) N/O N/D 0.82 N/D N/D N/D N/0 
Europium-154 (pCi/1) N/O N/O 0 .17 N/D N/D N/D N/0 
Radium-226 (pCi/J) 0 .67 0 .82 0.81 L20 0 .67 0 .14 l.20 
Thorium-228 (pCi/J) 0 .94 1.10 1.40 2.10 1.10 LIO l . .SO 
Thorium-232 (pCi/g) 0 .83 LOO LOO 2 .10 L20 1.10 2.SO 
Uranium-233/234 (pCi/1) 0 .51 0 .80 0 .73 1.30 0.60 o:ss LOO 
Unnium-235 (pCi/g) N/O N/D 0 .11 J N/D N/D N/0 N/0 
Unnium-238 (pCi/g) 0 .15 0.69 0.15 LOO 0.41 0 .17 0.IO 

Coordinatea: Meten, North American Datum 1983, atate plane coordinate•, IOUth zone 
River Mile: Location• upllream of Vernita Bridge are negative valuea, location, dowllltream are po• itive value• 
HEIS: Hanford Environmetul Information Syttem 
Quality Conlrol Sample: Duplicate umple1 analyzed by ume laboratory at primary umple, aplit umple1 analyzed by different labontory. 
95" UTL: Upper threlhold limit from 95" confidence interval of the 95 percentile of the Hanford Site aoil background data ael, 
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5.0 CONCLUSIONS 

5.1 INORGANIC CONTAMINATION 

Sediments that contain concentrations of metals that exceed the 95 % UTL values 
derived from Hanford Site background soil samples (DOE-RL 1993b) are considered to 
be contaminated. Concentrations of arsenic, chromium, copper, lead, and zinc exceed 
the 95% UTL values in sediment samples from the Hanford Reach of the Columbia 
River. Zinc and lead were the most commonly found metallic contaminants in the 
sediment samples; 91 % and 68% of the samples analyzed contained zinc and lead 
concentrations exceeding 95% UTL values. Concentrations of zinc and lead exceed the 
95% UTL values in 75% of the samples from the Vernita area. Concentrations of 
arsenic above the 95% UTL were found in two samples, one from the Vernita area and 
the other from the 100 K Area. The concentrations of arsenic in the two samples were 
4% (Vernita) and 20% (100 K) greater than the 95% U1L. The arsenic, lead, and zinc 
contamination may not be attributable to Hanford activities, since elevated 
concentrations occur in the upriver sample locations. 

Concentrations of chromium that exceed the 95 % UTL value occur in 25 % of the 
samples analyzed. Two locations at each of the 100 B/C, 100 K, and 100 F areas have 
chromium concentrations greater than the 95% UTL. Single locations at each of the 
100 D, 100 H, and 100 F areas have chromium concentrations greater than the 95% 
UTL. Concentrations of chromium were below the 95% U1L at the Vernita or Hanford 
Townsite locations. 

Concentrations of copper that exceed the 95% U1L value occur in 23% of the 
samples analyzed. Single locations at each of the 100 D and the Horn areas have copper 
concentrations greater than the 95 % UTL. Two locations at the 100 H area and four 
locations at the 100 F area have copper concentrations greater than the 95% UTL. It is 
notable that 63% of the samples from the 100 F area contain elevated copper 
concentrations. Concentrations of copper were below the 95% UTL value at all Vernita, 
100 B/C, 100 K, and Hanford Townsite locations. 

5.2 RADIONUCLIDE CONTAMINATION 

Man-made radionuclides were detected in nearly all locations sampled. Sample 
location FFl, opposite of the Hanford Townsite, was the exception. Concentrations of 
man-made radionuclides were generally < 1 pCi/ g. The radionuclides cesium-137 and 
europium-152 are the most frequently detected, and have the highest concentrations. 
The maximum concentrations of cesium-137 and europium-152 are 4.6 and 1.8 pCi/g. 
These maximum values occur at location Hl in sample B07NC0. The abundance of 
radionuclide species and concentrations found was greatest in the samples collected from 
the 100 D Area to the 100 F Slough. Samples from the 100 B/C, 100 K, and Hanford 
Townsite locations contain fewer radionuclide species and generally lower 
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concentrations. No man-made radionuclides were detected in samples B07NH3 and 
B07NH4, collected at location FFl, across the Columbia River from the Hanford 
Townsite. 
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APPENDIX A • HANFORD REACH SEDIMENT SAMPLING 
PERFORMANCE PROCEDURE 
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1.0 PURPOSE 

Task Order 92-26 
Sediment Sampling Procedure 
Revh;on No. 1 
Date: November 10, 1992 
Page 1 of 20 

This procedure is designed to provide a consistent means of sampling 
Columbia River sediments so that the analytical results are indicative of 
environmental conditions at the sampling point. 

2.0 SCOPE 

This procedure applies to sampling of sediments from the Columbia River 
and is limited to IT Corp. (IT), Westinghouse Hanford Company (WHC) and their 
subcontractors involved in the Columbia River sediment sampling effort. 

3.0 DEFINITIONS 

Sediment: Material recently deposited from the waters of streams, lakes 
or seas. In this instance material deposited by the Columbia River. 

4.0 RESPONSIBILITIES 

Specific individual responsibilities may vary depending on the magnitude 
of the sampling operation. Personnel will be assigned to the effort and their 
responsibilities designated by the Field Team Leader. The followi~g 
responsibility descriptions are presented as general guidelines. 

4.1 IT FIELD TEAM LEADER/COGNIZANT ENGINEER 

The Field Team Leader/Cognizant En gi neer ·s responsible for: 

• Directing field operations 
• Coordinating IT and WHC support activities 
• Assigning sampler responsibilities 
• Maintaining notebook(s) 
• Maintaining Field Activity Daily Log 
• Conducting daily Tailgate Safety meetings 
• Processing field generated records per WHC-CM-7-7, Ell 1.6 
• Coordinating transportation and shipment of samples 
• Acquiring sample numbers from OSM 
• Determining sampling position from GPS system 
• Plotting sample locations on maps while in the field 
• Recording Sediment Sampling Checklists data (Figure 1) 
• Initiating Project Change forms (Figure 2), if needed. 

4.2 WHC FIELD REPRESENTATIVE 

The WHC Field Representative is responsible for direct interface between 
subcontractors. 
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Task Order 92-26 
Sediment Sampling Procedure 
Revision No. 1 
Date: Nov•ber 10, 1992 
Page 2 of 20 

4. 3 IT SAMPLER 

The Sampler(s) reports to the Field Team Leader and is responsible for: 

• Characterizing the sample area with a Ludlum 14-C portable 
scintillation counter 

• Collecting samples 

• Completing forms required for each sample 

• 

• 
• 

Packaging, labeling, and sealing (e.g., evidence tape) individual 
sediment samples in accordance with WHC-CM-7-7, Ell 5.11, Rev. 11, 
•sample Packaging and Shipping" 

Controlling investigation-derived wastes 

Maintaining field custody for all samples pending transportation 
to the analytical laboratory in accordance with WHC-CH-7-7, Ell 
5.1 "Chain of Custody," and 

• Performing decontamination of sampling equipment. 

5.0 REQUIREMENTS 

5.1 SAFITT REQUIREMENTS 

All sampling activities shall comply with applicable site-specific Job 
Safety Analysis (JSA) requirements for the areas being sampled. In addition, 
a "tailgate" safety meeting will be held before the beginning of work each day 
to brief field personnel on specific hazards anticipated for that day's 
effort. 

Working in and around moving water in the Columbia River creates 
specific hazard exposures. Sampling will not be attempted if river conditions 
impede the ability of personnel to safely collect sediment samples. The buddy 
system will be used whenever samples are being collected in the river. A 
life-line will be attached to the in-river sampler and controlled by the on 
shore "buddy". Hip or chest-high waders or rubber kneeboots shall be worn 
during sample collection in the river. In no case shall the river be entered 
while barefoot. In addition, an inflatable •Hae West• flotation device will 
be worn. Slip, trip and fall hazards are normal when working in moving water, 
care must be taken to assure positive footing. Hypothermia is a hazard. 

Activity-specific safety concerns are detailed in Section 6. 
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Any sampling activities conducted in areas under radiological control 
will require a Radiation Work Permit (RWP) in accordance with WHC-IP-0718 
"Guidelines for Conduct of Radiological Work." Before sampling is initiated 
in an area under radiolog ical control a radiologi L~1 survey shall be made of 
the innediate vicinity of the site(s) to be sampled to determine site-specific 
background radiation level s. Sample containers shall be closed and sealed 
while still inside the posted boundaries of the controlled area. All sampling 
equipment and samples shal l be surveyed by a Health Physics Technician {HPT) 
and either unconditionall1 -~leased or appropriately labeled upon removal from 
the controlled area . Samp 1~ containers shall not be permitted to leave the 
controlled area until exterior surfaces are found to be free of removable 
radioactive contamination . The determination of the presence or absence of 
remova ble radioactive contamination shall be accomplished using standard 
wipe · -,~nting methods. 

During sampling activities all protective clothing and/or wastes that 
are used or generated shal l be controlled in a manner that protects it from 
undue exposure to the elements {wind, rain, etc.) and prevents inadvertent 
loss of control . Used protective clothing and wastes that are generated 
during the samr·1 ng activities conducted in radiologically controlled areas 
shall be conta i~ed, surveyed, labeled and transported to appropriate storage 
or disposal areas at completion of activities. Upon completion of sampling 
activities, surface radiological contamination levels shall be determined ; 
radiological contamination levels in excess of pre-sampling levels shall be 
remediated prior to cessation of activities in that area . 

5.3 MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

Investigation-derived wastes, such as used gloves and disposable 
personnel protective equipment, not generated in areas under radiological 
control . will be contained and controlled in accordance with WHC-CM-7-7, EI : 
t · • "l ~: cr im Control of Unknown , Suspected Hazardous and Mixed Waste." 
wc~~es generated in areas under radiological control will be handled as 
described above in Section 5.2, and in accordance with WHC-IP-0718, 
"Guidelines for the Conduct of Radiological Work." 

5.4 RECORDS 

The Field Team Leader is responsible for processing field generated 
records in accordance with WHC-CM-7-7, Ell 1.6 "Records Management . • 

5.5 TRAINING 

Personnel involved directly in the collection and handling of sediment 
and water samples shall be trained to meet the requirements of 29 CFR 

A-6 



er-., a--., 
'·-..Ci 
~-t 

• '•...O 
er-._ 
(=:l ,.___ 
,- * -

WHC-SD-EN-Tl-198, Rev. 0 

Task Order 92-26 
Sediment Sampling Procedure 
Revhion No. 1 
Date: Nov•ber 10, 1992 
Page 4 of 20 

1910.120, documentation of such training will be available at the IT Richland 
Engineering Office. Person(s) in direct control of the watercraft used to 
transport sampling personnel shall meet all applicable state and federal 
requirements and the specifications set forth in the WHC Statement of Work for 
that subcontract, documentation will be maintained with subcontracts files. 

5.6 TIMING 

Access to the selected sampling locations and minimization of danger to 
personnel necessitates sampling during periods of below average river flows. 
It is anticipated that flows of less than 85,000 cfs will permit sampling to 
occur in a safe and efficient manner. Irrespective of the flow, sampling will 
not be undertaken if weather or river conditions impede the ability of 
personnel to work safely • 

6.0 PROCEDURE 

The following activities will occur at the start of each field day: 

• Contact the Grant County Public Utility District power dispatcher 
for the expected discharge from Priest Rapids Dam 

• Initiate a new Field Activity Daily Log (Figure 3) or notebook 
page 

• Select sampling locations 

• Conduct Tailgate Safety Meeting (Figure 4) 

• Load required sampling equipment into boat and depart. 

