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ABSTRACT 

DOE/RL-92-24 
Volume 1, Rev. 4 

The determination of soil background i~ one of . the most important 
activities supporting environmental restoration, waste management, and 
facility operations on the Hanford Site?. Background compositions serve as the 
basis for identifying soil contamination, and also as a baseline in risk 
assessment processes used to determine soil cleanup and treatment levels. 
These uses of soil background require an understanding of the extent to which 
analytes of concern occur naturally in the soils. This report documents the 
results of sampling and analysis activities designed to characterize the 
composition of soil background at the Hanford Site, and to evaluate the 
feasibility for use as Sitewide background. 

The compositions of naturaliy occurring soils in the vadose zone have 
been determined for nonradioactive inorganic and organic analytes and related 
physical properties. These results cohfirrn that a Sitewide approach to the 
characterization of soil background is technically sound and is a viable 
alternative to the determination and use of numerous local or area backgrounds 
that yield inconsistent definitions . of contamination. 

Sitewide soil background consists of several types of data and is 
appropriate for use in identifying contamination in all soils in the vadose 
zone on the Hanford Site. The natural concentrations of nearly every 
inorganic analyte extend to levels that exceed health-based cleanup standards 
recommened by the Washington State Department of Ecology. The levels of most 
inorganic analytes, however, are well below these health-based limits. The 
highest measured background concentrations occur in three volumetrically mi~or 
soil types, ·the most important of which are topsoils adjacent to the Colu~bia 
River that are rich in organic carbon. No organic analyte levels above 
detection were found in any of the .soil samples. 

Sitewide soil background is recommended for use in all activities related 
to environmental restoration activities on the Hanford Site because it 
provides a more consistent, technically credible, and efficient basis for 
evaluating soil contamination than local- or area-based backgrounds. The 
benefits associated ~ith the ihtegrated use of Sitewide ioil background also 
require consistency in using the data. Recommended methods for data use will 
be provided in future guidance documentation on background data applications. 
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SUMMARY 

This report documents the results of sampling and analysis activities 
designed to characterize the composition of soil background for nonradioactive 
analytes in the vadose zone of the Hanford Site, and to ~valuate the 
feasibility for use of these data as Sitewide background. At the Hanford 
Site , soil backgr6und serves as the basis for defining contamination and as 
the baseline for determination of risk-based soil cleanu~ and treatment 
levels : 

12 Data quality objectives for the sampling and analysis efforts, designed 
13 specifically for the characterization of soil background, were established to 
14 ensure that these data would be appropriate for their intended purposes. 
15 These data are intended for use in environmental restoration and remediation 
16 activities on the Hanford Stte associated with Resource Conservation and 
17 · Recovery Act (RCRA) of 1976 and Compn~hensive Environmental Response, 
181 Compensation, and Uability Act (CERCLA) of 1980 regulations and DOE Orders 
19 (e.g., DOE Order 5820.2A and DOE Order 5400.1). These data quality objectives 
20 primarily concern the criteria used to justify and evaluate the adequacy of 
21 the data collection activities in terms of representativeness, comparability, 
22 completeness, and data quality. These criteria are integrated into a 
23 generalized soil back~round conceptual model. 
24 
~s

6 
The background conceptual model describes the nature and characteristics 

~ of the soils and the factors that infl uence natural chemical composition. The 
27 background conceptual model also prov i des a basis for understanding the 
28 implications of the regulatory definition of soil composition for the type and 
29 magnitude of compositional variibility expected. Many diverse types of 
30 geological, geochemical, and other data are included in the Sitewide soil 
31 background conceptual model to describe, as thoroughly as possible, the 
32 processes and factors that affect the composition of the soils. The model 
33 uses field data, interpretations of structural ahd stratigraphic 
34 relationships, and physical .and chemical compositional information of various 
35 types. 
36 
37 · The foundation of the general background conceptual model is the 
38 regulatory definition of soil, and ·an u·nderstanding of the sampling and 
39 analysis procedures prescribed by regulatory protoc6ls. Soil . in the 
40 regulatory sense refers to geologic materials other than bedrock, including 
41 sediment in the geologic sense. The chemical composition of soil is 
42 determined from only the finer grained materjals in a sample · (i.e., less than 
43 2 millimeters in diameter) and measured by partial digestion and leaching :i methods as prescribed by regulatory protocols. 

46 The concept of a Sitewide soil background was . developed as an outgrowth 
47 of the general background conceptual model· based ~n site-specific geologic 
48 relationships and the evaluation of existing data. Consid~ration of the 
49 Sitewide background concept also was motivated by the need for consistency and 
50 for integration in the application of background data on the Hanford Site. 

12
1 The scientific basis for the existence of a Sitewide background, and the 

justification for its use as an alternative to the determination and use of 
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1 local or area backgrounds for each of the over 140 RCRA facilities and CERCLA 
2 operable units, is embodied in the Sitewide background conceptual model. 
3 
4 The main elements of this Sttewide background conceptual model are that 
5 (1) the soil materials in the vadose zone that are sampl~d and analyzed in 
6 accordance with regulatory protocols have fundamental similarities in physical 
7 and chemical composition and (2) the chemical composition of soil samples 

-8 throughout the vadose zone can be regarded as a single Sitewide statistical . 
9 population as a result of these similarities. The basis for these 

10 similarities stems from the geologic relationships concerning the origin and 
11 physical composition of the sand size and smaller materials in these soils. 
12 
13 Soil materials in the vadose zone are composed primarily of silts, sands, 
14 and gravels. Sedimentary facies of the Hanford formation, rich in basaltic 
15 material, comprise about 85 percent of these soils. Most of these materials 
16 were transported and deposited by repeated catastrophic flooding and eolian 
17 processes. Other materials 1n the vadose zone include sedimentary facies of 
18 the Ringold Formation and other volume!trically minor soil types, including 
19 volcanic ash, alkali-rich deposits, pE!dogenic topsoils, fluvial deposits, and 
20 carbonate-rich deposits. 
21 
22 Most of the soils have the same types of rock and mineral constituents in 
23 the finer grained sediments and matrix materials because these constituents 
24 w~re derived from the same source areas located on or around the periphery of 

,-.,___ 

25 the Columbia Plateau. These materials are composed primarily of quartz, ,,____ 
2& feldspar, and basalt grains in various proportions and size distributions. 
27 these characteristics and the spatial distribution are relited to the manner 
28 in which the materials were deposited . · 
29 
30 These physical characteristics are im~ortant because the chemical 
31 composition of these soils are control led primarily qy the abundance of the 
32 rock and mineral grains that contain high analyte concentrations, and by grain 
33 size. The grain _size effects are important because of the digestion and 

. 34 extraction methods used in the laboratory. The concentration of most analytes 
35 in soil samples from the Hanford Site appears to be controlled by the 
36 abundance of basaltic material. These soils are expected to have a continuous 
37 range of abundances for each analyte because they are principally mixtures of 
38 basaltic material and a common assemblage of other minerals in various . 
39 proportions, and .with a range of grain sizes. Alteration of the soils by 
40 weathering and biologic processes is minimal and appears to have little effect 
41 on the composition of all but a small number of subordinate but distinctive 
42 topsoils. Provisions for distinguishing contamination from naturally · 
43 occurring analyte concentrations outside the normal range are also included in 
44 the conceptual model. · 
45 
46 The so·il background data collectfon activities yielded four main types of 
47 data: (1) chemical compositions far soils collected by systematic random 
48 sampling, (2) chemical composition :for soils collected by judgmeht sampling, 
49 (3) supporting data on the physical and chemical composition of soil 
50 materials, and (4) quality assurance and quality control data. 
51 ~ 
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Random s~mples (104) were collected from 14 outcrop and excavation sites 
and one borehole. These samples are representative of the material present in 
most of the recognized sedimentary facies in the vadose ~one. For 
completeness, judgment samples (51) also were collected from the 14 sites, a 
second borehole, and topsoils from the main terrestri a 1 ecosystems at the 
Hanford Site. Judgment samples included minor soil types that were 
potentially missed during random sampling. · 

The results of the soil background characterization activities primarily 
fall into two categories: (1) documentatio~ of soil background compositions 
and (2) validation of the soil background conceptual model that serves as the 
scientific basis for the use of these data as Sitewide background. The 
following are the main findings. · 

• Soils in the vadose zone on the Hanford Site have a range of chemical 
compositions that can be represented as~ single Sitewide 
compositional population for all naturally occurring inorganic 
analytes. 

• The concentrations of all measured volatile and semivolatile organics, 
pesticides, and polychlorinated biphenyls are at or below present 
detection limits for the samples analyzed. 

• Sitewide background data can be used for identifying contamination in 
all soils in the vadose zone on the Hanford Site including the 
materials from the Hanford fon~ation and younger sediments, Ringold 
Formation, topsoils, and volcanic ashes. ·"· 

• Only a small number of the analyzed soil samples have one or more 
analyte concentrations that are significantly larger than in the 
majority of soil background samples. 

• Unusually high analyte concentrations occur naturally in a small 
percentage of the soils and can be distinguished from contamination 
using these data. 

These findings support the sampling desigh and all aspects of the 
Sitewide background conceptual model. Some of the compositional 
characteristics of the Sitewide soil background data for 36 inorganic analytes 
are listed in Sunmary Table 1. Parameters calculated from the compositional 
and quality control data also are listed. These include the limit of 
detection and limit of quantitation calculated from the analysis of reagent 
blanks. The minimum and maximum concentrations in the primary Sitewide (i.e., 
random} data set and the highest measured analyte concentration overall (i.e., 
including judgment samples) are listed in Su1TTI1ary Table 1. Sumnary Table 2 
contains estimated parameters for the systematic random data set. The table 
includes estimates for the 50th, 80th, 90th, and 95th percentiles as well as 
upper confidence limits for the estimates of the 80th and 90th percentiles and 
lower and upper confidence limits for the estimates of the 95th percentiles. 
The confidence limits are based on 95 percent coverage. These estimates were 
computed for .both the lognormal and Weibull distributions. 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 V 



DOE/RL-92-24 
Volume 1, Rev. 4 

1 The absence of measurable organic ch~micals in topsoils is also notable 
2 because the samples were collected from topsoils expected to have the largest 
3 naturally occurring levels of organic chemicals. 
4 
5 The systematic random data are intended for use as the primary Sitewide 
6 soil background data set because these are the only data that can be used for 
7 most statistical applications. The judgment data and supporting data on 
8 modes, grain size, and bulk composition are also Sitewide background data 
9 intended primarily for use in non-statistical comparisons. The general manner 

10 in which these Sitewide background data can be used is illustrated in the 
11 SuITTTiary Figure. 
12 
13 The range of compositions in the primary Sitewide background data set 
14 bracket the inorganic analyte concentrations of nearly all soils in the vadose 
15 zone, including those of minor soil types. It is notable that the natural 
16 concentrations of nearly every inorganic analyte extend to levels that exceed 
17 health-based cleanup limits. However, the levels of most inorganic analytes 
18 are well below these health·-based limits. The highest measured background 
19 concentrations occur in three volumetrically minor soil types: (1) highly 
20 alk,line soils; (2) one volcanic ash; and (3) topsoils rich in organic carbon, 
21 particularly those adjacent to the Columbia River. 
22 
23 The uncertainties associated with the data and parameters calculated from 
24 the data also have important implications for data use. The uncertainty 
25 levels associated with the laboratory measurement processes, for example, / ___ _ 
26 exceed 50 percent for most analytes. Background compositions also can vary by 
27 as much as 10 times for some analytes, because of differences in particle size 
28 alone. These examples underscore the need for a phased approach to the use of 
29 background data and consideration of data uncertainties in evaluating the 
30 significance -associated with any sin9le analyte concentration or calculated 
31 parameter. 
32 
33 These Sitewide soil background data are recorrrnended for use in all 
34 environmental restoration and remediation activities on the Hanford Site 
35 because these data provide a consistent, technically credible, and efficient 
36 basis for identifying and evaluating soil contamination. The benefits of a 
37 Sitewide background, however, can be realized only if there also is . 
38 consistency of data use. Recorrrnendecl methods of data use are provided in a 
39 separate document (DOE-RL 1994). 
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ll Summary Figure 1. A Simplified Flow Diagram for the Application of Sitewide 
2 Soil Background Data. The primary Sitewide background data set is used for 
31 the initial phases of screening and sta istical comparisons. Sitewide 
4 background data on judgment samples, in t erelement correlations, bulk 
5 composition, modal and grain size effect s, and other pertinent information are 

,--. 6 intended for use in discriminating contamination from naturally high analyte 
7 levels or other apparently anomalous features. 
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Surrmary Table 1. Genera 1 Characteristics of the Sitewi de Background Data. 

Detection limits Systematic random samples, concentration 
Analyte in mg/kg Overal 1 maximum concentration, 

LOD/CRDL+ LOO Mi nimum+ Maximum+ 
Aluminum. 21.8 66. 1 3,940 18,100 28,800 
Antimony 15.7 52.2 15.7 15.7 31 
Arsenic 3 N/A 3 11. 4 27.7 
Barium 4. I 2.7 45.2 221 480 
Beryllium 0.46 N/A 0.6 2.1 10 
Cadmium 0. 24 0.79 0.66 0.66 II 
Ca lei um 175 470 3,820 86,600 105,000 
Chromi um 1.1 3 2.9 30.6 320 
Cobalt 0.88 2.9 5.7 16 .9 110 
Copper 2. 1 6.2 8.1 36. l 61 
Iron 75 . 7 236 13,200 35,100 68,100 
Lead I.I N A 1.1 26.6 74.1 
Lithium 34 N/A 34 38.2 38.2 
Magnesium 18 .4 57 . 9 2,900 10,100 32,300 
Manganese 0.63 1.8 196 704 1.110 
Mercury 0. 16 N/A 0. 16 3.8 3.8 
Molybdenum I. 4 4,8 2 2 6 
Nickel 2.4 7.7 7.2 on a 

LO.L 200 
Potassium 135 451 851 3,280 7,900 
Selenium 0.5 N/A 5 6 6 
Sil icon 5.2 N/A 5.2 583 1,203 
Silver 2.1 4.5 I. 4 14.6 14.6 
Sodium 50.6 140 101 5620 6,060 
Tha 11 !um 3.7 N/A 3. 7 3.7 J.7 
Titanium 5 N A 524 2940 J, 180 

Vanadium 1.8 5.9 24.3 97.9 140 

Zinc 6.4 15.6 30 .9 119 366 

Zirconium II N'A 11 84.8 84 .8 

Alkali nl ty 5 N 'A 31 37,600 150,000 

Anmonf a 0.6 N A 0.6 26 . 4 26.4 

-Ch 1 or! de 1 N 'A I 1,480 1,480 

Fluoride I N A I 73.3 73.3 

NI trate 0.6 N A 0.6 538 906 

Nitrite 21 N A 21 21 36.5 

0-Phosphate 2 N A 2 225 225 

Sul fate 1 N A I 4 340 12 600 

Htnl11ucw ind 1111xl1111J111 concentru1ons ire fro«1 the prt11uy Stuwlde (1 . t . , nindom) d&U Ut. Ov cr111 mulr.!um concentruton, •rt the htghest 111eu.ured MftOng ,11 u.mplu. 
1119/k9 • .,, II 19,.., oer kt l09,..., . • H reported frOM tht 1,boruory. 

CROL • con1r.c1u11ly requtud deltctton ltet1. 
LOO • I t11tt of detection baud on 1n1ly,h of rugtnl bhnk, • 
LOQ • lt11tt of qHntttltton baud on 1n1ly,u of rugen1 blank, • 

) 

N/A • Reagen! bhnk d1u not 1ppl lcable for c1lcwl1tton 
of deuct fon 1 t•ll . 

) 

in mg/kg+ 

) 



) ) ) 

Surrmary Table 2. Hanford Sitewide Background Data, Percentiles and Upper Confidence Limits. 

Lognormal Distribution ~eibull Distribution 
ANALYTE 50¼ 80¾ BOX 90X 90¾ 95X 95¾ 95¾ 50¾ 80¾ 80¾ 90¾ 90X 95X 95¾ 95X 

UCL UCL LCL UCL UCL UCL LCL UCL 
Al~inum 7600 10100 11000 11800 13000 12000 13300 15100 7383 10113 11053 11933 13263 12133 13643 15500 
Antimony - - - - - - - - - - - - - - - -
Arsenic 3.55 5.28 5.89 6.47 7.38 6.61 7.65 9.06 3.56 5.2 5.83 6.44 7.42 6.59 7.71 9.18 
Bari.um 88.4 115 124 132 144 134 148 165 87.3 114.9 124.2 132.8 145.7 134.8 149.3 166.3 
Beryllium 1.09 1.35 1.44 1.51 1.62 1.52 1.65 1.8 1.128 1.296 1.376 1.446 1.576 1.466 1.606 1.806 
Cadmium - - - - - - - - - - - - - - - -
Calclun 9450 14000 15700 17200 19700 17600 20400 24100 9131 14079 15909 17709 20409 18109 21209 25300 
Chromium 9.57 14.8 16.7 18.5 21.4 18.9 22.3 26.8 9.34 15.12 17 .32 19.22 22.22 19.62 23.02 27.32 
Cobalt 11.2 14 14.9 15. 7 16.9 15.9 17.3 19.2 11.4 14.25 15. 1 15.8 16.8 16 17. 1 18.4 
Copper 14.4 19 20.6 22 24. 1 22.3 24.7 . 27.9 14.03 18.22 19.92 21.59 24.39 21.99 25.19 29.39 
Iron 23600 29200 31000 32600 35000 33000 35600 39000 23750 29750 31450 33050 35250 33450 35850 38750 
Lead 5.45 8.24 9.36 10.2 11. 7 10.4 12.2 14.5 5 .4.2 8.28 9.31 10.31 11.84 10.54 12.28 14.47 
lithium 28.4 31.7 32.9 33.5 35 33.4 35.1 37.2 26.5 31.2 32.7 33.4 35.1 33.2 35.1 37.2 
Hagnesium 4980 6260 6680 7060 7620 7140 7780 8580 4830 6140 6610 7060 7750 7160 7950 8950 
Hanganese 372 460 488 512 550 518 561 613 380 463 486 506 535 511 542 578 
Mercury 0.023 0.13 0.22 0.33 0.6 0.36 0.7 1.47 0.084 0.151 0.22 0.35 0.59 0.36 0.7 1.49 
Molybdenum - - - - - - - - - - - - - - - -
Hickel 12.2 1~ /. i7.e 1n 1 21 19.4 .,. i .,, . 12. 15 4, ·...,c:- ,.., -..r 19.05 20.85 i9.35 2i.45 23.95 ''-'•.,, I 7 • I ,,.u , ... .J 10.~.3 II • I :J 

Potassium 1210 1760 1960 2150 2440 2190 2520 2960 1197 1777 1977 2167 2447 2207 2537 -2940 
Selenium - - - - - - - - - - - - - - - - . 

silicon 15.4 36.8 37.5 44 55.6 - 59 - 14. 12 31. 76 40.46 56.06 63.46 - 66.36 -
Silver 0.054 0.3 0.49 0.73 1.33 0.81 1.52 3.16 1.36 1.361 1.366 1.381 1.46 1.387 1.52 2.36 
Sodll.111 231 475 581 690 878 716 937 1274 357.2 459 551 682 984 718 1099 1910 
Thall il.111 - - - - - - - - - - - - - - - -
Titanium 1460 2110 2380 2570 2950 2580 . 3000 3600 1491 2161 2401 2561 2881 2571 2921 3340 
Vanadium 54.4 73 79.3 85.1 93.9 86.4 96.4 110 55 74 79.8 85 92.5 86.1 94.6 104.5 
Zinc 51.1 61.7 64.9 67.8 72.1 68.5 73.3 79.3 51. 7 61.7 64.6 67.1 70.7 

l 

67.7 71.6 76.1 
Zirconium 20.6 31.8 36.4 39.8 46.8 40 47.8 58.8 21.3 30.6 33.7 35.8 39.6 - 40.1 -
Alkal fnity 1100 3960 5680 7710 11800 8240 13300 · 23000 1055 4248 6008 8008 11688 8508 12888 r 19800 
Anmonia 0.97 "4.28 6.48 9.23 15.1 9.95 17.3 32.5 0.88 4.8 7.1 9.8 14.9 10.5 16.6 26.8 
Chloride 6.59 39.6 65.5 100 182 109 . 214 460 4.999 39.8 71.5 116.2 220.2 128.2 259.2 541.2 
Fluoride 0.8 1.83 2.31 2.81 3.7 2.93 3.98 5.67 0.87 1.81 2.2!l 2.81 3.73 2.93 4.02 5.69 
Nitrate 3.58 20.9 34.2 52 93.4 56.9 110 232 3.35 19.88 34.28 54.18 99.38 59;68 115.9 234.9 
Nitrite - - - - - - - - - - - - - - - -
O·Phosphate 0,002 0.104 0.31 0.785 2.87 0.958 4.08 21 .5 0 0.054 0.21 0.668 2.9 0.85 4.27 22.9 
Sulfate 10.4 81.4 145 237 469 263 566 1360 8.8 90.3 162 264 497 292 585 1200 
UCL _One sided upper confidence limit based on 95X coverage 

..... 
>< 

LCL One sided lower confidence limit based on 95¾ coverage - Not enough data above the reoortlnci limit to 0rovlde for a distribution flt 
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contract required detection limit 

U.S. Department of Energy 
data qua 1 ity objectives 

Washington State Department of Ecology 
U.S. Environmental Protection Agency 

graphite furnace atomic absorbance 

hot l)leasurement 

inductively coupled plasma 
instrument detection limit 

· i nterquart i1 e range 

limit of detection 
limit of quantitation 

Model Toxics Control Act (WAC 173-340) 

organic vapor monitor 

polychlorinated biphenyl 
Pacific Northwest Laboratory 

quantile . 
quality assurance 
quality control 

Resource Conservation and Recovery Act of 1976 
root mean square 

total organic carbon 

U.S. Geological Survey 

volatile organic analysis 
volatile organic chemicals 
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1 DEFINITION OF TERMS 
2 
3 
4 Definitions with unidentified sources are based on common usage. Several 
5 of the longer definitions have been abridged, as noted at the end of the 
6 definition. 
7 
8 Analyt~. The element, ion, or compound of interest. 
9 

10 Anthropogenic. Involving the impact of humans on nature: induced or 
11 altered by the presence and activities of humans. 
12 
13 Anthropogenic background. The concentrations of substances consistently 
14 present in the environment, globally or locally, resulting from anthropogenic 
15 activities preceding or unaffected by those associated with a waste management 
16 unit (EPA, 1989b) e.g., some particularly persistent organic compounds such as 
171 polychlorinated biphenols (PCBs) due to global use, and various radionuclides 
18 attributable to global radioactive fallout. 
19 
20 Aquifer. A lithologic unit or combination of units that has appre~iably 
21 greater water transmissibility than adjacent units. An aquifer stores and 
221 transmits water commonly recoverable in economically useable ~uantities. 
23 
24 Area background. The concentralions of hazardous substances that are 

125 consistently present in the environment in the vicinity of a site that are .the · 
26 result of human activities unrelated t o the releases from that site. 1 

27 
28 I Background. The composition of a medium that has not been affected. by 
29 activities at a waste management unit (also refer to natural background, 
30 anthropogenic background, and area background). · 
31 
32 Background threshold. Based on a tolerance interval approach, background 
33 threshold is the concentration level defining the upper limit of what will be 
34 considered as part of the background population. Calculating a threshold 
35 requires specifying the cumulative fre!quency distribution, the percentile 
36 level, and the coverage. The WAC 173--340-708(ll)(d) specifies the 
37 95 percentile and coverage of 95 percent. Departure from the tolerance 
38 interval approach requires approval by Ecology for those waste management 
39 units under Ecology jurisdiction. 
40 
41 Basalt. A dark- to medium-dark-colored mafic (iron-magnesium_ rich) 
42 extrusive igneous rock with small grains composed primarily of feldspar 
43 (calcic plagioclase), pyroxene, with or without olivine, and varying 
44 proportions of glass. 2 

· . 

45 
46 Bulk composition. A complete chemical composition of a sample as 
47 performed by a method such as x-ray fluorescence or a spectroscopic analysis 
48 on a sample completely dissolved by acid digestion preparation techniques. 
49 
50 Cleanup level. The concentration of a hazardous substance in soil, 
•51 water, air, or sediment that is determined to be protective of human health 
52 and the environment under specified exposure conditions. 1 
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Cleanup standards. The standards promulgated under WAC 173-340. 
Establishing cleanup standards requires specification of the following: 

• Hazardous substance concentrat ions that protect human health and the 
environment ('cleanup levels') 

• The location and site wh~re those cleanup levels must be attained 
('point of compliance') 

• Additional regulatory requirements that apply to a cleanup action 
because of the type of action and/or the location of the site. 

These requirements are specified in applicable federal and state laws and 
generally are established following selection of a specific cleanup action. 1 

Conceptual model. A symbolic representation of the essential 
characteristics of a physical system. The representation tan be in language, 
image, or mathematical form. 

Contaminant. Any hazardous substance that does not occur naturally or 
occurs at greater than natural background levels. 1 

Data quality objectives. These are qualitative and quantitative 
statements that specify the quality of the data required to support agency 
(EPA) decisions during remedial response activities. For example, depending ,,-..____ 
on the project phase, sufficient data may have to be collected to characterize 
the site, evaluate remedial alternatives, determine design criteria, or 
monitor site conditions and/or remedial action effectiveness (EPA 1987). 3 

Digestate. A fluid resulting from the reaction between hot, concentrated 
acid and a solid sample, as described by regulatory protocol [e.g., 
Method 3050 (EPA 1986)]. This technique results in a more thorough 
dissolution of the sample than the method used to produce a leachate . 

End member. (a) One of the two or more simple compounds of which an · 
isomorphous (solid solution) series i1s composed. For example, the end members 
of the plagioclase feldspar series are albite (NaAlSi 308 ) and anorthite 
(CaAl 2Si 208). (b) One of the two extremes of a series, e.g., types of 
sedimentary rock or fossils. 4 

Eolian. (a) Pertaining to the wind; especially said of such deposits as 
loess and dune sand, of sedimentary structures such as wind formed ripple 
marks, or of erosion and deposition accomplished by the wind. (b) Said of the 
active phase of a dune cycle, marked by diminished vegetal control and 
increased dune growth. 4 

Feldspar. A group of silicate minerals that make up about 60 percent of 
the outer 9.3 miles (15 kilometers) of the Earth's crust; the minerals are 
silicat~s of aluminum with the metals potassium, sodium, and calcium, and 
rarely, barium. 2 

,,.-...___ 
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Fluvial. (a) Of or pertaining t o a river or rfvers. (b) Existing, 
growing, or living in or about a stream or river. (c) Produced by the action 
of a stream or river. 4 

Groundwater. Subsurface water i n the zone of saturation, as distinct 
from surface water1 or water in the zone of aeration 1 • 

Leachate. The liquid resulting from the partial acid digestion and 
dissolution. of a sample. The material resulting from the acid digestion 
sample preparation method identified by regulatory protocol [e.g., Method 3050 
(EPA 1986)]. 

Local background. Same as area background. 

Loess. A widespread, homogenous, fine-grained blanket deposit [generally 
less than 98.4 feet (30 meters) thick], consisting predominately of silt with 
subordinate grain sizes ranging from clay to fine sand. Loess is generally 
buff to light yellow or yellowish brown. Loess generally now is believed to 
be windblown dust of Pleistocene age, carried from de~ert surfaces, alluvial 
valleys, and outwash plains, or from unconsolidated glacial or glaciofluvial 
deposits. The mineral grains, composed mostly of silica and associated heavy 
minerals, are fresh and angular and generally are held together by calcareous 
cement. (abridged) 4 

• 

Natural background. (a) The concentration of a substance consistently 
present in the environment that has not been influenced by local human 
activities (e.g., metals or radionuclides that naturally occur in rocks, 
soils, air, or water (EPA 1989a)]. (b) The concentrations of substances 
consistently present in the environment, globally or locally, resulting from 
anthropogenic acti _vities preceding or unaffected by those associated with a 
waste management unit, e.g., some particularly persistent organic compounds 
such as PCBs due to global use and various radionuclides attributable to 
global radioactive fallout (refer to anthropogenic batkground) (WAC 173-340). 

Nugget effect. The variation in sample concentration levels caused by 
the presence of a nugget of a mineral or phase that is modally subordinate in 
the parent material. 

Operabl~ unit . . A group of contiguous past-practice waste sites related 
by site characteristics or operations so as to be considered collectively for 
purposes of environmental restoration under the CERCLA process. 

Quartz. (a) Crystalline silica, an important rock-forming mineral: Si02 . 
(b) A general term for a variety of noncrystalline or cryptocrystalline 
minerals having the same chemical composjtion as that of quartz, such as 
chalcedony, agate, and opal. (abridgEid) 

Sediment . . (a) (geological) Solid fragmental material that originates 
from weathering of rocks and is transported by air, water, or ice, or that 
accumulates by other natural agents, su.ch as chemical precipitation from 
solution or secretion by organisms; and that forms in layers on the Earth's 
surfaces at ordinary temperatures in a loose unconsolidated form; e.g., sand, 
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gravel, silt, mud, till, loess, alluvium. (b) Strictly solid material that 
has settled from a state of suspension in a liquid, e.g., material at the 
bottom of an open body of water, such as a pond or an estuary. In the 
singular, the term usually is applied to material held in suspension in water 
or recently deposited from suspension . In the plural, the term is applied to 
al l kinds of deposits, and refers to essentially unconsolidated materials. 4 

Sitewide background or Site background. The natural background of the 
Hanford Site. Includes all contributions from anthropogenic sources unrelated 
to Hanford Site operations, e.g., regional ~gricultural chemicals, nuclear 
weapons testing fallout, etc. 

Soil. (a) (general) A mixture of organic and inorganic solids and biota 
that exists on the Earth's surface above bedrock; (b) (regulatory) essentially 
any solid geologic material other than settled sediment at the bottom of an 
open body of water, such as a pond or an estuary; (c) (geological) all 
materials produced by ~eath~ring in situ, regardless of their depth or use by 
plants (Hunt 1972); (d) (soil chemistry) a naturally occurring, unconsolidated 
material residing above bedrock that supports numerous physical, ch~mical, and 
microbial reactions; (e) (agricultural) the weathered uppermost layers of 
surface deposits, - the layers in which plants anchor their roots and from which 
the plants derive the nutrients and water necessary for growth; 
(f) (engineering) ground that can be excavated by earth-moving equipment 
without blasting. 

TSO facility. Treatment, storage, and/or disposal facility. A RCRA 
designation for a facilit1 that han~les hazardous waste. 

Unconfined aquifer. An aquifer having a water table; an aquifer 
containing unconfined groundwater. 4 

Unit background. Same as area background; applied to a waste management 
unit. 

Vadose zone. Zone of aeration. A subsurface zone containing water under 
pressure less than that of the atmosphere, including water held by 
capillarity; and containing air or ga1ses generally under atmospheric pressure. 
This zone is limited above by the land surface and below by the surface of the 
'zone of saturation', i.e., the water table. (abridged) 4 

Waste management unit (WMU). A location on the Hanford Site where waste 
has or may hav~ been placed, either planned or unplanned, as identified in the 
Tri-Party Agreement. This term generally refers to TSO units and/or operable 
units, or aggregate areas. 

1 WAC 173-340, Model Toxjcs Control Act Cleanup Regulatfons, as amended. 
2 Basalt Waste Isolation Project Glossary, SO-BWI-PMP-005, Rockwell 

Hanford Operations, Richland, Washington. 
3 EPA documentation as reference!d in each definition. 
4 Bates, R.L., 1990, "Glossary of Geology", J.A. Jackson, ed., American 

Geological Institute, Falls Churc~, Virginia. 
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1 1.0 INTRODUCTION 
2 
3 
4 The Hanford Site covers approximately 560 square miles (1,450 square 
5 ki l ometers) of semiarid land in southeastern Washington State (Figure 1-1) 
6 that is owned by the U.S. Government and managed by the U.S. Department of 
7 Energy, Richland Operations Office (DOE-RL). In 1990, the primary mission on 
8 the Hanford .Site shifted from defense production to waste management 
9 activities .and environmental restoration and remediation. A fundamental part 

10 of the environmental restoratton activities is the characterization of soils 
11 and other materials (e.g., groundwater) to identify contamination, evaluate 
12 restoration alternatives, and allocate resources. One of the most important 
13 aspects of these characterization activities is the determination of the 
14 nat ural r~nge of background compositions for use as a baseline in identifying 
151 contamination, establishing cleanup goals, assessing risk and cleanup levels, 
16 and establishing , preoperational conditions for new and existing facilities. 
i7 
18 The primary purpose of this report is documentation of the range of 
19 nonradioactive analyte concentrations that occur naturally in the vadose zone 
20 on the Hanford Site, and also to provide the scientific basis for the Hanford 
21 Sitewide approach (Sitewide approach) to the characterization and use of ioil 
221 background in environmental activities. This report is not intended 
23 specifically ~s a manual for the various uses of background data in 
241 envirorimental activities. However, recommendations regarding the use of 
25 Sitewide background data are provided. As an outgrowth of this report, a 
26 user's guide is being developed for the application of the Hanford Sitewide 
27 background data in identifying contamination. · 
28 
29 Contained in this report are data and information resulting from 
30 activities devoted to the determination of ·the range of natural background 
31 levels of analytes in the vadose zone soils. The chemical composition of over 
32 170 soil samples from 22 localities on the Hanford Site and 3 localities 
33 adjoining the Hanford Site has been determined for the inorganic analytes in 
34 accordance with U.S. Environment~l Protection Agency (EPA) protocols 
35 (EPA 1986, 1989c). These data were obtained from samples that were collected 
36 using systematic random and judgment sampling methods. Twelve of 
37 these samples were analyzed for volatile and semivolatile organic compounds, 
38 as well as for pesticides and polychlorinated biphenyls (PCBs). The . 
39 determination of background compositions for groundwater -and for radionu~lide 
40 analytes in soil and groundwater are the subject of other related work, some 
41 of which is discussed in the Hanford Site Groundwater Background 
42 (DOE-RL 1992b). 
43 
44 
45 1.1 SOIL BACKGROUND TERMINOLOGY 
46 
47 The reader is alerted to the specific meanings applied to the terms 
48 'background', 'soi 1 ', and 'sediment' in · this document. These terms are 
49 defined in the glossary and explained in the following sections. 
50 
-51 
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3 Severa 1 different defi nit i ans of background exist in regulatory 
4 guidelines. Natural background is defined by the EPA (EPA 1989b) as the 
5 arnbi ent concentrations of chemicals present in the environment uninfluenced by . 
6 human activities. Anthropogenic background is defined by the EPA (EPA 1989b} · 
7 as the concentrations of chemicals consistently present in the environment 
8 because of human-made, nonsite sources (i.e., agriculture, automobiles). 
9 Natural background is defined by the Washington State Department tif Ecology 

10 (Ecology) in the Washington State Administrative Code (WAC) 173-340 in the 
11 same way as the EPA defines anthropogenic background. For consistency 
12 throughout this report, the definition of the term background is the same as 
13 EPA's definition of natural background. Following the conceptual model that 
14 guides this work (WHC 1991a), background refers to the range of analyte 
15 c_oncentrations that occur naturally rather than specific analyte 
16 concentrations. 
17 
18 
19 1.1.2 Soil and Sediment 
20 
21 The regulatory use of the terms ' soil' and 'sediment' have different 
22 meanings from those used in other scientific and engineering fields, 

---­.· \ 

23 e.g., geology and soil science. The t erm I soil' in the regulatory context 
24 refers t6 essentially any material other than water or air. The term 
25 'sediment I is reserved for the materia 1 at the bottom of an open body of ,.,-...._, 
26 water, such as a pond or an estuary (WAC 173-340). 
27 
28 The terms 'soil' and 'sediment' in this r~port, ho~ever, are used 
29 int erchangeably to describe the unconsolidated geologic materials that 
30 comprise the vadose zone. In general, the term 'sediment' is used in 
31 describing geologic processes and char acteristics. However, 'soil' as used in 
32 the regulatory sense throughout this r eport refers to all sediments and 
33 topsoils in the vadose zone. 
34 
35 
36 1.1.3 Soil Cpmposition 
37 
38 Soil composition, as used in this report, refers primarily to the 
39 chemical composition of sediments and soils, and also to the physical 
40 composition where noted. Physical composition refers to the type, 
41 proportions, and size of mineral and rock constituents in a sample. 
42 
43 The chemical composition of soils reported here is that determined in 
44 accordance with .standard EPA laboratory protocols (EPA 1986, 1989c), unless 
45 otherwise noted. This type of chemical composition differs from other 
46 compositions (e.g . , bulk composition} because this composition uses only sand 
47 size and smaller material in a sample (gener~lly ~maller thah about 
48 2 millimeters; WAC 173-340), and also because it represents the composition of. 
49 fluid resulting from reaction with the sample. This fluid is th~ result of 
50 two main preparation techniques. Most cations are analyzed from a fluid ~ 
51 produced by reaction of the soil with hot, concentrated nitric acid. Most 

· 52 anion analyses are of fluids obtained by reaction of the sample with water; 
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Soil composition determined int is manner also differs from that 
obtained by use of the toxicity characteristics leaching procedure (TCLP) 
(40 CFR 261). -This procedure extracts analytes from the sample with a weak 
aceti-c acid solution. The only other type of chemical .composition referred to 
in this document is the total composition of a bulk sample (referred to as 
bulk composition). 

1.2 DATA QUALITY OBJECTIVES 

11 The data quality objectives (DQO) process recoITTllended by the EPA 
12 (EPA 1987) has been used as guidance for all activities associated with the 
13 determination of soil background composition (figure 1-2). Some of the main 
14 DQOs developed for the purpose of this project are sunmarized in the following 
15 . paragraphs. . . · 
16 
17 
18 
19 
-20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

The main objective of the activities described in this report is the 
characterization of the natural composition of the soil on the Hanford Site. 
These data are specifically intended for use in environmental restoration 
activities regulated under the· Resource Conservation and Recovery Act (RCRA) 
of 1976 and the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) of 1980, and various DOE Orders. 

The use of background (i.e., the natural environment) as a baseline for 
defining contamination and cleanup levels i~ a fundamental principle .in most 
environmental regulations (e.g., EPA 1986; WAC 173-303 and 173-340). The 
implied concepts in these regulations are: (1) concentrations of chemicals 
that naturally occur in the environment generally are not regarded as hannful 
to human health and the environment; (2) there generally is no significant 
benefit in, or reduced risk associated with, reducing the amounts of most 
constituents below natural levels; and (3) it is generally impractical or 
impossible to reduce concentration levels below those levels that exist 
na t urally. 

The determination of Site-specific analyte concentrations in soil 
background is an integral part of the environmental restoration activities, 
and is used in the following ways: 

• As a baseline for determining whether contamination is present 

• As a primary screening criterion and reference data in baseline risk 
assessments 

• As a goal for cleanup levels 

• As a baseline for evaluating treatment technologies 

• Any other activities involving or requiring the u~e of the 
characteristics and natural composition of the soils. 
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1 . The principal users of these data for decisions regarding environmental 
2 restoration on the Hanford Site include the U.S. Department of Energy> the 
3 DOE-RL and other conservators of the Hanford Site, the DOE subconttactors, and 
4 the federal and state regulatory agencies. 
5 
6 A Sitewide approach for characterization of soil background was used in 
7 this project as an alternative to the detennination of background for each 
8 waste management unit (WMU). The use of this ap·proach was based on the 
9 initial evaluations of available soil background data, geology, and 

10 development of a conceptual model to ensure the representativeness, 
11 comparability> and completeness of the data collection activities (WHC 1991a}·. 
12 
13 The Sitewide approach also provides more representative infonnation on 
14 the range of natural compositions, and greater consistency and technical 
15 validity for use in environmental restoration and closure activities on the 
16 Hanford Site. An overview of this co cept and approach is presented in 
17 Section 2.0. The soil background conceptual model is a key element in 
18 providing a scientific basis for the Sitewide background approach, and also 
19 for the development and use of other OQOs in understanding and interpreting 
20 data relevant to the natural chemical composition of the soils. 
21 
22 Based on the initial evaluations, a sampling and analysis plan and data 
23 quality and quantity needs specifically designed for the characterization of 
24 soi l background at the Hanford Site was developed (Appendix E) and carried out 
25 in 1991-92. This report is the compilation of the information> data> -~ 
26 evaluations, conclusions, and recommendations resulting from these activities. 
27 
28 
29 1.3 SITEWIDE SOIL BACKGROUND DATA AND DATA _USE 
30 
31 The primary application of the soil background data is to provide an 
32 improved technical basis and provide consistency in the identification of 
33 contamination in soils for all environmental restoration activities. However, 
34 these data can be used with different evaluation and statistical methods in 
35 areas ·such as health-based and ecological risk assessments, soil treatment 
36 technology, and groundwater chemistry. 
37 

·38 The benefits of Sitewide background data for the purpose of identifying 
39 contamination, however, only can be realized if there also is consistency 1n 
40 dat a use. Some of the statistical characteristics of the Sitewide soil 
41 background data are surrmarized in Table 1-1. This table contains two . 
42 different estimated parameters illustrating that comparison criteria can be 
43 calculated from the same Sitewi de background data for different contamination 
44 scenarios and uses of the data. Sti l l other approaches use the entire range 
45 of analyte concentrations and the nat ure of the natural background 
46 distribution as a basis for data use (e.g., Figure 1-3; also refer to 
47 Chapter 6.0}. Reconmended methods for data use are provided in a separate 
48 document (DOE-RL 1994). 
49 
50 

Hanford Site Background: Part 1, Soil Background fo r Nonradioactive Analytes 
January 2001 1-4 



~ -

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1.4 DOCUMENT ORGANIZATION 

DOE/RL-92-24 
Volume 1, Rev. 4 

An overview of the Sitewide approach for the characterization and use of 
soil background .for environmental restoration activities on the Hanford Site 
is presented in Chapter 2.0; Description of the sediments that comprise the 
vadose zone is contained in Chapter 3.0, along with other pertinent geologic 
relationships that relate to the understanding of the composition of these 
materials. 

A compilation of information on the physical characteristics of the soils . 
and the processes expected to contribute to or control their chemical 
compositions, referred to as the conceptual model, are presented in 
Chapter 4.0. This conceptual model also serves as the technical basis for the 
Sitewide soil background approach, and for the design of the sampling and 
analysis plans. 

17 A description of the types of data generated in these activities, as well 
18 as an overview of the soil sampling and analysis activities, are contained in 
19 Chapter 5.0. The results and evaluations of the compositional data are 
20 presented in Chapter 6.0. A surrmary of the quality control data and a review 
21 ·of data quality are presented in Chapter 7.0. Conclusions and recorrmendations 
22 are presented in Chapter 8.0. 
23 
24 
25 
26 
27 
28 
29 
30 

The appendices to this .document contain the following: (1) supporting 
information on the selection and description of soil background sampling sites 
(Appendix A}, (2} narratives on the sampling activities at each of the 
sampling sites (Appendix B}, (3) raw data on the results of laboratory 
analyses (Appendix C), (4} detailed infonnation on stati~tical and other types 
of data analysis (Appendix D}, and (5) the original soil background sampling 
and ahalysis plan (Appendix E). 
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• Assemble data collection components 
• Develop data collection documentation. 

Figure 1-2. Data Quality Objectives Three-Stage Process. 
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Figure 1-3. An Example of the Distribution of an Analyte Concentration 
(Chromium) from the Sitewi de Soil Background Data. The concentration 
distributions are based on 104 random samples and 31 judgment samples. 
The normalized frequency (Y-axis} is concentration frequency nonnalized 
to the total number of samples in each of these two sets to make the 
plots comparable. The actual concentration frequencies are shown at 
the top of each bar. · 
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Table 1-1. Genera l Characteri st ics .of the Si tewide Background Data. 
Systemat1c random, concentrat ion Overa 11 ·maximum 

Detection lfmit5 in mg/kg concentration, Type of sample wi th 
Ana lyte LOO/CRDL+ LOQ Minimum+ Max imum+ i n mg/kg+ maximum concentration and sampl i ng site 

Aluminum 21.8 66.l 3,940 18 , 100 28 ,800 Topsoil, .Play a, E-9 
Antimony IS. 7 52.2 15 .7 15.7 31 Volcanic ash* 
Arsenic- 3 N/A 3 11. 4 27.7 Topsoil, junioer, · E-4 
Barium 4.1 2.7 45.2 221 480 Volcanic ash* 
Beryllium 0.46 N/A 0.6 2.1 10 Volcanic ash* 
Cadmium 0.24 0. 79 0.66 0. 66 11 Volcanic ash* 
Calcium 175 470 3,820 86,600 105,000 Topsoil, greasewood, E-2 
Chromium I.I 3 2.9 30.6 320 Ri nQold Fm• 
Cobalt 0.88 2.9 5.7 16.9 110 Volcanic ash* 
Copper 2 .1 6.2 8.1 36 . I 61 Volcanic ash* 
Iron 75 . 7 236 13,200 35,100 68,100 Ri ngold Fm 
Lead 1. 1 N/A 1.1 26.6 74 . 1 Topsoil, juniper, E-4 
Lithium 34 N/A 34 38.2 38.2 Random, No . 14* 
Magnesium 18.4 57.9 2,900 10,100 32,300 Topsoil, greasewood, E-2 
Manganese 0.63 1.8 196 704 1,110 Topsoil, playa, E-10 
Mercury 0.16 N/A 0. 16 3.8 3.8 Random, No . I 5 
Molybdenum 1.4 4.8 2 2 6 Rinciold Fm 
Nickel 2.4 7.7 7. 2 28.2 200 Ringold Fm• 
Potauium 135 451 851 3,280 7,900 Topsoil, play a, E-9 
Selenium o.s N/A s 6 6 Random, No . 15 
Si Heon 5.2 iij;.. 5. 2 583 i , 203 1opsoii, playa, E- 10 
Silver 2. I 4.5 1. 4 14 .6 14.6 Random, No . 6 
Sodium 50.6 140 101 5620 6,060 Random, No , 12 
Tha111 um 3.7 N/A 3.7 3.7 3.7 . Lab detection lfmit 
Titanium 5 N/A 524 2940 3,180 Random, No . 6 
Vanadium 1.8 5.9 24 .3 97 . 9 140 Volcanic uh* 
Zinc 6,4 15 .6 30.9 119 366 Topsofl. l uni per, E-4 
Zirconium 11 N A 11 84.8 84.8 Random, No . 10 
Alkalfnity 5 N A 5 37,600 150,000 Topsoi l, greasewood, E-2 
Anvn!)n ia 0.6 N A 0.6 26 . 4 26 . 4 ·Random, No , 14* 
Chloride I NA I 1,480 1,480 Random, No . II 
Fluoride 1 N,A 1 73. 3 73.3 Random,. No . 10 
Nitrate 0. 6 N/A 0.6 538 906 Hanford fm Judgment, No. 
Ni trite 21 N/A 21 21 36. S Topso i l, greasewood, E-2 
0-Phosphate 2 · N'A 2 225 ns Random, No . 10 
Sul fate I N A 1 4 340 12 600 Toasoil oreasewood E-2 

Minimum and maximum concentrations are from the pr1mary Sltewide (i . e. , random) data set . Overall max1mum concentrations are the 
highest measured among all samples. Percentiles and threshold levels are based on f i tting a Weibull distribution to the primary 
Sitewide data set for e1ch analyte, Thresholds were not computed for undetected analytes. 
+ • as reported frOC11 the laboratory. 
• • offsfte. . 
CRDL • contractually requi red detection limit . 

-LOO • lf•it of detection b1sed on analysis of reagent blanks. 
LOQ • limit of quantttatfon based on analysis of reagent blanks • 
mg/kg• allligrAlll per kflogru • . 
N/A • R11g1nt blank dat• not applicable for calculation of detection l imi t. 

11 
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2.0 SITEWIDE APPROACH TO BACKGROUND CHARACTERIZATION 

The Sitewide approach to the determination and use of ~oil background for 
environmental restoration activities on the Hanford Site was developed as an 
alternative to the practice of determining WMU-specific background. · Details 
on the rationale and supporting data for this concept are found in the 
Characterization and Use of Soil and Groundwater Background for the Hanford 
Site (WHC 1991a). The Sitewide approach is based on (1) review and evaluation 
of available data on soil background, (2) geology of the sediments on the 
Hanford Site, and (3) the intended use of the data. 

A fundamental requirement for background characterization activities 
concerns representative sampling of the soil. Regulatory protocols require 
background samples to be (1) represe tative of the medium of interest at a 
WMU, (2) unimpacted by activities at the WMU (EPA 1986), and (3) . appropriate 
for the end use of the data (EPA 1987). 

Over 1,500 locations on the Hanford Site have been identified that 
potentially require some type of characterization as specified in 
environmental regulations (e.g., RCRJ!1; WAC 173-303, and 173-340) and the 
Hanford Federal FaciUty Agreement and Consent Order (Ecology et al . 1992). 
There are presently over 60 WMUs identified under RCRA as treatment, storage, 
and/or disposal (TSO) units (Ecology et al. 1992). The remaining locations 
identified under CERCLA or RCRA corre!ctive action authority, Hazardous and · 
Solid Waste Amendments of 1984, are grouped into 78 operable units. 

The traditional approach require!d for characterizing WMUs on the Hanford 
Site is to establish a local background for each WMU. The composition of 
samples from each WMU is compared to the WMU background to define 
contamination and to assess risk . . However, the use of this approach in 
environmental characterization is problematic, because it results in a 
multitude of baselines from the diffe?rent background compositions obtained at 
each WMU. Consequently, the use of different background levels as baselines . 
at each WMU results in both different definitions of contamination and 
different assessments of remediation goals and risk for each WMU. This would 
be true even for WMUs that are .adjacent or superimposed. 

This problem of different defin i tions and different assessments stems 
largely from the practice of collect i ng a limited number of background samples 
at each WMU. The limited number of background samples does not adequately 
represent the range of soil composit i ons that actually exist in the vadose 
zone at the ·WMU. 

The Sitewide approach is based on the premise that the sediments within 
the vadose zone at all WMUs are not unique but are related in that the 
sediments were derived from rocks exposed in the region, and that the basic 
characteristics that control the chemical composition of these sediments also 
are similar throughout the vadose zone. The preliminary data supporting the 
conclusion that t,he sediments within th·e vadose zone belong to the same 
compositional population are found in Chapter 3.0, Section 3.3 of the 
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Characterization and Use of Soil and Groundwater Background for the Hanford 
Site (WHC 1991a). 

