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1.0 INTRODUCTION 

1. This report presents the Sealed Double Ring Infiltrometer (SDRI) test results and the 

geotechnical data associated with the construction of the test fill at the Kettleman Hills Facility 

(see Figure 1). The purposes of the test fill were to model placement and compaction 

procedures for the construction of the B-18 LandfUl clay liner/cap and to verify that these 

procedures will achieve the specified compaction and permeability criteria. 

2. The objective of the SDRI test is to evaluate the saturated, vertical permeability of the clay 

liner material to verify that it meets the specification for permeability of less than or equal to 

1 x 10.7 cm/sec and to assess if laboratory permeability values are comparable to field 

permeabilities. In this report, the terms permeability and hydraulic conductivity are used 

interchangeably. 

3. The methods used to construct the test fill including field and laboratory testing, are presented 

in Chapter 2.0. The design and installation of the infiltrometer are described in Chapter 3.0. 

The theory and data analyses are presented in Chapter 4.0. The results of the test, analyses 

and conclusions are presented in Chapter 5.0. References are included in Chapter 6.0. 

2.0 CONSTRUCTION OF THE TEST FILL 

1. The test fill was constructed between January 22 and February 1, 1991, at the location shown 

in Figure 2. The test fill plan, cross section, and detail are presented in Figure 3. 

2. Material used as fill consisted of on site clay hauled from the B-18 Clay Processing Area. 

Moisture conditioning in conjunction with weathering and particle size reduction were 

performed in the Clay Processing Area prior to hauling and placement. The procedures 

used for processing and construction of the test fill are considered similar to those that would 

be used for the B-18 Landfill. 

3. The clay was originally derived from the Stratum 18-8 (claystone) previously characterized 

during the design phase (see Section 3.5 of the Engineering and Design Report, Landfill 

Unit B-J8, August, 1990 [Environmental Solutions, Inc., 1990a]) as a suitable clay source for 

clay liner construction. 
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2.1 SUB GRADE PREPARATION 

1. The area within the test fill was initially cleared of vegetation and loose soil. The surrace soils 

were then graded to fonn a smooth, firm sub grade suIface. Finally, a drainage system 

consisting of goonet (Polynet 3(00) and a layer of geotextile (Trevira 1155) was placed over 

the subgrade as shown in Figure 3. 

2.2 EQUIPMENT 

1 . In order to simulate clay liner/cap construction conditions for Phases I and II and Final 

Closure, the test fIll was constructed using equipment similar to that which would be used 

during the B-18 LandfIll bottom and fmal closure liner/cap construction. The equipment used 

and their respective functions are listed in Table 1. 

2.3 CONSTRUCTION SEQUENCE 

1. Initially, a I-foot thick base lift of clay was placed and compacted to provide protection for the 

goonetlgeotextile drainage system. Then, each of the five lifts comprising the test fill was 

constructed according to the following steps: 

• Moisture conditioning, weathering, and particle size reduction were 
perronned in the B-18 Clay Processing Area to meet the revised 
specification from the Construction Specifications and Quality Assurance 
Plan, Landfill Unit B-18, Phases I and II, and Final Closure, which 
specifies the following: 

Moisture Content: Within the range defined by the area fonned by 
connecting the following points for the Modified Proctor Compaction 
curve: 
• 2 to 5 percent above the optimum moisture content for a density 

equal to 90 percent of the maximum Modified Proctor density. 
• 3 percent above the optimum moisture content at 97 percent of 

the maximum Modified Proctor density. 
• 1 percent above the optimum moisture content at 98 percent of 

the maximum Modified Proctor density. 

• This criterion, which allows a lower water content for higher compactive 
efforts, was established to: (1) assure that both the required strength and 
permeability characteristics are realized; and (2) provide flexibility for the 
contractor and CQA engineer to work with a range of water contents 
without having a clay which is either too wet or dry. This flexibility is 
desirable in hot, dry areas where exact water content is difficult to control. 
This specification is represented by the area designated as "Specified 
Window" in Figure 4. 

ENVIRONMENTAL SOLUTIONS 



• The moisture conditioned clay was hauled to the test fill area by a scraper 
and unloaded in loose lifts approximately 8 inches thick. A motor grader 
was utilized to smooth the uneven lifts and to maintain a 2 percent slope in 
the longitudinal direction. 