Upon arrival at the selected sample location the following activities 
will occur: 

1. Characterize the area of sampling with a scintillation detector 
2. Determine location coordinates from GPS system 
3. Plot the sample location on field map(s) 
4. Record description of the sample location and weather conditions 
5. Select and document the sampling method 
6. Assemble sample collection equipment and sample containers 
7. Don appropriate safety equipment 
8. Collect sediment samples 
9. Fill, label, and seal sediment iample containers 

10. Place each container in Ziplock -type plastic bag and seal 
11. Place bagged containers cap up, in cooler with ice 
12. Verify that all containers are filled and labeled 
13. Survey samples if collected in a radiologically-controlled area 
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14. Contain and contrc i waste mater ,1s generated during sampling 
15. Decontaminate samp i ing equipmen'. ~nd put into clean plastic bag(s} 

Major changes to this description of work will be submitted on the 
Project Change Form (Figure 2) for review and approval. 

6.1 CHARACTERIZE THE SAMPLE LOCATION 

Upon arrival at the sampling location characterize the innediate area 
with a Ludlum 14-C portabl e scintillation detector in accordance with Ell 3.4 , 
Rev . 0, "Field Screening" to bias the sample towards the highest levels 
possible. 

6.2 DETERMINATION OF SAMPLE LOCATION COORDINATES 

Record the iocation coordinates provided by the GPS system on the Sample 
Collection Log (Figure 5} or the noteoook. The GPS system will have single 
instrument field accuracy of± 15 meters . 

Plot the location of the sample location on the field maps . 

6.3 COLLECTION OF SEDIMENT SAMPLES 

Sediments that are either exposed or in shallow nater areas along the 
shoreline of either bank or islands will be sampled. 

Collect sediments consisting of sand-sized and smaller particles, i . e. , 
less than 2 mm in diameter following the general procedures described in WHC­
CM- ;- 7, EII 5.2 . Rev . 3, "Soil and Sediment Sampling," with the following 
adaptations. 

1. Record description of the sample location and weather conditions on 
t~~ Sample Collection Log (Figure 5} . 

2. Select sampling method; either the spoon/trowel/shovel manual method 
(Section 6.2.1} or the AMS core sampler method may be used if the 
sampling location is not below water (Section 6.2.2}. If the sampling 
location is submerged the AMS core sampler should be used. Success in 
sampling with the AMS core sampler will depend on local sediment 
conditions such as presence or absence of gravel and cobbles . 

3. Record the sampling method to be used on a Sample Collection log 
(Figure 5} or in the controlled notebook. 

4. Assemble the clean . previously decontaminated, sample collection 
equipment; AMS core s~~:pler, large stainless steel spoons or trowels, 
stainless steel bowls . shovel, clean nitrile rubber gloves. 
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5. Complete sample labels on containers with required information such 
as: date, time, analytes, and OSH number. The following six (6) 
containers must be labeled and filled with sediment for each sample: one 
1000 ml, one 500 ml, two 250 ml, one 120 ml, and one 20 ml. Table 1 
lists required container types and analytes. 

6. Don appropriate sampling attire, including new gloves. Attire for 
sampling in radiologically controlled areas will be selected in 
consultation with the WHC HPT. 

7. Collect sediment sample. A volume of 2.2 liters will be required 
for each interval; 0 to 6 in. and for 12 to 24 in. Do not decant any 
turbid water from the sampling containers. · 

8. Place filled, labeled, and sealed container in Ziplock--type plastic 
bag and seal . 

9. Place bagged containers cap up, in cooler with ice. 

10. Verify that all containers are filled, labeled, and sealed; then 
sign Sampling Checklist. 

11. Remove used gloves and place in plastic bag that is labeled with 
location and interval . 

12. Decontaminate the sampling equipment and wrap or bag in clean 
plastic. 

13. If samples were collected in a radiologically-controlled area, 
survey out samples equipment, waste and personnel. 

14. Sign the Sampling Checklist. 

6.3.l Excavation Sampling 

1. Personnel will don new nitrile gloves prior to each sampling 
interval to reduce potential for cross contamination of samples. 

2. Use a decontaminated (per Sec. 6.5) stainless steel spoon/trowel or 
similar size implement, or shovel. 

3. Collect approximately 2.2 liters of sediment for each sample 
interval. Six containers will be filled per interval. See Table l for 
list of containers and analytes. 

4. Do not decant liquid from the sample containers unless it is clear 
and non-turbid. 

A-9 



,;·-.J 
c:; 
r-­
C.:i 

• '•...O o, 
-::::::, .....__ ,, ' ,_ 

WHC-SD-EN-TI-198, Rev. 0 

Tas~ Order 92-26 
Sed;ment Sampling Procedure 
Revision No. 1 
Date: November 10, 1992 
Page 7 of 20 

5. Record descr;ption of t:xture and cc :or of sediment. 

6. Fill containers with sen,ment, seal, bag, and verify all label data 
are complete; then place samples on ice. 

7. Document collection and labeling on Sampling Checklist form. 

8. Decontaminate the sampling equipment and wrap or bag in clean 
plastic. 

6.3.2 Sampling With AMS Core Sampler 

To collect the required 2.2 l of sediment from each interval at least 
seven cores from the o to 6 in. interval and three to four cores from the 12 
to 24 in. interval will be needed. Cores will be collected with the AMS 
sampler assembled·- the 24 in.-long configuration to sample the Oto 6 in . 
and the 12 to 24 in. interval without cross contamination. The 6 to 12 in. 
int · ·al will be discarded. The remaining cores required for the Oto 6 in. 
inL ·al will be collected with the AMS sampler assembled in the 12 in.- long 
cont1guration. When the AMS core sampler is used: 

• Verify core catcher is operational before use 
• Use stainless steel or clear plastic liners 
• Use core tip with drive ha11111er and 
• Do not ha11111er down sampler once penetration stops or 
• Use auger tip with "T-Handle." 

1. Assemble the AMS sampler in the 24 in.-long configuration. 

2. Drive or auger the AMS sampler 24 in. into the sediment, 1f -
possible. 

3. Extract the sampler. 

4. Place the Oto 6 in. interval in a decontaminated stainless steel 
bowl. 

5. Place the 6 to 12 in. interval in the container for wtste materials. 

6. Place the 12 to 24 in. interval in a second decontaminated stainless 
steel bowl. 

7. Decontaminate and reassemble the sampler and collect the next core. 

8. Repeat steps 2 through 7 above to collect 2.2 liters of sediment for 
the 12 to 24 in. interval. 
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9. Record description of the texture and color of the sediment. 

10. Mix the sediment from the 12 to 24 in. interval and fill the sample 
bottles. Include any turbid liquid. Do not decant liquid from sample 
bottles. 

11. !mediately after filling bottles, seal, bag, and verify bottle 
labels are complete; then place samples on ice. 

If additional sediment is needed for the o to 6 in. interval: 

12. Assemble the AMS sampler in the 12 in.-long configuration. 

13. Drive or auger the AMS sampler 8 to 12 in. into the sediment. 

14. Extract the sampler. 

15. Place the sediment from the o to 6 in. interval in the 
decontaminated stainless steel bowl. 

16. Place the 6 to 12 in. interval in the container for waste 
materials. 

17. Repeat steps 11 through 14 above until the 2.2 l of sediment is 
collected from the Oto 6 in. interval. 

18. Record description of the texture and color of the sediment. 

19. Mix the sediment from the Oto 6 in. interval and fill the sample 
bottles . Include any turbid liquid. Do not decant liquid from sample 
bottles. 

20. I111nediately after filling bottles, seal, bag, and verify bottle 
labels are complete; then place samples on ice. 

21. Document collection by signing Sampling Checklist form. 

22. Decontaminate the sampling equipment and wrap or bag in clean 
plastic. 

6.4 SAMPLING IN RADIOLOGICAL CONTROLLED AREAS 

Any sampling activities conducted in areas under radiological control 
will require a Radiation Work Permit (RWP) in accordance with WHC-IP-0718 
"Guidelines for Conduct of Radiological Work• as described in Section 5.3. 
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1. Before sarr.01 1ng is initiated, a radiological survey shall be made of 
the irrmediate Yicinity of the site(s) to be sampled to determine site­
specific background radiation levels. 

2. Sample containers shall be closed and sealed while still inside the 
posted boundaries of the controlled area. 

3. All sampling equipment and samples shall be surveyed by a Health 
Physics Technician (HPT) and either unconditionally released or 
appropriately labeled upon removal from the controlled area. 

4. Sample containers shall not be permitted to leave the controlled 
area until exterior surfaces are found to be free of removable 
radioactive contamination. The determination of the presence or absence 
of removable radioactive contamination shall be accomplished using 
standard wipe/counting methods. The Sampling Checklist form shall be 
used to document sample survey by the HPT. 

5. During sampling activities all protective clothing and/or waste that 
are used or generated shall be controlled in a manner that protects it 
from undue exposure to the elements (wind, rain, etc.) and prevents 
inadvertent loss of control. 

6. Used protective clothing and waste that are generated during the 
sampling activities conducted in radiologically controlled areas shall 
be contained, surveyed, labeled and transported to appropriate storage 
or disposal areas at completion of activities. 

7. Upon completion of sampling activities, surface radiological 
contamination levels shall be determined; radiological contamination 
levels in excess of pre-sampling levels shall be remediated prior to 
cessation of activities in that area. 

6.5 PREPARATION OF SAMPLES FOR OFF-SITE SHIPMENT 

1. Irrmediately after collection seal, label , bag, and place sample 
containers on ice per WHC-CH-7- 7, Ell 5.11, Rev 1, "Sample Packaging and 
Shipping.• 

2. Place samples in storage location that meets chain of custody 
requirements identified in WHC-CH-7-7, Ell 5.1, "Chain of Custody.• 

3. Complete a Sample Analysis Request form (Figure 6) for total 
activity analysis, and sign Sampling Checklist form. 

4. Complete a Chain of Custody form (Figure 7) for total activity 
analysis and sign Sampling Checklist form. 
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5. Submit the samples of sediment that were collected for total 
activity analysis for radiological release counting to the WHC 222S or 
105N laboratory. The counting analysis is required for radiation 
release of samples for transport of samples off the Hanford Site or to 
uncontrolled areas/facilities on the Hanford Site. 

6. Sign and date the Sampling Checklist fonn when total activity scan 
of the samples is completed and the samples are cleared. 

7. Prepare the sample for shipment off site per EI! 5.11, Rev. 1. 

6.6 ANALYTES, PRESERVATIVES, SAMPLE CONTAINERS AND HOLDING TIMES 

All sample containers shall be purchased "certified clean•. 

Sediment samples will be collected and transported in the containers 
listed in Table 1. Following collection and labeling all sediment samples 
will be placed in an ice chest and cooled with frozen •blue ice• or water ice. 

6.7 DECONTAMINATION OF EQUIPMENT 

Decontamination of sampling equipment shall be done in accordance with 
WHC-CM-7-7, Ell 5.4 Rev 3, "Field Decontamination of Drilling, Well 
Development and Sampling Equipment." 

: I. Sediment sampling equipment shall be decontaminated at the start of 
each day's activity and between sampling locations. 

2. Decontaminate by: 

• Scrubbing the instrument in river water to remove coarse material; 

• Wash and scrub using Alconox® or equivalent detergent solution; 

• Rinse twice using commercially available distilled or deionized 
water and; 

• Wrap or bag in clean plastic pending use at next sample interval 
or location. 

6.8 FIELD DATA 

Site characteristics shall be recorded in the Sample Collection Log or 
controlled notebook. A Field Activity Daily Log (Figure 3) will also be 
maintained. A new page is necessary for each sampling location. These data 
consist of the following: 
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• Record date , time, and names of sample crew members 
• Record sampling location coordina t es 
• Record the start and finish 24 hc~r sampling times to the minute 
• Record a physical description of the sampling site 
• Record the color and texture of the sediments 
• Record a description of weather conditions during sampling 
• Record unusual occurrences. 

6.8 SAMPLE COHTROL ANO SHIPMENT 

6.8.1 Sample Packaging and Shipment 

Once the samples have received a radiation release they will be packed 
for shipping in accordance with WHC-CH-7-7, EII 5.11, •sample Packaging and 
Shipping." 

The Sampling Checklist form (Figure 1) will be used to document: 

• 
• 
• 
• 
• 

Sample(s) packaged in shipping container 
Completion of total activity scan 
Completion of Sample Analy: s Request forms (Figure 6) 
Completion of Chain of Custody forms (Figure 7) 
Shipment of samples to the laboratory . 

