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1.0 INTRODUCTION 

A closure and postcl osure plan for the Hanford Site Nonradioactive 
Dangerous Waste Landfill (NRDWL) was prepared by Westinghouse Hanford Company 
(WHC) and submitted for regulatory agency review in 1990 (OOE-RL 1990) . In 
the closure plan, construction of a final cover over the NRDWL is proposed. A 
conceptual design for the cover is described in Section 7.4 of the plan. The 
design specifies a topsoil component consisting of layers of compacted and 
noncompacted fine-textured soil. The objective of compacting a portion of the 
topsoil layer is to impede infiltration of soil moisture. The McGee Ranch 
area on the Hanford Site is proposed as the source area for fine-textured 
soils to support cover construction. Siting considerations for the McGee 
Ranch borrow area have been documented by Skelly and Wing (1992). 

A number of data needs are identified in the closure plan for definitive 
design of the NRDWL final cover. Specifically, the plan identifies a need to 
characterize potential borrow areas for fine-textured soil , to ensure that 
(1) material properties vary within acceptable limits for the application, and 
(2) sufficient quantities of suitable material . are available. 

I.I PURPOSE AND OBJECTIVES 

To obtain essential characterization data for the definitive design of 
the NRDWL closure cover, a limited drilling and sampling effort was conducted 
at the McGee Ranch site in September 1992. Specific objectives of this 
activity are as follows: 

1. Identify and estimate the reserve of fine-textured soil - for construction 
of the NRDWL cover. 

2. Characteriz~ materi~l properties for cover design and performance 
assessment applications. 

The NRDWL is to be covered in two sections - one that will span all 
dangerous waste trenches (including some asbestos trenches), and another 
section that includes asbestos and solid waste . trenches (but no dangerous 
waste trenches). According to the closure plan, construction of the chemical 
trench cover section will require approximately 60,000 tons of fine-textured 
soil; the asbestos and solid waste cover section will require another 
24,000 tons. 

1.2 SCOPE 

Prior to initiation of drilling and sampling activities in support of 
the NRDWL closure project , a comprehensive characterization plan had been 
prepared for the McGee Ranch site (Skelly 1992). The plan proposed to 
characterize the site in three phases as follows: 

Phase I -- Reconnaissance mapping of the surficial geology of the 
site using a combination of ai r phot ointerpretation , field mapping 
methods and shallow hand-auger borings. 

1 
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Phase II -- Small-diameter auger borings to evaluate the thickness 
and extent of fine-textured soils and thei r gr adation properties . 

Phase III - - Large-diameter aug er bor ings t o provi de bul k samples 
for compaction tests and satu r ated hydrau li c conductivity tests of 
compacted samples . 

Phase I activities were completed during the fall of 1992 (Lindberg and 
Lindsey 1993). Although the scope of drilling and sampling required to 
support the NRDWL closure project amounted to a small fraction of the work 
proposed in the characterization plan (Skelly 1992), the plan was followed as 
the work plan for NRDWL characterization . Nine Phase II borings and four 
Phase III borings were sampled and logged. The NRDWL borings were located on 
regular 200-ft centers in an area measuring approximately 400 by 400 ft. 

I!<} Soil samples were selected for laboratory analysis from the following 
~ stratigraphic intervals : 

-.. • Eolian interval - Wind-accumulated silt and fine sand, ranging 
from a few inches to several feet thick. 

• Upper Touchet Beds - Fine-textured fluvial sediments, 
predominantly silt loams . 

• Lower Touchet Beds - Texturally variable sediments , consisting of 
silts, silt loams and sandy loams. 

In borings where the lower part of the unit is predominantly silty, the 
Touchet Beds are not readily divisible into upper and lower intervals . In 
that case, the interval was arbitrarily divided into equal upper and lower 
parts for purposes of sample selection . 

Soil samples collected from the borings were analyzed .for particle size 
distribution, moisture-density relat i ons (compaction tests), and saturated 
hydraulic conductivity. Specific gravity of solids also was measured during 
particle size determinations to facilitate hydrometer data reduction. 
Moisture-density relations were investigated over a range of input energy 
values . Saturated hydraulic conductivity was determined from samples 
compacted at or near maximum density and optimum moisture for the same range 
of input energy conditions. Samples were analyzed at the WHC Geotechnical 
Engineering Laboratory during fall and winter 1992-1993. 

2.0 DESCRIPTION OF RESERVES 

The boreholes drilled at the NRDWL reserve consisted of 13 auger-drilled 
holes (nine Phase II boreholes and four Phaie III boreholes, Figure 1) . In 
the nine Phase II boreholes , so il samples were collected with a split-spoon 
sampler for physical properties dete rmi nat i on {boreholes numbered P-II - 1 
through P-II-9). In the four Pha se III bo reholes (P-II 1-A-l , B-2, C-3 , and 
D-4), bulk samples were collected f r om dr ill cuttings. The Phase II boreholes 
were geologically logged during dril ling , and the soils and sediments 
encountered were classified according to the U.S. Department of Agriculture's 

2 
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(USDA) textural classificati on system. After t he dril l i ng was completed , the 
collar of each borehol e was survey located by Kaiser Engin eers Hanford 
Company . The survey dat a are reported in Appendix A. Subsequently, logs of 
t he nine Phase I I borings were summarized as an interpretation of the 
strati graphy (Appendix 8) . 

2.1 STRATIGRAPHY 

From the ground surface downward, the drilling encountered the following 
geologic units: Up to 3 ft of eolian silt loam to sandy loam; 22 to 31 ft of 
Touchet Beds composed of interbedded silt, silt loam , and sandy loam; and a 
Plio-Pleistocene aged unit of unknown thickness composed predominantly of 
cemented gravel. 

The eolian silt loam to sandy loam unit overlying the Touchet Beds at 
the NRDWL reserve closely resembles the Warden silt loam pedologic soil unit 
described by USDA (1971) . This soil type developed under bunch grasses in 
parent materials consisting of a mantle of eolian deposits over reworked 
Touchet Beds. Warden silt loam typically develops at elevations between 550 
to 1,000 ft, · and the NRDWL reserve is 800 to 840 ft in elevation . The surface 
layer is a daik grayish-brown silt loam approximately 6 in. to 1 ft thick 
containing abundant root material. The subsoil is a grayish-brown silt loam 
to sandy loam grading downward to a strongly calcareous silt loam at 1 to 
2 ft. Below the strongly calcareous zone , the remaining eolian soils and 
Touchet Beds are bioturbated to a depth of approximately 4 ft , creating a 
massive appearance (Lindberg and Lindsey 1993). Additional discussion of the 
geology of the fine-textured soils in the McGee Ranch area is provided by 
Lindberg (1993). 

The ground surface of the NRDWL reserve is littered with pebble- to 
cobble-sized gravels and occas ional boulders (Lindberg 1993) . The gravels are 
found at the ground surface on ly ind are~ variety of exotic rock types such 
as granites and quartzites. Basalt gravel s also are abundant . The gravels 
were deposited by ice rafting associated with the catastrophic flooding that 
occurred at the end of the last ice age. The gravels may appear to be 
abundant in some localities , but because their occurrence is limited to the 
surface , they are not quantitatively sign i ficant in relat i on to the amount of 
fine-textured soils present. 

The Touchet Beds below the surficial soils are composed of a 22- to 
31-ft thick sequence of silt loam , sandy l oam , and occasional thin lenses of 
fine gravel. Individual beds are graded , with sand (or occasionally granule
to pebble-sized gravel) at the base , and silt- sized material at the top. Beds 
in the lower portion of the Touchet Beds are slightly coarser in -texture and 
are slightly thicker . An estimated average for bed thickness , ai determined 
from the recent drilling and confirmed in a nearby excavation (Lindberg and 
Lindsey 1993; Lindberg 1993) , is 10 to 14 in . 