• After the entire test fill area was covered with a loose lift of clay, a 
Caterpillar 825C compactor made four passes for each lift. Compacted lift 
thicknesses were approximately 6 inches. Four passes were determined 
during the initial testing to achieve approximately the minimum specified 
density of 90 percent of Modified Proctor maximum dry density. The 
infIltrometer test was performed on a fill compacted near the lower, 
acceptable dry density to assure that the permeability criteria (=10-7 cm/sec) 
could be achieved for the more conservative, lower density. 

• Each lift was tested to verify the as-built moisture content and density. 

2.4 FIELD AND LABORATORY TESTING 

1. Field and laboratory tests were conducted on the test fill to evaluate if the construction 

equipment and procedures would meet the specifications for compaction and permeability of 

the clay liner. 
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2. These tests were performed in accordance with the procedures and frequencies outlined in the 

following documents: 

• Appendix E (Test Fill and Infiltrometer Test Plan) of the Engineering and 
Design Report, Landfill Unit 8-18, Phases I and II, and Final Closure 
(Environmental Solutions, Inc., 1990a). 

• Construction Specifications and Quality Assurance Plan, Landfill 
Unit 8-18, Phases I and II, and Final Closure (Environmental Solutions, 
Inc., 1990b). 

2.4.1 FIELD TESTS 

1. Initially, the first lift had to be constructed several times until the procedure to achieve the 

required water content and density was developed. After the appropriate procedure was 

developed, the moisture density specifications were achieved for the majority of tests. 

2. Field density (compaction) tests, consisting of a minimum of·two nuclear density tests and one 

sand cone density test for each lift, were conducted at the locations shown in Figure 3. The 

compaction test results within the tested zone are shown in Figure 4. 

ENVIRONMENTAL SOLUTIONS 
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3. The majority of the density tests fall within the lower portion of the specified moisture-density 

window. Also, except for point 18(5) the tests are within or very close to the specified range. 

Because point 18(5) has a lower density, its effects on the results, if any, would be in the 

conservative direction. 

2.4.2 LABORATORY TESTS 

1. Laboratory tests were conducted on soil samples recovered in six thin-walled Shelby tube 

samplers collected after the construction of the test fill. These tests include: 

• A tterberg Limits 
• Grain Size Analyses 
• One-Dimensional Swell Test 
• Permeability 

The Shelby Tube sample locations are shown in Figure 3. 

2. Atterberg Limits test results are presented in Figure 5. The material consistently had a plasticity 

in the CH (highly plastic clay) range with liquid limits varying between 65 and 79 percent, and 

a plasticity index between 44 and 55 percent. 

3. Figure 6 shows the grain size distribution determined from the hydrometer tests for the six 

samples. These data show the relative uniformity of the clay with 80 percent or greater of the 

soil by weight passing the No. 200 sieve. 

4. Appendix A provides a summary table of the One-Dimensional Swell tests. These results 

indicate that the compacted clay has a high potential to swell with an average swell of 

16.5 percent under low confining pressure (70 psf, average value). 

5. Laboratory permeability test results are shown in Figure 7 as a function of the initial moisture 

content. These tests indicate that under laboratory conditions (with applied consolidation 

pressures from 2.2 ksf to 6.2 ksf to prevent swelling) measured permeability values varied 

from 1.5 x 10.8 crn/sec to 2.8 x 10.10 ern/sec. These values, in conjunction with the 

infiltrometer test results discussed below, provide the basis to conclude that the clay used for 

the construction of the test fill adequately meets the permeability criterion of 10-7 crn/sec or 

less. 

ENVIRONMENTAL SOLUTIONS 
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3.0 INFILTROMETER (SDRI) TEST 

I . An SDRI, developed by Trautwein Soil Testing Equipment of Houston, Texas, was used to 

assess the in situ permeability of the test fill constructed with onsite clay which is to be used 

for the B-18 Landfill clay liner. Eight tensiometer probes were installed around the inner ring 

to measure the soil suction. The SDRI test layout is shown in Figure 3. The schematic of the 

infJltrometer test model is presented in Figure 8. The theory and analysis of the test are 

described in Section 4.0. A summary of the SDRI system installation and data collection is 

presented in the following sections. 