Once samples are shipped OSH will be provided with a list of sample 
numbers. OSH will be requested to include total activity count data with the 
data package for the sample. 

6.8.2 Chain-of-Custody 

Maintenance of chain-of-custody shall be in accordance with WHC-CH-7-7 , 
EII 5.1, "Chain of Custody." 

A Chain of Custody form (Figure 7) will be initiated when samples are 
transported to the 222S or lOSN total activity scanning laboratory, and for 
all other transfers of custody. 

The Sampling Checklist form will also be used to document completion of 
the chain of custody process. 

7.0 REFERENCES 

1. US Environmental Protection Agency (EPA), 1986, "Test Methods for 
Evaluating Solid Waste - Physical Chemical Methods, Third Edition 
(Revised), SW-846 . " 
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WHC-CM-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 1.6, "Records Management ." 

WHC-CH-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 3.4, "Field Screening." 

WHC-CM-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 4.2, "Interim Control of Unknown, Suspected Hazardous and 
Mixed Waste.• 

WHC-CH-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 5.1, "Chain of Custody." 

WHC-CH-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 5.2, "Soil and Sediment Sampling." 

WHC-CM-7-7, Environmental Investigations and Site Characterization 
Manual, Ell 5.4, "Field Decontamination of Drilling, Well Development 
and Sampling Equipment.• 

WHC-CM-7-7, Environmental Investigations and Site Characterjzation 
Manual, Ell 5.11, •sample Packaging and Shipping. 

9. WHC-IP-0718, Guidelines for the Conduct of Radiological Work. 
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Table 1. Sediment Sample Analytical Methods, Holding Times, and Containers 

ANALYTE METHOD HOLDING TIME CONTAINER/VOLUME 
ICP METALS EPA SW846 6010 6 months Glass - wide mouth 

(EPA 1986) 120 ml 

LEAD EPA SW846 74211 6 months Glass - wide mouth 
(EPA 1986) 250 ml 

MERCURY EPA SW846 7471 2 28 days Glass - wide mouth 
(EPA 1986) 250 ml 

STRONTIUM-90 
Laboratory Standard Plastic - wide mouth ALPHA SPEC. Operating Procedures 6 months 1000 ml GROSS BETA 

GAMMA SPEC. 

TOTAL Laboratory Standard N/A Plastic 
ACTIVITY Operating Procedure 20-100 ml 

SIEVE ASTM 422-63 or None Plastic - wide mouth 
ASTM 136-84a and 500 ml 
ASTH 117-90 

ICP - Inductively coupled plasma atomic emission spectroscopy 

EPA (1986} - US Environmental Protection Agency (EPA}, 1986, "Test Methods for 
Evaluating Solid Waste - Physical Chemical Methods. Third Edition (Revised). 
SW-846 . " 
1 

- Graphite Furnace AA 
2 

- Cold Vapor Detector 

ALPHA SPEC . - Alpha radiation spectrographic analysis including Americium, 
Plutonium, and Uranium 

GAMMA SPEC. - Gma ray spectrographic analysis 

N/A - Not applicable, transport sample to lab on same day, analyze as soon as 
practical 

ASTH - American Society of Testing and Materials 
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Figure 1 COLUMBIA RIVER SEDIMENT SAMPLING CHECKLIST 

Activity Performed 

TAILGATE SAFETY HEITING COMPLETED 

SAMPLES COLLECTED AND LABELED 

SAMPLES SURVEYED BY HPT 

SAMPLES PACKED IN ICE AT END OF DAY 

CHAIN OF CUSTODY FORM INITIATED 
FOR TOTAL ACTIVITY SAMPLES 

SAMPLE ANALYSIS REQUEST FORMS COMPLETED 
FOR TOTAL ACTIVITY ANALYSIS 

TOTAL ACTIVITY SAMPLE DELIVERED TO LABORATORY 

TOTAL ACTIVITY SAMPLE SCAN COMPLETED 

RADIATION RELEASE COMPLETED · 

SAMPLE ANALYSIS REQUEST COMPLETED 
FOR CHEMICAL, RADIOLOGICAL, AND SIEVE ANALYSES 

CHAIN OF CUSTODY FORM INITIATED 
FOR CHEMICAL, RADIOLOGICAL, AND SIEVE ANALYSES 

SAMPLES SHIPPED TO LABORATORY 

DAILY LIST OF SAMPLES 
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F;gure 2 COLUMBIA RIVER SEDIMENT SAMPLING PROJECT CHANGE FORM 

COLUMBIA RIVER SEDIMENT SAMPLING PROJECT CHANGE FORM . 
Date: 

Person Initiating Change: 

Change: 

Reason for Change: 

APPROVAL: 

Field Team Leader: 

Operable Unit Coord;nator: -------------------­

Env;ronmental QA Representat;ve: 
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Figure 3 FIELD ACTIVITY DAILY LOG 

g OATEI I I 

FIELD ACTIVITY DAILY LOG 

; NO. I 1 1 
• SHEET OF 

1 PIIOJECT NO. 

DESCRIPTION OF DAILY ACTIVITIES ANO EVENTS: 

·· - · 

· ·- .. .. - - ·---
·- .. . 

··• ·· 

·-

. . - .. . ·-·- ··-· -··--·· ·•···•· 

. . .. .. . . ···-

VISITORS ON SITE: CHANGES FROM PLANS ANO SPECIFICATIONS. AND 
O'Tl4ER SPECIAL ORDERS AND IMPORTANT DECISIONS. 

WEA'Tl4ER CONDITIONS: IMPORTANT TELEPHONE CAU.S: 

IT PERSONNEL ON SITE· 

SIGNATUAE DATE: --
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Figure 4 iAILGATE SAFETY MEETING 

rn TAILGATE SA~ETY MEETING 

Divillon/Sublldiary ------------ Facllity - ---------------
Datt __________ Time __________ Joo Numoer _______ _ 

Customer ______________ _,..oorns: ---------------

Soec:1tic Loclt1on -----------------------------­

Type of Worll ------------------------------­

Chemic:all UMd -------------------------------

SAFETY TOPICS PRESENTED 
Proteem,e Clott11n91Eau1r:,men1 __________________________ _ 

Chem,ca: t'llzaros _____________________________ _ 

Phyltcal Hazaraa. ______________________________ _ 

Emergency Proceaures ____________________________ _ 

Hosr:,111I1 Clinic __________ Phone t _____ Paramechc PhOne t 

Hosr:,I11I Address - -

Sr:,ec11J Eau,r:,m,- -

Otr,er ----------------------------------

ATTENDEES 
NAME PRINTED SIGNATURE 

MN!1"9 condUcted Dy: 

NAMI "'INTEC 
Sul)erYIS(lr ____________ _ Manager ___________ _ -5 
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Figure 5 SAMPLE COLLECTION LOG 

rn INTDHATlOHAL 
TEC'BNOLOGT 
COUOLU'JCN 

SAMPLE COLLECTION LOG 

OAT£ 

ME 

PAGE-OF_ 

PAGE 

PROJECT NO. 

PROJECT NAME ---------------------
SAMPLE NO. _____________________ _ 

SAM~ELOCATION ___________________ _ 

~M~Effl'E ______ _ 

COMPOSITE _YES __ NO 

COMPOSITETYPE _____ _ 

DEPTH OF ~PLE _____ _ 

WEATHER _______ _ 

COMMENTS: I I I I 
I I I I I I 
I I I I I I 
I I I i I I I I I 

I 

! : : ! I I ' 
! I I I I I I I 

! i I I I ! I i ! I 
; I I ! ! I I I 

I I I I I ; I I I I 
I I I I I ' I I ! I 
i I I I I ; i I I 
I : I I I I I I I I 
I i ! i I ! ! I 

I I ! I I I I I I I 

i I I I I I I I ! 

I i I I I I I ! I ! 

I : I i I I I i I 

I i I I ! I I I 
I I ! ' I i I I I ' 
I ! i ; I I I I I ! 

! ' 

I I 
I I 

I I 
l I I I 
! I ! 
I i 
I I I 
I I I I 
I I I 
I ! ! I 
I I I 
! I I 
! I 
! I I I 
i I 
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Figure 6 SAMPLE ANALYSIS REQUEST FORM 

@-•ewww 
Haracm.i, I SAMl'LE ANALYSIS REQUEST 

~ IIT I: FIELD SECTION -. . ~-
Colleaor DateMIIIOl«I Time_llaurl 

Com.,.-,y Comaa r__,_, \ 

s.tftCNe NumDet ano Type of Samoie 
Type of SafflCN•• NYfflDel' eom.,.,s . ANIYI" 11---

I I 

I 

---
I 

I 

! 

i 

I 
I 

i I 

I I 
I I 

,. I I I 

I I ! 
I 
Field 1ni-.uon• • 

SpeaAI H-hng MWJ/OI StaratJ• 
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Ana1ysi1lleau1rea ----------------------------

•tna,aw-Ul'IIDle II IOII, uuoi,e. --· ftC. 
•• use oac.• of OACJ• rot AOa,uONJ ,nrormauon ,.,.ai,ve to s.amD1• lotat1on. 

A-22 



WHC-SD-EN-11-198, Rev. 0 

Task Order 92-26 
Sedi111ent Sampling Procedure 
Revisfon No. 1 
Date: Nov•ber 10, 1992 
Page 20 of 20 

Figure 7 CHAIN OF CUSTODY FORM 
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Data Validation Qualifier Codes for Inorganic Analyses 

B - Analyte concentration is greater than instrument detection limit but less than contract 
required detection limit 

I - Concentration estimated due to quality control deficiencies 
U - Analyte not detected, detection limit shown 
BJ - Estimated concentration is greater than instrument detection limit but less than 

contract required detection limit, concentration estimated due to quality control 
deficiencies 

UJ - Analyte not detected, estimated detection limit shown 
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···- -- .. - ··- - ·- --- .. --- ·· - -- --- . ··-· · 
$~ 107NC8 IOntGII 
Date 11 • 19· 92 11·Zl·9Z 
Site Eq Blk Eq Blk 

Par-ter D~pth 0.00 · 0 .00 0.00 · 0.00 
Type Eq BU Eq Ilk 

Unit, Result Q Result Q 

Inorganic• 
ALUMIIUI MG/kG 387 . 000 5n.ooo 
AIITIMOIIY NG/11'.G ].ZOO UJ 4.400 , UJ 

ARSENIC NG/kG 0.570 IJ 0.700 J 
IARIUN IIG/kG 8.000 • n .600 I J 

IERYLLIUN MG/KG 0.080 u 0.100 u 
CADMll.11 MG/11'.G 0.190 u O.Z60 u 
CALCIUM MG/kG 127.000 • 16Z.OOO • CNROIIUM MG/ltG 0.850 u 1.200 • COBALT MG/kG 0.600 u 0.810 • COPPER MG/kG 1.300 I 0.910 u 

IROll MG/kG 1940.000 1940.000 

f 
lUO MG/a'li 1.700 J 2.800 

MAGNESIUN MG/ P; 61.1100 I 1111 . 600 u 
MANGANESE NG/ltli 42.100 J 511.600 J 

MHCUIIY MG/kG 0.040 u 0.060 u 
IIICkEl MG/kG 1.000 u 1.400 u 

POTASSIUN MG/kG 76 . 600 I 147.000 • HlEIIIUM MG/kG 0.580 u 0.920 u 
SILVER NG/kG 0.470 u 0.860 u 
SODIUM MG/kG 22 . 400 • 51.600 u 