2.1 REPRESENTATIVE CHARACTERIZATION AND USE OF BACKGROUND 

For the purpose of environmental restoration on the Hanford Site, natural 
background must represent the natural range of compositions within the medium 
of concern. Therefore, soil background characterization also must be 
performed on the s~me scale as the environmental restoration activities to 
accurately represent the potential range of compositions. 

The Sitewide approach for the characterization of soil and groundwater 
background for environmental restoration on the Hanford Site theoretically is 
a more appropriate characterization method than the WMU-based approach to . 
background characterization for the following reasons. 

• The soil compositions determined at each WMU would not necessarily be 
representative of the range that occurs on the Hanford Site. 

• Environmental restoration activities typically involve soils impacted . 
by more than one WMU. 

• The WMU-based approach to background characterization 1s designed for 
individual WMUs at different localities or in different regions that 
do not share a common soil compositional population. 

• Envtronmental rest~ration activities on the Hanford Site are more 
appropriately considered on the scale at which the soils are impa~ted 
rather than on the scale of individual WMUs. 

This last point addresses the concern that restoration activities on the 
Hanford Site are evaluated and performed more effectively on a scale 
commensurate with the extent of soil contamination rather than an incomplete, 
piecemeal approach tci remediation on the scale of individual WMUs. · Inmost 
cases, the scale that should be considered for background characterization in 
environmental restoration activiti~s is larger than the dimensions of 
individual WMUs. 

One toncern regard~ng the use of a Sitewide background is whether levels 
of contamination within the range of natural background pose a risk to human 
health or the environment. The regulatory agencies recognize that not all 
contamination poses a threat to human health or the environment, and that not 
all contamination warrants remedi~tion. A fundamental principle in most 
environmental regulations is that the natural environment should be used as a 
baseline for defining contamination and cleanup levels (e.g., EPA 1989b; 
WAC 173-303 and 173-340). 

Thus, an appreciation of the various ways in which background data are 
used is an integral part of the data quality objectives process because data 
must be collected that are appropriate for the various uses. 
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Background data are used in defining cleanup levels by providing a site­
specific baseline for assessing the intrinsic risk to human health and the 
environment posed by chemicals that occur naturally in the environment . 
B~ckground data can be used as a baseline in assessing ecological risk because 
background levels of chemicals generally are not expected to pose signfficant 
ecological risks in ecosystems that have developed in response to natural 
physical and chemical characteristics such a soil composition. Floral species 

· that can tolerate high-salt environments, for example, are dominant in, and 
may be restricted to alkali soils that have developed naturally in some parts 
of this region over the past 6,000 years (Rickard 1964). 

Background ~lso serves as a fundamental baseline in cost-benefit 
eval uations in environmental remediation because it is generally impractical 
or impossible to reduce the amounts of chemicals below natural levels. This 
baseline is important in assessing the benefits and attendant costs of 
remediation alternatives, particularl y in instances where the residual levels 
of contaminants approach the upper range of background. · 

The necessity for obtaining a representative characterization of 
background is specially important whE!n the data are used to make evaluations 
and decisions concerning waste site. The issue of representativeness is 
perhaps the most important differencE? between the WMU- based approach and the 
Sitewide approach to backgroun~ characterization at the Hanford Site. 
Decisions concerning the identificatfon of contamination using individual WMU 
backgrounds are subject to error because these backgrounds are subsets of the 
natural range of soil background compositions that exist laterally and _ 
vertically throughout the Hanford Si t e. For example, the composition of soil 
that exceeds the local background threshold levels in one area, but that is 
within the range of the Sitewide natural background, tould be interpreted as 
contaminated using a WMU-based· background approach. 

Thus, it would be impractical to define background and consequently 
.contamination and baseline risk levels differently from one place to another , 
because the natural range of composi t ions in the subsets would differ. 
Applying the Sitewide approach to characterize background will minimize the 
misidentification of uncontaminated samples as contaminated and-would minimize 
the p6tential for allocation of resources to remediate the natural 
environment . 

2. 2 BENEFITS 

The main benefits of a Sitewide approach ·to the characterization of 
background for soil include the following: 

• A single representative. background data set, as opposed to multiple 
background data sets 

• A consistent ~nd scientifically sound basis for defining of 
contamination 
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l : A consistent and scientifically sound basis for the assessment of 
2 baseline ri$k 
3 
4 • Greater efficiency in enviro mental restoration activities 
5 
6 • Short-term and long-term cost benefits resulting from an overall 
7 reduction in the number of background samples . 
8 
9 • Reduction of the possibility that uncontaminated soil is identified as 

10 contaminated . 
11 
12 Representative characterization of the natural range of soil background 

. ..--.__. 

13 compositions for the purposes of environmental restoration is, therefore, best 
14 obtained using a Sitewide approach rather than a WMU-based approach. The 
15 Sitewide background is intended for seas one of the most appropriate 
16 criterion for distinguishing contami nation. 
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The sediment and soil materials that comprise the vadose zone beneath the 
Hanford Site are described in this section to provide a framework for 
understanding the relationship between the physical and geologic 
characteristics of these materials and their chemical composition. This 
information constitutes a fundamental part of the soil background. conceptual 
model and the sampling strategy. In this section, the term 'sediment' is used . 
in the geological sense. The term 'soil' is used as in soil chemistry, 
referring to topsoil developed in the unconsolidated sediment at the ground 
surface. 

The vadose zone is defined as that portion of the subsurface lying 
between the ground surface and the underlying regional water table. Within 
this zone, the upper 15 feet (4.6 meters) is the focus of interest for 
remediation in some environmental regulations [e'.g., WAC 173-340-740(6)(c)]. 
Descriptions of the sedimentary characteristics of the vadose zone for this 
report are ·in terms of sedimentary facies, which are groups of sediment types 
with similar physical characteristics. The use of facies instead of 
individual samples or layers is preferred for this report, because the facies 
include essentially all of the sediment types regardless of where they occur 
within the vadose zone. Characterization of the sedimentary facies and soils 
that occur in the vadose zone more accurately represents the range of 
compositions that can exist in any thickness of vadose zone sediments 
measuring 16 feet (5 meters) or more. 

The geologic setting of the Hanford Site is described briefly in this 
section to provide a basis for evaluating the relationships between the source 
materials for the sediments and the mineral and rock constituents that 
comprise the sedimentary facies types. This information is important because 
the natural chemical composition of these materials, and any compositional 
relationships that might exist among these materials, is attributable to these 
geologic relationships. The only material used to determine chemical 
composition was the sand and smaller size fraction (<2 millimeters in. 
diameter). Only these fine-grained materials are important when considering 
the geology of the Hanford Site. 

The geologic characteristics of the sedimentary facies also serve as the 
basis for consideration of the representativeness, comparability, and 
completeness of the sampling employed for the chemical characterization of the 
vadose zone materials. 

3.1 GEOLOGIC SETTING 

The geologic setting of the Hanford Site has been extensively 
characterized as a result of past geologic investigations on the Columbia 
Plateau and waste management activities on the Hanford Site (McKee et al . 
1977; Routson and Fecht 1979; Myers and Price 1981; Tallman et al. 1981; Baker 
and Bunker 1985; Bjornstead 1984, 1985; Fecht et al. 1985; Orange and Berkman 
1985; DOE 1987, 1988; Fecht 1987; Reidel and Hooper 1989; Tolan et al. 1989; 
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Baker et al. 1991; WHC 1991b; WHC 1992a; WHC 1992b; PNL 1992c; Smith 1993). 
This section provides an overview of the geologic setting of the Hanford Site 
primarily as it relates to the sources of the sediments in the vadose zone and 
the processes by which the sediments were deposited. 

The Hanford Site is located within the Pasco Basin, which is part of th~ 
Cblumbia Plat~au in south-central Washington. The surface topography in the 
region (Figure 3-1) is the result of: 

• Uplift of anticlinal ridges 
• Pleistocene cataclysmic flooding 
• Holocene eolian activity 
• Landsliding. 

The boundaries of the Columbia Plateau and the Pasco Basin are shown in 
Figure 3-2. 

The geologic history of this region from Early Miocene to Holocene time 
is summarized in Table 3-1. Sediments have been transported and deposited in 
the Pasco Basin since at least Late Miocene time. The primary sources of 
these sediments were the materials from three major pal~oslopes and the 
Columbia Plateau itself: the westward-dipping Palouse Slope on the east, the 
southward-dipping Columbia Slope on t he north, and the east~ard-dipping 
Cascade .Slope on the west. These source areas have contributed igneous, 
metamorphic, and sedimentary rock mat erial to deposits in the Pasco Basin. 

·The majority of the _sediments in the vadose zone are glaciofluvial 
deposits derived from the cataclysmic flood waters that spilled across eastern 
and central Washington and into the Pasco Basin. The paths of these flood 
waters are shown in Figures 3-3 and 3-4. This mantle of glaciofluvial 
deposits has been exposed to erosion by wind and water. · Winds also have 
played a role in transporting volcanic ash from the Cascade Range into the 
Pasco Basin and in reworking the fine-grained· deposits exposed at the ground 
surface. Currently, over 10 square miles {26 square kilometers) of active 
sand dunes mantle the Hanford Site. 

3.2 GEOLOGIC MATERIALS IN THE PASCO BASIN 

Basalt flows of the Columbia River Basalt Group form the bedrock beneath 
the Hanford Site. The sedimentary siequence that overlies the basalt is up to 
750 feet (230 meters) thick. These sediments are dominated by laterally 
extensive fluvial-lacustrine deposits of the Ringold Formation and the 
glaciofluvial flood deposits of the Hanford formation. Eight major 
sedimentary facies have been recognized within these two formations. The 
nature and characteristics of the eight sedimentary facies are summarized in 
Table .3-2. The stratigraphy and interfingering of facies {WHC 1991b) are 
shown in the east-west cross section through the center of the Hanford Site in 
Figure 3-5. A generalized stratigraphy of the suprabasalt sediments beneath 
the Hanford Site is shown in Figure 3-6. This figure also depicts . the 
sedimentary facies described in Table 3-2. For the purpose of this · 
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discussion, the early Palouse soil and the Plio-Pleistocene unit have been 
included in the Hanford formation. 

Approximately ·as percent of the sediments that lie within the vadose zone 
are those of the Hanford formation. The remainder of the vadose zone consists 
primarily of sedimentary facies in thE! Ringold Formation and Columbia River 
Basalt Group flows that comprise the anticlinal ridges, which rise ~hove the 
regional water table. · 

The nature and characteristics of the sedimentary facies and the 
subordinate members that comprise the vadose zone on the Hanford Site are 
described in the following sections in order of their volumetric importance. 

3.2.1 Vadose Zorie Sediments of the Hanford formation 

The Hanford formation is composed of sediments and rock types derived 
from rock exposures around the _periphE!ry of the Columbia Plateau (in 
southwestern Canada, Montana, Idaho and northeastern Washington) and those 
that outcrop on the Columbia Platea"u. These sediments were transported into 
the Pasco Basin by the cataclysmic flood waters released suddenly by failure 
of ice dams formed by continental glaciers to the north. Some pre-flood 
Pl i o-Pleistocene sediments and eolian deposits are present at the base of the 
Hanford formation (Table 3-2). 

The breaching of these ice dams allowed rapid discharge of vast 
quantities of water to spread across E!astern Washington, down the Colombia 
River gorge into the Pasco Basin, and on to the Pacific Ocean. As a result of 
th i s rapid discharge, sedimenti previously deposited in the ice marginal lakes 
to the north and northeast were swept downgradient. The sedimentary load 
carried by these flood waters was increased greatly by the large quantities of 
basalt eroded from the land -surface throughout eastern W~shington. Many of 
the channels eroded into the basalt bedrock by these flood waters are over 
1 mile (1.6 kilometers) wide and one-fourth of a mile (0.4 kilometer) deep. 

The dire~tion of floodwater flow ~cross the Columbia Plateau was not 
controlled to any great extent by existing stre·a~ channels. In most 
instances, the volume and velocity of these flood waters were so great that 
they topped basalt ridges in their flnw path and incised new channels across 
the ridges. The amount of basalt eroded from the Columbia Plateau by these 
flood waters has not been estimated, but more than half of the constituents 
that comprise the Hanford formation are basalt fragments. 

The particle sizes within the Hanford formation range from boulders more 
than 6 feet (2 meters) in diameter to particles as small as clay size. The 
proportions of particle sizes vary vertically and laterally throughout the 
formation, and the distribution of si2:es at any particular outcrop primarily 
reflects the local energy regimes of the flood waters at that site (Tallman 
et al. 1979; Routson and _Fecht 1979; Bjornste_ad 1984, 1985; Waitt 1987). 

The Hanford formation can appear strikingly different in outcrop from one 
location to another, as illustrated in Figure 3-7. However, there is a 
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remarkable similarity in the types of materials that dominate the finer 
grained size fraction within these sedimentary facies. 

4 The sediments in the Hanford formation were deposited under both low- and . 
5 high-energy conditions (Figures 3-7). Field observations indicate that 
6 · fine-grained quartz and feldspar are the predominate minerals in the sediments 
7 deposited under low-energy conditions . (e.g., ·slack water deposits) during the 
8 waning stages . of flooding, at channel margins, and in distal areas of 
9 flooding. The finer grained sediments deposited under high-energy conditions 

10 associated with faster fl ow within and adjacent to the primary flood channels 
11 generally are composed of coarser matE!rial and have a much hig.her basaltic 
12 component in the finer grained fractions. 
13 
14 
15 
16 
17 
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33 
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The succession of alternating · and discontinuous layers of very 
high-energy, coarse-grained gravel to low-energy sand and silt deposits that 
occur laterally and vertically within the Hanford formation facies is 
interpreted to have resulted from spatial and temporal changes in the local 
flow environment. These depositional cpnditions changed because of the 
fo 11 owing: 

• Repeat~d episodes of flooding, local erosion, and deposition over time 

• Changes in flow patterns and conditions (e.g., channel location) and 
attendant depositional patterns both during and between flood episodes 

• Transition from high-energy to lower-energy conditions with time, and 
attendant variations in sediment compositions vertically during 
individual flood episodes 

• Contemporaneous deposition of both fine-grained and coarse-grained 
sediments in major flow channels and fine-grained sediments in the 
marginal slack water areas~ respectively. Mixtures of both 
coarse-grained and fine-grained sediments were deposited )n 
transitional areas 

• Widespread deposition of finer grained and low~density material during 
the low-energy waning stages of each flood episode. 

These depositional and temporal relationships are interpreted to be 
responsible for ·variations in the siz,e and proportion of mineral and rock 
components laterally and vertically . . . 

The most obvious physical characteristics of the finer grained size 
fraction of these sediments are that their major components are quartz, 
feldspar, and basalt in differing proportions. These sediments range from 
quartz-feldspar-rich types to basalt-rich varieties. It is indicated from 
these observations that there could be a continual gradation in proportions of 
these minerals from one location to the next throughout most of the Hanford 
Site. 

The Plio-Pleistocene facies (Plio-Pleistocene unit and early 'Palouse' 
soil) intercalated between the Ringold Formation and the Hanford formation are 
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1 very limited in lateral extent and subordinate in volume with respect to the 
2 entire vadose zone (Figures 3-5 ind 3-6). These sediments comprise less than 
3 one percent of the vadose zone and are believed to have ·been derived from 
4 local sources. For the purpose of this report, these Plio-Pleistocene facies 
5 are included within the Hanford formation, but not as part of the three 
6 recognized facies of the Hanford formation. The finer grained materials in 
7 these facies generally are expected to be similar to those in the more quartz 
8 and feldspar-rich parts of the Hanford formation, with the exception of the 
9 pedogenic carbonate facies. Othe.r volumetrically minor soil types are · 

10 described in Section 3.2.3. 
11 
12 
13 3.2.2 Vado~e Zone Sediments of the Ring6ld Formation 
14 
15 Some of the recognized Ringold Formation facie~ (Table 1-2) occur within 
16 the vadose zone ' beneath the Hanford Si te. It is estimated that the volume of 
17 Ringold Formation sediments within the vadose zone is less than 10 percent. 
18 The Ringold Formation sediments that do occur with.in the vadose zone are 
19 overbank deposit~ north of Gable Mountain, overbank deposits with intercalated 
20 sand dominated fluvial deposits underlying the 200 Areas, and the fluvial 
21 gravel facies and overbank facies in the south-central portion of the Hanford 
22 Site (Figure 3-5). The relative position of the Ringold Formation sedimentary 
23 facies with respect to the regional water table also is shown in Figure 3-5. 
24 

~ 25 As indicated in Table 3-2, the sands within the fluvial sand and fluvial 
~26 gravel f~cies of the Ringold Formation are similar to those in the facies of 

27 the Hanford formation. The sands are predominantly tjuartzo-feldspathic, with 
28 fragments of basalt. 
29 
30 
31 3.2.3 Subordinate Vadose Zone Materials 
32 
33 Several varieties of volumetrically subordinate ~aterials ~lso occur in 
34 the vadose zone. These materials are of interest because the materials have 
35 somewhat different characteristics from the majority of the vadose zone soils, 
36 and also because some materials potentially represent compositional variants 
37 with concentrations of s~me analytes t hat could be larger than those of other 

. 38 vadose zone materials~ These subordinate materials are also of . interest 
39 because many are encountered frequently in the upper 15 feet (5 meters) of the 
40 vadose zone. These materials occur w'ithin the sedimentary facies described in 
41 the previous sections, and also occur as surface .deposits that veneer much of 
42 the surface of the Hanford Site. These ·materials are included in the 
43 description of the vadQse zone for completeness. 
44 
45 3.2.3.l Subsurface Deposits. Severa·1 types of volumetrically minor deposits 
46 occur naturally within the sedimentary facies of the Hanford and/or Ringold 
47 Formations. ·These include (1) natura·11y developed heavy mineral placers, 
48 (2) -volcanic ash beds, (3) carbonate-1r ich soils or deposits; and (4) elastic 
49 dike sediments. 
50 

,,,-., 51 Natural Placers. Certain heavy minerals are commonly deposited as 
52 placers, such as monazite, zircon, apatite, rutile, garnet, epidote, and 
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tourmaline. These minerals often contain large concentrati~ns of elements 
such as uranium and thorium. In the terrain surrounding the Columbia Plateau, 
there are a number of ore bodies with high concentrations of such minerals. 
It is logical to expect that the sed'imentary facies that comprise the vadose 
zone contain these minerals as well as sulfide minerals of copper, lead, z1nc, 
mercury, and cadmium. 

Volcanic Ash. Several volcanic ashes have been recognized within the 
surficial deposits. These include ash fro~ (1) Mt. St. Helens deposited in 
1980, (2) Mazama, 5.8 thousand years old, (3) Mt. St~ Helens Subset S, 
11.3 thousand years old, and (4) Glacier Peak, 13 thousand years old. These 
volcanic ash falls appear in the fie .Id as white to light grey layers 
intercalated with fluvial and/or eol ·ian deposits. The ashes are composed of 
quartz, feldspar, glass shards, accessory amounts of mafic and other minerals. 
Ashes also can contain rock fragments associated with specific eruptions and 
volcanos. These ashes generally are dacitic to rhyolitic in co~position. 

~arbonate Deposits. The sediments throughout the vadose zone at the 
Hanford Site typically contain several forms of secondary carbonate. These 
carbonates are composed primarily of calcite, with magnesium and trace amounts 
of other elements. The carbonate can partially co~t individual grains 
(Stage I to Stage II) (Machette 1985), partially cement the sediments locally 
(Stage I II to Stage IV) (Machette 19B5), or can form discrete carbonate layers 
ranging from less than 0.8 inch (2 centimeters) to 3.3 feet (1 meter) in 
thickness (Stage V to St~ge VI) (Machette 1985). These pedogenic carbonate 
deposits are formed as the result of dissolution of soil components by 
moisture entering the ground, followed by th·e drying out of the sediments 
during hot weather. This repeated wetting and drying of the sediments near 
the ground surface, which occurs naturally in semiarid environments, results 
in the gradual accumulation of calcium carbonate and other salts. The 
pedogenic calcite in these sediments most commonly occurs on the bottom of 
pebble- to cobble-sized gravels (Stage I and 11), and/or within the sand-size 
material or matrix. The carbonate that occur~ within the finer grained 
elastic material generally forms from the incipient precipitation of carbonate 

·coatings on sand grains that eventually can coalesce to form a carbonate 
cement within the matrix as part of the di~enesis process [i.e., the process 
of turning, unconsolidated sediments 'into consolidated sediments {Stage V 
and VI)]. 

Clastic Dike Material. Clastic dikes are formed by a number of different 
processes. Clastic dikes generally are formed by fluidization of certain 
sedimentary horizons, which are then injected into adjacent cohesive 
sediments. In most cases~ elastic dikes cut across bedding planes of existing 
sediments, although they also can parallel bedding planes. Between the walls 
of the elastic dikes, the sediments gener~lly consist of layers (millimeters 
to centimeters thick) of silt, sand, and gravel: 

3. 2.3.2 Surficial Deposits. The sedimentary deposits that veneer •the surface 
6f the vadose zone are volumetrically ~inor, less than one half of one 
percent. These deposits include materials that might have compositions that 
di ffer the most from other vadose zone sediments. These surface deposits 
include eolian deposits; Columbia River overbank deposits; alluvia) fan and 
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1 side stream deposits; and soils developed by~weathering, fractionation from 
2 leaching, accumulation, and.other pedogenic processes; These surface deposits 
3 are described i.n the following sections. 
4 
5 Eolian Deposits. Eolian deposits that locally veneer the ground surface 

. 6 are derived largely from wind erosion ctnd differential winnowi~g of the 
7 fine-grained glaciofluvial deposits of the Hanford formation in the Cold Creek 
8 · Valley (DOE 1988). These eolian deposits are manifested both as dune sands, 
9 predominantly in large longitudinal ridges (Figure 3-8a), and as nonstratified 

10 veneers of silt and fine sand (loess) (Figure 3-8b). The composition of these 
11 eolian deposits largely represents physically fractionated subsets of the 
12 Hanford formation. The typically light-colored loess arid dune sands that are 
13 dominant in the southeastern part of the Hanford Site are composed primarily 
14 of the remobilized quartz-feldspar rich sand and silt .. 
15 
16 Columbia River Overbank Deposits. Fluvial sediments constitute locally 
17 important parts of the vadose zone along the Hanford Reach of the Columbia 
18 River. These deposits are composed primarily of sand and silt derived from 
19 the deposition of material along the margins of the Columbia River during 
20 episodes of overbank flooding. These deposits consist of material eroded from 
21 the land surface upstream from the Hanford Site and transported downstream by 
22 the flood-swollen Columbia River. The composition of these eroded materials 
23 is essentially the same as the glaciofluvial sediments of the Hanford 
24 formation. The composition of these overbank deposits are of interest because 
25 they represent a part of the vadose zone that has been impacted most 
26 extensively by weathering and/or pedogenic soil-forming processes, and 
27 constitute the primary substrate for the riparian ecosystem on the Hanford 
28 Site. 
29 
30 Alluvial Fan and Side Stream Deposits. Alluvial fan and side stream 
31 outwash deposits flank the topographically higher parts of the Hanford Site 
32 and interfinger with the other sedimentary facies described in Section 3.2. 
33 These sediments are all primarily the products of mechanical weathering and 
34 highly localized transport by ephemeral! streams. These sediments, located in 
35 the southwestern and western part of the Hanford Site, range in physical 
36 composition from dominantly basaltic dEibris shed from basalt outcrops to 
37 remobilized slack water deposits of the Hanford formation. In general, 
38 alluvial fans and side stream outwash deposits represent sedimentary units 
39 with physical compositions essentially identical to those of their parent 
40 materials, and often are mixed with and/or veneered by eolian materials. 
41 
42 Alkali Soils. Alkali soils have developed naturally over the past 
43 6,000 years in isolated localities on the Hanford Site. These include playas 
44 on the lower Cold Creek Valley outwash plain, and small isolated basins where 
45 the water table is near the ground surface. These soils represent a variant 
46 so·il type resulting from repeated wett 'ing and drying. Accumulation of salts 
47 under these conditions can, over long periods, produce an appreciable in situ 
48 salt content ih the upper few feet (meters) of the vadose zon~. Alkaline 
49 soils preclude most vegetation, with the exception of those plants that can 
50 tolerate high salt environments (Rickard 1964). 
51 
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1 Topsoils and Soil Horizons. The surface deposits on the Hanford Site 
2 have been mapped and classified by Ha1jek (1966), as soils primarily for 
3 agricultural and engineering land use purposes based on a _1916 soil survey of 
4 Benton County by Kocher and Strahorn (1919), and by aerial photographs. This 
5 soil map of the Hanford Site (Figure 3-9) has been updated to reflect the 
6 current U.S. Department of Agriculture (USDA) classification scheme 
7 (PNL 1991). Some general properties of selected Hanford Site soils are shown 
8 in Table 3-3. · 
9 

10 This mapping and classification provides information on {l) grain size, 
11 (2) general characteristics of soil horizons, (3) extent of soil profile 
12 development, and (4) aerial distribution of soil types. This informatio~ is 
13 provided because the process associated with the generation of soil profiles 
14 potentiall_x can influence the concentration of analytes determined for these 
15 materials in the vadose zone (Chapter 5.0). A summary of dominant _ 
16 compositions of the soil horizons is provided in Table 3-3, and the relevance 
17 to the characterization of soil_ background is discussed in Chapters 4.0 
18 and 6.0. 
19 
20 Most of the soils described lack well developed horizons either because 
21 of their youth, parental material, or relief (i.e., azonal} (H~jek 1966). 
22 Those on the Hanford Site include (1 ) young recent fluvial soils, (2) shallow 
23 soils on steep slopes and over bedrock (lithosols}, and (3) deep 
24 unconsolidated deposits that have no definite genetic horizons (regosols}. 
25 ,,-..___ 
26 In Hajek's survey of soils on the Hanford Site, soils in the context of 
27 soil science were regarded as extend i ng only to the lower limit.of rooting of 
28 the native perennial plants. Where the soils are developed, soil profiles 
29 within the surface deposits (semiarid type zonal soils) generally are 
30 characterized by the presence of grayish brown ~urface horizons -less than 
31 l foot (0.3 meter) thick~ grading to calcareous light-colored material less 
32 than 20 inches (0.5 meter) from the surface (sierozem) that grade to regosols 
33 (Hajek 1966). 
34 
35 The soil types listed in Table 3-4 provide information on particle size. 
36 Table 3-5 provides classification of topsoil types and information on 
37 morphology, general mineralogy, ~nd t he influence of climate and vegetation on 
38 soil genesis. 
39 
40 The soil profiles · on the Hanford Site recently hav·e been described as 
41 being sparsely developed and existin~J only where relatively fine and somewhat 
42 poorly drained sediments were deposited (PNL 1991). Where these occur, the 
43 soil profiles grade from the surface A horizon to the intermediate Band 
44 poorly differentiated C horizons. The A horizon is typically low in organic 
45 matter, and mineral decomposition is not advanced. Active wind erosion and, 
46 to a lesser extent, water erosion have in some areas denuded developed soil 
47 profiles, causing new parent material to be exposed at the land surface. 
48 Eolian deposits with no soil horizons cover a significant surface area of the 
49 Hanford Site (PNL 1991). 
50 
51 Although information on soil horizons normally provides much insight into .....__, 
52 the physical and chemical properties of the natural surface deposits 

Hanford Site Background: Part I, Soil Background for Nonradioactive Analytes 
January 2001 3-8 



·-----· 

DOE/RL-92-24 
Volume 1, Rev. 4 

l influenced by weathering, leaching, phnts, and/or other biologic activities 
2 (i.e., modern soil, Hunt 1972), Hajek's (1966) soil survey provides little 
3 · specific information. However, this inform_ation is useful in documenting the· 
4 nature of the surface deposits and existence of soil profiles in the surface 
5 deposits on the Hanford Site. These considerations are important for 
6 (1) inclusion in the soil background conceptual model, (2) sampling and 
7 analysis, and (3) data interpretation in accordance with the DQOs, 
8 particularly comp_leteness and comparability. 
9 

10 
11 3 . 3 SUMMARY 
12 
13 Eight main sedimentary facies are! recognized to occur within the vadose 
14 zone beneath the Hanford Sit~: five facies in the Ringold For~ation a~d three 
15 facies within the Hanford formation. The Hanford formation comprises about· 
16 85 percent of the vadose zone. Most of the sediments within the Hanford 
17 formation were transported and deposited by repeated flooding and wind erosion 
18 from source areas located on or around the periphery of the Columbia Plateau 
19 during the past 8.5 million years. 
20 
21 The majority of the sediments in the vadose zone are co.mposed of quartz, 
22 feldspar, and basalt fragments. Essentially all of the .material in the vadose 
23 zone sediments were derived from the same source areas. Proportions and sizes 
24 of rock and mineral constituents in these sediments reflect variations in the 
25 energy conditions at the time of their deposition. The finer grained (i.e., 
26 sand size and smaller) material in the vadose zone sediments are of greatest 
27 interest to the soi 1 background study. 
28 
29 The modally subordinate minerals and rock types present in the vadose 
30 zone are taken into consideration when determining the range of analyte 
31 concentration for soil background. These subordinate components of the vadose 
32 zone might represent natural variant types (outliers) and therefore are 
33 included in the soil background .model and -the data evaluation process 
34 (Appendix F) for comp 1 eteness. 
35 
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Figure 3-1. Generalized Topographic Map of the Hanford Site. 
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site of ice dam failure· in Idaho, the general path of cataclysmic 
flooding, and the channeled scablands province in cent~al Washington). 
(Smith 1993). 
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Table 3-1. Generalized Summary of the Hanford Site Geologic History (Fecht .et al. 1985). (sheet 1 of 5) 

Time 
Early Miocene to Late Miocene 

Summary of the Hanford Site geologic history . 
Some of the major geologic features that have .controlled the courses of 
major streams and the flow direction of vast lava flows that erupted on 
the Col~mbi a Plat~au in the past include broad, gently dipping regional 
paleoslopes and structurally uplifted ridges and subsided synclines. and . 
basins. 

Three major paleoslopes provided the prim~ry co.ntrol of flow direction on 
the Columbia Plateau in Washington State. These include the westward­
dipping Palouse Slope on the east, the southward-dipping Columbia Slope 
on the north, and the .eastward-dipping Cascade Slope on the west. 

Grande Ro~de lava erupted from fissures in the southeastern Columbia 
Plateau between 16.5 and 15.5 million years ago and inundated the 
intermohtane bas·in between the Rocky Mountains and the ancestral Cascade 
Range. The Pasco Basin is situated near the center of the Columbia 
Plateau and provided the regional structural low point towards which 
these streams and extensive lava flows repeatedly advanced. 

The ancestral Columbia River .began entrenching irito its present position 
as · uplift and subsidence continued during the middle Miocene. 
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Table 3-'l. Generaliz~d Summary ·of the Hanford Site Geologic History (Fecht et al. 1985). (sheet 2 of 5) 

Time 
Late Miocene to Middle 
Pliocene 

) 

Summary of the Hanford Site geologic history 
The course of the ancestral Columbia River was controlled by the 
structural low of the Pasco Basin and by the topography of rising ridges. 
The Columbia River also was controlled to some extent by the constructual 
topography of the Ice Harbor Member of the Saddle Mountains Basalt, which · 
is the youngest basalt flow present beneath the Hanford Site. During 
this time, the new course of the ancestral Columbia River shifted 
eastward into the central Pasco Basin. Extensive gravel deposits have 
been encountered in drill holes in the central Pasco Basin and mark the 
course of the Columbia .River. These gravels are over 98 feet (30 meters} 
thick and are lithologically similar to ~ravels found along the former 
course of the ancestral Columbia River, which crossed over the Yakima 
Ridge and Rattlesnake Hills. lhese gravels form the basal Ringold 
Formation unit and mark the beginning of deposition of the Ringold 
Formation in the Pasco Basin. 

The most extensive fluvial,deposit of late Miocene to middle Pliocene age 
is the Ringold Formation. The Ringold Formation sediments were 
transported by the Columbia, ancestral Cl~arwater-Salmon, and Yakima 
Rivers across the Columbia Plateau into the Pasco Basin where a change in 
river baselevel resulted in their deposition. These sediments 
accumulated to a thickness of .over 1,181 feet (360 meters) and are 
.composed of gravel, sand, silt, and clay derived from terrains 
encompassed by the drainage basins of these rivers. Th~ Ringold 
Formation is concluded to be approximately between 3.4 and 8.5 million 
years old • . 

) ) 
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Table 3-1. Generalized Summary of the· Hanford Site Geologic History (Fecht et al. 1985). (sheet 3 of 5) 

Time 
Middle Pliocene to Late 
Pliocene 

Summary of the Hanford Site qeoloqic history 
The deposition of Ringold Formation sediments in the Pasco Basin ended 
rather abruptly, based on (1) the major incision of the Ringold Formation 
by the Columbia River system, (2) -the preservation of a large unmarred 
Ringold Formation surface in the eastern and northern parts of the Pasco 
Basin, and (3) the absence of post-Ringold Formation deposition on most 
of the Ringold Fonnation surface. The age of the incision is dated 
between 2.0 and 3.4 million years ago. 

The event that precipitated these major intisions has been speculated to 
be a change in baselevel of the Columbia River downstream from Wallula 
Gap. The entrenchment of the Columbia River is speculated to have caused 
a lowering of the baselevel and initiated headward erosion upstream into 
the Pasco Basin. By late Pliocene, the Columbia and Yakima Rivers were 
established in very near their present positions ~ 

Some deposition did take place during this time. Some sidestream 
alluvial deposits and Columbia River gravels were transported into the 
Pasco Basin and deposited on the existing Ringold surface. In addition, 
calcic paleosols were developed on the Ringold surface as well as 
deposition of eolian silt with minor amounts of fine-grained sand. 
Results of an evaluation of the heavy mineral component of these eoljan 
deposits indicate their local source to be the Ringold Formation. 
Because the heavy mineral concentrations in these eolian deposits also 
are similar to those observed in the Palouse Soil of eastern Washington, 
these eolian deposits locally are referred to as early 'Palouse' soil 
(DOE 1988). . 

) 



Table 3-1. Generalized Summary of the Hanford Site Geologic History (Fecht et al . 1985) . (sheet 4 of 5) 

Time 
Pleistocene 

) 

Summary of the Hanford Site geologic history 
During the Pleistocene epoch, continental glaciers repeatedly advanced 
and retreated from British Columbia into northern Washington and 
occasionally impinged on the northern Columbia Plateau. Along the 

. glacier margins, ice temporarily plugged the Columbia River drainage 
system, diverting the rivers to a more southerly course, which resulted 
in the impounding of the glacial meltwater in large lakes along the 
northern periphery of the Columbia Plateau. Failure of ice dams 
impounding these glacial lakes, particularly Glacial Lake Missoula, 
released tremendous volumes of meltwater that catastrophically flooded 
major portions of the Columbia Plateau. The major floods obliterated 
much of the secondary drainage system that had been established on the 
Palouse Slope and caused minor changes in the course of the Columbia and 
Yakima Rivers in the Pasco Basin. 

At least four major catastrophic flooding events have been recorded on 
the Columbia Pl~teau. The oldest known catastrophic flooding event 
occurred before 730,000 years ago, based on the reversed magnetic 
polarity associated with flood deposits at two localities. The second 
major flooding event incl uded a series of gravel deposits that are 
commonly capped by a superimposed calcic paleosol . The age attributed to 
thii second flooding event (based on radiometric age dating) iJ 
interpreted to be between approximately 200 and 730 thousand years ago. 
The most profound changes in the major stream courses occurred during the 
first or second major flooding events. On the Hanford Site, one of these 
flooding events caused plugging of the pre-flood river channel between 
Gable Mountain ahd Gable Butte. During this. flooding event, a large . 
flood bar located south of Gable Mountain and Gable Butte was formed. As 
a result, the Columbia River channel was diverted to the east along the 
north sid~ Gable Mountain and then southward near its present-day course. 

The third major flooding on th~ Columbia Plateau was from the ~ast down 
the Snake River·. A breach a 1 ong the northern shore 1 i ne of Lake 
Bonneville at Red Rock Pass near Preston, Idaho, resulted in torrential 
waters flooding down the Snake River and on to the Columbia Plateau. 
This flood occurred approximately 14,000 to 15,000 years ago. 

) 
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Table 3-1. Generalized Summary of the Hanford Site Geologic History (Fecht et al. 1985). (sheet 5 of 5) 

Time Summary of the Hanford Site geologic history 
Holocene Aggradation resumed in the Pasco Basin during the Holocene. A number 

processes attributed to the deposition of these materials, i.e., 
volcanism, lakes, rivers, wind, and mass wasting. The dominant 

of 

depositional process was proglacial Columbia River flood deposits. 
F1uv1al and eolian deposits are observed to lie below, between; and above 
these river flood deposits. Nonflooded areas on the Hanford Site are 
often mantled by alluvium, colluvium, or loess. 
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Table 3·-2. Sedimentary Facies of the Ringold and Hanford Formations (WHC 1991b). 
(sheet 1 of 5) 

Facies Geoloqic characteristics 
Ringold Formation 

gravel facies Clast-supported granule to cobble gravel with a sandy mattix dominates 
the associati-0n. Intercalated sands and muds also are found. Clast 
composition is variable, with basalt, quartzite, porphyritic volcanics, 
and greenstone being the most common types. Silicic plutonic rocks, 
gneisses, and volcanic breccias also are found. Sands in the association 
generally are quartzo-feldspathic, with basalt content usually ranging 
between 5 and 25 percent. Low angle to planar stratification, massive 
bedding, wide shallow channels, and large-scale cross-bedding are found 
in outcrops. This sedimentary facies association was deposited in a · 
gravelly fluvial braided plain characterized by wide, shallow, shifting 
channels. 

sand facies Quartzo-feldspathic sands displaying cross-bedding and cross-lamination 
in outcrop dominate this association . . These sands usually contain less 
than 15 percent basalt lithic fragments, although basalt contents as high 
as 50 percent could be encountered. Intercalated strata consist of 
lenticular silty sands and clays up to 1-foot -(3-meters} thick and thin 

) 
[1.6 feet (<0.5 meter)] gravels. Fining upwards -sequences less than 
3.3 feet (l.O meter) to several feet (meters) thick are common in the 
association. Strata comprising the association were deposi.ted in wide; 
shallow channels. 

Overbank deposits This association dominantly consists of laminated to massive silt, silty 
fine-grained sand, and paleosols containing variable amounts of pedogenic 
calcium carbonate. Overbank ~eposits occur ~s thin lenticular interbeds 
[1.6 to 6.6 feet (<6.S to 2 meters)] in the fluvial gravel and fluvial 
sand associations and as thick [up to 32.8 feet (10 meters)] laterally 
continuous sequences. These sediments record depositio·n in proximal 
levee to more distal floodplain conditions. 

) ) ) 
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Table 3-2. Sedimentary Facies of the Ringold and Hanford Formations (WHC 1991b). 
(sheet 2 of 5) 

Facies Geologic characteristics 
Lacustrine deposits Plane laminated to massive clay with thin silt ~nd silty sand interbeds 

displaying some soft-sediment deformation characterize this association. 
Coarsening upward in units less than 3.3 feet (1.0 meter) thick to 
32.8 feet (10.0 meters) thick are common in the association. Strata 
comprising the association were deposited in a lacustrin~ environment 
under standing water to deltaic conditions. 

Alluvial fans Massive to crudely stratified, weathered to unweathered basaltic detritus 
dominates this association. These basaltic deposits generally are found 
on and near the flanks of the anticlinal ridges that surround the 
periphery of the basin. The association records deposition by debris 
flows in alluvial fan settings and in sidestreams draining into the Pasco 
Basin. - . 

Plio-Pleistocene Units 
~ 

Sidestream alluvium facies The sidestream alluvial facies, derived from ancestral Cold. Creek and its 
tributaries, are characterized by relatively thick zones of weathered 
unweathered basalt clasts, often intercalated with overbank deposits 

and 

(DOE 1988). 
Calcic Paleosol facies Massive calcareous; pedogenically altered [Stage IV to VI · 

{Hachette 1985)] silt, sand, and gravel to interbedded calcic-rich 
The (Stage IV to VI) and calcic-poor (Stage 1 to Ill) silts and sands. 

pedogenic calcretes are moderately to highly fractured. 
Pre-Missoula Gravel facies These facies are dominated by quartzose to gneissic, clast-supported 

pebble -to cobble gravel with a quartzo-feldspathic sand matrix. The unit 
is up to 82.0 feet (25.0 meters) thick, contains less basalt than 
underlying Ringold Formation gravels and overlying Hanford formation 
deposits, commonly displays a distinctive white or bleached color, and 
sharply truncates underlying Rinqold Formation. 



Table 3-2. Sedimentary Facies of the Ringold and Hanford Formations (WHC 1991b) , 
(sheet 3 of 5) 

Facies Geoloqic characteristics 
Early 'Palouse' soil In the western part of the Hanford Site, eqlian facies are found within 

the vadose zone. Th~se yellowish brown compact fine-grained sands and 
silts are derived from the Ringold Formation (DOE 1988) and are 
mineral og ica lly equivalent to the 'Pa 1 ouse' soi ls of eastern Washington. 
These facies are differentiated from overlying graded rhythmites of the 
Hanford formation by greater calcium carbonate content, massive structure 
in core, and high natural gamma response in geophysical logs 
(Bjornstad 1984; DOE 1988). 

Hanford formation 
Gravel-dominated f~cies These facies contain coarse-grained basaltic sand and granule• to boulder 

.gravel. These deposits display maisive bedding, plain to low-angle 
bedding, and large-seal~ planar cross-bedding in outcrop. These gravels 
usually are matrix-poor and display an open framework texture. 
Lenticular sand and silt beds are intercalated through the facies. 
Gravel clasts in the facies generally are dominated by basalt (50 to 

- 80 percent). _Other clast types include Ringold and Plio-Pleistocene rip-
uos, ·qranite. auartzite. and qneiss. 

Sand-dominated facies These facies contain fine- to coarse~grained sand and granule gravel 
displaying plane lamination and bedding and less commonly plane bedding 
and channel-fill seq~ences in outcrop; These sands can contain small 
pebbles and Ringold and Plio-Pleistocene rip-up clasts in addition to 
pebble-gravel interbeds and silty interbeds less than 3.3 feet --
(1.0 meter) thick. The silt content of these sands is .variable, but 
where it is low, a well-sorted and open framework texture is common . 
These sands typically are basaltic, commonly being referred to as black, 
qray, or salt-and-oeooer sands. 

Slack water facies These facies contain thinly bedded, plane-laminated and ripple cross-
laminated silt and fine- to coarse-grained sand. These deposits commonly 
display normally graded rhythmites a few inches (centim~ters) to several 
tens of inches {centimeters) thick. 

) ) ) 
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Table 3-2~ Sedimentary Facies of the Ringold and Hanford Formations (WHC 1991b). 
(sheet 4 of 5) 

Facies 
Holocene Surficial Deposits 
Eolican deposits 

Columbia River overbank 
deposits 

Geologic characteristics 

The eolian deposits that locally veneer the ground surface are derived 
largely from wind erosion and ·differential winnowing of the fine-grained 
glaciofluvial deposits of the Hanford formation in Cold Creek Valley 
(DOE 1988). These eolian deposits are manifest both as dune sands, 
predominantly in large longitudinal ridges (Figure 3-Sa) and as 
nonstratified veneers of •silt and fine sand (loess) (Figure 3-Sb). The 
composition of these eolian deposits largely repreients physically 
fractionated subsets of the fine-grained [<0.08 inch (2 millimeters)] 
materials from the Hanford formation. The typically light-colored loess 
and dunes that are dominant in the southeastern part of the Hanford Site 
are composed primarily of the remobilized quartz-feldspar-rich sand and 
silt deposited in the slack water region in the Cold Creek Valley. 
Conversely, the darker colored eol ian deposits originated primarily from 
reworking and transport of lacustrine deposits rich in silt and fine­
grained sand-size particles. 
Fluvial sediments constitut~ l-0cally important parts of the vadose zone 
along the Hanford Reach of the Columbia River. These deposits are 
composed of fine-grained sand and silt derived from the deposition of 
material along the margins of the Columbia River during periodic episodes 
of overbank flooding. These deposits consist of material eroded from the 
land surface upstream from the Hanford Site and transported downstream by 
the Columbia River. These eroded materials include basalt and 
glaciofluvial sediments. These overbank deposits therefore closely 
resemble the finer grained (<0.08 inch (2 millimeters)] matrix material 
in the Hanford formation. The composition of these overbank deposits are. 
of interest because the deposits represent a part of the va9ose zone that 
has been impacted most extensively by weathering and/or pedogenic soil­
forming processes, and constitute th.e primary substrate for the riparian 
ecosystem on the Hanford Site. · 



Table 3-2. Sedimentary Facies of the Ringold and Hanford Formations (WHC 1991b). 
(sheet 5 of 5) 

Facies 
Alluvial fans and stream· 
outwash deposits 

Volcanic ash 

_) 

Geoloqic characteristics 
The other main types of surface deposits on the Hanford Site include 
alluvial fan and stream outwash deposits that flank the topographically 
higher parts of the Hanford Site and interfinger with the sed_imentary 
facies described in Section 3.2; These sediments are all primarily the 
products of mechanical weathering and highly localized transport by 
ephemeral streams. These sediments range in physical composition from 
dominantly basaltic debris shed from basalt outcrops to remobilized slack 
water deposits of the Hanford formation located in the southwestern and 
western part of the Hanford Site. In general, the finer grained 
[<0.08 inch (2 millimeters)] sediments in the alluvial fans and stream 
outwash deposits have physical compositions essentially identical to 
those in the same size fraction of their parent materials . 
Several volcanic ashes have been recognized within the sedimentary 
sequence in the vadose zone. These inclu.._de the following: (1) 1980 
St. Helens, (2) Mazama, (3) St. Helens ~ubset 'S' ash, and (4) Glacier 
Peak. These volcanic ash falls appear in the field as white to light 
grey layers intercalated with fluvial and eolian deposits. Th_ese . 
volcanic ash beds (tephra) were deposited during the eruption of Cascade 
volcanoes concurrently with the deposition of the host sediments. These 
ashes are composed of quartz, feldspar, glass shards, accessory amounts 
of mafic and other minerals, plus or minus rock fragments associated .with 
specific eruptions and volcanos from which they w~re derived •. These 
generally are dacitic to rhyolitic in composition·. The composition of 
volcanic ashes typically varies with distance from source because of 
fractionation of .,the ash by size and density of its constituent minerals 
and fragments by airborne transport and fallout. 
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Table 3-3. Description of Topsoil Types on the Hanford Site . (sheet 1 of 3) 

Toosoil type Description 
The following dominant soil series have been identified and mapped on the Hanford Site (Kocher and 
Strahorn 1919; Hajek 1966; USDA 1985). 

Burbank loamy Sand Dark, coarse-textured so~ 1 underlain by grave 1. The surface soil is very 

(Ba) 
dark ~rayi sh brown ( I0YR /2), and the subsoil is dark grayish brown 
(l0YR /2). The surface ~oil is usually about 15.8 inches 
.(40.0 centimeters) thick, ranging up to 30 inches (76 centimeters) thick~ 
The qravel content of the subsoil ranges from 20 to 80 volume percent. 

Esquatze 1 Silt loam Dark brown soil formed in recent alluvium derived from loe,s and lake 
sediments. The subsoil grades to dark grayish brown (l~YR·/2) in many 

(Qu) areas but its color and texture are variable as a result of the 
stratified alluvial deposttion. Esquatzel soils are associated ~1th the 
Ritzville and Warden soils and may have developed from sediments eroded. 
from these two series. · · 

Ephrata Sandy loam/Stony Loam Dark, medium-textured soil underlain by gravelly material. The surface 

{J:'i\ ~~o:~r~ l~~~~/i}~yi;~e b[i;~g;~g:: ~~~' s!~~y t~~a:u~!~!~a ~ ~yd~~\ ~~=r~ s~nd ,-·, 
stony loam occurs on hunvnocky ridges of glacially deposited materials. 
Areas between hummocks often contact boulders on the order of 3.3 feet 
(1 meter) in dfameter. · 

Hezel Sand laminated grayish brown (l0YR)/2) soils, strongly calcareous silt loam 

(He) 
subsoil usually encountered within 24 inthes (60 ceytimeters) of the 
surface. The surface soil is very dark brown (l0YR /3), and was formed 
in wind-blown sands that covered lacustrine sediments. 

Kiona Silt loam Very dark grayish brown (10YR3/2) soil occupying steep slopes and rid.ges, 
and containing basalt fragments 12 inches (30 centimeters) in diameter 

(Ki) and larger. Many basalt fragments also are found in the surface layer, 
and basalt rock outcrops are present. Many areas of stony silt loam and 
verv shallow lithosols can be mapped in the Kiona Silt Loam soil. 

Koehler Sand Similar to other sandy soils found on the Hanford Site. These soils 
develop in a wind-blown sand mantle. This soil differs frQm the other 

(Kf) sands in that it ovjrlies a lime-silica cemented layer. The very dark 
grayish brown (l0YR /2) color of the surface layer is somewhat darker . 

