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1 Random samples (104) were collected from 14 outcrop and excavation si tes 
2 and one borehole. These samples are representative of the material present in 
3 most of the recognized sedimentary facies in the vadose zone. For 
4 completeness, judgment samples (51) also were collected from the 14 sites, a 
5 second borehole, and topsoils from the main terrestrial ecosystems at the 
6 Hanford Site. Judgment samples included minor soil types that were 
7 potentially missed during rando~ sampling. 
8 
9 The results of the soil background characterization activities primari ly 

10 fall into two categories: (1) documentation of soil background compositions 
11 and (2) validation of the soil background conceptual model that serves as the 
12 scientific basis for the use of these data as Sitewide background. The 
13 following are the main findings. 
14 
15 • Soils in the vadose zone on the Hanford Site have a range of chemi cal 
16 compositions that can be represented as a single Sitewide 
17 compositional population for all naturally occurring inorganic 
18 analytes. 
19 
20 • The concentrations of all measured volatile and semivolatile organi cs, 
21 pesticides, and polychlorinated biphenyls are at or below present 
22 detection limits for the samples analyzed. 
23 
24 • Sitewide background data can be used for identifying contamination in 
25 all soils in the vadose zone on the Hanford Site including the 
26 materials from the Hanford formation and younger sedim~nts, Ringo ld 
27 Formation, topsoils, and volcanic ashes. 
28 
29 • Only a small number of the analyzed soil samples have one or more 
30 analyte concentrations that are significantly larger than in the 
31 majority of soil background samples. 
32 
33 • Unusually high analyte concentrations occur naturally in a small 
34 percentage of the soils and can be distinguished from contaminati on 
35 using these data. 
36 
37 These findings support the sampling design and all aspects of the 
38 Sitewide background conceptual model. Some of the compositional 
39 characteristics of the Sitewide soil background data for 36 inorganic ana lyt es 
40 are listed in Sunmary Table 1. Parameters calculated from the compositional 
41 and quality control data also are listed. These include the limit of 
42 detection and limit of quantitation calculated from the analysis of reagent 
43 blanks . The minimum and maximum concentrations in the primary Sitewide (i. e., 
44 random) data set and the highest measured analyte concentration overall (i.e., 
45 including judgment samples) are listed in Sunmary Table 1. Sunmary Table 2 
46 contains estimated parameters for the systematic random data set. The tab le 
47 includes estimates for the 50th, 80th, 90th, and 95th percentiles as well as 
48 upper confidence limits for the estimates of the 80th and 90th percentiles and 
49 lower and upper confidence limits for the estimates of the 95th percentiles . 
50 The confidence limits are based on 95 percent coverage. These estimates were 
51 computed for both the lognormal and Weibull distributions. 
52 
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1 The absence of measurable organic chemicals 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 Surrmary 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 alkaline 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 single analyte concentration or calculated 
31 parameter. 
32 
33 These Sitewide soil background data are reconmended 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. Reconmended methods of data use are provided in a 
39 separate document (DOE-RL 1994). 
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Sunmary Table 1. General Characteristics of the Sitewide Background Data. 

Detect i on limits Systemat ic random samples, concentrat i on 
Analyt e i n mg'kg Overa 11 maxi mum concentrat ion, 

LOO/CRDL + LOQ Minimum+ Maximum+ 
Aluminum 21.8 66 . l 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 
Bari um 4.1 2. 7 45.2 221 480 
Beryllium 0. 46 N/A 0. 6 2. I 10 
Cadmium 0.24 o. 79 0.66 0.66 11 
Calc i um 175 470 3,820 86 ,600 105,000 
Chromium 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 36.1 61 
Iron 75 . 7 236 13,200 35,100 68,100 
Lead l.l N/A l.l 26.6 74 . I 
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 28.2 200 
Potass i um 135 451 851 3,280 7,900 
Selen i um 0. 5 N/A 5 6 6 
Sil i con 5.2 N/A 5.2 583 1,203 
Silver 2 . 1 4. 5 l. 4 14 . 6 14.6 
Sodium 50 .6 140 101 5620 6,060 
Thallium 3. 7 N/A 3.7 3. 7 3. 7 
Titanium 5 N/A 524 2940 3,180 
Vanadium 1.8 5. 9 24 .J 97.9 140 
Zinc 6. 4 15.6 30.9 119 366 
Zi rconium 11 N A 11 84.8 84 .8 
A I ka li nity 5 N1A JI 37,600 150,000 
Arrmonia 0.6 N/A 0. 6 26 . 4 26 . 4 
Chlor ide 1 N/A 1 1,480 1,480 
Fluor ide 1 N/A 1 73 . 3 73 . 3 
Ni trate 0.6 N/A 0. 6 538 906 
Nitrite 21 N/A 21 21 36.5 
0-Phospha t e 2 N/A 2 225 225 
Sulfate 1 N/A 1 4 340 12 600 

Minimum and l'I U lmufl conce nt n tlons are from tht prtrury Slttwl dt (I.e . , nndM) dau Ht. Owt rall 1111tmun1 concentrati ons , re the highest ineuured among 111 umplu . 
"'9/kg • 11tll t9ri11 po, kllo9r1m . • u report ed froa the hboruory. 

CRDL • cont r1e tM 1I )'J r eq uired detec t I on 1 tmt t . N/ A • •119en t bh nk dUa not applt c,blt for calcu l itlon 
LOO • I t11tt of d, uctt on bu , d on anal rs h of , .,9,n1 blanks. of dt ttc t Ion I l•tt. 
lOQ • lt11tt of q• 1n11u1ton baud on analysts of ru9,n1 bhnh . 

i n mg/kg+ 
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Sunmary Table 2. Hanford Sitewide Background Data, Percentiles and Upper Confidence Limits. 

Lognormal Distribution ~eibull Distribution 
ANALYTE SOX SOX SOX 90X 90X 95X 95X 95X SOX SOX SOX 90X 90X 95X 95X 

UCL UCL LCL UCL UCL UCL LCL 
Alunim.m 7600 10100 11000 11800 13000 12000 13300 15100 7383 10113 11053 11933 13263 12133 13643 
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 
Bariun 88.4 115 124 132 144 134 148 165 87.3 114.9 124.2 132.8 145.7 134.8 149.3 
Berylliun 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 
caaniun - - - - - - - - - - - - - - -
Calciun 9450 14000 15700 17200 19700 17600 20400 24100 9131 14079 15909 17709 20409 18109 21209 
Chromiun 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 
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 
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 
Iron 23600 29200 31000 32600 35000 33000 35600 39000 23750 29750 31450 33050 35250 33450 35850 
Lead 5.45 8.24 9.36 10.2 11. 7 10.4 12.2 14.5 5.42 8.28 9.31 10.31 11.84 10.54 12.28 
Lithiun 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 
Magnesiun 4980 6260 6680 7060 7620 7140 7780 8580 4830 6140 6610 7060 7750 7160 7950 
Manganese 372 460 488 512 550 518 561 613 380 463 486 506 535 511 542 
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 
Molybdenun - - - - - - - - - - - - - - -
Nickel 12.2 16.4 17.8 19.1 21 19.4 21.6 24.5 12.15 16.35 17. 75 19.05 20.85 19.35 21.45 
Potassiun 1210 1760 1960 2150 2440 2190 2520 2960 1197 1777 1977 2167 2447 2207 2537 
Seleniun - - - - - - - - - - - - - - -
Silicon 15.4 36.8 37.5 44 55.6 - 59 - 14. 12 31.76 40.46 56.06 63.46 - 66.36 
Si Iver 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 
Sodiun 231 475 581 690 878 716 937 1274 357.2 459 551 682 984 718 1099 
Thal I iun - - - - - - - - - - - - - - -
Ti taniun 1460 2110 2380 2570 2950 2580 3000 3600 1491 2161 2401 2561 2881 2571 2921 
Vanadiun 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 
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 67.7 71.6 
Zirconiun 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 
Alkalinity 1100 3960 5680 7710 11800 8240 13300 23000 1055 4248 6008 8008 11688 8508 12888 
Arrmonia 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 
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 
Fluoride 0.8 1.83 2.31 2.81 3.7 2.93 3.98 5.67 0.87 1.81 2.28 2.81 3. 73 2.93 4.02 
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 
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 
Sul fate 10.4 81.4 145 237 469 263 566 1360 8.8 90 . 3 162 264 497 292 585 
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 reoortinq I imit to orovide for a d istribution fit 
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1 Soil composition detennined in this manner also differs from that 
2 obtained by use of the toxicity characteristics leaching procedure (TCLP) 
3 (40 CFR 261). This procedure extracts analytes from the sample with a weak 
4 acetic acid solution. The only other type of chemical composition referred to 
5 in this document is the total composition of a bulk sample (referred to as 
6 bulk composition) . 
7 
8 
9 1.2 DATA QUALITY OBJECTIVES 

10 
11 The data quality objectives (DQO) process reconmended by the EPA 
12 (EPA 1987) has been used as guidance for all activities associated with the 
13 detennination of soil background composition (Figure 1-2). Some of the main 
14 DQOs developed for the purpose of this project are sunmarized in the follow ing 
15 paragraphs. 
16 
17 The main objective of the activities described in this report is the 
18 characterization of the natural composition of the soil on the Hanford Site . 
19 These data are specifically intended for use in environmental restorat i on 
20 activities regulated under the Resource Conservation and Recovery Act (RCRA) 
21 of 1976 and the Comprehensive Environmental Response, Compensation, and 
22 Liability Act (CERCLA) of 1980, and various DOE Orders. 
23 
24 The use of background (i.e., the natural environment) as a baseline fo r 
25 defining contamination and cleanup levels is a fundamental principle in most 
26 environmental regulations (e.g., EPA 1986; WAC 173-303 and 173-340). The 
27 implied concepts in these regulations are: (1) concentrations of chemicals 
28 that naturally occur in the environment generally are not regarded as hannful 
29 to human health and the environment; (2) there generally is no significant 
30 benefit in, or reduced risk associated with, reducing the amounts of most 
31 constituents below natural levels; and (3) it is generally impractical or 
32 impossible to reduce concentration levels below those levels that exist 
33 naturally. 
34 
35 The detennination of Site-specific analyte concentrations in soil 
36 background is an integral part of the environmental restoration activities, 
37 and is used in the following ways: 
38 
39 • As a baseline for detennining whether contamination is present 
40 
41 • As a primary screening criterion and reference data in baseline risk 
42 assessments 
43 
44 • As a goal for cleanup levels 
45 
46 • As a baseline for evaluating treatment technologies 
47 
48 • Any other activities involving or requiring the use of the 
49 characteristics and natural composition of the soils. 
50 
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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 subcontractors, 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 determination of background for each 
8 waste management unit (WMU). The use of this approach 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 information 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 concept 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 DQOs 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 soil 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 in 
40 data use. Some of the statistical characteristics of the Sitewide soil 
41 background data are summarized in Table 1-1. This table contains two 
42 different estimated parameters illustrating that comparison criteria can be 
43 calculated from the same Sitewide background data for different contamination 
44 scenarios and uses of the data. Still other approaches use the entire range 
45 of analyte concentrations and the nature of the natural background 
46 distribution as a basis for data use (e.g., Figure 1-3; also refer to 
47 Chapter 6.0). Recommended methods for data use are provided in a separate 
48 document (DOE-RL 1994). 
49 
50 
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3 An overview of the Sitewide approach for the characterization and use of 
4 soil background for environmental restoration activities on the Hanford Site 
5 is presented in Chapter 2.0. Description of the sediments that comprise the 
6 vadose zone is contained in Chapter 3.0, along with other pertinent geologic 
7 relationships that relate to the understanding of the composition of these 
8 materials. 
9 

10 A compilation of information on the physical characteristics of the soils 
11 and the processes expected to contribute to or control their chemical 
12 compositions, referred to as the conceptual model, are presented in 
13 Chapter 4.0. This conceptual model also serves as the technical basis for the 
14 Sitewide soil background approach, and for the design of the sampling and 
15 analysis plans. 
16 
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 summary of the quality control data and a review 
21 of data quality are presented in Chapter 7.0. Conclusions and recommendations 
22 are presented in Chapter 8.0. 
23 
24 The appendices to this document contain the following: (1) supporting 
25 information on the selection and description of soil background sampling sites 
26 (Appendix A), (2) narratives on the sampling activities at each of the 
27 sampling sites (Appendix B), (3) raw data on the results of laboratory 
28 analyses (Appendix C), (4) detailed information on statistical -and other types 
29 of data analysis {Appendix D), and (5) the original soil background sampling 
30 and analysis plan {Appendix E). 
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Table 1-1. General Characteristics of the Sitewide Background Data. 
Systemat ic random, concentration Overa l l ma ximum 

Detection l imits in mg/kg concent rat ion, Type of sample with 
Analyt e LOO/CRDL+ LOQ Minimum+ Max imum+ in mg/kg+ maximum concentrat ion and sampl i ng si te 

Aluminum 21.8 66.1 3 , g40 18,100 28,800 Topsoil, playa, [-g 
Antimony 15 . 7 52 . 2 15.7 15.7 31 Volcanic ash• 
Arsenic 3 N/A 3 11.4 27 . 7 Topsoil, Juniper, E-4 
Ba ri um 4. 1 2. 7 45 . 2 221 480 Volcan ic ash• 
Beryllium 0. 46 N/A 0.6 2. 1 10 Vo lean I c ash• 
Cadmium 0.24 0. 79 0. 66 0.66 II Volcanic ash• 
Ca le i um 175 470 3,820 86,600 105,000 Topsoil, greasewood, E-2 
Ch romium I.I 3 2.9 30.6 320 Ri ngold Fm• 
Cobalt 0.88 2.9 5. 7 16 .9 110 Volcan ic ash • 
Copper 2.1 6.2 8.1 36. 1 61 Volcanic ash• 
Iron 75.7 236 13 , 200 35,100 68,100 Ri ngold Fm 
Lead I.I N/A I.I 26 .6 74 . 1 Topsoil, jun iper, E-4 
Lith i um 34 N/A 34 38.2 38.2 Random, No. 14• 
Magnesium 18. 4 57 .9 2,900 10,100 32,300 Topso i l, 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. 15 
Molybdenum I. 4 4.8 2 2 6 Ringold Fm 
Ni ckel 2. 4 7.7 7.2 28 .2 200 Ringold Fm• 
Potass i um 135 451 851 3,280 7,900 Topsoi 1, playa, E-9 
Selenium 0. 5 N/A 5 6 6 Random, No . 15 
Si 1 icon 5.2 N/A 5.2 583 1.203 Topso11, play a, E- 10 
Silver 2.1 4. 5 1.4 14.6 14 .6 Random, No. 6 
Sodium 50.6 140 101 5620 6,060 Random, No. 12 
Thallium 3.7 N/A 3.7 3.7 3. 7 Lab detection 1 imit 
Titanium 5 N/A 524 2940 3,180 Random, No. 6 
Vanadium 1.8 5.9 24 .3 97.9 140 Volcanic ash• 
Zi nc 6. 4 15.6 30 .9 119 366 Topsoil, Juniper, E-4 
Zircon ium II N/A II 84.8 84 .8 Random, No. 10 
A lka 1 i ni ty 5 N/A 5 37,600 150,000 Topso i l, greasewood, E-2 
Ammon i a 0.6 N/A 0.6 26 . 4 26 . 4 Random, No. 14* 
Chloride I N/A I 1,480 1,480 Random, No . 11 
Fl uorl de I N/A I 73 .3 73 .3 Random, No . 10 
Nitrate 0.6 N/A 0.6 538 906 Hanford fm judgment, No . 
Nit r ite 21 N/A 21 21 36 . 5 Topso i l, greas ewood, E-2 
0-Phosphate 2 N/A 2 225 225 Random, No . 10 
Sul fate I N/A I 4 340 12,600 Tooso i l areasewood E-2 

Minimum and max imum concentrat i on s are from t he pr imary S1tew1de (1. e. , random) data set . Overa ll maximum concen t rations are the 
hi ghest mea sured among all samp les. Percentil es and th res hold levels are based on f i tt ing a Wei bull dist r i but ion to t he primary 
Si tewide dat a set fo r each ana lyt e. Thresholds were no t computed for undetected ana lytes . 
+ • as reported from the laboratory . 