THALLIUM MG/kG 0.260 UJ 0.970 u 
VANADIUM MG/kG 1.1100 u 1.800 u 

ZIIIC MG/ICG 7.100 J I.JOO u 

9111 ~,0~6 .. [17 l 8 

--·-·-
107II01 107ll09 
11·Z0·9Z 11 · Z0·9Z 
SITE BC1 SITE BC1 

0.00 • 6.00 0 .00 • 6.00 
Duplicate 

Result Q Reault • 
4no.ooo ]650.000 

4.700 UJ ].800 UJ 
1 .890 J 1.600 IJ 

58.]00 45.800 
0.110 u 0.090 u 
0.280 u 0.220 u 

2140.000 1850.000 
47.600 50.600 
6.400 u 4.600 I 

10.200 1.000 
97~:> f)()O 8690.000 

fl 7.]00 
2610.000 2210.000 
220.000 J 100.000 J 

0.070 u 0.060 u 
12.600 9.]00 

819.000 • 640.000 • 0.820 u 0.670 UJ 
0.700 u 0.7IIO u 

114.000 • 96.600 I 
0. 370 UJ 0.]00 UJ 

23.400 19.100 
IJ.100 J 73.100 J 

IOntf] 
11·20·92 
SITE ICZ 

0.00 • 6.00 

Result • 
5670.000 

4.100 UJ 
, .zoo IJ 

50.400 I 
0.110 u 
0.280 u 

2960.ooo 
65.ZOO 

5.400 • 11.500 
10900.000 

19.]00 
]400.000 

110.000 J 
0.070 u 

11.ZOO I 
789.000 I 

O.IZO u 
0.710 u 

167.000 I 
0.]70 UJ 

21.200 
159.000 J 

--- - -- - -- ··· ·· 
10ntf4 
11·Z0·9Z 
SITE ICZ 

12.00 • 18. 00 

Result Q 

7460 .000 
].900 UJ ,.zoo IJ 

71 .800 
0.090 u 
O.ZJO u 

3110.000 
131.000 

7.]00 8 
19.200 

14100.000 
]9.200 

]950.000 
140.000 J 

0.060 u 
15.200 

1150.000 
0.630 u 
0.570 u 

145.000 I 
D.280 UJ 

34 .800 
192. 000 J 

~ 
() 
ti> 
0 

I 

~ 
~ -\0 
go 

~ 

~ 
0 



s~ 807NOO 801IIC9 10111,0 10111,1 80111FZ 807MH1 Date 11·17·92 11·17·92 11·19·9Z 11·19·92 11-19•92 11·ZJ·9Z Site SITE D/N SITE D/N SITE D4 SITE D5 SITE D5 SITE DA1 Par-ter Depth 0.00 · 6.00 12.00 • 111.00 0.00 • 6.00 0.00 • 6.00 1Z.OO • 18.00 0.00 • 6.00 Type 

Units lesult Q lesult Q leault Q leault Q leault Q lesult Q 

lnor11enfca 
ALUMIQ MG/l(G 5340.000 5960.000 7400.000 5220.000 9680.000 IIOJ0.000 ANTIIIONT MG/KG 6.IIO0 8J J.600 UJ 7.500 UJ J.IIO0 UJ 4.300 UJ 4.200 UJ AISENIC MG/KG 2.)00 I 6.)00, 1.900 I 2.000 I 4.400 6.100 IAIIUN MG/ICG 40 .900 I 111.000 I 55.200 I 52.1100 119.JOO n.200 J IEIYlllUN MG/kG 0.200 I 0.)10 I 0.1110 u D.110 I 0.100 u 0.100 u CADMIUM MC/kG 0.1170 u 0.910 u J.400 u 1.100 u 1.700 u 1.600 CALCIUM MC/kG )1110.000 2750.000 5070.000 )990.000 4470.000 4260.000 CMIOlll.11 MC/kG 15.000 17.900 14.100 47.000 21.900 22.300 COIALT MC/KG 5.400 8 II.JOO 8 5.700 I 1.1100 I 1 .1100 I 7.700 I COPPEI NC/ICC 2).]00 J 22.]00 J 2).100 15.900 21.)00 2) .1100 IIOII NC/kG 11500.000 16200.000 13900.000 171100.000 18500.000 16700.000 lEAO MG/kG 2).)00 J 11.900 J )2.000 11.600 27.JOO 59.1100 MACNESll.11 MG/kG JIJ0.000 JJll0.000 )1170.000 3700.000 5230.000 4640.000 MANGANESE MG/kG 161.000 J 244.000 J 111.000 207.000 209.000 202.000 J MHCUIIT MG/KG 0.070 u 0.050 u 0.100 I 0.060 u 0.060 u 0.070 I NICkfl MG/KG 12.000 14.900 11.200 I 1.900 I 16.200 14.JOO POTASSIUM MG/KG 614.000 I 552.000 I 962.000 I 661.000 I 1500.000 99).000 8 SElENIUN MG/kG 1.100 UJ 0.1170 UJ 1.200 u 0.690 u 0.7IIO UJ 0.860 u SILVEI MG/kG 1.000 u 0.1190 u 1.100 u 0.110 J 0.640 u 1.400 u SOOIUN MG/kG 242.000 I 122.000 I 364.000 I 21).000 I 237.000 I 224.000 I JNAllllJM MG/kG 1.100 u 0.1170 u 0.1120 I 0.610 J 0.460 I 0.910 u VANADll.11 MG/kG 26.800 36.600 35.900 44.400 40.600 35.400 ZINC MG/kG 221.000 279.000 1n.ooo 221.000 257.000 294.000 



·•• .. 

s~ 10711N2 107ll04 107ll07 107111>6 107111>8 10711N5 
Oate 11·2J-92 11·19-92 11-19-92 11-19·92 11-19-92 11-24-92 
Site SITE DA1 SITE D11 SITE D11 SITE D12 SITE 012 SITE DIJ 

P•r-ter Drpth 12 .00 - 20.00 0.00 - 6.00 0.00 • 6.00 0.00 - 6.00 12 .00 • 20.00 0.00 - 6.00 
Type Dupl lcete 

• .. 
Unit• lrsult Q Resut t Q Result i,l Reault Q Reautt Q Result Q 

--
Inorganic• 

AllJUNUN MG/KG 11100.000 5290.000 6020.000 5580.000 5260.000 4400.000 
AllllflONY NG/KG 4.700 J 4.100 UJ 4. 200 UJ ].300 UJ 3.400 UJ 3.900 UJ 

ARSENIC NG/KG 6.000 2.900 I I ].100 2.700 z.zoo 3.000 
BARIUM NG/KG 111.000 J 45.500 I 5].100 51.900 40.000 I 42.300 J 

IERYLLIIII NG/KG 0.540 I 0.100 u 0.100 u 0.080 u o.oao u 0.090 u 
CAl••UIIN MG/ICG 0.200 u O.JlO u 0.]90 u 0.200 u 0.200 u 0.230 u 
CALCIUN NG/ICG 2830.000 ]650.000 3880.000 9120.000 2140.000 2no.ooo 

CHRONIUN MG/ICG 31.900 10.]00 12.900 10.600 9.200 9.100 
COBALT NG/ICG 9.700 • 5.400 • 6.000 • 5.100 I 4.000 I 4.200 I 
COPPU NG/ICG ]1.100 26.000 27.500 20.700 6.900 18.200 

IROI MG/ICG 31100.000 1]100.000 14200.000 13400.000 11400.000 10200.000 
LEAD MG/ICG 11.400 18.000 20.600 23.600 ].400 24.100 

MAGIIESIUN MG/ICG 3880.000 3800.000 4230 .000 3840.000 3690.000 ]010.000 
MAIIGAIIESI: MG/ICG 168.000 ., 191.000 250.000 195.000 164.000 206.000 ., 

MERCURY MG/ICG 0.050 u 0.060 u 0.060 u 0.050 u 0.050 u 0.060 u 
IIICICEL MG/ICG 21.600 10.000 12.600 10.500 10.700 8.400 I 

POT ASS I UN MG/ICG 619.000 I 716.000 • 797.000 I 65].000 • 563.000 • 560.000 I 
SELEIIIUN MG/ICG 0.740 UJ ].400 u 0.660 UJ 0.580 u 0.580 u 0.810 UJ 

SILV£1 MG/ICG 0.940 u 0.610 u 0.630 u 0.490 u. 0.500 u 0.610 u 
SOOIUN MG/ICG 11).000 I 279.000 I 299.000 I 224.000 • Ui3.000 I 199.000 I 

TNAUIUN MG/ICG 0.780 UJ 0.]00 u 0.]90 • 0.260 u 0.260 u 0.850 u 
VAIIADIUN MG/ICG 86.200 27.900 JO.ODO 26.900 23.ZOO 18.]00 

ZINC MG/ICG 85.100 192.000 20].000 144.000 26.800 185.000 



.. 

s~ B07NH6 B07NN7 
Date 11-24-92 11-24-92 
Site SITE D13 SITE D13 

P• r-ter Dr rt,, 0. 00 • 6.00 0.00 • 6.00 
l)'I,< Oupt lcate Spl It 

-
Unite aesul t Q aesul t Q 

·-- - - ----lnorgonlcs 
Al I ,,, INI .. HG/lG 5610 .000 2460.000 I 

ANJIIIOIIY IIG/lG 4.200 UJ 14.700 u 
ARSENIC MG/kG 2.1100 2.200 i .., 

BARIUM IIG/kG 5].]00 J 16.200 I 
BERYLLIUM MG/kG 0.100 u 0. 250 u 

CAOMIIJI MG/kG 0.250 u 1.720 u 
CALCIUN MG/kG ]460.000 2740.000 

CNaOMIUN MG/kG 11.300 5.300 
C08ALT IIG/kG 5.900 • 3.300 I 
COPPU IIG/kG 23.700 23.000 

••011 MG/kG 12500 .000 6480.000 J 
LUO MG/kG 24.IIOO 11. 100 

tp 
-...I 

MAGNESIUN MG/kG 3830.000 1480.000 
MANGANESE MG/kG 2]4.000 J 144.000 

MERCURY MG/kG 0.060 u 0.060 UJ 
NICKEL MG/kG 11.200 7.400 I 

POTASSIIJI MG/kG 726.000 8 424.000 I 
SUENIUN IIG/kG 0.1190 u 0.500 UJ 

SILVH MG/kG 0.1190 u 5.300 J 
SOOIUN IICi/kG 272 .000 I 219.000 I 

lNALlllJI MC/kG 0.940 u 0.520 u 
VANAOIIJI MC/kG 23.600 6.500 I 

ZINC MG/kG 209.000 167.000 

9'i I ~i096. (17,~ t 

. . . . 

107NB7 107N81 
11-12-92 11·12·92 

SITE f2 SITE fJ 
0.00 · 6.00 0.00 • 6.00 

hsult Q hsult Q 

7160.000 7260.000 
4. 700 UJ 4.]00 IIJ 
6.000 5.400 

68.400 56.100 
0.460 • 0.5]0 I 
0.2110 u 0.240 u 

41110.000 4100.000 
17.700 211.100 
7.600 I II. 100 I 

51.400 17.400 
16100.000 17400.000 

49.700 31.400 
4440.000 4630.000 

165.000 197.000 
0.060 u O.OIIO I 

14.000 12.1100 
1010.000 I 10110.000 I 

0.750 u 0.730 u 
0.980 u 0.1100 u 

227.000 I 215.000 I 
0.9110 UJ 0.960 UJ 

]3.200 311 . ]00 
]09.000 246.000 

107NB9 
11·1Z·92 
Sit£ FJ 

12.00 • 24.00 

aeault Q 

8490 .000 
4.000 UJ 
6.200 

70.]00 
0.6]0 I 
0.240 u 

4300.000 
45.700 
1.900 I 

4Z.100 
11100.000 

44.300 
5140.000 
254.000 

0.090 I 
16.300 

1200.000 
0.1140 I 
0.760 u 

209.000 I 
0.940 UJ 

]9.100 
195.000 

107NC4 
11 -16-92 

SITE F4 
0.00 • 6.00 

aesul t Q 

6010.000 
4.100 UJ 
5.100 

56.100 
0.220 • 0. 410 u 

41150.000 
16.800 
7.700 I 

69.600 ' 19300.000 
50 .000 J 

3690.000 
179.000 J 

0.060 u 
11.100 

11117 .000 I 
1.000 UJ 
0.990 u 

346.000 I 
1.000 u 

0 . 700 
]15 .000 

~ 
Q 
~ 

~ -1,0 
go 

~ 

~ 
0 



. ··-·· . - -· -- ·-·- •· - - --· 
Seq,I 107NC5 107NNJ 107NN4 807NG9 107NN0 807NCO 
Date 11-16· 9Z 11·23•92 11 · 23· 92 11·23·92 11 · 2J•92 11·13·92 
Site SITE F4 SITE FF1 SllE FF1 SITE fl 1 SITE f 11 SITE N1 