..... 
than the Quincy soil. The calcareous subsoil is usually dark grayish 
brown (10YR4 /2) at about 16 inches (40 centimeters). • 
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Table 3-3. Description of Topsoil Types on the Hanford Site. (sheet 2 of 3) 

Topsoil type 
lickskillet Silt loam 

(ls} 

Ritzville Silt Loam 

(Ri) 

Scooteney Stony Silt Loam 

(Sc) 

Quincy Sand 

(Qy) 

Warden Silt Loam 

(Wa) 

Description 
·This soil occupies the ridge tops of Rattlesnake Hills and slopes above 
the 2,500 foot (762 meter) elevation. The soil is similar to the Kiani 
ser~es except that the surface soils are darker [very dark brown (l0VR /2 
to /2)). Lickskillet soils are shallow over basalt bedrock. Numerous 
basalt fragments are present throughout the profile. Many areas of very 
stony silt loam and Ritzville soils are included. 
This unit consists chiefly of dark silt loam soils that develop midway up 
the slopes of Rattlesnake Hills. These soils develop under bunch grass 
from silty wind-laid deposits mixed with small amounts of volcanic ash. 
The surface:J a 8-inch (20-centimeter) layer, is usually very dark grayish 
brown (l0VR /2), grading with depth to a dark grayish brown (10VR4/2) 
silt loam subsoil. Ritzville soils are characteristically more than 
3.3-feet (1-meter) deep, but in places bedrock can occur between 
20 inches (50 centimeters) and 3.3 feet (1.0 meter) deep. 
This soil developed along the north slope of Rattlesnake Hills, usually 
confined to floors of narrow draws or small fan-shaped areas where the 
draws open onto the plain. The soils often are severely eroded with 
numerous basaltic boulders and fragments being exposed. The surface soil 
is us~ally dark grayish brown (10YR4/2), grading to grayish brown 
(l0YR '/2) in the subsoil. 
Quincy Sand, also known as Rupert Sand, is one of the most extensive 
soils on the Hanford Site. The surface is a brown to grayish brown 
(10YR5/2) coarse sand, which grades to a dark grayish brown (10YR4/2) 
sand at about 3.3 feet (1 meter). Quincy soils developed under g-rass, 
sagebrush, and hopsage in coarse sandy alluvial deposits that were 
mantled by wind-blown sand. Relief characteristically consists of 
hummocky terraces and dune-1 i ke ridges. Active sand dunes are. mapped in 
the Quincy Sand. 
This is a dark grayish brown (10YR4/2) soil. The surface layer ~sually 
i~ 9 inches (23 _centimeters) thick. The silt loam-subsoil (l0YR /2) 
becomes strongly calcareous at about 20 inches (50 centimeters). 

·Granitic boulders are found in many areas. Usually the soil is greater 
than 59 inches (150 centimeters) deep. 

) ) 
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Table 3-3. Description of Topsoil Types on the Hanford Site . .. (sheet 3 of 3) 

Topsoil type Description 
Much of the Hanford Site is overlain with recently deposited or reworked geologic media. Such media have 
not been weathered sufficiently to form a soil profile. The following brief description of these 
materials is provided. . · · 

Dune Sand This unit represents miscellaneous materials, consisting of ridges of 
sand-sized particles transported by winds that are either actively 

(D) shifting or so recently fixed or stabilized that no soil horizons hav~ 
developed . Recently blown-out areas of Quincy Sand are included. u "' -'-" n<UtJ 

small active dunes and accompanying blown-out areas are included with 
other soils. 

R1verwash These soils occur in wet, periodically floo.ded areas of sand, gravel, and 

. (Rv) 
boulder deposits that make up islands in and adjacent to the Columbia 
River. 

SourJe: USDA 1962: . . . 
10YR

4
/2 • Very dark grayish brown. 

lOYR /2 • Dark grayish brown. 
lOY~/2 • Grayish brown. 
IOYR /3 • Veri dark brown. 
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Table 3-4. Properti~s of Selected Hanford Site Topsoils1
• 

Soi 1 Texture Sand Silt Clay CEC pH KSAT2 

class % % % meg/lOOg cm/hr 

Burbank loamy Sand 78.1 17.9 4.0 5.5 7.7 15 - 50 

Esquatze_l Silt loam N/A N/J\ N/A N/A 7.6 N/A 

Li ckski 11 et loam 47.4 41.5 11. l 23.7 7 .. 4 N/A 
Ritzvil 1 e Silt loam • 43.6 . 43. 9 12.5 14.4 7.3 1.5 - 5 

Quincy loamy Sand 84.l 8.5 7.4 7 .1 7.6 N/A 
Warden Silt loam 33.9 37 . -6 8.5 13.4 6.7 1.5 - 5 

1 From Routson and Fecht 1979. 
2 Saturated hydraulic conductivity data from soil interpretation 

record, USDA-SCS Benton County, Washington {USDA 1985). 
% = percent. 
meg/lOOg = milligrams per 100 grams. 
N/A = not applicable. 
pH = negative concentration logarithm of the hydrogen-ion 

concentration. 
cm/hr = centimeters per hour. 
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Table ·3-5. Classifications of Topsoil Types on the Hanford Site. 

Soil Order Suborder Great soil group USDA 7th 
type1 approximation2 

Ri 

Qy 

He 

Kf 

Ba 

Ei 

Ls 

Ki 

Wa 

Sc 

Eb 
p 

Qu 

Rv 

D 

Zonal Arid Regions Brown to Regosol Aridisols-Mollisols 

Azonal Re~Josol Entisals 

Azonal ReHosol Entisols 

Azonal Re~1osol Aridisols-Mollisols 

Azonal Re9osol Entisols 
Zonal Arid Regions S1erozem to Regosol Aridisols-Mollisols 

Azonal Lithosol Aridisols-Mollisols 

Zonal Arid Regions Si E!rozem to Regosol Aridisols-Mollisols 

Zonal Arid Regions Si E!rozem to Regosol Aridisols-Mollisols 

Zonal Arid Regions Sieirozem to Regosol Aridisols~Mollisols 

Zonal Arid Regions Sierozem to Rego sol Aridisol~-Hollisols 
Azonal Alluvial Aridisols-Mollisols 
Azonal Alluvial Aridisols-Mollisols 

Miscellaneous Not· Soil 

Miscellaneous Not Soil 

1 Description of soil types are provided in Table 3-3 and Figure 3-9. 
2 USDA 1962. 

Entisols = Soils without layering ; essentially equivalent to Azonal 
soils. 

Aridisols = Soils of deserts and semiarid regions, and associated saline 
or alkalini soils. Di fferent kinds are distinguished 
primarily on the basis of mineralogy. 

Mollisols = Grassland type soils that are mostly lime-rich, having a 
thick organic-rich surf ace -layer. 

Hanf ord Site Background: Part I , Soil Background for Nonradioactive Analytes 
January 2001 T3-5 



Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 

DOE/RL-92-24 
Volume 1, Rev. 4 

T3-6 

,---., 

~ -



-~ -

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

CONTENTS 

DOE/RL-92-24 
Volume 1, Rev. 4 

4.0 SOIL BACKGROUND CONCEPTUAL MODEL ... 

4. 1 PRIMARY COMPOSlTIONAL CONTROLS . . . . . . . . • . 4-2 
4.1.l Soil Composition and Meas~rement Processes ~ ..... 4-3 
4.1.2 Relationships Between Physicil and Chemical 

Composition . . . . . . . . . . . . 4-4 
4.1 , 2.1 General Relationships. . . 4-4 
4.1.2.2 Site-Specific Relationships 4-6 

4.1.3 Grain Size Effects . . . • . . • . . • . 4-8 

4.2 GEOLOGIC IMPLICATIONS FOR SOIL COMPOSITION 
4.2.l Hanford formation ...•..... 

4-9 
. •.. 4-9 

4.3 

4. 2. 2 Other Vadose Zone Materi a 1 s . . . . , . • • 
4.2.2.1 Sediments of the Ringold Formation 
4.2.2.2 Eolian Deposits ..... · 
4.2.2.3 Fluvial Deposits · •.....•. 
4.2.2.4 Clastic Dikes ...... . 
4;2.2.5 Volcanic Ash . . . . . . 
4.2.2.6 Carbonate-Rich Materials 

4.2.3 Nugget Effect ........ . 

WEATHERING AND PEDOGENIC SOIL PROCESSES . 
4.3.l General Soil Forming Processes ... 
4.3.2 Pedogenic Soils of the Hanford Site .. 
4.3.3 Translocation and Accumulation Processes . 

4.3.3 . 1 Leaching and RemobilizatiQn ... 
4.3.3.2 Meteoric Accumulation ..•... 
4.3.3.3 Bioaccumulation ·and Translocation . 

4.3.4 Other Biologic Considerations .... 

4. 4 SUMMARY . . .. . . . . . . . . . . . • . . . . . . . 

FIGURE 

. . . 4-9 
4-10 

. 4-10 

. 4-11 
. . . . 4-11 

4-11 
4-11 

·, . . . . 

. 4-12 

4-13 
4-13 
4-14 

. 4-15 
4-15 

. 4-16 

. 4-16 

. 4-17 

. . 4-17 

4-1. Modeled Bulk Concentrations (mg/kg) of Barium (a), Chromium (b), 
Sodium (c), and Copper (d) Plotted Against Percent 
Basalt (by Weight) in a Hypothetical Soil Sample . . . . . . . F4-l 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
Janua·ry 200 I 4-i 



I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4-1. 

4-2. 

4-3. 

TABLES 

Bulk Composition Range for the Types of Materials in 
Hanford Site Soils .•....•.......• 
Modeled Concentrations for Constituent Material in 
Hanford Site Soils ••••..•••.....•..• 
Calculated Element Concentrations in Soil for Various 
Proportions of Constituents .........•• 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2 00 l 

DOFJRI>92-24 
Volume 1, Rev. 4 

T4-l 

T4-2 

T4-:--3 

4-ii 

··---
\ 



,,,--.... 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
is 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 · 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

4.0 SOIL BACKGROUND CONCEPTUAL MODEL 

DOE/RL-92-24 
Volume 1, Rev. 4 

Conceptual ~odels are integral components of the DQO process used in the 
d~sign of data collection -efforts (EPA 1987). For this.project, a soil . 
background conceptual model was developed that focused .on what the composition 
of natural soils represent and the factors that affect chemical composition, 
rather than on hypotheses regarding contaminants. This conceptual model 
represents a synthesis of available data and information on the 
characteristics of the soils on the Hanford Site, and the nature and processes 
that control soil composition. 

This soil background conceptual model is important because the model 
~rovides a scientific basis for the interpretation and use of the data. The · 
conceptual model also provides a basis for guiding data toll~ction activities 
and the development of other DQOs. Additionally, the conceptual modeJ serves 
as the basis for the development and E?valuation of the Sitewide approach to 
the characterization of soil background for use in environmental restoration 
activities on the Hanford Site. 

The soil background conceptual model was developed _initially on soil 
background data from various RCRA and CERCLA WMUs (WHC 1991a}. To obtain an 
accurate description and understanding of-the system, this conceptual model 
has been, and continues to be, revised and refined as new data are acquired. 
The ·adequacy of th, conceptual model i s based on internal consistency betw~en 
the model and the data, and on peer rE!view. The following is a summary of the 
key elements of the current soil background conceptual model. 

• Soil background for the Hanford Site should be based on the materials 
comprising the vadose zone. 

• The chemical composition of soil backgrou~d is based on the analysis 
of the sand size and smaller material (<2 millimeters in diameter} in 
the soils, as prescribed by rE!gul atory protocols. 

• The vadose zone soils are expected to have a range of compositions 
that can be described as a single population because of similarities 
in the sand size and smaller mat~rial. 

• The si~ilarities in these soil materials include the source rocks 
depositional processes and the presence of quartz, feldspar, and 
basaltic material as ubiquitous and modally dominant components. 

• The range of soi 1 compositions is expected to reflect differences in 
the proportions and grain size of the constituent materials. 

• Some soils could contain accessory minerals. or material with naturally 
large concentrations of specific analytes. 

• Subordinate soil types such as topsoils, volcanic ash, or alkaline 
soils might have anomalously large concentrations of some analytes. 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 4-1 



1 
2 
3 
4 
5 
6 
7 
a· 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
SI° 

DOE/RL-92-24 
Volume 1, Rev. 4 

,.-,._ 

Data types used in the development of the conceptua1 model include field 
information on the geologic relationships and history; structure and 
stratigraphy; physical properties such as grain size, lithologic, mineralogic, 
and biologic composition; and chemic;il compositional data. These data 
together with information and scient ·ific principles relevant to the 
composition of naturally occurring sediments have been incorporated in the 
model to address the following topics: · 

• The primary factors that affE?ct and control soil composition 

• The number and type of discrete compositional populations that require 
characterization 

· • The secondary factors and controls that potentially influence soil 
composition. 

The first two topics involve the chemical ~9mposition of soils and 
geologic characteristics. The primary factors that affect chemical 
composition are the analytical methods prescribed by regulatory protocols 
{EPA 1986, 1989c) and physical characteristic~ such as constituent types, 
modes, grain size, and chemical properties. The. main geologic factors include 
depositional and other sorting processes, and lateral and vertical 
variability, particularly of the finer grained material. 

The third topic involves consideration of factors and proc~sses 
potentially give rise to variant compositional types. These factors 
processes include we~thering, leaching, and physical and biological 
accumulation. 

that 
and 

The main components of this conceptual model are described in the 
following sections. 

4. 1 PRIMARY COMPOSITIONAL CONTROLS 

The cornerstone of the Sitewide soil background conceptual model is the 
understanding of what a chemical analysis of soil represents. This aspect of 
the conceptual model is based on consideration of the material that is 
analyzed, the manner in' which chemical composition is determined, and how 
these factors influence soil compositional data~ 

The soil background conceptual model takes into consideration three 
primary controlling factors that influence the natural analyte concentration 
of soils from the vadose zone on the Hanford Site: 

• The _ sampling and laboratory analysis procedures prescribed by 
environmental regulations and protocols 

• The relationship between chemical composition and the modal 
composition and grain size of the sedim~ntary materials in the samples , ___ 
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• The distribution of. the dominant rock and mineral components within 
the vadose zone. 

These aspects of the soil background conceptual model are summarized in 
the following sections. 

4.1.1 s0;1 Compos;tion and Measurement Processes 

A fundamental aspect of the soil background conceptual model is that 
chemical composition of soils, as determined in accordance with regulatory 
protocols (EPA 1986, 1989c), are those of fluids resulting from reaction and 
partial dissolution of only the finer grained materials in a soil sample 
[i.e., <2 millimeters in diameter; WAC 173-340-740(7)(a)]. These size 
fractions correspond to sand, silt, and clay sized materials. The sample 
preparation method involves the incomplete digestion in hot nitric acid for 
most .cations, and water leaching for most anions (EPA 1986, 1989c). These 
fJuids are analyzed using spectroscopi c, chromatographic, ·and other 
techniques. · 

The chemical composition of soil analyzed in this y1ay differs from the 
bulk (i.e., total) composition of a soil sample because materials larger than 
coarse sand generally are not included in the material that is analyzed and 
the material analyzed represents partial digestates and leachates. An 
understanding of these factors is fundamerital to the soil background 
conceptual model. 

The size limitation on the analyzed soil material was used for the 
characterization of soil background to ensure consistency and comparability of 
the resulting data. Control of the so ·il sample size is an important factor 
that affects chemical composition (Sect ion 4.1.3). This aspect of consistency 
and comparability of the sampling and analysis is, therefore, an important DQO 
and a.prerequisite for the use of thesE? data as Sitewide background for both 
CERCLA and RCRA activities across the Hanford Site. 

The chemical composition of soil i s, therefore, directly influenced by 
finer grained material. More specifically, chemical composition can be 
expected to be controlled primarily by the" physical composition and 
characteristics of these materials. These parameters include the types and 
amounts of mineral and rock constituents {i.e., modal composition). and grain 
size. The extent to which organic mate!rial and biologic processes also 
influence composition is discussed in Section 4.3. · 

Data on the bulk (total) composition of rocks, soils, and minerals, 
therefore, have limited applications for the purpose of this report because 
the bulk composition does not represent the same type of compositional data 
described here. Bulk compositional data are useful, however, in constraining 
the upper bound of soil analyte concentrations {Section 4.1.2.2), as · 
calibrations, and as references for x-ray fluorescence field screening. 

As a consequenc~ of the mandated sample preparation methods, the ch~mical 
composition of the fluids reported as soil composition are controlled 
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primarily by the relative solµbilities of the constituent soil materials in 
the extraction fluids, and the resulting che~ical reactions. These reactions 
also are affected by the surface area of material in a soil sample, manifested 
as grain size. This is because the rate and extent of dissolution reactions 
increase with effective surface area, i.e., decreasing grain size (e.g., 
Helgeson and Murphy ~1983). 

These relationships are important in the conceptual- model because they 
provide insight concerning the nature and source of variation in the chemical 
composition of the soils. The theoretical and site-specific relationships 
between physical composition and chemical composition in the context of these 
sampling and analysis procedures are discussed in the following section. 

4. l. 2 Re lat i onshi ps Between Phys ica 1 and Chemi ca 1 Composition 

The genera 1 re 1 at i onsh i ps between the phys ica 1 and ch~mi ca 1 cmnpos it ion 
of soil samples and also between bulk and digestate/leachate compositions are 
presented in this section. The Site-specific implications of these 
relationships for soils that occur naturally in the vadose zone on the Hanfor<l 
Site are discussed . in Section 4.1.2.2. · 

4.1.2.1 General Relationships. The chemical composition of geologic 
materials is controlled by the compositions of the components that make up the~ 
material, and the relative amounts (mass fraction) of the components. This · 
general relationship can be expressed by consid~ring the concentration of a 
single analyte A in a sample. The total · amount of this analyte cc:out> can be 
represented by the following expression , 

n . 
A ~ A A A A 

ctotal = L.J (C, * ff + Cz * f 2 • • • • CA fA) 
+ n * n (1) 

i "'1 . 

where 

31 = total (bulk) concentration of analyte A 
32 

c:otal 
33 = toncentration of analyte A in components 1 ton 
34 

CA . -· .. CA 
1 n 

fA fA 35 = mass fractions .of components 1 ton in the sample, 
36 where the sum of the mass fractions of all components 
37 in the sample equals 1.0. 

1 n 

38 
39 i =. component. 
40 
41 Thus, the concentration of an analyte in a soil sample depends on the 
42 relative amount of the components (e.g.; minerals) in the sample, and the 
43 amount of _the analyte present in each of these components, i.e., the product 
44 of the mass fraction and analyte concentration for each component. 
45 
46 · As indicated in Equation 1, the only constituents in soil samples that 
47 are important_ in controlling the concentration of an· analyte are those that 
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1 contain the analyte and that either are modally abundant or have such large 
2 ~oncentrations that they contribute iignificantly to the bulk composition even 
3 if the mass fractions of the component is small~ Components that do not 
4 . contribute significantly to the bulk composition serve to dilute analyte 
5 · concentrations, and are othe.rwise insignificant . . Physical characteristics 
6 such as grain size do not affect bulk composition, but are expected to have 
7 important effects on digestate/leachate compositions. 
8 :, 
9 The chemical composition of digestate/leachate for soils can b~ expressed 

10 in the same manner as bulk composition (Equation 1), but with the addition of 
11 a term representing the extent to which the analytes are effectively extracted 
12 from the soil components. This term is referred to here as extraction 
13 efficiency (EF), and is defined as the ratio of digestate/leachate 
14 concentration to the bulk concentration for a given analyte. 
15 
16 The mathematical description for . the relationship between 
17 digestate/leachate composition, the modal proportion of the constituents, the 
18 analyte concentration.in the individual constituents, ~nd the bulk . 
19 concentration of an analyte is .giveff b_y the expression 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

(2) 

where C~L is digestate/leachate concentration of analyte A determined in 
accordance with the regulatory protocols, and EF1 to EF~ are the EF factors of 
analyte A for the respective components. All other terms are the same as 
tho~e defined for Equation 1. 

The digestate/leachate concentrat ·ion of an analyte, therefore, differs 
from the bulk concentration of an analyte, in proportion to the EF ratio. The 
EF term incorporates all of the paramet ers that affect the dissolution­
reaction process, including solubility :, surface area effects, and 
prec1 pit at ion. 

The relationships between mass fraction · (mode) and analyte concentration 
for each component (e.g., mineral type ) in controlling digestate/leachate 
composition are the same as for bulk composition. The main difference is that 
digestate/leachate composition also depends on the extent to which an analyte 
goes into solution resulting from the extraction process {i.e., efficien·cy of 
extraction). This difference is important in the soil background conceptual 
model because it establishes the relat i onship between digestate/leachate 
composition .and ·factors such as grain size that also influence EF. 
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1 In practice, however, individual EF ratios generally are not knowh or are 
2 even measurable. The effective EF ratio for an enti~e sample· is defined by 
3 the following expression 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1.5 
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FA CA / A . E eff = DL ctotal . (3) 

·This effective EF ratio (EF:1f)i s a parameter that can be measured for 
individual samples (refer to Chapter 6.0, Section 6.2). Thus, the effective 
EF of an analyte for various sample types is a characteristic that relates all 
pertinent Site-specific physical characteristics of a sample to its 
digestate/leachate composition. These expressions are important in the 
conceptual model because they provide a mathematical basis for the 
relationship between physical and chemical composition, and also for 
understanding the implications of factors ·such as the 'nugget' effect 
(Section 4.2.3) on soil composition. 

4.1.2.2 -Site-Specific Relati~nships. The conceptual model for the 
relationships between physical and chemical composition of the vadose zone 
soils on the Hanford Site is based on the general relationships described 
previously, and the Site-specific characteristics of the soils . The basis for 
the expected similarities in chemical and physical composition of the soils is 
presented in this section. Geologic relationships associated with the 
expected similarities are discussed in Section 4.2. 

Systematic similarities in the chemical composition of finer grained soil 
materials are expected becauie these materials are composed ·predominately of 

. three ubiquitous components, basalt, feldspar, and quartz, which are expected, 
to largely control the chemical composition. In most of the soils, basaltic 
material is believed to be the main contributor to soil _composition for most 
analytes. 

The modal composition of the so i l materials and its relationship to 
chemical composition is most convenientlj described in terms of the basalt, 
feldspar, and quartz components for the purposes of the conceptual model. 
This convention for expressing modal _ composition is the most practic~l and 
descriptive way 6f measuring these components, even though basalt is rock 
material composed of minute grains of feldspar, glass, and other minerals. 
Also, the relaiionship between modal and chemical composition (e.g., 
Equat.ion 2) is best described in terms of components ·with documented chemical 
compositjons. Each of these three modally dominant components have 
compositions that are either known or can be constrained within a finite 
range. 

Based on bulk composi~ional _data for these three types of components 
(Table 4-1), basaltic material appears to have the largest concentrations for 
most analytes . The composition of the basaltic material should, therefore, 
constrain the upper concentration limit for most ~nalytes. The effects of 
modally abundant components such as quartz and felds~ar would thus be expected 
to dilute the concentratipns of analytes derived from basaltic material or 
other components in the sample. The main exceptions would be for analytes ,,.-.___ 
that occur in significant amounts in a modally abundant component (e.g., 
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1 sodium in feldspar, or calcium in carbonate} or modally subordinate accessory 
2 minerals containing very large. amounts of specific analytes (e.g., s_odium and 
3 chloride in salts, or elements such as copper, lead, and sulfur in sulfide 
4 minerals) . . Because of the w·ay the chemical analyses are performed, modally 
5 subordinate components (e.g., carbonates or clays) would have a very small 
6 effect on analyte ·concentrations unless the component was the source of a 
7 'nugget .' effect (Section 4.2.3). 
8 
9 Physical mixtures of these component materials would be expected to· 

10 produce a contiriuous series of concentrations for each analyte, extending 
11 between the composition of the .constituents having the largest and smallest 
12 abundances. This range between the compositions of the two end member 
13 components is represented by a mixing line. Although none of the soils on the 
14 Hanford Site appear to be composed of one or even two end member components, 
15· published analyses of the trace element compositions of feldspar and quartz 
16 and bulk compositional data on Columbia River basalt (Table 4-1) can be used 
17 to evaluate the types of chemical relationshi~s expected in Hanford Site 
18 sediments. • 
19 
20 Simplified examples of the types of relationships expected for 
21 hypothetical soils ·containing the types of components found in the vadose zone 
22 soils on the Hanford Site are illustrated in Figures 4-la to A-ld for four 
23 selected analytes (barium, chromium, sodium, and copper). The analyte 
24 concentrations plotted in these figures are for bulk soil concentrations 
25 calculated from Equation 1, using the data on end member compositions listed 
26 in Table 4-2, and the sample modes given in Table 4-3. 
27 
28 As seen in these ligures, the bulk concentrations of soils composed of 
29 basalt, quartz, and feldspar in various proportions result in a compositional 
30 series for all of these analytes. Analytes that occur in significant amounts 
31 in two of the three modally dominant components (e.g., sodium in basalt and 
32 plagioclase) appear to produce a broader range of concentrations for the 
33 apparent mixing line of some samples (e.g., Figure 4-lc). This is in part an 
34 artifact of the mixing index (percent basalt) used in these plots. The nugget 
35 effect for copper associated with a small amount of sulfide is illustrated in 
36 Figure 4-ld. 
37 
38 These simplified examples indicate that, with few exceptions, the 
39 compositions of most samples having the physical characteristics of the soils -
40 in the vadose zone generally should form a continuous series for each analyte. 
41 However, in the natural system, the compositions of the basaltic and feldspar 
42 end member components are not fixed and have a finite range of concentrations 
43 for certain analytes. 
44 
45 For feldspars, the compositional range results from the solid solution 
46 series between potassium-, sodium7, and calcium-rich end members that comprise 
47 this group of minerals._ The ubiquitous basaltic .component in the soils also 
48 are mixtures of many basalt flows with various ·compositions. The effect of 
49 these variations in end member CQmposition would be expected to produce 
50 somewhat more diffuse mixing lines and/or a less distinct corresponden~e with 
51 modal -proportions for some analytes. 
52 
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I The general relationships illustrated in .these examples are expected to 
2 be comparable to those of soil digestate compositions. The calculated 
3 concentrations in these examples generally should be larger than those of 
4 digestate compositions. This is because these examples are· based on bulk 
5 compositions. The· magnitudes of the values are expected to be reasonable upper 
6 bounds for digestate/leachate compositions (i.e., EF = 1.0). 
7 
8 Digestate/leachate compositions for individual end member components 
9 (e.g., minerals) were not used in these examples, because data of this type do 

10 not generally exist {d~ta for the basalt presented in Chapter 6.0, 
11 Section 6.2.2 is an exception). The compositions listed in Table 4-1 are only 
12 examples of the compositions of these materials, rather than the maximum 
13 concentrations that actually might occur. 
14 
15 
16 4. 1.3 Graln Size Effects 
17 
J8 As noted in S~ction 4.1~1, the effects of grain size have important 
19 implications for the chemical composition of sediments and soils that are 
20 analyzed in accordance with regulatory protocols {EPA 1986, 1989c; 
21 WAC 173-340). Particle size affects the chemical composition of soil 
22 primarily for two reasons: (1) different size fractions of a soil sample 
23 typically have different proportions of constituent minerals, and therefore, 
24 ·different bulk and digestate compositions, and (2) different size fractions of 
25 chemically homogeneous materials might produce different digestate 
26 compositions because of differences in reactivity from grain size effects 
27 alone. 
28 
29 The first factor is important because a soil sample composed of ~wo or 
30 more components can be affected significantly by the extent to which samples: 
31 are fractionated by size in the field and/or in the laboratory before 
32 digestion and analysis. The second factor is important because the chemical 
33 composition of natural soil materials as determined by EPA protocols depends 
34 · on the extent to which analytes are extracted from the bulk sample (i.e., EF); 
35 which depends directly on particle size and mineralogy. 
36 
37 Particl~ size is related to EF because the size and shape of mineral 
38 particles determine their ratio of surface to volume and mass. The ratio of 
39 surface area to mass controls chemical properties such as dissolution rate and 
40 extent of reaction with solvents. Digestate/leachate composition is, 
41 therefore, related to bulk composition by the net EF for each analyte in a 
42 soil sam~le. The effective EF is expressed as a fraction {zero to 1.0) of 
43 total (bulk) abundance of an analyte resulting from the extraction processes. 
44 In practice, the effective EF for analytes in an entire sample is more easily 
45 measured (Equation 3). 
46 
47 Particle size and type, amount of solids present (i.e., mode), and EF 
48 are, therefore, al 1 important considerations for the determination and use of 
49 soil background compositional data, because these factors tend to expand the 
50 range of compositional variability. This asp~ct of the conceptual model 
51 indicates that both small-scale heterogeneity in grain size jnd bias from the 
52 sampling and analysis process might have an effect on the chemical ~omposition 
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of indfvidual samples and on interpretations regarding the range of 
compositions observed in the Sitewide data set. 

4.2 .GEOLOGIC IMPLICATIONS FOR SOIL COMPOSITION 

The relatively unique geologic relationships and associated _physical 
characteristics of the soils on the Hanford Site, as described in 
Section 4.2.1, are fundamental components of the soil background conceptual 
model. The physical compositions of the finer grained fraction of most vadose 
zone sediments should be related because of their similar or common •origin. 
The relationships between the origin and deposition of the sediments, anq the 
physical characteristics and composition of the various sediment: types that 
occur in the vadose zone are described in the following section. 

4.2.1 Hanford formation 

The sedimentary facies of the Hanford formation -(Chaptef 3.0, 
Section 3.2.4) comprise a majority of the vadose zone beneath the Hanford 
Site. The material in the sand, silt, and clay size fraction throughout ~ost 
of the Hanford formation sediments is composed primarily of basalt, quartz, 
and feldspar components in varying proportions, based on field observations. 
These relationships re.fleet the similarities in source of these materials and 
the . depositional processes. The range and distribution of modal proportions 
and grain size laterally and vertically throughout the vadose zone reflect the 
changing nature of the energy regimes in the depositional environment. A 
related range of analyte concentrations fo; these materials throughout th~ 
vadose zone is, therefore, expected based on these . relationships. 

Some of these sediments, e.g., slack water facies (Chapter 3.0, 
Table 3-2) and subordinate sediment types, also contain other mineral or rock 
components.(e.g., mica, carbonate, organic material). The effect of these 
components on bulk or digestate/leachate composition depends on the 
composition and mass fraction of these components {Section 4.1.2). The 
effects of these comprinents on analyte concentrations is expected to be small 
in most Hanford formation materials. The main exceptions are expected to be 
·associated with the nugget effect (Section 4.2.3) or with specific analytes in 
materials containing a large amount of another component (e.g., calcium and 
strontium in carbonate-rich sediments). The physical characteristics and 
expected chemical characteristics of the subordinate soil types are described 
in the following section. . · 

4.2.2 Other Vadose Zone Materials 

Approximately 10 percent of the vadose zone .by v9lume is .composed of 
Ringold Formation sediments. Volcanic ash, sediments in elastic dikes, and 
surficial materials, including recent topsoils, eolian and fluvial de~osits, 
comprise <l percent of the vadose zone. Carbonate-rich sediments also account 
for <1 percent. 
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These materials are important bec:ause they represent parts of the vadose 
zone that are either not part of the Hanford formation or that differ in some 
way from other vadose zone materials. Most of thes~ materials are expected to 
have compositions within the range of the Hanford formation sediments because 
of similarities in modal composition. However, some soils have physical 
characteristics a~d associated chemical compositions outside the range of 
other vadose zone materials that appe,lr as compositional variants for one or 
more analytes. 

Consideration of the various types of subordinate materials is included 
in the soil background conceptual mode!l and data evaluation process for 
completeness. It also is noted that most of these subordinate soil types 
occur at or near the ground surface, and are expected to be materials 
frequently encountered and impacted by operations on the Hanford Site. These 
considerations, therefore, provide a basis for understanding and interpreting 
compositional anomalies. The characte!ristics of these materials are described 
in the following sections. The characteristics of topsoils are described in 
Section 4.3 . • 

4.2.2.1 Sediments of the Ringold For11~ation. The majority of the subordinate 
material in the vadose zone are sediments of the Ringold Formation. These 
sediments· co~prise the lowermost part of the vadose zone where the sediments 
extend above the water table (Chapter 3;0, Figure 3-5). 

The finer grained material in th1?se sedimentary facies was derived from 
the same sources as the Hanford formation sediments, but were transported and 
deposited under different, though related conditions (Chapter 3.0, 

-- ,,,-__; 

Section 3.2.1). The modal compositions of the finer grained material from the 
upper and middle Ringold facies, therefore, have similarities to the mate~ial 
in the Hanford formation because both contain basalt and an abundance of 
quartz and feldspar. The amount of basaltic material in the Ringold Formation 
appears to be significantly less than that in most Hanford formation 
sediments. Accumulations of dissag~regated Ringold materials also might occur 
locally within some Hanford formation sediments adjacent to the Columbia 
River. 

The types and amounts of accessory minerals such as mica might differ 
from those in the Hanford formation si~diments. Existing data on the very 
fine-grained material in the Hanford and Ringold sediments indicate that both 
are dominated by smectite, feldspar, and quartz together with clay and heavy 
minerals (PNL 1992c). It is, therefore, likely that the composition of · the 
Ringold Formation sediments that occur in the vadose zone might be comparable 
to those of other vadose zone materials for most analytes. 

4.2.2.2 Eolian Deposits. Windblown deposits that locally veneer the Hanford 
Site ar~ expected to have chemical compositions that are consistent with · 
and/or indistinguishable from those · of the Hanford formatio'n. The eolian 
deposits were derived ·either from the flood deposits or are compositionally 
related to them because both are composed almost exclusively of quartz, 
feldspar, and basaltic material, .with accessory amounts of other minerals. 
Some of these deposits are the ~roducts of two or more episodes 6f 

. remobilization and eolian fractionatfon from the Hanford formation and/or its 
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counter~arts in adjacent areas. · Con5equently, the composition of the eolian 
deposits should fall within the compositional range of the Hanford formation. 

4.2.2.3 Fluvial Deposits. The chemical composition of recent fluvial · 
deposits from the Columbia River should be similar to those of the ancestral 
Columbia River flood deposits of the Hanford formation because the materials 
were deposited in a related though less energetic manner. The compositions of 
these materia·ls might be consistent with those of Hanford formation sediments 
because they appear to be composed of the same types of constituents, though 
finer grained, and are derived from largely similar source materials, 
including Hanford formation. The main physical differences from Hanford 
formation sediments are that these deposits are younger, generally finer 
grained, somewhat more weathered, and also could contain more organic 
material. · · 

4;2.2.4 elastic Dikes. The composition of the material comprising elastic 
dikes within the Hanford formation sediments also are expected to be 
indistinguishable from those of the Hanford formation sediments. This is 
because these materials are derived from the fluidization and remobilization 
of fine- to medium-grained material from the Hanford formation. Clastic dikes 
also occur in the Ringold Formation, and have similar affinities between the 
dike and host materials. · 

4.2.2.5 Volcanic Ash. The origins of the volcanic ashes are unrelated to 
those of the .sediments, because the ash deposits reflects the composition of 
the magma and/or other volcanic material from which the deposits were derived. 
The main similarity in composition to the vadose zone soils is that the ashes 
contain modally abundant amounts of quartz and feldspar. However, the dacitic 
to rhyolitic bulk composition of these materials differ significantly from 
those of the dominant constituent in the soils (i.e., basaltic material). The 
trace element composition of the volcanic ashes would not necessarily be 
expected to resemble those · of vadose zone sediments, because of their 
different geological . origins. Thus, at least some constituents in volcanic 
ash could appear as compositional outliers. 

4.2.2.6 Carbonate-Rich Materials. Sediments containing significant amounts 
of calcium carbonate typically are found in this region, and comprise less 
than 1 percent of the vadose zone on the Hanford Site. Most of this material 
is represented by a facies within the Plio-Pliestocene sediments that occur as 
a thin discontinuous layer about 50 to 100 feet (15 to 30 meters) below the 
surface in the vicinity of the 200 West Area (Chapter 3.0, Table 3-2}. 
Carbonate minerals also are present in other sediments, and also are 
associated with alkaline soils and the development of soil profiles in this 
region {Section 4.3). These materials are expected to have compositions that 
differ from other soils by·having larger contents of calcium, inorganic carbon 
(i.e., alkalinity), and associated trace elements such as strorttium. Such 
materials also would be expected to have lower concentrations ·of most other 
analytes as the amount of carbonate increases. 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 4-11 



1 
2 
3 
4 
5 

·5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
271 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

. 43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

4.2.3 Nugget Effect 

DOE/RL-92-24 
Volume 1, Rev. 4 

In the process of ·developing the soil background conceptual model 
(WHC 1991a), it was recognized that the model must include a provision for 
unusually large concentrations of some analytes that can occur naturally in 
some sample~. This provision involves the consideration of samples containing 
a small amount of a phase or component having a large amount of an analyte 
otherwise regarded as a minor or trace constituent. This situation is known 
in the mining industry as the nugget effect {Knudson and Kim 1978) and implies 
that although a nugget of mineral or metal might occur naturally, the mineral 
or metal will be found only in a small percentage of the samples. 

This effect is -partic~larly important fo~ analytes that are major 
components of minerals or amorphous material (e.g., basaltic glass), but which 
are modally subordinate in the soils. Examples are sulfide minerals, which 
can contain hundreds of thousands of parts per million of analytes such as 
copper, lead, zinc, mercury, and cadmium. However, the modal abundance of 
such minerals in the soils and sediments typically is less than l percent. 
Thus, a single grain of such a mineral could cause the concentration of one or 
more of the ele~ents listed above to appear anomalously high in a small 
percentage of samples. These samples could be perceived as being 
contaminated~ or as outliers not belonging to the same population as the 
majority of the samples. It is, therefore, important to note that some 
anomalously high concentrations of certain analytes are expected in the 
natural background. population due to the nugget effect. _.,.........__, 

Minerals or rock constituents that could contribute to the nugget effect 
in the vadose zone include sulfid~ minerals and certain heavy minerals that 
commonly are· deposited as placers (e.g., monazite, zircon, apatite, rutile, 
garnet, epidote, tourmaline). Placer minerals commonly contain large 
concentrations of uranium, thorium, and zirconium. Zinc and lead sulfides 
from the mining district around Couer d'Alene, Idaho, for example, are 
~xpected to be in at least some of the sediments because this area is part of 
the northern source region for sedimentary material. Placer deposits have 
been previously identified in the Pasco Basin near the Vernita bridge 
(Preston 1981) and this area remains a popular spot for recreational gold 
mining. 

· Other potentially important contributors to the nugget effect include the · 
basaltic materi~l that constitute significant proportions of some Vadose zone 
sediments. Some of the many basalt f l ows from which the basaltic components 
were derived contain as much as 4,000 parts per million of barium, and other 
flows contain ov~r 200 parts per million of chromium {DOE 1988). Fragments of 
these basalts in a sample can produce an occasional data point ·that appears 
erroneous, but is in fact part of the natural array of compositions. The 
nugget effect also applies to these basalt components because only a few of 

. the many basalts flows have such extreme compositions, and the probability of 
such basaltic components occurring in a soil is small ~ 

The difference between anomalous·ly high concentrations in soil samples 
and the nugget effect can be di"st i ngui shed by severa 1 methods. The first -~ 
method is to review the analysis for the presence of elements that could form 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 4-12 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 . 
23 
24 

, 25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

~51 
52 

DOE/RL-92-24 
Volume 1, Rev. 4 

a candidate nugget mineral (e.g., copper in a copper sulfide). Correlations 
between elements within candidate nugget minerals provides a basis for 
discrimination. A second method is to reanalyze a split of the same sample, 
or a subsequently collected replicate, for which singularly high 
concentrations are observed. In general, a low or less than detection limit 
concentration will be .found in the split if the apparent anomaly is 
attributable to the nugget effect. Alternatively, a duplication of the high 
~oncentration indicates that the sample from that location is distinctly 
different from the background population. 

4.3 WEATHERING AND PEDOGENIC SOIL PROCESSES 

The consideration of surficial weathering and sotl-forming processes 
involving chemical weatheting, leaching, and biologic activities is important 
in the soil background conceptual model because these processes can cause the 
composition 6f soils to differ from t hat of the parent material. This aspect 
of the conceptual model was developed in conjunction with scientists familiar 
with the botany, soils, and ecology of the Hanford Site. Investigation of 
these processes is intended to provide a scientific basis for understanding 
the nature and extent to which pedogenic soil profiles exist at the Hanford 
Site, and the way that these processes influence the natural chemistry of 
soils. · 

This information is important both as a guide for representative and 
complete sampling, and for the interpretation of soil compositional data. 
Considerations of the nature and extent of soil-forming processes are also 
important in evaluating the validity of the Sitewide approach to the 
determination and use of soil background. The general relationships between 
soil-forming processes and the chemical composition of soils are described in 
the following sections, together with the Site-specific conceptual model for 
soil-forming processes in the surface deposits on the Hanford Site. 

4.3.1 General Soil Forming Processes 

In the context of soil science, modern soil refers to soil profiles 
developed on surface deposits through the alteration of the primary mineral 
constituents of the parent materials (Hunt 1972). This alteration occurs by 
the physical and chemical processes of weathering and remobilization of 
materials by the reaction of water with inorganic and/or organic matter and/or 
gases as the water drains downward through the profile (pedogenesis). · 

In general, a soil profile is composed of three or four main horizons: 
(1) an uppei A Horizon from which dissolved mineral matter is removed or 
leached, (2) an underlying B Horizon where dissolved matter is redeposited and 
grades downward into, (3) weathered or fresh parent material in the C and 
D Horizons, respectively. 

Weathering processes, both physical and chemical, contribute to the 
breakdown of the sediments in the vadose zone. The importance of chemical 
weathering in the characterization of soil background depends on the extent to 
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which the composition of the material in the vadose zone is influenced by this 
process (Leopold et al. 1964). 

4 Physical we~thering involves the mechanical reduction in size and 
5 angularity of solid material. Chemical weathering primarily involves 
6 reactions between water, air, and rock material that include di~solution, 
7 hydration, hydrolysis, oxidation, reduction, and precipitation of calcium 
8. carbonate and salts {Fairbridge 1972). Chemical weathering leads to the 
9 destruction of parent minerals and to the passing of the elements from the 

10 minerals into solutions and suspensions. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

The composition of material in so-il profiles most commonly is dominated 
by climatic conditions and parent material {Pendias and Pendias 1984). The 
effects of chemical weathering on soil composition are most important · only 
under certain conditions such as in wet climates or in rocks or soils that 
have reacted with water for sufficiently long periods. Weathering and soil 
formation in semiarid zones, however, generally is more mechanical than 
chemical or organic (Fairbridge 1972) . · 

In addition to weathering, several specific processes ·1ead to the 
formation of soil profiles. Although there is a great diversity in pedogenic 
processes, these processes all include the following four stages: 

1. Addition of organic and mineral material to the soil 

2. 

3. 

4. 

.• 

Loss of organic and mineral materials from the. soil 

Translocation of organic and mineral materials within the soil, both 
vertitally aryd horizontally 

Transformation of organic and mineral matter in the soil. 

Initially, at the early stages of weathering and pedogenic processes, the 
trace element composition of the soil is inherited from the parent material. 
With time, ·the trace element composition of the soil becomes different because 
of the influence of pedogenic processes. The fate of trace elements mobilized 
by dissolution of the host minerals or compounds depends on the properties of 
their ionic species formed in the soil solution, and -could be {l) leached from 
the soil, (2) precipitated, {3} incorporated into minerals, {4} adsorbed by a · 
soil constituent, or (5) adsorbed onto ·or into organic matter. 

The extent to ~hich. these processes are expected to occu~ in the soils at 
the Hanford Siti is described in th~ following section based on the climate, 
characteristics of the soils described in Chapter 3.0, Section 3.1.5, biologic 
influences, and the nature of the processes that occur under these conditi6ns . 

4.3 .2 Pedogenic Sofls of the Hanford Site 

The Hanford Site is a semiarid region that recgives about 6 to 8 inches 
(15 to 20 centimeters) of rainfall annually, most of which returns to the 
atmosphere by evapotranspiration. Soil moisture profiles (last et al. 1976; 
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Jones 1978) show that soil moisture generally isles~ than about 5 percent 
throughout most of the vadose zone, and that moisture is significantly less in 
the upper 10 to 20 feet (3 to 6 meters) during the sunvner months. 

In such arid desert environments, there is a general lack of chemical · 
alteration because ·of the general absence of water and because there is 
generally a very low amount of organic matter (e.g., ~l percent) primarily 
restritted to the upper 0.4 to 0.8 inch (1 to 2 centimeters) (Hunt 1972). 
These relationships are reflected by the relatively unaltered nature of the 
mineral constituents in the sediments of the vadose zone., sparse development 
of soils that support plant growth over most of the Hanford Site (DOE 1988), 
and a typically small amount of organic matter in the soil (Chapter 3.0, 
Section 3.1.5). Thus~ primary soils in semiarid regions tend to reflect the 
composition _of the underlying material without much change by leaching or 
chemical alterition (Fairbridge 1972)~ 

The extent of mineral alteration and soil formation can be evaluated by · 
observing its mineral assemblage. The primary minerals most commonly 
inherited from the parent material can be arranged in two parallel series, 
according to their susceptibility to weathering processes: (1) series of 
felsic minerals-- plagioclase > K-feldspar >muscovite> quartz and (2) series 
of mafic minerals-- olivine> pyroxene> amphiboles > biotite (Pendias and · 
Pendias 1984). Soils that contain minerals near the beginning of these series 
generally have undergone little or no alteration. 

The presence of relatively unaltered plagioclase and pyroxene in the 
soils on the Hanford Site indicates a general lack of alteration. The 
composition of the soils should, therefore, closely resemble those of the 
parent sediments. The conceptual model for the majority of vadose zone 
sediments also might apply to most so i ls. 

4.3.3 Translocation and Accumulation Processes 

Transport of dissolved tra~e elements through the soil profile occurs to 
some extent even in arid climates by diffusion, leaching (movement within an 
aqueous phase), mass flow (movement by an aqueous phase), and/or biologic 

. processes. These processes, however minor, can result in soil concentrations 
for some constituents that differ from the soil concentrations of the parent 
material. · 

Therefore, an understanding of the extent of the occurrence of natural 
accumulation of constituents· in the soil profiles on the Hanford Site is an 
important aspect of the conceptual model. Four types of compositional 
variations are expected to occur .in t he soil profil.es in this region: 
(1) limited remobilization and accumulations of calcium carbonate and soluble 
salts within .the soil profile, {2) .accumulations of salt originating from 
meteoric water, (3) upward translocation, and (4) bioaccumulation of trace 
elements. · 

4.3.3.1 Leaching a.nd Remobilization. In semiarid and arid regions such as 
the Hanford Site, where evaporati~n generally exceeds precipitation, the 
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1 amount of available water is generally insufficient to drain all the way 
2 through the vadose zone. Th~refore, only the upper layers of the ground 
3 become wetted. At the Hanford Site, the depth of penetration for meteoric 
4 water fluctuates seasonally, and appears to be limited to 15 to 20 f~et (5 to 
5 6 meters), based on recent estimates of recharge (PNL 1991). 
6 
7 Calcium carbonate deposits and salt-rich alkaline soil on the Hanford 
8 Site are formed as a result of these processes. Dissolved constituents such 
9 as carbonates and other -soluble salts are transported downward only as far as 

10 the water penetrates, and are precip i tated as the water evaporates arid the 
11 ground dries. Thus, calcium carbonate and salts (e.g., NaCl) appear to be the 
12 constituents fractionated and remobilized most· extensively within the soil 
13 profile because of pedogenic processes since the last major flood event~ -
14 
15 4.3.3.2 Meteoric Accumulation. A phenomenon related to leaching and 
16 remobilization that occurs in this region is the accumulation of chloride, 
17 resulting from the evaporation of meteoric water and/or dry fallout from 
18 airborne salt and dust. Elevated chloride concentrations of up to 

·19 4,000 milligrams per liter in _ the up er few feet (meters) of soil water can 
20 result from this type of accumulation (PNL 1991). This type ·of accumulation 
21 primarily affects the concentration of chloride and related salts, and differs 
22 from pedogenic remobilization because this accumulation represents the 
23 addition of material to the soil from meteoric water. The net result of this 
24 process is, therefor~, somewhat larger concentrations of chloride and salts in 
25 some samples from the upper few inches {centimeters) to feet (meters) of the · ~ 
26 vadose zone. · 
27 
28 4.3._3.3 Bioaccumulation and Translocation. In warm, dry climates, the 
29 translocation of trace elements in the soil profiles is most commonly upward 
30 rather than downward through the profile, ·because of pl ant uptake. · Plants can 
31 accumulate trace elements, especially heavy metals, in or on their tissues 
32 from root adsorption or fallout interception (Pendias and Pendias 1984). 
33 Thus, the contents of trace elements in soils potentially can be depleted 
34 because of p 1 ant uptake. 
35 
36 The importance of such effects must be balanced against the extent to 
37 which plants bioaccumulate specific trace elements, and also the extent to 
38 which the trace elements are returned to the soil by the accumulation and 
39 decay of plant material (e.g., leaf litter). Therefore, soils supporting 
40 plant grow.th could have concentrations of some trace elements that appear to 
41 be smaller or larger than those below the rooting depth. The rooting depths 
42 of the desert vegetation types on the Hanford Site range from a few inches 
43 (centimeters) for some grasses to 10 feet (3 meters} for deep-rooted perennial 
44 shrubs (e.g., sagebrush). 
45 
46 Variations in soil compositions resulting from these processes might be 
47 correlated with the distribution of plant community types on the Hanford Site 
48 (WHC 1992c). These influences are generally restricted to the upper few 
49 inches (centimeters) of the surface soils. Most of the organic matter 
50 accumulates in the immediate vicinity of certain plant types (e.g., leaf 
51 ] itter canopy), and/or in the immediate vicinity of deep root systems that ,,,-___ 
52 impact less than I percent of the soils in the upper 10 feet (3 meters). 
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The extent of trace element depletion and/or enrichment that is 
manifested in the soils on the Hanford Site because of root adsorption, 
bioaccumulation, and/or recycling is not well document. The effects Df these 
processes generally are expected to be subordinate to primary controls on the 
chemistry of the materials in the vadose zone (Secti6n 4.1.2). However, the 
potential outlier compositions due to bioaccumulation effects are likely to be 
greatest for soils collected in the upper few inches (centimeters) of the 
vadose zone. 

(;4.3.4 Other Biologic Considerations 

Over 300 organic chemicals, including benzene, toluene, and xylene are 
known to occur naturally in soils (Dragun 1988). Although some of the most 
hazardous organic compounds do not occur naturally 'in soils (e.g., -most 
halogenated and polyaromatic hydrocarbons), the assumption that the background 
levels of all naturally occurring organic chemicals should be zero cannot be 
justified without sampling. 

Based on the amount and distribution of organic material in the soils on 
the Hanford Site, the concentrations of potentially hazardous natu~ally 
occurring organic compoun·ds in the soil are expected to be small and largely 
restricted to the upper few inches (centimeters). The main exceptions could 
be below the .more deep-rooted perennials (sagebrush and rabbitbrush). It also 
is known that the production of organic compounds from plants in this region 
is highest during periods of recovery from wildfires. 

A number of local plant species on the Hanford Site are known to be 
poisonous to humans. These plant types (WHC 1992c) are included in the 
conteptual model because soils containing th~se plant materi~ls could have 
elevated concentrations of metals and/or organic compounds. Such soils 
potentially represent another type of natural compositirinal variant or 
outlier. 