Clast i c dikes are abundant in the Touchet Bed s and were encount ered i n 
the drilling . They range from 1 in . to over 1.5 ft in wi dt h and general ly 
exh i bit vert ical or near vertical orientations . The el astic di kes are 
composed of many th i n t o t hi ck l amin a (subpar allel t o di ke walls) that have 
nearly the same composit ion and texture as th e ho st soi l. 

3 
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Drilling was terminated in 12 of the 13 boreholes when cemented gravel 
was encountered. In borehole P-II-1 , dri l l i ng was continued for an additional 
8 ft to facilitate description of t he cemented gr avel un it. Because none of 
the boreholes completely penet r ated the gravel unit, its t otal th i ckness is 
unknown . At borehole P-II-1 , it is at le ast 8 ft th i ck . Based on nea r by 
outcrops, this unit is composed of angular to subround basalt gravel (with 
lesser amount~ of sand and silt) that are lightly to heavily cemented with 
calcium carbonate. Because of its stratigraphic position and observed 
characteristics, this unit is interpreted to be equivalent to the Plio
Pleistocene unit that occurs in the western portion of the Hanford Site 
(Lindsey et al. 1991) and is exposed at outcrop to the north of the McGee 
Ranch area (Lindberg 1993). 

2.2 ESTIMATE OF RESERVES 

The total volume of fine-textu red soils at the NRDWL reserve can be 
calculated as the product of the observed thickness of the fine-textured soils 
and the surface area. The combined thickness of the Touchet Beds and over
lying eolian deposits ranges from approximately 25 to 31 ft ~28 ft ±11%) . The 
reserve is approximatly 400 ft square in plan, or 160 ,000 ft . Therefore, the 
total volume of fine-textured soils is 166 , 000 bank yd3 ±11%. Assuming an in
place bulk density of 86.4 lb/ft3 (6 .9% moi stur e) (DOE-RL 1990 , Appendix 7B), 
this volume equals 194,000 tons ±11%. 

3.0 SPECIFIC GRAVITY OF SOLIDS 

Thirty-nine specific gravity determ inations were made , from 13 eolian 
silt loam samples, 13 samples from the upper part of the Touchet Beds , and 
13 samples from the lower part of the Touchet Beds . Specific gravity was 
determined using Westinghouse Hanford Company (WHC) procedure GEL-10, Specific 

_Gravity of Soils and Aggregates (WHC 1991) . 

3.1 STATISTICAL ANALYSIS 

The specific gravity data are reported in Table 1. Summary statistics 
for the three sample populations and the combined population are reported in 
Table 2. STATGRAPHICS (tradename of Statistical Graphics Corp. , Rockville, 
Maryland), Version 4.2 , was used to derive the test statistics. The data in 
Table 1 were analyzed statistically (1) to determine whether the appropriate 
measures of central tendency (i.e. , the means or medians) for the three 
populations are statistically different at the 5% level of significance ; and 
(2) to construct confidence intervals for the common mean or median(m). 

If the sample populations are normally distributed and exhibit a common 
variance, then the mean would be the ap~ropriate measure of central tendency; 
and the one-way analysis of variance (ANOVA) procedure (Snedecor and Cochran 
1980) would bathe appropr i ate procedu re for stat i stical comparison . If 
either of these assumptions i s invalid , then the median is the appropriate 
statistic to evaluate and a nonparamet ri c ANOVA procedure (the Kruskal-Wallis 
test (Conover 1980)) should be used . 

4 
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The distributions of the data are approximately normal. However, when 
Bartlett's test (Snedecor and Cochran 1980) was applied to evaluate the 
equality of population variances , the calculated test statistic exceeded the 
critical chi-squared (X2

) value with two degrees of freedom at the 5% level of 
significance, indicating that the differences between population variances are 
significant. Therefore, the Kruskal-Wallis one-way ANOVA procedure was 
determined to be the appropriate procedure for analyzing the specific gravity 
data. The hypothesis test is constructed as follows: 

H
0

: m1 = m2 = m3 

Ha: two or more of the medians are not equal. 

The Kruskal-Wallis test statistic was compared to the tabulated critical 
X2 value with two degrees of freedom at the 5% level of significance. The 
test statistic is less than the critical X2 value, indicating that the null 
hypothesis would not be rejected at the 5% level of significance. Thus, it is 
appropriate to estimate a common median value by combining the specific 
gravity data from the three geologic units. The common median is 2.68 . 

~ 
rt'-! 
r,-,.""'2 Values of nonparametric confidence intervals for the common median 
:::,: specific gravity, calculated according to the procedure described by Gilbert 
5~ (1987), are presented in Table 3. Values are listed for the 80%, 90%, 95% and 

99% confidence intervals. 

3.2 DISCUSSION OF RESULTS 

The sample populations in Table 2 appear to exhibit a common measure of 
central tendency for specific gravity. The mean and median values of the 
combined population are the same (2.68). 

Specific gravity sample populations for the .three ge_ologic units are 
compared in the box-and-whisker plot in Figure 2. In a box-and-whisker plot, 
the box defines the middle 50% of the data set. The upper (Q3 ) and lower (Q 1 ) 

quartiles of the sample population are indicat~d by the top and bottom of the 
box; a line segment within the box identifies the median (Q ). Generally, the 
'whiskers' define the extremes (maximum and minimum observations) of the data 
set. The whiskers span data points within 1.5 times the interquartile range 
(i.e., 1.5 x [Q3 - Q1]). When the data set includes extremely large or small 
values, they are plotted as individual points. A point outside the whiskers 
can be viewed as a potential outlier (Ostle and Malone 1988). Figure 3 is a 
95% confidence interval plot for the sample population means. 

The median value for eolian silt samples . is somewhat higher than the 
corresponding values for the Touchet Beds sample groups. Specific gravity 
appears to exhibit different degrees of variability among the three geologic 
units. Eolian silt samples exhibit the greatest variability; samples from the 
lower Touchet beds exhibit the least. 

Confidence limits for the combined median specific gravity value are 
(2.67, 2.69) and (2.67, 2.71) for the 80% and 99% limits, respectively. Due 
to the closeness of these limits, the point estimate of 2.68 is judged to be 
an adequate representation of specific gravity for all three geologic units. 

5 
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4.0 PARTICLE SIZE DISTRIBUTION 

Particle size distribut ion s of al l 39 samp l es were determined by wet 
sieve and hydrometer analysis. Particle si ze was determined per WHC procedure 
GEL-07, Particle Size Distribution of Soils and Aggregates (WHC 1991) . 
Percent sand , silt and clay are reported in Table 4. 

The principal application for fine-textured soils in closure covers is 
as topsoil material. Topsoil must function as a rooting m~dium for cover 
vegetation, trapping and retaining moisture for eventual removal by plant 
transpiration and/or direct evaporation. In view of the intended application, 
samples were classified using the USDA textural classification system. In the 
USDA system, soils are categorized according to their percentages of sand-, 
silt- and clay-sized particles. In the USDA textural classification system, 
sand is defined as material passing the #10 sieve and retained on the #200 
sieve. Silt is material passing the #200 sieve , but larger than 0.002 mm. 
Clay is material smaller than 0.002 mm . A triangular chart divided into 
regions with assigned textural terminology i s employed in the classification 
procedure. 

The sample results in Table 4 are plotted in Figures 4, 5, and 6 on the 
USDA textural classification chart . All of the eolian samples are silt loams. 
Samples from the upper Touchet Beds are predominantly silt loams, with a few 
silts. Lower Touchet Beds samples also are silt loams predominantly, but vary 
from silts to sandy loams. Silt loam soils are generally regarded to be the 
most desirable topsoil materials for cover construction , because of their 
optimal water retention properties (Lutton et al. 1979). Retention of 
moisture within the topsoil layer of the cover will significantly increase 
moisture removal by evapotranspiration . 