Parameter hpth 12.00 • 16. 00 0.00 • 6.00 12.00 • 20 .00 0.00 • 6.00 12.00 • 111.00 0.00 • 6. 00 
Type 

Units Result Q Result Q Result Q Result Q Result Q Result Q 

·--
lnorgenlcs 

AlUNIIUt MG/ICG 5940 .000 6410.000 I noo.ooo 6700.000 5040.000 9060 . lll lfl 
AIITIIOIY NG/ICG 3.500 UJ 4 100 UJ 4. 200 UJ 4.000 UJ ,.200 UJ 3.600 UJ 

ARSENIC NG/ICG 3.000 4.SOO t 3.500 4.900 4.900 J 7.900 
IUIUN NG/ICG 411 . 1100 100.000 J 97.100 J 411.700 J 411 . 100 J 89.500 

IERYlllut NG/ICG 0.240 • 0.100 H 0.100 u 0.090 u 0.100 u 0.570 I 
CAONll.11 NG/ICG O.J50 u 0.240 .. 0.250 u 0.530 u O. JIIO u 1.200 u 
CAlCll.11 NG/ICG 1760.000 5450.000 6210.000 4060.000 2300 .000 4530.000 

CHROMlut MG/ICG 16.100 10.100 12.500 15.400 12.500 22 .600 
COBALT MG/kG 7.200 • II.ODO • 7.200 • 6.600 I 4. IIOO I 11.500 I 
COPPU MG/ICG 27.200 J 13 . 400 16. 501) 29.JOO 12 .IIOO 34 .000 

IROM MG/kG 22000 .000 12800.000 13400.000 14700.000 11700.000 11100.000 
lEAO MG/kG 3.1100 J 22.600 12.100 49.700 11.100 43.400 

t,j 
I 

00 

MAGNESlut MG/kG 21190.000 3940.000 4420.000 4190.000 3760.000 5320.000 
MAIIGAll(SE MG/kG 146.000 J 344.000 J 2116 .000 J 156.000 J 170.000 J 2114.000 

MERCURY NG/kG 0.050 u 0.060 u 0.070 u 0.070 u 0.060 u 0.060 I 
NICKEL NG/kG 16.100 10.400 9.900 I 11 .700 13.900 16.200 

POTASSIUN MG/kG sn.ooo I 9S2.000 I 1210.000 I IISS .000 I S70.000 I 15S0.000 
SHElllut NG/kG 0.1190 UJ 0.1150 UJ 0.870 u 0.1180 UJ o.uo u 1.1100 J 

SILVER IIG/kG 1.500 I o.no u o.uo u 1.300 u 0.620 u 1.000 u 
SOOIUI NG/kG 911 . 300 I 144.000 I 141.000 I 291.000 I 147.000 I 225.000 I 

lHAllllll NG/kG 0.1190 u 0.890 u 0.920 u 0.930 u o.aao u 0.820 UJ 
VAIIADIUI NG/kG t.0.300 25.t.OO 25.900 29.800 21.100 35.JOO 

ZINC NG/kG 27.600 12.000 96.000 296.000 97.JOO ;: ~1 .000 



941 ~iD96.Ci723 

--- -- --------- -- -----
s ...... 107NC1 107NC2 I0/1<LJ 107NC6 107NC7 107N02 Date 11·13· 92 11·13·92 11·13·92 11·16·92 11·16·92 11·17·92 Site S11E N1 S11E NZ SllE NJ S11E NAll1 SITE NAll1 S11E NAll2 Per-ter Dtpth 12.00 · 111 .00 0.00 · 6.00 0.00 • 6.00 o.oo . 6.00 12.00 · 16.00 o.oo . 6.00 Type 

-
Units ltesul t Q ltesult Q Result Q ltesult Q Result Q ltesult Q ---

lnorganlcs 
ALUMIIIIJI MG/KG 9690.000 54110.000 5790.000 ,,1.000 6030.000 6790.000 ANTIIIONY MG/kG J.500 UJ 4 .400 UJ 4.900 UJ J.700 IJ J.400 UJ J.1100 UJ AISENIC MG/kG 12.600 2.400 I I 4.500 2.500 5 .600 J.400 BARIUM MG/kG 82.300 54.300 44 . 300 I 48.1100 I 48.200 63.500 IERYllll .. MG/kG 0. 210 B 0.420 B 0.500 I 0.1110 I 0.170 B 0.290 I CADMIUM MG/kli 0.200 u 0.260 u 0.630 u 0.370 u 0.990 u 1.400 u CALCIUM MG/kG 27VO .OOO 3780.000 3940.000 2960.000 JOl,0.000 4060.000 CNRCIIIUM MG/kG 211.900 111 .1100 211.JOO 13.400 13.200 20.000 C08Alf MG/kG 9. 400 I 6. 200 I 5.900 8 5.900 I 6.400 I 6.700 I COPPER MG/kG 42.700 32.600 26 . 100 2).900 ' 24.500 ' 29.100 ., 

lltOII MG/kG 29700.000 13500.000 13600.000 12800.000 13000.000 13700.000 LEAD MG/kG 16.400 35.700 28 . JOO 14.900 J 39.100 J 42.1100 J tlAGNlSIUN MG/kG 3610.000 3450.000 3620 .000 JIIJ0.000 31!10.000 3920.000 MANGANESE IIIG/kG 2Y6.000 206.000 117.000 161.000 J 1~6.000 J 130.000 J MEltCUH MG/kG 0.060 I 0.060 u 0.080 II 0.060 u 0 . 6110 0.080 I IIICkEL MG/kG 22.600 9.1100 I 10.000 I 13.000 12.400 11.1100 POTASSIUM MG/kG 541.000 I 6117 .000 I 706.000 I 697.000 I 122.000 I 802.000 I SELENIUM MG/kG 0.600 UJ 0.1130 I 1.100 I 0.900 UJ 0.930 UJ 0.970 UJ SILYEII MG/kG 1.1100 u 0.770 u 0.730 u 0.1180 u 0.820 u 0.920 u SODIUM MG/kG 117.000 I 249.000 I 267.000 I 161.000 I 155.000 I 198.000 I INALLIUM MG/kG 0.780 UJ 0.940 UJ 1.000 u 0.900 u 0.930 u 0.970 u VANADIUM MG/kG 83.200 211.900 41.000 25.200 25.JOO 33.600 ZINC MG/ICG 79.400 1611.000 141.000 123.000 219.000 293.000 



Parameter 

s-.,. 807NOl 807NG] 107NG6 107NG5 107NG7 107NG1 Date 11 · 17·92 11·22·92 11·22·92 11·22·92 11·22·92 11·21·92 Site SITE HANZ SITE HU1 SITE HU1 SITE NU1 IITE HU1 SITE 11:2 Drpth 12.00 - 18 .00 0 .00 • 6 .00 C . C,) - 6.00 12 .00 • 111.00 12.00 • 18.00 0.00 · 3.00 Type P•·: · • lcete Spl It --- - - -----·- - - · · -- · ----- -----·----Unitt. llesult Q Result Q Result Q ltesul t Q lleautt Q Result Q 

lnorgonics 
AllltUNllt 
ANTll'IONY 

ARSENIC 
BARIUN 

BERYLLIIM 
CAOMIUN 
CALCIUM 

rHROMIUN 
COBALT 
COPPER 

IROII 
LEAD 

t:J:1 MAGNESIUN 
I 

MANGANESE -0 MERCURY 
NICKEL 

POTASSIUM 
SELEIIIUN 

SILVER 
SODIUN 

THALLIUN 
VANAOII .. 

ZINC 
-·------ -
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Saq,1 807NG2 807NG0 807NF9 807NG4 807NF5 107NF6 Date 11·21·92 11-21-92 11·22-92 11·22-92 11·20·92 11·20·92 Site SITE I(] SITE KU1 SITE KU1 SITE • SITE VBU1 SITE VBU1 P•r-ter Depth 0.00 • 6.00 0.00 • 6.00 12.00 • 18.00 0.00 • 3.00 o.oo. 6.00 12.00 · 22.00 Type 

Units lesult Q leault Q leault Q leault Q leault • leault Q ---
lnorgonlu 

~ 
I --

All .. lNUM MG/KG 7S50 .000 nso.ooo , 9850.000 5110.000 7470.000 5990.000 ANT INOll'f MC/kG J.700 IJJ 5.100 UJ 4.900 UJ 4.500 UJ 4.200 UJ 4.200 IIJ AUENIC MG/KG 2.900 5.100 i 6.200 10.700 9.400 J 1.900 " IAIIUN MG/kG 55.100 J 61 . lOO J 117.500 J 60.500 J 70.900 57.000 IERYLLIUM MG/KG 0.090 u 0. 120 u 0.120 u 0.110 u 0.100 u 0.100 u CA0Nlllt MG/kG 0 .220 u 1.500 u 5.600 0.270 u 0.JOO I 0.250 u CALCIUM MG/kG 3760.000 4070.000 5040.000 JJ10.000 34110.000 2760.000 CNIOMIUM MG/KG 11.1100 25.1100 64.100 56.400 15.000 1J.200 C08ALT MG/KG 6.700 I 7.300 I 10.100 8 6.700 I 7.200 I 6.400 I COPPER MG/kG 17.700 20.500 42.700 14.900 24.700 9.900 11011 MG/kG 15400.000 15]00.000 17600.000 15800.000 15400.000 12600.000 lEAO MG/kG 10.600 40.200 59.300 23.900 57.700 J 5.800 MAGNESIUM MG/kG 4640.000 4320.000 5520.000 3310.000 4540.000 4060.000 MA•GANESE MG/kG 222.000 J 20J.OOO J 17J.0OO J 105.000 ., 189.000 ., 160.000 J MEICUIT MG/kG 0.060 u 0.060 u 0.090 I 0.070 u 0.060 u 0.060 u IIICKEL MG/kG 15.200 1J.700 19.100 10.900 15.600 1J.100 P0TASSIUN MG/kG an.ooo I 1010.000 I 1650.000 6)0.000 I 1100.000 I 1136.000 I SELENIUM MG/kG 0.1110 u, 1.100 u 1.100 UJ 0.920 w 0.700 u 0.720 u SILVU MG/kG 0.550 u 0.920 u 1.400 u 0.660 u 0.620 u 0.630 u SODIUM MG/kG 161.000 I 232.000 I 21J.0OO I 166.000 I 131.000 I 102.000 I THALLIUM MG/kG 0.11110 u 1.100 u 1.100 u 0.970 u 0.110 u, 0.320 UJ VANADIUM MG/kG 30.500 30.800 41 . 700 32.700 21.900 2J.800 ZINC MG/kG 94 .1100 378.000 454.000 152.000 226.000 J 41.700 J 
·-
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Sa""' 107Nf 7 1071111 B07NB6 B07N05 Date 11·20·92 11·20-92 11-12-92 11-19-92 Site SITE IIBU2 SITE VBU] SITE F1 SITE 011 Peremetn D~pth 0.00 · 6.00 0.00 · ].00 0.00 - 6.00 12.00 - 18.00 Type 