• offs ite. 
CRDL • contractually required detection limit . 
LOD • limit of de tecti on bas ed on ana lysis of reagent blanks . 
LOQ • li mi t of quan tl ta ti on ba sed on anal ysis of reagent bla nks . 
m~/~ o • mil l fo r am oer kl l oaram . 
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4 The various types of samples and data collected for character i zation of 
5 the vadose zone are described in this chapter . These data are used to support 
6 the conceptual model, verify the adequacy of the sampling plan design, and 
7 provide representative analyte concentrations for use as Sitewide background. 
8 These data consist primarily of 1norganic and some organic chemical analyses 
9 of soils from the vadose zone on the Hanford Site . Information on the qual ity 

10 control and quality assurance parameters associated with these data also are 
11 described. The suitability of the data with respect to statistical 
12 considerations is presented in Chapter 6.0 . . Inorganic chemical composition of 
13 soils refers to digestate and leachate compositions determined in accordance 
14 with EPA protocols (EPA 1986, 1989c), except where otherwise noted. 
15 
16 
17 5.1 DATA TYPES 
18 
19 Four main types of data were collected in conjunction with this project: 
20 
21 (1) Chemi ca 1 composition of so i•l s collected by systematic random 
22 sampling 
23 
24 (2) Chemi ca 1 composition of soils collected by judgment sampling 
25 
26 (3) Supporting data on the physical and chemical composition of soi l 
27 materials 
28 
29 (4) Quality assurance and quality control data . 
30 
31 Acquisition of data types 1, 2, and 4 were collected and analyzed in 
32 conjunction with the soil sampling plan (Appendix E), hereafter referred to as 
33 the Sampling Plan. 
34 
35 The first two data types were collected to characterize the chemical 
36 composition of naturally occurring soils in the vadose zone (i.e., soil 
37 background). The third data type is used in the validation of the soil 
38 background conceptual model, in justifying the use of data types 1 and 2 as 
39 Sitewide background, and for use in the DQO process. Data on physical 
40 characteristics of the soils that affect chemical composition such as modal 
41 and grain size composition , and chemical composition data of various size 
42 fractions of soil and basalt are included in this third category. The quality 
43 assurance and quality control data (type 4) are used in assessing the 
44 analytical quality of the data in accordance with the DQO process . 
45 
46 An overview of the siting process for the selection of sampling 
47 locations, the sampling methods, and analytical procedures for data types 1, 
48 2, and 4 are presented in the following sections. The various supporting da t a 
49 types and the purpose of these data also are described in the following 
50 sections. 
51 
52 
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3 Over 170 soil samples were collected 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 of 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 which confidence intervals, tolerance limits, and threshold 
14 levels can be determined without the introduction of sampling bias. 
15 
16 Judgment samples were collected to characterize the composition of 
17 subordinate soil types in the vadose zone with different or potentially 
18 extreme analyte concentrations. The data from these 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 Figure 5-1 all have vertical 
47 exposures of the vadose zone. Most of these are excavations associated with 
48 gravel quarries and construction activities, and several are natural outcrops 
49 (Appendix B}. These vertical sections range from 10 to 100 feet (3 to 
50 30 meters} in thickness and enable the geo l ogic relationships of the soils to 
51 be determined. These 14 sites were chosen from among 30 localities that best 
52 represent the types of materials in the sedimentary facies found in the vadose 
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1 biologic effects in the pedogenic soil profiles, including bioaccumulation 
2 from the plant uptake. On the Hanford Site, soil profiles are sparsely 
3 developed, and organic material is largely restricted to the uppermost parts 
4 of the topsoil in the immediate vicinity of plant growth (Chapter 4.0, 
5 Section 4.3.2) . 
6 
7 Thus, a separate judgment sampling effort was required to obtain 
8 representative samples in areas ~here naturally occurring organics and/or 
9 bioaccumulation of inorganic constituents were most likely to occur, and for 

10 completeness of sampling for both organic and inorganic analytes. Therefore , 
11 the objectives for the collection of these judgment samples and siting 
12 criteria differed somewhat from those of other soil background samples. 
13 
14 Most of the same criteria concerning the compositional integrity of the 
15 inorganic soil background sampling sites also were applied to the organic 
16 sites. However, several additional criteria also were considered. The 
17 criteria for selection of sampling sites were based on professional judgment 
18 and included the following: 
19 
20 • Sites documented and appearing to be unimpacted by anthropogenic 
21 activities (with the except~on of the old field ecosystem) 
22 
23 • Sites farther than 150 feet (45 meters) from paved roads 
24 
25 • Sites in places most likely to contain biogenically generated organics 
26 and/or bioaccumulations of inorganic constituents. 
27 
28 Twelve sampling localities were selected based on the above criteria and 
29 advice from a biologist/ecologist familiar with the Hanford Site. The 
30 selected sampling sites are shown in Figure 5-1, and the associated ecosystem 
31 characteristics are described in Appendix B, Section B1.2. Four of the sites 
32 chosen are within or adjacent to controlled and largely pristine ecology study 
33 areas, including two sites on the Arid Lands Ecology Reserve and two sites 
34 adjacent to controlled study zones in the 200 Areas established in conjunction 
35 with the Basalt Waste Isolation Project. 
36 
37 Samples from the sites shown in Figure 5-1 were collected in late 
38 February 1992 from the upper 4 to 12 inches (10 to 30 centimeters) of the 
39 surface. The areas chosen for sampling at these sites were in the root zones 
40 of representative grasses or the leaf-litter canopy of the dominant or 
41 characteristic plant type (i.e., sagebrush, rabbitbrush, greasewood, juniper , 
42 and spiny hopsage) (Appendix B). 
43 
44 These sites also were screened for inorganic chemicals. Organic vapor 
45 concentrations were measured by analyzing the air (headspace) above the soils 
46 in sample containers. Aliquots of each sample from each of the specific 
47 organic sites were measured on the day of collection. Similar measurements 
48 were made during March 1992 on two or more new samples from each of the 
49 14 inorganic sites discussed previously. A summary of this work is presented 
50 in Appendix B. 
51 
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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) pesticides and PCBs. Inorganic analytes and methods were the same as 
4 those for the systematic random samples, 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 were 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 and 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 quantify grain size variation across the 
42 Hanford Site. These data were collected to evaluate the influence of grain 
43 size and modal composition on digestate/leachate composition in the manner 
44 described in Chapter 4.0, Section 4.1.2. Modal analysis (identification of 
45 mineral and rock components 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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l 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 basal t 
7 were used primarily as a control in the evaluation of the grain size effect 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 characterized 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 fiel d 
21 duplicate samples, field blanks, and blanks prepared at the analytical 
22 laboratory. The field duplicate samples were collected and sent to a separat e 
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 sampl ing 
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 i norganic 
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 sol id 
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 performed 
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 detection levels. Most of the data that were 
46 returned 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 determine actual detection l imits. 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 distributions 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 to calculate 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 interpreted 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 collected 
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 . , 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 for refinement 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 characteristics 
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 random 
52 data set should form single statistical distributions. 
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1 Analysis of the systematic random data is followed by comparisons of th i s 
2 data set against data from judgment sampling and/or other soil background 
3 data. This determines the extent to which this data set can be regarded as 
4 sufficiently representative and complete for use as a primary Sitewide soil 
5 background data set. The judgment data also provide compositional information 
6 on the chemical characteristics of subordinate soil types in the vadose zone 
7 and the extent to which these data can be regarded as part of the main 
8 population. These judgment data· also address validation or refinement of the 
9 conceptual model concerning minor soil types and other controls on soil 

10 composition. 
11 
12 The overall validity of the chemical data and interpretations depend on 
13 the third data type, which provides the basis for evaluation of the data 
14 quality . These data include field duplicates and laboratory blanks and 
15 duplicates. These data are used to evaluate precision and accuracy of the 
16 soil background data set. Together, the analysis of all of these data provide 
17 a basis for evaluating the extent to which the DQOs and PARCC parameters have 
18 been met. 
19 
20 
21 5.8 COVERAGE AND COMPLETENESS OF SAMPLING 
22 
23 The systematic random samples together with the judgment samples 
24 constitute one of the largest known background data sets for a vadose zone 
25 composed largely of a single formation. These sampling efforts were designed 
26 to the sand size and smaller materials (i .e., _2-millimeter size fraction) in 
27 the main facies and subordinate soil types known to occur in the-.vadose zone 
28 on the Hanford Site. These samples are believed to have included most, if not 
29 all, of the constituent mineral, rock, and organic materials that 
30 significantly affect the chemical composition of the vadose zone sediments, 
31 including those from sedimentary facies that were not sampled. 
32 
33 Most of the samples collected for the characterization of soil background 
34 are from the three main facies of the Hanford formation, which comprise 
35 approximately 85 percent of the vadose zone beneath the Hanford Site 
36 (Chapter 3.0, Section 3.1). The second greatest number of samples were of 
37 surficial deposits. Both the Hanford formation sediments and the surficial 
38 deposits are important because they are in the uppermost 15 feet (4.6 meters) 
39 of the vadose zone where a majority of soil characterization associated with 
40 environmental restoration on the Hanford Site is expected to take place 
41 (WAC 173-340-740(6)(c)). Several samples from the Ringold Formation facies 
42 also were collected, primarily from the boreholes. 
43 
44 The only types of soil material not sampled were some subordinate and 
45 volumetrically minor varieties. These include the alluvial fan facies of the 
46 Ringold Formation, the Plio-Pleistocene pre-Missoula gravel facies , and 
47 Hanford formation materials containing Ringold and Plio-Pleistocene rip-up 
48 clasts. However, there is no reason to believe that these materials contain 
49 components that would cause their chemical compositions to differ 
50 significantly from those that were sampled (i.e., the three facies of the 
51 Hanford formation, upper and middle Ringold facies, eolian deposits, Columbia 
52 River Overbank deposits, stream outwash deposits, elastic dike material, and 
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1 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 qualitativel.Y 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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4 The main findings resulting from the characterization of soil background 
5 composition on the Hanford Site are summarized in this chapter. The data and 
6 evaluations associated with these characterization efforts primarily involve 
7 the chemical analysis of soil background samples, and include- the 
8 characterization of physical composition. Three main types of data are 
9 presented: (1) soil compositions of 104 samples collected by systematic 

10 random sampling and determined in accordance with EPA protocols, (2) soil 
11 compositions from 51 judgment samples, and (3) other data supporting 
12 evaluation of the conceptual model. Quality assurance and quality control 
13 data are presented in Chapter 7.0. 
14 
15 
16 6.1 OVERVIEW OF MAIN FINDINGS 
17 
18 The main findings fall into two categories: (1) results concerning the 
19 range of analyte concentrations in vadose zone soils and the implications for 
20 using this range as soil background on the Hanford Site and (2) results 
21 relating to validation of the soil background conceptual model. Results from 
22 the second category are important because the results provide the technical 
23 basis and justification for use of the chemical compositional data as Sitewide 
24 background. 
25 
26 
27 6.1.1 Soil Composition and Hanford Sitewide Background 
28 
29 The main findings and interpretations resulting from the efforts to 
30 characterize the composition of soil background on the Hanford Site include 
31 the following. 
32 
33 • Soils in the vadose zone on the Hanford Site have a range of chemical 
34 compositions that can be represented as a single Sitewide 
35 compositional population for all naturally occurring inorganic 
36 analytes. 
37 
38 • Only a small number of the analyzed soils have one or more analyte 
39 concentrations that are significantly larger than in the majority of 
40 soil background samples. 
41 
42 • The concentrations of all measured organic analytes were found to be 
43 at or below present detection limits in the samples analyzed. 
44 
45 • These data can be used as the primary basis for identifying 
46 contamination in essentially all soils in the vadose zone on the 
47 Hanford Site including the materials from the Hanford formation and 
48 younger sediments, Ringold Formation, topsoils, and volcanic ashes. 
49 
50 • Unusually high analyte concentrations that occur naturally can be 
51 evaluated using these data. 
52 
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1 The most important finding is that there is a single population of 
2 natural soil composition on the Hanford Site (i.e., a Sitewide background) 
3 that applies to all inorganic constituents for essentially all soils in the 
4 vadose zone. The significance of this result is that the soil background data 
5 can be used for all environmental restoration activities on the Hanford Site. 
6 These soil background data therefore are valid for use in identifying 
7 contamination in soils and for use in other related applications (Chapter 1.0, 
8 Section 1.3). Summary statistics for the reference Sitewide soil background 
9 data set are provided in Table 6-1 and Table 6-2. 