4.4 SUMMARY 

The Sitewide soil background conceptual model considers many diverse 
types of geological, geochemical, and other data in an attempt to accurately 
describe compositional variations throughout the vadose zone. The model uses 
field data, interpretations of structural and stratigraphic relationships, and 
physical and chemical compositional information. These include geologic 
factors and processes important in understanding variations i~ these 
compositions, and chemical effects of pedogenic processes. This model 
provides a scientific and technical basis for identifying the factors 
important in understanding chemical composition of the vadose zone soils. 

. . 

The physical and chemical compositions of most vadose zone soils are 
related because these soils are composed predominantly of three constituent 
materials: basalt, feldspar, and quartz~ The physical composition of vadose 
zone soils (i.e., mineral content, grain size) also are related in terms of 
source materials and depositional processes. 
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1 A primary control on the chemical composition of soil is the abundance 
2 and composition of th~ individual rock ~nd mineral grains. The concentration 
3 of an analyte in a soil sample will be controlled either by the most abundant 
4 mineral or rock and/or modally subordinate grains that contain high 
5 concentrations of the analyte. On the Hanford Site, the components that 
6 · generally have the largest effect on soil composition are basalt, feldspar, 
7 and quartz. Basalt has the largest concentration of most analytes, and thus 
8 appears to account for the upper concentrations for most analytes. Chemical 

. 9 concentrations also are affected by grain size and modal distribution within 
10 differ~n~ size fr~ct~o~s . . These factors ten~ to expand the. range of . ,. 
11 compos1t1onal var1ab1l1ty beyond that resulting from geologic and pedogen,c 
12 processes. 
13 
14 Most of the natural compositional range of the vados~ zone soils is 
15 expected to tie dominated by soi.ls of the Hanford formation. Volumetrically 
16 minor soils -include Ringold Formation, eolian and fluvial deposits, elastic 
17 dikes, and ash beds. Soils modified by weathering and/or leaching processes 
18 and processes associated with pedogenic soil formation might have increased 
19 levels of certain inorganic trace elements and several naturally-occurring 
20 organic constituents. All of th~se effects are considered in the conceptual . 
21 model. 
22 
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Figure 4-1. Modeled Bulk Concentrations (mg/kg) , of Barium (a}, 
Chromium (b}; Sodium (c}, and Copper {d) Plotted Against Percent 
Basalt (by Weight) in a Hypothetical Soil Sample. 
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~ 
I ...... 

Element 

Barium 

Cerium 

Cobalt 

Chromium 

CoDDer 

) 

Table 4-1 . Bulk Composition Range for the Types of Materials in Hanford Site Soils 
(concentrations in mg/kg). 

Coll.lllbia River Plagfoclase (b) Pyroxene Cb) Iron-titanium oxide (b) Apatite (b) · 
Basalt (a) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

(mg/kg) 

1 020 - 4 000 < 541 ND ND ND 

28 - 87 < 18. 0 < 46 < 1. 7 682 • 2 320 

28 • 82 0.24 • 2.13 38 - 103 37 - 238 < 3 

130 • 400 < 4.0 < 1 530 < 1 230 < 50 

10 • 48 ND ND ND ND 

Glass (c) 
(mg/kg) 

48 - 438 

21 - 171 

0 - 62 

0 • 88 

ND 

Iron 63 700 - 108 900 2,500 • 6 600 70 000 • 295 500 289 200 - 555,500 < 11 300 14 000 • 368 400 

Lanthanum 9. 2 • 40 < 10.4 < 18.9 < 3.5 241 • 1,060 s - n 
Sodium 11 200 • 27.700 < 30 000 • 52 100 < 8 500 ND < 0.3 0 • 31 200 

Nickel 10 • 22 ND 30 - 357 ND ND 0 • 103 

Rubldhin 6 • 103 < 5 . • 42 < 19 ND ND 7 • 23 

Scandium 27 0. 12 • 0.47 74 - 147 10 - 75 < 2.5 29 • 44 

Strontium 269 • 394 174 • 785 < 5 • 235 ND ND ·200 • 250 

Thall I um 1.79 • 9.2 < 0,03 • 0,78 < 2.5 ND < 2.6 0.7 • 9 

Zinc 88 - 139 ND ND ND NO NO 

Zirconium 112 • 328 < 10 • 605 < 318 ND NO 144 · 1 260 

(a) Compositional range of Grande Ronde Basalt flows (Long 1983; DOE 1988). 
(b) Compositional range for minerals and glass crystallized from magma of composition similar to 

Columbia River Basalt (Ho6ver 1989); iron and sodium values are from Hoover and Murphy (1989). 
(c) Range of calculated liquid compositions for magma of composition similar to Columbia River 

Basalt (Hoover 1989). 
_mg/kg• milligrams per kilogram. 

ND • not determined. 
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1 
2 
3 

Table 4-2. Modeled Concentrations for ·Constituent Material in 
Hanford Site Soils (concentrations in mg/kg). 

Soil constituents 

4 

5 

61 
7 

8 

9 
10 
11 
12 
13 

Element 
Basalta Fel dspara Quartz 

Chromium 130 4 

Copper 10 0 

Sodium 27,700 52,100 

Barium 1,020 · 541 

a Values taken from Table 4-1. 
b Estimated concentrations. 
mg/kg= milligrams per kilogram. 

0 

0 

0 

0 
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1,232a 

10b 

0 

0 

Sul fideb 

100 

10,000 

0 
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Table 4-3. Calculated Element Concentrations in Soil for Various 
Proportions of Constituents {concentrations in mg/kg). 

Constituent mode• · % Basalt Chromium Copper Sodium 

100/0/0/0/0 100 130 48 27,700 

0/100/0/0/0 0 4 0 52,100 

0/0/100/0/0 0 0 0 0 

75/12.5/12.5/0/0 75 98 36 27,289 

50/25/25/0/0 - 50 66 24 26,876 

33/33/33/0/0 ·33 .33 45 i6 26,600 

20/60/20/0/0 20 .28 10 36,800 

20/40/40/0/0 20 28 10 26,380 · 

20/20/60/0/0 20 27 10 15,960 

21/39/39/1/0 21 41 10 26,136 

21/39/39/0/1 21 30 110 26,136 

• Modal percent (by weight): 
basalt/plagioclase/quartz/iron-titanium oxide/sulfide. 

mg/kg= milligrams per kilogram. 

Barium 

1,020 

541 

0 

833 

645 

520 

529 

420 

·312 

425 

425 
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5.0 DATA AND SAMPLE TYPES 

The various types of samples and data collected for characterization of 
the vadose zone are described in this chapter. These data are used to support 
the conceptual model,- verify the adequacy of the sampling plan design, and 
provide representative analyte concent rations for use as Sitewide background .. 
These data consist primarily of inorganic and some organic chemical analyses 
of soils from the vadose zone on the. Hanford Site. Information on the quality 
control and quality assurance parameters associated with these data also are 
described. The suitability of the data ~1th respect to statistical 
considerati6ns is presented in Chapter 6.0. Inorganic chemical composition of 
soils refers to digestate and leachat1~ compositions determined in accordance 
with EPA protocols -(tPA 1986, 1989c), except where otherwise noted. 

5.1 DATA TYPES 

Four main types of data were collected in conjunction with this project: 

(1) Chemical composition of soils .collected by systematic random 
sampling 

(2) Chemical composition of soils collected by judgment sampling 

(3) Supporting data on the physical and chemical composition .of soil 
materials 

(4} Quality assurance and quality control data. 

Acquisition of data type~ 1, 2, and 4 were collected and analyzed in 
conjunction with the soil sampling plan (Appendix E}, hereafter referred to as 
the Sampling Plan. 

The first two data types were collected to characterize the .chemical 
composition of naturally occurring soils in the vadose zone (i.e., soil 
background). The third data type is used in the validation of the soil 
background conceptual model, in justifying the use of data types I and 2 as 
Sitewide background, and for use in the DQO process. Data on .physical 
characteristics of the soils that affect chemical composition such as modal 
and grain size composition, and chemical composition data of various size 
fractions of soil and basalt are included in this third category. The ·quality 
assurance and quality control data (type 4) are used in assessing the 
analytical quality of the data in accordance with the OQO process. 

An overview of the siting·process for the selection of sampling 
locations, the sampling methods, and analytical pr~cedures for data types 1, 
2, and 4 are presented in the following sections. The various supporting data 
types and the purpose of these data also are described in the following 
sections. · 
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1 5.2 SAMPLING AND ANALYSIS OF VADOSE ZONE SOILS 
2 
3 Over 170 soil samples were col l ected and analyzed specifically for the 
4 determination of the chemical composition of soil background on the Hanford 
5 Site. The majority of these samples were collected for analysis ~f inorganic 
6 analytes in accordance with EPA protocols (EPA 1986, 1989c). Samples from 
7 12 locations also were analyzed for organic compounds, including volatiles, 
8 semivolatiles, pesticides, and PCBs . 
9 

10 Two main types of soil samples were collected, . systematic random and 
11 judgment samples. The systematic random samples were intended to serve as the 
12 primary soil background reference data set because these samples provide the 
13 only data for whi~h confidence intervals, tolerance limits, and threshold 
14 levels can b~ determined without th,~ introduction of sampling bias. 
15 
16 Judgment samples were collected to characterize the composition of 
17 subordinate soil types in the vados1~ zone with different or potentially 
18 extreme analyte concentrations. The data from th~se samples provide a basis 
19 for evaluating the representativeness, completeness, and comparability of the 
20 systematic random data over the range of soil compositions .in the vadose zone 
21 and also for evaluating the composition of minor soil types. 
22 
23 Inorganic analytes were determined for all these samples. Organic field 
24 screening was performed at all sampling sites; however, quantitative analysis 
25 for organic analytes was restricted to samples of topsoils collected as .,.,--__, 
26 judgment samples (Section 5.4.2). 
27 
28 
29 5.3 SYSTEMATIC RANDOM SAMPLES AND SAMPLING SITES 
30 
31 A total of 104 systematic random samples were collected from 
32 14 localities and one borehole for the determination of inorganic analytes . 
33 (Figure 5-1). An additional eight systematic random samples were collected 
34 from a second borehole and later reclassified as judgment samples. Twelve of 
35 the sampling sites and one of the boreholes are located on the Hanford Site. 
36 The other two sites and the second borehole site are located east of the 
37 Columbia River, adjacent to the Hanford Site. Of the 104 systematic random 
38 samples, 101 are from the Hanford formation and younger soils and three are 
39 from the Ringold Formation (borehole samples). Subordinate vadose zone 
40 samples such as volcanic ash and soils from the upper 12 inches 
41 (30 centimeters) are included in the systematic random data set. 
42 
43 
44 5.3.1 Excavated and Outcrop Sampling Sites 
45 
46 The 14 sampling sites identified in Figur~ 5-1 all ha~e vertical 
47 exposures of the vadose zone. Most of these are excavations associated with 
48 gravel quarri~s and construction activities, and several ~re natural outcrops 
49 (Appendix 8). These vertical sections range from 10 to 100 feet (3 to 
50 30 meters) in thickness and enable the geologic relationships of the soils to 
51 be determined. These 14 sites were chosen from among 30 localities that best~, 
52 represent the types of material·s in the sedimentary facies f6und in the vado~ .. 
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zone. Samples from two boreholes were! used to supplement this sampling effort 
to provide greater vertical coverage, and to obtain samples from the. lowermost 
parts of the vadose zone. These excavated ·and outcrop .sampling sites are 
described in detail in Appendix A. 

Field sampling at these 14 sites was initiated in September 1991 and 
ended in November 1991 . Only in situ ~ native geologic material was collected 
after scraping the face of the .exposures. Samples were not collected in 
sloughed material or in areas where there was evidence that the soil had been 
moved . · · 

The field geologist chose the general area of the exposure most 
representative for sampling. This area was delineated with stakes and the 
field team leader randomly selected a horizontal location that was used to 
locate a vertical sampling line. The starting point for sampling along this 
lin~ then was selected randomly. The sample locations were spaced at 
approximately 3-foot (0.9-meter) vert ical intervals above and below the random 
starting point. · 

20 The spacing interval was based on the total number of samples to be 
21 collected from all sites and the total vertical section exposed at the 
22 14 sites . The number of samples colle!cted at each site was, therefore,. 
23 proportional to the height of the exposure sampled, with the distance between 
24 the sample points remaining constant. The 3-foot (I-meter) sample spacing was 
25 designed to be no larger than the intE!rval typically used in borehole sampling 
26 [5 feet (1.5 meters)]. Multiple dupl icate samples were collected at each 
27 ~ample location to ensure lithologic representation within each site. 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Systematic random sampling has been demonstrated to be superior to simple 
random sampling both theoretically (Madow and Madow 1944; Cochran 1946) and 
empirically (Hasel 1938; Finney 1948) . Also, this form of sampling is 
equivalent to the standard method for qorehole sampling in .which the specific 
pattern is every 5 feet ( 1. 5 meters) or change in lithology, i.e., systematic 
random coupled with judgment sampling: The only potential bias in the 
systematic random approach is if the media being · sampled exhibits a regular, 
repeating·pattern. This is not a gene?ral characteristic of the sediment 
throughout the vadose zone because of the nature of the depositional process. 

Appendix B provides a more detailed narrative of the sampling effort. 
All field work, shipping, and documentation was performed according to onsite 
routine procedures (WHC 1988). These procedures are described in Appendix E. 

Samples collected from these 14 sites were submitted to two separate · 
offsite commercial laboratories for chemical analyses of inorganic analytes in 
accordance with CLP protocols (EPA 1989c). The analytes and analytical 
procedures used are listed in Table 5-1. A description of these activities is 
provided in Appendix E. 

As a matter of policy, a laboratc,ry radiological survey is required of 
all environmental media both before shi.pment offsite or for analysis at 
certain onsite laboratories. As a result of this policy, aliquots of all soil 
background _samples were analyzed for radioactivity. Al~ aliquots were found 
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1 to be b~low applicable administrative limits (200 picocuries per gram totai -
2 activity and 60 picocuries per gram alpha) for release from all radiological 
3 controls (WHC 1993). 
4 
5 
6 
7 
8 
9 

io 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

5.3.2 Borehole Sampling Sites 

Systematic-random samples were collected from two boreholes (Yakima 
Barricade and Savage Island) that pE!netrated the entire thickness of the 
vadose zone at the locations shown in Figure 5-1. Samples from these 
boreholes were collected by PNL in c:onjunction with their ongoing research on 
microorganisms in subsurface environments (PNL 1992c). Data from the Savage 
Island borehole were reclassified as judgment samples because these samples 
were analyzed at a different laboratory than those used to analyze the 
systematic random samples. Stratigraphic. data gathered from these boreholes 
are illustrated in Figure 5-2. 

5.3.2.1 Yakima Barricade Borehole. The Yakima Barricade borehole (699-48-96} 
is located in the western part of the Hanford Site near the Yakima Barricade. 
Drilling and sampling was initiated by PNL as part of the Geochemical, 
Microbiological, and Hydrological Experiment {GEMHEX). This experiment was 
designed to increase the ~urrent knowledge base of the interactions of 
subsurface microbiali geochemical, and hydrological processes in 
uncontaminated soils on the Hanford Site. The depths for the samples used in 
this study are shown in Figure 5~2. The first phase of field work was ,,-.,___ 
performed in the fall of 1990. 

Eighteen sampJes and one dupli1cate sample were obtained from the vadose 
zone, which is 325 feet (99 meters) thick at this locality. These samples 
were submitted for chemical analysis in the fall of 1991. Fifteen of the 
samples are from the Hanford formation. Three samples collected from depths 
of 180 to 230 feet (55 meters to 70 meters) are from the Ringold Formation. 
The analyte list was essentially the same as for those collected per the · 
Sampling Plan (Appendix E), with the addition of lithium and the omission of 
carbonate. Lithium was requested because a lithium compound was added 
periodically to the borehole during the microbiology study. This element 
served as an indicator of cross-contamination of the selected geologic samples 
because of its low natural concentrations. 

A second phase of drilling and sampling was performed between April and 
October 1992 to extend the borehole to the bottom of the unconfined aquifer, 
approximately 745 feet (227 meters) below the surface. Eight additional 
samples (not inclusive) of sediments from the Ringold Formation at depths of 
395, 429, 530, 569, 610, 613~ and 634 feet {120, 131, 162, 173, 186, 187, and 
193 meters} below the surface were obtained during the drilling phase of the 
GEMHEX experiment and analyzed to supplement the sparse database on digestate 
composition of Ringold Formation sediments. 

5.3.2.2 Savage Island Borehole. In November 1990, soil samples were 
collected ·from a PNL borehole (699~42-E9A) located across the Columbia River 
from the Hanford Site, on Savage Island {Figure 5-1}. This borehole was 
drilled as a new PNL deep groundwater monitoring and research well. 
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1 Seven soil samples and one duplicate sample were collected between the 
2 surface and a depth of 30 feet {9.1 mE!ters) at 5 foot (1.5 meter) intervals as 
3 drilling was performed (Figure 5-2). Saturated conditions were enco·untered at 
4 a depth of 30 feet (9.1 meters). Two of the seven samples were collected at 
5 the ground surface from the top 3 inches (7 .6 centimeters) of soil. These 
6 samples were collected at a distance of 220 feet (67 meters) from the borehole 
7 for comparison to each other and to those from the borehole. All samples 
8 co 11 ected from the bore ho 1 e are in th1! Ringo 1 d Formation. The samples were 
9 stored and transferred to an offsite laboratory under chain-of-custody for the 

10 analysis of inorganic analytes in accordance with EPA SW-846 protocols 
11 (EPA 1986) . . 
12 
13 These samples, collected as systematic random samples, were included in 
14 the category of judgment samples because they were not analyzed at the same · 
15 laboratories a~ the systematic random samples. This was done to maint~in 
16 uniformity in the laboratory quality assurance and quality control of the 
17 systematic random data set. The most important reasons for this decision · 
18 involved interlaboratory bias and differences in actual detection limits. The 
19 target analytes and analytical procedures used are listed in Table 5-2, and 
20 are essentially the same, though not necessarily identical, to those used for 
21 the analysis of the other systematic r andom samples (EPA 1989c) . 

. 22 
23 
24 5. 3.3 Compositional Integrity of Sam1~ling Sites 
25 
26 The foremost consideration in the selection of all s'oil background 
27 sampling sites was the extent to which the compositions of the materials at . 
28 these sites represented natural soil ·,compositions "(i.e., uncontaminated). The 
29 14 sites identified in Section 5.3 were selected from over 30 sites based on 
30 compositional integrity and other considerations. The compositional integrity 
31 of these 14 sampling sites was evaluated based on the following criteria: 
32 
33 • Visual evaluation of the site 
34 
35 • Operational records and historical information regarding prior land 
36 use 
37 
38 • Distance to dangerous WMUs 
39 
40 • Radiation surveys 
41 
42 • Documentation regarding herbicide and pesticide application practices 
43 on the Hanford Site 
44 
45 • Cultural resource screening 
46 
47 . • Radiation screening of samples obtained from the sites 
48 
49 • Field screening for organic vapors 
50 
51 • Consideration of weathering processes on soil mineralogy 
52 
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• Consideration of the effects of precipitation~ dust, run-off, and 
erosion on the composition of outcrop surfaces 

• Consideration of anthropogenic contributions (e.g., lead, fallout) 

• The practice of freshening exposures before sampling. 

The selected sites were chosen bE?cause they lacked any direct or 
historical evidence of present or past contamination. Many of these sites 
were specifically excavated and used because they were good sources of clean 
sand and gravel. 

The 14 sites were screened for background radiation levels based on 
aerial radiation survey maps (Figures 5-3 and 5-4). The sampling sites were 
also screened for cultural resource and other environmental impacts in 
conjunction with excavation permits. Herbicide and pesticid' application 
practices also were reviewed to evaluate these effects on candidate sites. 
Some of the sites are located near WMU activities, however, none of the sites 
are located in the vicinity of dangerous waste disposal units. 

21 Vapor field screening was perfonned at each site to confirm the absence 
22 of residual organic contamination. All of th~ sampling localities on the 
23 Hanford Site were found to be acceptab 1 e based on these criteria. The two 
24 ·offsite localities on the eastern side of the Columbia River were presumed to 
25 . be representative of soils unimpacted by activities at the Hanford Site. 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Another important concern regarding the compositional integrity of these 
sites is that the sites are exposed to the atmosphere and surficial processes, 
in contrast to samples from the subsurface collected from boreholes. This 
concern was evaluated for potential influences on site compositional integrity 
because of the effects of weathering, leaching, precipitation, dust, run-off, 
or other surficial processes potentially influencing soil composition. 

As discussed in the conceptual model (Chapter 4.0, Section 4.3), there is 
a general lack of chemical alteration of sediments in an arid desert · 
environment such as that in the Columbia Basin. The inorganic chemical 
composition of the soils in outcrops or excavations is not expected to differ 
from those of their unexhumed counterparts by exposure alone. This is because 
primary topsoils in semiarid regions tend to reflect the composition of the 
underlying material without much change by leaching or chemical alteration 
(Fairbridge 1972). 

Changes i~ the composition of ioils in the vadose zone because of 
oxidation ~r reduction are expected to be minimal. Elements in these soils 
that ~re sensitive to changes in oxidation-reduction conditions [e.g., iron 
(Fe) and manganese (Mn)] primarily occur in minerals that are largely 
unaffected by weathering in arid climates. The extent of mineral stability in 
this region is exemplified by the mineral and bulk co~osition of the Columbia 
River Basalts, in which Fe2

• concentrations .and Fe2./Fe • ratios in most of the 
rocks and minerals have remained essentially unchanged following formation 
15 to 10 million years ago. 
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1 The principal effect of the exposure of soils in excavations or steep 
2 outcropi is likely to be the accumulation of chloride (presumably as NaCl) 
3 from the evaporation of meteoric water and/or dry fallout from airborne salt 
4 and dust {PNL 1991). This effect would be attenua~ed on slopes receiving less 
5 rain or where there is run-off before. evaporation ~ Soils repeatedly exposed 
6 to run-off could locally_experience leaching and translocation of soluble 
7 salts. As noted in the conceptual model, _however, translocation of most 
8 constituents in arid and semiarid env i ronments can be upward rather than 
9 downward where there is uptake. by plant material. These effects are · unlikely 

10 to be importan~_because of the general lack of pedogenic soil and plant 
11 material on steep slopes, especi~lly those created by excavations. The main 
12 effects of physical weathering (erosion) or accumulation by eolian processes 
13 on the composition of sediments are e,cpected to be from the physical addition 
14 or removal of fine-grained minerals on the exposed surfaces. 
15 
16 The effect of surficial processes is not considered to have significantly 
17 influenced the composition of sediment s exposed in the sampling sites for two 
18 main reasons: . (1) these effects are expected to be minimal and largely 
19 restricted to the outer surfaces of the exposure and (2) all samples were 
20 collected from freshened exposures, either by creating newly exposed surfaces 
21 with heavy equipment or by freshening the exposed surface by wiping the 
22 surface material off before sampling {Appendix B). Additionally, sampling was 
23 restricted to iri situ native geologic material. Thus, samples collected from 
24 the ~xcavation -and outcrop sites are considered to be compositionally 
25 representative of the i r subsurface counterparts with respect to the inorganic 
26 _ compositions of the sand and smaller s ized .materials. 
27 
28 The concern ~egarding anthropogenic cont~mination of ~ead originating 
29 from the combustion of lead-containing gasolines by motor vehicles is based on 
30 documentation of systematic variations in the concentration of lead in soil 
31 with distance from highways, depth, and traffic volume (e.g., Smith 1976; 
32 Yassoglou et al. 1987; Deroanne-Bauvi n et al. 1987). Based on the results of 
33 these studies, it is indicated that t here should be little, if any, measurable 
34 lead contamination from vehicle exhaust in the soils at the background sites 
35 because of the distances of the sites from roadways, and the relatively light 
36 · traffic .volumes on those roadways {Appendix A, Section A2.3). The manner in 
37 which the sampling sites and surfaces were-prepared also would eliminate 
38 essentially any lead contamination from such a source. The most compelling 
39 evidence for the compositional integrity of the sampling sites with respect to 
40 veh icular lead is shown by the results of the soil analyses presented in 
41 Chapter 6.0, Section 6.4. 
42 
43 
44 5.4 JUDGMENT SAMPLES AND SAMPLING 
45 
46 Three types of judgment samples were collected: (1) judgment samples 
47 collected at the 14 primary inorganic sampling sites, (2) topsoils from the 
48 main terrestrial ecosystems on the Hanford Site, -and (3) Ringold Formation 
49 material collected from a borehole and an outcrop. 
50 
51 

Hanford Site Background: Part 1, Soil Background f or Nonradioactive Analy tes 
January 200 I 



1 5.4.1 Inorgank Sampling Sites 
2 

DOE/RL-92-24 
Volume 1, Rev. 4 

3 Thirty-one judgment samples were collected at the 14 sampling localities 
4. where. systematic random samples also were obtained (Figure 5-1). · Judgment 
5 sample locations were based solely on the professional judgment of the field 
6 geologist. These samples included selected subordinate soil types and other 
7 distinctive soils not included in random sampling. These samples were taken 
8 to ensure completeness of the sa~ple coverage. These samples were collected 
9 and handled in the same manner as systematic random samples, and were 

10 submitted to the analytical laboratories together with the systematic random 
11 samples. 
12 
13 The Ringold Formation samples collected from the Savage Island borehole 
14 were evaluated as judgment samples for reasons discussed in Section 5.3.2.2. 
15 Ringold Formation samples collected below the water table in the Yakima 
16 Barricade borehole also were evaluate·d as judgment samples. A composite 
17 sample from the fluvial gravel and fluvial sand facies of the Ringold 
18 Formation also was collected as a judgment sample. This sample was collected 
19 from an exposure on the east side of th~ Columbia R_iver, 2.5 miles 
20 (4 kilometers} south of Sample Site Mo. 14 (Figure 5-1}, and consists of 
21 material from the sandy matrix of the gravel and material from two 
22 intercalated sand lenses. This sample was collected for use as starting 
23 material in rock-water interact ion te!sts .as part of the groundwater background 
24 study (DOE-Rl 1992b). · 

,,,-,.___ 

25· -~ . 
26 
27 5.4.2 Or'ganic and Inorgan_ic Samplinsi Sites 
28 
29 The second type of judgment samples collected was topsoils within 
30 6 inches (15 centimeters) of the surface at 12 sites (Figure 5-1) from 
31 selected ecosystems on the Hanford Site. These soils represent samples from 
32 the geomorphic and floral ecosystems (Figures 5-5 and 5-6) most likely to be 
33 associated with dist·inctive soil compositions. · This limited sampling effort 
34 was desi~ned to evaluate the upper range of concentrations for biogenically 
35 generated organic and/or bioaccumulated inorganic analytes in topsoils. 
36 Representative samples of topsoils known or suspected to have an extensively 
31 developed soil profile or to be strongly influenced by .biogenic processes were 
38 collected for this effort. 
39 
40 As noted in the conceptual model {Chapter 4.0, Section 4.3.4.1)·, a larg~ 
41 number of organic compounds occur naturally jn soils in conjunction with plant . 
42 and organic material. Therefore, assumptions that the background levels of 
43 all naturally occurring organic chemicals should be zero are unwarranted. 
44 Review of the original sampling and analysis plan also indicated that the 
45 characterization of naturally occurring organic compounds could not be 
46 performed adequately at the 14 excavation and outcrop sites. Soils in the 
47 vicinity of excavated or- steep outcrop exposures can have concentrations of 
48 volatile or semivolatile constituents that can be significantly lower than 
49 those in other soils. 
50 
51 Additionally~ it was recognized that the concentration of inorganic. ..-..___ 
52 ana lytes in soils can be influenced most strongly by chemic a 1 weatheri'ng and 
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biologic effects in the pedo~enic soil profiles, including bioaccumulation 
from the plant uptake. On the Hanford Site, soil profiles are sparsely 
developed, and organic material is largely restricted to the uppermost parts 
of the topsoil in the immediate vicinity of plant growth (Chapter 4.0, 
Section 4.3.2). -

Thus, a separate judgment sampling effort was required to obtain 
representative samples in areas where naturally occurring organics and/or 
bioaccumulation of inorganic constituents were most likely to occur, and for 
completeness of sampling for both organic and inorganic analytes. Therefore, 
the objectives fqr the collection of these judgment samples and siting 
criteria differed somewhat fro_m those of other soil background samples. 

Most of-the same criteria concerning the compositional integrity of the 
inorganic soil background sampling sites also were applied to the organic 
sites. However, several additional criteria also were considered. The _ 
criteria for selection of sampling sites we~e based on professional judgment 
and included the following: -

• Sites documented and appearing to be unimpacted by anthropogenic 
activities (with the exception of the old field ecosystem) 

• - Sites farther than 150 feet (45 meters) from paved roads 

• · Sites in places most likely to contain biogenically generated organic~ 
and/or bioaccumulations of inorganic constituents. 

.. . 

Twelve sampling localities were selected based on the above -criteria and 
advice from a biologist/ecologist familiar with the Hanford Site. _ The 
selected sampling sites are shown in Figure 5-1, and the associated ecosystem 
characteristics are described in Appendix B, Section B1.2. Four of the sites 
chosen are within or adjacent to controlled and largely pristine ecology study 
areas, including two sites on the Arid Lands Ecology Reserve and two sites 
adjacent to controlled study zones in the 200 Areas established in conjunction 
with the Basalt Waste Isolation Project. 

Samples from the sit~s shown in Figure 5-1 were collected in late 
February 1992 from the upper 4 to 12 inches (10 to 30 centimeters) of the 
surface. The areas chosen for sampHng at these sites were in the root zones 
of representative grasses or· the leaf-litter canopy of the dominant or 
characteristic plant type (i.e., sagebrush, rabbitbrush, greasewood, juniper, 
and spiny hopsage) (Appendix B). 

These sites also wer.e screened for inorganic chemicals. Organic vapor 
concentrations were measured by analyzing the air (headspace) above the soils _ 
in sample containers. Aliquots of each sample from each of the specific 
organic sites were measured on the dciy of collection. Similar measurements 
were made during March 1992 on two or more new samples from ~ach of the 
14 inorganic sites discussed previously. A summary of this work is presented 
in Appendix B. 
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1 These samples were submitted for standard laboratory analysis of the 
2 following organic compounds: (1) volatile organics, (2) semivolatile organics, 
3 and (3} pesti~ides and PCBs. Inorganic analytes and methods were the same as 
4 those for the systematic random sample!s, with the addition of total organic 
5 carbon to the analyte list. Analytical work was performed by the same offsite 
6 commercial laboratories used for the majority of the systematic random 
7 samples. Supporting work included inorganic analyses on these samples 
8 (Table 5-1). 
9 

10 
11 5.5 SUPPORTING DATA TYPES 
12 
13 The types of supporting data consist of two suites of samples collected, 
14 processed, and analyzed to provide important information on different physical 
15 properties of the soils on and around the Hanford Site. The physical 
16 properties investigated ~ere grain size and mineral composition, which were 
17 then evaluated to determine their effects on chemical compositions measured by 
18 regulatory protocols . X-ray spectral data also were collected as supporting 
19 data. A discussion of the collection and analysis of these samples as well as 
20 a rationale for this work is presented in the following sections. 
21 
22 The first suite consisted of 31 duplicate samples from the primary 
23 inorganic sampling sites. The second suite consisted of 16 additional samples 
24 collected from the Hanford formation and analyzed independently by Washington 
25 State University (WSU) Department of Geology. All but one of these latter ,---._._ 
26 samples was obtained from the same sampling site as those used in the 
27 background study and described in this chapter. 
28 
29 All samples were collected by standard soil sampling methods, including 
30 decontamination of collection tools between sampling events. One bulk sample 
31 from the Columbia River Basalt Group (Umtanum flow) also was obtained from an 
32 outcrop .in the northwestern portion of the Hanford Site. 
33 
34 The first suite of samples was sieved in an onsite laboratory. The 
35 second suite of samples and the basalt sample were transported to WSU for · 
36 processing, which included crushing the basalt and sieving all samples into 
37 8 size fractions. Finer size fractions from each of the samples were mounted 
38 in epoxy ~nd made into petrographic thin sections for determination of the 
39 types and abundance of their mineral constituents. · 
40 
41 The sieve data were used to qua111tify grain size va'riation across the 
42 Hanford Site. These data were collected to evaluate the influence of grain 
43 size and modal composition on digestQtte/leachate composition in the manner 
44 · described in Chapter 4.0, Section 4.1.2. Modal analysis (identification of 
45 · mineral and rock compon~nts and their relative abundances) was performed on 
46 the thin sections made from the WSU samples. Five hundred points were counted 
47 per sample; over 15 different classes of mineral and ·rock fragments were 
48 determined. 
49 , 
50 All of the measured size fractions for three of the 16 soil samples were 
51 analyzed using both x-ray fluorescence (XRF) spectrometry methods and EPA ----._,, ' 
52 analysis methods (EPA 1989c). Bulk (total) compositions measured by XRF were 
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1 used together with digestate/leachate data to quantitatively evaluate the EF 
2 of the digestate/leachate process. These data also were used- to evaluate the 
3 compositions of different size fractions within these samples. The 
4 digestate/leachate _data.were used primarily to assess the effects of grain 
5 size variations within the samples and the influences of differing 
6 mineralogies between the samples. The XRF spectrometry analyses on the basalt 
7 were used primarily as a control in the evaluation of the grain size eff~ct on 
8 digestate/leachate composition. · 
9 

10 The Sitewide soil background samples collected for this report were · 
11 analyzed by XRF methods in a separate study for evaluating the use of these 
12 samples in establishing a baseline for in situ field screening of soils for 
13 heavy metal contamination (WHC 1992d). Duplicates of the Sitewide soil 
14 background samples were charicterized in this · evaluation using a portable XRF 
15 unit and energy dispersive detection methods. 
16 
17 
18 5.6 QUALITY ASSURANCE AND QUALITY CONTROL DATA 
19 
20 The quality assurance and quality control sample data set includes field 
21 duplicate samples, field blanks, and blanks prepared at the analytical 
22 laboratory. The field duplicate samples were collected and s'ent to a separate 
23 laboratory for analysis to provide a basis for measuring the performance of -
24 the primary laboratory; these samples were not used to compute the statistics 
25 presented in Chapter 6.0. 
26 
27 At least one sample location at each of the 14 primary inorganic sampling 
28 sites was selected randomly for multiple sampling. One sample was submitted 
29 to the primary laboratory for analysis and another sample was sent to the 
30 secondary laboratory as a duplicate sample . . 
31 
32 Field duplicates also were collected at all of the primary sampling sites 
33 and screened for organic compounds as a screening measure. One field blank 
34 from topsoil judgment sampling was submitted for the analysis of inorganic 
35 analytes. 
36 
37 Laboratory blanks were intended to provide an indication of actual 
38 detection limits. Based on inquiries at the primary laboratory, it was 
39 determined that the laboratory routinely uses a pure silica sand as a solid 
40 matrix blank for their internal quality control program. The laboratory was 
41 requested to analyze and report on the analysis of the .silica sand sample with 
42 each batch submitted to the laboratory. The primary laboratory perfQrmed 
43 these analysis and reported the results in the same manner as regular samples. 
44 Unfortunately, the laboratory's reporting process automatically filtered out 
45 data less than the contractual detect ion levels. Most of the data that were 
46 feturned on analytes with low concentrations were, therefore, reported as 
47 values less than the default detection levels rather than actual measurements 
48 · that could have been used to determi nE? actual detection limits. The data on 
49 the silica blanks were suitable only for identifying the presence of 
50 laboratory contamination or for other nonstatistical applications. 
51 
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1 An independent evaluation of detection and quantitation limits was 
2 desired because this parameter affects both the fitting of distrib•utions to 
3 the data and.evaluations of the reliability of the data for decision making. 
4 The determination of the · actual levels of detection {for inorganic analytes) 
5 associated with the measurement was, therefore, obtained from the replicate 
6 analyses of laboratory preparation blanks, reported on form 3 of the EPA's CLP 
7 . reporting package. These data from each reporting package from the primary 
8 laboratory were compiled and used toi cal cul ate the limit of detection and 
9 limit of quantitation as defined by the American Chemical Society (1983). 

10 These same samples also were used to, develop control charts of the measurement 
11 process for the primary laboratory (Appendix D, Section D2.2). 
12 
13 
14 5.7 RELATIONSHIPS AMONG DATA TYPES 
15 
16 Each of the four main data types described in this chapter have specific 
17 roles in the process of determining the validity of the Sitewide concept for 
18 the determination and use of soil background on the Hanford Site. The 
19 respective roles and relationships among these data types are illustrated in 
20 Figure 5-7, and provide the framework for the logical sequence in which the 
21 data are int~rpreted and presented in Chapter 6.0. · 
22 
23 The validity and applicability of the Sitewide soil background concept 
24 requires specific conditions to be met in a specific sequence. These 
25 conditions involve the acceptability of the data, and the validity of the ~ 
26 conceptual model that guided the collection and interpretation of the data. 
27 These conditions govern the extent to which the soil background data collectea 
28 can be used as a Sitewide background (i.e., representative of the entire 
29 vadose zone). · 
30 
31 The first condition is validation of the Sitewide soil background 
32 conceptual model. The information in the conceptual model together with 
33 analysis of the data constitute the technical basis for the Sitewide 
34 background concept. The data on physical composition of the soils and the 
35 factors that control the natural chemical composition of soil (i.e.t modal and 
36 grain size composition and the measurement process) address the first issue 
37 listed in Figure 5-8. Some of the data on soil chemistry also address certain 
38 other aspects of the conceptual model (e.g., bioaccumulation in topsoil). 
39 Data on the physical composition of the soils also form the basis for 
40 evaluating whether the soils posses characteristics that justify the use of 
41 their chemical compositions as a single Sitewide soil background population. 
42 Thus, the use of these data fdr refin~ment and validation of the conceptual 
43 model is a prerequisite for other aspects of data interpretation. 
44 
45 The second condition to -be met in evaluating the Sitewide background 
46 concept is whether the data on soil chemistry have the character; sti cs 
47 necessary for their consideration as Sitewide background. These evaluations 
48 involve the use of the systematic random data in assessing spatial randomness 
49 in composition of the soils, and in fitting statistical distributions for each 
50 analyte • . The condition for a single Sitewide compositional population implies 
51 that the concentrations for essentially all analytes in the systematic ranao~ 
52 data set should form single statistical distributions. · 
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Analysis of the systematic random data is followed by comparisons of this 
data set against data from judgment sampling and/or other soil background 
data. This determines the extent to which this data set can be regarded as 
sufficiently representative and complete for use as a primary Sitewide soil 
backgrou.nd data set. The judgment dat a also provide compositional information 
on the chemical characteristics of subordinate soil types in the vadose zone 
and the extent to which these data can be regarded as part of the main 
population. These judgment data also address validation or refinement of the 
conceptual model concerning minor soil types and other controls on soil 
composition. 

The overall validity of the chemical data and interpretations depend on 
the third data type, which provides the basis for evaluation of .the data 
quality. These data include field duplicates and laboratory blanks and 
duplicates. These data are used to evaluate precision and accuracy of the 
soil b~ck~round data set. Together, the analysis of all of these data provide 
a basis for evaluating the extent to which the OQOs and PARCC parameters have 
been met. 

5.8 COVERAGE AND COMPLETENESS OF SAMPLING 

The systematic random samples together with the judgment samples 
constitute one of the largest known background data sets for a vadose zone 
composed largely of a single formation. These sampling efforts were designed 
to the sand size and smaller materials (i.e., =2-millimeter size fra·ction) in 
the main facies and subordinate soil types known to occur in the vadose zone 
on the Hanford Site. These samples are believed. to have included most, if not 
all, of the constituent mineral, rock, and organic materials that 
significantly affect• the chemical compositi~n of the vadose zone sediments, 
including those from sedimentary facies that were not sampled. · 

Most of the samples collected for the characterization of soil background 
are from the three main facies of the Hanford formation, which comprise 
approximately 85 percent of the vadose zone beneath the Hanford Site 
(Chapter 3.0, Section 3.1). The second greatest number of samples were of 
surficial deposits. Both the Hanford formation sediments and the surficial 
deposits are important because they are in the uppermost 15 feet (4.6 meters) 
of the vadose zone where a majority of soil characterization associated with 
environmental restoration on the Hanford Site is expected to take place 
(WAC 173-340-740(6)(c)). Several samples from the Ringold Formation facies 
also were collected, primarily from the boreholes. 

The only types of soil material not sampled were some subordinate and 
volumetrically minor varieties. These include the alluvial fan facies of .the 
Ringold Formation, the Plio-Pleistocene pre-Missoula gravel facies, and 
Hanford formation materials containing Ringold and Plio-Pleistocene rip-up 
clasts. However, there is no reason to believe that these materials contain 
components that would cause their chemical compositions to differ 
significantly from those _ that were sampled (i.e., the three facies of the 
Hanford formation, upper and middle Ringold facies, eolian deposits, Columbia 
River Overbank deposits~ stream outwash deposits, elastic dike material, and 
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I topsoils) •. Provisions for the recognition of natural outliers are included in 
2 Hanford Site Background Data Applications Guide: Part 1, Soil (DOE-Rl 1994). 
3 
4 The data types quaiitatively described· here are presented and evaluated 
5 in Chapter 6.0. The quality of the data is addressed separately in 
6 Chapter 7.0. · 
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Guidelines for acceptability of ~itewide background data. 

. . 
• Is the conceptual model valid? 

• Are the analytical data of acceptable quality? 

• Are the data complete, comparable, and representative 
of vadose zone soils on the Hanford Site? 

Figure 5-8. -Sitewide Bacl<ground Data Analysis Issues. 
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Table 5-1. Target J\nalytes and Procedures. 

Ana lyt i ca 1 Analyte Analytical 
procedurea procedure 

200.7 CLP-M Mercury 245.5 CLP-M 
ASTH D 3868 -79b Molybdenum 7481 

204.2 CLP-M Nickel 200.7 CLP-M 

206:2 CLP-M Nitrate 300.0 

200. 7 CLP-M Nitrite 300.0 

200.7 CLP-M Phosphate 300.0 

213.2 CLP-M Potassium 200.7 CLP-M 

200.7 CLP-M Selenium 270.2 CLP-M 

ASTM D 4373 -84, b Silicon 200.7 CLP-M 

300.0 Silver 272.2 CLP-M 
200.7 CLP-M Sodium 200.7 CLP-M 

200.7 CLP-M Sulfate 300.0 

200.7 CLP-M Thallium 279.2 CLP-M 

300.0 Titanium · 200.7 ClP-M 

200.7 CLP-M Vanadiu_m 200.7 CLP-M 

239.2 CLP-M Zinc 200.7 CLP-M 

200.7 CLP-M Zirconium 200.7 CLP-M 

200.7 CLP-M 

a Number indicates an EPA procedure, except where noted 
(EPA 1989c). · · 

b American Society for Testing and Materials (ASTM 1990) 
procedures. 
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1 Table 5-2. Analytes and Procedures for Analysis of Savage Island 
Borehole Samples. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 
26 
27-
28 
29 

Analyte 

Metalsa 

Aluminum 

Antimony 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper . 

Iron 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Potassium 

Sil icon 

Silver 

Sodium 

Titanium 

Vanadium 

Zinc 

a EPA 1986. 
b EPA 1989a. 
c APHA 1989. 
d Jackson 1970. 

Preparation/ 
analysis method Analyte 

Metals 

3050/6010 Arsenic 

3050/6010 Lead-. 
3050/6010 Selenium 

3050/6010 Thallium 

3050/6010 Tin · 

3050/6010 Mercury 

3050/6010 

3050/6010 Anionsb 

3050/6010 Fluoride 

3050/6010 Chloride 

3050/6010 Nitrate 

3050/6010 · Nitrite 

3050/6010 Sulfate 

3050/6010 Phosphatec 
{total) 

3050/6010 

3050/6010 Ammoniab 

3050/6010 . . 

3050/6010 Total organic 
carbon (TOC)d 

3050/6010 

3050/6010 

3050/~010 
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Preparation/ 
analysis method 

3050/7060 

3050/7421 

3050/7740 

3050/7841 

3050/7870 

3050/7471 

EPA 340 . 2 

EPA 300.0 

EPA 300.0 

EPA 300.0 

EPA 300.0 

SM-424 

EPA 350.3 

AC0-194903 

• 
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6.0 RESULTS AND EVALUATIONS 
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The main findings resulting from the characterization of soil background 
composition on the Hanford Site are summarized in this chapter. The data and 
evaluations associated with these cha1racterization efforts primarily involve 
the chemical analysis of soil background samples, and include the 
characterization of physical composit ·ion. Three· main types of data are 
presented: (1) soil compositions of . 104 samples collected by systematic 
random sampling and determined in accordance with EPA protocols, (2} soil 
compositions from 51 judgment samples, and (3} other data supporting 
evaluation of the conceptual moael. Quality assurance and quaHty control 
data are presented in Chapter 7.0. · 

6.1. OVERVIEW OF MAIN FINDINGS 

The main findings fall into t~o categoriei: (1) results concerning the 
range of analyte concentrations in vadose zone soils and the implications for 
using this range as soil background on the Hanford Site and (2) results 
relating to validation of the soil backgrourid conceptual model . . Results from 
the second category are important because the results provide the technical 
basis and justification for use of the chemical compositional data as Sitewide 
background. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

,,,,-,, 26 

.,--., I 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

6.1.1 Soil Composition and Hanford Sitewide Background 

The main findings and interpretations resulting from the efforts to 
characterize the composition of soil background on the Hanford Site include 
the fo 11 owing. 

• Soils in the vadose zone on the Hanford Site have a range of chemical 
compositions that can be represented as a single Sitewide 
compositional population for all naturally occurring inorganic 
analytes. 

• Only a small number of the analyzed soils have one or more analyte 
concentrations that are significantly larger than in the majority of 
soil background samples. 

• The concentrations of all measured organic analytes were found to be 
at or b~low present detection limits in the samples analyzed. 

• These data can be used as the p'rimary basis for identifying 
contamination in essentially all soils in th~ vadose zone on the 
Hanford Site including the materials from the Hanford formation and 
younger sediments, Ringold F6rmation, topsoils, and volcanic ashes. 

• Unusually high analyte concentrations that occur naturally can be 
evaluated using these data. 
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The most important finding is that there is a single population of 
natural soil composition on the Hanford Site (i.e., a Sitewide background) 
that applies to all inorganic con~tituents for essentially . all soils in the 
vados~ zone. The significance of this result is that the soil background data 
can be used for all environmental restoration activities on the Hanford Site. 
These soil background data therefore are valid for use in identifying 
contamination. in soils and for use in other related applications (Chapter 1.0 
Section 1.3). Summary stati stks for the reference Sitewi de soil background . ' 
data set are provided in Table 6-1 and Table 6-2. · 

6.1.2 Soil Background Conceptual Model 

The interpretation and effective application of soil backgroun~ data to 
environmental restoration activities on the Hanford Site requires an 
understanding of what the data represent and the factors that influence 
composition and variability in the . data. This primarily involves validation 
of the soil background conceptual model. The following is a summary of the 
main results regarding factors that control soil composition. 

• The range of chemical compositions of a suite of samples is primarily 
controlled by the types and proportions of mineral and rock 
constituents. 

• Grain size substantially influences the chemical composition of 
samples determined in accordance with regulatory protocols. .~ , 

• The effects of grain size and modal composition of soil
0

:chemistry ·are 
interrelated. 

• The analyzed soils in the vadose zone are related because the soils 
are all composed principally of basaltic material, feldspar, and 
quartz. 

• Basaltic material in the soil samples is capable of controlling the 
abundance of most analyte concentrations. 

These factors are related and all contribute to the range of chemical 
compositions irr soils in the manner described in the soil background 
conceptual m6del. The data and iesults relating to validation of the 
conceptual model are ~resented in Section 6.2. The data and results provide a. 
basis for interpreting the chemical compositional data presented and evaluated 
in Section 6.3 in the context of Sitewide background. 

6.2 SITEWIDE SOIL BACKGROUND CONCEPTUAL MODEL VALIDATION 

Two important objectives of this study have been to understand the nature 
and processes that affect and control the natural .compcisition of soils on the 
Hanford Site and to evaluate the validity of the Sitewide approach to the 
determination and use of soil background data. Validation of the soil · 
background conceptual model is a prerequisite for (1) consideration of the ·~ 
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1 data .collectively as Sitewide background data sets for use in environmental 
2 restoration activities and (2) use as a scientific basis for interpretation of 
3 . soil background data. 
4 
5 Validation of the conceptual modE!l involves resolution of the following 
6 issues. 
7 
8 • Is there a single continuous range of physical and themical 
9 compositions? 

10 
11 · • Is there a correlation between physical a:·nd chemical compositions? 
12 
13 • Can the chemical data be regarded as spatially random? 
14 
15 • Can all analyte concentrations in the soils be described by a single 
16 statistical distribution? 
17 
18 • Is the present understanding of the natural soil compositions and 
19 compositional controls adequate for explaining the variations in the 
20 data (i.e., is the conceptual model consistent with the data)? 
21 
22 These issues are addressed by evaluating the physical characteristics and 
23 factors that influence the chemical composition of soils. The relationships 
24 between these factors were outlined in Chapter 5.0, Settion 5.7. Results of 
25 analyses concerning these issues are presented in the following sections. 
26 
27 
28 6.2.1 Physical Composition 
29 
30 Modal compositions, particle size distribution, and the relationships 
31 between modal mineralogy and grain size are discussed in the following 
32 sections. · 
33 
34 6.2.1.1 Modal Composition. Modal compositions {i.e., proportions of mineral 
35 and r·ock materi a 1 s) of soils in the vatdose zone were measured to characterize 
36 the type and amount of solid materials contained in the soils. The modal 
37 compositions were determined for up tet 3 size fractions, ranging from ·0.125 to 
38 2 millimeters in diameter (Table 6-3). The 14 _samples used for this 
39 characterization were collected from edght of the primary inorganic sampling 
40 sites .(Figure 6-1). The modal proportions of the three dominant components of 
41 these samples are listed in .Table 6-4. The relative proportions of 
42 constituent minerals and basaltic material in quartz- and feldspar-rich 
43 samples and basalt-rich samples are illustrated in Figure 6-2. 
44 
45 The results of these determinations indicate that basaltic material is a 
46 dominant component in all of these samples (Figure 6-2). Basaltic material 
47 comprises one-third to at least two-thirds of the volume of the analyzed soils 
48 in the Hanford formation, including light-colored silt deposits richest in 
49 quartz and feldspar (Figure 6-2). · 
50 
51 As indicated in the conceptual model (Chapter 4.0), the chemical 
52 compositions of the sand size and smaller materials in the vadose zone are 
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expected to have a range of compositions that reflect the extent of physical 
mixing of the main rock and mineral constituents. As seen in Figure ~-2, the 
dominant constituents are basalt, feldspar, and quartz. Figure 6-3 shows that 
the physical composition of the sediments in the vadose zone vary over a range 
that parallels the linear mixing lin~ between basaltic material and _ 
quartz+felds~ar. These results corroborate this aspect of the conceptual 
model and provide a technical basis for existence of a continuous range of 
soil compositions on the basis of modal composition. Based on the geologic 
characteristics of the soils and sedimentary facies descrjbed in Chapter 3.0, 
these relationships are expected to apply to essentially all of the soils in 
the vadose zone, including subordinate facies not sampled. 