- ----
Units llesult Q hsult Q hsult Q llesult Q 

lnorg•nlca 

t:x:I 
I -N 

ALUMIIIUN MG/KG 4790.000 5040.000 l 72)0.000 5740.000 ANTIMONY MG/ICG 4.000 UJ 4.000 
} u~ 4.500 UJ 4.000 UJ AIISENIC MG/ICG 2.400 J 5.800 7.400 J.500 BAIIIUN MG/ICG lJ.100 I 51.000 7J.OOO 50.900 BERYLLIUM MG/ICG 0.100 u 0.100 u 0.00 I 0.100 u CADMII-" MG/ICG 0.650 B 0.620 I 0.410 u 0.450 u CALCII-" MG/ICG ]640.000 JJ00.000 Jno.ooo 4020.000 CHR«.111-" MG/ICG 14.1100 11.200 15.200 9.400 COBALT MG/ICG 6.)00 B 6.JOO I ll.000 B 5.400 I COf>PU :-<G/ICG 20.400 20.600 62.900 34.200 HOii MG/ICG 14900.000 11200.000 15900.000 11100.000 lEAD MG/ICG 15.300 27.000 55.700 21.600 MAGNESIUM MG/ICG JU0.000 ]290.000 4440.000 J870.000 MANGANESE MG/ICG 160.000 J 26J.OOO J 194.000 251.000 Mncun MG/ICG 0.050 u 0.060 u 0.070 u 0.060 : NICKEl MG/ICG 12.400 11.000 14.100 1.900 I POTASSIUM MG/ICG 565.000 I 659.000 I 9S5.000 I n,.ooo I SELENIUM MG/ICG 0.690 u 0.690 UJ 0.790 u 0.720 u SILVE• MG/ICG 0.590 u 0.590 UJ 0.990 u 0.590 u SOOIUM MG/ICG 201.000 I 21J.OOO I 215.000 I JJ9.000 I THAllll .. MG/ICG 0.]50 IJ 0.560 IJ 1.000 UJ O.J20 u VANA0IUN MG/ICG 40.]00 21.600 28.600 26.400 ZINC MG/ICG 151.000 J 205.000 J JJ5.000 216.000 
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Data Validation Qualifier Codes for Radiological Analyses 

I - Concentration estimated due to quality control deficiencies 
R - Concentration rejected due to quality control deficiencies 
U - Analyte not detected, detection limit shown 
UJ - Analyte not detected, estimated detection limit shown 
UR - Analyte not detected, concentration rejected due to quality control deficiencies 

Other Acronyms 

N/R - Concentration not reported 
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·-S-.f 101NC8 1071tGI 101N01 101N09 101NfJ 1071tf4 Date 11 • 19·9~ 11•ZJ•9Z 11•Z0•92 11·Z0•9Z 11·ZD•9Z 11·Z0•9Z Site Eq BIii Eq 1111 IIIE ICI IIIE ICI IIIE ICZ IIIE ICZ Par-ter Depth 0.00 • 0.00 0.00 • IL OO 0.00 • 6.00 0.00 • 6 . 00 0.00 • 6.00 12 .00 • us.oo •we Eq Ilk Eq Ilk Dupllcate 

·•-- - - -------
UniU lesult Q leault Q lesult Q IHult Q IHult (l leault Q 

-·- · 
bdlonucl Idea 

n 
I 
~ 
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COIAIT·SI pCl/1 . ,. . ,. ., . ., . . , . ., . 

CElll.ll• 144 ,Cl/I . ,. . ,. . ,. ., . .,. ., . 
NEP1Ulllll·2Jr pCl/1 . ,. . ,. . , . .,. ., . ., . 

TIKll llll· ZJI pct,, 1,1 .,. ., . .,. .,. .,. 
TIIOlll.ll·ZJ4 pCl/1 . ,. .,. . , . .,. ., . 1/1 IAOll.ll-221 pCl/1 . ,. . ,. . , . ., . . , . ., . 

IAOl1.11·22J pCl/1 . ,. .,. . , . . ,. ., . ., . ·-- ---· 
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SIIIIIJ>I 101NH2 I0711D4 101N07 107ND6 101NOI 101NH5 •••• 11·ZJ·92 11-19·9Z 11·19•9Z 11•19·92 11·19·9Z 11·24·92 Site SIIE DA1 SIU D11 IIJE D11 s11, . ,z IIJIE DIZ IIIE DIJ 

hr-ter Depth 12 .00 • 20 . 00 0 .00 • 6.00 0.00 • 6.00 0.00 • 6.00 ,z.oo. zo.oo 0 .00 • 6.00 type Duplicate 

Unite lesult Q h1ult Q leault Q h1ult Q le•ult Q h1ult Q 
. - ·- ·-· - - - - · 
hdl01WJCl Ides 

4 .900 t CIOSS AIPHA pCi/1 11.000 J 4.500 J 6 . 200 ., 7.500 J 5.]00 J UOSS HU pe1,, 22 .000 17.000 . IJ.000 14.000 ta.GOO 17.000 UIIAll1lll · 2JJ/2J4 pe1,, 2.600 o.5eo I o.uo 0.290 ., 0.460 0.490 UIIANIU11·2JS pel/1 1 . 200 u 0.200 .. 0.200 .. O.JOO UI 0 . 200 UI 0.200 II llaAIIIIIC -211 pe1,, 2 . 000 0.680 o.uo 0.490 0.460 0 . ]00 Pl U10IIIIIC ·2JI pe1,, 0 . 050 u 0.050 u 0.0]0 u 0.0]0 u 0 . 050 u 0.050 u 

~ 
PIUIOIIIIIC · Z:S9 pe1,, 0 . 020 u O.OJO u 0.010 u 0.020 u 0.0]0 u 0.020 u AMUICIUN · 241 flCl/1 0.040 u 0.060 u O.OJO u O.OJO u 0.040 u 0.0]0 u S1IOIII IUN·90 pe1,, 1.000 u a.zoo u 0.200 u 0.200 u 0.200 u 0.700 u n POUSSIIIC· 40 pel/1 15.000 14.000 IJ.000 15.000 17.000 IS.ODO I 

V> UOll-59 pe1,, 0.500 u I.JOO u O.JOO u I . JOO u O.JOO u o.,oo ti 0 CH.OMIUN· 51 pe1,, 4.000 u Z.000 u z.ooo u 2.000 u Z.000 u Z.000 u I 

tT1 COIAU ·60 pe1,, 0.060 u 0.180 0.190 0.060 u 0.050 u 0 . 250 z n ZIIIC ·6S pe1,, 0.200 u 0.200 u 0.200 u 0 . 100 u a.zoo u 0.200 u I I IUIH(NIUll-106 pe1,, 0.700 u 0.400 u 0,400 u ,.,oo u o.,oo u 0.500 u ::i °' CUIIIC · IJ4 pel11 0 . 090 u 0.050 u 0 .060 u 1.060 u 0.060 lJ 0.060 u I 
CUIUN·IJJ pCl/1 0 . 070 u 0.560 ., 1.620 ., 1.100 ., 0.040 i JJ 0.500 

,__ 
\0 lll.O,IUN· ISZ flCl/1 0.200 u 0.220 ., 0.250 ., 1.100 U.I 0.090 U.1 O. J20 00 IUIIOPIIIC- 154 pe1,, 0. 100 u 0.100 U.I I.ZOO U.I 1.470 UJ 0 . 060 U.1 I.ZOO II 
~ 

aAOIIIC·226 pe1,, 1.JOO 0 . 460 0.4110 0 . 580 0.500 0.590 ~ n 1111111 IIIC · 221 ptl/1 2.500 0 .500 0.5]0 0.1110 0.690 0 .780 < 1IIOIIUN·2J2 pCl/1 Z.JOO 0.510 0.500 I.MO 0.190 0.510 IUIOPllll· 155 pet,, .,. .,. . ,. .,. .,. ., . 0 
flANCA•UE • 54 pCt/1 . ,. ., . ., . .,. .,. .,. 

HCNIIUIUll·ff pet,, .,. .,. . ,. .,. ., . .,. 
UIIAIIIUN·2JI GAMA SCAN pe1,, . ,. . , . . , . . , . .,. ., . 

[DIAi 1·51 ptl/1 .,. .,. . ,. ., . .,. .,. 
CHllll·· 144 ptt/1 .,. . ,. ., . .,. .,. .,. 

IIEP1lllllll·ZJ1 pCt/1 . ,. . , . . , . .,. .,. ., . 
IIHllllll -2J1 pCl/1 .,. . ,. . , . .,. .,. ., . 
IIIOlllll·H4 pCt/1 . ,. . , . ., . .,. . ,. ., . 
Ullllll-221 pCl/1 .,. .,. .,. .,. 1/1 .,. 
IAOtlll · 22J pet11 1/1 .,. 1/1 1/1 1/1 .,. 

; 



··-- .. . .... -··-•-. ·--·· - - - --
s~ 10711"6 10711N7 
Date 11·Z4·9Z 11·Z4·9Z 
Site Sl1E DU Sl1E DIJ 

P•r-ter Dtpth 0.00 • 6.00 0.00 • 6.00 
ln,e Dupllceh Split ----
UnlU IHlllt • luult • -·-ladlORJCl Idea 

GIOSS ALPNA flC ,,. 5.000 u .,. I 

GIOSS 1na .,Cl/1 16.000 15.100 J 
UIAllllll·ZJl/2'4 pc,,, o.uo .,. I 

UIAIIIUN·ZJS pc,,, I . ZOO u 0.011 J 
UIAIIIUM ·ZJI flC ,,, 0 . )60 a.us UJ 

PIUlONll .. ·ZJI pc,,, 0 .070 u .,. 
PIUIONll .. ·ZJ9 pcl/1 0.0)0 u 0.111 UJ 
JkHICIUM-2U pc1,, 0.060 u 0.242 ., 
SllOlll lllll•90 pc1,, 0 . 700 u 0.117 u, 
POUSSll .. -'8 pcl11 1] .000 17.IDO ' ·•~·59 pcl11 0 .400 u 0.054 UJ 

CHIOIIIUM-51 pc1,, J .000 u .,. 
n 

I 
...J 

COllll ·60 pcl/1 I . ZOO 0.216 J 
ZIIIC-65 pcl/1 0.200 u .,. 

IUJNEIIIUN· 106 pc1,, 0 . 500 u .,. 
CHIUM-IJ4 pcl/1 0 .060 u 0.006 u, 
CUIIM-1]7 pct,, 1 .540 1 . 519 ., 

u•o, 1111- IU pcl/1 1.)20 O.Z6t ., 
EUIOP 1111-154 pcl/1 D.200 u 0.041 ., 

IADllll-2Z6 pCl/1 0 . 540 .,. 
11011111-221 pCl/1 0.590 .,. 
IIIOlll .. ·ZJZ pCl/1 0.600 .,. 

lUIOPIIIHS5 pCl/1 .,. 0.04) ., 
MANGANESE •54 pCl/1 . ,. ., . 

JfCNIIUIUM·ff pCl/1 .,. .,. 
IIIAllllll·ZJII GAlllll SUI pCl/1 . ,. ., . 

COlllf·SI pCl/1 .,. 0.014 u, 
CHIUN• 1'4 pCl/1 .,. 1.049 u, 

IIEPlllllllll-217 pCl/1 .,. ,.,az ' IIMll 1111 -ZJI pCl/1 .,. 1.294 ., 
111011111-ZH pCl/1 .,. 1.617 ., 
lllllll· ZZI pCl/1 . ,. l.54Z ' llOIUM ·22J pCl/1 .,. a.on u, 

1071117 1011111 
11·1Z•9Z 11·1Z·9Z 
SIIE fZ SIIE fJ 

0.00 • 6.00 o.oo. 6.00 

lnult • IHlllt Q 

5.000 UJ 9 .800 ., 
IS.ODO 11.000 
1.100 0.790 
0.200 u 0.200 u 
0.9]0 0.640 
0.070 Ill 0.040 u 
0.0)0 .. 0.040 u 
0.040 .. 0.0)0 .. 
0.900 u 0.900 u 

16.000 14.000 
1.400 u I.JOO u 
Z.000 u z.ooo u 
1.080 u 1 .090 u 
I.ZOO u 0.200 u 
1.600 u 0. 500 u 
0.090 u 1.060 u 
o.no ., O.Z60 
0 . 210 1.1110 
I . JOO u I.ZOO u 
D.920 1.1110 
1.700 1.100 
1.800 1.200 . ,. ., . .,. .,. .,. 0.)00 u . ,. ., . .. ,. .,. .,. .,. . ,. .,. . ,. .,. . ,. .,. . ,. ., . . ,. .,. 

1011119 
11·1Z·9Z 
IIJE fJ 

1Z.OO • 24.00 

IHult • 
Zl.000 J 
H.000 
1.000 
0.100 u 
I.JOO 
0.0110 u 
0 . 060 u 
0.070 .. 
0 . 1100 u 

IS.ODO 
0.]00 u 
Z. 000 u 
0.050 u 
0.100 u 
0.500 u 
0.060 u 
0.190 ., 
0 . 200 
I.ZOO u 
0.910 
z.ooo 
1.900 . ,. . ,. 
0.200 u .,. . ,. . ,. . , . ., . . , . ., . . , . 