10 
11 
12 6.1.2 Soil Background Conceptual Model 
13 
14 The interpretation and effective application of soil background data to 
15 environmental restoration activities on the Hanford Site requires an 
16 understanding of what the data represent and the factors that influence 
17 composition and variability in the data. This primarily involves validation 
18 of the soil background conceptual model. The following is a summary of the 
19 main results regarding factors that control soil composition. 
20 
21 • The range of chemical compositions of a suite of samples is primarily 
22 controlled by the types and proportions of mineral and rock 
23 constituents. 
24 
25 • Grain size substantially influences the chemical composition of 
26 samples determined in accordance with regulatory protocols. 
27 
28 • The effects of grain size and modal composition of soil chemistry are 
29 interrelated. 
30 
31 • The analyzed soils in the vadose zone are related because the soils 
32 are all composed principally of basaltic material, feldspar, and 
33 · quartz. 
34 
35 • Basaltic material in the soil samples is capable of controlling the 
36 abundance of most analyte concentrations. 
37 
38 These factors are related and all contribute to the range of chemical 
39 compositions in soils in the manner described in the soil background 
40 conceptual model. The data and results relating to validation of the 
41 conceptual model are presented in Section 6.2. The data and results provide a 
42 basis for interpreting the chemical compositional data presented and evaluated 
43 in Section 6.3 in the context of Sitewide background. 
44 
45 
46 6.2 SITEWIDE SOIL BACKGROUND CONCEPTUAL MODEL VALIDATION 
47 
48 Two important objectives of this study have been to understand the nature 
49 and processes that affect and control the natural composition of soils on the 
50 Hanford Site and to evaluate the validity of the Sitewide approach to the 
51 determination and use of soil background data. Validation of the soil 
52 background conceptual model is a prerequisite for (1) consideration of the 
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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 the 
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 feldspar. These site-specific 
8 characteristics 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 0, Table 0-5. Analytes with an insufficient number of samples 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 analysis and interelement correlation is 
16 the determination of whether elevated levels of analytes, such as nickel and 
17 chromium in soil, represent natural exceedances, contributions from substances 
18 such as stainless steel (e.g., from drill bits), or other contamination . 
19 These characteristics of the soil background population 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 distribution. Specific threshold levels 
28 for each analyte can be calculated from the distribution of thi~ 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 therefore 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 described further in Appendix D, Section 01.1. 
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 lognormal and Weibull distributions. It is notable that the threshold levels 
47 of most analytes calculated for lognormally distributed data 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 Sitewide 
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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1 without also considering other characteristics of the data set . These other 
2 characteristics include the uncertainties associated with data, interelement 
3 correlations, and consideration of the natural concentrations in outliers and 
4 judgment samples. 
5 
6 6.3.2.4 Outliers . The results of statistical analysis of the systematic 
7 random sample data indicate that only 17 of the 104 samples in the data set 
8 have analyte concentrations so large as to be regarded as statistical outliers 
9 (Table 6-10}, and censored from the calculation of population characteristics. 

10 These outliers are limited to only seven analytes: calcium, fluoride, lead, 
11 silicon, sodium, zinc, and zirconium . Thirteen of these samples have only one 
12 analyte outlier, one sample has outliers only for calcium and sodium, and the 
13 remaining three samples have outliers only for fluoride and zirconium. 
14 Details regarding the statistical characteristics and criteria for 
15 classification as an outlier are presented in Appendix D, Section D2.11.3. 
16 
17 The composition of most of these outliers appears to be attributable to 
18 carbonate-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 (CaCO3 ) 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 chloride 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 The outliers for zinc and zirconium do not have any obvious associations 
31 or interelement correlations. The magnitude of these analyte concentrations 
32 are most easily explained as samples containing larger amounts of basalt 
33 and/or basaltic material richer in zinc and zirconium, which is consistent 
34 with the range of concentrations known to occur in the basalts (Chapter 4.0 , 
35 Table 4-1). Alternatively, these outliers could represent examples of the 
36 nugget effect, possibly associated with trace amounts of zircon in sampling 
37 site 10, and a zinc-bearing mineral in sampling sites 2 and 6. 
38 
39 The one outlier for lead was collected from the riparian zone of the 
40 Columbia River , which contains generally elevated levels of lead, cadmium, and 
41 zinc. Section 6.3.3.5 describes the chemical characteristics of the riparian 
42 zone in more detail. 
43 
44 
45 6.3.3 Judgment Samples, Subordinate Soil Types, and Exceedances 
46 
47 The chemical compositions of naturally occurring soil types collected as 
48 judgment samples are presented in this section. Compositional data on two 
49 types of judgment samples are presented: (l} judgment samples collected at 
50 the 14 systematic random localities and (2} topsoils from the main terrestria1 
51 ecosystems. Data on Ringold Formation sediments also are included in this 
52 section. 
53 
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1 These samples were collected for the purpose of documenting and 
2 evaluating the composition of soil types in the vadose zone that might not 
3 have been included in the systematic random sampling. The bias involved i n 
4 the collection of these samples precludes the inclusion of these data wi th t he 
5 systematic random data in the calculation of Sitewide background populati on 
6 characteristics. These data are, therefore, used to supplement the background 
7 reference data set for completeness, and for evaluating the representativenes s 
8 and comparability of the background reference data. 
9 

10 These evaluations were performed by comparing the analyte concentrations 
11 of the judgment samples to those of the background reference population using 
12 the 95/95 threshold values as the reference for comparison for most analytes. 
13 Threshold values were calculated from the systematic random data for Weibul l 
14 distributions of all analytes. The LOQ (Chapter 7.0) also was used as a 
15 comparison criterion for analytes in the reference population having thresho ld 
16 levels based on detection limits, or for analytes with less than 10 data 
17 points above detection (Chapter 7.0, Section 7.2.2). For the purpose of these 
18 comparisons, exceedances are defined as any analyte concentration exceeding 
19 the reference comparison levels described above . Analyte concentrations less 
20 than these reference levels are regarded as consistent with those of the 
21 Sitewide reference population. This.method of comparison is considered to be 
22 appropriate because it involves the comparison of natural background data wi t h 
23 the characteristics of the background reference population. This comparison 
24 method also is more rigorous than other tests (e.g., Bernoulli trial 
25 comparison across all the analytes in each sample), and involves the 
26 evaluation of each analyte exceedance in each sample. The overall number and 
27 type of exceedances and the significance of these exceedances are discussed in 
28 Sections 6. 5 and in Chapter 7.0, Section 7.3. 
29 
30 6.3.3.1 General Relationships. The most important feature of the judgment 
31 sample data is that the analyte concentrations in most of these samples are 
32 consistent with those in the Sitewide reference data set, i. e . , there are 
33 relatively few exceedances. There also are no systematic exceedances that 
34 violate the conceptual model. Most of the observed exceedances involve 
35 analytes associated with alkaline soils and topsoil rich in organic carbon. 
36 The analyte concentrations for the main types of judgment samples are listed 
37 and compared to the threshold values in Tables 6-11 to 6-18. A complete 
38 listing of the chemical compositions of the judgment samples is provided in 
39 Appendix C. 
40 
41 The following is a summary of the general relationships between the 
42 analyzed compositions of these soils compared to the reference levels of the 
43 Sitewide soil background data set. 
44 
45 • The analyte concentration for all analyzed eolian and alluvial samples 
46 are within the range of the reference population for al l constituents. 
47 
48 • · The compositions of Ringold Formation judgment samples in the vadose 
49 zone are comparable to the reference population, with only a few 
50 notable exceptions. 
51 
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1 • The compositions of analyzed volcanic ashes largely are 
2 indistinguishable from those of vadose zone sediments, but one offsite 
3 ash sample is markedly different. 
4 
5 • Pedogenic topsoils have ·compositions that are largely comparable to 
6 the parental vadose zone sediments (Sitewide population), with the 
7 exception of certain analytes and specific ecosystem-topsoil 
8 associations. 
9 

10 A description of the type and extent of exceedances that occur in the 
11 judgment samples and subordinate soil types are described in the following 
12 sections. 
13 
14 6.3.3.2 Judgment Samples From Inorganic Sampling Sites. The compositions of 
15 the 31 judgment samples collected from the same localities as systematic 
16 random samples are listed in Appendix C. A summary of the analyte 
17 concentrations that exceed the 95/95 threshold levels in the Sitewide 
18 background reference population is presented in Table 6-11. Nine of the 
19 31 judgment samples have at least one analyte with concentrations that exceed 
20 the Sitewide reference levels. Six of these samples have an exceedance for 
21 only one analyte. The most notable features associated with this group of 
22 samples are (1) most of these samples represent subordinate members of the 
23 vadose zone (e.g., elastic dikes, volcanic ash, and caliche-rich soil) and 
24 (2) with the exception of sample B01497, a majority of these exceedances 
25 involve analytes associated with the highly alkaline and carbonate-rich soils 
26 (i.e., calcium, sodium, nitrate, sulfate, alkalinity). 
27 
28 In all but one of the judgment samples, only one exceedance · was observed 
29 for the analytes barium, lead, manganese, and mercury. The exceedance levels 
30 for these analytes are all only slightly larger than the reference threshold 
31 (i.e., less than 1.3 times larger). The one exception is a near-surface 
32 sample (B01497) with exceedances for aluminum, barium, manganese, and 
33 potassium that are noticeably larger than those of the reference thresholds 
34 (up to 1.7 times larger for barium). The exceedances for beryllium and zinc 
35 in this sample are only sightly larger than those of the reference thresholds. 
36 
37 Overall, the number of exceedances in the judgment sample data set is 
38 remarkably small, and well below the 5 percent statistically expected for a 
39 comparison of this type. These exceedances largely are restricted to 
40 subordinate soil types . The analytes associated with most of these 
41 exceedances also are few in number and are those expected to have naturally 
42 elevated concentrations in alkaline soils. It also is indicated from the 
43 concentrations of these exceedances that most do not reflect nugget effects, 
44 but rather expected statistical exceedances. 
45 
46 6.3.3.3 Ringold Sediments. The compositions of judgment samples from the 
47 Ringold Formation sediments (Table 6-12a and 6-12b) fall into two main groups: 
48 (1) those collected within the vadose zone at offsite localities and (2) those 
49 collected in the saturated zone from the Yakima Barricade borehole. Only the 
50 compositions of the first group are discussed here. Samples in the second 
51 group were analyzed in conjunction with the groundwater background 
52 characterization efforts and are listed for information only. 
53 

6-14 



9513386~2590 

DOE/RL-92-24, Rev . 3 
10 / 95 

1 The concentrations of most analytes in the samples of Ringold Formation 
2 sediments from the Savage Island borehole and an offsite surface sample are 
3 comparable to those in the Sitewide background reference data set (Table 6- 13a 
4 and 6-13b). The main exceedances are in the contents of silica (up to 
5 10 times threshold levels), and in the apparent contents of cadmium (2 to 
6 3 times the threshold levels) frir all of these samples. No significant 
7 exceedances were observed for the subsurface Ringold Formation sediments 
8 except for the markedly elevated concentrations of chromium and nickel in 
9 one sample (SB-1004) in approximately the same ratio as in stainless steel . 

10 The one sample collected at the surface of the island and the duplicate of 
11 this sample have somewhat elevated levels of aluminum, chromium, and potass ium 
12 compared to those of the reference background levels. These characteristics 
13 are more likely to reflect the biologic and pedogenic effects of topsoil than 
14 intrinsic characteristics of Ringold Formation sediments, especially 
15 considering that this sample was collected from the topsoil on an island in 
16 the Columbia River. It also is notable that the three Ringold Formation 
17 samples in the lower part of the vadose zone from the Yakima Barricade 
18 borehole, included in the Sitewide background reference data set (HEIS numbe rs 
19 8014J3, B014J4, and B014J5), also have analyte concentrations that are 
20 indistinguishable from those of other vadose zone materials. 
21 
22 It is indicated from these results that the composition of most Ringold 
23 Formation sediments expected to occur in the vadose zone on the Hanford Site 
24 have analyte concentrations consistent with those of the Sitewide reference 
25 population, with the exception of only two analytes, silica and cadmium. 
26 Silica generally is not an analyte of significant concern . The exceedances 
27 for cadmium are suspect because cadmium is an analyte that occurs at 
28 concentrations near detection levels, and also because the samples from Savage 
29 Island were analyzed at a different laboratory than those of the Sitewide 
30 reference samples, which did not provide information for the calculation of 
31 LOO and LOQ values. A sample interpreted to be a volcanic ash (SB-1002) is 
32 discussed in the following section. 
33 
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 f rom 
37 the systematic random sampling sites, and one (sample SB-1002) was from the 
38 Savage Island borehole. The concentrations of analyte exceedances for these 
39 samples are listed in Table 6-15. These ash compositions probably represen t 
40 only three volcanic ash units because the three samples from Sampling 
41 Site No. 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 All of these volcanic ash samples except the one sample from 
45 Savage Island have compositions comparable to those of the Sitewide background 
46 population. The ash sample (B01427) collected from the characteristically 
47 alkaline soils from Rattlesnake Springs on the Arid Lands Ecology Reserve 
48 (Sampling Site No. 12) has exceedances for the same analytes (calcium, sodium, 
49 and alkalinity) as other samples collected from this and other sites of high ly 
50 alkaline soils (Section 6.3.2.4). The compositions of the three ash samples 
51 from Sampling Site No. 5 show no exceedances for any of the analytes. 
52 
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1 The composition of a sample from Savage Island, interpreted to be a 
2 volcanic ash within the Ri ngold Formation, has elevated concentrations for at 
3 least 12 analytes, some of which are the largest analyte concentrations yet 
4 found in the vadose zone (Table 6-15). This unidentified ash unit clearly is 
5 different in composition from any other material analyzed in the vadose zone. 
6 It is not known whether this unit occurs in the vadose zone on the Hanford 
7 Site . 
8 
9 The analyzed volcanic ashes in the Hanford formation and younger units 

10 therefore appear to have compositions that are comparable to, and adequately 
11 represented by, the Sitewide soil background data. However, only two of the 
12 four ashes known to occur within the vadose zone on the Hanford Site might 
13 have been sampled (Chapter 3.0, Figure 3-10). The compositions (Table 6-15) 
14 represent at least two of these volcanic ashes, presumably Mazama ash and 
15 Glacier Peak ash. However, these ashes presently cannot be correlated to 
16 specific units on the basis of composition because the digestate compositions 
17 differ significantly from those of bulk compositions, and only bulk 
18 compositions of these volcanic ashes presently exist in the literature. 
19 
20 6.3.3.5 Topsoils. The compositions of samples collected in the upper few 
21 inches (centimeters) of the topsoil ·in terrestrial ecosystems on the Hanford 
22 Site (Chapter 5.0, Section 5.4.2) are listed in Table 6-16. In general, these 
23 data show that the majority of the topsoils on the Hanford Site have analyte 
24 concentrations no larger than those of the Sitewide soil background reference 
25 levels (Table 6-17). However, the topsoils in three of the ecosystems have 
26 distinctively higher concentrations for many analytes. These three soil 
27 association types are: (1) highly alkaline soils of playa and ephemeral 
28 drainages, (2) riparian ecosystem soils, and (3) the grassy soils on 
29 Rattlesnake Mounta i n. 
30 
31 The compositions of the highly alkaline soils collectively have 
32 exceedances for nearly every analyte. Two types of highly alkaline topsoils 
33 were collected: one in the leaf-litter canopy of spiny hopsage in the 
34 cryptogamic soil of a playa (B06146 and B06147), and one in the leaf-litter 
35 canopy of a greasewood plant (B061379) from Rattlesnake Springs on the Arid 
36 Lands Ecology Reserve. The analyte type and magnitude of these exceedances 
37 are likely to be attributable to both the accumulation of evaporite salts 
38 associated with these ecosystems, and also to the bioaccumulation of analytes 
39 associated with organic material (e.g., leaf litter) derived from these 
40 distinctive plant types (Rickard 1964). 
41 
42 Many, if not most, of the exceedances in the playa samples might reflect 
43 the effects of bioaccumulation in these topsoils. This interpretation is 
44 based on the general absence of chloride exceedances and of other analytes 
45 strongly correlated with evaporite minerals in these samples, and on the 
46 relatively high total organic carbon contents, which are two of the largest 
47 measured (1.7 to 5.2 percent by weight). The elevated concentrations of 
48 analytes such as barium, cadmium, lead , and magnesium in the sample from 
49 Rattlesnake Springs also might be attr i butable to bioaccumulation effects. 
50 This is because these analytes were not found to be correlated with calcium, 
51 sodium, potassium, nitrate, phosphate, sulfate, and alkalinity , which 
52 characteristically are found in alkaline soils elsewhere in the vadose zone 
53 containing little or no organic material. 
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1 The riparian and related topsoils adjacent to the Columbia River have 
2 three to five times larger concentrations of cadmium, lead , and zinc compared 
3 to other vadose zone soils. The topsoil sample in the canopy zone of j un ipers 
4 adjacent to the riparian area also contains 2. 5 times more arsenic than the 
5 Sitewide reference levels. T~e levels of copper were only slightly larger 
6 than those of the Sitewide reference value. These soils also have relativel y 
7 larger amounts of organic carbon (1.4 to 2 percent by weight). These 
8 exceedances are significant because these soils are the most common types 
9 found in the vicinity of the production reactors. 