Summary statistics for eol i an sil t , upper Touchet Beds and lower Touchet 
Beds samples are reported in Table 5. Particle size data consist of three 
variables (i.e., percent sand , s i l t, and clay) , as identified in Table 4. 
Eolian silt samples are consistently higher in sand and lower in clay than 
Touchet Beds samples. Particle size data from upper and lower Touchet Beds 
samples exhibit similar means and medians. However, the variability in 
percent sand and percent silt is significantly higher in samples from the 
lower Touchet Beds compared to the other two geologic units. This last 
observation is consistent with the apparent sc~tter of the data in Figure 6. 

5.0 MOISTURE-DENSITY RELATIONS (COMPACTION TESTS) 

The NRDWL cover is designed to be constructed as two separate sections. 
One section is to cover all of the chemical disposal trenches and the second 
section will enclose solid waste trenches only , The designs for both cover · 
sections include a barrier soil l ayer component to be constructed of compacted 
McGee Ranch silt loam soil . The pu r po se of compact ing the soil is to impede 
mo i sture migration through t he barrier layer by si gn i f i cantly reducing its 
saturated hydraulic conductivity. 

6 
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These tests were performed to determine optimal compaction conditions 
(i.e., optimum dry density and moisture content) for McGee Ranch soils under 
specified input energy conditions. Laboratory testing was performed in 
conformance with procedure GEL- 16 , Moisture-Density Relationship of Soils (WHC 
1991) and ASTM methods D 698-91 and D 1557-91 . 

Compaction (densification) of soil occurs through reorientation and 
fracture of soil grains and grain bonds; leading to an overall reduction in 
the void volume within the soil mass. The energy applied to the soil is 
termed the "compactive effort''. In a series of compaction tests carried out 
at a given compactive effort wherein moisture content of the soil is increased 
by a few percent before each test is performed, the dry density will first 
increase to a maximum value, then decrease. An optimum moisture content value 
is associated with maximum dry density. The maximum dry density and optimum 
moisture content condition distinguishes the minimum void volume condition for 
the soil at the specified compactive effort. At moisture content values below 
optimum, a soil is more difficult to densify because the effectiveness of pore 
water as a ·lubricant reducing friction between soil grains is reduced. At 
moisture content values above optimum, the same soil is more difficult to 
densify because the void volume is close to saturation, and water is 
essentially incompressible. The "zero air voids" curve defines the limiting 
condition for a given soil at saturation (i.e., the curve identifies the 
highest possible water content a soil can have at a specified dry density). A 
full description of relative moisture-density relationships and test 
interpretations is provided in Fundamentals of Geotechnical Analysis (Dunn et 
a 1 . 1980) . 

Four lar_ge-diameter auger borings were drilled to obtain bulk samples 
for these tests. Bulk samples were collected from three distinct intervals: 
(1) from Oto 5 ft depth , which includes eolian parent material and some 
Touchet Beds sediments that have been intermixed by bioturbation, (2) from 5 
to 15 ft depth, corresponding roughly to the upper part of the Touchet Beds 
section, and (3) from 15 to 25 ft depth, corresponding to the lower part qf 
the Touchet Beds. In the laboratory, bulk samples were homogenized by 
mechanical mixing in advance of moisture-density relations testing. 

Each bulk sample was tested at three specified compactive efforts, which 
are defined as follows : 

• 

• 

Standard compactive effort test, which utilizes a 4-in.
diameter mold with a volume of 0.0333 ft3

, a 5.5-lb. rammer 
(drop weight) , a drop height of 12 in., wherein soil is 
compacted in three layers or lifts, by applying 25 blows per 
layer. This test configuration supplies 12,400 ft-lb/ft 3 of 
compactive effort to -the sample. 

Modified compactive effort test, which utilizes a 4-in.
diameter mold with a volume of 0.0333 ft 3 (as above), a 
10-lb rammer, a drop height of 18 in., wherein soil is compacted 
in five lifts, by applying 25 blows per layer. This configuration 
supplies 56,300 ft-lb / ft 3 of compactive effort. 

7 
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• 15-blow mod i fied test (var i at i on of modified compactive 
effort test , with a 4- i n. -di ameter mold (volume of 
0. 0333 ft 3 as above ), a 10-lb r ammer, a drop he i gh t of 18 in ., in 
which so i l i s compacted in fiv e li f ts, with 15 blows pe r layer (as 
opposed to 25) . This configuration suppli es 33 ,800 ft-lb / ft 3 of 
compactive effort. 

5.1 GRAPHICAL ANALYSIS OF RESULTS 

A curve was fitted to each set of test data to ass i st in ident i fying 
maximum dry density and optimum moisture content values. These character
istics are summarized in Table 6. In several tests , the optimum point on the 
curve was not clearly identifiable because all measure-ments were made either 
wet or dry (i.e, to the left or right) of the optimum condition. Those tests 
were: 

• sample B07Hl2 , P-I II-A-1 , 0- 5 ft , st andard effort 

• sample B07Hl2 , P-II I-A-1 , 0-5 ft , modified effort 

• sample B07Hl3 , P-III-A-1 , 5-15 ft , standard effort 

• sample B07Hl6, P-III-B- 2, 5-15 ft , standard effort 

• sample B07H21 , P-III-D-4, 0-5 ft , standard effort. 

In those cases, the optimum point was estimated based on comparisons with 
curves for the other data. 

Figure 7 shows "standard compact i ve effort" results for the 12 bulk 
samples (i.e. , four samples from the interval Oto 5 ft , four samples from the 
interval 5 to 15 ft , and four samples f rom the interval 15 to 25 ft) plotted 
together. Figure 8 shows "modified compact i ve effort " results and Figure 9 
shows "15-blow modified " test results for the same samples. 

Maxjmum dry density incre~sed and optimum moisture condition decreased 
with compactive effort generally . In some tests, the reduction in optimum 
moisture content with increasing compactive effort was slight or absent. 
Individual sample plots of compaction test results are provided in Appendix C. 
In Appendix C, test results have been plotted by individual sample to facili
tate examination of the data for the effect of varying compactive effort. 

As can be observed from Figures 7, 8, and 9, three of the four samples 
from 0- to 5-ft depth developed lower maximum dry densities and higher optimum 
moisture content values relative to the other samples tested . This result was 
obtained for all compactive effort cases. This result may be attributable to 
the slightly lower clay-sized fraction in eolian parent material (as indicated 
in Section 3.0), to the presence of organic matter in the samples, or to 
carbonate cementation . The data for the fourth sample from the interval Oto 
5 ft interval (sample B07Hl8: P-III-C-3) are consistent with results from 
upper and lower Touchet Beds samples . 

8 
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5.2 STATISTICAL ANALYSIS OF RESULTS 

A one- way ANOVA procedu re (Snedecor and Cochran 1980) was performed t o 
further eval ua t e t he effects of different compactive efforts and st r ati gr aph ic 
sampling interval s on moi stur e-de nsity rel ati ons (i.e., max imum dry densi ty 
and optimum moisture content). Summary statistics are provided in Tables 7 
and 8. The results are represented-graphically in Figures 10 through 13. 
STATGRAPHICS was used to generate these tables and figures. 

There are statistically significant differences in maximum dry density 
values between samples from the eolian silt interval (0 to 5 ft) and samples 
from the upper and lower Touchet Beds (5 to 15 ft and 15 to 25 ft). The 
differences are significant at the 5% level for all applied energy conditions 
(compactive effort values) considered. For optimum moisture content data, a 
similar trend is distinguishable, but only at the 20% significance level (or 
higher), corresponding to confidence intervals of 80% (or less). Figure 13 is 
a plot of the data using the 95% confidence interval specification. With 95% 
intervals, there is substantial overlap between test results for different 
geologic units at any given compactive effort value. There is no statis
tically signifi cant difference (at the 5% level) between sample results from 
upper and lower Touchet Beds. This i nference applies to all compactive effort 
values considered. 