I01'11C4 
11·16·92 

SIIE f4 
0.00 • 6.00 

leault • 
n.ooo J 
ZS.GOO 
1.600 
1.200 u 
Z.000 
I.OIIO u 
1.040 u 
1.0]0 lJI 
I.ODO u 

14.000 
1.400 u 
J.000 u 
1.080 u 
I.ZOO u 
1.100 u 
1.100 u 
1.140 ., 
I.ZOO u 
1.100 u 
1.700 ,.,oo 
J.ZOO ., . ., . .,. .,. ., . ., . ., . .,. ., . .,. ., . 

-

~ n 
I 

en 
0 

~ 
~ 

I -'° 00 



n 
' 00 

---- -·-- ·· • · ·- · - ·-

P•r-ter 

hdionucl Ide• 
GIOSS ALPHA 
"oss IEH 

UIAIIIUll·2J1/Z'4 
UIIANIUll·ZJS 
IJIAIIIUII-ZJI 

PIUlOIIUll -2J8 
PIUIOlllll·ZJ9 
a11u1c1111-241 

S110111 IUN·90 
POlASSllll·40 

llmt-59 
CHIIVl1lll · 51 

Cllllll ·60 
ZIIIC -65 

IUJHEIIIUlt·l06 
CHll11·134 
ClSIIII· tJ7 

11110,IUII· ISZ 
EUIOPIUll· 154 

IAOIUll·ZZ6 
IIIOIIUll·ZZI 
IIIOIIUll·ZJZ 

ElllOP 1111· IU 
IIAIIGAUSE •54 

IECN11El1111·99 
UIANILll·ZJI GAIINl ICAI 

COIAL1·51 
CHIL11•1U 

IIEPllllllll·ZJ1 
1 IIOl 1111- ZJI 
I IIOl 1111 · Z J4 
IAOILll·ZZI 
IAO llll · ZZJ 

San,pl 
Date 
Site 
Otplh 
type 
--
Unit, 

pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pet,, 
pel11 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
flCl/1 
pCl/1 
flCl/1 
flCl/1 
flCl/1 
flCl/1 
flC ,,. 
flCl/1 
flCl/1 
flCl/1 
flCl/1 
pCl/1 
pCl/1 
pCl/1 -

10711C5 10711N) 
11 • 16•9Z 11·ZJ•9Z 
SIii f4 SIU ff1 

12. 00 • 16. 00 0.00 • 6.00 

luull Q luult Q 

6. 900 J 7.400 I 

' H.000 12.000 
i 1.400 0.510 

0.200 u 0.200 u 
0.140 0.750 
0. 8'0 u 0.060 u 
D.020 u 0.020 u 
0. 010 Ult 0.020 u 
1.000 u 0.900 u 

IS.000 15.000 
O. JOO u I.JOO u 
2. 000 u 2.000 u 
0.060 u 0.060 u 
0.100 u 0.100 u 
0.500 u o.soa u 
0.050 u 0.100 u 
1.050 UJ 0.050 u 
0.100 u 0.100 u 
0.090 u 0.070 u 
0.810 0.610 
1.600 0.940 
1.500 O.IJO 
11/1 11/1 . ,. 1/1 .,. 1/1 .,. .,. .,. 1/1 
1/1 1/1 
1/1 .,. .,. . ,. 
1/1 .,. . ,. .,. .,. . ,. 

- -

10711N4 10711G9 
11·ZJ·9Z 11·ZJ•9Z 
1111 ff1 1111 fl1 

1Z.OD • Z0.00 0.00 • 6.00 

IHult Q le1ult • 
5.000 u 4.700 ' 19.000 10.000 
1.100 o.na 
1.100 u I.ZOO u 
0.690 0.490 
0.050 u 0.070 u 
0.020 u o.o,o u 
I.OJI u 0.040 u 
0.800 u a.eoa u 

17.000 15.000 
0.500 u 0.500 u 
J .000 u J.000 u 
0.060 u 0.)60 
I . ZOO u I.ZOO u 
o.soo u 1.600 u 
0.070 u 1.070 u 
0.010 u 0.IJ0 
0.100 u 0.920 
0.010 u 0.160 
1 .1120 0.690 
1.100 1.100 
I.ODO 0.9110 
11/1 11/1 ., . .,. 
1/1 .,. .,. .,. .,. .,. 
1/1 .,. 
1/1 1,1 .,. ., . .,. . ,. . , . ., . 
1/1 ., . 

10711NO 
11·ZJ•92 
1111 fll 

12.00 • 11.00 

leault • 
5.000 u 

11.000 
0.1110 
0.200 u 
0.700 
0.050 u 
0.020 u 
a.o,a u 
1.000 u 

15.000 
0.400 u 
J.000 u 
0.076 
a.zoo u 
o.soa u 
0.070 u 
0.160 
I.JOO 
I.ZOO u 
0.610 
0.990 
0.920 

11/1 .,. .,. .,. .,. .,. 
1/1 .,. 
1/1 .,. ., . 

10711CO 
11·13·92 

SIIE N1 
0.00 • 6.00 

le1ult Q 

6.000 UJ 
II.GOO 
0.790 
a.zoo II 
0.770 
0.070 II 
0.040 u 
O.OJO Ill 
0 .100 u 

14 .000 
0.400 u 
J.000 u 
0.JBO 
0.200 u 
0.600 u 
0.070 u 
4.600 ' 1.1100 
0.240 
0.150 
0.900 
0.960 

11/1 .,. .,. .,. 
1/1 .,. 
1/1 .,. ., . .,. .,. 
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00 

°' -I 

~ I 

z 1-1.l 
6 V) 

I 

u 
~ 

.,. .,. .,. .,. 1/1 

.,. . ,. Ill 

.,. .,. .,. 000·1 
00,·1 
011·, 
OLl"I 
oz1·0 

r 000·1 
n oto·o 
n oos·, 

" 
ooz·o 
,so·o 

n ooo·z 
n 00('0 

ooo·,a 
n oo,·o ., o,o·o 
n o,o·o 
n o,o·o 

os,·o 
r 011"0 

ou·o 
000·91 

rn ooo·, 

It 11naa1 

oo·, • oo·o 
ZNWI JIIS 
Z6·ll·II 

ZCIIILOI 

., . .,. ,,. ., . .,. Ill 
,, . .,. 1/1 
., . 1/1 

001·1 
001·1 
o,e·1 

n oao·o 
n 001·, 
rn o,o·o 
n OLO"O 
n oos·o 
n ooz·o 
n 090·0 
n ooo·z 
n oo,·o 

OOO"LI 
n 0011·0 

'" 
o,o·o 

'" 
oto·o 

'" 
090·0 
oa·o 

n ooz·o 
os1·0 
000·1z 

r oo,·, 

• 
11nP1 

00·,1 • oo·za 
IIWI UIS 
Z6·91·U 

L:JIUOI 

., . ., . ., . ., . ., . ., . .,. ,, . 1/1 1/1 

., . .,. 1/1 .,. ., . 1/1 

.,. ., . . , . . , . .,. ., . ooz·, 00,·1 
001·1 00,·1 
Ol9"0 069"0 

n OlO"O n ooz·• 
n 001 ·o on·, , tto·o r o"·• 
n 090·0 n OLO"I 
n oos·, n oos·e 
n ooz·e n ooz·t 
n OlO"O n OlO"O 
n ooo·z n ooo·z 
n oo,·o n oo,·o 

000·91 000·,1 
n 000·1 n 000·1 

'" 
ozo·o ., oso·o 

n ozo·o n 0,0·1 
n o,o·o n oso·o 

Ollt"O ooz·1 
n ooz·o n ooz·o 

oo,·o oo,·1 
000"6' ooo·n 

r ooo·, r ooo·u 

• 
11naa1 

• 
11naa1 

oo·, · oo·o oo·, • oo·o 
IIWN JIIS II illl 
Z6·91·U Z6•U·II 

9llL0I UILOI 

-- 1/1 1/1 .,,:,r:1 llMIIICIVI ., . .,. 111:,d IZZ·IIIICIVI ., . 1/1 111:,d tlMIII IOIII .,. 1/1 111:,d UZ·IIIIIOlll 
1/1 .,. 1/1:,d LU·lllllf'lldJI ., . .,. .,,:,r:1 Ul•IIIUHJ ., . .,. 1/IJd IS·l IWIOJ 
1/1 0011·1 111:,d IWJI WWlfW9 l(Z·IIIIIWIIO ., . .,. 111:,d 66-IIIIUNNJll ., . .,. 111:,d H· JSJNW!JIWN ., . .,. 111:,d Ul ·11114DIOJ 

009·1 oos·z .,,:,r:1 UZ·IIIIIOlll 
006"1 ooo·, .,,:,r:1 IZZ · Ill I IIONl 
000·1 · oo,·, .,,:,r:1 9ZZ ·IIIICIWI 

n ooz·o n 001 .• 11,:,r:1 HI ·11114Dllfli 
on-o n ooo·oz 111:,d ZU ·111140111J 

r on·o , ozs·o .,,:,r:1 LU·IIIIUJ 
n 060"1 n OLO"O .,,:,r:1 Ml·IIIIUJ 
n oos·o n oos·o .,,:,r:1 90l·llfllNJNlnl 
n ooz·o n ooz·o .,,:,r:1 59·:JIIIZ 

060"0 n oso·o .,,:,r:1 09·llwm:, °' 
I 

u 
n ooo·, n ooo·z .,,:,r:1 IS·IIIINUINJ 
n oo,·o n oo,·o 111:,d 6S·lllll 

ooo·,a ooo·u .,,:,r:1 Ot-llllSSWl04 
n 006"0 n oo,·o 111:,d 06·11flllNO•lS 
'" 

ozo·o 
'" 

ozo·o 111:,d OZ·IIIIJIHIIW .. oto·o n 0{0"0 .,,:,r:1 6{Z·IIIIIIO&n14 
'" 

001 ·o n 090·0 .,,:,r:1 l{Z·IIIIIIO&nld 
ooz·, oo,·z .,,:,r:1 l{Z ·IIIINWIO 

n ooz·o n 001 ·o 111:,d S(Z·llfllNWllf'I 
t ooz·, oo,·z 111:,d t(Z/((l•IIIIIIWIO 

ooo·oz ooo·,z 111:>d WUI ssOll, 
r , OOO"ll r ooo·,z 111:,d WNdlW SSOl!J 

•~I l:n10IP91 

It 11naa1 It 11nn1 •Hun 
--- .. MAl 

oo·, • oo·o oo·ll • oo·za 111d,a Jaa-J•d 
ZN Hll II JIIS .. ,. Z6·U•U Z6·U·U •••a Z:NUOI lllLOI .-s •-··------·--•···--· ...... 

------------~-



- - - -----·- s..- 101MOJ 10711GJ 10711G6 
Date 11·17•92 11·ZZ•92 11·ZZ·9Z 
Site SltE NANZ Sill HUI 1111 HUI 

Par-ter Dtpth 12.00 · 111.00 0.00 • 6.00 1.00 • 6.00 
ln,e Dupllcate 

Unit • luult Q luutt Cl lnult Cl 
.. .. - ----- -- - ··- --

hdionucl Ides 
CROSS ALPHA pCl/9 11.000 J 6.000 ' u 5.000 

CROSS IUA pCl/1 
t•ANIUl·Ul/214 pCl/1 

19.000 14.000 
i 

t.JOO 
I . JOO D.450 • 1.1150 

UIIANIUll·ll5 pCI,• O.JOO u O.JOO UI I.ZOO 
UHNll .. · 218 pCl/1 1.000 0.150 • 0.110 

PllllONll .. · 211 pCl/1 0.050 u 0.040 u 0.040 
PllltON lllt · ZJ9 pCl/1 O.OJO u 0.020 u 0.020 
At1Ultllll·241 pCl/1 0.010 UII 0.010 u 0.040 

S1IOIII IUll·90 ptl/1 1.000 u 0.100 u 0.1100 
POIASSll11·40 ptl/1 11.000 15.000 14.000 

UON-59 ptl/1 O.JOO u 0.500 u 0.500 
CHIMllll·51 ptl/1 Z.000 u J.000 u 4.000 

n tOIALT-60 ptl/1 
I ZIIIC-65 ptl/1 .... 