10 
11 The other main variant soil type is from the grassy soils developed in 
12 thick topsoils on the eastern facing slope of Rattlesnake Mountain . This 
13 sample contains concentrations of cadmium, lead, manganese , potass i um, sil ver, 
14 and phosphate up to two times larger than those of the reference threshold 
15 values, and also has a relatively large organic carbon content compared to 
16 other soils (about 2 percent by weight). 
17 
18 Only two other analyte exceedances occur in all the samples collected 
19 from the ecosystems of the upper and lower Columbia River Plain , oldfield , and 
20 200 Plateau, which cover a majority of the Hanford Site . These exceedances 
21 are (1) lead in a sample from the oldfield ecosystem measuring about twice 
22 that of the reference threshold and (2) a phosphate concentration 1.7 times 
23 that of the reference threshold from the leaf-litter canopy of sagebrush in 
24 the lower Columbia River Plain ecosystem. 
25 
26 
27 6.3.4 Comparisons to Unit-Based Backgrounds 
28 
29 The Sitewide soil background reference values also were compared to the 
30 analyte concentrations of 58 individual samples from earlier unit-based so il 
31 background characterization activities at various locations across the Hanford 
32 Site, including the 100 Areas (DOE-RL 1988), the 200 Area (DOE-RL 1989), and 
33 the 1100 Area (DOE-RL 1990) . The composition of these samples (Appendix C) 
34 was determined in the same manner as the Sitewide judgment samples (EPA 1986 , 
35 1989c), but at different laboratories. These comparisons are presented in 
36 Table 6-18 as an independent evaluation of the representativeness , 
37 completeness, and comparability of the Sitewide soil background data . These 
38 samples were collected from localized parts of the vadose zone adjacent to or 
39 in the vicinity of a WMU and specifically were collected for the purpose of 
40 representing unit-based soil background for individual units . These samples 
41 were collected by a combination of judgment surface sampling (DOE-RL 1989) , 
42 highly localized random sampling on the scale of less than 108 square fee t 
43 (10 square meters), and sampling from boreholes (DOE-RL 1988, 1989) . 
44 
45 Only eight of the 58 samples have analyte concentrations that exceed the 
46 Sitewide background reference values, with the exception of cadmium 
47 concentrations. Of these eight samples, most are for only one analyte. A 
48 single exceedance was observed for nickel, chromium, manganese, and zinc. Two 
49 exceedances were observed for barium, and four for sodium. Twenty-two 
50 exceedances were found for cadmium. The concentration levels for most of 
51 these exceedances are not significantly lar9er than the reference thresho ld 
52 levels, except for sodium in the data set from the 200 Area (DOE-RL 1989) . 
53 
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1 The most significant group of exceedances is for cadmium , which is the 
2 only exceedance observed in 22 of the samples. All of these exceedances are 
3 about 10 times larger than those of the reference threshold value, and all of 
4 these samples are from the 100 Area in riparian and adjacent soils . Thirteen 
5 of the samples (DOE-RL 1988) were collected in a 10 foot (3 meter) by 10 foot 
6 (3 meter) grid, and essentially represent a single composite .sample of the 
7 soil in this small area. The magnitude of the exceedances in the 22 samples 
8 could be a characteristic of riparian soils, because elevated cadmium was one 
9 of the distinguishing characteristics of these topsoils (Section 6.3.3.5). 

10 The extent to which these concentrations represent characteristics of riparian 
11 soils, or aspects of the data quality, cannot be determined without the 
12 assessment of the LOO and LOQ specific to these earlier data sets that 
13 contained insufficient information for these calculations. 
14 
15 Of the remaining exceedances, only those for sodium and manganese from 
16 the 200 Area data set (DOE-RL 1989) are larger than the number or magnitude 
17 expected from this type of comparison. The sodium levels in these samples are 
18 slightly larger than the reference threshold level, and could either reflect 
19 the alkaline characteristics of the soils, or uncertainty in the data. The 
20 single manganese outlier in this data set might represent the nugget effect in 
21 this sample. 
22 
23 
24 6.4 OTHER RESULTS AND EVALUATIONS 
25 
26 The following sections contain information and evaluations relating to 
27 the Sitewide soil background data to x-ray spectra, occurrence of 
28 anthropogenic lead, and health-based levels. 
29 
30 
31 6.4 . 1 Sitewide Soil Background X-ray Spectra 
32 
33 The Sitewide soil background samples (Table 6-19) also were analyzed by 
34 x-ray fluorescence (XRF) methods using a portable XRF unit and energy 
35 dispersive detection methods (ED-XRF) (WHC 1992d) . Spectral scans for these 
36 samples were obtained using americium-241 and curium-244 sources (e.g., Figure 
37 6-14). This 'scan ' model approach for soil background is based on the 
38 observation that materials with similar matrices should exhibit similar XRF 
39 spectra under similar measurement conditions for a given energy source and 
40 intensity. These background samples produce a largely characteristic spectral 
41 pattern because the range of total counts observed for over 125 soil 
42 background samples is relatively small and distinctive for nearly all measured 
43 analyses . The only exceptions are the larger range of total counts observed 
44 for iron, which has the highest count rate, and to a lesser extent , manganese, 
45 and cobalt, which have spectral positions adjacent to iron . 
46 
47 These spectral scans indicate that the 'characteristic' spectral patterns 
48 of the soil background samples can be used to identify anomalously high 
49 concentrations of heavy metals in soils or other surfaces (WHC 1992d) . The 
50 results of this work further demonstrates the utility of the Sitewide approach 
51 to the characterization and use of soil background data. The results also 
52 corroborate the assertion in the conceptual model that the materials in the 
53 vadose zone have certa i n physical and chemical compositions that enable most 

6-18 



q513-z86 ?5qry .1.. . d .. ~~,, fl, 

DOE/RL-92- 24 , Rev . 3 
10/95 

1 of the material to be characterized and regarded collectively as a single 
2 Sitewide background population. 
3 
4 The use of the quantitative bulk and digestate compositional data 
5 provided in this report, combined with characteristic spectral scan patterns 
6 from field screening EO-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 located 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 away 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 consists 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 subsets. 
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 assumption that 
32 (1) 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 concentrations 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 nearest 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 emissions. 
44 
45 The lead content in these soils appears to be controlled by factors other 
46 than proximity to roadways. The controlling factor for the generally larger 
47 concentrations of aluminum and lead in 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 been shown to have 
50 digestate/leachate compositions 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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1 therefore, indicated that there is no measurable anthropogenic lead 
2 contamination from vehicle exhaust in the Sitewide soil background samples. 
3 
4 
5 6.4.3 Comparison of Sitewide Background Data to Health-Based Limits 
6 
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 analyte concentrations, 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) (DOE-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 • Only a small number of samples in the Sitewide background data set 
24 have analyte concentrations that exceed the 95/95 threshold levels. 
25 There are naturally occurring exceedances for nearly all of the 
26 inorganic analytes in the Sitewide background data set. However, 
27 these exceedances occur in a relatively small number of · samples (refer 
28 to Sections 6.3.2.4 and 6.3.3). 
29 
30 • The largest measured background concentrations exceed the secondary 
31 screening 10 percent of MTCA chronic toxicity carcinogenicity for nine 
32 inorganic analytes; antimony, arsenic, cadmium, chromium (as Cr VI}, 
33 manganese, mercury, nickel, and vanadium for chronic toxicity; and 
34 arsenic and beryllium for carcinogenicity (Table 6-20). 
35 
36 • Other than arsenic, none of the analytes in the Sitewide background 
37 data set have concentrations that exceed residential soil ingestion 
38 levels for chronic toxicity calculated using a hazard index of 1.0, 
39 and most samples have concentrations significantly below these 
40 toxicity limits. However, the maximum levels of some analytes in the 
41 background data sets (e.g., antimony) are not significantly different 
42 from these calculated toxicity levels. The background levels of some 
43 analytes that have concentrations individually less than a health-
44 based protection level, may collectively have concentrations that 
45 contribute significantly to risk based on criteria such as hazard 
46 quotient (Table 6-20) . 
47 
48 • The detected levels of arsenic and beryllium in all of the naturally 
49 occurring soils have concentrations that are significantly above the 
50 calculated residential carcinogenicity limits. The maximum 
51 concentrations of arsenic and beryllium that occur naturally are over 
52 40 and 50 times larger than these carcinogenicity limits, 

. 53 respectively. 
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1 • The actual detection limits achieved at the CLP laboratories are 
2 generally smaller than residential toxicity limits, and most are 
3 significantly less. However, the LOO for arsenic and beryllium are 
4 much greater than calculated carcinogenicity limits (6 to 10 times 
5 greater). 
6 
7 It is indicated from these comparisons that the majority -of the natural ly 
8 occurring soils in the vadose zone at the Hanford Site have analyte 
9 concentrations that do not exceed the calculated health-based levels for 

10 chronic toxicity by ingestion. The technical basis for the calculation of t he 
11 carcinogenicity levels for arsenic and beryllium, however, appears to be very 
12 poor based on the soil background data. The naturally occurring levels of 
13 several metals in the soils could be expected to exceed recommended screening 
14 levels for certain soil types, e.g., topsoils rich in organic carbon. 
15 Therefore, it is indicated that these secondary screening levels might be t oo 
16 stringent if significant numbers of background samples fail to pass this 
17 screen. The detection levels for all of the analytes are sufficiently 
18 sensitive for the application of these data in baseline risk assessments. 
19 
20 
21 6.5 SUMMARY AND DISCUSSION 
22 
23 The results of these evaluations provide both physical and chemical data 
24 on the composition of naturally occurring soils in the vadose zone on the 
25 Hanford Site. These results confirm that a Sitewide soil background is a 
26 viable concept for use in environmental restoration activities on the Hanford 
27 Site, and also provide the database for this Sitewide background. All aspects 
28 of the conceptual model that constitute the basis for the Sitewide approach to 
29 the determination and use soil background data have been confirmed and 
30 refined. The Sitewide soil background data also have been shown to be 
31 sufficiently representative of soils throughout the vadose zone and 
32 appropriate for use in the identification of contamination in essentially al l 
33 types of soils. 
34 
35 The inorganic chemical composition of Sitewide soil background data i s 
36 represented by two data sets, a primary random data set and a judgment data 
37 set. The statistical characteristics of the primary data set, based on 
38 systematic random sampling, serve as the basis for statistical application of 
39 the data and the calculation of comparison and screening criteria such as 
40 threshold levels. The second data set, based on judgment sampling, was used 
41 to corroborate the representativeness of the primary data set, and together 
42 with the conceptual model, serves as a basis for distinguishing contamination 
43 from natural outliers and exceedances. 
44 
45 There were no volatile or semivolatile organic chemicals, pesticides, or 
46 PCBs detected in any of the 12 representative topsoils from the selected 
47 terrestrial ecosystems. These results initially were intended to provide 
48 preliminary information on the maximum range to which naturally occurring 
49 organic chemical might occur in the soils on the Hanford Site. However, it is 
50 indicated from the absence of these organic chemicals from the soils in which 
51 natural organic chemicals should be largest that further sampling and analys is 
52 for the characterization of natural background for organic analytes might not 
53 be warranted. 
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1 Some of the most significant results 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 can 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 from 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 type, 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 alkaline 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 larger amount of organic carbon have relatively elevated 
53 concentrations for nearly all analytes [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) all have elevated levels of cadmium and lead, up to five times 
4 larger than the reference threshold levels. Somewhat larger concentrat ions of 
5 barium, magnesium, manganese, zi~c, 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 appea r 
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 important 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 th is 
33 capacity have been met. 
34 
35 The manner in which the Sitewide data are used in the identificat i on of 
36 contamination is of fundamental importance. This issue is important because a 
37 variety of statistical parameters and/or comparison criteria (e.g ., thresho ld 
38 levels) can be calculated from these data for different types of contaminati on 
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 threshold 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 m~asurement for an analyte resulting from the uncertaint i es 
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 exclusively on such factors as threshold 
52 exceedances. 
53 
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1 The importance of appropriate and consistent use of the Sitewide 
2 background data for activities specific 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 i~cludes 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 emphasis resulting from this aspect of the evaluation and 

10 incorporated in the background framework 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 soil background data 
14 presented here are justified as sufficiently adequate to represent all soil 
15 types in the vadose zone on the Hanford Site. 
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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; r: is a goodness of fit 
parameter where 1.0 is a perfect fit. 

F6-ll.l 



(b} Chromium--Weibull Chrol'liun 

,,_. 
99 -. I I I I I 

W/rr.l'insp 11111 
90 _t0(1) • 3.7228 

80 
70 

C 60 
50 u 40 

M 30 
u 20 
L 

.,(ol' 

/ Ai / 

~ V 
A .1.0 
T 
I 5 

✓ ./ 
,,,:,,, 

V 
u 
E 

~v 
/ v< 

2 
~ 

....,..i.--

½ .1. _,,,,,,... 

.5 

.2 

. .1. 

.0.1. 

(b) Chromium--Lognormal 
•• '!. 

I 
1./rr.l'insp 

/ 

. .1. 

/vc ~ 
V 

0 

.1. 

CllHCEHTRATIOH <m.vkg> 

Chrorsiun 

I 

DOE/RL-92-24 , Rev . 3 
10/95 

,. 