For each of the three geologic units (depth intervals) evaluated, maxi
mum dry density generally increased and optimum moisture content generally 
decreased with increasing applied energy. For eolian silt samples , no signif
icant reduction in optimum moisture content was achieved by increasing the 
compactive effort. There was a greater increase in dry density between the 
standard (12,400 ft-lb/ft3

) tests and the 15-blow modified (33,800 ft-lb/ft3
) 

tests than there was between the 15-blow mod i fied tests and the modified 
(56,300 ft-lb/ft3

) tests. The improvement in density between the 15-blow 
modified tests and the modified tests is not large enough to be statistically 
significant (at the 5% level) . From these results , it is inferred that bulk 
density of McGee Ranch soils can be improved to some limit by increasing the 
compactive effort. Beyond this limit , the benefit of supplying additional 
energy to the soil is negligible. This limit appears to be reached somewhere 
between about 30,000 and 50,000 ft-lb / ft3

. 

6.0 HYDRAULIC CONDUCTIVITY TESTS ON COMPACTED SAMPLES 

After moisture-density testing was completed , saturated hydraulic 
conductivity tests were conducted on bulk samples of fine-textured soil. 
Samples were compacted at or close to the maximum density and optimum moisture 
content conditions identified previously for three compactive effort 
conditions (i.e., standard effort , modified effort, and 15-blow modified 
test). Hydraulic conductiv i ty was de te rmined by t he fall i ng head method in 
conformance wi t h procedure GEL-09 , Hydraulic Conductivi ty of Soils Using Fixed 
Wa ll Permeamet ers (WHC 1991). The falling head method was specified fo r these 
tests because measur ed val ues of less than 10-5 cm/sec wer e expected . Samples 
were tested i n the 0.0333- f t 3 compaction t est mol ds descr i bed in procedure 
GEL-16 (WHC 1991) and ASTM methods D 698- 91 and D 1557- 91 . 

9 
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Three bulk samples (from the following i ntervals : 0 to 5 ft, 5 to 
15 ft , and 15 to 25 ft) we re te sted from fo ur separ at e bor i ng s (P- III - A-1 , 
P-III-8-2 , P-III-C-3 , P- 111-0- 4). Conducti vity testing was conducted on each 
bulk sample at three compact i ve effo r t val ues . A t ot al of 36 hydraulic 
conductivity tests were performed. 

Results are summarized in Tables 9 and 10, Figure 14, and Figure 15 . 
The box-and-whisker plot in Figure 14 indicates that nearly identical results 
(0.02 to 3. 44 ~ 10-6 cm/sec) were obtained for all sample groups, sample 
intervals and compactive efforts except one (eolian silt:O to 5 ft:standard 
compactive effort) . The variability in results for the eolian silt : standard 
effort group was significantly larger compared to results from the other 
groups, due in part to one measured value of 2. 18 x 10-5 cm/sec . 

Preliminary values for saturated hydraulic conductivity of compacted 
samples of McGee Ranch soil ranging from 3.0 x 10·7 to 1.6 x 10·6 cm/sec had 
been reported earlier (DOE-RL 1990 , Appendix 78). Samples for the previous 
tests consisted of Touchet Beds sediment s , and were collected from McGee Pit, 
which is located to the south and east of the NRDWL reserve . The new results 
are consistent with the older data generally. Two of the three previous tests 
were conducted on samples subjected to lower compactive efforts than any of 
the tests described in this report . 
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Figure 1. Site Map of the NRDWL Reserve at McGee Ranch 
with Locat i ons of the 13 Boreholes . 
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Figure 2. Box and Whisker Plots - Spec i fic Grav ity of Sol i ds . 
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Figure 3. 95% Confidence Intervals - Specif i c Gravity of Solids . 
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Figure 4. Textural Classification of Eolian Silt Samples 
Using USDA Chart. 

• Individual sample results from 
particle size determinations 
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Figure 5. Textural Classification of Upper Touchet 
Beds Samples Using USDA Chart. 

• Individual sample results from 
particle size determinations 
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Figure 6. Textural Classification of Lower Touchet 
Beds Samples Using USDA Chart. 

• Individual sample results from 
particle size determinations 
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Figure 7. Moisture Density Relations for McGee Ranch Silt Loam Soil 
(Standard Compactive Effort) . 
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Figure 8. Moisture Density Relations for McGee Ranch Silt Loam Soil 
(Modified Compactive Effort) . 
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Figure 9. Moisture Density Relations for McGee Ranch Silt Loam Soil 
(15-Blow Compactive Effort) . 
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Figure 10. Box and Whisker Plots - Maximum Dry Density. 
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Box and Whisker Plots - Optimum Moisture Content . 
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Box and Whisker Plots - Hydraulic Conductivity. 
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HEIS Sample No . 

Eolian Silt 
807GYS 
807GY8 
807GZ1 
807GZ4 
807GZ7 
807HOO 
807H03 
807H06 
807H09 
807Hl2 
807Hl5 
807Hl8 
807H21 

Upper Touchet Beds 
807GY6 
807GY9 
807GZ2 
807GZ5 
807GZ8 
807H01 
807H04 
807H07 
807Hl0 
807Hl3 
807Hl6 
807Hl9 
807H22 

Lower Touchet Beds 
807GY7 
807GZO 
B07GZ3 
807GZ6 
807GZ9 
807H02 
807H05 
807H08 
807Hll 
807Hl4 
807Hl7 
807H20 
B07H23 

WHC-SD-EN-TI-218 , Rev . 0 

Table 1. Specif i c Gr avi t y (Gs) Da t a . 

Descri ption / Locati on Gs 

P-II-1: - O to 2 ft 2. 70 
P-II-2: II 2. 52 
P-II-3: II 2. 76 
P-II-4: II 2.58 
P-II-5: II 2. 67 
P-II-6: II 2.69 
P-II-7: II 2.80 
P-II-8: II 2. 73 
P-II-9: 0 to 2 ft 2. 74 
P-III - A-1: 0 to 5 f t 2. 80 
P-III-B-2 : II 2.86 
P-III-C-3: II 2.61 
P-III-D- 4: 0 t o 5 ft 2. 73 

P-II-1 : 8 to 10 ft 2. 52 
P-II-2 : 6 to 8 ft 2. 67 
P- II-3 : 9 to 11 ft 2. 66 
P-I I-4: . 6 to 8 ft 2. 63 
P- II-5 : 9 to 11 ft 2. 67 
P-II-6 : 5 to 7 ft 2.69 
P- II-7 : 8 to 10 ft 2. 72 
P-II -8: 9 to 11 ft 2. 69 

·P-II - 9: 9 to 11 ft 2. 72 
P-III - A- 1: 5 to 15 f t 2. 69 
P-III-B-2 : II 2.68 
P-III-C- 3: II 2. 70 
P-III - D.:..4 : 5 to 15 ft 2. 66 

P-II-1 : 18 .5 to 20 .5 ft 2. 69 
P-II-2 : 14 to 16 ft 2.67 
P-I I-3: 19 to 21 ft 2. 66 
P-II-4: 16 to 18 ft 2. 65 
P-II-5: 21 t o 23 ft 2.65 
P-II-6: - 19 to 21 ft 2. 63 
P-II-7: 24 to 26 ft 2. 68 
P-II-8: 14 to 16 ft 2. 68 
P-II-9: 21 to 23 ft 2. 71 
P-I II-A-1: 15 to 25 ft 2. 71 
P-III-B-2: II 2. 68 
P-I II-C-3: II 2.67 
P-III-D-4: 15 to 25 ft 2. 73 

22 
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Table 2. Summary St at is t i cs for Speci f i c Gr avity Da t a. 

Geologic Unit Mean Median St andard Mi ni mum Maximum (No. of Samples) Deviat i on 

Eo li an Silt 2. 71 2. 73 0.095 2. 52 2.86 
(13) 

Upper 2. 67 2.68 0.051 2.52 2.72 
Touchet Beds 

(13) 

Lower 2.68 2. 68 0. 028 2.63 2. 73 
Touchet Beds 

(13) 

Combined 2.68 2.68 0.065 2. 52 2.86 
(39) 

Tabl e 3. Nonparametric Confidence Intervals for the 
Common Median Specific Gravity . 