IUtNENllM· 106 ptl/1 0 
tUll11·11' ptl/1 

0.060 u O.JIIO o.no 
1.200 u 0.200 u a.zoo 
0.500 u 0.600 u 0.600 
0 . 0110 u 0.010 u 0.0110 

CUllll · IJ7 ptl/1 0.060 UJ 0.760 0.790 
flllOP1lll· 15Z ptl/1 0.100 u 0.500 0.560 
IUIOPlllt-154 ptl/1 O.OIIO u 0.200 u ,.zoo 

1Allllll·Z26 ptl/1 1.200 0.640 1.660 
111m1t1t·Z2I ptl/1 z.100 0.1150 0.900 
11111 .. lll· ZJZ ptl/1 Z.100 0.1140 0.940 

lUIOPllll· 15' ptl/1 . ,. .,. ., . 
f!AIICA•ESE • 54 ptl/1 111 1/1 1/1 

t(tNNUIIJfll·" ptl/1 1/1 1,1 1/1 
UIIA111lll·2SI , ...... sea• ptl/1 1/1 1/1 1/1 

COIAI l·51 ptl/1 1/1 1/1 1/1 
Clalllll-144 ptl/t 1/1 1/1 1/1 

11£PIU11lll·ZJ7 ptl/t .,. .,. 1/1 
IIIOlllll·ZJI ptl/1 .,. .,. . ,. 
IIIOlllll · ZJ4 ptl/t .,. .,. ., . 
IAllllll·ZZI ptl/t .,. 1/1 .,. 
IAD llll· ZZJ ptl/t . ,. 1/1 ., . 

107NG5 107NG1 
11·ZZ·9Z 11-ZZ·9Z 
IIH HUI 1111 NU1 

,z.oo • 111.00 IZ.00 • 11,00 
Split 

leault Cl leault Cl 

ti 5.000 u "'" ., IJ.000 16.000 J 
0.490 .,. 

u 0.100 u Ci.OZZ ., 
0.410 0.464 UJ 

u o.r. 'I'! u .,. 
u 0.0, .l u 0.011 
u 0.040 u 0.080 UJ 
u 1.900 u 0.914 UJ 

14.000 15.ZOO ,I 
u 0.500 u 0.054 UJ 
u J.000 u 11/1 

1.120 0.111 J 
u a.zoo u .,. 
u 1.600 u 1/1 
u 0.010 u 0.011 UJ 

1.500 1.610 ., 
1.500 1.JJO ,I 

u 0.210 0.141 ., 
0.650 11/1 
0.11110 1/1 
0.9)0 1/1 

"'" o.oss u, 
1/1 .,. 
1/1 1/1 
1/1 1/1 
1/1 0.011 UJ .,. 0.060 UJ .,. 0.606 J ., . 0.454 J . ,. o.a,z ., .,. 1/1 .,. 6.960 UJ 

107NG1 
11·Z1·9Z 
SIH IZ 

0.00 • J.00 

lesutt Cl 
~------

6 .000 II 
14 .000 
0.450 
0.200 Ilk 
0 .670 
0.050 II 
0.020 u 
0.020 u 
0 .1100 u 

1).000 
O.JOO u 
Z.000 u 
0 .040 u 
0.100 u 
O.JOO u 
0.050 u 
0.110 ., 
0.090 UJ 
0.060 UJ 
0.660 
1.100 
0.910 .,. 
1/1 
1/1 
1/1 
1/1 .,. .,. ., . ., . .,. .,. 
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I 
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I .... .... 
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P•r-ter 

-
l •dlonucl Idea 

CilOSS AlPNA 
HOSS IUA 

UIIANllll · ZU/21' 
UHNIUll · ZJS 
UUNIIM ·2JI 

Pl U10llllll · 211 
PlUIOllllll · 2J9 
AMUICIIM-241 

SHOIII IUN•90 
POJASSIIIHO 

UIJt -59 
CHROIIIUN ·51 

C01All · 60 
ZIIIC·65 

IUJNUIUN· 106 
CUllll · 1J4 
tUll11· 1J7 

llllOP llll · ISZ 
E .. ~ llll· 154 

IAtllll-226 
lllOltllll · 221 
l111111111 · 2JZ 

(~llll· IS5 
f!AIGANESE·54 

IECNIIEfllll ·99 
UIIAllllll · 2JI GAIINA SCAI 

C01Alf· 51 
CHIUN•l44 

IIEPT .. lllt · 2J1 
JIKJl 1111 · 211 
IIIOll llll · ZJ4 
aAOllll · ZZI 
1Alllllt· 22J 

. ..., . 
• ' 

·"· 

--------s...,, 10711GZ 10711Ci0 
D• t • 11·Z1 · 9Z lt · Z1•9Z 
Sit• SIU IJ SUE IU1 
Dtpth 0 .00 • 6.00 0.00 • 6.00 ,.,,. 
-- -
Unit• lesult Q ltault Q ----
pCl/t IS.ODO 5.ZOO I J 
pet,, 1'.000 1J.OOO 

i pet,, 0.980 0.530 
pel11 I . ZOO .. 0.200 .. 
pet,, 0 . 680 0.570 
pet,, 1 .020 u 0.040 u 
pel/1 1.010 u 0.020 u 
pel/1 0 .0,0 u O.OJO u 
pel/1 0.900 u 0.900 u 
pel11 1S.OOO 1J.OOO 
pel11 0.200 u I.JOO u 
pel11 Z.000 u z.ooo u 
pet,, 0.040 u 0.050 u 
pel/1 0.100 u 0.100 u 
pel11 0 . 400 u D.100 u 
pet,, 0 .050 u 1.060 u 
pel11 1 .040 UJ 0.271 J 
pel11 0.0110 UJ 0.090 UJ 
pel/1 0.060 UJ 1.060 UJ 
pel11 l.9SO 0.110 
pel11 1.900 O.tll 
pel/1 1.500 0.190 
ptl/1 11/1 .,. 
ptl/1 .,. .,. 
pc1,, 11/1 .,. 
pcl11 .,. ., . 
pel11 .,. .,. 
pc1,, .,. .,. 
pct,, .,. .,. 
pel11 . ,. .,. 
pel11 .,. .,. 
pet,, .,. .,. 
pc1,, .,. .,. 

9~ I ~W96. [1736 

10711'9 10711G4 
lt·ZZ·9Z lt · ZZ•9Z 
SIIE KU1 SlfE I 

1Z.DO • 111 .00 0.00 • J.00 

leautt Q ltault • 
5 . 400 J 5.000 u 

11. 000 15.000 
0.770 O. J50 • 0.200 u I . JOO UI 
1.960 0.5)0 • I.OJO u I.OJO u 
0.020 u 0.020 u 
1.020 u 0 .040 u 
0.1100 u 0 .900 u 

1J.OOO 15.000 
0.500 u 0.500 u 
J.000 u J.000 u 
0.070 u 0 . 070 u 
I.ZOO u D.ZOO u 
0.600 u 1 .600 u 
0.080 u 0.070 u 
1.450 1.190 
O.JZO 0.100 u 
I . ZOO u 1.090 u 
1.900 1.900 
1.400 1.JOO 
O.tlO 1.200 .,. .,. ., . .,. .,. 11,1 . ,. .,. 

11,1 . ,. .,. .,. .,. .,. .,. ., . .,. .,. .,. . ,. .,. .,. 

10711f5 
11·Z0·9Z 

SIU VBU1 
o.oo . 6.00 

leault Q 

I.JOO J 
1'.000 
0.1150 
I.ZOO .. 
0.540 
0 . 100 .. 
0.040 .. 
0.020 u 
0.700 u 

16.000 
I . JOO u 
Z.000 u 
1.060 u 
0 . 100 u 
1.500 u 
0 .070 u 
o.oso w 
1.100 UJ 
0.070 UJ 
1.7110 
1.JOO 
1. 200 .,. .,. .,. ., . ., . .,. .,. 

11/1 .,. ., . . ,. 

10711f6 
11·20·92 

SIIE VBU1 
12.00 • 2Z.OO 

1t1ult Q 

6.100 J 
14 .000 
0.5)0 
0.100 UII 
0.140 
D.100 1111 
1 .050 .. 
0. 0110 UI 
0.900 u 

14.000 
O.UIO ti 
z.ooo u 
0.060 u 
0.200 u 
0.600 u 
0 .080 u 
o.oez J 
0.100 UJ 
0.0110 UJ 
1.ZOO 
Z.500 
Z.500 .,. .,. .,. .,. .,. 

11/1 .,. .,. 
11/1 .,. ., . 
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(') 
I -N 

hdlonucl Ides 

s-. 
Date 
SIU 

Par......, ter I Depth 
lype 

c•oss ALPMA 
CIIOSS IUA 

UIIANl111·231/2J4 
URANIUM · 215 
UUNIIM· 2JII 

PllJlONIIM - 2111 
,lUIONllll·2J9 
AMEIICIUM- 241 

SUONl IUM-90 
P0lASSllll -40 

HDN -59 
CHR..-..1111 ·SI 

COIALT -60 
ZIIIC -6S 

lttJl NEIIIUll· 106 
CUlut- 114 
CfSIIM - 1)7 

EUROPIIM · ISZ 
EUIIOPllll· 1S4 

IIAOlut- 226 
JIIOllut - 228 
JIIOlllll - 232 

EUIIOPllll· 155 
MANCANESE · 54 

JECNIET 1111·99 
lJRAlllll· 2]11 CAIIIA SCAI 

COIALT·511 
CUlut · 144 

NEPTUlllut· 217 
lllOlllll -211 
lll0Rllll · 214 
IIADllll · 2211 
•Allllll · 22) 

Uni t• 

pCl/11 
pCl/1 
ptl/1 
pCl/1 
pCl/1 
pCl/1 
ptl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
pCl/1 
ptl/1 
pCl/1 
ptl/1 
pCl/1 
ptl/1 
ptl/1 
pCl/1 
ptl/1 
ptl/1 
pCl/1 
pCl/1 
ptl/1 
pCl/1 
pCl/1 
ptl/1 
ptl/1 
ptl/1 
ptl/1 
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WHC-SD-EN-TI-198, Rev. 0 

ATTACHMENT 1 

METRIC CONVERSION CHART 

The following conversion chart is provided to the reader as a tool to aid in 
conversion. 

Into Metric Units Out of Metric Units 
If You Know Multiply By To Get If You Know Multiply By To Get 

Length Length 
inches 25.4 millimeters millimeters 0.039 inches 
inches 2.54 centimeters centimeters 0.394 inches 
feet 0.305 meters meters 3.281 feet 
yards 0.914 meters meters 1.094 yards 
miles 1.609 kilometers kilometers 0.621 miles 

Aw. A!D. 
sq. Inches 6.452 sq. centimeters sq. centimeters 0.155 sq. Inches 
sq. feet 0.093 sq. meters sq. meters 10.76 sq. feet 
sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards 
sq. miles 2.6 sq. kilometers sq. kilometers 0.4 sq. miles 
acres 0.405 hectares hectares 2.47 acres 

Mass <weight) Ma~s <weight} 
ounces 28.35 grams grams 0.035 ounces 
pounds 0.454 kilograms kilograms 2.205 pounds 
short ton 0.907 metric ton metric ton 1.102 short ton 

Volume Volume 
teaspoons 5 milliliters milliliters 0.033 fluid ounces 
tablespoons 15 milliliters liters 2.1 pints 
fluid ounces 30 milliliters liters 1.057 quarts 
cups 0.24 liters liters 0.264 gallons 
pints 0.47 liters cubic meters 35.315 cubic feet 
quarts 0.95 liters cubic meters 1.308 cubic yards 
gallons 3.8 liters 
cubic feet 0.028 cubic meters 
cubic yards 0.765 cubic meters 

Temgeraiure Temgeraiure 
Fahrenheit subtract 32 Celsius Celsius multiply by Fahrenheit 

then multiply 9/5ths, then 
by 5/9ths add 32 

Att-1 
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