A ~r 

l,4V/ 
~/ 

eta• 7.660893 
beta• 1.185051 
r"'2 • .9937241 
TI.I'S - l&veTil 

111 I I I 
I 

Lx 95 
U.x 95 
0 

1995 
0818 

TLSWP 

.10 .1.00 

-
),-

99 

C 
u 90 

/j ~ v" 
~ 95 
Ux 95 
0 

M 
80 u 

L 70 

A 60 

T 50 

I 
40 

30 u 
20 E 

.1.0 
½ 5 

2 
.1. 

.5 

/ 

V .,.. / 

.2 

. .1. 

.1. 

/r,#) 
AS?/ 

/,,V,/ 

,,w ~. ~ 

f(]l';I 

~I/ 

A t1 / 
/ ·u V 

V/ ~ 
V 

I<) 

.10 

CONCENTRATION <m.vkg) 

nuAL• 9.568642 
sdF • 1. 67111S -
r"'2 • . 990312T -
TI.I'S • 104/BTT ... 

I I I I 

1.00 

1995 
0828 

TL 

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; r~ is a goodness of fit 
parameter where 1.0 is a perfect fit. 
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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 l i ne; r~ 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; r2 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 Compositiona l 
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 analyte. 

No. of Standard 
Analyte samples Minimum Maximum Mean deviation Skewness 

Aluminum 104 3940 18100 8080 3060 1.51 
Antimony 54 15.7 15.7 15.7 0.00 0.00 
Arsenic 104 3 11.4 4.2 1.68 2. 18 
Barium 104 45 .2 221 92.7 30.2 1.39 
Beryllium 104 0.60 2. 1 1.2 0.28 0.49 
Cadmium 104 0.66 0. 66 0.66 0.00 0.00 
Calcium 104 3820 86600 11500 10100 5.01 
Chromium 104 2.9 30.6 10 .9 5.76 1.24 
Cobalt 104 5. 7 16.9 11. 7 2.96 -0.14 
Copper 104 8.1 36 . 1 15.5 5.30 2.05 
Iron 104 13200 35100 24500 5770 -0.10 
Lead 104 1.1 26.6 6.3 3.46 2.50 
Lithium 66 34 38.2 34 .1 0.62 5.40 
Magnesium 104 2900 10100 5180 1510 1.46 
Manganese 104 196 704 384 93 . 1 0.46 
Mercury 104 0.16 3.8 0.26 0.47 6.42 
Molybdenum 58 2 2 2 0.0 0.00 
Nickel 104 7.2 28.2 13 .0 4.73 1.35 
Potassium 104 851 3280 1370 555 1.20 
Selenium 85 5 6 5.0 0.11 9.22 
Silicon 101 5.2 583 32 .2 75 . 1 5.98 
Silver 104 1.4 14.6 1.6 1.30 10 . 1 
Sodium 104 101 5620 439 625 6.69 
Thallium 104 3. 7 3.7 3.7 0.00 0.00 
Titanium 83 524 2940 1600 653 0.34 
Vanadium 104 24 .3 97.9 57.6 19.4 0.33 
Zinc 104 30.9 119 53.0 13.2 1. 69 
Zirconium 83 11 84.8 23.6 12 .8 2.16 
Alkalinity 104 31 37600 3410 6510 3.17 
Anmonia 104 0.6 26.4 3.6 5.74 2.26 
Chloride 103 1 1480 68 .3 205 4. 63 
Fluoride 103 1 73.3 2.4 7.48 8. 70 
Nitrate 104 0.6 538 30.1 90.2 4.34 
Nitrite 104 21 21 21 0.00 0.00 
0-Phosphate 104 2 225 4.7 22.2 9.69 
Sulfate 104 1 4340 192 693 4.86 
mg/kg s milligrams per kilogram. 
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Table 6-2. Detection Limits and Maximum Concentrations for Sitewide 
Soil Background. Analyte concentrations are 

in units of mg/kg. 

Detection limits 
Analyte (mg/kg) : 

LOD LOQ 

Aluminum 21.8 66 . 1 
Antimony 15 .7 52 .2 
Arsenic** 3 N/A 
Barium 0.87 2. 7 
Beryllium** 0.41 N/A 
Cadmium 0.24 0. 79 
Calcium 175 470 
Chromium 1.1 3.0 
Cobalt 0.88 2.9 
Copper 2.1 6.2 
Iron 75.7 236 
Lead** 1.1 N/A 
Magnesium 18.4 57.9 
Manganese 0.63 1.8 
Mercury** 0.16 N/A 
Nickel 2.4 7.7 
Potassium 135 451 
Selenium** 5 N/A 
Silver 2.1 4.5 
Sodium 50.6 140 
Thallium** 3.7 N/A 
Vanadium 1.8 5.9 
Zinc 6.4 15.6 
Molybdenum l. 4 4.8 
Lithium•* 34 N/A 
Titanium** 5 N/A 
Zirconium** 11 N/A 
Amnonia** 0.6 N/A 
Alkalinity** 5 N/A 
Silicon** 5.2 N/A 
Fluoride** 1 N/A 
Chloride** 1 N/A 
Nitrite** 21 N/A 
Nitrate** 1. 6 N/A 
0-Phosphate** 2 N/A 
Sulfate** 1 N/A 

LOO = limit of detection . 
LOQ = 11mit of Quant1tation . 
mg/kg= milligrams per kilogram . 
N/A = not available . 
* = offs1te. 

Maximum 
concentration 

(mg/kg) 

28,800 
31 
27.7 

480 
10 
11 

105,000 
320 
110 

61 
68,100 

74 . l 
32,300 
1,110 

3.8 
200 

7,900 
6 

14.6 
6,060 

3.7 
140 
366 

6 
38.2 

3,180 
84.8 
26 .4 

150,000 
1,202.9 

73.3 
1,480 

36 .5 
906 
225 

12,600 

Sample type and locat ion with 
maximum concentration 

Topsoil, playa, E-9 
Volcanic ash* 
Topsoil, juni per , E-4 
Volcanic ash* 
Volcanic ash* 
Volcanic ash* 
Topsoil, greasewood, E-2 
Ringold Fonnation* 
Volcanic ash* 
Volcanic ash* 
Ringold Fonnation 
Topsoil , juniper, E-4 
Topsoil, greasewood, E-2 
Topsoil, playa, E-10 
Random, #15 
Ringold Fonnation• 
Topsoil, playa, E-9 
Random, #15 
Random, #6 
Random, #12 
Laboratory detect i on limit 
Volcanic ash* 
Topsoil, juniper, E-4 
Ringold Formation 
Random , #14* 
Random , /1 6 

Random, #10 
Random, #14 
Topsoil, greasewood, E-2 
Topsoil, playa, E-10 
Random, 110 
Random, #11 
Topsoil, greasewood , E-2 
Hanford formation judgment , #11 
Random, #10 
Topsoil, greasewood, E-2 

•• = values reported were laboratory detection l imits . No quality control data ava i lab l e 
for independent calculation of LOO . 
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Table 6-9.a. Sitewide Soil Background Threshold Levels Calculated from the 
Systematic Random Data Set Using Lognorma l Distribution 
Results. Analyte concentrations are in units of mg/kg. 

ANALYTE SOX BOX BOX UCL 90X 90X UCL 95X LCL 95X 95X UCL 
Alunim.111 7600 10100 11000 11800 13000 12000 13300 15100 
Antimony 
Arsenic 3.55 5.28 5.89 6.47 7.38 6.61 7. 65 9.06 
Bariun 88 115 124 132 144 134 148 165 

Beryl l iun 1.09 1.35 1.44 1.51 1 .62 1.52 1.65 1.80 
Cadniun 
Calciun 9450 14000 15700 17200 19700 17600 20400 24100 
Chromiun 9.57 14 .8 16.7 18.5 21.4 18.9 22.3 26 .8 

Cobalt 11.2 14 . 0 14 . 9 15.7 16.9 15.9 17.3 19.2 
Copper 14.4 19.0 20.6 22.0 24 . 1 22.3 24.7 27.9 

Iron 23600 29200 31000 32600 35000 33000 35600 39000 
Lead 5.45 8.24 9.36 10.2 11.7 10.4 12.2 14.5 

L ithiun 28.4 31. 7 32.9 33.5 35.0 33 .4 35. 1 37.2 
Magnesiun 4980 6260 6680 7060 7620 7140 7780 8580 
Manganese 372 460 488 512 550 518 561 613 
Mercury 2.3e·02 0.13 0.22 0.33 0.60 0.36 0.70 1 .47 

Molybdenun 
Nickel 12.2 16.4 17.8 19. 1 21.0 19.4 21.6 24.5 

Potassiun 1210 1760 1960 2150 2440 2190 2520 2960 
Seleniun 
Sil icon 15.40 36.8 37.5 44.0 55.6 59.0 
Silver 5.4e-02 0.30 0.49 0.73 1.33 0.81 1.52 3.16 
Sodiun 231 475 581 690 878 716 937 1274 

Thall iun 
Titaniun 1460 2110 2380 2570 2950 2580 3000 3600 
Vanadiun 54.4 73.0 79.3 85. 1 93.9 86 .4 96 .4 110 

Zinc 51. 1 61. 7 64.9 67.8 72. 1 68.5 73.3 79.3 
Zirconiun 20.6 31.8 36.4 39 .8 46.8 40.0 47 .8 58.8 

Alkalin i ty 1100 3960 5680 7710 11800 8240 13300 23000 
Anmonia 9.7e-01 4.28 6.48 9.23 15. 1 10.0 17.3 32.S 
Chloride 6.59 39 . 6 65 . 5 100 182 109 214 460 
Fluoride 8.0e-01 1.83 2. 31 2.81 3.70 2.93 3.98 5.7 
Nitrate 3 . 58 20.9 34.2 52.0 93.4 56.9 110 232 
Nitrite 

a-Phosphate 2.1e-03 1. Oe-01 3. 1e·01 7.9e-01 2.87 0.96 4.08 21.5 
Sulfate 10.4 81 . 4 145 237 469 263 566 1360 

UCL One sided upper confidence limit based on 95¾ coverage 

LCL One sided lower confidence l imit based on 95¾ coverage 
Not enough data above the reporting l imit to prov ide for a distribution f i t 

T6-9.1 
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Table 6-9.b. Sitewide Soil Background Threshold Levels Calculated 
Systematic Random Data Set for Using Weibull Distribution Results. 

concentrations are in units of mg/kg. 

from the 
Analyte 

ANAL YTE 

Aluninun 
Antimony 
Arsenic 
Bariun 
Beryl l iun 
Caaniun 
Calciun 

Chromiun 
Cobalt 
Copper 

Iron 
Lead 
Lithiun 

Magnesiun 
Manganese 
Mercury 
Molybdenun 
Nickel 
Potassiun 
Seleniun 
Si Licon 
Silver 
Sodiun 
Thal Li un 
Titaniun 

Vanadiun 

Zinc 
Zirconiun 

Alkalinity 
Anmonia 
Chloride 

Fluoride 
Nitrate 
Nitrite 
O·Phosphate 
Sulfate 

50¾ 

7383 

3.56 
87.3 

1. 1275 

9131 
9.34 
11.4 

14.03 

23750 
5.42 

26.5 
4830 

380 
0.08375 

12. 15 
1197 

14.12 
1.3600019 

357.2 

1491 

55 

51. 7 

21.3 

1055 
0.88 

5 

0.87 
3.35 

0.000141 
8.8 

90¾ 

10113 

5.2 
114.9 
1.296 

14079 
15. 12 
14.25 

18.22 
29750 

8.28 
31.2 
6140 

463 
0. 1507 

16.35 
1777 

31.76 
1.3613 

459 

2161 

74 

61. 7 

30.6 
4248 
4.8 

39.8 

1 .81 

19.88 

0.0535 
90.3 

80¾ UCL 

11053 

5.83 
124.2 
1.376 

15909 

17.32 
15.1 

19.92 

31450 
9.31 

32.7 
6610 

486 
_0.22 

17.75 
19TT 

40.46 
1.36594 

551 

2401 

79.8 

64.6 

33.7 

6008 

7.1 

71.5 

2.28 
34.28 

0.21 
162 

90¾ 

11933 

6.44 
132.8 
1.446 

1TT09 
19.22 

15.8 

21.59 
33050 
10.31 

33.4 
7060 

506 
0.35 

19.05 
2167 

56.06 
1 .3807 

682 

2561 

85 

67.1 

35.8 

8008 
9.8 

116 

2.81 

54.18 

0.668 
264 

UCL One sided upper confidence limit based on 95¾ coverage 
LCL One sided Lower confidence limit based on 95¾ coverage 

90¾ UCL 

13263 

7.42 
145.7 
1.576 

20409 

22.22 
16.8 

24.39 
35250 
11 .84 

35.1 

7750 

535 
0.59 

20.85 
2447 

63.46 
1.46 
984 

2881 

92.5 

70.7 

39.6 
11688 
14.9 

220 
3.73 

99.38 

2.9 
497 

95¾ LCL 

12133 

6.59 
134.8 
1.466 

18109 

19.62 
16 

21.99 
33450 
10.54 

33.2 
7160 

511 

0.36 

19.35 
2207 

1.3868 
718 

2571 

86.1 

67.7 

8508 
10.5 

128 

2.93 
59.68 

0.85 
292 

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

T6-9.2 

95¾ 

13643 

7.71 
149.3 
1.606 

21209 
23.02 

17. 1 
25.19 
35850 
12.28 
35. 1 

7950 

542 
0.7 

21.45 
2537 

66.36 
1.52 
1099 

2921 
94.6 

71.6 
40. 1 

12888 
16.6 

259 

4.02 
115.88 

4.27 
585 

95¾ UCL 

15500 

9.18 
166.3 
1.81 

25309 
27.32 

18.4 

29 .39 
38750 
14.47 

37 . 2 

8950 
578 

1.49 

23.95 
2937 

2.36 
1909 

3341 
104.5 

76. 1 

19788 
26.8 

541 

5.69 
234.88 

22.9 
1202 
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Table 6-10. Outlier Concentration Data, by Analyte, from the Si tewide 
Background Reference Population 

(systematic random data set). 

Analyte Inorganic Sample Distribu- Value 95/95 
sampling site tion 

; 
(mg/kg) threshold 

(mg/kg) 

Calcium 15 B014K4 Both 8660000 25309 

15 B014K5 Both 5290000 

14 B01422 Both 3950000 

Fluoride 10 B01467 Both 73.3 5.7 

10 B01462 Both 20.1 

10 B01463 Both 16.6 

Lead 4 B01457 Both 26.6 14.5 

Silicon 3 B01B72 Both 583 121 

3 B01B71 Both 454 

3 B01B73 Both 211 -

3 B01B76 Both 112 

4 B01459 Both 104 

Sodium 12 B01422 Lognorma l 56200 1909 

12 B01425 Lognorma l 33900 

Zinc 6 801486 Both 119 76 

2 801431 Both 99.8 

Zirconium 10 B01462 Weibull 84.8 55 

10 BO1467 Wei bull 65.7 

10 B01468 Wei bull 57.1 

10 B01463 Wei bull 53.9 

10 B01464 Weibull 48.8 

mg/kg= milligrams per kilogram. 