6.2.1.2 Particle Size Distribution. The particle size of the rock and 
mineral compon~nts in the soils are .important because they have a strong 
effect on digestate/leachate composition. This is because the effective 
surface area (i.e., grain size) of the. particles affects the extent of 
reaction for many of the rock and mineral components in the soil samples 
(e.g., Helgeson and Murphy 1983). Thus, the range of particle sizes in soil 
samples and the distribution of particle sizes among the materials in the 
vadose zone also affect the natural range of analyte concentrations. The 
results of two independent particle size analyses on soils from the soil 
background sites performed onsite and at the Department of Geology at WSU are 
compiled in Tables 6-5a and 6-Sb and are illustrated graphically in 
Figure 6-4. · 

Evaluation of measurements on 46 soil samples indicates there is a 
continuous range of particle sizes in all the samples and that the dominant 
particle size of the soils in the vadose zone varies substantially. The 
dominant size fraction in the soil samples also ranges continuously over this 
interval (Figure 6-4). 

Variations in particle size appear to vary both vertically and laterally 
in the sample~ analyzed, with no apparent systematic distribution with the 
exception of samples from the southwestern portion of the Hanford Site (Sample 
Sites No. 11 and 12, Table 6-5a), which predominantly are fine grained. These 
relationships are consistent with the conceptual model, and provide a 
scientific basis for the existence of a continuous range of soil compositions 
on the basis of grain size effects. 

6.2.1.3 Relationships Between Modal Mineralogy and Grain Size. The combined 
analyses for modal mineralogy and particle sizes- smaller than 2 millimeters 
indicate that the modal composition is influenced by the grain size of a 
sample. The observed relationship is that the proportions of quartz and 
feldspar increase with decreasing grain size for . soils in the vadose z~ne. 
This relationship is attributable in part to the depositio~al process, 
described in Chapter 4.0, Section 4.1, and also to the effects of the physical 
disaggregati6n of lithic fragments, particularly coarser basalt particles. 
The disaggregation of basalt contributes to this trend because basaltic 
material breaks up into it~ constituent feldspar and mafic minerals with 
decreasing grain size, apparently increasing the modal proportion of feldspar 
at the expens·e of basalt. The relative amounts of other components such as ~ 
quartz also appear to increase as the amount of recognizable basaltic material 
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l decreases. This disaggregation of basalt or other lithic material also might 
2 have consequences for the distribution of important .accessory components in 
3 the sediments. 
4 
5 Modal quartz also increases with decreasing grain size, implying that the 
6 source for this mineral is from material other than basalt. The most notable 
7 exception io this general trend is the fine-grained sample (No. ~9, Figure ~-1) 
a from Cold Creek Valley (Table 6-3). The relationship between grain size and 
9 mode provides a refinement regarding the physical controls on chemical · 

10 composition in the Sitewide soil back9round conceptual model. 
11 
12 
13 6.2.2 Relationships Between Physical and Chemical Composition 
14 
15 The relationship between physical and ·chemical composition is discussed 
16 in the following sections. 
17 
18 6.2.2.1 · End member Composition. Evaluation of the extent to which basaltic 
19 material and/or other major or minor components control the ~nalyte 
20 concentrations in the soils is another important aspect of the conceptual 
21 model (e.g., Chapter 4.0, Section 4.2.3). As noted in Chapter 4.0, 
22 Section.4.1, evaluation of this aspect of the conceptual model is limited by 
23 the available data on the digestate/leachate compositions of end member 
24 compon~nts (e .g., rocks and -minerals). However, the bulk and digestate 
25 compositions determined for one basalt (Table 6-6), and the range of bulk 
26 concentrations for Grande Ronde flows in the Columbia River Basalt, listed in 
27 Table 4-1, provide some basis for evaluating this issue. 
28 
29 The relationship between the analyte concentrations in soil and basalt 
30 was evaluated by comparing the upper range measured for this basalt to the 
31 upper 95/95 threshold values listed in Table 6~2. As seen in Figure 6-5, the_ 
32 digestate/leachate concentrations in this one bisalt type can account for all,· 
33 or most, of the abundance of 16 of the 27 analytes in this Sitewide background 
34 data set. 
35 
36 Additionally, it is noted that this particular basalt is in the low- to 
37 mid-range of analyte concentrations for Grande Ronde basalts (Chapter 4.0, 
38 Table 4-1). Comparing the bulk composition of the Umtanum basalt to the range 
39 for Grande Ronde basalts (Figures 6-6a and 6-6b), basaltic material appears to 
40 be capable of dominating the concentrations of nearly all analytes in the 
41 soils. Comparison of the abundances of arsenic, chloride, alkalinity, and 
42 nitrate between Umtanum and Grande Ronde or other basalts in the Columbia 
43 River Basalt Group could not be mad~ because there are no data on these 
44 analytes in basalts other than the Umtanum basalt. Alkalinity and chloride 
45 abundances in the soils can be dominated by other minerals such as salts and 
46 calcium carbonate. Feldspar also is expected to contribute to the abundance 
47 of calcium, sodium, potassium, aluminum, silicon, . and associated trace 
48 elements such as barium. Thus, basaltic material can be demonstrated to be a 
49 reasonable upper end member for nearly all analytes as suggested in the 
50 conceptual moqel. 
51 
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1 . However, it is noted that the presence of accessory minerals such as 
2 salts, sulfides, and zircon can exert a dominant effect on . the upper range .of 
3 · concentrations (e.g., nugget effect} for some analytes (Chapter 4.0, _ 
4 Section 4.2 ~3). Other effects such as bioaccumulation also can be important 
5 in some minor soil types (Section 6.3.3.4). 
6 
7 6.2.2.2 Grai.n Size Effects. Evaluations of the effects of grain size on the · 
8 chemical composition of the soils were based on the comparison of bulk and 
9 digestate compositions for different size fractions from three soils and a 

10 basalt control sample (Tables ·6-6 and 6-7). Comparisons of bulk to leachate 
11 compositions (e.g., chloride, nitrate) could not be made because these 
12 analytes were not determined in the bulk composition analyses. These soil 
13 samples represent a range of modal compositions and grain size distributions. 
14 Comparisons between the bulk composition and digestate composition reflect the 
15 extent to which the bulk analyte contents in soils are represented in 
16 · digestate analyses. • The ratio of digestate to bulk concentratiun for an 
17 analyte is referred to as EF, as used in Equations 4-2 and 4-3 in Chapter 4.o·, 
18 Section 4.1. 
19 
20 The results of this evaluation demonstrate that EF increases 
21 systematically with decreasing particle size (i.e., surface area) for nearly 
22 all analytes. The analyte concentration in basalt digestate alone can be over 
23 10 times larger for grain sizes <0.04 millimeters in diameter than for grain 
24 sizes 1 to 2 millimeters in diameter, because of the effect of grain size on 

-~ . 

25 EF (Figure 6-7). The effect of grain size variation on the digestate · ,-..._., 
26 compositions of soil samples is less predictable than on the composition of 
27 the basalt control sample. This is because of the variety and proportions of 
28 · mineral types in the different size fractions in the soils. 
29 
30 The variation in EF for the measured analytes in soil samples is 
31 presented in Figure 6-8. The EF values are greatest for lead (up to 
32 95 percent) and-smallest for sodium (less than 1 percent). The important 
33 trace elements barium and chromium have an EF of less than 30 percent. The 
34 high standard deviations associated with virtually all of the analytes are a 
35 measure of the inter- and intrasample variability in EF. A quantitative 
36 evaluation of the effects of grain size, independent of differences in the 
37 proportion of mineral and rock components as expressed in Equation 4-2, is 
38 possible only if EF values for each component are known. Thus, the data 
39 resulting from these evaluations are only for bulk EF as defined in 
40 Equation 4-3. These data provide a quantitative basis for the Site-specific 
41 relationships between physical composition, bulk composition, and 
42 digestate/leachate composition of the soils described in the conceptual model. 
43 
44 These data also indicate that the concentrations of many of the analytes 
45 are affected so strongly by EF and the parameters that influence· it (e.g., 
46 grain size· and material type) that the digestate/leachate concentrations for 
47 many analytes could be affected more by Site-specific EF relationships than by 
48 bulk composition. These results also represent one of the first assessments 
49 of the importance of these effects in the evaluation of en~ironmental data; 
50 and the only Hanford Site-specific measurements of effective EF values for 
51 soils. ~ 
52 
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1 These findings 6n grain size effects and EF, therefore, have an important 
2 bea~ing on the soil background conceptual model. This is because these 
3 findings not only contribute significantly to the technical basis for- the 
4 existence of a related range of soil compositions, but also contribute to an 
5 understanding of the nature of the statistical distribution for analyte 
6 concentrations and to the uncertainty in the interpretation of compositional 
7 data on the soils 
8 
9 6.2.2.3 Spatial Trends in Composition and Variogram Analysis. The extent of 

10 lateral and vertical variability iri chemical co~position of the vadose zone 
11 soils across the Hanford Site is an aspect of the conceptual model important 
12 to the applicability of data as Sitewide background. Variogram analysis was 
13 used to determine whether there are significant lateral or vertical trends or 
14 correlations in the systematic random data. Also, variogram analysis was used 
15 because it is a sensitive method of testing . for spatial correlations. 
16 
17 Significant spatial trends in the chemical tomposition of the soils 
18 gen~rally are not expected because of the depositional processes described in 
19 Chapter 4.0, Section 4. 1. These processes also give rise to vertical 
20 heterogeneity in the proportions and sizes of the finer grained soil materials 
21 within the vadose zone. Random spatia.l variability also is a necessary 
22 condition for the application of classical statistical methods . The following 
23 is a description of the variogram analysis performed to evaluate spatial 
24 trends in composition and a summary of the results of this analysis. 
25 
26 Variogram analysis describes the extent to which spatial variability in a 
27 dat~ set varies as a function of the distance between sample locations (lag). 
28 Variograms used in this analysis are plots of the variance of the data versus 
29 lag. Many statistical tests are based on the independence of the data, 
30 manifested by a lack of significant trends on the variograms (i.e., random). 
31 Examples of variograms with and without -linear trends are shown in Figures 6-9 
32 and 6-10. · 
33 
34 Complete variogram analysis was performed for six representative analytes 
35 selected on the basis of the factor analysis results described in Appendix 0, 
36 Section 02.8. These analytes were chosen as representative of the main grou·ps 
37 of analytes as described in Section 6.3.2.2. The results of these variogram 
38 analyses indicate that with few exceptions the data can be considered as 
39 spatially uncorrelated and independent, because the data show no linear trends 
40 on the variograms (i.~ . , are spatially random). The only exceptions were for 
41 calcium in both the vertical and horizontal directions and for sodium in the 
42 vertical direction. 
43 
44 As seen in .the variogram for calcium concentrations (Figure 6-9a), there 
45 is a weak linear trend in the east-west direction. This result is 
46 attributable to either a nonrandom variation in the data (e~g., linear trend) 
47 or to a correlation in the variability of the data. The analysis indicates 
48 that there is some tendency for calcium concentrations to increase slightly 
49 from east to west across the Hanford Site. Thi.s trend accounts for virtually 
50 all of the apparent correlation with distance in the variogram. Removal of 
51 this trend, mathematically, results in a random variogram as shown in 
_52 Figure 6-9b. 
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1 The data on calcium·concentrations in the soils also can be regarded as 
2 essentially independent in the horizontal direction. This is because only a 
3 small percentage of the variation in the data is associated with this weak 
4 spatial correlation with calcium. This can be seen by comparing the 
·5 magnitudes of variance in both sets of plots as measured by gamma(h), which is 
6 the variance in analyte concentration between two samples separated by the 
7 distance (h). The significance of weak spatial trends for calcium is 
8 considered to be minimal because calcium is strongly correlated only with 
9 alkalinity (Section 6.3.2.2), and heither calcium or alkalinity is an analyte 

10 . of concern. · 
11 
12 Also indicated from the variogram analysis is that calcium arid sodium .. 
13 have a short vertical correlation range, on the scale of 3 to 9 feet {l to 
14 3 meters). This correlation most likely is a result of the effects of local 
15 translocation and/or accumulation in topsoils. For example, the effects of 
16 meteoric chloride accumulations restricted to the upper 9 feet (3 meters) of 
17 soil (Murphy et. al 1991), coupled with limited carbonate translocation in the 
18 topsoils (Chapter 4.0, Section 4.3.3}, are consistent with these variogram 
19 results. 
20 
21 The data for sodium ~nd calcium in the majority of soils throughout the 
22 vadose zone, however, can be treated as independent and uncorrelated in the 
23 vertical directidn. This is because the short rarige correlations for these 
24 two constituents appear to be limited to near surface samples comprising less 
25 than 1 percent of the vadose zone. 0 26 
27 These results corroborate the elements of the conceptual model concerning 
28 spatial patterns in soil characteristics (e.g., mode and grain size) 
29 potentially resulting in lateral or vertical biases in soil composition. This 
30 aspect of the conceptual model is important because it concerns the 
31 representativeness and comparability of the Sitewide soil background samples, 
32 as applied to the Sampling Plan, data handling, and data interpretation. 
33 These results show that the concentrations of all analytes in this data set 
34 can be regarded as spat i a 1 ly independent and that this independence . 
35 corroborates the validity of the Sampling Plan design. These results, 
36 therefore, indicate that the systematic random data can be analyzed using 
37 classical statistical methods, and can be treated as a single statistical 
38 population. 
39 
40 
41 6.2.3 Statistical Distributions 
42 

. 43 Data that meet the criteria outlined in Secti6ns 6.2.1 and 6.2.2, and 
44 that also can be described as a single population for all -analytes, satisfy 
45 all requirements for use as a Sitewide background. This determination 
46 involved the evaluation of statistical ·distributions .for each analyte in the 
47 systematic random data set. The statistic~l distributions . best describing the 
48 range of analyte concentrations, and the extent to which all of the analytes 
49 can be described by statistical distributions based on goodness of fit for 
50 each analyte distribution, were performed using the distribution fitting 
51 process described in Appendix D, Section 02.7 . ~ 
52 
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The results of the evaluation of statistical. distributions indicate that 
essentially all of the ~ystematic random analyte concentrations can be 
represented as a single statistical population by either Weibull or lognormal 
distributions. Examples of the distribution patterns for four analytes are 
illustrated in Figures 6-lla through 6-lld. The graphical distribution 
patterns for all detected analytes are shown in Appendix D, Section 02 . 11. 

Both Weibull and lognormal distributions provide an acceptable fit to the 
data for most analytes. The exceptions are for copper and magnesium, which 
have poor fits only for the lognormal ·distribution (e.g., Figure 6-llc), and 
sodium and silicon, which show some evidence of multiple distributions. The 
results of the fitting to these two distributions are ~ummarized and compared 
in Appendix D, Table D-9a and b. Comparisons for the correlation coefficient 
(goodness of fit) and several percentiles (80, 90, 95), as well as the upper 
tolerance intervals associated with each percentile, also are listed in 
Table D-9 in Appendix D. It is indicated from the results of this evaluation 
that .the Weibull distribution provides a consistently better representation of 
the data than does the lognormal distribution (Appendix D, Table 0-10). 

The only analytes for which the fit of the data to a single distribution 
is. not completely straightforward are so~ium and silicon. The appearance of 
multiple distribution for sodium results primarily from an inflection in the 
probability plot for this analytes. The inflection appears to be attributable 
to the uncertainty associated with the laboratory subsampling (refer to 
Appendix D, Section 02.12.3). A similar explanation is inferred for silicon. 
It is, therefore, indicated that the systematic random data reasonably can be 
regarded as a single statistical population for each analyte. 

6.3 CHEMICAL COMPOSITION OF SOIL BACKGROUND 

The chemical characteristics of the vadose zone soils on the Hanford Site 
are described in this section. The results of analyses for organic analytes 
are summarized in Section 6.3.·l. Discussions concerning results of soil 
analyses for inorganic analytes and justification for the use of these data as 
Sitewide background are presented in Section 6.3.2. The chemical 

· characteristics of the systematic random data set are described in 
Section 6.3.2. The analyte concentrations in judgment samples are evaluated 
separately in Section 6.3.3 as a companion data set to provide completeness 
and comparability for the systematic random data set. 

6.3 . 1 Organic Analytes 

No volatile or semivolatile organic chemicals, pesticides, or PCBs were 
detected in any of the 12 topsoil samples from selected terrestrial ecosystems 
on the Hanford Site (Chapter 5.0, Section 5.4.2). These results are listed in 
Appendix C, Table C-4, and the detecti on limit values for these analytes are 
listed in Table 6-8. 

These results are notable because th~ data wer~ otitained from soils in 
which naturally occurring organic chemicals should be present in the greatest 
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concentrations, and thus would provide information on the upper range of theS1. ~ 
chemicals in the soils. If other vadose zone soils are expected to contain 
smaller concentrations of these ·chemicals, further characterization of natural 
background for organic analytes might not be warranted. Further discussion of 
these results .i~ presented in Section 6.5. 

6.3.2 Sitewide Soil Background Reference Population 

The inorganic analyte concentrations recommended for use as Sitewide soil 
background are presented in this section. These data consist of two types, 
those collected by systematic random sampling and those collected by judgment 
sampling. Analyte concentrations from soil samples collected by systematic 
random. sampling are the only data from which param~ters such -as confidence 
intervals, tolerance limits, and thresholds can be calculated without the 
introduction of sampling bias. Thus, the systematic random data set is 
regarded herein as the reference Sitewide soil background data set, and is 
referred to in this section as the reference data set for the purpose of 
comparison to other data. 

6.3.2.1 General Characteristics. · The .general characteristics of the Sitewide 
soil background data set are described in Table 6-1. The summary statistics 
for 36 inorganic analytes listed Table 6-1 include the number of samples used 
in the calculation of the summary statistics; minimum, maximum, and mean 
concentrations of the analytes measured in this data set; standard error; 
standard deviation; and skewness of the population. Skewness is included as. ~ 
relative measure of the extent to which the population is skewed on either 
side of the mean (e.g., normal distributions have no skew, and lognormal 
distributions are positively skewed). Data on individual samples in the 
Sitewide soil background population are provided in Appendix C. Other 
characteristics of this dat~ set, including interelement correlation, 
threshold levels, and outliers are described in the following sections. 

6.3.2.2 Interelement Correlations and Factor Analysis. Interelement 
correlations describe the systematic covariance of analyte concentrations in a 
data set. These characteristics of the soil background data set are valuable 
because they can be used to distinguish natural outliers and exceedances from 
contamination. Interelement correlations reflect factors such as the 
stoichiometry of minerals in the soil and the laboratory analysis methods. 
Correlations commonly are evaluated for various combinations of analyte pairs 
using scattergrams (Figures 6-12). Factor arialysis also can provide a basis 
for limiting the effort for some interpretive analysis to 'representative' 
analytes in a data set. The results of the factor analysis are summarized in 
Figure 6-13. _ A discussion of the res~lts of the fact9r analysis is providea 
in Appendix 0, Section 02.8. 

E~aluations using both scattergrams and factor analysis on the systematic 
random d~ta set yield similar results. These results indicate that the 
analyte concentrations for the soils on the Hanford Site have ~ix factors 
(analyte groups) that represent analytes that are correlated. The analyte 
associations in mo~t of these fa~tors appear to :eflect c~ara~teristic mine·r, ,,..___ 
types such as calc1um carbonate 1n factor 3, sod1um chlor1de 1n factor 4, an\ · 
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1 quartz {silica) in factor 6. These three factors account for 10, 11, and 
2 6 percent of the variation in these data, respectively. 
3 
.4 The first two factors account for 62 percent of the variance of {he 
5 Sitewide background reference data set, but neither factor appears to 
6 represent any single mineral component. These two factors include most of the 
7 major elements associated with basalt and feldsp~r. These site-specific 
8 characteristits reflect the combined effects of the physical composition of 
9 the soils {i.e., modal composition and grain size) and EF for the soils. The 

10 interelement correlations calculated for this data set are listed in 
11 Appendix D, Table D-5. Analytes with an insufficient number of sampl&s above 
12 the limit of detection {Chapter 7.0, Section 7.2.2) could not be calculated 
13 and were not included in the analysis. 
14 
15 An example of the use of factor <Lnalysis and inter'element correlation is 
16 the determination of whether elevated leveli of analytes, su~h as nickel and 
17 chromium in soil, represent natural eiceedances, contributions from substances 
18 such as stainless steel {e.g., from drill bits), or other contamination. 
19 These characteristics of the soil background popul~tion also are used in 
20 evaluating the extent of lead contamination in the soils from automobile 
21 emissions (Section 6.4). Use ·of interelement correlations is included in the 
22 framework for the use of soil background data in environmental restoration 
23 activities on the Hanford Site {Appendix F). 
24 
25 6.3.2.3 Threshold levels. Background threshold levels for the analytes are 
26 characteristics of a data set that refer to an upper confidence interval of a 
27 percentile of the systematic random di stribution. Specific threshold levels 
28 for each analyte can be calculated from the distribution of this Sitewide 
29 background data set. However, calculated threshold levels depend on the 
30 confidence interval and percentile used in the calculation, how the data are 
31 used, and also on the null hypotheses associated with a particular use. 
32 Different analyte threshold levels thE?refore can be calculated from this data 
33 set, depending on the parameters used in the calculation. Several thresholds 
34 have been calculated and these are shown in Summary Table 2. Summary Table 2 
35 contains estimated parameters for the systematic random data set. The table 
36 includes estimates for the 50th, 80th , 90th, and 95th percentiles as well as 
37 upper confidence limits for the estimates of the 80th and 90th percentiles and 
38 lower and upper confidence limits for the 95th percentile. The confidence 
39 limits are based on 95 percent coverage. These estimates were computed for 
40 both the lognormal and Weibull distributions. Statistical calculations are 
41 d~scribed further in Appendix D, Sectton D1.1. 
42 
43 Threshold levels for each of the 36 analytes measured in the Sitewide 
44 soil background data set are presented in Table 6-9. The threshold levels are 
45 based on three sets of confidence interval and percentile criteria, for both 
46 lognor~al and Weibull distributions. It is notable that the threshold levels 
47 of most analytes calculated for lognormally distributed dat~ are somewhat 
48 larger than those calculated using Weibull distributions {Section 6.2.3). 
49 
50 · These threshold values are presented as characteristics of the Siiewide 
51 soil background population that can be used in a number of ways. Threshold 
52 levels might not be the most appropriate application of soil background data 
53 for some uses and should not serve as the sole basis for data interpretation 
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without also considering other characteristics of the data set. These other 
-characteristics include the uncertainties associated with data, interelement 
correlations, and consideration of the ·natural concentrations in outliers and 
judgment samples. 

6.3.2.4 Outli~rs. The results of statistical analysis of the systematic 
random sample data indicate that only 17 of the -104 samples in the data set 
have analyte concentrations so large as to be regarded as statistical outliers 
(Table 6-10)~ and censored from the calculation of population characteristics. 
These outliers are limited to only seven analytes: calcium, fluoride, lead, 
silicon, sodium, zinc, and zirconium. Thirteen of these samples have only one 
analyte outlier, one sample has outliers only for calcium and sodium, and the 
remaining three samples have outliers only for fluoride and zirconium. 
Details regarding the statistical characteristics and criteria for 
classification as an outli~r are presented in Appendix o, · Section 02.11.3. 

17 The composition of most of these outliers appears to be attributable to 
18 c~rbonate-bearing and/or alkaline soils indigenous to this region that are 
19 characteristically enriched in calcium and/or sodium and/or fluoride. The 
20 calcium outliers are interpreted to be associated with_ somewhat larger 
21 · contents of calcium carbonate (CaC03 ) based on their correlation with 
22 alkalinity in these samples (Figures 6-12 and 6-13). The sodium outliers are 
23 all from the Rattlesnake Springs locality (Sampling Site No. 12), which is 
24 recognized as a locality of highly alkaline soil and salt-tolerant flora 
25 (Rickard 1964). These soils also contain some ·of the largest measured 
26 concentrations of chlbride and sulfate. Outliers of this type also have 
27 characteristic interelement correlations for these analytes that occur in 
28 salt-rich alkaline soil regions. 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

The outliers for zinc and zirconium do not have any obvious associations 
or interelement correlations. The magnitude of these analyte concentrations 
are most easily explained as s~mples containing larger amounts of basalt 
and/or basaltic material richer in zinc and zirconium, which is consistent 
with the range of concentrations known to occur in the basalts (Chapter 4.0, 
Table 4-1). Alternatively, these outliers could represent examples of the 
nugget effect, possibly associated with trace amounts of ii rcon _in sampling 
site 10, and a zinc-bearing mineral in sampling sites 2 and 6. 

The one outlier for lead was collected from the riparian zone of the 
Columbia River, which contains generally elevated levels of lead, cadmium, and 
zinc. Section 6.3.3.5 describes the chemical characteristics of the riparian 
zone· in more detail. 

6.3.3 Judgment Samples, Subordinate Soil Types, and Exceedances 

The chemical compositions of naturally occurring soil types collected as 
judgment samples are presented in this section. Compositional data on two 
types of judgment samples are presented: (1) judgment samples collected at 
the 14 systematic random localities and (2) topsoils from the main terrestrial 
ecosystems. Data on Ringold Formation sediments also are included in this 
section. ,,-..._, 
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These samples were collected for the purpose of documenting and 
evaluating the composition of soil types in the vadose zone that ~ight not 
have been included in the systematic random sampling. The bias involved in 
the collection of these samples precludes the inclusion of these data with the 
systematic random data in the calculation of Sitewide background population . 
characteristics. These data are, therefore, used to supplement the background 
_reference data set for completeness, and for evaluating the representativeness 
and comparability of the background reference data. 

These evaluations were performed by comparing the .analyte concentrations 
of the judgment samples to those of the background reference population using 
the 95/95 threshold values as the reference for comparison for most analytes. 
Threshold values were calculated from the systematic random data for Weibull 
distributions of all analytes. The LOQ (Chapter 7.0) also wai used as a 
comparison criterion for analytes in the reference population having threshold 
levels based on detection limits, or for analytes with less than 10 data 
points above detection (Chapter 7.0, Section 7.2.2). For the purpose of .these 
comparisons, exceedances are defined as any analyte concentration exceeding 
the reference comparison levels described above. Analyte concentrations less 
than these reference levels are regarded as consistent with those of the 
Sitewide reference population. This method of comparison is considered to be 
appropriate because it involves the comparison of natural background data ~ith 
the characteristics of the background reference population. This comparison 
method also is more rigorous than other tests {e.g., Bernoulli trial 
compartson across all the analytes in each sample), and involves the 
evaluation of each analyte exceedance in each sample .. The overall number and 
type of exceedances and the significance of these exceedances are discussed in 
Sections 6.5 and in Chapter 7.0, Section 7.3. 

6.3.3.1 General ·Relationships. The most important feature of the j~dgment 
sample data is that the analyte cuncentrations in most of these samples are 
consistent with those in the Sitewide reference data set, i.e., there are 
relatively few exceedances. There also are no systematic exceedances that 
violate the conceptual model. Most of the observed exceedances involve 
analytes associated with alkaline soils and topsoil rich in organic carbon. 
The analyte concentr~tions for the main types of judgment ~amples are listed 
and compared to the threshold values in ·Tables 6-11 to 6-18. A complete 
listing of the chemical compositions of the judgment samples is provided in 
Appendix C. 

The following is a summary of the general relationships between the 
analyzed compositions of these soils compared to the reference levels of the 
Sitewide soil background data set. 

• The analyte concentration for all analyzed eolian arid alluvial samples 
are within the range of the reference population -for all constituents. · 

• The compositions of Ringold Formation judgment samples in the vadose 
zone are comparable to the ref~rence population, with only a few 
notable exceptions. 
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• The compositions of analyzed volcanic ashes largely are 
indistinguishable from those of vadose zone sediments, but .one offsite 
ash sample is markedly different. 

• Pedogenic topsoils have compositions that are largely comparable to 
the parental vadose zone sediments {Sitewide population), with the 
exception of certain analytes and _specific ecosystem-topsoil 
associations. 

A description of the type and extent of exceedances that occur in the 
judgment samples and subordinate so i l types are described in the following 
sections. 

6.3.3.2 Judgment Samples From lnor~1anic Sampling Sites. The compositions of 
the 31 judgment samples collected from the same localities as systematic 
random samples are listed in Append i x C. A summary of the analyte 
concentrations that exceed the 95/95 threshold levels in the Sitewide 
baikground reference population is presented in Table 6-11. Nine of the 
31 judgment samples have at least one analyte with concentrations that exceed 
the Sitewide reference levels. Six of these samples have an exceedance for 
only one analyte. The most notable features associated with this group-of 
samples are (1) most of these sampl•~s represent subordinate members of the 
vadose zone (e.g., elastic dikes, volcanic ash, and caliche-rich soil) and 
(2) with the exception of sample 801497, a majority .of these exceedances . 
involve analytes associated with th1? highly alkaline and carbonate-rich soils 
(i.e., calcium, sodium, nitrate, su·lfate, alkalinity). ~ -

In all but one of the judgment samples, only one exceedance: was observed 
for the analytes barium, lead, manganese, and mercury. The exceedance levels 
for these analytes are all only slightly larger than the reference threshold 
(i.e., less than 1.3 times larger). The one exception is a near-surface 
sample (B01497) with exceedances for aluminum, barium, manganese, and 
potassium that are noticeably larger than those of the reference thresholds 
(up to 1.7 times larger for barium). The exceedances for beryllium and zinc 
in this sample are only sightly larger than those of the referenc~ thresholds. 

Overall, the number of exceedances in the judgment sample data set is 
remarkably small, and well below the 5 percent statistically expected for a 
comparison of this type. These exceedances largely are restricted to 
subordinate soil types. The analytes associated with most of these . 
exceedances also are few in numb~r and are those expected to have naturally 
elevated concentrations in alkaline soils. It also is indicated from the 
concentrations of these exceedances that most do not reflect nugget effects, 
but rather expected statistical exceedances. 

6.3.3.3 Ringold Sediments .. The compositions of judgment samples from the 
Ringold Formation sediments (Table 6-12a and 6-12b) fall into two main groups: 
(1) those collected within the vadose zone ~t offsite localities and (2) those 
collected in the saturated zone from the Yakima Barricade borehole. Only the 
compositions of the first group are discussed here. Samples in the second 
group were analyzed in conjunction with the groundwater background 
characterization efforts and are listed for information only. 
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The concentrations of most analytes in the. samples of Ringold Formation 
sediments from the Savage Island borehole and an offsite surface sample are 
comparable to those in the Sitewide background reference data set (Table 6-13a 
and 6-13b). The main exceedances are in the contents of silica (up to 
10 times threshold levels), and in the apparent contents of cadmium (2 to 
3 times the threshold lev·els) for all of these samples. No significant 
exceedances were observed for the subsurface Ringold Formation sediments 
except for the markedly elevated concentrations of chromium and nickel in 
one sample (S8-1004) in approximately the same ratio · as in stainless steel. 
The one sample collected at the surface of the island and the duplicate of 
this sample have somewhat elevated levels of aluminum, chromium, and potassium 
compared to those of the reference ·background levels. These characteristics 
are more likely to reflect the biologic and pedogenic effects of topsoil than 
intririsic characteristics of Ringold Formation sedtments, especially . 
considering that this sample was collected from the topsoil on an island in 
the Columbia River. It also is notable that the three Ringold Formation 
samples in the lower part of the vadose ione from the Yakima Barricade 
borehole, included in the Sitewide background reference data set (HEIS numbers 
8014J3, B014J4, and B014J5), also have analyte concentrations that are 
indistinguishable from those of other vadose zone materials. 

It is indicated from these r~sults that the composition of ~ost Ringold 
Formation sediments expected to occur in the vadose zone on the Hanford Site 
have analyte concentrations consistent. with those of the Sitewide reference 
population, with the exception of only two analytes, silica and cadmium. 
Silica generally is not an analyte of significant concern. The exceedances 
for cadmium are suspect because cadmium is an analyte that occurs at 
coricentrations near detection level~, •ind also because the samples from Savage 
Island were analyzed at a different laboratory than those of the Sitewide 
reference samples, which did not provide information for the calculation of 
LOO and LOQ values. A. sample interpreted to be a volcanic ash (SB-1002) is 
discussed in the ·following section. 

34 6.3.3.4 Volcanic Ash. Compositions ·of five volcanic ash samples encountered 
35 in the upper 5 to 10 feet (1.5 to 3 meters) of the vadose zone are listed in 
36 Table 6-14. Four of these samples were included in the judgment samples from 
37 the systematic random sampling sites, and one (sample SB-1002} was from the 
38 Savage Islarid borehole. The concentrations of analyte exceedances for these 
39 samples are listed in Table 6-15. These ash compositions probably represent 
40 · only three volcanic ash units because the three samples from Sampling 
41 Site Nb. 5 all appear to have been collected from the same ash unit (Mazama 
42 ash) and the three samples all have similar compositions. 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

All of these volcanic ash samples except the one sample from 
Savage Island have compositions comparable to those of the Sitewide background 
population. The ash sample (B01427) collected from the characteristically 
alkaline soils from R~ttlesna~e Springs on the Atid Lands Ecology Reserve 
(Sampling Site No. 12) has exceedances for the same analytes (calcium, sodium, 
and alkalinity) as other samples collected from this and other sites of highly 
alkaline soils (Section 6.J.2.4). The compositions of the three ash samples 
from Sampling Site No. 5 show no exceedances for any of the analytes. 
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The composition of a sample from Savage Island, interpreted to be a 
volcanic ash within the Ringold Formation, has elevated concentrations for at 
least 12 analytes, some of which are the largest analyte concentrations yet 
found in the vadose zone (Table 6-15). This unidentified ash unit clearly is 
different in composition from any other material analyzed in the vadose zone; 
It is not known whether this unit occurs in the vadose zone on the Hanford 
Site. 

The analyz~d volcanic ashes in t he Hanford formation and younger units 
therefore appear to have compositions that are comparable to, and adequ~tely 
represented by, the Sitewide soil background data. However, only two of the 
four ashes known to occur within the vadose zone on the Hanford Site might 
have been sampled {Chapter 3.0, Figure 3-10). The compositions (Table 6-15) 
represerit at least two of these volcanic ashes, ·presumably Mazama ash and 
Glacier Peak ash. However, these ashes presently cannot be correlated to 
specific units on the basis of compositi~n because the digestate compositions 
differ significantly from those of bulk compositions, and only bulk 
compositions of these volcanic ashes presently exist in the literature. 

6.3.3.5 Topsoils. The compositions of samples collected in the upper few 
inches (centimeters) of the topsoil in terrestrial e·cosystems on the Hanford 
Site (Chapter 5.0, Section 5.4.2) are listed in Table 6-16. In general, these 
data show that the majority of the topsoils on the Hanford Site have analyte 
concentrations no larger than those of the Sitewide soil background reference 
levels (Table 6-17). However, the topsoils in three of the ecosystems have 
distinctively higher concentrations for many analytes. These three soil .,,.-..,__ 
association types are: (1) highly alkaline soils of playa and ephemeral 
drainages, (2) riparian ecosystem soils, and (3) the grassy soils on 
Rattlesnake Mountain. 

The compositions of the highly alkaline soils collectively have 
exceedances for nearly every analyte. Two types of highly alkaline topsoils 
were collected: one in the leaf-litter canopy of spiny hopsage in the 
cryptogamic soil of a playa (806146 and 806147), and one in the leaf-litter 
canopy of a greasewood plant (8061379) from Rattlesnake Springs on the Arid 
Lands Ecology Reserve. The analyte type and magnitude of these exceedances 
are likely to be attributable to both the accumulation of evaporfte salts 
associated with these ecosystems, an.d also to the ·bioaccumulation of analytes 
associated with organic material (e.g., leaf litter) derived from these 
distinctive plant types (Rickard 1964). 

Many, if not most, of the exceedances in the playa samples might reflect 
the effects of bioaccumulation int ese topsoils. This interpretation is 
based on the general absence of chloride exceedances and of other analytes 
strongly correlated with evaporite minerals in these samples, and on the . 
relatively high total organic carbon contents, which are two of the largest 
measured (1.7 to 5.2 percent by weight). The elevated concentrations of 
analytes such as barium, ~admium, lead, and magnesium in the sample from 
Rattlesnake Springs also might be attributable to bioaccumulation effects. 
This is because these analytes were not found to be correlated with calcium, 
sodium, potassium, nitrate, phosphate, sulfate, and alkalinity, which · 
characteristically are found in alkaline soils elsewhere in the vadose zone 
containing little or no organic material. 
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The riparian and related topsoils adjacent to the Columbia River have 
three to five times larger concentrations of cadmium, lead, and zinc compared 
to other vadose zone soils_. The topsoil sample in the canopy zone of junipers 
adjacent to the riparian area also contains 2.5 times more arsenic than the 
Sitewide reference levels. The levels of copper were only slightly larger 
than those of the Sitewide reference value. These soils ~lso have relatively 
larger amounts of organic carbon (1.4 to 2 percent by weight). These 
exceedances are significant because these soils are the most common types 
found in the vicinity of the production reactors. 

The other main variant sdil type is from the grassy soils developed in 
thick topsoils on the eastern facing slope of Rattlesnake Mountain. This 
sample contains concentrations of cadmium, lead, manganese, potassium, silver 
and phosphate up to two times l~rger than those of the reference threshold ' 
values, and also has a relatively large organic carbon content compared to 
other soils (about 2 percent by weight). . 

Only two other analyte exceedances occur in all the samples collected 
from the ecosystems of the upper and lower Columbia River Plain, oldfield, and 
200 Plateau, which cover a majority of the Hanford Site. These exceedances 
are (1) lead in a sample from the oldfield ecosystem measuring about twice 
that of the reference threshold· and (2) a phosphate concentration 1.7 times 
that of the reference threshold from the leaf-litter canopy of sagebrush in 
the lower Columbia River Plain ecosystem. 

6.3.4 Comparisons to Unit-Based Backgrounds 

The Sitewide soil background reference values also were compared to the 
analyte .concentrations of 58 individual samples from earlier unit-based soil 
background characterization activities at various locations across the Hanford 
Site, including the 100 Areas (OOE-RL 1988), the 200 Area (OOE-Rl 1989), and 
the 1100 Area (DOE-Rl 1990). The composition of these samples (Appendix C) 
was determined in the same manner as the Sitewid~ judgment samples (EPA 1986, 
1989c), but at different laboratories. These cornpari~ons are presented in 
Table 6-18 as an independent evaluation of the representativeness, . 
completeness, and comparability of the Sitewide soil backgroijnd data. These 
samplis were collected from localized parts of the vadose zone adjacent to or 
in the vicinity of a WMU and specifically were collected for the purpose of 
representing unit-based soil background for individual units. These samples 
were collected by a combination of judgment surface sampling (DOE-RL 1989), 
highly localized random sampling on the scale of less than 108 square feet 
(10 square meters), and sampling from boreholes (DOE-RL 1988, 1989). · 

Only eight of the 58 sa~ples have analyte concentrations that exceed the 
Sitewide background reference values, with the exception of cadmium 
concentrations. Of these eight samples, most are for only one analyte. A 
single exceedance was observed for nickel, chromium, manganese, and zinc. Two 
exceedances were observed for barium, and four for sodium. Twenty-two . 
exceedances were found for cadmium. The contentration levels for most of 
these ~xceedances are not significantly larger than the reference threshold 
levels, except for sodium in the data set from the 200 Area (DOE-RL 1989). 
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The most significant group of exc:eedances is for cadmium, which is the ~ , 
only exceedance observed in 22 of the samples. All of these exceedances are 
about 10 times larger than those of the reference threshold value, and all of 
these samples ar·e from the 100 Ar.ea in riparian ·and adjacent soils. Thirteen 
of the samples (DOE-RL 1988) were collected in a 10 foot (3 meter) by 10 foot 
{3 meter} grid, and essentially represent a single composite sample of the 
soil in this small area. The magnitude of the exceedances in the .22 samples 
could be a characteristic of riparian soils, because elevated cadmium was one 
of the distinguishing characteristics of these topsoils (Section 6.3.3.5). 
The extent to which these concentrations represent characteristics of riparian 
s6ils, or aspects of the data quality , cannot be determined without the 
assessment of the LOO and LOQ specific to these earlier data sets that 
contained insufficient information for these calculations. 

Of the remaining exceedances, only those for sodium and manganese from 
the 200 Area data set (DOE-RL 1989) a1re larger than the number or magnitude 
expected from this type of comparison. The sodium levels \n these sam~les ar~ 
slightly larger than the reference threshold level, and could either reflect 
the alkaline characteristics of the soils, or uncertainty in the data. The 
single manganese outlier in this data set might represent the nugget effect in 
this sample. 

6.4 OTHER RESULTS AND EVALUATIONS 

The following sections contain information and evaluations relating to 
the Sitewide soil background data to x-ray spectra, occurrence pf 
anthropogenic lead, and health-based levels. 

6.4.l Sitewide Soil Background X-ray Spectra 

The Sitewide soil background samples (Table 6-19) also were analyzed by 
x-ray fluorescence (XRF) methods using a portable XRF unit and energy 
dispersive detection methods (EO-XRF) (WHC 1992d). Spectral sc~ns for these 
samples were· obtained using americium-241 and curium-244 sources (e.g., Figure 
6-14). Thii 'scan' model approach for soil background is based ~n the 
observation that materials with similar matrices should exhibit similar XRF 
spectra under similar measurement conditions for a given energy source and 
intensity. These background samples produce a largely characteristic .spectral 
pattern because the range of total counts observed for over 125 soil 
background samples is relatively ·small and distinctive for nearly all measured 
analyses. The only exceptions are the larger range of total counts observed 
for iron, which has the highest count rate, and to a lesser extent, manganese, 
and cobalt, which have spectral positions adjacent to iron. 

These spectral scans indicate that the 'characteristic' spectral patterns 
of the soil background samples can be! used to identify anomalously high . 
concentrations of heavy metals in soi.ls or other surfaces (WHC 1992d). The 
results of this work further demonstrates the utility of the Sitewide approach 
to the characterization and use of ·soil background data. Th~ results also 
corroborate the assertion in the conceptual. model that the materials in the 
vadose zone have certain phisical and chemical compositions that enable most ·~ 
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1 of the material to be characterized and regarded collectively as a single 
2 Sitewide background population. 
3 
4 The use of the quantitati~e bulk and digestate compositional data . 
5 provided in this report, combined with ch_aracteristic spectral scan patterns 
6 from field screening ED-XRF, also might provide a basis for semiquantitative 
7 ED-XRF analyses and/or enhancement of the field screening analysis methods~ 
8 
9 

10 6.4.2 Anthropogenic Lead in Soils 
11 
12 The question of whether any of the soil samples from the background 
13 sampling sites contain residual lead .contamination from vehicle exhaust 
14 particulates, particularly those from sample sites ·1ocated near roads 
15 (Chapter 5.0, Section 5.3.3). also has been evaluated. This was performed by 
16 evaluating interelement correlations with lead, _ and comparing the distribution 
17 of lead in soils from sites near roads to those from sites aw·ay from roads. 
18 
19 The systematic random data were divided into two subsets based on their 
20 proximity to roadways. The subset closest to roadways consisted of samples 
21 from Sampling Site No.'s 1~ 5, 6, 7, 8, 9, 13, and 14. A number of these 
22 sites are located in and around the 200 Areas, as described in Appendix A, 
23 Section A2.3. The second subset cons:ists of samples from the remaining sites 
24 that are not near roadways. Evaluation of these two subsets provides a basis 
25 for determining whether there is any bias in the concentration of lead of 
26 these subset~. 
27 
28 The concentrations of lead and aluminum both were evaluated because the 
29 positive correlation between these two analytes {r2 = .55+) appears to be a 
30 characteristic of .the natural background population that can be used in this 
31 comparison. This evaluation was, therefore, based on the assµmption that 
32 (l) soils affected by the addition of lead from vehicle exhaust would be 
33 expected to have lead concentrations larger than those from other sites and 
34 {2) samples containing anthropogenic lead would not be correlated with 
35 analytes like aluminum in the same manner as uncontaminated samples. 
36 
37 The results of this evaluation (Figure 6-15) show that there is no 
38 indication of higher lead concentrat i ons in samples collected from sites 
39 nearest to roads on the Hanford Site .. The concentrations of lead generally 
40 are smaller in the soil samples nearE!St roads even though the two data sets 
41 show the same interelement correlation trend for lead and aluminum 
42 (Figure 6-15). This result is the opposite of that expected for soils 
43 contaminated from vehicular emi~sions. 
44 
45 The lead content .in these soils appears to be controlled by factors oth~r 
46 than proximity to roadways. The controlling factor for the generally larger 
47 concentrations of aluminum and lead i n samples farthest from roads most likely 
48 is the somewhat smaller grain size of the soils in this subset of samples. · 
49 Compositions of soils with smaller particle sizes have bee~ shown to have 
50 digestate/leachate ccimpositions with somewhat larger concentrations of lead 
51 (Section 6.2.2.2). The sample sites near roadways primarily are coarser 
52 grained sediments from gravel quarry sites located near roadways. It is, 
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therefore, indicated that there is no measurable anthropogenic lead 
contamination from vehicle exhaust in the Sitewide soil background· samples. 

6.4.3 Comparison of Sitewide Background Data to Health-Based Limits 

-~ 

7 The Sitewide soil background data and health-based protection levels 
8 identified in the Model Toxics Control Act (MTCA) (WAC 173-340) are summarized 
9 in Table 6-20 as a means of comparing these background data to a set of 

10 calculated risk-based cleanup standards. This type of comparison provides 
11 insight regarding the utility and adequacy of these data for use in risk 
12 assessment applications. The average and maximum -analy~e conc~ntrations, LOO 
13 levels, and 95/95 threshold levels are tabulated together with the MTCA 
14 health-based concentration limits for soil ingestion and Method B exposure 
15 parameters. The 95/95 threshold levels are used here _as one type of 
16 calculated statistical characteristic of the background population that can be 
17 used in making comparisons for individual analytes. These data are also 
18 compared to a hazard index of 0.1 calculated in the manner recommended in the 
19 · Hanford Site Baseline Risk Assessment Methodology (HSBRAM) (OOE-RL 1992a) as 
20 an example for evaluating the significance and adequacy of the data for use in 
21 assessing the combined risks from multiple analytes. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

• Only a small numbef of sampl es in the Sitewide background data set 
have analyte concentrations that exceed the 95/95 threshold levels. 
There are naturally occ~rring exceedances for nearly all of the 
inorganic ana 1 ytes in the S Hewi de background data set. However, ~ 
these exceedances occur in a relatively small number of samples (ref. 
to Sections 6.3.2.4 and 6.3.3). 

• The largest measured background concentrations exceed the secondary 
screening 10 percent of MTCA chronic toxicity carcinogenicity for nine 
inorganic analytes; antimony, arsenic, cadmium, chromium (as Cr VI), 
manganese, mercury, nickel, and vanadium for chronic toxicity; and 
arsenic and beryllium for carcinogenicity (Table 6;..20). 

• Other than arsenic, none of the analytes in the Sitewide background 
data set have concentrations that exceed residential soil ingestion 
levels for chronic toxicity calculated using a hazard index of 1.0, 
and most samples have concentrations significantly below these 
toxicity limits. However, the maximum levels of some analytes in the 
background data sets (e.g., antimony) are not significantly different · 
from these calculated toxicity levels. The background levels of some 
analytes that have concentrations individually less than a health­
based protection level, may collettively have toncentrations that 
contribute significantly to risk based on criteria such as hazard· 
quotient (Table 6-20). 

• The detected levels of arsenic . and beryllium in all of the naturally 
occurring soils have concentrations that are significantly above the 
calculated residential carcinogenicity limits. The maximum 
concentrations of arsenic and beryllium that occur naturally are over 
40 and 50 times larger than these carcinogenicity limits, ~ 
respectively. 
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• The actual detection limits . achieved at the CLP laboratories are 
generally- smaller than residential toxicity limits, and most are 
significantly less. However, the LOO for arsenic · and beryllium are 
muth greater than calculated carcinogenicity limits (6 to 1-0 times 
greater). 

· It is indicated from these comparisons that. the majority of the naturally 
occurring soils in the vadose zone at the Hanford Site have analyte 
concentrations that do not exceed the calculated health-based levels for 
chronic toxicity by ingestion. The technical basis for the calculation of the 
carcinogenicity levels for arsenic and beryllium, however, appears to be very 
poor based on the soil background data. The naturally occurring levels of 
several metals in the soils could be expected to exceed recommended screening 
levels for certain soil types, e.g . , topsoils rich in organic carbon. 
Therefore, it is indicated that these secondary screening levels might be too 
stringent if significant numbers of background samples fail to pass this 
screen. The detection levels for all of the analytes are sufficiently 
sensitive for the application of these data in baseline risk assessments. 

6.5 SUMMARY AND DISCUSSION 

The results of these evaluations provide both physical and chemical data 
on the composition of naturally occurring soils in the vadose zone on the 
Hanford Site. These results confirm that a Sitewide soil background is a 
viable concept for use in environmental restoration activities on the Hanford 
Site, and also provide the database for this Sitewide background. All aspects 
of the conceptual model that constitute the basis for the Sitewide approach to 
the determination and use soil background data have been confirmed and 
refined. The Sitewide soil background data also have been shown to be 
sufficiently representative of soils throughout the vadose zone and 
appropriate for use in the identification of contamination in essentially all 
types of soils. · · 

The inorganic chemical composition of Sitewide soil background data is 
represented by two data sets, a primary random data set and a judgment data 
set. The statistical characteristics of the primary data set, based on 
systematic random sampling, serve as the basis for statistical application of 
the data and the calculation of comparison and · screening criteria ~uch as 
threshold levels. The second data set, based on judgment sampling, was used 
to corroborate the representativeness of the primary data set, and together 
with the conceptual model, serves as a basis for d\stinguishing contamination 
from nat~ral outliers and exceedances. 