3.1 SDRI DESCRIPTION 

1. The SDRI consists of two rings: a fiberglass, 5-feet by 5-feet ring (inner ring) which is 

positioned in the center of a second aluminum 12-feet by 12-feet ring (outer ring) as shown in 

Figure 8. The inner ring is sealed over the top to avoid evaporation losses. Both rings are 

filled with water, and the loss of water from the inner ring is measured periodically. This 

water loss is the sum of the flow due to infiltration (Qi), filling of pore space due to swelling 

of the clay (Qs), and volumetric changes of water within the inner ring due to temperature 

variations. The water head in the inner and outer ring is maintained at a constant level slightly 

above the top of the inner ring. 

3.2 SITE PREPARATION AND INSTALLATION 

I. The surface of the test fill was prepared for the installation of the SDRI by using a motor 

grader and a smooth drum roller to level and smooth the upper lift. The entire test fill area was 

lightly sprayed with water and covered with a black plastic tarp to prevent cracking. 

2. The outer ring was positioned on the tarp and its outline was marked on the tarp to locate the 

trenches for the ring. The outer ring trench was cut with a Ditch Witch Series 1420 to a depth of 

18 inches. The inner ring was positioned in the center of the outer ring and its outline was 

marked. The 5-inch-deep trench for the inner ring was cut by hand using small tools. 

3. The outer ring trench was sealed with bentonite pellets surrounding the ring at the bottom and 

vertical sides. The trench for the inner ring was grouted with viscous Volclay grout. 

ENVIRONMENTAL SOLUTIONS 
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4. After the installation of both rings was completed, a topographic sUIVey was made to establish 

the original horizontal and vertical positions of the test fill surface including selected points on 

and around the inner ring. The primary purpose of the survey was to monitor the amount of 

swelling during the test. 

5. The outer ring was flooded until the inner ring was slightly submerged, then the inner ring 

was partially filled through one plastic tube while air was removed through a second tube 

connected to the highest point of the cover. Then, the outer ring was filled to its fmal depth 

and the inner ring was topped off. Finally, plastic bags for measuring water flow within the 

inner ring were installed, and the test commenced. 

3.3 DATA COLLECTION 

I. The volume change of water within the flexible bag (shown in Figure 3) was indicative of the 

volume of water infiltrating through (the volume of water lost) the inner ring. The volume change 

was determined by calculating the change in the weight of the bag over a known time period 

(usually once per day). During the early days of the test, several bags of water were needed to 

account for higher flow rates due to minor surface desiccation cracking. The infiltration flow rates 

stabilized after several days. SDRI field data sheets are presented in Appendix B. 

4.0 THEORY 

1. The objective of the infiltrometer test is to measure the saturated permeability of the clay 

material for the B-18 Landfill under very low confining stresses. The test is performed by 

measuring the seepage of water through saturated soil. 

2. In addition to being driven by the hydraulic gradient caused by the ponded water, seepage of 

water into the test fill also occurs due to high capillary suction of the partially saturated clay, 

as opposed to fully saturated conditions associated with laboratory tests. Performance of the 

field tests must also account for swelling of the clay at low confining stresses, which 

decreases the compacted density and increases permeability, as opposed to laboratory testing 

when higher confining stresses preclude swelling of the clay. 

ENVIRONMENTAL SOLUTIONS 
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3. The saturated penneability is computed using a fonn of Darcy's Law which includes tenns for 

the total hydraulic gradient. The governing equation that describes the infiltration of water 

through the compacted clay is developed below, based on the tenns and sign convention shown 

in Figure 8(1) : 

where: 
q = 
K = 
& 
& = 
& = 
& = 
h = 
h = 
z = 

Ah 
q = -K & 

Infiltration rate per unit area and time (LIf) 

Saturated penneability (Lff) 

Total hydraulic gradient (l./L) 

hI - hz 

Zl - Zz 
Total head 

z+<P 
Elevation head 

<P = Pressure head (due to hydraulic head or soil suction/tension) 

In Figure 8, substituting for Ah and &, yields the equation: 

= -K [(ZI + <PI) - (Z2 + <PZ)] 
q (ZI - zz) 

For any given wetting front, Lr = ZI - Zz. Substituting this into Equation (2), the infiltration 

rate at any wetting front is calculated as: 

q = -K[~- 17+ IJ 

(1) 

(2) 

(3) 

4. As shown in Figure 8, at Point 1 the pressure head is equal to the depth of water in the outer 

ring, Dr , with soil suction/tension equal to zero, Le., the soil is saturated. At this point, the 

pressure head, Df = <Pl. Also, since the clay fill is unsaturated below the wetting front, the 

in situ pressure head at Point 2 will be equal to the soil suction and negative in sign 

convention, and can be designated simply as <P, i.e., (jl = -'1>2. Substituting into Equation 3: 

q = -K [g; + C + 1] (4) 

5. Equation 4 is time dependent. That is, the infiltration flow rate per unit area (q) and the depth 

of the wetting front (Lr) are interrelated and vary with time. As the wetting front advances, 

(I) The minus sign indicates that the flow is in the negative Z-direction (downward). 