T6-10 



Table 6-11. Exceedances for Judgement Samples Collected from the Systematic Random Samping Sites. 
Analyte Concentrations are in units of mg/kg. 
HEIS Id B01497 B014D9 B01427 B01B62 B01492 B014B5 B01499 B014FO B01435 

Site 9 11 12 3 6 8 9 11 2 
Descriptor SAND CLASTIC ASH FINE CLASTIC FINE CALICHE CLASTIC CALICHE 

DIKE GRAIN DIKE GRAIN DIKE 
Nl.llber of Exceedances 6 5 4 1 1 1 2 

"--.0 
Detection limits: 95/95 ~ 

Anal~te (mg/K2> LOO LOQ Threshold 
Alun1m.rn 21.8 66 . 1 15500 23000 15700 t.,..j 

Antimony 15 . 7 52.2 NC L,-J 

Arsenic N/A N/A 9. 18 11.2 co 
Barium D.87 2. 7 166 294 198 'cf'; 

* Beryllium N/A N/A 1.8 2.1 f"'""I<.~ 
Caanium 0. 24 0. 79 NC a-, 
Calcium 175 470 25300 37500 25400 39300 c::, 
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 19. 1 
Lithium N/A N/A 37 
Magnesium 18.4 57 .9 8950 
Manganese 0. 63 1.8 578 814 602 

-i Mercury N/A N/A 1.49 1. 7 

°' Molybdenum 1.4 4.8 NC 
I Nickel 2.4 7.7 24.0 ._. 

Potassium 135 451 2940 3630 ._. 
Selenium 5 N/A NC 
Silicon N/A N/A NC 
Si Iver 2.1 4.5 2.36 
Sodium 50.6 140 1910 2460 
Thallium 3.7 N/A NC 
Titaniun N/A N/A 3340 
Vanadiun 1.8 5.9 105 
Zinc 6.4 15 .6 76. 1 79.9 
Zi rconium N/A N/A NC 
Anmonia N/A N/A 26.8 
Alka l in i ty N/A N/A 19800 27500 c::, 
Chloride N/A N/A 541 543 555 0 

rn 
Fluor ide N/A N/A 5.7 --Nitrate N/A N/A 235 906 299 778 :::0 

Nitrite 21 N/A NC r 
I 

O· Phosphate N/A N/A 22 .9 lD 

Sulfate N/A N/A 1200 N 
I 

HElS = Hanford Env1rorvnental Informat ion System N 
LOO = limi t of detection. ~ 

LOQ = limit of quantitation. 
mg/Kg= mi ll igram per ki logram. :::0 

N/A = not ava il able . ._. ro 
O< 

NC= not con.,uted --· Only those sa~les with one or more analyte concentrations (mg/kg) greater than the reference threshold or LOO levels are reported. lD 
u, w 



Table 6-12.a. Oigestate and Leachate Compositions of Ringold Fonnation Sediments 
(from the saturated zone beneath the Yakima Barricade borehole). Analyte 

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

Sa""'le Id B06JB8 B06JB9 B06JC0 B06JC1 B06JC2 B06JC3 B06JC4 B06JC5 
Depth (ft) 395 429 429 530 569 610.3 613.2 634 

""° Detection limits: 95/95 
u, 

Analyte (mg/kg) LOO LOQ Threshold wN 
Al uni nun 21.8 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 
·.£:0 
·:cr,,~ 

Arsenic N/A N/A 9.18 3 3 3 3 3.7 3 1. 7 3 * 
Bariun 0.87 2.7 166 53. 1 75.8 49 97.9 147 125 81 80 ! ....... ....\ 

O·., 
Berylliun N/A N/A 1.8 0.46 0.46 0.46 1.3 0.81 <1.0 0.73 c:i 
Cadmiun 0.24 0.79 NC 0.66 0.89 0.66 0.8 0.81 <1.0 0.73 LJ7 
Calciun 175 470 25300 1870 3680 2600 3610 8110 18200 11000 6340 
Chromiun 1. 1 3.0 27.3 9.3 11.6 10 11. 7 29.3 17.5 7 19. 1 
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 8 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 Magnesiun 18.4 57.9 8950 2110 3140 2100 3050 9970 8090 4900 6410 °' I Manganese 0.63 1.8 578 285 477 250 299 487 970 410 252 -N . Mercury N/A N/A 1.49 0.16 0. 16 0. 16 0.16 0. 16 <0.05 0.16 - Molybdenun 1.4 4.8 NC 6 2 2. 1 2.7 2.7 2.4 
Nickel 2.4 7.7 24.0 11.3 9.6 8 11.5 26. 1 18.5 10 20.6 
Potassiun 135 451 2940 851 905 851 851 2320 4410 2700 2290 
Seleniun 5 N/A NC 5 5 5 5 5 <0.05 5 
Sil icon N/A N/A NC 1200 
Si Iver 2. 1 4.5 2.36 1.4 1.6 3.5 4 4 <1.0 1.4 
Sodiun 50.6 140 1910 98.7 397 190 150 159 209 170 346 
Thall iun 3. 7 N/A NC 3.7 3.7 3.7 3.7 3.7 <0.05 3.7 

0 
Titaniun N/A N/A 3340 0 

Vanadiun 1.8 5.9 105 19.7 51. 5 39 100 47.6 13 24 . 7 
rn 

35 ---Zinc 6.4 15.6 76. 1 19.3 31.2 25 77.9 77. 1 87 .1 42 43.8 :::0 
r 

Zirconiun N/A N/A NC 12 I 
lO 

Alkalinity N/A N/A 19800 895.14 60 0.59 N 

Chloride 541 9.14 6 
I 

N/A N/A 3.92 3 1.39 N 
Fluoride N/A N/A 5.7 1.23 1 -"" 
Nitrate N/A N/A 235 2.69 0.6 0.7 

:::0 Nitrite 21 N/A NC 21 21 21 <4.0 -ro 
a-Phosphate N/A N/A 22.9 2 2 2 <2 .0 O< --- . Sul fate N/A N/A 1200 26.6 5.8 9 4.7 37 lO 

u, w 



Table 6-12.b. Di gestate and Leachate Compositions of Ringold Fonnation Sediments 
(from the Ringold fonnati on sediments in the vadose Zone from the 

Savage Island borehole). Analyte concentrations are 
in units of mg/kg. (Sheet 2 of 2) 

Saflllle Id SB-1001 SB-l001D se-1003 SB-1004 SB-1005 SB-1006 SB-1007 SB-1020 se-1021 906153 
Depth (ft) 1 1 10 15 20 25 30 Surface Duplicate Outcrop '-.;O 

bT1 
Detection limits: 95/95 

Analite (!!!2/k~) LOO LOQ Threshold u,.J 

Alunrnun 21.8 66.1 15500 15000 14000 8400 7600 6500 6500 4800 18000 18000 7870 t...N 
Antimony 15.7 52.2 NC 11.8 co 

Cf', Arsenic N/A N/A 9.18 4.7 3.7 3 3 3 3 3 3.4 3.6 6.5 .. 
Bariun 0.87 2.7 166 130 130 79 66 72 72 56 150 150 132 j'"',-,) 
Berylliun 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 Ci'-. 
Cadmiun 0.24 0.79 NC 1.4 1.5 1.4 1.6 1.4 1.4 0.88 2.2 1.9 0.61 c:) 
Calciun 175 470 25300 9200 8400 7300 4900 5000 5000 2900 6200 6000 2880 O'-, 
Chromiun 1. 1 3.0 27.3 30 18 12 320 11 10 7 45 34 10 
Cobalt 0.88 2.9 18.4 9.7 9.7 7.6 8.7 10 9.5 5.6 11 10. 8 
Copper 2.1 6.2 29.4 15 15 9. 1 16 12 12 12 20 20 9.8 
Iron 75.7 236 38750 22000 21000 17000 17000 19000 19000 12000 25000 24000 22300 
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 
Magnesiun 18.4 57 .9 8950 7400 7000 5700 4600 4300 4400 3000 7900 7800 3600 

-t 
Manganese 0.63 1.8 578 350 350 290 300 290 290 180 410 410 201 

°' Mercury N/A N/A 1.49 0.1 
I Molybdenun 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 N . Potassiun 135 451 2940 2400 2400 1600 1300 1000 1000 851 4600 4300 1500 
N Seleniun 5 N/A NC 1.2 

Si I icon N/A N/A NC 710 730 660 600 570 560 520 940 720 28.9 
Silver 2. 1 4.5 2.36 2 
Sodiun 50.6 140 1910 240 250 820 470 490 470 310 210 220 202 
Thal I iun 3.7 N/A NC 0.61 
Titaniun N/A N/A 3340 840 890 980 950 1700 1700 800 830 790 1070 
Vanadiun 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 
Zirconiun N/A N/A NC 24.1 
Alkalinity N/A N/A 19800 601 CJ 
Chloride N/A N/A 541 34 34 8.94 0 
Fluoride N/A N/A 5.7 7 5.4 2.6 2.2 2.2 1.18 rn 

----Nitrate N/A N/A 235 56 69 23 ;o 
Nitrite 21 N/A NC <.2 r 

I 
0-Phosphate N/A N/A 22.9 <.6 I..D 
Sulfate N/A N/A 1200 113 99 20 34 56.2 N 

HEIS = Hanford Env1rorwnental Information System I 
N 

LOO= limit of detection. .p. 

LOO= limit of quantitation . ~ 

mg/Kg= milligram per kilogram. :::0 
N/A = not available. ...... ro 
NC= not c~ted O< 

---- . I..D 
<.n W 



Table 6-13.a. Analyte Exceedance for Ringold Formation Sediments from the Saturated Zone in the Yakima 
Barricade Borehole. Analyte concentrations are in units of mg/kg. (Sheet 1 of 2) 

Sa"l)le Id B06JB8 806JB9 806JC0 806JC1 B06JC2 806JC3 806JC4 B06JC5 
Depth (ft) 395 429 429 530 569 610.3 613.2 634 

Detection limits: 95/95 '° Anal:r:te (mg/kg) LOO LOCI Threshold .LJ7 ·-Aluminum 21.8 66.1 15500 16100 23700 {J--J 
Antimony 15.7 52.2 NC .~ 

Arsenic N/A N/A 9.18 
.CC) 
Cf'-,, 

Barium 0.87 2.7 166 i< 

Beryllium N/A N/A 1.8 ~..) 
cr-, 

Caanium 0.24 0. 79 NC 0.89 0.8 0.81 <1.0 c::::) 

Calcium 175 470 25300 "---.J 

Chromium 1. 1 3.0 27.3 29.3 
Cobalt 0.88 2.9 18.4 27 . 7 
Copper 2. 1 6.2 29.4 
Iron 75. 7 236 38750 68100 
lead N/A N/A 14 .5 

---i Magnesium 18.4 57 .9 8950 9970 

°' Manganese 0.63 1.8 578 970 
I ..... Mercury N/A N/A 1.49 w Molybdenum 1.4 4.8 NC 6 ..... Nickel 2.4 7.7 24.0 26. 1 

Potassium 135 451 2940 4410 
Selenium 5 N/A NC 
Silicon N/A N/A NC 
Silver 2. 1 4.5 2.36 3.5 4 4 
Sodium 50.6 140 1910 
Thallium 3.7 N/A NC 
Titanium N/A N/A 3340 c:, 
Vanadium 1.8 5.9 105 0 

Zinc 
rn 

6.4 15.6 76. 1 77.9 77.1 87.1 --Zirconium N/A N/A NC 
;::o 
r 

Alkalinity N/A N/A 19800 I 
\.0 

Chloride N/A N/A 541 N 

Fluoride 
I 

N/A N/A 5.7 N 

Nitrate N/A N/A 235 .l:> 

Nitrite 21 N/A NC ;::o 
0· Phosphate N/A N/A 22.9 ..... (1) 

Sulfate N/A 1200 
C> < 

N/A --· \.0 
u, w 
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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) 

SafT'Jlle id SB· 1001 SB· 10010 SB-1003 SB-1004 SB· 1005 SB· 1006 SB· 1007 SB· 1020 SB-1021 806153 
Depth (ft) 1 1 10 15 20 25 30 Surface Oupl icate Outcrop 

Detection I imits: 95/95 
Analyte (mg/kg) LOO LOQ Threshold 
Alun1nun 21.8 66.1 15500 18000 18000 
Antimony 15.7 52.2 NC 
Arsenic N/A N/A 9. 18 
Bariun 0.87 2.7 166 
Beryllium N/A N/A 1.8 
Cadmium 0.24 0.79 NC 1.4 1.5 1.4 1.6 1.4 1.4 0.88 2.2 1.9 
Calciun 175 470 25300 
Chromiun 1. 1 3.0 27.3 30 320 45 34 
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 
Magnesiun 18.4 57.9 8950 
Manganese 0.63 1.8 578 
Mercury N/A N/A 1.49 
Molybdenun 1.4 4.8 NC 5 
Nickel 2.4 7.7 24.0 25 200 32 27 
Potassiun 135 451 2940 4600 4300 
Seleniun 5 N/A NC 
Sil icon N/A N/A NC 
Silver 2. 1 4.5 2.36 
Sodiun 50.6 140 1910 
Thall iun 3.7 N/A NC 
Titanium N/A N/A 3340 
Vanadiun 1.8 5.9 105 
Zinc 6.4 15.6 76. 1 
Zirconiun N/A N/A NC 
Alkalinity N/A N/A 19800 
Chloride N/A N/A 541 
Fluoride N/A N/A 5.7 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 Environmental Information System 
LOO= limit of detection. 
LOQ = limit of quantitation. 
mg/Kg= milligram per kilogram. 
N/A = not available. 
NC= not coq,uted 
Only those sa"l)les with one or more analyte concentrations (mg/kg) greater than the reference threshold or LOQ levels are reported. 
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Table 6-14. Digestate and Leachate Compositions of Volcanic Ashes. 
Analyte concentrations are in units of mg/kg. 

Sall'f)le Id SB-1002 B014G0 B014G1 B014G6 801427 
Site Savage Island 5 5 5 12 

Depth (ft) 5 4 4 6 7 

Detection I imi ts: 95/95 '._,;,Q 

en 
Analyte (mg/Kg) LOO LOQ Threshold 
Al uni nun 21.8 66.1 15500 10000 7600 6520 6900 7200 'LN 

Antimony 15.7 52.2 31 11. 1 11. 1 15.7 
l>J 

NC co 
Arsenic N/A N/A 9.18 3.7 4.3 3 4.5 cr---.. 