Level of Confidence Confidence Limits 

80% 2. 67 , 2.69 

90% 2.67 , 2.69 

95% - 2.67 , 2.70 

99% 2. 67 , 2.71 
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Table 4. Particle Size Distribution Data. 

Geologic Unit, 
Part i cle Si ze Fracti ons 

HEIS Sample No . 
Sand , % Silt, % 

Eolian Silt 
B07GY5 48.0 51. 2 
B07GY8 42 . 7 55.3 
B07GZ1 40.9 55.4 
B07GZ4 29 .3 65.5 
B07GZ7 29 .7 66.2 
B07H00 37.5 61. 4 
B07H03 43 . 1 54 . 7 
B07H06 36 .9 60 . 7 
B07H09 34.2 60.0 
B07Hl2 17.3 78 .9 
B07Hl5 25.6 68.2 
B07Hl8 26.0 71.1 
B07H21 19 .6 77. 7 

Upper Touchet Beds 
B07GY6 14 .3 77 .8 
B07GY9 16 . 7 75 . 4 
B07GZ2 20 .0 72 .4 
B07GZ5 17 . 2 76 . 1 
B07GZ8 13.9 80 . 1 
B07H01 20.6 78.1 
B07H04 31. 2 64.0 
B07H07 20.5 75 . 4 
B07Hl0 15.8 75.7 
B07Hl3 21. 5 68.3 
B07Hl6 11. 8 81. 6 
B07H19 12.7 80 . 1 
B07H22 17.6 74 .3 

Lower Touchet Beds 
B07GY7 43.6 52.4 
B07GZ0 59.9 37 .9 
B07GZ3 24 .7 68 .9 
B07GZ6 5. 5 87 . 7 
B07GZ9 23.7 70.1 
B07H02 17.9 75.8 
B07H05 11. 2 79.9 
B07H08 23 . 2 70.1 
B07Hll 23.6 68.2 
B07Hl4 17.5 69.0 
B07Hl7 13.2 73.2 
B07H20 22.2 70 .0 
B07H23 19.7 73 .3 
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-

Clay, % 

0.8 
2.0 
3 . 7 
5. 2 
4. 1 
1.1 
2. 2 
2. 4 
5.8 
3 .8 
6.2 
2.9 
2.7 

7.9 
7.9 
7.6 
6. 7 
6. 0 
1.3 
4.8 
4 . 1 
8.5 
10.2 
6.6 
7.2 
8 . 1 

4.0 
2.2 
6. 4 
6.8 
6. 2 
6 .3 
8 . 9 
6. 7 
8.2 
13 . 5 
13.6 
7.8 
7.0 
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Table 5. Summary Statistics for Particle Size Da t a. 

Geo l ogic Standard Min i mum, Unit Mean , % Median , % Deviation , 
% % 

Eolian Silt 
Sand 33.1 34.2 9.46 17.3 
Silt 63 .6 61. 4 8.74 51. 2 

Clay 3.3 2.9 1. 70 0.8 

Upper 
Touchet Beds 

Sand 18.0 17.2 5.07 11.8 
Silt 75 .3 75.7 4.89 64.0 
Clay 6.7 7.2 2.26 1. 3 

Lower 
Touchet Beds: 

Sand 23.5 22.2 14.13 5. 5 
Silt 69.0 70 . 1 12 . 24 37.9 
Clay 7.5 6.8 3 . 19 2. 2 

25 

Maximum , 
% 

48 . 0 
78.9 
6. 2 

31. 2 
81.6 
10.2 

59.9 
87 . 7 
13.6 
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HEIS 
Sample No. 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

WHC-SD-EN- TI - 218 , Rev . 0 

Table 6. Compact i on Te st Results . 

Geol ogic Compacti ve Maximum Dry 3 
Opti mum 

Descr ipt ion/ loca tion Unit Effort Dens i ty, lb/ft Mo is tu re 
Cont ent, % 

P· III·A· 1 0 to 5 ft Eol i an Si lt Standard 93 . 25 20 . 00 
P· III-B·2 II 104.25 17. 70 
P·lll·C·3 II 106. 80 14 . 00 
P·I II·C-4 0 to 5 ft 95 .00 21.60 

P·lll·A·1 5 to 15 ft Upper Standard 109.00 16 . 50 
P-III-B·2 II Touchet 105.00 16 . 70 
P-III-C · 3 II Beds 107. 70 17.00 
P·lll·D -4 5 to 15 ft 108 . 20 15 . 40 

P· I I I-A-1 15 to 25 f t Lower St andard 108. 50 15.50 
P· lll·B·2 II Touchet 108.40 15.90 
P· III·C·3 II Beds 109.20 15 . 90 
P·III·D · 4 15 to 25 ft 118.00 15.70 

P·III·A·1 0 to 5 f t Eo lian Sil t 15-Blow 98.50 18 . 25 
P·III·B·2 II 108. 00 16.50 
P·lll·C · 3 II 112.60 14 . 00 
P·III·D·4 0 to 5 ft 101.60 19.40 

P· III·A·1 5 to 15 ft Upper 15-B low 114 . 00 14.60 
P·lll·B·2 II Touchet 111.80 15.20 
P·III·C·3 II Beds 114.20 14.60 
P·lll·D·4 5 to 15 ft 112.80 15 . 00 

P·l l l·A· 1 15 to 25 ft Lower 15-Blow 114 .50 14 . 25 
P· Ill · B· 2 II Touchet 11 5.20 14. 00 
P-IIl·C·3 II Beds 116.40 14 . 00 
P·lll·D·4 15 t o 25 ft 114 . 50 13 . 50 

P·III · A·1 0 to 5 ft Eolian Silt Modifi ed 102.25 20.00 
P·III·B·2 II 109.50 18.00 
P· IIl · C· 3 II 115.20 14.50 
P·III · D· 4 0 to 5 ft 102.20 20 . 00 

P·III -A- 1 5 to 15 f t Upper Mod ified 114.00 13.25 
P· I I I·B·2 II Touchet 114.00 14.40 
P-III · C· 3 II Beds 115.30 14 . 10 
P· lll·D · 4 5 to 15 f t 114.60 13 . 40 

P· III·A· 1 15 to 25 ft Lower Modif i ed 115.30 14.50 
P·lll·B· 2 II Toughet 116.30 14.00 
P·lll·C· 3 II Beds 117.40 12.80 
P·I I l·D·4 15 to 25 f t 114.00 12.25 
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Table 7. Summary Statistics for Maximum Dry Density Data. 

Description 
(Geologic No. of 

Unita/Compactive 
Effortb) · 

Samples 

ES/Standard 4 

UTB/Standard 4 

LTB/Standard 4 

ES/15-Blow 4 

UTB/15-Blow 4 

LTB/15-Blow 4 

ES/Modified 4 

UTB/Modified 4 

LTB/Modified 4 

aES = Eolian Silt 
UTB = Upper Touchet Beds 
LTB = Lower Touchet Beds 

Mean , 
l b/ft3 

99.82 

107.48 

111.02 

105 .18 

113. 20 

115.32 

107.29 

114 . 48 

115. 75 

bsiandard = standard compactive effort test. 

Median, 
l b/ft3 

99.62 

107.95 

108.85 

104.80 

113. 40 

115. 20 

105.88 

114.30 

115 .80 

15-Blow = 15-blow modified test (variation of modified 
compactive effort test). 

Modified= modified compactive effort test 

27 

Standard 
Deviation, 

l b/ft3 

6.70 

1. 73 

4. 66 

6.34 

1.12 

0.79 

6.29 

0.62 

1.45 
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Table 8. Summary Statistics . for Optimum Moisture Content Data. 

Description 
(Geologic No. of Standard Mean , % Median ,% Unita/Compactive Samples Deviation , 
Effortb) 

ES/Standard 4 

UTB/Standard 4 

LTB/Standard 4 

ES/15-Blow 4 

UTB/15-Blow 4 

LTB/15-Blow 4 

ES/Modified 4 

UTB/Modifi ed 4 

LTB/Modified 4 

aES = Eolian Silt 
UTB = Upper Touchet Beds 
LTB = Lower Touchet Beds 

18.32 

16.40 

15.75 

17 .04 

14 .85 

13.94 

18 .12 

13°. 79 

13.39 

bstandard = standard compactive effort test. 