I 52 

There were no volatile or semivolatile organic chemicals, pesticides, or 
PCBs ~etected in any of the 12 representative topsoils from the selected 
terrestrial ecosystems. These results initially were intended to provide 
preliminary information on· the maximum range to which naturally occurring 
organic chemical might occur in the soils on the Hanford Site. However, it is 
indicated from the absence of these organic chemicals from the soils in which 
natural organic chemicals should be largest that further sampling and analysis 
for the characteriz~tion of natural background for organic analytes might not 

53 be warranted. · 
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I Some of the -most significant resL~ts of this study involve the validation 
2 and refinement of the Sitewide soil background conceptual model. These 
3 findings relate primarily to documentation of the physical characteristics of 
4 the vadose zone soils and the factors that influence their chemical 
5 composition. These results include the following. 
6 
7 • The range of chemical compositions of the soils reflect variations in 
8 the types .and proportions of rock and mineral constituents (mode) and 
9 grain size. 

10 
11 • The vadose zone soils on the Hanford Site primarily are composed of 
12 relatively unaltered mixtures of basaltic material, quartz, and 
13 feldspar. 
14 
15 • The compositions of the _ soils are related because of similarities in . 
16 their origins and source materials. 
17 
18 • The physical similarities and relationships between these soils are 
19 manifested chemically as a single compositional population having a 
20 continuous range of concentrations for each analyte, and c_an be 
21 described as single statistical distributions. 

· 22 
23 The range of chemical compositions of- the vadose zone soils reflects the 
24 range of modal and grain size composition of the soils, and the extent to 
25 which individual analytes are extracted frqm these soils during their . ~ 
26 preparation for analysis (e.g., partial acid digestion). The effectiveness of 
27 extraction (EF) of individual analytes from the .soils varies with mineral or 
28 rock typ_e, and increases with decreasing grain size. Hanford Site soil 
29 compositions reflect EFs that vary from over 90 percent for analytes such as 
30 lead, to less than 1 percent for analytes such as sodium. 
31 
32 Basaltic material in the soils has been shown to be capable of dominating 
33 the chemical composition of the soils for nearly all analytes. For most 
34 analytes, the primary effects of quartz and feldspar are as dilutants. The 
35 main exceptions are for analytes that also occur in feldspar (e.g., calcium, 
36 sodium, and potassium). Accessory minerals such as salts and calcium _ 
37 carbonate also ·contribute to, or dominate, the abundances of analytes such as 
38 calcium, sodium, alkalinity, and chloride in certain minor soil types. 
39 
40 The systematic random set of soil compositional data adequately 
41 represents essentially all soil types: in the vadose zone, including eolian and 
42 alluvial deposits, Ringold Formation sediments, and most volcanic ashes and 
43 topsoils. Comparisons to previously determined WMU-based soil backgrounds 
44 also indicate that this systematic random data set is sufficiently robust for 
45 use as Sitewide background~ 
46 
47 The most notable anomalies in soil composition occur almost exclusively 
48 in two main types of topsoils: those with relatively large amounts of organic 
49 carbon and those in highly alkaline topsoils. · Highly al.kaline topsoils with a 
50 relatively low amount·of organic carbon typically have elevated concentrations 
51 of calcium, sodium, potassium, nitrate, phosphate, sulfate, and alkalinity; ~ 
52 those with large~ amount of organic ~arbon have relatively elevated 
53 concentrations for nearly all analytE?S [compared to the upper threshold for 
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1 the Sitewide soil background (Table 6-2)]. The topsoils richest in organic 
2 carbon (riparian topsoils and grassy soils on the flank of Rattlesnake · 
3 Mountain) a11 · have elevated levels of cadmium and lead, up to five times 
4 larger than the reference threshold levels. Somewhat larger concentrations of 
5 barium, ~agnesium, manganese, zinc, and potassium also occur in the leaf 
6 litter canopy of specific plant types such as spiny hopsage, greasewood, and 
7 juniper. 
8 
9 The elevated levels of analytes in the highly alkaline soils lowest in 

10 organic carbon are interpreted to_ result from the physical accumulation of 
11 salts by evaporation. The elevated concentrations of lead and cadmium appear 
12 to be an important characteristic of soils with more organic material. This 
13 · appears to be related to bioaccumulation associated with specific plant types. 
14 This characteristic of the riparian soils is important because these soils are 
15 found throughout the 100 Areas. 
16 
17 One of the most important conclusions drawn from comparing the Sitewide 
18 background data to other soil compositions is that caution must be used in 
19 interpreting the concentrations of analytes with naturally occurring 
20 abundances that are at or near detection limits. This is a concern because 
21 the quality assurance and quality control of a given laboratory, and 
22 especially the actual LOO and LOQ associated with the measurement of these 
23 analytes, can be the most importarit factor in interpreting the concentrations 
24 for these analytes. In the Sitewide soil_ background data set, these analytes 
25 include silver, molybdenum, thallium, cadmium, selenium, mercury, antimony, 
26 lithium, nitrite~ and phosphate. 
27 
28 Data collected in conjunction with this study can be used as Sitewide 
29 soil background for environmental restoration activities across the Hanford 
30 Site. The statistical characteristics of the systematic random data set can 
31 be used in identifying contamination in all types of vadose zone soils because 
32 all of the DQO and PARCC parameters required for the use of these data in this 
33 capacity have been met. 
34 
35 The manner in which the Sitewide data are used in the identification of 
36 contamination is of fundamental importance. This issue is important because a 
37 variety of statistical parameters and/or comparison criteria (e.g., threshold 
38 levels) can be calculated from these data for different types of contamination 
39 scenarios. However, the use of a Sitewide soil background is lost if there is 
40 no consistency or guidance concerning the manner in which these data are, or 
41 should be used. It also is imperative that users of the data understand the 
42 uncertainties and limitations of these data in making decisions regarding the 
43 presence or absence of contamination. The thr~shold levels presented in 
44 Table 6-2, for example, are commonly used parameters that can be calculated in 
45 many ways based on the level of confidence and coverage desired, but which 
46 also have inherent limitations in their use. There also is considerable 
47 uncertainty associated with any given threshold level and individual analyte 
48 concentration measurement for an analyte resulting from the uncertainties 
49 involved in the sample collection and analysis processes. It is, 
50 inappropriate for major programmatic or activity decisions using soil 
51 background data to be based ~xclusively on such factors as threshold 
52 exceedances. 
53 
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1 The importance of appropriate and consistent use of the Sitewi de 
2 background data for activities specifi c to the Hanford Site therefore has led 
3 to the development of a framework for recommended guidance regarding data use, 
4 contained in Hanford Site Background Data Applications Guide: Part 1, Soil 
5 (DOE-RL 1994). This guidance includes a phased approach to the evaluation of 
6 soil compositional data, and technically justifiable statistical methods that 
7 can be used in the identification of contamination in soils for the primary . 
8 contamination scenarios that occur on the Hanford Site. One of the main 
9 points of emphasi~ resulting from this a$pect of the evaluation and 

10 incorporated in the background framewi>rk guidance {DOE-RL 1994) is that the 
11 manner in which primary screening criteria are chosen generally is no more 
12 important than the manner in which the exceedances are interpreted and 
13 handled. It is in this context that the Sitewide so.il background data 
14 presented here are justified ai sufficiently ~dequate to represent all soil 
15 types in the vadose zone on the Hanford Site. 

Hanf ord Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 6-24 



I 
I 

Hanford I 
611• 
eo-sar, 

•• 

/
•-·•-•-.. --, 

. ""t, 
. • ""l. 

. • . .• '· L, 
• J Slole ll!Qh•way 24 · . • . 

20ow_,,.,.. 1,1,10• 200 " •... 

~ 
\_ 

=-,__.r---"."""7... 
• Arid l•nd• 
~-~ Ecology 

~4t, -~•Hfv• 
"'4,t. -~ . 

~✓• • ... ~--L...:.._J ~ 

0 ·51111 .. 

O 5 J(lomea-,a 

j "{ 

I 
~ 

DOE/RL-92-24 
Volume 1,.Rev. 4 

t 
H 

I 

Waehlnglon 
Pul>llo 

BPW.p 

"GEN\MOG0$92•A 

Figure 6-1. Sampling · Locations for Samples Collected for Grain-Size Study. 
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(a) Modal Proportions (vol%) of Quartz and Feldspar-Rich Soil 
(Sample No. S85) · 

{b) Modal Proportions (v1)I%) of Basalt-Rich Soil · 
(Sample No. S814) 

Quartz 

Basalt 39303075.4 

Figure 6-2. Measure·d Modal Pro port ions of Constituent Materia 1 s in Vadose 
Zone Soils. {a) Modal proportion of quartz and feldspar-rich soil; 
{b) Mod~l proportion of basalt-rich soil. Modes are based on the 
recalculation of granitic materials into quartz and feldspar ·~ 
components in the manner described in Table 6-4. 
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Figure 6-5. Comparison of Umtanum Basalt Digestate Composition to 
· Sitewide Soil Background Threshold Levels. 
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Figure 6-7. _ Extraction Effjciency Values for Selected Analytes in 
Basalt for Seven Size Fractions. ·Extraction efficiency is the ratio 
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Figure 6-8. Av~rage Vadose Zone Soil Extraction Efficiency Values 
for Various Analytes. Extraction efficiency is the ratio of the 
digestate concentration to the total (bulk) concentration. 
Standard deviations also are• plotted. 
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Figure 6-9 .a. Variogram Analysis for Calcium Showing Weak Correlated Trend in 
the East-West Direction. Gamma(h) repre!sents the variance of the differences 

,.--.._ in analyte concentration measurements SE!parated by a distance ·h. · Question 
·marks (?) denote where less than 20 pairs of measurements were used in 
the computation of gamma(h). 
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Figure 6-9.b. Variogram Analysis for Calcium Showing a Lack of Spatial 
Correlation After Removal of the Weak East.;.West Trend. Gamma(h) 
represents the variance of the differences in analyte concentration 
measuremenfs separated by a distance h. Question marks(?) denote 
where less than 20 pairs of measuremEmts were used in the 
computation of ga11111a(h). 
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Figure 6-10. Variogram Analysis for lead Concentrations Showing No Spatial 
Correlation. GalTVlla(h) represents the variance ·of the differences in 
analyte concentration .measurements separated by a distance h. Question 
marks(?) denote where less than 20 pairs of measurements were used in 
the computation of gamma(h). 
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Figure 6-11.a . Cumulative Distribution Plots for Sitewide Soil Background 
Data (Random Data Set) for Arsenic. Regression lines are shown together ~ -
with upper 95 percent confidence level line; r2 is a goodness of fit · 
parameter where 1.0 is a perfect fit. 
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Figure 6-11.b. Cumulative Distribution Plots for Sitewide Soil Background 
Data (Random Data Set} for Chromium. Regression lines are shown together 
with upper 95 percent confidence level line; r2 is a goodness of fit 
parameter where 1.0 is a perfect fit. 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 F6-1 l.2 . 



DOE/RL-92-24 
Volume 1, -Rev. 4 

(c) Copper--Weibull 
.. ,., 

99 c...N.,rr,, ~ nJ ,.. 
I 

90 ._te(l) • 11.39193 w L;c 95 
U;c 95 
0 

80 
70 

C 60 
50 u 40 

M 30 
u 20 
L 
A .1..0 
r 
I 5 
u 
E 2 

7. .1.. 
,/" 

..,...... ,,,. 
. 5 

. 2 

• .1. 

.02>.1. 

(c) Copper-.-lognormal 
, ... I 

vrT ,' i nsp 

99 

C 
u 90 
M 

80 u 
L 70 

A 60 

r 50 
40 

I 30 u 
20 E 

.1..0 
X s 

2 
.1. 

.s 

.2 
• .1.. 

.1.. 

~ 

~ 1/ 
/ 1//1 

/ l/ v7 ) 

) 

V / l/ ) 

7 I ) 

. 0.1.. • .1.. .1. 

,It, 

,LY/ 
.D' 

A'T/ 
/,c;,/ 

....-m 
~ 

eta• 3.98774 
beta- .884777 -
r"2 - .9811609 
IVS• 104/eT 

I I 
' 

J..0 .1.02) 

1995 
0818 

TI.Sl4P 

CONCENTRATION Cng.,kg) 

Copper 

I / 0 I,, 

/I; V 
I, r/ 

51, 
HI/ 

WI 
J/!f/1 

/11 
I/, " 

Lt~ 
II ',, 

/ . / I nuru.- 14 .35423 
/ ' sd.P - 1.39272j I-

7 0 r"2 • .9210768"-
JV& - 104/BTT""" 

J..0 .1.02) 

COHCEHTRAT IDH Cng.,kg) 

L;c 95 
Ux 95 
0 

1995 
8828 

.TI.SJ4p 

Figure 6-11.c. Cumulative Distribution Plots for Sitewide Soil Background 
Data (Random Data Set) for Copper. Regression lines are shown together 
with upper 95 percent confidence level line; r2 is a goodness of fit 
parameter where 1.0 is a perfect fit . 
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.Figure 6-11.d . Cumulative Distribution Plots for Sitewide Soil Background 
Data (Random Data Set) for Lead. Regression lines are shown together 
with upper 95 percent confidence level line; r 2 is a goodness of fit 
parameter where 1.0 is a perfect fit. · 
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Table 6-1. Surrmary Statistics for Sitewide Soil Background Compositional 
Data on Inorganic Analytes (systematic random reference data set). 

All values in mg/kg except skewness, which is dimensionless. 
Number of samples refers to numbers of validated data for 

each an.a lyte. 

No. of Standard 
Analyte samples Minimum Maximura Mean deviation Skewness 

Aluminum 104 3940 18100 8080 
Antimony 54 15 .7 15.7 15.7 
Arsenic 104 3 11. 4 4.2 
Barium 104 45.2 221 92.7 
Beryllium 104 0.60 2.1 1.2 
Cadmium 104 0.66 0.66 0.66 
Calcium 104 3820 86600 11500 
ChrorDium 104 2.9 30.6 10.9 
Cobalt 104 5.7 16.9 11. 7 
Copper 104 8.1 36 . l 15.5 
Iron 104 13200 35100 24500 
lead 104 1.1 26.6 6.3 
lithium 66 34 38.2 34 . l 
Magnesium 104 2900 10100 5180 
Manganese 104 196 704 384 
Mercury 104 0.16 3.8 0.26 
Molybdenum 58 2 2 2 

Nickel 104 7.2 28 .2 13 .0 
Potassium 104 851 3280 1370 
Selenium · 85 5 6 5.0 
Silicon 101 5.2 583 32.2 
Si l ver 104 1.4 14.6 1. 6 
Sodium 104 101 5620 439 
Tha 11 i um 104 3.7 3.7 3.-7 
Titanium 83 524 2940 1600 
Vanadium 104 24.3 97.9 57.6 
Zi nc 104 30.9 119 53.0 
Zirconiu11 83 11 84 .8 23.6 
Alkalinity . 104 31 37600 3410 
Anrnonia 104 0.6 26.4 3.6 
Chloride 103 1 1480 68.3 
Fluoride 103 1 73.3 2.4 
Nitrate 104 0.6 538 30 . 1 
Nitrite 104 21 21 21 
0-Phosphate · .104 2 225 4.7 
Sulfate 104 1 4340 192 

111g/kg • milligrams per kilogram. 
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3060 1.51 
0.00 0.00 
1.68 2.18 
30 .2 1.39 
0.28 0.49 
0.00 0.00 

10100 · 5.01 
5·_16 1.24 
2.96 -0.14 · 
5. 30 2.05 
5770 -0.10 
3.46 2.50 
0.62 5.40 
1510 1.46 
93.l 0.46 
0. 47 6.42 -
0 .0 0.00 

4.73 1.35 
555 1.20 

0. 11 9.22 
75 ;1 5.98 
1.30 IO.I 
625 6.69 

0.00 0.00 
653 0.34 

19.4 0. 33 
13.2 1.69 
12.8 2.16 
6510 3.17 
5.74 2.26 

205 4.63 
7.48 8.70 
90.2 4.34 
0.00 0.-00 
22.2 9.69 

693 4.86 

T6-1 
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"" 0 1 Table 6-3. Modal Compositions of 14 Representat")ve Vadose Zone Soil Samples. (sheet 1 of 4) ~ ... 
Ni:::l.. 

g~ 
..... (1) 

ti;, 2 Sample Site Qtz Pl ag Kspar Biot Muse I:) Amph Pyx Cc Chert Shale Op Bas Gran Meta 
(') 

~ 3 no . . no. 
ti 
::: 4 S81+0 2 1.6 0.8 3.2 o· 0 0 0 0 0 0.4 0 71.2 21..2 1.6 ;::i 

~ 

~ 
5 S81+2 2 8 3.6 4.8 0 0 0.8 I. 2 0.4 0.8 0.8 0 60 16 3.6 

::!. 6 _._ S81+3 2 18.4 . 3. 2 6.8 2 0 1. 2 2.4 3.4 0 1.6 0.2 38.8 14.4 7 .6· 

~ 7 SB! AVG. 2 9.3 2.5 4.9 0.7 0.0 0.7 1.2 1.3 0.3 0.9 0.1 56. 7. 17.2 4.3 
::::.: 
0, 8 SB! STD. 2 8.5 1.5 1.8 1.2 0.0 0.6 1.2 1.9 0.5 0.6 0.1 16.5 3.6 3. 1 I:) 
(') 

- ~ 9 S84+0 3 0.4 0.8 2.8 0 0 0 0 0 0 2 0 75.2 18 0.8 ti 
;:: 

10 SB4+2 ;::i 3 7 5;2 26.8 2.6 0 1.4 0 0 0 5 0 34.6 11 6.4 
i:::l.. 
~ 

11 SB4+3 3 18.4 5.2 27.2 2.4 0 1.6 4 0 0 3.2 0 27.2 7.6 3.2 ... 
~ 
~ 1? C:Cl.1. 1'1\11~ 3 8.6 3.7 18 , 9 L7 0.0 1.0 1.3 0.0 0.0 3.4 0.0 45.7 12.2 3.5 
~ 

J. .. ...,..,, n•""• 
~ 13 SB4 STD. 3 9.1 2.5 14.0 1.4 o.o 0.9 2.3 0.0 0.0 1.5 0.0 25.8 5.3. 2.8 o· 
I:) 
(') 

14 ~- SB5+0 9 3.6 2.8 6 0.8 0 0 0 0 0 0.4 0 42 40 4.4 
(I) 

:i... 15 S85+2 9 23.2 5.2 17.6 2.4 0 ;::i 0.4 1.2 1.2 0.4 0.8 0 22 20.4 5.2 
I:) 

~ 16 S85+3 9 30.4 3.6 14.8 2.8 0 1.6 .2 1.2 0 1.2 lr6 20.8 13.6 6.4 ... 
~ 

17 SBS AVG. 9 19.l 3.9 12.8 2.0 0.0 0.7 1.1 ·0.8 0.1 0.8 0.5 28.3 24 .7 5.3 

18 S85 STD. 9 13.9 1.2 6.1 1.1 o.o 0.8 1..0 0.7 0.2 0.4 0.9 11.9 13.7 1.0 

19 SB6+0 9 2.8 1.2 2.8 .0.4 0 0 0 0 0 2.8 0 39.6 46.8 3.6 

2Q S86+2 9 20.4 5.6 17.6 3.6 0 0.8 0.8 2 0 2.4 0 12;8 26 8 
< ti 

21 SB6+3 9 26 6 16 4 0 1.2 1.6 4 0.8 2.4 0.4 11.2 22.4 4 0 0 

i~ 22 S86 AVG. 9 16.4 4.3 12.1 2.7 0.0 0.7 o .. 8 2.0 0.3 2.5 0.1 21.2 31. 7 5.2 
.... I 

-.:i 0.8 2.0 0.5 0.2 0.2 16.0 13;2 2.4 
~ \0 

::)\ 23 S86 STD. .g 12.1 2.7 8. 1 2.0 o.o 0.6 ~ t;-> 
I . 0 ls.) 

:,;.) :< ~ .... -.:. 

) ) ) 
----~------- -------- -
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2 it Table 6-3. Modal Compositions of 14 Representative Vadose Zone Soil Samples. (sheet 2 of 4) --..> V) 

5 ~ 
- (1) 

t:x, 
i:::, Sample Site Qtz Plag Kspar Biot Muse Amph Pyx Cc Chert Shale Op Bas Gr.an Meta (") 

~ no. no. 
C) 
i;:: 

1 . SB7+0 ;:i ·8 4.4 4 6.8 0 0 0 0 0 3.2 1.2 0 47.6 31.6 1.2 f-:-. 

~ 2 SB7+2 8 20.8 7.6 20.8. 2 0.8 1.2 0 0 0.8 2 2 19.6 16.4 6 ::t 
3 SB7+3 :;-.. 8 13.6 7.2 15.6 2.8 0.4 0.4 0 1.4 1.2 2.4 · 0.2 46.8 3.2 4. 8 _ 

~ 4 SB7 AVG. 8 12.9 6.3 14.4 1.6 0.4 0.5 0.0 0.5 1.7 1. 9 0.7 38.0 17.1 4.0 ~ 
t:x, 

SB7 STD. i:::, 5 8 8.2 2.0 7.1 1.4 0.4 0.6 0.0 0.8 1.3 0.6 1.1 15.9 14.2 2.5 (") 

~ 
~ 6 SB8+0 8 4.8 2.4 8.4 0 0 0 0 0 0 2 0 43.2 36 3 .. 2 s:: 
;:i 

7 S88+2 ~ 8 25.6 4 11.2 4 0 0.8 2.4 2.4 0 0.4 0 9.6 36 6 'o-.... 8 S88+3 8 ~ 28 2.8 14.4 5.6 0.2 3.2 3.8 2.8 0 0.4 0 12.4 22.8 3.6 
;:i 

9 SB8 AVG . 8 19.5 .3. l 11.3 3.2 n l l ':l ? , , 7 n n n - a n n ., 1 ., 31.6 A "l ~ v, .. .. ,., ..... _. • I v.v v,~ v.v l. J. • I 't. ·.J 
~ 

10 sa8 STD. 8 3.0 l. 7 l. 9 1.5 0.0 0.9 0.0 18.6 7.6 1.5 C 12.8 0.8 2~9 0.1 i:::, 
(") --- 11 S89+2 · 11 19.8 4.8 20.8 2.4 0.4 1.6 0 0.8 2.4 8 0.8 31.6 4.4 2.2 -:: 
(1) 

~ 

0.8 6 2 42.8 0 1.6 ;:i 12 S89+3 11 16.8 3.2 11.2 10 1.6 3.6 0 0.4 i:::, 

~ 
0.0 4.5 1.6 7.0 1.4 37.2 2.2 ·1. 9 ~ 13 S89 AVG. 11 18.3 4.0 16.0 6.2 1.0 2.6 

14 S89 STD. 11 2.1 1.1 6.8 5.4 0.8 1.4 0.0 . 4. 7 1.1 1.4 0.8 7.9 3.1 0.4 
15 S810+0 8 5.2 .3.6 4 0.4. 0 0 0 0 1.2 1.2 0 46.4 35.2 2.8 

16 SB10+2 8 17.6 8.8 12 2.4 0 1.6 1.6 0 0.8 0.8 ·2,4 26.8 22 3.2 
17 S810+3 8 21.6 6.8 16.4 4 0 2 2.8 0 0.8 0.4 3.2 29.2 9.6 3.2 · <O 

22.3 3.1 
2-. 0 

18 S810 AVG. 8 · 14~8 6.4 10.8 2.3 0.0 1.2 1.5 0.0 0.9 0.8 1.9 34.1 ~ ~ . 
19 SBlO STD. 8 8.6 2.6 6.3 . 1.8 0.0 1.1 I. 4 0.0 0.2 0.4 1. 7 10.7 12.8 0.2 .,_ I 

w \0 -3 
~N "' 0 I I 

< N _;) 

• . .;.. :v . .;.. 
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Table6-3. Modal Compositions of 14 Representative Vadose Zone Soil ~ t:i.. Samples. (sheet 3 of 4) 
:, ~ 
:! ~-

~ 
(") Sample Site Qtz Plag Kspar Biot Muse Amph Pyx Cc Chert Shale Op Bas Gran Meta ~ 
0 no. . no. 
i:: 
~ 1 · SBll+O 6 8.2 2.8 0 0.4 ~ 0 0 0 2.6 0 0 2.2 70.2 10.6 3 
~ 2 SB11+2 6 10.6 3 0 0 0 0 0.4 2 . 0 0 2.8 76.6 2.6 2 
::t 
_ ...... 3 SB11+3 6 14.6 11 0 0.2 0 0 8.2 0.4 o· 0 4 57.6 1.6 2.6 
~ 4 S~ll AVG. 6 11. l 5.5 :::.:. 0.0 0.2 0.0 0.0 2.9 l. 7 0.0 0.0 . 3.0 68.l 4.9 2.5 
~ 
Cl 5 SBll STD. 6 3.2 4.6 · 0.0 0.2 0.0 0.0 4.6 1.1 0.0 0.0 0.9 9.7 0.5 (") 4.9 
~ 
c3 6 SB12+0 13 .3 1 0 0 0 0 0 0 0 0 0 90.4 4 1.6 i:: 
~ 
ti. 7 SB12+2 13 39.6 6.8 6 0.8 0 0 1 0.4 0 0 0.4 37 6.4 0 ~ .., 
~ 8 SBl2+3 13 20.2 6.8 3 0.2 0 0 4.4 1.2 0 0 2.4 52 9.4 .. 0 
~ 

~ 9 SB12 AVG. 13 20.9 4.9 3.o · 0.3 0.0 0.0 1.8 0.5 0.0 0.0 0.9 59.8 6.6 0.5 
S-o· 

10 SB12 STD. 13 18.3 3.3 3.0 0. 4 0.0 0.0 2.3· 0.6 0.0 0.0 1.3 27.5 2.7 0.9 Cl 
(") .... ~- 11 S813+0 13 1 0.8 0.4 0 0 0 0 0 0 0.2 0 86.8 8 2~8 (\) 

:i:... 
:::i 12 S813+2 13 6.4 3.2 2.8 2!4 0 1.6 3.6 0.8 0 1.2 0 62 14 2 Cl 
~ a 13 SB13 AVG. 13 3.7 2 1.6 1.2 0 0.8 1.8 0.4 0 0~1 o· · 74.4 11 2.4 

14 S813 STD. 13 3.8 1. 7 1.7 1. 7 0.0 1.1 2.5 0.6 0.0 . o. 7 0.0 17.5 4.2 0.6 

15 SB14+0 14 0 0 0 0 0 0 0 0 0 0 0 100 0 0 

16 SB14+2 14 .10 .8 2.8 6.8 2.8 0 0.8 1. 2 1.4 0 1.6 · 0.2 57.2 8.4 6 ' 

17 SB14 A.VG. 14 5.4 1.4 3.4 1.4 0 0.4 0.6 0.7 0 0.8 0.1 78.6 4.2 3 ~g 
18 SB14 STD. 14 7~6 2.0 4.8 2.0 0.0 0.6 0.8 1.0 0.0 . 1.1 0 .1 30.3 5.9 4.2 i~ 

- I w \0 ..., ::,;:it-.> 
:)\ ~ r!., 
I ;< . .s,.. 
j.) 

j.) 
.s:,. 

) ) ) 
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Table 6-3. Modal Compositions of 14 Representative Vadose Zone Soil Samples. (sheet 4 of 4) 

Sample Site Qtz Plag Kspar Biot Muse Amph Pyx Cc Chert Shale Op Bas Gran 
no. no . 

SB15+2 14 9.2 1.6 4.4 18 5.6 0.4 0 0 0.4 4.8 0.4 52.8 0.8 
S815+3 14 19. 2 . 3.6 10 9.2 1.2 I. 6 2 0.6 1.2 0.4 0.6 44 4 
SBIS AVG. 14 14 . 2 2.6 7.2 13 3.4 1 I 0.3 0.8 2.6 0.5 48.4 2.4 
S815 STD . 14 7.1 1.4 4.0 5.9 3.1 0.8 1.4 0.4 0.6 3.1 0. 1 6.2 2.3 
S816+0 14 1.2 0 3.2 0.4 0 0 0 0.8 0.8 6 0.4 64.4 15.6 
S816+2 14 26.8 4.4 16 1.6 0.4 0 0.4 0.4 0 1.2 0 32.8 14 .8 

S816 AVG. 14 14 2.2 9.6 1 0.2 0 0.2 0.6 · 0.4 3.6 0.2 48 .6 15.2 

S816 STD. 14 18.1 3 .1 9 .1 0.8 0.3 a.a 0.3 0.9 0.6 3.4 0.3 22.3 0.6 

Modal compositions are given for various size fractions, averages, and standard deviations. 
Size fractions are labeled as the Phi size of the fraction in the sample name, e.g., S81+2 is 
the mode for the 2-Phi size fraction of Sample S81. The mineral and rock constituent 
abbreviations are: Qtz (quartz), Plag (plagioclase feldspar), K-Spar (potassium feldspar), 
Biot (biotite), Muse (muscovite), Amph (amphibole), Pyx (pyroxene), Op (opaque minerals), 
Bas (basalt), Gran (granite), and Meta (metamorphic rock fragments). 

) 

Meta 

2 
2.4 

2.2 
0.3 
7.2 
1. 2 

4.2 

4.2 
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1 Table 6-4. Simplified Modal Compositions {Volume Percerit) of the 
2 14 Soil Samples Listed in Tab'le 6-·3 for the Three Dominant 
3 Species: Basalt, Quartz, and Feldspar. 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

- 32 

Proportions of primary constituents {volume%) 

Sample Basalt Total feldspar* Total quartz* 

SBl 

S84 

S85 

S86 

S87 

S88 

S89 

S810 

S811 

S812 

S813 

S814 

S815 

S816 

65 18 17 

53 33 14 

34 34 32 

27 40 33 

45 34 22 

27 37 37 

33 35 32 

41 33 26 

77 9 14 

64 · 12 24 

82 10 8 

85 7 7 

65 15 20 

56 22 22 

Feldspar and quartz modes includ~ the contributions from 
granitic .material calculated in the manner described in 
Figure 6-5. 

* Totals calcu7ated by considerfng granitic constituents of 
32% quartz, 24% plagioclase, 24% K-feldspar, and . 
20% amphibole based on modal composition {volume%) of· over 
half of analyzed granitic rocks around the world 
{Best 1982, p. 115). 
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Table 6-5.a. Particle Size Distribution (in Percent) for Vadose Zone Soils on the 
Hanford Site. (sheet 1 of 3) 

Site · HEIS 
Diameter of grains, in millimeters 

no. no. 16 8 4 2 0.406 0.250 0.177 0.088 0.037 
1 . B01416 0 0 0 0 20.3 32.1 17.3 14.5 12 
2 B01437 0 0 0 0.7 31. 5 7.3 15.2 27.9 11. 4 
2 801432 0 0 0 1.2 30.4 7.4 17 28.7 10.7 
3 B08165 4 3.5 13.9 21.4 47.4 7.9 0.9 0.3 0.3 
3 808166 0 2.7 9.6 24.9 51.2 9 .6 . 1.1 0,3 0.3 
3 B08168 0 0 0 0 20 28.T 37.4 13.7 0.2 
3. B0B169 0 0 0 0 16.7 28.9 41.5 12.7 0.2 
3 801B80 0 0 1.6 36 54.3 7.3 0.6 0. l 0 .1 
3 B01881 0 0 1.6 35.4 54.5 ];6 0.7 0.1 0.1 
4 801461 0 0 0 0 0 4.2 i3.8 i9,6 33.3 
4 B01474 0 0 0 0 1.3 5.9 9.5 24.5 30.3 
5 B014F8 0 0 0 0 1.5 6.7 41.9 36.7 10.4 
5 B014F9 0 0 0 0 1.9 8.5 26.6 46.6 12.9 

6 B01478 0 0 0 .0.3 51.6 36 8.9 2.1 0.6 
6 B01481 0 0 0 0.3 49.4 37.1 9.7 2.3 0.7 

7 B014D2 1.1 0 3.8 20.7 60.6 7.4 3.5 1.9 0.7 

7 8014Dl 0 0 2 15.5 70 . 7 7.3 2.7 1. 2 0.4 

8 B01479 0 0 0.4 1.1 39 .·6 38.5 14.5 4 1.1 . 
8 B014B8 · O 0 0 0 41.4 39.5 13.6 3.9 1 
9 B014B1 0 0 4 6.3 48.9 28.2 8.4 2.4 1 
9 B014B2 0 0 1. 7 11.8 59.1 20.1 5 1.2 0.5 

-

<0.037 
3.8 
6 
4.6 
0.4 
0.3 
0 
0 
0 
0 

29.i 
28.5 
2.8 
3.5 
0.5 
0.5 
0.3 
0.2 
0.8 
0.6 
0.8 
.0. 6 
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Site 
no. 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 

Table 6-5.a. Particle Size Distribution (in Percent) for Vadose Zone Soils on the 
Hanford Site. (sheet 2 of 3) 

HEIS 
Diameter of grains, in millimeters 

no. 16 8 4 2 0.406 0.250 0.177 0.088 0.037 
801466 0 0 17.8 24.6 36 .8 9.6 4.7 2 .. 9 1. 7 
801475 0 2.8 15.9 27.9 30.8 8.6 5.8 2.5 2.1 
B014F3 0 0 0 0 0.5 2.8 3 14 . 37.8 
8014F4 0 0 0 0 4 3 .1 3.1 13.3 37.2 
B01424 0 . Q 0 0 2 .1 6.5 12.8 29.3 29.4 
801428 0 0 0 0 2.8 6.3 li.i 26.5 29.8 
B01455 0 2.8 11. 7 29.2 51.1 2.3 1.4 1 0.3 
801476 3.9 5.5 13.2 30.5 43.3 1.5 0.9 0.7 0.3 
801441 0 7.6 17.7 29.l 28 8.3 3.4 2.8 2 
801477 0 0 7.1 18~7 40.8 11. 7 5.8 6.4 5.5 

<0.037 
1.9 
3.6 

41.9 
.39 .3 
19.9 
23.5 
0.2 
0.2 
1.1 
4 

Distribution of grains among 10 size fractions (diameter in millimeters) for the 14 samples 
listed in Table 6-3. 

HEIS ~ Hanford Environmental !~formation System. 

) ) 
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Table 6-5.b. Particle Size Distribution (in Percent) for Vadose Zone Soils on the Hanford Site. 
(sheet 3 of 3) 

4 Sample . Diameter of grains, in mil~imeters 
s· no• I 6 8 4 2 I o. 5 o. 2 5 o. 12 5 o . 063 ·· o. 03 7 <0. 03 7 

6· SB-I 2.37 1.03 0.95 5.27 22.22 49.05 15.43 3.16 0.35 0.09 0.08 _
11 

7 SB-2 0 · 0 0.01 0.08 0.29 1.65 - 25.19 62.86 8.86 0.71 0.36 

8 S8-3 0 . 0 0 . 0 6.61 19.58 37.25 25.37 9.55 1.28 0.36 

9 SB-4 34.46 16.65 16.07 13.08 11.93 4.52 1.09 1.31 0.6 0.27 0.02 

10 S8-5 3.97 11.29 7.62 4.88 4.59 23.67 32.72 8.14 1.92 · 0 . 63 0.57 

11 SB-6 14.32 19.69 19.65 12.55 8.78 10.64 11.01 . 2.22 0.6 .0.25 0 . 29 

12 SB-7 27.47 20.84 18.57 13.57 10 . 65 5.92 1.41 · 0.48 0.37 0.27 0.44 

13 SB-8 30 . 62 

14 S8-9 0 

15 SB-10 0 

16 · SB-11 0 

. · 17 SB-12 34.76 

18 S8-13 2 ~ 95 

19 SB-14 24 . 66 

20 SB-15 0 

21 S8-16 15.2 
22 

26 .85115.7~ h i:;? I c:: , Q I C. O'l 
w • V&.. V • ~\J VeU..., 

0 I o 0.01 I 0.04 I o.25 

0.14 I 1.31 7.9 1-31.62 141.93 

o I 0.01 0.12 I 3.66 I 63.36 

23 .11 I 6. 62 7.92 I 13.23 I 6.32 

0.15 I 0.26 0.74 I 18.67 174.62 

31.83 121.53 I 11.32. I 5.67 I 1.74 

o I o I o I o. 03 I o. 04 

23.5 I 14.02 I 11.07 I 8.08 110.21 

e: ?'l 
V • C...J 

3". 21 

12.76 

29.66 

5.79 

2.02 

0.75 

0,.63 

11.76 

1.15 

9. 71 

2.51 

2.68 

1.36 

OJ3 

1.01 

" ., V • .J 

35 .5 
l.03 

0.2.6 

0.5 

0.17 

0.63 

,.. , ,. 
v.10 0.27 

27.86 23.43 

0.49 0 . 32 

0.08 0.17 

0.22 0 . 17 

0.11 0.08 

0.35 0.52 

6 .99 I 49. 92 I 23. 36 I 19. 03 

3.59 I 1.16 I 0.55 I o.87 

23 Distribution of grains among 11 size fractions (diameter in millimeters) for the 16 samp]es 
24 collected for grain size study. 
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l Table 6-6. Bulk, ·oigestate, and Leachate-Compositions for Seven Size 
2 Fractions of a Reference Basalt (Umtanum Basalt). Major elements 
3 are in wt%, others are in mg/kg. 
4 
g S!!!!Ele nuiber 

Analysis type Analyte BAS+O BAS+1 BAS+2 BAS+3 BAS+4 8+4.75 BAS+PAN 
7 Bulk rock Sil icon 25.74 25.68 25.61 25.66 25.73 25.27 24.90 
8 Titaniuii 1.33 1.33 1.31 1.26 1.23 1 .34 1.42 
9 - Aluni nua 3.51 3.50 3;52 3.56 3.62 3.46 3.23 

10 lron 10.05 10. 04 10.00 9.6S 9.63 10.31 11 . 08 
11 Manganese 0.16 . 0. 16 0.16 0. 16 0.16 0.16 . 0.18 
12 Hagnes i U11 2. 07 2.05 2.09 2.00 1.95 1 . 95 2.21 
13 CalciUD 5.10 s'.08 5.09 S.10 5.04 4.95 5.00 
14 Sodiun 1.22 1.17 1.18 1.18 1.20 1 .13 1.05 
15 PotassiU1 0.77 O.TI 0.76 0.76 0.77 0.77 0.76 
16 Phosphate 0.09 0.09 0.09 0.09 0.09 0.10 0.11 
17 Digestion Sil icon 0.00 o.oo 0.00 0.00 0.01 0.01 0.02 · 
18 Titaniun 0.34 0.70 0.55 0.68 0.75 0.99 0.96 
19 Al uni nun 0.16 0.22 0.25 . 0.31 0.44 0.51 0.62 
20 Iron 1.74 3.35 2.58 3.20 3.54 4.44 4.33 
21 Manganese 0.01 0.03 0.02 0. 03 0.03 0.04 0.04 
22 Hagnesiun 0.04 0.05 0.05 0.06 0.08 0.10 0.12 
23 CalciU11 0.39 0.44 0.45 0.48 0.55 0.57 0.67 
24 Sodhn 0. 01 0.02 0.03 0.04 0.07 0.08 0. 12 
25 Potass iun 0.07 0.10 0.12 0.14 0.16 0. 18 0.20 
26 Bulle rock Nickel 0 0 0 0 0 0 0 
27 ChromiU11 17 14 17 18 14 22 . 22 
28 Scanditn 41 38 38 38 36 37 42 
29 VanadiUII 314 313 304 305 300 319 346 
30 Bar i l.Ill 599 583 598 577 584 600 578 
31 Rt.bidiun 46 47 47 43 49 48 47 
32 St rontiln 310 309 310 316 325 311 283 
33 ZirconiU11 182 181 181 180 182 185 183 
34 Yttriua 37 37 39 37 36 37 38 
35 NiobiU11 13 . 8 14 14.2 13.7 14 15.1 14.4 
36 Gadol iniun 23 24 24 24 22 20 21 
37 Zinc 130 135 136 13S 133 166 232 
38 Lead 9 11 7 10 13 48 36 
39 LanthanU11 32 19 37 21 27 26 13 
40 Cerilm 46 37 55 40 43 39 43 
41 Thor iun 5 6 7 5 6 6 5 
42 Digestion Nickel 3.2 -3.2 3.2 3.2 3.2 3.2 3.2 
43 Chroo,iua 1.7 3 2.5 3;5 6.1 9.5 11.2 
44 Arsenic 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
45 VanadiUI 78. 1 161 124 166 177 244 237 
46 Bariun 18.4 33. i 37 40.5 53.5 58.2 71.7 
47 Beryl l i1.111 0.6 1.1 0.9 1 1.z 1.5 1.5 
48 Zirconhn 20.6 3,4.4 30.8 36.8 40.2 48.1 48 
49 Cobalt 10.4 19.2 14.7 19.2 21.1 27.6 30.3 
50 Zinc 27.8 53.8 43.5 55.7 63.9 106 140 
51 Lead 10.6 6.4 8.6 · 27.1 14 .9 29.4 30.7 
52 Leachate .Anmonia net net nd ·net net nd net 
53 Alica! inity 452 402 626 453 564 404 1,280 
54 Fluoride 2.87 0. 75 0.5 0.53 0.66 2.27 3.48 
-55 Chloride 57.1 6.73 13. 4 12.6 13.3 17.4 27.7 
56. Nitr i te 0.85 0.23 0. 25 0.36 
57 Nitrate 298 46.9 106 98.2 87.6 116 123 
58 0-Phosphate 2.8 2.94 5 8.44 149 128 
59 Sulfate 64.3 116 163 190 '260 407 
60 

Jj 
mg/kg = milligrams per kilogram. 
nd = not deternined. 
wtx· = weight percent. 
Bulk carpositions were determined by x-ray fluorescence spectroscopy. Digestate and leachate 
conpositfons were dete_n11ined by EPA protocols:. 
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1 Table 6-7.a. Bulk, ffigestate:, .and Leachate Compositions of Various Size 
2 Fractions of the Vadose Zone Soils Described in Table 6-3. Major 
3 elements are in wt%~ others are in mg/kg. (sheet I 
4 
5 Analysis type Analyte Sanple nuiber 

SB9+1 SB9+2 SB9+3 SB9+4 
6 Bulle rock Sil icon 3o.n 31.00 30.98 32.00 
7 Titanhn 0.42 0.44 0.47 0.41 
8 AlUlliM 4.00 3.99 3.83 3.62 
9 Iron 3.82 3.57 4.00 3.48 

10 Manganese 0.07 0.08 0.08 0.07 
11 Hagnesiua 1.27 1.3:3 1.30 1.21 
12 Calc:iln 2.27 2.3;2 2.35 2.26 
13 SodiUII 0.95 0.91 0.82 0.86 
14 Potassiua 1.22· 1.Z:S 1.20 1.11 
15 · Phosphate 0.03 o.o:s 0.03 0.03 
16 Digestion sflic:on o.oo o.o;? 0.03 0.01 
17 TitaniUD 0.10 0.0(? 0.12 0.09 
18 Alunirun 0.80 1 .o;? 1 •. 41 1.18 
19 Iron 1.82 1.8l1 2.71 . 2.30 
20 Hanganese - 0.04 . o.oi. 0.06 0.05 
21 Hagnesiua 0.63 0.5il 0.79 0.70 
22 Calchn 0.81 0.9 '.I 1.20 1.14 
23 Sodiun 0.02 0.0;1 0.04 0.03 
24 Potassiun 0.24 0.23 0.34 0.27 
25 Bulle rock Nickel 29 30 32 26 
26 ChromiUD 53 56 63 54 
27 Scandhn · 16 17 13 15 
28 Vanadiun 94 90 102 70 
29 BariU'II 834 821 842 770 
30 Rubidiun 113 116 115 102 
31 Strontiua 327 297 302 291 
32 Zirconhn 154 187 200 183 
33 .. ntriln 25 27 30 27 
34 Niobiun 13.7 17.8 17 18.6 
35 Gadol iniun 21 18 21 15 
36 Zinc: 95 84 88 76 
37 Lead 19 25 23 23 
38 Lantham.rn 19 19 48 30 
39 Ceriun 47 78 74 73 
40 Thoriun 11 12 12 12 
41 Digestion Nickel 17.3 15.7 20.9 19.6 
42 Chr0111hn 15.7 17.5 22.8 19.1 
43 Arsenic 5.5 7.9 7.2 
44 Vanadiuw 33.6 34 47.3 38.3 
45 Baril.Ill 92.2 113 193 159 
46 BeryllhJ11 0.78 0.9 1.4 1.2 
47 Zirc:oniun 13 10 14.3 12.5 
48 Cobalt 8.3 8.2 12.8 _11 
49 Zinc: 46.4 48.4 68.9 60.9 
50 Lead 10.6 13.6 22.2 21.5 
51 Leachate Anmonia nd nd nd ~ 
52 Allcal infty 56 1,810 1,380 1,570 
53 Fluoride 2.75 1.59 3.44 3.24 
54 Chloride 58.5 31.9 49.4 84.2 
55 Nitrite 
56 Nitrate 308 69.1 532 
57 O•f'.hosph.ite 
58 Sulfate 59.4 63.2 107 
59 
60 
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S89+4.75 
32.84 
0.44 
3.45 
3.30 
0.06 
1.13 
2.38 

· 0.90 
1.00 
0.04 
0.02 · 
0.08 
1.12 

· 2.06. 
0.04 
0.59 
1.12 
0.03 
0.20 

25 
53 
17 
78 

659 
89 

285 
312 
. 29 
14.6 
17 
71 
23 
26 
93 
13 
15.9 
17.8 
6.6 

35.6 
97.5 

1.1 
13.6 
9. 1 

50.9 
19.4 
nd 

3,590 
30.4 

142 

822 

144 

of 3) 

SB9+PAN SB9<2nm 
30.88 31.94 
0.56 0.46 
3.70 3.64 
3.98 3.65 
0.07 0.07 
1.28 1.25 
2.67 2.42 
0.84 0.88 
1.03 1.07 
0.05 0.04 
0.06 0.03 
0.09 0.08 
1.27 1.09 
2.40 2.14 
0.04 0.04 
0.66 0.64 
1.47 1. 17 
0.04 0.03 
0.20 0.22 

26 26 
62 53 
18 18 
88 91 

638 703 
94 100 

264 292 
498 298 
43 32 
19.9 15.9 
15 18 
85 71 
41 20 
55 38 

134 . 102 
18 14 
17.8 17.1 
18.7 17.3 
9.9 7.5 

41.6 35.1 
94.4 119 
1.2 1.1 

17.2 11.9 
10.3 9.9 
64.9 52.9 
34.2 15 
nd . nd 

2,470 2,160 
4.08 6. 1 

99 94.9 
0.35 

498 499 
1.78 

92.1 . 61.5 
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1 Table 6-7.b. Bulk, Di gestate, and Leachate Compositions of Various Size 
2 Fractions of the Vadose Zone Soils Described in Table 6-3. Major 
3 elements are in wt%, others are in mg/kg. {sheet 2 of 3) 
4 

~ Analysis type Analyte 
Sa,rple l'llJ'lber 

SB11+0 SB11 • 1 SB11+2 SB11+3 SB11<2nn 

i Bulk rode Sil icon 27.85 27.48 27.55 27.66 . 27.52 
Ti tanh.11 1.00 1.06 1.09 1.11 1.07 

9 Al1.111illlll 3.64 3.52 3.43 3.36 3.46 
10 Iron 7.10 7.67 8.07 8.25 7.86 
11 Manganese 0.11 0.12 0.13 0.14 0.13 
12 Magnesiun 1.80 1.97 2.06 2.03 2.02 
13 Calch111 4.63 4.86 4.87 4.45 4.80 
14 · Sodiua 1.25 1.13 1.08 0.95 1.10 
15 Potassiun 0.63 0.62 0.64 0.69 0.64 
16 Phosphate 0.07 0.07 0. 07 0.06 0.07 
17 Digestion Silicon o.oo 0.00 0.00 0.00 o.oo 
18 Titanhn 0.20 0.31 0.32 0.36 0.32 
19 Alunirua 0.42 0.53 0.41 0.60 0.46 
20 Iron 2.40 3.28 2.83 3.49 3.04 
21 Manganes~ 0.03 0.04 0,04 0.05 0.04 
22 Magnesiun 0.28 0.36 0.27 0.36 0.29 
23 Calciun 0.57 o.n 0.63 0.71 o.n 
24 Sodiun 0.02 0.04 0.02 0.03 0.03 
25 Potassiun 0.08 0.07 ·0.06 0.09 0.06 
26 Bulle rock Nickel 8 4 8 8 4 
27 Chromil.n 26 28 30 35 30 
28 Scandil.n 27 29 33 31 37 
29 Vanadil.n 241 283 280 285 278 
30 Bariun 665 607 624 646 627 
31 Rl..bidiun 41 41 43 49 43 
32 Strontiun 403 360 327 315 346 
33 Zirconiun 160 160 158 169 162 
34 YttriUII .. 31 30 31 32 31 
35 HiobiUII 15 12.1 15.3 16 12.7 
36 Gadol iniuw 20 20 20 19 17 
37 Zinc 97 104 105 105 101 
38 lead 14 5 7 13 6 
39 Lanthanun 17 27 15 20· 15 
40 Ceriun 32 40 63 40 43 
41 Thor fun 4 6 5 5 6 
42 Digestion Hickel 6.8 7 6.2 8.7 5.6 
43 · Chromiun 4.5 3.3 2.3 5.4 2.8 
44 Arsenic 0.9 1.3 1.8 1.1 0.9 
45 Vanadhn 61.3 97.6 91.8 122 95.7 
46 Bariua 59.8 60.7 57 118 67 
47 Beryll iua 0.9 1.2 1 1.4 1.1 
48 Zirconfun 25.7 36.5 32.5 34 .4 32.1 
49 Cobalt 9.3 14.8 13.5 17.8 13.8 
50 Zinc 39.5 53.7 43.2 52.8 47.7 
51 Lead 3.5 8.2 5 7.3 7.4 
52 Leachate Amnonia nd 1.32 nd nd nd 

·53 Alkalinity 1,210 565 259 1,280 706 
54 Fluoride 3.13 2.37 5.9 6.n 3.78 

~~ Chloride 3.74 3.23 3.13 3.98 
Nitrite 

57 Nitrate 19.5 19.2 19.2 19.6 
58 O·Phosphate 
59 Sulfate 14.7 10.1 13.4 14.7 13.9 
60 
61 
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1 Table 6-7.c. Bulk, Di gestate, and ieach~te Compositions of Various Size 
2 Fractions of the Vadose Zone Soils Described in Table 6-3. Major 
3 elements are in wt%, others are in mg/kg. (sheet 3 of 3) 
4 
5 Analysis type Anal yte Safl1)le rurber 

SB12-1 SB12+0 SB12+1 SB12+2 SB12+3 SB12<2Jnn. 