• Bariun 0.87 2.7 166 480 65.2 65.2 64.3 83.4 r--.:;. 
Berylliun N/A N/A 1.8 10 o. 71 0.72 0.62 cr--, 
Cacinil..m 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 t5. 7 6.8 
Cobalt 0.88 2.9 18.4 110 7.4 7.4 6. 1 
Copper 2- 1 6.2 29.4 61 13.6 14 13. 1 11.6 
Iron 75.7 236 38750 19000 16300 13600 16100 12300 

--i 
Lead N/A N/A 14 . 5 3.9 4.2 2. 1 3.8 3.8 

°' Hagnesiun 18.4 57.9 8950 
I 

7300 4410 4600 4700 6250 - Manganese 0.63 1.8 578 430 279 253 282 214 
.:,,. 

Nick.el 2.4 7.7 24.00 110 11. 5 9.6 12 . 5 7.7 
Potassil.m 135 451 2940.0 2000 1010 1000 1470 
Silicon N/A N/A NC 760 9.63 8.82 31.3 
Sodil.m 50.6 140 1910 1500 256 210 2460 
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 
Zinc 6.4 15 .6 76.10 140 35.5 30.7 36.7 24.2 
Ammonia N/A N/A 26.8 8.57 1.8 0.96 1.32 

0 
Alkalinity N/A N/A 19800 2860 1990 27500 0 

Chloride N/A 541 13.4 2.01 543 
rn 

N/A 90 13 
------Fluoride N/A N/A 5.7 4.2 1 1 
;::o 
r 

Nitrate N/A N/A 235 6.76 1.8 2.02 3. 39 I 
U) 

Sulfate N/A N/A 1200 293 125 140 ,. 7 833 N 
I 

HEIS = Hanford Environnental Information System- N 
~ 

LOO= limit of detection. 
LOO= limit of quantitation. ;::o 

mg/Kg= milligram per kilogram. 
,_. (I) 

C> < 
N/A = not available. 

------· 
U) 

NC= not c~ted U,W 

Reference 95/95 threshold and LOO values are included for COll'f)arison. 
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Table 6-15. Analyte Exceedances for Volcanic Ashes. 
Analyte Concentrations are in units of mg/kg. 

Analyte (mg/Kg) 
Aluninun 
Antimony 
Arsenic 
Bariun 
Berylliun 
Caaniun 
Calciun 
Chromiun 
Cobalt 
Copper 
Iron 
Lead 
Magnesiun 
Manganese 
Nickel 
Potassiun 
Silicon 
Sodiun 
Titaniun 
Vanadiun 
Zinc 
Anmonia 
Alkalinity 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Detection 
LOO 

21.8 
15.7 

N/A 
0.87 

N/A 
0.24 

175 
1. 1 

0.88 
2. 1 

75. 7 
N/A 

18.4 
0.63 
2.4 
135 

N/A 
50.6 

N/A 
1.8 
6.4 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

1 imits: 
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 
7.7 
451 

N/A 
140 

N/A 
5.9 

15.6 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

HEIS = Hanford Envirorrnental Information System 
LOO= limit of detection. 
LOO= limit of quantitation. 
mg/Kg= milligram per kilogram. 
N/A = not available. 
NC= not c~ted 

Saffllle Id 
Site 

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 
24.00 

2940.0 
NC 

1910 
3340 

105 
76.10 
26.8 

19800 
541 
5.7 
235 

1200 

SB-1002 
Savage Island 

5 

480 
10 
11 

53 
110 
61 

110 

140 
140 

Only those Saffllles with one or more analyte concentrations (mg/kg) greater than 
the reference threshold or LOO 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 

B01427 
12 
7 

37500 

2460 

27500 
543 
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Table 6-16.a. Digestate and Leachate Compositions of Topsoils Collected from the Main Terrestrial 
Ecosystems on the Hanford Site. Analyte concentrations are in units of mg/kg. (Sheet 1 of 2) 

HEJS Id 806137 806139 806140 806141 806142 806143 
Site E-1 E-2 E-3 E-4 E-5 E-6 

Descriptor Ratt I esnake Rattlesnake Riparian Riparian NE of 200E Old Field 
Mountain Spring grass juniper 8111P ECA* 

"...D Greasewood Big sage (.rJ 
Detection limits: 95/95 

Anal}:'.te (mg/kg) LOO L00 Threshold {..),J 

Alllllinun 21.8 66. 1 15500 14400 7600 9940 10200 6170 10400 (J,,,J 

Antimony 15.7 52.2 NC 29. 1 17 .4 13. 7 14.2 12.6 13.3 co 
a,,-.., 

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 r--...:i 
Berylliun N/A N/A 1.8 1. 7 0.9 0.94 0.98 0.87 1.2 O'-, -Cadmiun 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 
Chromiun 1. 1 3.0 27.3 21.6 7.2 19.6 20.4 7. 1 13.6 
Cobalt 0.88 2.9 18.4 17.5 8.1 10. 1 10.6 9.5 11.3 
Copper 2. 1 6.2 29.4 24.8 19.5 31.8 32.9 8.9 12.4 
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 

-i 
Hagnesiun 18 .4 57.9 8950 5050 32300 5110 5250 3550 4510 

°' Manganese 0.63 1.8 578 668 518 297 304 333 463 
I Mercury N/A N/A 1.49 ..... 0.12 0. 15 0.12 0.12 0.11 o. 12 

°' Holybdenun 1.4 4.8 NC 4.3 4.2 3.3 3.4 3 3.2 
..... 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 
Selenillll 5 N/A NC 0.96 1.2 0.94 0.98 0.87 0.92 
Sil icon N/A N/A NC 53.1 94.5 110.9 11.2 75.4 119.9 
Silver 2. 1 4.5 2. 36 6 3 2.4 2.5 2. 2 2.3 
Sodiun 50.6 140 1910 272 5120 273 263 214 227 
Thall iun 3.7 N/A NC 0.72 0.9 0. 71 0.74 0.65 0.69 
Titanil.lll N/A N/A 3340 1520 808 1010 1000 1730 1930 
Vanadillll 1.8 5.9 105 64.7 30.5 43.6 44.7 50 61.4 0 

0 
Zinc 6.4 15.6 76.1 60.6 50 356 366 43.3 62 .8 rn 
Zirconiun N/A 27.2 24.5 26.2 --N/A NC 29.9 23.6 21.6 ;o 

Arrrnonia N/A N/A 26.8 13.4 9.8 0.71 0.96 1. 14 2. 24 r 
I 

Organic Carbon N/A N/A NC 21442 51635 19774 13742 6991 12327 lO 

Alkalinity N/A N/A 19800 1100 150000 9.7 1580 673 768 N 
I 

Chloride N/A N/A 541 3.07 1 0.88 1.06 0. 39 0.53 N 
.t:,. 

Fluoride N/A N/A 5.7 0.94 <2 0.94 1.2 0.84 1 
Nitrate N/A N/A 235 10.3 585 12.4 7. 11 2.7 3 . 13 ;o 
Nitrite 21 N/A NC 0.54 36.5 <.3 0. 54 <.3 <.3 ...... ct> 

a -Phosphate N/A N/A 22.9 20.7 18.8 3. 13 4.51 7.36 9.21 C> < --· Sulfate N/A N/A 1200 1. 7 12600 13.5 4.67 1.12 5.81 lO 
u,w 

- -- --- ------
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Table 6-16.b. Oigestate and Leachate Compositions of Topsoils Collected from the Main 
Terrestrial Ecosystems on the Hanford Site. (Sheet 2 of 2) 

Analyte Concentrations are in units of mg/kg. 

Analrte (mg/Kg) 
Ah.1111nun 
Antimony 
Arsenic 
Baril.Ill 
Berylliun 
Caciniun 
Calciun 
Chromiun 
Cobalt 
Copper 
Iron 
Lead 
Magnesiun 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassiun 
Seleniun 
Silicon 
Silver 
Sodium 
Thalliun 
Titaniun 
Vanadiun 
Zinc 
Zirconiun 
Ammonia 
Organic Carbon 
Alkalin i ty 
Chloride 
Fluoride 
Nitra t e 
Nitrite 
O·Phosphate 
Sul fate 

Detection 
LOO 

21.8 
15.7 

N/A 
0.87 

N/A 
0. 24 

175 
1. 1 

0.88 
2 . 1 

75 . 7 
N/A 

18.4 
0. 63 

N/A 
1.4 
2. 4 
135 

5 
N/A 

2.1 
50.6 
3.7 

N/A 
1. 8 
6 . 4 

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

l imits: 
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 

HEIS Id 806144 806145 806146 806147 806148 806149 806150 
Site E-7 E-8 E-9 E- 10 E-11 E-11 E-12 

Descriptor Columbia Columbia Playa Playa Columbia Columbia 200 Plateau 

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 
26 . 8 

NC 
19800 
541 
5. 7 

235 
NC 

22.9 
1200 

River Plain River Plain Duplicate River Plain Ri ver Plain BIIIP ECA* 
sagebrush rabbitbrush BIIIP ECA* Blank Big sage 

6610 
12.4 
3.1 

62 
0.64 
0.64 
3490 
12.8 
6.4 

10.3 
14100 

8. 1 
4110 
289 

0. 11 
3 

13.5 
1790 
0.86 
34.6 
2. 1 
211 

0.64 
642 

25.9 
38.3 
21.4 
2.57 
7452 
686 

1.28 
0. 72 
66.3 
o .. 6 

21.3 
29. 1 

6390 
12.6 
3.7 

66.5 
0.65 
0.65 
5110 
12 . 4 
6 .9 

11. 1 
14400 

5.4 
4270 
288 

o. 11 
3 

14.3 
1680 
0.87 
33.3 
2.2 
214 

0.65 
633 

26 
38 .8 
21. 7 
1.68 
5328 
1910 
0.56 
0.68 
6.12 

<.3 
3 .4 

6 . 18 

28800 
16 .4 

5 
241 
2.5 

0.85 
13900 
26.5 

26 
40 . 3 

53600 
26.5 
9960 
1100 
0 . 14 
3.9 

31.3 
7900 

1. 1 
682 
2. 8 

33.6 
0.85 
2550 
90.3 

103 
73.3 

<.2 
16886 
15100 
0.52 
0.95 

21 
<. 3 

23.4 
5.05 

22900 
17.9 
5.4 
241 
2.3 

0.85 
12300 
22.7 
25.3 
39.8 

48300 
19.9 
9120 
1110 
0. 14 

4 
28 . 7 
7130 

1. 1 
1202.9 

2.8 
284 

0.85 
2040 
82.1 
95 . 5 
59.7 

<.2 
23690 
11300 
0.55 
1. 19 
30 . 5 

<.03 
18 . 2 
6. 44 

9980 
12.8 
2.5 
118 
1. 1 

0.66 
4240 
12.4 
12. 1 
12.4 

24900 
9.9 

4190 
459 

0.11 
3.1 

13.9 
2320 
0.88 

226.1 
2.2 
218 

0.66 
1670 
58. 1 
50 . 8 
27.2 

<.2 
9294 
1200 
0.71 
1. 79 
53.9 

<.3 
18.3 
12.7 

16 .2 
0 

0. 6 
7 

0.4 
0.6 
213 
1.4 

2 
3.6 

12.4 
4.2 
498 
1.2 
0. 1 
2 .8 
6 . 4 
260 
0.8 

N/A 
2 

197 
0. 3 
2. 2 

4 
10 
20 
N/A 
N/A 
N/A 

. N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

6340 
12.6 
2.6 

86.9 
0.87 
0.65 
3570 

7.4 
10 
10 

20900 
7. 8 

3420 
381 

0. 11 
3. 1 
9.6 

1530 
0.87 

113 . 4 
2. 2 
215 

0.65 
1560 
47. 1 
44.4 
22 . 4 

<.2 
3702 
434 

2. 52 
0 .87 
2.6 

<.3 
6 . 75 
2. 06 

* BIIIP ECA = A Basalt llaste Isolat ion Project Ecolog ical Control l ed Area 
HEIS = Hanford Environmental Information System-
LOO = li mi t of detect i on. 
LOQ = l imi t of quant i tat ion. 
mg/Kg= mill igram per ki logram. 
N/A = not availab le . 
NC= not c~ted 
Reference 95/95 threshold and LOQ values are included for cOll'f)arison. 
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Table 6-17.a. Exceedances for Topsoil. (Sheet 1 of 2) 
Analyte Concentrations are in units of mg/kg. 

HEIS Id B06137 B06139 B06140 B06141 B06142 B06143 
Site E·1 E·2 E·3 E·4 E·5 E-6 

Descriptor Ratt I esnake Rattlesnake Riparian Riparian NE of 200E Old Field 
Mountain Spring grass juniper BIIIP ECA* 

Greasewood Big sage '° u, 
Detection I imi ts: 95/95 -Analrte (mg/Kg) LOO LOO Threshold c...N 

Al uni nun 21.8 66.1 15500 c..,...i 
co Antimony 15.7 52.2 NC Cf',, 

Arsenic N/A N/A 9. 18 27.7 • 
Bariun 0.87 2.7 166 190 J'j 

Berylliun N/A N/A 1.8 
Cl"·, -Caaniun 0.24 0.79 NC 1.2 0.9 3. 1 2.9 (.,J,.J 

Calciun 175 470 25300 105000 
Chromiun 1. 1 3.0 27.3 
Cobalt 0.88 2.9 18.4 
Copper 2.1 6.2 29.4 31.8 32.9 
Iron 75 . 7 236 38750 
Lead N/A N/A 14.5 38.2 67.4 74. 1 35.4 
Magnesiun 18.4 57.9 8950 32300 

-I Manganese 0.63 1.8 578 668 °' I Mercury N/A N/A 1.49 
I-' 
'-J Holybdenun 1.4 4.8 NC 
I-' Nickel 2.4 7.7 24.0 

Potassiun 135 451 2940 3610 6410 
Seleniun 5 N/A NC 
Silicon N/A N/A NC 
Si Iver 2. 1 4.5 2.36 6 3 2.4 2.5 
Sodiun 50.6 140 1910 5120 
Thal I iun 3.7 N/A NC 
Titaniun N/A N/A 3340 0 
Vanadiun 1.8 5.9 105 0 . rn 
Zinc 6.4 15.6 76. 1 356 366 

-----Zirconiun N/A N/A NC :::0 
r 

Ammonia N/A N/A 26.8 I 
l.O 

Organic Carbon N/A N/A NC N 

Alkalinity N/A N/A 19800 150000 I 
N 

Chloride N/A N/A 541 -"" 
Fluoride N/A N/A 5.7 
Nitrate N/A N/A 235 585 :::0 

..... ro 
Nitrite 21 N/A NC C>< 

O· Phosphate ----- . N/A N/A 22.9 l.O 
Sul fate N/A N/A 1200 12600 u, l.AJ 

I 
- --- --- _ _ __J 
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Table 6-17.b. Exceedances for Topsoil. 
Analyte Concentrations are in units 

HEIS Id 806144 806145 806146 
Site E-7 E-8 E-9 

Descriptor Colurbia Colurbia Playa 
River Plain River Plain 

sagebrush rabbi tbrush 
Detection limits: 95/95 

Anatite (mg/K9) LOO LOQ Threshold 
ALum1nun 21.B 66.1 15500 28800 
Antimony 15.7 52.2 NC 
Arsenic N/A N/A 9.18 
Barium 0.87 2. 7 166 241 
Beryllium N/A N/A 1.8 2.5 
Cadmium 0.24 0.79 NC 0.85 
Calcium 175 470 25300 
Chromium 1. 1 3. 0 27.3 
Cobalt 0.88 2.9 18.4 26 
Copper 2. 1 6.2 29.4 40.3 
Iron 75. 7 236 38750 53600 
Lead N/A N/A 14.5 26.5 
Magnesium 18.4 57.9 8950 9960 
Manganese 0.63 1.8 578 1100 
Mercury N/A N/A 1.49 
Molybdenum 1.4 4.8 NC 
Nickel 2.4 7.7 24.0 31.3 
Potassium 135 451 2940 7900 
Selenium 5 N/A NC 
Sil icon N/A N/A NC 
Si Iver 2.1 4.5 2.36 2.8 
Sodium 50.6 140 1910 
Thallium 3.7 N/A NC 
Titanium N/A N/A 3340 
Vanadium 1.8 5.9 105 
Zinc 6.4 15.6 76. 1 103 
Zirconium N/A N/A NC 
Arnnonia N/A N/A 26.8 
Alkalinity N/A N/A 19800 
Organic Carbon N/A N/A NC 
Chloride N/A N/A 541 
Fluoride N/A N/A 5.7 
Nitrate N/A N/A 235 
Nitrite 21 N/A NC 
0-Phosphate N/A N/A 22.9 23.4 
Sul fate N/A N/A 1200 

* BI.IIP ECA = A Basalt l.laste Isolation Project Ecological Controlled Area 
HEIS = Hanford Environmental Information System· 
LOO= limit of detection. 
LOO= limit of quantitation . 
mg/Kg= milligram per kilogram. 
N/A = not available. 
NC = not c~ted 
Reference 95/95 threshold and LOQ values are included for comparison. 