ENVIRONMENTAL SOLUTIONS 



Equation 4 can be rearranged to calculate permeability at various wetting front depths, 

determined by tensiometer measurements, as follows: 
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(5) 

The length of the wetting front (4) is known by noting the depth to which tensiometers 

indicate moisture content increases. The depth of flooding (Df) is taken as an average value of 

readings measured during the test. The soil suction (ip) is set equal to the stabilized or 

weighted soil tension value, measured prior to the passage of the wetting front, and is 

dependent on the shape of the suction versus time plot. The infIltration rate (q) is determined 

by weighing the flexible bag periodically to determine the volume of water lost. 

6. The measured volume of water lost is corrected to account for swelling of the soil and 

temperature changes. The total water lost is the sum of the following: 

• Q=Q;+Q,+Qt 
• Q = measured water loss 
• Q; = flow due to infiltration 
• Qs = flow due to swell 
• Qt = flow due to temperature changes (considered to be insignificant) 

7. The infiltration rate per unit area (q) is: 

q 
_ Q;, _ Q - Q s - Qt 
- A - A = 

Q - Qs 
A 

(6) 

(7) 

A close estimate of Q, can be obtained by assuming that any volume change that occurs is due 

to vertical swelling and that the additional volume generated by the swelling is water filling the 

soil pores. Based on these two assumptions: 

Q,=t.sxA 
where: 

t.s = amount of swelling (as surveyed) at the time the water front passes a 
given tensiometer 

A = area of inner ring 

A plot of total water lost versus time is used to determine the total flow (Q) at the time the 

wetting front passes the tensiometer. 

(8) 
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8. The test procedure and analysis methodology described above is based on the following 

assumptions: 

• Darcy's Law applies. 

• A sharp wetting front exists between the saturated soil and the unsaturated soil. 

• The measured water loss from the flexible bag represents the water lost due 
primarily to infIltration through the inner ring, and soil swelling. Changes 
due to temperature variations are not significant. 

• The test fill is homogeneous and isotropic. 

• Flow through the inner ring is vertically downward. 

• Any volume change that occurs is vertical. 

• The wetting front under the outer ring reaches a given depth Lr at the same 
time as the wetting front under the inner ring. 

9. The first assumption that Darcy's Law applies is valid due to the fact that the ground water 

flow is laminar when the wetting front reaches the tensiometer tip. The second assumption of 

a sharp wetting front is valid early during the test. At later times a transition zone between the 

saturated and partially-saturated soil is likely to exist. 

10. The assumption concerning the measured water loss is based on the fact that the inner ring is 

completely purged of air; additional volume generated by swelling is water filling the soil 

pores, and water temperature variations are relatively small due to measuring flow volumes at 

similar times each day of the test. Considering that the fIll was placed under controlled 

conditions, the assumptions that the test fill is homogeneous and isotropic is appropriate. 

11. The assumption that any volume change that occurs is vertical is based on the very low 

magnitude of the confming stresses in the upper 18 inches of the test fIll. There are practically 

no constraints for vertical swelling. 

12. The assumption of vertical flow through the inner ring is based on the fact that an equal head 

is maintained between the inner and outer ring, and as a result the only driving force is 

vertically downward. This basis, in effect, also assumes that the wetting fronts for the inner 

and outer rings advance at the same rate, which would eliminate the possibility of soil suction 

causing lateral movement. 

13. The last assumption is necessary due to the fact that the sealed inner ring apparatus precludes 

the installation of soil tensiometers under the inner ring to monitor the advance of the wetting 

front within the inner ring. 

ENVIRONMENTAL SOLUTIONS 
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5.0 SDRI TEST RESULTS AND CONCLUSIONS 

1. The inflltrometer test was conducted over a period of approximately two months to evaluate the 

permeability of the upper 18 inches of test flll. Based on the tensiometer readings (Figures 9 

and 10), the wetting front (zone of saturation) reached depths of 12 and 18 inches in about 

18 and 53 days, respectively. The tensiometers installed at a depth of 6 inches were damaged 

by wind and consequently no readings were taken at this depth as originally intended. 