6 Bulk rock Sil icon 26.73 26.47 27.35 35.15 30.56 27.57 
7 Titaniun 1.07 1.20 1.04 0.32 0.59 1.04 
8 Aluninua 3.69 3.70 3.63 2.92 3.65 3.61 
9 tron 7.31 7.98 6.86 2.53 4.21 7.13 

10 Manganese 0.13 0.13 0.13 0.05 0.08 0.13 
11 Magnesiuw 1.90 2.00 1 .75 0.66 1.21 1.83 
12 Calci"'1! 4.99 4.85 3.90 1.45 2.55 4.22 
13 Sodiln 1.03 1.02 0.83 0.80 0.90 0.94 
14 Potassiun 0.73 0.70 0.83 1.14 1.12 0.79 
15 Phosphate 0.08 0.08 0.07 . O.QZ 0.04 0.07 
16 Digestion Silicon o.oo o.oo . 0.01 0.01 0.00 0.01 
17 Titaniun 0.10 0.18 0.16 0.08 0.10 0.14 
18 Al uni nun 1.10 0.71 1.14 0.66 1.03 0.66 
19 Iron .3.24 2.83 3.39 1.48 2.32 2.28 
20 Manganese 0.03 0.13 0.07 0.03 0.04 0.04 
21 Magnesiln 0.61 0.44 0.59 0.33 0.58 0.40 
22 Calciun 2.11 0.77 1.00 0.45 1.00 1.02 
23 Sodiln 0.07 0.06 0.08 0.04 0.05 0.05 
24 Potassiun 0.13 0.09 0.18 0.13 0.21 0.12 
25 Bulk rock Nickel 13 12 16 13 19 13 
26 Chromiln 44 35 44 21 48 50 
27 Scandiln 30 34 30 9 16 24 

,,-..... 28 Vanadiua 250 277 243 78 119 247 
29 Bariua 633 635 699 882 925 n2 
30 Rubidiun 57 53 n 91 103 64 
31 Strontiun 317 315 275 274 337 309 
32 Zirconiun 171 17'8 .175 120 186 1n 
33 Yttriun 34 36 · ~•32 16 28 33 
34 Niobiun 18.7 16.9 20.9 9.2 19.3 16.6 
35 Gadolinhn 19 19 21 14 17 21 
36 Zinc 108 117 109 49 81 108 
37 Lead 8 10 12 14 16 ro 
38 Lanthanu11 23 26 11 22 35 17 
39 Cerhn 39 35 53 37 61 55 
40 Thoriua 7 6 10 6 11 7 
41 Digestion Nickel 12.9 8.9 13.5 8.5 14.3 8.8 
42 Chr011iU11 _9.2 6.5 12.6 9.4 15.7 7.6 
43 Arsenic 2.2 2.5 6.9 4.2 0.9 3.5 
·44 VanadiUD 51.5 67.1 76.2 32.5 47.5 51.1 
45 Bariun 95.8 294 146 119 256 127 
46 Berylliun 1.8 1.1 1.7 0.8 1.2 1.1 
47 Zfrconiun 29.5 30.2 31.9 14.6 22.7 25.2 
48 Cobalt 12.2 15.4 13.6 7.5 11 9.8 
49 Zinc 60.2 52.4 62.3 33.3 52.4 45 
50 Lead 12.5 11 15.7 6.9 13.6 6.9 
51 Leachate Anmonia nd nd nd nd nd · 0.62 
52 Alkalinity 958 551 967 697 36 284 
53 Fluoride 2~92 2.39 1.99 2.37 2.3 2.99 
54 Chloride 875 840 891 525 590 . 700 
55 Ni trite 
56 Nitrate 56 37.9 56 35.2 43 45.4 
57 O·Phosphate 
58 Sulfate 86.5 103 268 545 1 060 1 304 
59 
g~ mg/kg= milligrams per kilogram. 

nd ·= not determined. .,-. .. _ g~ wtX =·weight percent. 
Bulk con-positions were determined by x·ray fluo,rescence spectroscopy. Digestate and leachate 

64 con-positfons ·were detenained by EPA protocols. 
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Table 6-8. Detection limits for the Organic Compounds Analyzed in 
Background Topsoils. (sheet I of 2) 

FORM IA LOO FORM 18 LOO 
µg/kg µg/kg 

Chloromethane 15 Phenol 930 
Bromomethane 15 bis {2-Chloroethyl) ether 930 
Vinyl chloride 15 2·-Ch 1 oropheno 1 930 
Chloroethane 15 1,3-0ichlorobenzene 930 
Methylene chloride 15 1,4-Dichlorobenzene 930 
Acetone 81 s·1enzyl alcohol . 930 
Carbon disulfide · 14 1,2-Dichlorobenzene 930 
l,l~Dichloroethene 14 , 2·-Methyl pheno 1 - 930 
1,1-0ichloroethane 14 Bis(2-Chloroisopropyl) ether 930 
1,2-Dichloroethene (total} 14 4-Methylphenol 930 
Chloroform 14 N-Nitroso-di-n-propylamin~ 930 
1,2-Dichloroethane 14 Hexachloroethane 930 
2-Butanone 42 Nitrobenzene 930 
1,1,1-Trichloroethane 14 Isophorone 930 
Carbon tetrachloride 14 2-Nitrophenol 930 
Vinyl acetate 14 2,4-Dimethylphenol 9~0 
Bromodichloromethane 14 . Bezoic acid 930 
1,2-Dichloropropane 14 bis (2-Chloroethoxy) methane 930 
cis-1,3-Dichlorpropene 14 2,4-Dic~lorophenol 930. .. 
Trichloroethene 14 1,2,4-Trichlorobenzene 930 
Dibromochloromethane 14 Naphthalene 930 
l,l,2~Trichlorethane 14 4-Ch 1 oroan i1 i ne 930 
Benzene 14 Hexachlorobutadiene 930 
trans-1,3-Dichlorpropene 14 4-Chloro-3-methylphenol .930 
bromoform 14 2-Methylnaphalene 930 
4-Methyl-2-pentanone 14 Hexachlorocyclopentadiene 930 
2-Hexanone 14 2,4,6-Trichorophenol 930 
Tetrachloroethene 14 · 2,4,5-Trichorophenol 2,300 
Tc;>luene 14 2-Chloronaphthalene 930 
l,l,2i2-Tetrachlorethane 14 2-Nitroaniline 2,300 
Chlorobenzene 14 . Dimethylphthalate 930 
Ethyl benzene 14 J!1cenaphthyl ene 930 
Styrene 14 2,6-Diriitrotoluene 930· 
Xylene (total) ·14 J-Nitroanil ine 2,300 

Acenaphthene 930 
- 2,4-Dinitrophenol 2,300 

4-Nitrophenol 
,? 

2,300 
Dibenzofuran 930 
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Table 6-8. Detection Limits for the -Organic Compounds Analyzed in 
Background Topsoils. · (sheet 2 of 2) 

FORM lC LOO 
µg/kg 

2,4-Dinitrotoluene 980 
Diethylphthalate 980 
4-Chlorophenyl-phenyl-ether 980 
Fluorene 980 
4-Nitroaniline 2,400 
4,6-Dinitro-2-methylphenol 2,400 
N~Nitrosodiphenylamine (1) .980 
4-Bromophenyl-phenylether . 980 
Hexachlorobenzene 980 
Pentachlorophenol 2,400 
Phenanthrene 980 
Anthracene 980 
Di-n-butylphthalate 980 
Fl uoranthene 980 
Pyrene 980 
Butylbenzylphthalate 980 
3,3'-Dichlorobenzidine 980 
Benzo (a) anthracene 980 
Bis {2-Ethylhexyl) 980 
Chrys~ne 980 
Di-n-octylphthalate 980 
Benzo {b} fluoranthene 980 
Benzo (k) fluoranthene 980 
Benzo {a) pyrene 980 
Indeno {l,2,3-cd) pyrene 980 
Dibenz (a,h} anthracene 980 
Benzo (g,h,i} perylene 980 

. 

LOO = limit of detection. 
µg/kg = micrograms per kilogram. 

FORM 10 

alpha-BHC 
beta-BHC 
delta-BHC (Li ndane} 
gamma-BHC (Lindane} 
Heptachlor 
Aldrin 
Heptachl~r epoxide 
Heptachlor epoxide 
Endosul fan I 
Dieldrin 
4,4'-DDE 
Endrin 
Endosulfan II 
4.4'-DDD 
Endosulfan sulfate 
4,4'-DDT 
Methoxychlor 
Endrin ketone 
Endrin aldehyde 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
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LOO 
µg/kg 

2.39 
2.39 
2.39 
2.39 

· 2.39 
2.39 

(endo} 2.39 
(exo) 2.39 

2.39 
4.64 
4.64 
4.64 
4.64 
4.64 
4.64 
4.64 

23.9 
4.64 
4.64 
2.39 
2.39 

239 
46.4 
94.3 
46.4 
46.4 
46.4 
46.4 
46.4 
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Table 6-9.a. Sitewi de Soil Background Threshold Levels Calculated from the 
Systematic Random Data Set Using Lognonnal Distribution 
Results. Analyte concentrations are in units of mg/kg. 

ANALYTE SOX 80X 80X UCL 90X 90X UCL 95X LCL 

Al uni nun 7600 10100 11000 11800 13000 12000 
Antimony 
Arsenic 3.55 5.28 5.89 6.47 7.38 6.61 
Bari1.111 88 115 124 132 144 134 

Berylliun 1.09 1.35 1.44 1.51 1.62 1.52 
Cac:tniun 
Calciun 9450 14000 15700 1noo 19700 17600 
Chromiun 9.57 14.8 16.7 18.5 21.4 18.9 
Cobalt 11.2 14.0 14 .9 15.7 16.9 15.9 
Coppe, 14.4 19.0 20.6 22.0 24.1 22.3 

Iron 23600 29200 31000 32600 35000 33000 
lead 5.45 8.24 9.36 10.2 11. 7 10.4 

Lithiun 28.4 31.7 32.9 33.5 35.0 33.4 
Magnesiun 4980 6260 6680 7060 7620 7140 
Manganese 372 460 488 512 550 518 
Mercury 2.3e·02 o. 13 0.22 0.33 0.60 0.36 

Mo_l ybdenun 

Nick.el 12.2 16.4 17.8 19. 1 21.0 19.4 
Potassiun 1210 1760 1960 2150 2440 2190 
Seleniun 

Silicon 15.40 36.8 37.5 44.0 55.6 
Silver 5.4e-02 0.30 0.49 0.73 . 1.33 0.81 
Sodil.i1 231 475 581 690 878 716 

Thall il.m 

Titaniun 1460 2110 2380 2570 2950 2580 
Vanadiun 54.4 73.0 79 .3 85.1 93.9 86.4 

Zinc 51. 1 61.7 64.9 67.8 72. I 68.5 

Zirconiun 20.6 31.8 36.4 39.8 46.8 40.0 
Alkalinity 1100 3960 5680 n10 11800 8240 

A111110nia 9.7e·01 4.28 6.48 9.23 15.1 10.0 
Chloride 6.59 39.6 65.5 100 182 109 
Fluoride 8.0e·Ol 1.83 2.31 2.81 3.70 2.93 
Nitrate 3.58 20.9 34.2 52.0 93.4 56.9 
Nitrite 

O·Phosphate 2.1e·03 1.0e•01 3.1e·01 7.9e·01 2.87 0.96 
Sulfate 10.4 81.4 145 237 469 263 

UCL One sided upper confidence limit based on 95X coverage 

LCL One sided lower confidence limit based on 95X coverage 
Not enough data above the reporting limit to provide for a distribution fit 
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95X 95X UCL 
13300 15100 

7.65 9.06 
148 165 

1.65 1.80 

20400 24100 
22.3 26.8 
17.3 19.2 
24.7 27.9 

35600 39000 
12.2 14.5 
35.1 37.2 
nao 8580 

561 613 
0.70 1.47 

21.6 24.5 
2520 2960 

59.0 
1.52 3.16 
937 1274 

3000 3600 
96.4 110 
73.3 79.3 
47.8 58~8 

13300 23000 
17.3 32.5 
214 460 

3.98 5.7 
110 232 

4.08 21.5 
566 1360 
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Table 6-9.b. Sitewi de Soil Background Threshold Levels Calculated from the 
Systematic Random Data Set for Using WE!ibull Distribution Results. Analyte 

concentrations are in units of mg/kg. 

ANALYTE SOX 90X 80X UCL 90X 90X UCL 95X LCL . 

Aluninua 7383 10113 11053 11933 13263 12133 
Antimony 

Arsenic: 3.56 5.2 5.83 6.44 7.42 6.59 
Bari1.n 87.3 114.9 124.2 132.8 145.7 134.8 
Beryl l iun 1.1275 1.296 1.376 1.446 1.576 1.466 
Cadni1.n 
Calci1.n 9131 14079 15909 1no9 20409 18109 
Chromiun 9.34 15. 12 17.32 19.22 22.22 19.62 
Cobalt 11.4 14.25 15.1 15.8 16.8 16 
Copper 14.03 18.22 19.92 21.59 24.39 21.99 
Iron 23750 29750 31450 33050 35250 33450 
Lead 5. 42 8.28 9.31 10.31 11 .84 10.54 
LithiUll 26.5 31.2 32.7 33.4 . 35.1 33.2 
Magnesil.111 4830 6140 6610 7060 7750 7160 
Manganese 380 463 486 506 535 511 
Mercury 0.08375 0.1507 0.22 0.35 0. 59 0.36 
Holybdenun 

Nickel 12.15 16.35 17.75 19.05 20.85 19.35 
·Potassiun 1197 1m 1977 2167 2447 2207 
Seleniun 

Sil .icon 14 .12 31.76 40.46 56.06 63.46 
Silver 1.3600019 1.3613 1.36594 1.3807 1.46 1.3868 
Sodiun 357.2 459 551 682 984 718 
Thall iun 

Titanil.111 1491 2161 2401 2561 2881 2571 
Vanadiun 55 74 79.8 85 92.5 86.1 
Zinc 51.7 61.7 64.6 67.1 70.7 67.7 
Zirconiun 21.3 30.6 33.7 35.8 39.6 
Al kal inf ty 1055 4248 6008 8008 11688 8508 
Amnonia 0.88 4.8 7.1 9.8 14.9 10.5 
Chloride 5 39.8 71.5 116 220 128 
Fluoride 0.87 1.81 2.28 2.81 3.73 2.93 
Nitrate 3.35 19.88 34.28 54. 18 99.38 59.68 
Nitrite 

a-Phosphate 0.000141 0.0535 0.21 0.668 2.9 0.85 
Sulfate 8.8 90.3 162 264 497 292 

UCL One sided upper confidence limit based on 95% coverage 

LCL One sided lower confidence limit based on 95% coverage 

Not enough data above the reporting limit to provide for a distribution fit 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 200 l 

95X 95X UCL 

13643 15500 

7.71 9.18 
149.3 166.3 
1.606 1.81 

21209 25309 
23.02 27.32 

17.1 18.4 
25.19 29.39 
35850 38750 
12.28 14.47 
35.1 37.2 
7950 8950 
542 578 
0.7 L49 

21.45 23.95 
2537 2937 

66.36 
1.52 2.36 
1099 1909 

2921 3341 
94.6 104.5 
71.6 76. 1 
40. 1 

12888 19788 
16.6 26.8 
259 541 

4.02 5.69 
115.88 234.88 

4.27 22.9 
585 1202 

T6-9.2 
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Table 6-10. Outlier Concentration Data, by Analyte, from the Sitewide 
Background Reference Population 

(systematic random data set). 

Analyte Inorganic Sample Distribu- Value 
. sampling site tion (mg/kg) 

Calcium 15 B014K4 Both 8660000 

15 B014K5 Both 5290000 

14 B01422 Both 3950000 

Fluoride 10 801467 Both 73.3 

10 B01462 Both 20.1 

10 B01463 Both · 16. fr 

Lead 4 B01457 Both 26.6 

Silicon 3 B01872 Both 583 

3 801B71 Both 454 

3 801873 Both 211 

3 801B76 Both 112 

4 B01459 Both 104 

Sodium 12 B01422 Lognormal 56200 

12 801425 Lognonnal 33900 

' Zinc 6 .801486 Both 119 

2 B01431 Both 99.8 

Zirconium 10 B01462 Weibull 84.8 

10 B01467 Weibull 65.7 

10 801468 Weibull 57.1 

10 B01463 Weibull 53.9 

10 B01464 · Weibull - 48.8 

~g/kg = milligrams per kilog ram ~ 

Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes 
January 2001 

95/95 
threshold 

(mg/kg) 

25309 

5.7 

14.5 

121 

1909 

76 

55 

T6-10 
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Table 6-11. Exceedances for Judgement Samples Collected from the Systemat~c Random Samping Sites. 
Analyte Concentrations are in units of mg/kg. : 
HEis Id 

Site 
Descriptor 

Nl..lllber of exceedances 

Detection lfmfts: 95/95 
Threshold Analrte · (mg/Kg) LOO 

Alun,nun · 21.8 
Antimony 15. 7 
Arsenfc N/A 

·aarfun 0.87 
Beryl l fun . N/A 

· Cadmium 0.24 
Cale fun 175 
Chromh.m 1. 1 
Cabal t 0.88 
Copper 2.1 
Iron 75.7 
Lead N/A 
LI th fun N/A 
Hagneshsn 18.4 
Manganese 0.63 
Mercury N/A 
ti,,..J yM•"'!,Jl'ft 1 .. 4 
Nickel 2.4 
Potass fun 135 
Selenhsn 5 
Sil icon N/A 
Silver 2.1 
Sodium 50.6 
Thall iun 3. 7 
T ltaniun N/A 
Vanadhsn 1.8 
Zfnc 6.4 
Zfrconiun N/A 
A111110nla N/A 
Alkalinity N/A 
Chloride N/A 
Fluoride N/A 
Nf trate N/A 
Nltrfte 21 
O•Phosphate N/A 
Sulfate N/A 
kEIS • Hanford Envtrorvnental 
LOO~ limit of detection, 
Loa• limit of quanthation. 

LOQ 
66.1 
52.2 

N/A 
2.7 

N/A 
0.79 
470 
3.0 
2.9 
6.2 
236 

N/A 
N/A 

57.9 
1.8 
N/A 

lt.8 

15500 
NC 

9.18 
166 
1.8 -

NC 
25300 

27.3 
18.4 
29.4 

38750 
14.5 

37 
8950 

578 
1.49 

7.7 24.0 
451 2940 

N/A NC 
N/A NC 

4.5 2.36 
140 1910 

N/A NC 
N/A 3340 

5.9 105 
15.6 76.1 

N/A NC 
N/A 26.8 
N/A 19800 
N/A 541 
N/A 5.7 
N/A 235 
N/A NC 
N/A 22.9 
N/A 1200 

Information System 

mg/Kg z milligram per kilogram. 
N/A • not available. 

801497 
9 

SANO 

6 

23000 

294 
2.1 

814 

3630 

79.9 

801409 
11 

CLASTIC 
DIKE 

5 

15700 

11.2 
198 

19.1 

9Q6 

801427 
12 

ASK 

4 

37500 

2460 

27500 
543 

NC • not c~ted . 

801862 801492 801485 
3 6 8 

FINE CLASTJC FINE 
GRAIN DIKE GRAIN 

1 1 1 

602· 
1.7 

299 

801499 
9 

CALICKE 

25400 

eOt4FO 
11 

CLASTIC 
DIKE 

2 

555 

778 

B01435 
2 

CALICHE 

1 

39300 

Only those safll)les with one or more ·analyte concentrations (mg/kg) greater than the reference threshold or LOQ levels are reported. · 

) 



r ~ Table 6-12.a. Digestate and Leachate Compositions of Ringold Fonnation Sediments :::: ~ ,, 0 

~ ~ (from the saturated zone beneath the Yakima Barricade borehole). Analyte 
:s.> V) 

5 ::::: concentrations are in units of mg/kg. (Sheet 1 of 2) 
- Cl) 

ti:) 
i:::, 
C') Sample Id 806JB8 806JB9 806JCO 806JC1 B06JC2 806JC3 . B06JC4 B06JCS 
~ .., Oepth (ft) 395 429 429 530 569 610.3 613.2 634 
0 
s;: 
:: Detection limits: f:- 95/95 

~ 
Analyte (mg/kg) LOO LOQ Threshold 
Alumlnun 21.B 66.1 15500 3850 6240 4200 7080 . 16100 23700 · 14000 9770 

~ Antimony. 15.7 52.2 NC 15.7 28.5 15 ;7 15.7 15.7 <20 15. 7 _._ 

gi 
Arsenic N/A N/A 9.18 3 3 3 3 3.7 3 1.7 3 

::::: Barium 0.87 2. 7 166 53 . 1 75.8 49 97.9 147 · 125 81 80 

g, Beryllium N/A N/A LB 0.46 0.46 0.46 1.3 0.81 <1.0 0.73 
I") . Caanh.rn 0.24 0.79 NC 0.66 0.89 0.66 0.8 0.81 <1.0 0.73 
~ Calcll.lTl 17~ 470 25300 1870 3680 2600 3610 8110 18200 11000 6340 
~ Chromlun 1. 1 3.0 27.3 9.3 11.6 10 11. 7 29.3 17.5 7 19. 1 s;: 
:: Cobalt 0.88 2.9 18.4 . 5.9 10.7 4 6.3 12 27.7 18 8.7 
~ 

~ Copper 2.1 6.2 29.4 6.1 a 9 6.7 23.7 26. 1 13 20.3 .., 
Iron 75.7 236 38750 12200 19900 17000 19100 68100 32800 15000 12300 

~ lead N/A N/A 14.5 2. 1 4.6 1.5 4.1 11.8 8.7 5. 7 8.2 
:: 
i:l Hagneslun 18.4 57.9 8950 z,,c ~1,. n 2100 3050 9970 8090 4900 6410 ..,, ...... 
~ Manganese 0.63 1.8 578 285 477 250 299 487 970 410 252 
5· 
I:) Hercury N/A N/A 1.49 0.16 0.16 0.16 0.16 0.16 <0.05 0.16 
(') 

Holybdenun 1.4 4.8 6 2 2.1 2.7 2.7 2.4 ~- NC 
Cl) Nickel 2.4 7.7 24.0 11.3 9.6 8 11.5 26. 1 18 .• 5 10 20.6 
~ Potassium 135 451 2940 851 905 851 851 2320 4410 2700 2290 :: 
I:) Selenium· 5 . N/A NC 5 5 5 5 5 <0 . 05 5 
~ ... Sfl Icon NIA N/A . NC 1200 
~ 

Silver 2.1 4.5 2.36 1.4 1.6 3. 5 4 4 <1.0 1.4 
Sodlun 50.6 140 1910 98 .7 397 190 150 159 209 170 346 

Thall I um 3. 7 N/A NC 3.7 3.7 3.7 3.7 3.7 <0,05 ·3.7 

Titanium N/A N/A 3340 
vanadium 1.8 5.9 105 19.7 51.5 35 39 100 47.6 13 24.7 

Zinc 6.4 15.6 76. 1 19.3 31.2 25 77.9 77.1 87. 1 42 43.6 
Zirconium N/A N/A NC 12 < tJ 
Alkal lnity N/A N/A 19800 895.14 60 0.59 so 
Chloride N/A N/A 541 9.14 3.92 3 1.39 6 s tI1 
Fluoride N/A N/A 5. 7 1.23 1 ~ ~ 

-, Nitrate N/A N/A 235 2.69 0.6 0.7 _; I 
\0 

:J\ Nitrite 21 N/A NC 21 21 21 <4.0 ~N 
I ~ I 

'-J O·Phosphate • N/A N/A 22.9 2 2 2 <2.0 < N • -+>-
Su(·fate N/A N/A 1200 26.6 5.8 9 4.7 37 -+>-

) _) ) 

---
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i:: s, Table 6-12.b. Digestate and Leachate Compositions of Ringold Fonnation Sediments p, Cl 

~ ~ 
N Vl (from the Ringold fonnation sediments in the vadose Zone from the g ~-
- (I, Savage Island borehole). Analyte concentrations are 0:, 

~ 
() in units of mg/kg. (Sheet 2 of 2) ~ 
ti S~(e ld SB· 1001 SB· 1o01o SB· 1003 SB· 1004 S8· 1005 S8· l006 SB· 1007 S8·1020 se-1021 B06153 
i::: Depth ( ft) 1 1 10 15 20 25 30 Surface ilupl lcate outcrop ;:s 

~ Detection limits: 95/95 
~ Analtte (~/k9) LOO LOO Threshold 
.... Alum1nun 21.8 66. 1 15500 15000 14000 8400 7600 6500 6500 4800 18000 18000 7870 .... Antimony 15.7 52.2 NC 11.8 _ ...... 

~ 
Arsenic N/A N/A 9.18 4.7 3.7 3 3 3 3 3 3.4 3.6 6.5 
Barium- 0.87 2,7 166 130 130 79 66 72 72 56 150 150 132 

~ Beryl l fum N/A N/A 1.8 0.71 0.67 0.46 0.46 0,46 0.46 0.46 0.9 0.89 1 0:, Caanlun 0.24 0. 79 . NC 1.4 1.5 1.4 l.6 l.4 1.4 0.88 2.2 1.9 0.61 ~ 
0 Calciun 175 4:70 25300 9200 8400 7300 4900 . 5000 5000 2900 6200 6000 2880 
~ Chromiun 1. 1 3.0 27.3 30 18 12 320 11 10 7 45 34 10 
cl Cobalt 0.88 2.9 18.4 9.7 9.7 7.6 8.7 10 9.5 5.6 11 10 8 i::: Copper 2. 1 6.2 29.4 15 15 9. 1 16 12 12 12 20 20 9.8 ;:s 
~ Iron \ 5.7 236 38750 22000 21000 17000 17000 19000 19000 12000 25000 24000 22300 'ci' Lead N/A N/A 14.5 9.3 6,3 3. 7 3.1 2.5 2.2 2.5 9.4 8.9 9.2 .., 

Magnesium .a.4 57.9 8950 7400 7000 5700 4600 4300 4400 3000 7900 7800 3600 
~ Manganese 0,63 1 .8 578 350 350 290 300 290 290 180 410 410 201 
;:s Mercury N/A N/A 1.49 0.1 
i:3 Molybdenum 1.4 4.8 NC 5 2.9 
~ Nickel 2.4 7.7 24.0 25 18 14 200 11 11 9 32 27 6.5 0 
~ Potassium 135 451 2940 2400 2400 1600 1300 1000 1000 851 4600 4300 1500 
0 Selenium 5 N/A NC 1.2 ::t. 
~ Sil Icon N/A · N/A NC 710 730 660 600 570 560 520 940 720 28.9 
:i.,_ Silver 2.1 4.5 2.36 2 
;:s Sodiun 50.6 140 1910 240 250 820 470 490 470 310 210 220 202 
~ Thall fun 3.7 N/A NC 0.61 ~ 
~ -

Titanium N/A N/A 3340 840 890 980 950 1700 1700 800 830 790 1070 
Vanadium 1.8 5.9 105 42 41 35 33 45 46 27 43 42 53.9 
Zinc 6.4 15.6 76.1 53 50 39 38 36 36 23 61 61 38.8 
Zirconium N/A N/A NC 24.1 
Alkal Inf ty . N/A N/A 19800 601 
Chloride N/A N/A 541 34 34 8.94 
Fluoride N/A N/A 5.7 7 5.4 2.6 2.2 2.2 1. 18 
Nitrate N/A N/A 235 56 69 23 
Nitrite 21 N/A NC <.2 
O•Phosphate N/A N/A 22.9 <.6 < t:J 
Sul fate !1/A N/A 1200 113 99 20 34 56.2 0 0 
HEIS ~ Hanford Environmental informat1on System 8"' tTl 
LOO• limit of detection. g ~ 

o-J 
LOO= limit ·of quantftatfon. ,..... I 

mg/Kg• milligram per kilogram. ~ \0 
0\ N/A • not available, ~N I 0 I ...... NC a not c~ted < N N • .i::,. 

N .i::,. 
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Taqle 6-13.a. Analyte Exceedance for Ringold Formation Sediments from the Saturated Zone in the Yakima 

Analyte (mg/leg) 
Aluninun 
Antimony 
Arsenic 
Bar fun 
Beryl l iun 
Cadmiun 
Cal.clun 
Chromiun 
Cobalt 
Copper 
Iron 
lead 
Hagnestun 
Manganese 
Mercury 
Holybdenun 
Nickel 
Potassium 
Seleniun 
Sil icon 
Silver 
Sodl1.111 
Thall I um 
Titanium 
Vanadlun 
Zinc 
Zirconium 
Alkalinity 
Chloride 

. Fluoride 
Nitrate 
Nitrite 
O·Phosphate 
Sul fate · 

) 

Barricade Borehole. Analyte concentrations are in units of mg/kg. (Sheet 1 of 2) 

Detection limits: 
LOO LOO 

21.8 66. 1 
15.7 52.2 

N/A N/A 
0.87 2.7 

N/A N/A 
0.24 0,79 

175 470 . 
1.1 3.0 

0.88 2.9 
2. 1 6.2 

75.7 236 
N/A N/A 

18.4 57.9 
0.63 1.8 

N/A N/A 
· 1.4 4.8 

2.4 7.7 
135 451 

5 N/A 
N/A N/A 

2.1 4.5 
50.6 140 
3.7 N/A 

N/A N/A 
1.8 5.9 
6.4 15.6 

N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
21 N/A 
N/A N/A 
N/A N/A 

S~le Id 
Depth (ft) 

95/95 
Threshold 

15500 
NC 

9.18 
166 
1.8 

NC 
25300 · 

27.3 
18.4 
29.4 

38750 
14.5 
8950 

578 
1.49 

NC 
24.0 

2940 
NC 
NC 

2.36 
1910 

NC 
3340 

105 
76.1 

NC 
19800 
541 
5.7 

235 
NC 

22.9 
1200 

806JB8 
395 

806JB9 
429 

0,89 

6 

) 

B06JCO 
429 

806JCl 
530 

3.5 

77.9 

B06JC2 
569 

16100 

0;8 

29.3 

68100 

9970 

26. 1 

4 

77. 1 

B06JC3 
610.3 

23700 

0.81 

27.7 

970 

4410 

4 

87.1 

B06JC4 
613.2 

<1.0 

B06JC5 
634 

) 
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Table 6-13.b. Analyte. Exceedance for Ringold Formation Sediments in the Vadose Zone from the Savage Island 
Borehole. Analyte concentrations are in units of mg/kg. (Sheet 2 of 2) 

Safl1)le Id S6·1001 SB-10010 SB-1003 SB-1004 SB-1005 SB-1006 S8•1007 SB-1020 S8·1021 B06153 
Depth (ft) 1 i 10 15 20 25 30 surface Duplicate Outcrop 

Detection limits: 95/95 
Analyte (rrig/kg) LOO L0Q Threshold 
Alum,nun 21.8 66.1 15S00 
Antimony 15. 7 52.2 NC 
Arsenic N/A N/A 9.18 
Barium 0,87 2.7 166 
Beryllium N/A N/A 1,8 
Cadmium 0.24 0.79 NC 

·Calcium 175 470 25300 
Chromium 1.1 3.0 27.3 
Cobalt 0.88 2. 9 18.4 
Copper 2.1 6.2 29.4 
Iron 75. 7 236 38750 
Lead N/A N/A 14 .5 
Magnesium 18.4 57.9 8950 
Manganese 0.63 1.8 578 
Mercury N/A N/A 1.49 
Holybdenun 1.4 4.8 NC 
Nickel 2.4 7.7 24.0 
Potassium 135 451 2940 
Selenium 5 NIA NC 
Sil icon N/A N/A NC 
st lver 2. 1 4.5 2.36 
Sodium 50.6 140 1910 
Thallium 3.7 N/A NC 
Titanium N/A N/A 3340 
Vanadiun 1.8 5.9 105 
Zinc . 6.4 15.6 76. 1 
Zirconium N/A N/A NC 
Alkal inlty N/A N/A 19800 
Chloride N/A N/A 541 
Fluoride N/A N/A 5.7 
Nitrate N/A N/A 235 
Nitrite 21 N/A NC 
O•Phosphate N/A N/A 22.9 . 
Sulfate N/A N/A 1200 

. HEIS • Hanford Envirorvnental Information System 
LOO• limit of detection. 
LOQ • limit of quantltation. 
mg/Kg• milligram per kilogram. 
N/A· • not available. 
NC • not coq:,uted . 

1.4-

30 

25 

7 

1.5 

:, 

1.4 1 .6 

320 

5 
200 

1.4 1.4 0.88 

18000 

2.2 

45 

32 
4600 

Only those Safl1)lea with one or more analyte concentrations (mg/kg) greater than the reference threshold or LOO levels are reported. 

18000 

1.9 

34 

27 

) 



;;' ~ Table 6-14. Digestate and .Leachate Compositions of Volcanic Ashes. j c:, 
:: S, 
~ 0 Analyte concentrations are in units of mg/kg. J .... 
~ ~ 

-.) V'.) 
Sarrple Id SB-1002 B014GO 8014G1 B014G6 B01427 5 :::-.· 

~ (I) Site Savage Island 5 5 5 12 g, Depth (ft) 5 4 4 6 7 (') 

~ Detection limits: 95/95 0 
i::: Analyte (mg/Kg) LOO LOO Threshold ;:: 

~ Alunlnun 21.8 66. 1 15500 10000 7600 6520 6900 7200 
~ Ant lmony 15.7 52.2 NC 31 11. 1 11-. 1 15.7 
~ Arsenic N/A N/A 9.18 3.7 4.3 3 4.5 _._ 

earlun 0.87 2.7 166 480 65.2 65.2 64.3 83.4 
~ Berylllun N/A N/A 1.8 to o. 71 0.72 0.62 ::::; 
b:1 Cadmlun 0.24 0.79 NC 11 0.66 0.66 c:, Calciun 175 470 25300 12000 19300 18100 12200 37500 (') 

~ Chromiun 1.1 3.0 27.3 53 14.6 13.3 15.7 6.8 cl Cobalt 0.88 2.9 18.4 110 7.4 7.4 6.1 i::: ;:: 
Copper 2.1 6.2 29.4 61 13.6 14 13.1 11.6 ~ 

'c> Iron 75.7 236 38750 19000 16300 13600 16100 12300 .... 

~ lead N/A N/A 14.5 3.9 4.2 2.1 3.8 3.8 
;:: Hagnesiun 18.4 57.9 8950 7300 4410 4600 4700 6250 
~ Manganese 0.63 1.8 578 430 279 253 282 214 e-o · Nickel 2.4 7. 7 24.00 110 11.5 9.6 12.5 7.7 c:, 

1000 1470 (') Potassiun 135 451 2940 .0 2000 1010 
~- Sf l Icon N/A N/A NC 760 9.63 8.82 31.3 
::i:... Sodfun 50.6 140 _1910 1500 256 · 210 2460 :::s 
c:, Titaniun N/A N/A 3340 1000 743 606 757 587 
~ Vanadiun 1.8 5.9 105 140 37.3 27.4 37.4 27.3 N 

Zinc 6.4 · 15.6 76.10 140 35.5 30.7 36.7 24.2 
Antn0nla N/A N/A 26.8 8.57 1.8 0.96 1.32 
Alkalinity N/A N/A 19800 2860 1990 27500 
Chloride N/A N/A 541 90 13 .4 13 2.01 543 
Fluoride N/A N/A 5.7 4.2 1 1 1 1 
Nitrate N/A N/A 235 6.76 1.8 2.02 3.39 

<t:::l Sul fate N/A N/A 1200 293 125 140 1.7 833 0 0 
HEIS • Hanford Environmental Information System· i="t'I'l 
LOO• limit of detection. ~ ~ 
LOQ • limit of quantitation. _. I 

~ '-0 

~ mg/Kg• milligram per kilogram. ::::0 N 
0 I 

:J\ N/A • not available . < N 
I . ~ 
i::. NC• not c~ted ~ 

Reference 95/95 threshold and LOQ values are Included for c~arison. 

) ) ) 
I 

_J 
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Table 6-15. Analyte Exceedances for Volcanic Ashes. 
Analyte Concentrations are in units of mg/kg. 

Detection limits: 
Analyte (mg/Kg) LOO LOQ 
Al uni nun 21.8 66. 1 
Antimony 15.7 52.2 
Arsenic N/A M/A 
BarflMII 0.87 2.7 
Beryl l lum M/A N/A 
CadnlUll 0.24 0.79 
Calciun 175 470 
ChromiUll 1. 1 3.0 
Cobalt 0.88 2.9 
Copper z. 1 6.2 
Iron 75.7 236 
Lead N/A N/A 
Magnesium 18.4 57 .9 
Manganese 0.63 1.8 
Nickel 2.4 7.7 
Potassi1.111 135 451 
SI I icon N/A N/A 
Sodium 50,6 140 
Tltanfun N/A N/A 
Vanadfun 1.8 5.9 
Zinc 6.4 15.6 
Anmonia N/A N/A 
Alkalinity N/A N/A 
Chloride N/A N/A 
Fluoride N/A N/A 
Nitrate N/A N/A 
Sul fate N/A N/A 
HE!S • Hanford Env\rom-oental Information System 

· LOO = l !mi t of detection. 
LOQ • limit of quantltatlon. 
mg/Kg• milligram per kilogram. 
N/A snot available. 
NC= not COll'f)Uted 

Salf4)le Id 
Site 

Depth ( ft) 

95/95 
Threshold 

15500 
NC 

9. 18 
166 
1.8 

NC 
25300 

27.3 
18.4 
29.4 

38750 
14.S 
8950 
578 

24.00 
2940.0 

NC 
1910 
3340 

105 
76.10 
26.8 

19800 
541 
5.7 
235 

1200 

Savage 
SB-1002 

Island 
5 

480 
10 
11 

53 
110 

61 

. 110 

140 
140 

Only those salf4)les with one or more analyte concentrations (mg/kg) greater than 
the reference threshold or LOQ levels are reported. 

B014GO 
5 
4 

The value reported Is the concentration for the analyte exceeding these reference levels. 

B014G1 
5 
4 

B014G6 
5 
6 

801427 
12 
1 

37500 

2460 

27500 
543 

) 
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Table 6-16.a. Digestate and Leachate Compositions of Topsoils Collected. from the Main Terrestrial i= s 

"' 0 ~ ... Ecosysiems on the Hanford Site. Analyte concentrations are in units of mg/kg. (Sheet 1 of 2) N~ 
0 V) 
0 :::,: 
...... (1) HEIS Id B06137 B06139 B06140 B06141 B06142 B06143 ti:) 

I:. Site E·1 E·2 E·3 E·4 E·S E·6 ("\ 
Descriptor Rattlesnake Rat"t lesnake· Riparian Riparian NE of 200E Old Field ~ 

ti Mountain Spring grass Juniper BIJIP ECA* 
s::: Greasewood Big sage :::i 

?.-- Detection limits: 95/95 

cl' 
Analyte Cmll/klf) LOO l00 Threshold 
Alunlnun . 21.8 66. 1 15500 14400 7600 9940 10200 6170 10400 ... Antimony 15.7 52.2 NC 29. 1 17.4 13.7 14.2 .... 

12.6 13.3 :-- Arsenic N/A N/A 9. 18 4 3.1 7.7 27.7 2.4 7 
~ Bariun 0.87 2.7 166 144 190 · 88.8 90 . 8 76 113 :::.; Be.rylliun N/A N/A 1.8 ,. 7 0.9 . 0.94 0.98 0.87 1.2 ti:) 
I:. Cacinlun 0.24 0.79 NC 1.2 0.9 3. 1 2.9 0.65 0.69 ("\ Calciun 175 470 25300 4980 105000 5650 5820 3590 4210 ~ 
c5 Chromiun 1. 1 3.0 27.3 21.6 7.2 19.6 20.4 7. 1 13.6 
s::: Cobalt 0.88 2.9 18 .4 17.5 8. 1 · 10. 1 . 10.6 9.5 11.3 :::i 
~ Copper- 2. 1 6.2 29.4 24.8 19.5 31.8 32.9 8.9 12.4 'c> Iron 75.7 236 38750 29600 14800 20300 20800 20900 26900 ... lead N/A N/A 14.5 38.2 12 67.4 74. 1 8.4 35.4 ~ Magnesium 18.4 57.9 . 8950 5050 32300 5110 . 5250 3550 4510 :::i ... Manganese o.63 i.S 5~" 668 s,e 297 304 333 463 I:. 10 

~ Mercury N/A N/A 1.49 0.12 0. 15 0.12 0.12 0.11 0. 12 o· Holybdenun 1.4 4.8 NC 4.3 4.2 3.3 3.4 3 3.2 I:. 
("\ Nickel 2.4 7.7 24.0 24 12.3 20 19.9 10.8 14.3 .... ~- Potassiun 135 451 2940 3610 6410 2020 2100 1440 2550 (1) 

::i... Seleni1.111 5 N/A NC 0.96 1.2 0.94 0.98 0.87 0.92 
:::i Si LI con N/A N/A NC . 53. 1 94.5 110.9 11.2 75.4 119.9 I:. 
~ Silver 2. 1 4.5 2.36 6 3 2.4 2.5 2.2 2.3 .... 
~ Sodiun 50.6 140 1910 272 -5120 2~ 263 214 227 

Thallhm 3.7 N/A NC 0.72 0.9 0.71 0.74 0.65 0.69 
Titanlun N/A N/A 3340 1520 808 1010 1000 1730 1930 
Vanadiun 1 .8 ~-9 105 64.7 30.5 43.6 44.7 so 61.4 
Zinc 6.4 15.6 76. 1 60.6 50 356 366 43.3 62.8 
Zirconium N/A N/A NC 27.2 29.9 23.6 24.5 21.6 26.2 
Arrrnonia N/A N/A 26.8 13.4 9.8 0,71 0.96 1.14 2.24 
Organic Carbon N/A N/A NC 21442 51635 19774 13742 6991 12327 < t:; Alkalinity N/A N/A 19800 1100 150000 9.7 1580 673 768 0 0 
Chloride N/A N/A 541 3.07 1 0.88 1 .06 0.39 0.53 2' trl 
Fluoride NIA N/A 5.7 0.94 <2 0.94 1.2· 0.84 1 ~ ~ ..., Nitrate N/A NIA 235 10.3 585 12.4 7.11 2.7 3.13 

- I Nitrite 21 N/A NC 0.54 36.5 <.3 0,54 <.l <.3 ~ \0 0\ ~N I O·Phosphate N/A N/A 22.9 20.7 18.8 3.13 4.51 7.36 9.21 0 I - < N ?' Sul.fate NIA N£A' 1200 , • 7 12600 13.5 4.67 1.12 5.81 . ~ - ~ 

) ) ) 



) ) ) 

f ~ Table 6-16.b. Di gestate and Leachate Compositions of Topsoils .Collected from the Main :: $, 
" C Terrestrial Ecosystems on the Hanford Site. (Sheet 2 of 2) ' ... ~ ~ 

-.J V) Anall'.te Concentrations are in units of mgLkg. 5 ~-
~ (I) HEIS Id 806144 806145 806146 806147 806148 806149 806150 b:, Site E·7 E·6 E-9 E· 10 E·11 E-11 E·12 I:. 

(") Descriptor ColLITbia ColLITbia Playa Playa ColLITbla Colunbla 200 Plateau ~ River Plain River Plain Oupl icate River Plain River Plain B~IIP ECA* 
~ sagebrush rabbltbrush 8\IIP ECA* Blank Big sage i::: Detection l lmlts: 9S/95 ;::s 
~ Anal~te ~m~£K~~ LOO LOO Threshold 

Alun1nll11 21.8 66.1 15500 66\0 6390 28800 · 22900 9980 16.2 6340 
~ Antimony . 15.7 52.2 NC 12.4 12.6 16.4 17.9 12.6 0 12.6 
~ Arsenic N/A N/A 9.18 3.1 3.7 5 5.4 2.5 0.6 2.6 
.:-- Barlun 0.67 2.7 166 62 66 .5 241 241 118 7 86.9 
~ 

Berylllun N/A N/A 1.8 0.64 0.65 2.5 2.3. 1. 1 0.4 0.87 Cadmlun 0.24 0.79 NC 0.64 0.65 0.85 0.85 0.66 0.6 0.65 :::.:. Calclll11 175 470 25300 3490 5110 13900 12300 4240 213 3570 b:, Chromiun 1.1 3.0 27.3 12.8 12.4 26.5 22.7 12.4 1.4 7.4 I:. 
(") Cobalt 0.88 2.9 18.4 6.4 6.9 26 25.3 12.1 2 10 
~ Copper 2.1 6. 2 29.4 10.3 1,. 1 40.3 39.8 12.4 3.6 10 ti Iron 75.7 236 38750 14100 14400 53600 48300 24900 12.4 20900 .:: Lead N/A N/A 14.5 8. 1 5.4 26.5 19.9 9.9 4.2 7.8 ::s 
~ Hagneslun 18.4 57.9 8950 4110 4270 9960 9120 4190 498 3420 "o, Manganese 0.63 1.8 578 289 288 1100 1110 459 1.2 381 ... Mercury N/A N/A 1.49 0.11 o. 11 0.14 o. t4 0.11 0.1 o.11 . 
~ Molybdenum 1.4 4.8 NC 3 3 3.9 4 3.1 2.8 3.1 :,s Nickel 2.4 7. 7 24.0 13.5 14.3 31.3 28.7 13.9 6.4 9.6 
~ . Potassiun 135 451 2940 1790 1680 7900 7130 2320 260 1530 
~ Seleniun 5 N/A. NC 0.86 0.87 1. 1 1.1 0.88 0.8 0.87 o· 
I:. Sil I con N/A N/A NC 34.6 33.3 682 1202.9 226; 1 N/A 113.4 
(") Silver 2.1 4.5 2.36 2.1 2.2 2.8 2.8 2. 2 2 2.2 ~- Sodlun 50.6 140 1910 211 214 33 .6 284 · 218 197 215 (I) Thall lt.m 3.7 N/A NC 0.64 0.65 0.85 0.85 0.66 0.3· 0.65 :i:.. 
;::s Tltanlun N/A N/A 3340 642 633 2550 2040 1670 2.2. 1560 
I:. Vanadlun 1.8 5.9 105 25.9 26 90.3 82. 1 · 58. 1 4 47. 1 
~ Zinc 6.4 15.6 76. 1 38.3 38.8 103 95.5 50.8 10 44.4 ..... 
~ Zlrconlun N/A N/A NC 21.4 21. 7 73.3 59.7 27.2 20 22.4 

Anrnonia N/A N/A 26.8 2.57 1.68 <,2 <.2 <.Z N/A <.2 
Orgenic Carbon N/A N/A NC 7452 5328 16886 23690 9294 N/A 3702 
Alic.al lni ty N/A N/A 19800 686 1910 15100 11300 1200 N/A 434 

. Chloride N/A N/A 541 1.28 0.56 0.52 0.55 0.71 N/A 2.52 
Fluoride N/A N/A 5.7 0.72 0.68 0.95 1.19 1. 79 N/A 0. 87 
Nitrate N/A N/A 235 66.3 6.12 21 30.5 53.9 N/A 2.6 
Nitrite 21 N/A NC 0,6 <.3 <.3 <.03 <.3 N/A <.3 

· O·Phosphate N/A N/A 22.9 ·2t .3 3.4 23.4 18.2 18.3 N/A 6.75 < tj Sul fate N£A N£A 1200 29. 1 6.18 5.05 6.44 12.7 N£A · 2.06 
0 0 

* B\IIP ECA • A Basalt Waste Isolation Project Ecol.ogical Control led Area i=' tr1 
HEIS • Hanford Envlrorvnental Information System· ~ ~ LOO• limit of detection. 

-3 LOQ • limit of quantltation. - I ~ . \0 
::l\ mg/Kg• milligram per kilogram. :::,;:iN I 

N/A • not available. 0 I 

::l\ NC "' not CC>lll)Uted :<: ~ 
N Reference 95/95 threshold and LOQ v~lues are Included for COOl)&rison. ~ 



~~ Table 6-17.a. Exceedances for Topsoil. (Sheet 1 of 2) C: ~ 
Pl C 

~ ~ Analyte Concentrations are in units of mg/kg. N~ 

8 ~- HEIS Id 806137 806139 806140 806141 806142 806143 
t:lJ Site E • 1 E·2 E-3 E-4 E-5 E-6 t:i 

Descriptor Rattlesnake Rattlesnake Riparfan R lparian IIE of 200E Old Field n 

~ Mountain Spring grass Juniper B\JIP ECA• 
C Greasewood Big sage i::: 

Detection limits: 95/95 ::s 
~ Analtte (mg/Kg) LOO LOQ Threshold 
:s, Al uni nun 21.8 66.1 15500 
~ Antimony 15.7 52.2 IIC ._ Arsenic N/A N/A 9.18 27.7 
gi Barium 0.87 2.7 166 190 
::::: Berylliun N/A N/A' 1.8 
t:lJ Caanlun 0.24 0.79 NC 1.2 0.9 3.1 2.9 t:i Calcium 175 470 25300 105000 I Chromiun 1.1 3.0 27.3 
i::: Cobalt 0,88 2.9 18.4 ::s Copper 2.1 6.2 29.4 31-.8 32.9 ~ 

"o' Iron 75.7 236 38750 
""t Lead N/A N/A 14.5 38.2 67.4 74. 1 . 35.4 
~ Magne•siun 18.4 57.9 8950 32300 
::i ;;;;;;gane&e ~ ,. 