(Sheet 2 of 2) 
of mg/kg. 

B06147 806148 806149 806150 
E-10 E-11 E-11 E-12 

Playa Colurbia Colurbia 200 Plateau 
duplicate River Plain River Plain BI.IIP ECA* 

BI.IIP ECA* Blank Big sage 

22900 

241 
2.3 

0.85 

25.3 
39.8 

48300 
19.9 
9120 
1110 

28.7 
7130 

2.8 

95.5 
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Analyte (mg/Kg) 

Alllllinllll 
Antimony 
Arsenic 
Baril.Ill 
Bery 11 i llll 
caani llll 
Calcillll 
Chromillll 
Cobalt 

-i 

°' Copper 
I Iron ..... 

CX> Lead 
..... Hagnesillll 

Manganese 
Holybdenl.lll 
Nickel 
Potassillll 
Si Iver 
Sodillll 
Titanillll 
Vanadillll 
Zinc 
Ammonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Table 6-18.a. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 1 of 7) 
Analyte Concentrations are in units of mg/kg. 

Unit 2101-H 2101-M 2101-M 2101-M 2101-M 2101-M 
Saq>le Id M131 H132 M133 M134 M135 H136 
llel I No. 2101M-1 2101H-1 2101H-1 2101H-1 2101M-2 2101H -2 

Depth (ft) 1.0 3.5 6.0 8.5 11.0 5.0 

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 2.7 166 205 

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 2870 

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 76.1 112 

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-M 2101-M 
H137 M138 

2101H-2 2101H-2 
10.0 15.0 

* * 
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Anal:t:te (mg/Kg) 
Alunim.m 
Antimony 
Arsenic 
Bariun 
Berylliun 
Cadmiun 
Calciun 
Chromiun 
Cobalt 

-I Copper 

°' Iron I - Lead o:> . Hagnesiun 
N 

Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Titaniun 
Vanadiun 
Zinc 
Ammonia 
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-M 2101-M 2101-M 2101-M 2101-M 2101-M 
Sallfll e Id M139 H140 H141 H142 H143 M144 
\lel l 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-M 2101 -M 
H145 H146 

2101H-4 2101H -4 
10.0 15.0 

* * 
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Analyte (mg/Kg) 
Aluninun 
Antimony 
Arsenic 
Bariun 
Beryl I iun 
Caaniun 
Calciun 
Chromiun 
Cobalt 

-i Copper °' I Iron .,_. 
()) Lead . 
w Hagnesiun 

Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Titaniun 
Vanadiun 
Zinc 
Anmonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Table 6-18.c. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 3 of 7) 
Analyte Concentrations are in units of mg/kg. 

Unit 1324-N 1324-N 1324-N 1324-N 1324-N 1324-N 
SalJllle Id 1NN 2NN 3JF 4JF 5JF 6JF 
\.lell No. 1324N· 1 1324N·2 1324N·3 1324N·4 1324N·5 1324N· 6 

Depth ( ft) 10 . 5 10.5 10 . 5 10.5 10.5 10.5 

Detection I imi ts: 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 7. 1 7.4 6.1 7 6.4 6.5 

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 

1324-N 1324-N 
8JF 9JF 

1324N· 7 1324N·8 
10.5 10 . 5 

6.6 7.5 
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Analyte (mg/Kg) 

Ah.minl.111 
Antimony 
Arsenic 
Bariun 
Beryl I il.111 
caaniun 
Calcil.111 
Chromil.111 
Cobalt 

..... Copper 

°' I Iron ...... Lead CX> 

+:>, Hagnesiun 
Manganese 
Holybdenun 
Nickel 
Potassiun 
Si Iver 
Sodiun 
Titanil.111 
Vanadiun 
Zinc 
Arrmonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Table 6-18.d. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 4 of 7) 
Analyte Concentrations are in units of mg/kg. 

Unit 1324-N 1324-N 1324-N 1324-N 1324-N 1100-EM 
Sample Id 10JF 11JF 12JF 13JF 14JF AH217 
IJel I No. 1324N·9 1324N-10 1324N · 11 1324N·12 1324N· 13 1100EH/NS 

Depth Cft) 10.5 10.5 10.5 10.5 10.5 0.5 

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 7.1 7.9 6.5 7.6 7.7 

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-EM 
AH218 

1100EH/NS 
0.5 

* 

1100-EH 
AH222 

1100EH/NS 
0.5 

* 
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Ana 1 :t:te (mg/Kg) 
Al uni nun 
Antimony 
Arsenic 
Bariun 
Berylliun 
Cadmiun 
Calciun 
Chromiun 
Cobalt 

--i Copper 

°' Iron 
I ,_. Lead 

CX) 
Hagnesiun 

u, Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Titaniun 
Vanadiun 
Zinc 
Anmonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Table 6-18.e. Analyte Exceedances for Unit-Based Backgrounds. (Sheet 5 of 7) 
Analyte Concentrations are in units of mg/kg. 
Unit 1100-EM 1100-EM 1100-EM 1100-EM 1100-EM 1100-EM 

Sample Id AH223 AH224 AH225 A0302 A0306 A0101 
Well No. 1100EM/NS 1100EH/NS 1100EH/NS HRL-1 HRL-1 DP-7 

Depth ( f tl 0.5 0.5 0.5 7.5 12.9 1.4 

Detection 1 imi ts: 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-EM 1100-EM 
A0104 A0105 
DP-7 DP-7 
12.9 17.3 

* * 
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Table 6-18.f. 

Detection limits: 
Analyte (mg/Kg) LOO LOO 
Al1.111in1.111 21.8 66.1 
Antimony 15.7 52.2 
Arsenic N/A N/A 
Bari1.111 0.87 2.7 
Beryl l i1.111 N/A N/A 
Cadmiun 0.24 0.79 
Calci1.111 175 470 
Chromi 1.111 1. 1 3.0 
Cobalt 0.88 2.9 

-i Copper 2. 1 6.2 

°' Iron 75.7 236 
I 

Lead ..... N/A N/A 
ex, Magnesi1.111 18.4 57 . 9 

°' Manganese 0.63 1.8 
Molybden1.111 1.4 4.8 
Nickel 2.4 7.7 
Potassi1.111 135 451 
Silver 2. 1 4.5 
Sodi1.111 50 .6 140 
Titani1.111 N/A N/A 
Vanadi1.111 1.8 5.9 
Zinc 6.4 15.6 
Ammonia N/A N/A 
Chloride N/A N/A 
Fluoride N/A N/A 
Nitrate N/A N/A 
Sulfate N/A N/A 

Analyte Exceedances for Unit-Based Backgrounds. 
Analyte Concentrations are in units of mg/kg. 

Unit 1100-EM 1100-EM 1100-EM 1100-EM 1100-EM 
Sample Id A0109 A0201 A0203 A0204 A0206 
Mell No. DP-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 
18.4 
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-EM 
A0207 
BAP-2 
18.3 

* 

1100-EM 
A0208 
BAP-2 
20.3 

48.3 

25.3 

1100-EM 
A0209 
BAP-2 
26.2 

* 

1100-EM 
A0210 
BAP-2 
34.9 

* 
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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 
Sa~le Id AB-044 AB -045 AB-046 AB-047 AB-050 

Analyte (mg/Kg) 
Aluninun 
Antimony 
Arsenic 
Bariun 
Berylliun 
Cadmiun 
Calciun 
Chromiun 
Cobalt 
Copper 
Iron 
Lead 
Hagnesiun 
Manganese 
Holybdenun 
Nickel 
Potassiun 
Silver 
Sodiun 
Titaniun 
Vanadiun 
Zinc 
Anmonia 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Detection 
LOO 

21.8 
15.7 

N/A 
0.87 

N/A 
0.24 

175 
1. 1 

0.88 
2. 1 

75 . 7 
N/A 

18.4 
0.63 

1.4 
2.4 
135 
2.1 

50.6 
N/A 

1.8 
6.4 

N/A 
N/A 
N/A 
N/A 
N/A 

limits: 
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 
4.8 
7.7 
451 
4.5 
140 

N/A 
5.9 

15.6 
N/A 
N/A 
N/A 
N/A 
N/A 

* No analytes above reference thresholds. 

llel I No. 
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 

NC 
24.0 

2940 
2.36 

1910 
3340 

105 
76.1 

26.8 
541 
5.7 

235 
1200 

HEIS = Hanford Environmental Information System 
LOO= limit of detection. 
LOO= limit of quantitation. 
mg/Kg= milligram per kilogram. 
N/A = not available. 
NC= not coo.,uted 

5.2 5. 1 

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

5.7 

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

5.7 6 

183H 
AB-051 

5.9 

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. 

Analytt 
limit of 95/95 Threshold Mu1mufl Background 

D•tect Ion (Welbul I), 1119/kg L•••I 

Aluminum 21.8 15500 28,800 

Ant IIIOny 15. 7 N/C 31 

Arsenic 3 9 . 18 21 . 1 

hrlum 4 . 1 166 . 3 480 

Beryl l lum 0 . 46 1.806 10 

CadmlUM 0 . 66 N/C II 

Calcium 189 25309 105,000 

ChrMlum 1.8 27 . 32 320 

Cobalt 1.6 18. 4 110 

Copper 2. 1 29 . 39 61 

Iron 7S . 7 38750 68,100 

Lead I.I 14 . 47 74 . 1 

lithium 34 37 . 2 38 . 2 

H19nestu11 249 89SO 32,300 

Manganese o . 63 S78 1,110 

Mercury 0 . 16 1.49 3. 8 

No 1 ybdenull 1.4 N/C 6 

Nlck•l 7 . 2 23 . 95 200 

Pot au 1unt 8SI 2937 1,900 

Selenlu11 s N/C 6 

S 111 con s. 2 N/C 1,203 

Silver 1.4 2 . 36 14 . 6 

Sodium 98 . 7 1909 6, 060 

Thal I lum 3 . 7 N/C 3. 7 

T ltanlUm s 3341 3,180 

Vanadium 2 104 . S 140 

line 6 . 4 76 . 1 366 

Ztrcontum II N/C 84 . 8 
Alkalinity 5 19788 150,000 

Allmon! a 0 . 6 26 . 8 26.4 

Chloride 1 541 1,480 

Fl uorldt 1 5. 69 73 . 3 

N1true o . 6 235 906 

Nitrite 21 N/C 36 . 5 

0 - Phosphatt 2 22 . 9 225 

Sul htt 1 1202 12,600 

Carctnogenlc An1lytes Carclnogent c tt y 
ll"'lts (mg . kg) 

Arsentc 3 9. 18 27 . 7 

Beryl I !Um 0 . 46 1.806 10 

Cadmlu• 0 . 24 N/C 11 
• Assumed Chromlua YI 
••• Hazard Quotlent•Concentrltlon Value/Chronic Toxicity ltlftlt 
Total Hazard Quotltnt•3 . 4 

WAC - 173-340 .. Rtsldenthl 
Chronic Toxicity llMlts 

(as of 8/94), 1119/k9 

-
32 

60 

5600 

400 

80 

400 

-
3000 

-
-

-
11200 

24 

400 

1600 

400 

-
400 

-

S60 

24000 

-
-

8000 

4800 

128000 

8000 

0.1 X Carc1no9,nlclty 
ll•lts(1119/k9) 

1.43 

0 . 233 

0.164 

•• "<>del Toxics Control Act 
N/C•Not Comput•d 

0.1 X Toxicity 
llml t, 1119/k9 

3. 2 

6 

560 

40 

8 

40 

300 

1120 

2.4 

40 

160 

40 

40 

S6 

2400 

800 

480 

12800 

800 

0 . 143 

0 .0233 

0.0164 

Toxicity Hazard 
Analytts with s.,.. Analytts with s.,.. 

Quottent•••, bued background hv•h background 1 eve ls 

on max1ma1 d1t1 
greater than a 9re1ter than a 
pr1• ary screen secondary screen 

Ah•lnta 

0 . 97 Ant 1110ny Antimony 

0 . 46 Arsenic Arsen1c 

0 .09 hrhl• 

0 . 03 Beryll hi• 

0 . 14 CadMlta CadmlUm 

Cal cl ta 

0 . 80 ChromlYM Chromium 

Cobalt 

0 .02 Copp•r 

Iron 

lead 

UthlUII 

Ma9n,slu11 

0 . 10 Na119anest -
0 . 16 Mercury Mercury 

0 . 02 Molybd•n""' 

0 . 13 Nlck•l Nickel 

Pot au tum 

0 . 02 Sel,nlu. 

Sil Icon 

0 . 04 SI her 

SodlU• 

0 . 25 YlnadlUII Vanadium 

0 . 02 Zinc 

llrconlua 

Al kal lnl ty 

0 . 19 Chloride Chlorld• 

0 . 02 Fluoride 

0 .01 Nitrate 

0 .00 NI trltt 

0- Phosphate 

Sulfat• 

Arsenic Arsenic 

Beryl I lu• Beryl llum 

Cadmium Cadmium 

) 
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