2. Figure 11 presents the accumulated total water flow, Q, as a function of time. The initial flow 

rate over the time interval of 0 to 5,000 minutes was about two times the average flow rate that 

occurred during saturation of the top 12 inches. This higher flow rate was likely due to water 

filling small surface cracks/voids. This condition was accounted for in determining the rate of 

flow. 

3. Table 2 summarizes the survey data indicating the swell of the test fill soil, when the wetting 

front had reached 12 and 18 inches, respectively. Table 2 also shows the calculated flow due to 

swell (Qs) for these periods. 

4. The suction pressure for both sets of tensiometers (Figures 9 and 10) was approximately 

70 centibars, or 280 inches of water pressure. 

5. The results of the infiltrometer test using Equation 5 are summarized in Table 3. The field 

measured permeabilities for both the 0- to 12-inches and 0- to 18-inches increments are less than 

I x 10.7 em/sec. Based on these results, coupled with the laboratory permeability tests, it is 

concluded that the claystone, used for the test fill and proposed for use as the liner/cap, provides 

an adequate low permeability soil layer for the B-18 Landfill. 

6. The test flll results are one to two orders of magnitude higher than laboratory permeabilities. 

These differences are expected and are primarily due to the unrestrained swelling of the clay 

which occurs during field testing (Chen and Yamamoto, 1987). The low hydraulic conductivity 

measured in the laboratory is a function of the consolidation pressure used in the test to prevent 

swelling. This consolidation pressure simulates the effect of the waste fill overburden on the 

clay liner. The SDRI test is more indicative of the stress condition for the cover system (very 

low confining stresses). 
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TABLE 1 

EQUIPMENT UTILIZED IN THE TEST FILL CONSTRUCTION 

EQUIPMENT FUNCTION 

Caterpillar D8N Dozer Grading test fill 

Caterpillar 140 Motor Grader Grading test fill; scarifying previous lifts 

Caterpillar 631E Scraper Hauling clay from B-18 Clay Processing Area 

Caterpillar 825C Compactor Compacting lifts; 

Ingersoll-Rand SP-56 Smooth Drum Roller Dressing test fill 

i 
\ Water Truck Moisture conditioning 

89-977 (I/23/92/hs) 
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TABLE 2 

ESTIMATE OF SWELL FLOW VOLUME 

AVERAGE 
JEST SURVEYED AREA OF JEST SWELL FLOW 

INTERVAL VERTICAL (ft2) VOLUME 
SWELLING (cc) 

(ft) 

o to 12 inches 0.17 25 120,300 

o to 18 inches 0.20 25 141,600 

89-977 (1/9/92/rng) 
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TABLE 3 

INFILTROMETER TEST RESULTS 

INHLTRATION DWI'HOF DEPTII OF K •• g 
CUMULATIVE FLOW DUE TO fLOW DUE TO RATE PER WATERm WETIED SUCftON 

l+~+!t TEST INTERVAL WATER LOSS SWELL INF1L TRATION UNIT AREA OlITSlOE RING FRONT PRESSURE 
Q Q. Qi q Dr 1.( ~ l-r 4 

(<<) (<<) (<<) (an/sec) (in) (in) (in cf H20) (cmJ=) 

DEPTH: o to 12 INCHES 

TensiomelCrs: TN·2, TN·3, TN·6, TN·1 

Total Swelling: 1.98 inches 180,000 120,300 59,100 1.3 x 10-' 15 12 280 5.1 x 10-' 

% of SweJ1ing. Field: 11.0 

% of SweUing - Lab: 165 

DEPTH: o to 18 INCHES 

Tensiometers: TN-4, TN-5 

Total SweJ1ing: 2.40 inches 280,000 141,600 140,400 1.20 x 10-' 15 18 280 6.9 x 10-' 

% of Swelling. Field: 13.3 

% of Swelling - Lab: 16.5 

89-917 (ll9/92!mg) 
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A-I 

ONE DIMENTIONAL SWELL TEST 
ASTM 4546-85 

Project Name : 1l-18 Landfill 

Project No.: 89-977H 

Tested B)': GH Dale : 03/08/91 

Input Checked By: GH Date: 03113/9 1 

Reviewed By: ?---€.- . Date: 4/ , /71 

Vc:rtical Stren (psi): 0.470 0.467 0.467 0.468 0 .465 0.464 

Frame: No.: I 2 3 4 5 6 
Sa.mph~ No. : ST-j ST-2 ST-3 ST-4 ST-5 ST-6 

o.pth (ft): --- --- --- --- --- ---
liqUid Limi' (LLI : 78 76 79 79 I 76 65 

Pluticity lnde> (PI) : 54 51 54 55 I 52 44 

WATER CONTENT Trim Final Trim FinAl Trim Final Trim I FUial i Trim Final Trim Final 