18.85 

16.60 

15.80 

17.38 

14 .80 

14 

19 

13.75 

13 . 40 

15-Blow = 15-blow modified test (variation of modified 
compactive effort test) . 

Modified= modified compactive effort test. 

28 

3 . 30 

0. 70 

0 .19 

2.35 

0.30 

0. 31 

2.59 

0.55 

1.04 

% 



,t -
...... ;:: 
s-

HEIS Samp le 
No. 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

B07H12 
B07H15 
B07H18 
B07H21 

B07H13 
B07H16 
B07H19 
B07H22 

B07H14 
B07H17 
B07H20 
B07H23 

WHC-SD-EN-TI - 218 , Rev. 0 

Table 9. Hyd raul ic Conductivity Test Results . 

Description/Location Geologic Uni t Compactive Hydraulic 
Ef fo r t Conductivity, cm/s 

P-11 1-A - 1 0 t o 5 ft Eo lian Si l t Standard 2. 18E -05 
P-111 -B-2 II 2.83E -06 
P-111 -C-3 II 5.36E-06 
P-111-C-4 0 to 5 ft 5.09E-06 

P-111 -A-1 5 to 15 ft Upper Touchet Standard 5. 54E -07 
P-111-B-2 II Beds 2.51E -06 
P-III-C-3 II 7.21E -07 
P- III-D- 4 5 to 15 ft 2. 10E -06 

P-111-A-1 15 to 25 ft Lower Touchet Standard 1.23E -06 
P-III·B-2 II Beds 8.40E-08 
P-111 -C-3 II 3.52E-07 
P- III -D-4 15 t o 25 ft 3 . 29E-06 

P-111-A- 1 0 to 5 f t Eolian Silt 15-B l ow 3.44E-06 
P-111 -B-2 II 8. 68E -07 
P-III-C-3 II 8.39E-07 
P-III-D-4 0 to 5 ft 1.99E-06 

P- 111-A-1 5 to 15 f t Upper Touchet 15-Blow 4.97E-07 
P- III-B-2 II Beds 1 .38E-06 
P- III-C-3 II 1.83E-07 
P-111 -D-4 5 to 15 f t 8.40E-07 

P-III-A-1 15 to 25 ft Lower Touchet 15-Blow 3.78E-07 
P-III -B-2 II Beds 2.19E-08 
P-III -C-3 II 1.83E 0 07 
P- 11 1-D-4 15 to 25 ft 8.40E-07 

P-II I- A- 1 0 to 5 f t Eolian Silt Mod ifi ed 2.14E-06 
P- II I -B- 2 II 7.90E-07 
P- II I ·C-3 II 1.07E-06 
P-III · D-4 0 t o 5 ft 1. 52E-08 

P- III -A-1 5 to 15 ft Upper Touch et Modif i ed 1.85E-07 
P-111-B-2 II Beds 1.35E-06 
P-III -C-3 II 1.98E-07 
P-III-D-4 5 to 15 f t 8.27E-07 

P- 111 -A- 1 15 to 25 f t Lower Toughet Mod ifi ed 5. 97E-07 
P- III -B-2 II Beds 2. 62E-08 
P- III -C-3 II 8.14E-08 
P- III -D-4 15 to 25 f t 1.56E-06 

29 
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Table 10 . Summary Statistics fo r Hydraul ic Conductiv i ty Data . 

Description 
(Geologic No. of 

Unita/Compactive 
Effortb) 

Samples 

ES/Standard 4 

UTB/Standard 4 

LTB/Standard 4 

ES/15-Blow 4 

UTB/15-Blow 4 

LTB/15-Blow 4 

ES/Modified 4 

UTB/Modified 4 

L TB/Modified 4 

aES = Eolian Silt 
UTB = Upper Touchet Beds 
LTB = Lower Touchet Beds 

Mean , cm/ s 

8.77E-6 

1. 47E-6 

l.24E-6 

1. 78E-6 

8.69E-7 

3. 56E- 7 

l.OOE-6 

6.40E- 7 

5.66E-7 

bstandard = standard compact i ve ef fort test . 

Median , 
cm/s 

5. 22E-6 

l.41E-6 

7.91E-7 

l.43E-6 

7. 99E- 7 

2.80E-7 

9.30E-7 

5. 12E- 7 

3.39E- 7 

15-Blow = 15-blow modified test (variation of modified 
compactive effort test) . 

Modified= modified compactive effort test. 

30 

St andard 
Deviation , 

cm/s 

8 . 76E- 6 

9.80E- 7 

1. 45E- 6 

l . 23E- 6 

4.08E-7 

3.54E-7 

8.79E-7 

5.60E-7 

7. llE- 7 
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Figure A-1. McGee Ranch Boreholes (NRDWL) Survey Data Report. 

KAISER ENGINEERS ' Reouest No . 

HANFORD SU RV EY DA TA REPORT .-
-:- i 9 I .3 · 11 1- 1 o I 2 I 4 

Project/ W.0. No. I Title Fil e No. .. l 13. 12 1 5 l-i'o o I l McGEE RANCH BORE HOLES ( NROWL) 
KEH Job No. I Prepared By Date Rev ie~ 

ER3487 R.L. Hackwith 11 /5/92 'j/. '7)-t..(_.,, l I l 
DESCRIPTION OF WORK ACCEPTABIL ITY DISTAi SUTION 

{Within Plan Tolerance) 
Survey File I UR Horizontal and vertical location of Yes (X] F ield Project File I --c,.. .. ,. hr, 1 ,.,. No • 0. Hoff I 1 

NA • I 
TSO by I 

I 
Reciues tor 17 

I 
SU RVEY RESU LTS ,,_N O COMM ENTS 

-·- BORE NO. N. (NAO' 83 E.(NA0'83 I ELEV. 
MTRS) MTRS) LATITUDE LONGITUDE NGVD'29 

PII-1 139359.976 558327.371 46:35'04.57751 119:44'20.04312 818.4 

PII-2 139299.242 558324.886 46:35'02.61134 119:44'20.18738 812.6 

PII-3 139299.125 558264.251 46:35'02.62647 119:44'23.03559 815.8 

.PI I-4 139297.947 558204.149 46: 35 '.02 . 60710 119: 44 I 25 • 85924 809.9 

PII-5 139359 . 209 558205.479 46:35 ' 04.59073 119:44'25.76904 819.3 

PI I-6 139419.662 558207.958 46 :35' 06. 54777 119:44'25.62528 825.6 

PI I-7 139420.669 558268 .345 46:35'06.56155 119:44'22.78825 828.8 

PI I-8 139421.493 558329.873 46 :35 ' 06.56904 119: 44 I 19 .89772 822.2 

PI I-9 139360.062 558266.614 I 46 :35'04.59921 199:44'22.89699 825.1 

PIII-A-1 139390.858 558237 .806 I 46 :35 ' 05.60561 119:44'24.23623 825.0 

PIII-8-2 139388.592 558297.748 46:35 ' 05.51353 119:44'21.42161 825.2 

PIII-C-3 139328.332 558233.699 46:35 ' 03.58192 119:44'24.45744 819.9 

PIII-0-4 139329. 3942 558297 .0146 46:35'03.59656 119 :44 I 21 ,48290 822 .7 

Pll ·6 ?l ! ·7 Pl I ·6 

Plll·A· 1 Plll·S·2 

Pl 1·5 Pll·9 Pll·1 

Pl II ·C·3 Pl 11·0 ·4 

P11·4 p !l · 3 Pl I ·2 

BORE HOLE SITE 

ltEH•1S9. 1 (15, 841 
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APPENDIX B 

SUMMARY LOGS FOR PHASE II BORINGS 
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BOREHOLE P-II-1 (POSITION 3,2) 

Depth, ft Descri ption 

0 to 3 Silt loam: dark gray brown (2 .5 Y 4/2) in upper 0. 7 ft 
(root zone), light yellow brown (2.5 Y 6/3) below; massive 
to blocky structure; eolian origin. Vigorous reaction to 
HCl below root zone; limonite staining associated with zones 
of heaviest carbonate accumulation. 