• A r•A 668 .... u.o.;, 1,0 ~,o 
t:i Mercury N/A N/A 1.49 -~ 
c· Molylxlenum 1.4 4.8 NC l:l 
n Nickel 2.4 7.7 24.0 .... ~- Potassiun . 135 451 2940 3610 6410 (1) 

:i... Salenlun 5 N/A NC . ::s Sil icon N/A N/A NC l:l 
~ silver 2.1 4.5 2.36 6 3 2.4 2.5 .... 
~ Sodium 50.6 140 1910 5120 

ThalllU11 3.7 N/A NC 
Tl tanlun N/A N/A 3340 
Vanadiun 1.8 5.9 105 
Zinc 6.4 · 15.6 76.1 356 366 
Zirconium N/A N/A NC 
A111110nia N/A N/A 26.8 
Organic Carbon N/A N/A NC < tj Alkalinity N/A N/A 19800 150.000 0 0 

i:tn Chloride N/A N/A 541 
§ ~ Fluoride N/A NIA 5.7 

~ Nitrate N/A N/A 235 585 ... I 
~ \0 0\ Nitrite 21 N/A NC :,ON I 
~ I - O•Phosphate N/A N/A 22.9 :< ~ ---> Sulfate N/A N/A 1200 12600 .;:,. -

) ) ) 
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Table 6-17.b ; Exceedances for Topsoil. 
Analyte Concentrations are in units 

Detection 
Analyte (mg/Kg) LOO 
Alun1nun 21.8 
Antimony 15.7 
Arsenic N/A 
Barlun 0.87 
Berylllun _ N/A 
Cadmium 0.24 
Calclun 175 
Chromiun 1. 1 
Cobalt 0.88 
Copper 2.1 
Iron 75.7 
Lead N/A 
Magneslun 18.4 
Manganese 0.63 
Mercury N/A 
Molybdemm 1.4 
Nickel 2.4 
Potass!UI! 135 
Seleniun s 
SI I fcon N/A 
Silver 2.1 
Sodium 50.6 
Thall iun 3. 'l' 
Titaniun N/A 
Vanadiun 1.8 
Zinc 6.4 
Zirconlun N/A . 
Ai:nnonl a N/A 
Alkal lnity N/A 
Organic Carbon N/A 
Chloride N/A 
fluoride N/A 
NI trate N/A 
Nitrite 21 
O·Phosphate N/A 
Sulfate N/A 

11ml ts: 
lOQ 

66.1 , 
52.2 

N/A 
2.7 

N/A 
0.79 
470 
3.0 
2.9 
6.2 
236 

N/A 
57.9 
1.8 

N/A 
4.8 
7.7 
451 

N/A 
N/A 

4.5 
140 

N/A 
N/A 

5.9 
15.6 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

. N/A 

Reis Id B06144 806145 806146 
Site E-7 E-8 E-9 

Oescrlp.tor Coll.Jl'bia Columbia Playa 

95/95 
Threshold 

15500 
NC 

9.18 
166 
1.8 

River Plain River Plain 
sagebrush rabbitbrush 

NC · 
25300 

27.3 
18.4 
29.4 . 

38750 
14.5 
8950 
578 
1.49 

NC 
24.0 

2940 
NC 
NC 

2.36 
1910 

NC 
3340 

105 
76 . 1 

NC 
26.8 
19800 

NC 
541 
5.7 

235 
NC 

22.9 
1200 

28800 

241 
2.5 

0.85 

26 
40.3 

53600 
26.5 
9960 
1100 

31.3 
7900 

2.8 

103 

23.4 

* BUIP ECA • A Basalt Uaste Isolation Project Ecological Controlled Area 
HEIS • Hanford Environnental Information Sys_tem· 
LOO= limit of detection. 
LOQ • limit of quantitation. 
mg/Kg• milligram per kilogram. 
N/A • not available •. 
NC• hot_ conputed 
Reference 95/95 threshold and lOQ values are Included for COll'f)arison. 

(Sheet 2 of 2) 
of mg/kg. 

806147 606148 806149 606150 
E-10 E·11 E-11 E-12 

Playa Colurbla Coll.Jl'bia 200 Plateau 
duplicate River Plain River Plain BUIP ECA* 

BUIP ECA* Blank Big sage 

22900 

241 
2.3 

0.85 

25.3 
39,8 

48300 
19.9 
9120 
1110 

28 .7 
7130 

2.8 

95.S 

) 
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Analtte C!!!2/K2> 
Aluninun 
Antimony 
Arsenic 
Barlun 
Beryl( iun 
Caanf1171 
Calclun 
Chromiun 
r ... 1,.._1 • 
'-UWQ~~ 

Copper 
Iron 
Lead 
Hagnesiun 
Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Tltanlun 
Vanadlun 
Zinc 
Arrmonf a 
Chloride 
F luorlde 
Nitrate 

. Sul fate 

) 

Table 6-18.a. 

Detection limits: 
LOO LOO 

21.8 66, 1 
15 .7 52.2 

N/A N/A 
0.87 2.7 

N/A N/A 
0,24 0.79 

175 470 
1. 1 3.0 

O.!!!! 2.9 
2. 1 6.2 

75.7 236 
N/A N/A 

18.4 57.9 
0.63 1.8 

1.4 . 4.8 
2.4 7.7 
135 451 
2. 1 4.S 

50.6 140 
N/A N/A 

1.8 5.9 
6.4 15.6 

N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

Analyte Exceedances for Unit-Based Backgrounds. (Sheet 1 of 7) 
Analyte Concentrations are in units of mg/kg. 

Unit 2101-H 2101-H 2101-H 2101•H 210t•M 2101 ·M 2101-M 2101-M 
Sample Id H131 H132 H133 H134 H135 H136 H137 H138 
Well No, 2101H· 1 2101H·1 2101H·1 2101H·1 2101K·2 210111·2 210111·2 2101H·2 

Depth (ft) 1.0 3,5 6.0 8.5 1 t.O 5.0 10.0 15.0 

95/95 
Threshold * * * .. * 

,, 
15500 

NC 
9.18 
166 205 
1.8 

NC 
25300 

27.3 
18 .4 
29 .4 

38750 
14.5 
8950 

578 2870 
NC 

24.0 
2940 
2.36 

1910 
3340 

105 
76 . 1 112 

26.B 
541 
5.7 

235 
1200 

_) ) 
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Analyte (,ng/Kg) 

Alunl.nun 
Antimony 
Arsenic 
Barlun 
Beryll iun 
Cadmiun 
Calch.111 
Chromiun 
Cobalt 
Copper 
Iron 
Lead 
Hagneslun 
Manganese 
Molybdenun 
Nickel 
Pot.assiun 
Silver 
Sodlun 
Tftanlun 
Vanadlun 
Zinc 
Anmonia 
Chloride 
fluoride 
Nitrate 
Sulfate 

) 

Table 6-18.b. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 2 of·7) 
Analyte Concentrations are in units of mg/kg. 

Unit 2101·H 2101·H 2101·H 2101·H 2101·H 2101·H 
Sa~le Id H139 H140 H141 H142 H143 · H144 
Well No. 2101H·3 2101H·3 2101H·3 2101H·3 2101H·4 2101H·4 

Depth (ft) 1.0 3.5 6.0 8.5 11.0 5.0 

Detection limits: 95/95 
LOO LOQ Threshold • • • • • • 

21.8 66. 1 15500 
15.7 52.2 NC 

N/A N/A 9.18 
0.87 2.7 166 

N/A N/A 1.8 
0.24 0.79 NC 

175 470 25300 
1.1 3.0 27,3 

0.88 2.9 18.4 
2.1 6.2 29.4 

75.7 236 38750 
N/A N/A 14.5 

18.4 57,9 8950 
0.63 1.8 578 

1.4 4.8 NC 
2.4 7.7 24.0 
135 451 2940 
2.1 4.5 2.36 

50.6 140 1910 
N/A N/A 3340 

1.8 5.9 105 
6.4 15.6 76.1 

N/A N/A 26.8 :, 

N/A N/A 541 
N/A N/A 5.7 
N/A N/A 235 
N/A N/A 1200 

) 

2101·H . 2101 ·H 
H145 H14~ 

2101H·4 2101H·4 
10.0 15.0 

• • 

i 
_ __J 
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0::, Table 6-18.c. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 3 of 7) s::, 
r, 

or Analyte Concentrations are in units of mg/kg. 
~ 

.Unit 1324-N 1324-N 1~24·N 1324-N i: 1324-N 1324·N 1324-N 1324·N ::s 
~ Sarrple Id 1NN 2NN JJF 4Jf 5JF 6JF 8JF 9JF 

~ 
ijell No. 1324N· 1 1324N·2 1324N·3 1324N·4 1324N-5 1324N·6 1324N·7 1324N•8 

::t Depth (ft) 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 
_ ..... 

~ Detection llmfts: 95/95 -. Anatrte (mg/Ki) LOO . LOQ Threshold --0::, Allllllnun 21.8 66. 1 15500 s::, 
() Ant lmony 15.7 52.2 NC 
~ Arsenic N/A N/A 9.18 .... 
0 Barillll 0.87 2.7 166 i: ::s 

Beryl l lun ~ N/A N/A 1.8 
~ Cadmillll 0.24 0.79 NC 7 .1 7.4 6.1 7 6.4 6.5 6.6 7.5 .... 
~ Calclun 175 470 25300 
::s Chromiun ,. 1 3.0 27.3 
i:l Cobalt 0.88 2.9 18.4 
:¼: Copper 2.1 6.2 29.4 0 
l:l Iron 75.7 236 38750 () .... ~- Lead N/A N/A 14.5 
(1) 

:i... Hagneslun 18.4 57.9 8950 
::s Manganese 0.63 1.8 578 l:l 
~ Molybdenun 1.4 4.8 NC 
~ Nickel 2.4 7.7 24.0 

Potasslun 135 451 2940 
Silver 2.1 4.5 2.36 
Sodlun · 50.6 140 1910 
Tltanlun N/1\ N/A 3340 
Vanadlun 1.8 5.9 105 
Zinc 6.4 15.6 76. 1 
Anmonia N/A N/~ 26.8 < t:J 
Chloride N/A N/A 541 £. 0 

C: tT1 
Fluoride N/A N/A 5.7 g ~ 

>-j Nitrate N/A N/A 235 
- I 

0\ Sul fate N/A N/A 1200 ~ 

'° ' 
:;:oN .... (1) I 

00 < N 

w 
• +>, 

+'" 
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~ .... ... 
:- Analyte (mg/Kg) 

~ Alunlnun 
~ Antimony 
g, Arsenic 
() 

~ Barium 
.... Beryllium 0 
i::: Cactnhn ;::i 
~ Catciun 'o, .... Chromiun 
~ Cobalt 
;::i Copper i:i 
l:l.. Iron 
o· lead ~ 
() Magnesium ... -. -.:: Manganese· (I) 

::t... Holybdenun ;::i 
~ Nickel 
~ 

~ Potassium 
Silver 
Sodlun 
Tltanlun 
Vanadium 
Zinc 
Anmonfa 
Chloride 
Fluoride 
Nitrate 
Sul fate 

>-3 

°' I .... 
00 

~ 

) 

Table 6-18.d. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 4 of 7) 
Analyte c·oncentrations are in units of mg/kg. 

Unit 1324·N 1324-N 1324-N 1324·N 1324·N 1100.·EH 
Sample Id 10JF 11JF 12JF 13JF 14JF AH217 
\lel l No. 1324N·9 1324N·10 1324N·11 1324N·12 1324N·13 1100EH/NS 

Depth (ft) 10.5 10.5 10.5 10.5 10.5 0.5 

Detection limits: 95/95 
LOO LOO Threshold * 

21.8 66. 1 15500 
15 . 7 52.2 NC 

N/A N/A 9.18 
0.87 2.7 166 

N/A N/A 1.8 
0.24 0.79 NC 7.1 7.9 6.5 . 7.6 7.7 

175 470. 25300 
~. 1 3.0 27 .3 

0.88 2.9 18 .4 
2.1 6.2 29.4 

75.7 236 38750 
N/A N/A 14.5 

18.4 57.9 8950 
0.63 1.8 578 

1.4 4.8 NC 
2.4 7.7 24.0 
135 451 2940 
2.1 4.5 2.36 

50.6 140 1910 
N/A N/A 3340 

1.8 5.9 105 
6.4 15.6 7_6.1 

N/A N/A 26.8 
N/A N/A 541 
N/A N/A 5.7 
N/A N/A 235 
N/A N/A 1200 

) 

1100-EH .1100·EH 
AH218 AH222 

1100EH/NS 11<iOEH/NS 
0.5 0.5 

* ·* 

< tJ 
0 0 
i:tTJ 
~ ~ 
- I - \0 
::i:, N 
('1) I 

< N . ~ 
.j::. 



Analyte (mg/Kg) 
Alunlnun 
Antimony 
Arsenic 
Barlun 
Berylllun 
Caanfun 
Calcfun 
Chromiun 
Cobelt 
Copper 
Iron 
Lead 
Magneslun 
Manganese 
Molybdenun 
Nickel 
Potasslun 
Sflver 
Sodlun 
Tltanhn 
Vanadlun 
Zinc 
Anmonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

) 

Table 6-18.e. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 5 bf 1) 
Analyte Concentrations are in units of mg/kg. 
Unit 1100-EH 1100-EH 1100-EH 1100-EH 1100-EH 1100-EM 

Sarrple Id AH223 AH224 AH225 A0302 A0306 A0101 
llell No. 1100EH/NS 1100EM/NS 1100EH/NS HRt·l HRL·1 DP·7 

Depth (ft) 0.5 0.5 0.5 7.5 12.9 1.4 

Detection limits: 95(95 
LOO LOQ Threshold • • • * * • 

21.8. 66.1 15500 
15.7 52.2 NC 

N/A N/A 9.18 
0.87 2.7 166 

N/A N/A 1.8 
0.24 0.79 NC 

175 470 25300 
1. 1 3.0 27.3 

0.88 2.9 18.4 
2.1 6,2 29.4 

75. 7 236 38750 
N/A N/A 14.5 

18.4 57.9 8950 
0.63 1.8 578 

1.4 4.8 NC 
2.4 7.7 24.0 
135 451 2940 
2.1 4.5 2.36 

50.6 140 1910 
N/A N/A 3340 

1.8 5.9 105 
6.4 15.6 76. 1 

N/A N/A 26.8 
N/A N/A 541 
N/A N/A 5.7 
N/A N/A 235 
N/A N/A 1200 

) 

1100-EH 1100-EM 
A0104 A0105 
DP-7 DP·7 
12.9 17.3 

fr 

) 
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Analyte (mg/Kg) 
Aluninun 
Antimony 
Arsenic 
Barlun 
Beryl l fun 
Cadmlun 
Calelun 
Chromlun 
Cobalt 
Copper 
Iron 
Lead 
M·agnes I un . 
Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Tltanlun 
V•n.adiun 
Zinc 
Anmonia 
Chloride 
Fluoride 
Nitrate 
Sul fate 

Table 6-18.f. 

Detection limits: 
LOO LOO 

21 .8 66 . , 
15. 7 52.2 

N/A N/A 
0.87 2.7 

N/A N/A 
0.24 0.79 

175 470 
,. 1 3.0 

Q.88 2.9 
2. 1 6.2 

75 .• 7 236 
N/A N/A 

18.4 57.9 
0.63 1.8 

1 .4 4.8 
2.4 7.7 
135 451 
2.1 4,5 

50.6 140 
N/A N/A 

1 .8 5.9 
6.4 15.6 

N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

) 

Analyte Exceedances for Unit-Based Backgrounds. 
Analyte Concentrations are in units of mg/kg. 

Unit 1100· EH 1100·EH t100· EH 1100·EH 1100·EH 
Sample Id A0109 A0201 A0203 A0204 A0206 
~ell No. OP · 7 BAP·2 . BAP·2 BAP·2 BAP •2 

Depth (ft} 29 . 2 1.3 9.0 12.3 18.3 

95/95 
Threshold • • • * 

15500 
NC 

9.18 
166 229 
1.8 

NC 
25300 

27.3 
i8 . 4 
29.4 

38750 
14 . 5 
8950 
578 

NC 
24.0 

2940 
2. 36 

1910 
3340 

105 
76.1 

26.8 
541 :, 

5.7 
235 

1200 

(Sheet 6. of 7) 

1100·EH 
A0207 
BAP·2 
18.3 

* 

1100·EH 
A0208 
BAP·2 
20.3 

48 .3 

25.3 

1100-EH 
A0209 
BAP· Z 

26 .2 

• 

1100·EH 
A0210 
BAP·2 
34.9 

• 

) 

I 

__J 
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Table 6-18.g. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 7 of 7) 
Analyte Concentrations are in units of mg/kg. 

Unit 183H 183H 183H 183H 183H 183H 
Sample Id AB·044 AB·045 AB·046 AB·047 AB·050 AB·051 

Detec·t ion limits: 
Arialyte (mg/Kg) LOO LOQ 
Al uni nun 21.8 66. 1 
Antimony 15.7 52.2 
Arsenic N/A N/A 
Sariun 0.87 2.7 
Beryllium N/A N/A 
Cadmiun 0.24 0.79 
Calciun 175 470 
Chromlun 1.1 3.0 
Cobalt 0.88 2.9 
Copper 2.1 6.2 
Iron 75.7 236 
Lead N/A N/A 

• Magnesium 18.4 57 .9 
Manganese 0.63 1.8 
Molybdenun 1.4 4.8 
Nickel 2.4 7.7 
Potassfun· 135 451 
Silver 2.1 4.5 
Sodlun 50,6 140 
Tltantun N/A N/A 
Vanadiun 1.8 5.9 
Zinc 6.4 15.6 
Amnonla N/A N/A 
Chloride . N/A N/A 
Fluoride N/A N/A 
Nitrate N/A N/A 
Sulfate N/A N/A 

Well No • 
. Depth (ft) 

95/9S 
Threshold 

1S500 
NC 

9.18 
166 
1.8 

NC 
25300 

27.3 
18.4 
29.4 

38750 
14.S 
8950 
578 

NC 
24.0 

2940 
2.36 

1910 
3340 

105 
76. 1 

26.8 
541 
5.7 

235 
1200 

* No analytea above reference thresholds. 
HEIS • Hanford Envirorvnental Information Sys_tem· 
LOO ·• limit of detection. 
LOQ • limit of quantltation. 
mg/Kg • milligram per kilogram. 
N/A • not available. 
NC• not computed 

S.2 5. 1 

Only those s~les with one or more analyte concentrations (mg/kg) greater than 
the reference threshold or LOQ levels are reported. 

The value reported is the concentration for the analyte exceeding these reference 

) ) 

5.7 5.7 6 5.9 

levels. 

183H 
AB·052 

5.9 

183H 
AB-053 

4·. 7 

183H 
AB·054 

5.1 

) 
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Table 6-20. Comparison of Sitewide Background Data to Health Based Levels. 

An,lyu LIMlt of 9S/9S Thruhold Kul- hck9round 
0tltct Ion (Weibull), 1119/kt levtl 

Alu111ln11111 Zl.8 lSS00 za,800 
Ant lo,ony 15.1 H/C 31 
Arstnlc 3 9.18 21,1 
hr1UM 4.1 166 . 3 480 
hryl I IUM 0.46 1. 806 10 
Cadollum 0.66 H/C II 
C&\CIUM 189 25309 I0S,000 
ChrOffllUM 1.8 27.)Z 320 

Cob•ll 1.6 18.4 110 
Copp•r 2.1 29,30 61 
Iron IS. I 38H0 68,100 
lud 1.1 14.0 14.1 
LI th lum l4 37 .2 38.2 

H19ne,> lull 249 8950 lZ, 300 

H11191aut o.n s1a 1,110 
Mercury o.u 1.49 3.8 

Holybdenu11 1., H/C. 6 . 
Hickel 1.z 23.9S 200 

PoUUl"'8 8H 2937 1,900 
Selenlu11 5 H/C 6 

Silicon 5,Z H/C 1,Z0l 

Sliver 1.4 2.36 14.6 

Sodlulll 98 . 1 1909 6,060 

fh•lllu" 3. 7 N/C 3. 7 

l1Unl1111 s 3341 l, 180 

V•n&dlUM z 104,5 140 

Zinc 6.4 76.1 366 

Ztrconl~III II N/C 84,8 

Alhltnlty s 19788 ao,ooo 
MmOnh o., 26.8 Z6.4 

Chlorldt I UI 1,480 

nuortdt 1 S.69 73 . 3 

Hltru, 0 . 6 us 906 

Nitrite Zl N/C 36. S 
0-Pnospnue z ZZ.9 zzs 
Sul Ute I IZ0Z 12,600 

Carclno9tnlc An•IYttt 
C1rctno9enlclty 
LIMIU (lft0.k9) 

Ari.entc 3 9.18 21. 7 
ltryl 11 .. , 0.46 1.806 10 

C•dllllUllf 0.24 N/C II 
• Au-d ChNIII• YI 
... Naurd Quoue11t•Conctntruton V.ht/Chronlc rutclty Lt111t 
roul Huard Quotttnt•>.• 

WAC-173-340•• Ru ldtnt Ill 
Chronic follclty LIIIIIU 

(u of 8/94), 1119/k9 

. 
32 

60 

5600 

•oo 
80 

. 
400 

. 
3000 

. 

. 
IIZ00 

z4 

400 

1600 
. 

400 

. 
400 

-
. 
. 

HO 

24000 

-
-
. 

8000 

uoo 
IZ8000 

8000 

. 

-
0.1 X Carcinogenicity 

l1111tu(1119/k9) 
1.43 

0.Zll 

o. 164 
•• Hodel roatn Control Act 
N/C•Not C-•ttd 

·0.1 l Toxicity 
ll111t, 1119/kt 

l.Z 

6 

S60 
,o 
8 

40 

300 

IIZ0 

2.4 

40 

160 

40 

40 

S6 

2400 

800 

480 

12800 

800 

0, 143 

0,0233 

0.0164 

To•lclty K111nf 
Analytu with ,_ An,lytu With '°"'' 

Q11ot te"t 0•, based 
background h•• h back9rovnd ltvth 

on MUI.,,\ du• 9ruttr !han ·• 9rottr th&n • 
pr\m1ry 1creen secondary 1ereen 

Alwnln .. 

0.97 Anl l,..ny Anttir.ony 

o.o Arsenic Arsen1 c 
0. 09 Barl\Hlt 

0,03 Beryl I tum 

0 , 14 · c,in1 ... C1dmlu11 

c,lc '"'" 
0.80 Chr..,.IIUII ChrOffllUM 

Cobalt 

0 .02 Copper 

Iron 

lud 

llthlulO 

H19nulum 

0.10 H1n91nese 

0.16 Mercury Mercury 

o.oz llolybdenulll 

o.u Nickel Hickel 

PoUnlu. 

o.oz S1i1n;N 

Sil Icon 

0.04 Sil wtr 

Sod I UM 

o.zs V•nadlUftl Van•d1UIII 

o.oz line 

ZlrconllUII 

Altai lnlty 

0 . 19 Chloride Chlorldt 

o.oz fluoride 

0. 01 Nltrott 

o.oo Nitrite 

0•PhosphUe 

SulfUt 

Arsenic Aruntc 

leryll 1 .. hryll lUM 

C•<nlum C1cht,u" 

) 
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1 7 .0 DATA QUALITY REVIEW . 
2 
3 
4 This chapter contains a summary.of the quality assurance {QA) . and quality 
5 · control {QC} ·data and assessments of the quality and useability of the data. 
6 The assessments involve the extent t6 which the objectives for the control of 
7 qua 1 ity in fie 1 d samp 1 i ng and 1 aboratory measurement processes were met. 
8 The QA and QC data inc 1 ude information on fie 1 d QA/QC {e.g., duplicates, 
9 blanks), and pertinent laboratory QA/QC (e.g., precision, accuracy, detection 

10 limit). These data provide a basi~ for evaluating the overall quality of the 
11 soil background data as part of the DQO process and for properly evaluating · 
12 and using the data. A complete description of the field and laboratory QA/QC 
13 measures and data tables are provided 'in Appendix D. The use of calculated 
14 thresholds for the identification of c1mtaminatjon, and the type and magnitude 
15 of threshold. exceedances that ·occur riiturally are discussed in Section 7.3. 
16 Also discussed in Section 7.3 is the uncertainties associated with the soil 
17 background data and calculated reference values iuch as thresholds. 
18 
19 
20 7 .1 FIELD QUALITY ASSURANCE AND QUALl'TY CONTROL 
21 
22 Most aspects of field QA/QC associated with the sampling activities were 
23 controlled in accordance with the procedures outlined in the Environmental 
24 Investigations and Site Characterization Manual (Section 5.2) (WHC 198~). 
25 This aspect of the DQOs was met by the documented compliance with these 
26 sampling procedures. The results of field duplicate .analyses are discussed in 
27 Section 7 .3. · 
28 
29 
30 7.2 LABORATORY QUALITY ASSURANCE ~ND QUALITY CONTROL 
31 
32 Contained in this section· are the levels to which laboratory QA/QC 
33 controls were met. A discussion of the LOD and LOQ and their relation to the 
34 contract required -detection limit {CROL) also is contained in this section . . 
35 
36 
37 7.2.1 Procedural Controls · 
38 
39 The DQOs for laboratory QA/QC in this project were largely consistent 
40 with the controls required by the EPA (1986, 1989c). These controls and 
41 procedures are followed routinely in a.11 environmental activities on the 
42 Hanford Site, including sampling, analysis, ~nd validation of ·data (WHC 1990). 
43 All samples· were analyzed at Maxwell S-cubed laboratories, referred to here as 
44 the primary 1 aboratory. Field dupl ica.tes also · were analyzed at DataChem 
45 laboratories, referred to here as·the secondary laboratory. The following is 
46 a summary · of the extent to which these! DQOs were met for the data _ generated at 
47 these laboratories. 
48 
49 • The measurement processes were stable and in co~trol over the time 
50 period of interest. 
51 
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1 • There was no evidence for inte!rlaboratory bias between the primary 
2 laboratory and the ·secondary laboratory at the 95 percent confidence 
3 level, with the exception of cobalt, beryllium, and nitrate · 
4 (Appendix D, S~ction. 02.6). Cobalt concentrations in duplicates. 
5 measured at DataChein were con~;i stently greater by about 2 mi 11 igrams 

· 6 per kilogram. Nitrate concentrations _ in duplicates measured at 
7 S-cub~d were consist~ntly about 10 times greater· than those at 
8 DataChem. ' There also appeared to be some interlaboratory bias for 
9 -beryllium, but the magnitude of this bias could not be quantified 

10 ·. because this analyte was not detected in the-duplicates analyzed. at 
11 DataChem. 
12 
13 -• Some data were rejected on th1:! basis of laboratory contamination in . 
14 the blaoks and failure of the duplicate analysis to fall within the 
15 control limits described in AJPpendix 02.2. All other data were 
16 determined to be acceptable f,or further statistical analysis. 
17 
18 • Independent evaluations of precision (replicability), based on the 
19 analyses of laboratory duplicates, are within the range required by 
20 onsite procedures (WHC .1990) (Appendix D). 
21 
22 
23 7.2.2 Detection Limtts 
24 
25 An independent evaluation of detection limits was part of the DQO process ~ 
26 for this project because this parameter can strongly affect statistical 
27 ·distributions and data use (e.g., threshold determinations}. The 
28 determination of the actual levels of detection {for inorganic analytes) 
29 associated with the measurement processes in the laboratories was carried ~ut 
30 in the manner described in Appendix ~12.3. The following is a sunmary of the 
31 results of thes·e determinations. 
32 
33 Actual detection limit evaluations were made for those inorganic analytes · 
34 reported in the analysis of reagent blanks. The LOO and LOQ values were 
35 calculated from these data in accordance .with. the methods described by the 
36 American Chemical Society Committee cm Environmental Improvement (ACS 1983). 
37 These LOD and LOQ values are reported in Table 7-1 together with instrument 
38 detection limits (IDL) and the CRDL as recommended by the EPA (1989c). 
39 
40 The LOD values represent a stat 'istical estimate of the lower limits of 
41 · detect i bi 1 ity. These va 1 ues are compara_b 1 e to or 1 ess than the CRDL for many 
42 analytes, but are significantly larg1.!r than the CRDL values for antimony, 
43 iron, sodium, . and zinc. These LOO values more accurately represent .detection 
44 levels actually achieved at a laboratory than do CROL values, because these 
45 value~ are based on laboratory-specific measurements. Therefore, the LOO 
46 values were used in place of the-CROil levels except were the laboratory 
47 reported detection limit was higher. 
48 
49 The LOQ values are important in the interpretation and u~e of soil data 
50 for the analytes antimony> cadmium> molybdenum> nitrite> silver, and _ 
51 beryllium. The LOQ values, which represent the lower level of reliable · · ,-...__ 
52 measurement (ACS 1983; Taylor 1987, p. 79-82), are •important for the purposes 
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I of this report because calculated refeirence ·values-, such as threshold levels 
2 based sqlely on detection limits (antimony, cadmium, molybdenum, nitrite) or 
3 • based on only a few data ·points above l OD (silver, beryllium), are less · 
4 appropriate than LOQ levels in evaluating the results of the data. The LOQ 
5 values for these analytes (where LOQ is determined) therefore are used in 
6 place of threshold levels in the evaluation of judgment sample soil 
7 compositions. 
8 
9 

10 7.3 EXCEEDANCES AND UNCERTAINTY 
11 
12 There are many ways in which soil background data can be used for 
131 -~dentification of contamination. One common method is the use of calculated 
14 reference values (e.g., thresholds) as a primary screening criterion for 
15 identifying elevated analyte concentrations. Although this method has certain 
161 limitations, a discussion of its use in terms of exceedances that occur in 
17 uncontaminated soils and the uncertainty of these data is warranted, because 
18 thresholds commonly a~e used in environmental- investigations. · 
19 
20 The use of calculated screening levels such as thresholds implies that 
21 some percentage of the natural soil samples will have compositions that exceed 
22 the reference screening levels for some analytes. The number of exceedances 
23 expected depends on the method used to·calculate the values. Therefore, when 
24 an exceedance is detected, the evaluation of its significance determines how 
25 contamination is defined. This evaluation generally includes an assessment of 

126 the frequency and magnitude of the exc.eedance, · as we 11 · as the uncertainty 
27 limits on single measurements. 
28 
29 The type, frequency, and magnitude of exceedance.s found· in uncontaminated 
30 Hanford Site soils are summarized in Section 7 .3. I. An assessment of the 
31 upper limits on total uncertainty associated with an individual datum is 
32 provided -in Section 7.3.2. 
33 
34 
35 7r3.l Natural Exceedances 
36 
37 The number and magnitude of analyte concentratidns that exceed the upper 
38 95 percent confidence interval of the .95th percentile of the Si.tewide 
39 background population (from the random data .set) .are summarized in Table 7-2. 
40 This table was constructed ·from judgment sample data only~ The judgment 
41 samples were collected, in part, to include soil types that would be most 
42 likely to yield threshold exceedances~ The number of judgment sample 
43 exceedances attributable to topsoils also is indicated in Table 7-2. 
44 
45 Evaluation of these natural exceE~dances provides information on soils 
46 with the largest naturally occurring concentrations. of certain analytes. This 
47 information can be used in evaluating ·soil data from WMU sites . . Only a small 
48 number of samples or specific soi 1 "types account for the majority of these 
49 exceedances. Half of the exceedance.s occur in topsoils high . in organic carbon 
50 and/or alkalies (Chapter 6.0, Section 6.3.3.5),·and about 30 percent are 
51 accounted for by cadmium and silicon in Ringold Formation samples. Half of 
52 the exceedances are associated with only five samples (two Ringold Formation 
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samples, one volcanic ash sample·, an,d two other judgment samples). 
The magnitude of these exceedances are listed in Table 7-2 as the· ratiti of the 
maximum and average exceedance values to the reference value. More specific 
fnformatiori on the characteristics and assotiations of the exceedances that 
occur in the various judgment sample s1oil types ·tan · be found in Chapter .6.0, 
Section 6.3.3. 

8 This information illustrates th~t the use of screening criteria such as 
9 that presented here will result in a number of significant 'natural' · 

10 exceedances in one or more·analytes, some of which exceed threshold values by 
11 more than a factor of five. These relationships underscore the importance of 
12 using more than just a single set of screening criteria in the data evaluation 
13 process. This information also demonstrates the utility of a phased approach 
141 · for the data ~valuation pr6cess and -~lternative methods of using the soil 
15 background data in identifying contamination. · · 
16 
17 · 
18 7 .3.2 Analysis of Uncertainty 

An understanding of the uncertainty associated with a measurement 
provides a quantitative basis for evaluating the significance of that 
measurement, and calculated reference values. 

In establishing the uncertainty limits for environmental data, it first 
is necessary to determine the possible ~ources of variation in the data. 
These sources fall into several categciries as follows. 

· • Variation because of field sampling procedures. These variations 
involve such effects as field ·contamination, sample selection, and 

. handiing procedures that could bias the analytical results. 

• Variations due to laboratory ~;ample preparation such as representative 
subsample selection, holding times, weighing, and variations in the 
digestion process. 

• Variations because of possibl1! laboratory originated contaminants and 
reagent impurities. 

• Variations because of analytical instrument measurement process (e.g.~ 
calibration bi~s, scaling.errors, and matrix interference effects~ 

Quantification of all possible errors from samplin~ through the a~alysis 
and validation processes wi 11 not be ;attempted here, as the data necessary for 
this evaluation are not determined routinely and are not available. However, 
a discussion of laboratory uncertainties is appropriate, as well as an 
approximation of maximu1T1· uncertainty associated with the data. 

Uncertainties associated -wit~ the inalysis of a sample involve 
assessments of precision and accuracy, which are addressed in EPA QA/QC 

~ --

19. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41. 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

procedures (EPA 1986, 1989c). The CLP requirements for precision, assessed in.,-.,..,_, 
the laboratory by the use of dup 1 icate ana 1 yses, are ± 20 percent for aqueous 
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samples. the data validation used for this study (WHC 1990) allows deviations 
of ±35 percent for soils, in recognition of the larger uncertainties · 
associated with digestion of solid samples. Accuracy is evaluated by results 
from calibration standards; validation procedures allow ±25 percent error in 
these data. · · 

7 _ An analysis of uncertainty is prE?sented in Table 7-3. The 95 percent 
8 ' confidence level root mean squares (RMS) is a pooled valu_e using the maximum 
9 allowable pre~ision and accuracy (ASME 1985). The estimate of the total 

10 uncertainty of tffe measurement proces!; within a laboratory is ±43 percent. 
11 . For data tomparisons betwee~two laboratories on single measurem~nts cif 
12 "·· repeated samples at the same laborato1ry at different times, the uncert'ainty 
13 ·_- · limits is the RMS combination of the 'limits for each measurement. Based on 
14 · . the validation procedur~, these limits are ±61 percent. This represents a 
15 maximum e·stimate of error for the · entfre sampling and analysis procedure. · 
16 
17 
18 
19 
20 
u 
22 
23 
24 · 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Quantification of all errors associated with the sampling and analysis 
process also can be approximated by comparing results of the analysis of field 
duplicates sent to the two different laboratories. The relative percent 
difference {RPO) between paired sampl 1as was computed for all ·pairs in which 
{l) both samples returned a valid measurement and {2) at least one of the pair 
samples was above the LOO. The standard deviation of the average RPO for all 
analytes was taken as an indication of the bias between laboratories, while 
the pooled standard deviation of the !RPOs for each analyte was taken as .a 
mea~ure of the pr~cision error between laboratories. Combining the two error . 
sources yields a difference between m,easurements at two different laboratories 
of ±83 percent (Table 7-3). For a single measurement at a single laboratory, 
the uncertainty, ·based on the duplicate analysis, is estimated at 
approximately 58 percent. 

These estimates are averages over the entire range ~f analyte 
concentrations. Measurements near detection limits ca~ be expected to have 
larger uncertainties. For example, the LOO defines 100 percent error in the 
precision of the laboratory measurement alone, without inclusion of 
measurement bias or sampling yariation. Data above the LOQ Should be 
considered•as having the error rates stated previously. 

. ' 

These results indicate that CLP laboratory data could have uncertainties 
of 40 to 60 percent and still be within allowable validation limits. 
Estimated uncertainties for all errors, based on the small set of duplicate 
data, are over so · percent for data regarded as acceptable in . accordance with 
the EPA validation controls. 

45 7 .3.3 Sumary 
46 . 
47 
48 
49 
50 
51. 
52 

Evaluation of thresholds and natural exceedances and the uncertainty 
associated with data of acceptable quality indicates that the use of the .soil 
background data in identifying contamination should include the consideration 
of this information. For example, ·small differences between measured analyte 
concentrations and calculated reference levels do not appear to be 
statistically meaningful. These relationships, therefore, illustrate that 
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(1) interpretations . and decisions based on the use of soil : background data 
should include the consideration of uncertainties, natural exceedances, and 
outliers; (2) a phased approach to the _inter~retation of soil dat• and 
alternative methods to the use of criteria such as thresholds should be 
considered;· and (3) the importance of constraining the accurac·y· and precision 
associated with the actual measurement process, and interlaboratory 
variability. 

I 
2 
3 
4 
5 
6 
7 
8 
9 The use offield duplicate samples sent to.different laboratories gives 

10 · an estimate of the total uncertainty· in the measurement process. The 
11 measurement process presently cannot b~ improved· (i.e., uncertainty reduced) _ 
12 until the abil i:ty to assign uncertainty to the various parts o_f the 
13 meas~rement protess is developed. The validation procedure is, in itself, 
14 inadequate to provide this breakdown on a comprehensive basis. This ability 
15 must be based on control samples of known composition ·that would enable data 
16 sets from -different batches and different laboratories to be statistically 
17 compared~- The use of control samples of knowh composition that routinely are 
18 introduced into the measurement proce!SS would allow the identification of the 
19 uncertainties associated with the various parts of the measurement process. 
20 Generation of such control samples a111d inclusion within the measurement 
21 process should be emphasized in future work on the Hanford Site. 
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Table 7-1. Detection Limit Evaluations Calculated 
from Laboratory Preparation Blank Standards.* 
Analyte concentrations are in units of mg/kg. 

Summary table: LOO/ LOQ 

Analyte LOO LOQ 
(3 X SD) (10 x SD) 

A 1 unii.n'um . 21.8 . 66.l 

Antimony 15~7 52.2 

Barium 0.9 2. 7. 
-Beryllium 0.0 0.0 

Cadmium 0.2 0.8 

Calcium . 174. 7 469.7 

Chromium 1.1 3.0 

Cobalt 0.9 2.9 

Copper . 2. I 6.2 

Iron 75.7 235.8 

Magnesium 18.4 57.9 

Manganese 0.6 1.8 

Molybdenum 1.4 4.8 

Nickel 2."4 L7 

Potassium 135.2 450.8 

Silver • 1.4 4.5 

Sodium 50.7 140.5 

Vanadium 1.8 5.9 

Zinc 6.4 15.6 
_. 

* Number of blanks= 78. 
CRDL = contract" required di~tection 1 imits. 

IDL = instrument detection limits. -
LOO= limit of detection. 
LOQ = limit of quantitation. 
SD= standard deviation. 

CRDL 

20.0 

6.0 

20.0 

0 .. 5 

0.5 

500.0 

1.0 

5.0 

2.5 · 

10.0 

500.0 

1.5 

1.4 

4.0 

500.0 

1.0 

5.0 

5.0 

2.0 

IDL 

8.1 

7.4 

3.5 

0.2 

0.3 

106.7 

0.7 

1.0 

1.8 

6.2 

249.1 

0.6 

1.4 

3.2 

129.8 

1.0 

1.0 

2-.0 

5.0 
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I 
2 
3 
4 

Tab1e 7-2. Summary of Exceedance Data for Judgment Samples. 
Analyt~ concentrations _are in units of mg/kg. 

~I 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
Hi 
20 
21 
22 
123 
24 
25 
26 
27 
28 
29 
30 
-31 
32 
33 
34 
35 
.36 
37 
38 
39 
40 
41 
42 
43 

u 

95/95 
Analyte Detection limits threshold 

LOO LOQ 

Aluninum 21.8 66. 1 15100 
Antimony 15.7 52.2 NC 
Arsenic N/A N/A 9 
Baril.Ill .0.87 2.7 175 
Beryl l iun N/A N/A 1.8 
caaniun 0.24 0.79 NC 

Calciun 175 470 24600 
Chr0111iU11 1.1 3 28 
Cobalt 0.88 2.9 19 
Copper 2.1 6.2 30 
Iron 75.7 236 38200 
Lead N/A · N/A 14.9 
Hagnesiun 18.4 57.9 9160 
Manganese 0.63 1.8 583 
Mercury ~/A N/A 1.3 
Nickel 2.4 7.7 25 
PotassilJII i35 451 3090 
Seleni1.111 N/A N/A NC 
Silver 2.1 4.5 2. 1 
Sodiun 50.6 140 1390 
Thall iun N/A N/A NC 
Vanadiun 1.8 5.9 107 
Zinc 6.4 15.6 79 
Molybdenun 1.4 4.8 NC 

lithiun N/A N/A 37 
Titaniun N/A · N/A 3307 
Zirconiun N/A N/A 53 
Anmonia . N/A N/A 27.4. 
Alkalinity N/A N/A · 20100 
Sil icon N/A N/A 239 
Fluoride N/A N/A 13 
Chloride N/A N/A 783 
Nitrite N/A N/A NC 
Nitrate N/A N/A 208 
0-Phosphate N/A N/A 12.7 
Sulfate N/A N/A 931 

·LOO = limit of . detection. 
L00 = limit of quantitation. 
mg/leg= milligrams per kilogram. 
N/A = not available. 
NC = not computed. 

Total Nurber Nurber 
·nurber saq:,les saq:,les 
samples greater not 

than topsoil 
threshold 

59 6 4 
27 4 0 
57 1 1 
59 6 3 
57 4 2 
56 16 10 · 
59 5 4 
59 5 5 
57 3 1 
59 5 1 
59 2 · 0 
59 7 1 
59 2 0 
59 5 2 
44 1 1 
59 6 4 
57 7 3 
38 0 0 
44 1 0 
57 4 3 
44 0 0 
59 1 1 
59 6 2 
40 1 1 
7 0 0 

47 0 0 
33 z 0 
43 0 0 
45 3 2 
55 12 10 
53 0 0 
51 0 0 
35 1 0 
50 4 3 
43 6 0 
53 1 0 
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Fraction 
Topsoil Ratios: 
greater 

than Haxinun Average 
threshold threshold threshold 

0.33 1.91 1.40 
1 1.85 1.29 
0 1.24 1.24 
0.5 2.74 1.57 
0.5 5.56 2.35 
0.375 16.67 3.27 
0.2 4.27 1.99 
0 11.43 . 3.44 
0.66 5.79 . 2.83 
0.8 2.03 1 .37 
1 1.40 1.33 
0.857 4.97 2.69 
1 3.53 2.31 
0.6 1.91 1.48 
0 1.31 1.31 . 
0.33 8.00 2.86 
0.571 . 2.56 1. 74 . 

0.00 0.00 
1 2.86 2.86. 
0.25 3.68 2.08 

o.oo 0.00 
0 1.31 1.31 
0.66 4.63 2.41 
0 3.57 3.57 

0.00 o.oo 
0.00 o.oo 

1 1.98 1 .79 
o.oo 0.00 

0.33 7.46 3.40 
0.166 5.03 3.02 

o.oo o.oo 
N/A 0.00 0.00 

1 1.74 1.74 
0.25 4.36 3.09 
1 1.83 1.57 , 13.53 13.53 
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Table 7-3. Maximum Uncertatnties Associated With Soil Analyses. 
(based on ± 2 sigma uncertainty 1 imits) 

Variance source Percent 1 imits 
plus/minus 

Uncertainty based on validation procedure. 

Calibration 25 

Laboratory duplicate analysis 35 

95 percent confidence limits RMS combination ,. 43 

95 percent confidence limits 61 
two laboratory difference limits 

Uncertainty based on analysis of field duplicates degrees of freedom 
greater than 30 

Standard deviation due to precision 27 

Standard deviation due to bias 31 

. RMS combination 41 

95 percent confidence 1 imits 83 

Single laboratory uncertainty 58 

RMS= root mean square. 
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8.0 CONCLUSION AND RECOMMENDATIONS 

DOE/RL-92-24 
Volume 1, Rev. 4 

The soils in the vadose zone on the Hanfoid Site hav~ been characterized 
in terms of the natural background concentrations of nonradioactive inorganic 
and organic analytes and related physical characteristics. There .were no · 
volatile, semivolatile, or PCB compounds detected in th~ soils. All other 
soil data pertain to concentrations of inorganic analytes and related 
characteristics. Theie data·have been ~ho~n· tribe .representative of .soils 
throughout the vadose zone and provide a basis for their use as a Sitewide 
background. This Sitewide background provides a consistent, technically 
sound, and cost effective basis for identifying soil contamination in · 
environmental restoration activities on the Hanford Site. The conclusion and 
recommendations resulting from this study are summarized in the _following 
sections. 

8.1 CONCLUSION 

The conclusion from this study is that there is a scientific basis for 
the characterization and use of a Sitewide soil background on the Hanford 
Site. Justification for Sitewide background is based on refinement and 
validation of a soil background .conceptual model using data shown to be of 
acceptable quality. These data also have been shown to adequately represent 
the soils in the vadose zone, and to be complete and comparable in terms of 
coverage and data types, respectively. Sitewide soil background data more 
accurately represent ttie range of naturally occurring analyte concentrations 
that can occur within any part of the vadose zone than WMU-based backgrounds. 

Sitewide soil background consists of several types of data and 
Site-specific characteristics of the · soils rather than merely a compilation of 
chemical analyses or tables of calculated threshold levels. Th~ data types 
include the following: 

• Chemical compositions of soils collected and measured in accordance 
with regulatory guidelines _(i.e., digestate/leachate compositions) 

• Bulk chemistry and spectral data for the soils 

• Physical characteristics of the soil that affect chemical composition 
such as mode and grain size. 

Site-specific characteristics of the soils include spectral patterns for 
the background suite; calculated statistical parameters such as mearis and 
thresholds; interelement correlations; and correlations among analyte 
concentrations and grain size, mode, and EF. 

All of these soil background data and characteristics can be used in 
identifying soil contamination. The most important data are the soil 
compositions determined in accordance with regulatory protocols. The Sitewide 
background data, based on random sampling, are the only data that can be used 
in making statistical comparisons or in calculating parameters such as 
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l thresholds . Site-specific characteristics of the soils and data based on 
2 judgment samplihg are val~able prifuarily in distinguishing unusually high 
3 background concentrations from contamination using nonstatistical methods. 
4 The judg~ent data are also the only data type that can be practically 
5 supplemented. The . benefits of a Sitewide soil background in defining 
6 contamination cannot be· realized without also employing a sound method of 
7 using and interpreting soil data in a consistent manner. 
8 
9 The unc~rtairity lev~ls assotiateJ with data m~isurement protesses exceed 

10 50 percent for most analytes . Reduction of the overall uncertainty in the 
11 soil tompositional data requires improvements in assigning uncertainties to 
12 the various parts of the measurement process. 
13 
14 
15 8. 2 RECOMMENDATIONS 
16 . 
17 The Sitewide soil background data are recommended for use in 
18 environmental restoration ~ctivities on the Hanford Site to improve 
19 efficiency, consistency, and the technical basis in identifying soil 
20 contamination. · 
21 
22 The use of these data should involve ~echnically defensible methods that 
23 effectively use all of the Sitewide i;oil backgrotmd data, characteristics, and 
24 uncertainty information. The framework for a recommended methodology specific 
25 to the main applications of background data on the Hanford Site is described ,,.-..._ .. 
26 in Appendix F. The development of this methodology and · implementation for . 
27 Sitewide use also are reconvnended. 
28 
29 · The. colldction of some additional data on the composition of volcanic 
30 ashes not included in the Sitewide data sets and of topsoils might be 
31 warranted for inclusion in the judgm,~_nt. d~!a set. The analysis of selected 
32 samples for organic analytes .also miqht be warr~nted, particularly if there 
33 are soil associations other than those reported here that are expected to 
34 contain and/or to have organic analytes above detection. However, any new 
35 data would not affect thresholds or other statistical characteristics of the 
36 Sitewide data beca~se these data can be used to supplement the judgment data 
37 set. · The utility of addition~l data collection activities, therefore, depends 
38 on the refinement of a methodology for effectively using judgment data in the · 
39 identification of contamination. Any additional data must meet DQOs 
40 comparable to those outlined in this ~eport. 
41 
42 Bulk chemistry data determined by nondestructive bulk chemical analyses 
43 of archived splits of the soil b~ckground samples could be performed by field 
44 and/or mobile laboratory x-:raY spectroscopic methods if quantitative and/or 
45 semiq~antitative data ~f this type becomes increasingly imprirtant in Site 
46 characterization activities. If such analyses are performed, sample · 
47 preparation (e.g., crushing or size fractionation} and calibration methods . 
48 must be considered carefully in terms of practicality and representativeness . 
49 The implicati9ns of any physical modification of"the archived soi.1 background 
50 samples {e.g., crushing) on the measurement of these samples for radionucl ides 
51 al so must be considered. -~ 
52 
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1 The analysis of selected soil background split samples using TCLP 
2 {40 CFR 261) also should be considered. The analysis of solid waste .using 
3 this procedure routine 1 y is performed to determine whether the waste contains 
4- hazardous or extremely hazardous constituents for purposes. of designating the 
5 waste for transportation and .disposal. Th_e solid waste can ·include soils or 
6 soil mat~rials that can contain naturally occurring analytes of concern in 
7· significant amounts. A data set of TCLP analyses for at least some of the 
8 Hanford Site soils would, therefore, also be useful as a baseline for waste 
g· designation applications if any of the soils have measurable TCLP analyte 

10 concentrations. · · 
11 
12· Future data needs also could extend to the characterization of the 
13 natural range of analyte concentrations in the certain plant types on the 
14 Hanford Site. This type of background data might be necessary to more 
15 completely understand the compositional range in topsoils, and also to provide 
16 a basis for bioaccumulation in environmental risk assessment exposure models. 
17 
18 . The use of control samples of known composition that are routinely 
19 submitted to all laboratories would provide an independent and consistent 
20 basis for assessing inter- and intralaboratory variability in data quality. 
21 The use of control samples also could provide information on the uncertainties 
22 associated with the various parts of the measurement process if the reduction 
23 of overall uncertainty is warranted. The development of such control samples 

-~ - 24 for routine inclusion in the measurement process should be emphasized in 
25 future data . collection efforts. 
26 
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