3 to 13 

13 to 26 

26 to 34 

Alternating silt loam and very fine sandy loam: light 
yellow brown (2.5 Y 6/3) to light gray (2.5 Y 7/2); con
sisting of laminated and thin-bedded sand and silt units; 
some sand-silt pairs represent individual upward- fining 
sequences. This interval corresponds to the upper part of 
the Touchet Beds . At this location , the Touchet Beds can be 
divided into an upper part , which appears to be predomin
antly silty , and a lower part , which appears to be predomin
antly sandy. Reaction to HCl is vigorous throughout 
(strongest in silts). 

Alternating silt loam , silty sand and sandy loam: colors 
and structures as above . This interval corresponds to the 
lower part of the Touchet Beds. 

Sand , silty sand , and gravelly s~nd , with extensive 
carbonate (caliche) cementation: pinki sh gray color. 
Gravels are pebble-sized basalt clasts. This interval is 
interpreted to be the top of the Ringold Formation , which 
exhibits a well-developed paleosol . 

B-3 
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BOREHOLE P-II-2 (POSITION 3,3) 

Depth. f t Descr i pt ion 

0 to 5.5 Silt loam: pale yellow (2.5 Y 7/3) ; massive to tabular 
structure; eolian origin . Strong reaction to HCl 
throughout ; carbonate stringers infi lling burrows and/or 
root casts . 

5. 5 to 14.5 Silt loam and very fine sandy loam: dull yellow (2.5 Y 6/3) 
to light yellow (2 . 5 Y 7/3); consisting of laminated and 
thin-bedded, alternating silt and sand units . Individual 
beds average 0.3 to 1. 5 ft thick; laminations within beds 
are 3 to 4 mm thick. Several elastic dikes , infilled with 
fine sand , occur betwen 8 and 10 ft. At this location , the 
Touchet Beds can be divided into an upper part, which 
appears to be predominantly silty , and a lower part , which 
exhibits increased sand content. This interval corresponds 
to the upper part of the Touchet Beds. 

14.5 to 25.3 Si lt loam, silty sand and sandy loam: colors and 
stratification as above. This interval corresponds to the 
lower part of the Touchet Beds. Sands are more numerous and 
coarser than above , ranging from very fine to medium 
grained. 

25 .3 Cemented sand and gravelly sand ; heavy carbonate (cal i che) 
cemen t ati on. Gr avels ar e basalt clasts . Th i s horizon i s 
interpreted as the paleosol at the top of the Ringold 
Formation. 

8-4 
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BOREHOLE P-11-3 (POSITION 2,3) 

Depth. ft Description 

Oto 4 Silt loam: pale yellow (2.5 Y 7/3); with root zone in 
uppermost 0.5 ft. Vigorous reaction to HCl throughout. 

4 to 14.2 Alternating silt loam and very fine sandy loam, moist: 
light olive brown (2.5 Y 5/3) to olive gray (2.5 Y 4/3); 
interval consists of laminated and thin-bedded sands and 
silts; some sand-silt pairs represent individual upward
fining sequences. This interval corresponds to the upper 
part of the Touchet Beds. At this location, the Touchet 
Beds can be divided into an upper part, which appears to be 
predominantly silty, and a lower part, which appears to be 
predominantly sandy. Vigorous reaction to HCl throughout . 

14.2 to 27.8 Alternating silt loam, sandy loam and silty sand: colors 
and structures as above. This interval corresponds to the 
lower part of the Touchet Beds. 

27.8 Gravel with carbonate (caliche) cementation; this horizon 
is interpreted as ~he paleosol marking the top of the 
Ringold Formation. 

B-5 
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BOREHOLE P-II-4 (POSITION 1, 3) 

Depth. ft Description 

Oto 3.9 Silt loam: l ight yellow brown (2 .5 Y 6/3), changing to pale 
yellow (2.5 Y 7.3) near the bottom; root zone and organic 
matter present in uppermost 6 in. ; eolian origin . Moderate 
to vigorous reaction to HCl throughout, increasing with 
depth. 

3.9 to 10 Alternating silt loam and very fine sandy loam: pale yellow 
(2.5 Y 7/3) and light yellow brown (2 . 5 Y 6/3); made up of 
laminated and thin-bedded sands and silts . At this loca
tion, the Touchet Beds are divisible into a silty upper part 
and a sandy l ower part . This is the upper Touchet Beds 
interval. Vigorous reaction to HCl throughout . 

10 to 26.5 Alternating silt loam , silty sand and sandy loam: colors and 
structures as above. Lowest 1.0 ft is a single bed of 
clean, very fine sand. This is the lower Touchet Beds 
interval. Moderate to strong reaction to HCl throughout . 

26.5 Sand and gravelly sand , with heavy carbonate (caliche) 
cementation. This horizon is interpreted as tha top of the 
Ringold Formation . Pinkish white or gray color (logged as 
7.5 YR 8/2). 

8- 6 
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BOREHOLE P-II-5 (POSITION 1,2) 

Depth. ft Description 

Oto 5 Silt loam: pale yellow (2.5 Y 7/3), with root zone in upper 
0.5 ft; massive structure, lacking internal stratification; 
eolian origin. Vigorous reaction to HCl. 

5 to 29 

29 

Alternating silt loam and very fine sandy loam: colors 
under moist conditions are light olive brown (2.5 Y 5/3) to 
olive gray (2.5 Y 4/3); consisting of laminated and thin
bedded sands and silts; some sand-silt pairs represent 
individual upward-fining sequences. This interval 
corresponds to the Touchet Beds. At this location, the 
lower part of the Touchet Beds is not notably sandier than 
the upper part. Strong reaction to HCl throughout . 

Sand and gravelly sand, with extensive carbonate (caliche) 
cementation: gravels are pebble-sized basalt clasts. This 
horizon is interpreted as the paleosol at the top of the 
Ringold Formation. 

B-7 
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BOREHOLE P-II-6 (POSITION 1,1) 

Depth. ft Description 

Oto 5 Silt loam: light olive brown (2.5 Y 5/3), grading lower to 
pale yellow (2.5 Y 7/3), with root zone and accumulated 
organic matter in upper 0.7'; massive structure, lacking 
internal stratification; eolian origin. Vigorous reaction 
to HCl throughout. · 

5 to 26 Alternating silt loam and very fine sandy loam: dry colors 
are light yellow brown (2.5 Y 6/3) to pale yellow (2 . 5 Y 
7/3), olive brown when wet; consisting of laminated and 

26 

thin-bedded sands and silts; some sand-silt pairs represent 
individual upward-fining sequences. This interval corres
ponds to the Touchet Beds. At this location, the lower part 
of the Touchet Beds is not notably sandier than the upper 
part. Strong reaction to HCl throughout. 

Sand and basalt pebbles, with extensive carbonate (caliche) 
cementation: caliche is pinkish white . This horizon is 
interpreted as the paleosol at the top of the Ringold 
Formation. 

B-8 
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BOREHOLE P-II-7 (POSITION 2,1) 

Dept h. ft Descr ipti on 

Oto 4.2 Silt loam: light olive brown (2 . 5 Y 5/3) , grading lower to 
light gray (2 . 5 Y 7/2), with root zone and organic matter in 
upper 0.6 ft; massive structure, lacks internal stratifica
tion; eolian origin. Vigorous reaction to HCl throughout; 
interval contains numerous thin lenses with elevated 
carbonate content. 

4.2 to 28.3 Alternating silt loam and very fine sandy loam: light olive 
brown (2.5 Y 5/3) to light yellow brown (2 . 5 Y 6/3) - moist; 
consisting of laminated and thin-bedded sands and silts; 
some sand-silt pairs represent individual upward-fining 
sequences; elastic dike between about 8 and 9.5 ft. This 
interval corresponds to the Touchet Beds. At this location, 
there is no significant difference in grain size or sand 
content between the upper and lower parts of the Touchet 
Beds interval. Strong reaction to HCl throughout . 

28.3 Sand and basalt pebbles, with extensive carbonate (caliche) 
cementation. This horizon is interpreted as the p~leosol at 
the top of the Ringold Formation. 

8-9 



• -

WHC-SD-EN-TI-218, Rev . 0 

BOREHOLE P-II-8 (POSITION 3,1) 

Depth, ft Description 

0 to 4 Silt loam: pale yellow (2.5 Y 7/3); with root zone and 
organic matter in upper part; massive structure ; eolian 
origin. Vigorous reaction to HCl throughout. 

4 to 24.8 Alternating silt loam and very fine sandy loam: light olive 
brown (2.5 Y 5/3) to pale yellow (2.5 Y 7/3) - dry; 
consisting of laminated and thin-bedded sands and silts. 
This interval corresponds to the Touchet Beds. At this 
location, there is no significant difference in grain size 
or sand content between the upper and lower parts of the 
Touchet Beds interval. Strong reaction to HCl throughout. 

24.8 Sand and basalt pebbles , with extensive carbonate (caliche) 
cementation. This horizon is interpreted as the paleosol at 
the top of the Ringold Formation. 
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BOREHOLE P-II-9 (POSITION 2,2) 

Depth , ft Descr i pt ion 

Oto 4 Silt loam with small pebbles: pale yellow (2 .5 Y 7/3); with 
root zone and organic matter in upper 0.6 ft; no apparent 
structure; predominantly eolian origin, possibly containing 
some colluvial material. 

4 to 30.7 Alternating silt loam and very fine sandy loam : light olive 
brown (2.5 Y 5/3) to pale yellow (2.5 Y 7/3); consisting of 
laminated and thin-bedded sands and silts; elastic dikes 
occur between 14 to 16 ft and 19 to 21 ft. Isolated basalt 
pebbles occur at about 25.3 ft. This interval corresponds 
to the Touchet Beds. At this location, there is no 

· significant difference in grain size or sand content between 
the upper and lower parts of the Touchet Beds interval. 
Strong reaction to HCl throughout. 

30.7 Sand and basalt pebbles, with extensive carbonate (caliche) 
cementation. · This horizon is interpreted as the paleosol at 
the top of the Ringold Formation. 

8-11 
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APPENDIX C 

MOISTURE-DENSITY RELATIONS 

The graphs contained in this appendix represent the moisture-density 
relationships as determined for individual samples. Each sample is identified 
by its unique HEIS number at the lower left corner of the page. Three 
separate tests wereconducted on each sample: 

• standard 
• modified 
• 15-blow modified . 

A thorough explanation of the tests is presented in Section 5.0 of this 
report. 
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Figure C-1 . Moisture-Density Relation s, McGee Ranch Silt Loam , 
P-III -A-1, 0- to 5- Ft Interv al . 
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Figure C-2. Moisture-Density Relat ions, McGee Ranch Silt Loam, 
P-III-A-1 , 5- to 15-Ft Interval. 

130.-----------------.------------------, 

120 

-..... 0 
0 -0 
.0 
:l 
0 

ci> 110 
a. 
fl) 

"C 
C: 
::s 
0 
a. -..... 
.c 
Cl ·- 100 Q) 

;: 
:!::: 
C: 

::> 
>-
'-
Q 

90 

~ 
'o 
-t-,.. 
: 'o. 

• • • ' - - • , • - • ., - • - ., • - - • ,. - - - ,. - • • r - - • • ~ ' - • • , • • • ., - • • •, - • 

~ ' ' ' ' 

+ 

+ : 

a 
~ 
' J,.. ' 
' (5) .' 

/"A · ',>IP, 

~ .·~ . ~ 

- • • .. • • • ... • • • • 1 • • • • I • • • • I• • • • +• • • • t• • • • ,- • • • 't • • • ... • • • •o • • • • t • • 

legend 

+: Standard * Modified : • 1 S~Blow :Modified 

80........__......_._......._.._._...._._......_.__._.._._......_._........._._._..._._......_._......._._._..._._....._.__,_._._...._._--'-'--'-J.......L.--'-l.--'-J......j,_..J.......1....J.......J'----l 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Moisture Content (%) 

C-4 



i:--J --oc;: .... 
~ 0 

0 • -- 0 
~ 
('...! .0 
~ ::::, 
llllili'~~ 0 
~ 
~ . "' "C 

C 
::::::, 
0 
a. -.... 
.c 
C> 
Q) 

~ 
~ 
C 

::::> 
>-L.. 

C 

WHC-SD-EN-Tl-218 , Rev. O 

Figure C-3. Moisture-Density Relat ions, McGee Ranch Si lt Loam, 
P-111-A-l, 15- to 25- Ft Interval. 
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Figure C-4. Moisture-Density Relations, McGee Ranch Silt Loam, 
P-1 11-B-2 , 0- to 5-Ft Interval . 
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Figure C-5 . Moisture-Density Relations, McGee Ranch Silt Loam, 
P-111-8-2 , 5- to 15-Ft Interval. 
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Figure C-6 . Moisture-Dens i ty Relations , McGee Ranch Silt Loam , 
P-III-B-2 , 15- t o 25- Ft Inte rv al. 
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Figure C-7. Moisture-Density Relations , McGee Ranch Silt Loam, 
P-III-C-3 , 0- to 5-Ft Interval . 
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Figure C-8. Moisture-Density Relations, McGee Ranch Silt Loam, 
P-III-C-3 , 5- to 15-Ft Interval. 
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Fi gur e C- 9. Moisture-Density Relations , McGee Ranch Silt Loam , 
P-111-C-3 , 15- to 25- Ft Int erval. 
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Figure C-10. Moisture-Density Relations , McGee Ranch Silt Loam , 
P-III-0-4 , 0- to 5-Ft Interval. 

130~-----------~---------------~ 

~ : ,.., ' 
0 , 

120 
~-',.. 

- - - • • • - , • - • -, - • • • , - • - - • - - - • •• • - - r • - , -'o : • • --, --- •• • • -. ' --
'(>.: ' ' ' . 

u' ' ' ' . 

~ . ,..t-
(9 

IQ,' 
u'~ 
~ ' -~ . 

ci> 11 o . ~ · 
- - - .. - - - ... - - - -, - - - -' - - - - ' - - - - ,- - - - ,- - - - ,. - - - .. - - - ., - - - .. - - - -. - -

~ 

en 
"'C 
C 
::, 
0 
~ --.c 
C> ·- 100 Q) 

~ -C 
::::, 
>-... 
0 

•• 90 - - - · · - - , - - - -, - · · · · - - - -· - - - - · - - ,- - - - , - - - · - - - , - - - ., - - - -· - -

Legend 

: + Standard * Modified • : 15-Blow Modified 
ao...__._~~~...._.__._.__._...__._ ............ _.__.__._.........___,___,__.....__,__._,,_,__,___,__.....__,__._,._,_..L..J....J_L..L....L..,,L---'--JL...L....J.....L....L.J.___J 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Moisture Content (%) 

C-12 



· c=,; 
.a-, 

N-:1; 

it - · ~ 
~ 
I'--,~ 
•i;.~;-
::?~ 
Qi'-,.. 

--0 
0 -0 
.c 

:::::, 
0 ... 
Q) 
a. 
en 

"C 
C 
::::, 
0 a. --.c 

WHC-SD-EN-TI-218, Rev. 0 

Figure C-11. Moisture-Density Relations , McGee Ranch Silt Loam, 
P-111-0-4 , 5- t o 15-Ft Interval . 
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Figure C-12. Moisture-Density Relations, McGee Ranch Silt Loam, 
P-III-0-4 , 15- to 25-Ft Interval . 
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