We: WL·Tatc: (gm ): 219.35 309.43 284.96 316.34 175.14 264.93 150.53 294 .07 1 143.39 271.65 208.92 315.20 

Dry WL"Tarc (.!!ID): 194.56 253. 75 248.23 261.60 158.94 211.22 }40.33 238. 76 I 133.51 219.52 187.15 262.55 

WI. of Tare (gm): 92.08 114.49 91.99 126.32 89. 76 76.62 90.16 105.23 92.18 81.31 89.82 115.62 

Moisture: Conte nt (~): 24 . 19 I 39 .98 23 .51 40.4 6 23 .42 39 .90 i 20 .33 4 1.42 23 .91 37 .72 22 .37 35 .83 

( DENSITY AND 

SATURATION Initial Final Initial FUial J.njfial Final 
, 

l.n.itial FiMJ initial FinAl J.n.jtial Final I 

Wet Soil .. Tarc: (goo) 1141.40 309. 43 11130.70 316.34 113240 264.93 1131 .00 294.07 1140.20 271 .65 1148 70 315.20 

RingrraTC' (gm): 967.30 114 .49 962.60 126.32 966 .20 76.62 969.00 105.23 969. 30 81 .31 970.80 115.62 

Wet Soil (8m): 174 . 10 194 .94 168 . 10 190.02 166.20 188.31 162 .00 188 S<! 170.90 190 .34 177.90 199.58 

Moisture Content ( ~ ): 25 .02 39 .98 24.26 40.46 23.48 39. 90 I 21.32 ' 4 1.42 23 .65 37.72 21.0S 35 .83 

Dry Soil (~ !ll ): 139.26 139 .26 135 .28 135 .28 134 .60 134.60 133.53 133.53 138 .2 1 138.2 1 146.93 146 .93 

Lenflh of Sample: (in) . 0.8750 /.0323 0.8750 1.0270 0.8750 1.0035 0.8750 1.0291 0.8750 0.9995 0.8750 1.0243 

Di6Cleter of Sample (in ) 2.870 2.870 2.870 2.870 2.870 2.870 2.870 2.870 2.870 2.870 2.870 2.8 70 

Volume of St.mple (c .c .): 92.760 109.436 92 .760 IOS .874 92 .760 106.383 92 .760 109.097 . 92 .760 105.959 92.760 . IOS.588 

Wet Density (PCF): 117.1 111.2 113 . 1 108.9 I I J.8 110.5 109 .0 108.0 115 .0 112.1 119.7 114 .7 

Dry Densil)' (PCF ): 93.7 79.4 91.0 77.5 90.5 79.0 89 .8 76.4 93.0 81.4 98.S 84 .4 

Specific Gn ... iry : 2.70 2 .70 2 .70 2.70 2 .70 2.70 2.70 2.70 2.70 2 .70 2.70 2. 70 

Volume of Solids ( ~ ) : 55.60 47 . 13 54 .01 46.02 53 .74 46.86 53 .32 45.33 55 .18 48 .31 58.67 50 .11 

Volume of Liquid ( '.{ ): 37.56 SO.88 35 .38 SO.28 34 .07 SO.49 30.69 SO.70 35 .24 49 .20 33 .39 i 48 .49 

Volume of Iili ( iii ): 6.S<! 1.99 10.60 3.70 12 .19 2.65 15 .99 3.97 9 .57 2 .49 7 .95 1.40 

~!~of Sarura.tion (~) . S<!.60 96.24 76 .94 93,14 73 .65 95.01 65 .74 92.74 78.64 95.18 80 .77 97 .20 

SUMMARY Initial FUial Initial FUial lnitiaI FinAl Initial Filial Initial Final Init ial FinAl 

Moi~re Content ( ~ ): 25 .02 39 .98 24 .26 40.46 23.48 39.90 21.32 41.42 23.65 37 .72 21.08 35 .83 

Dry De.,ity (l'CF ): 93 .7 79 .4 91.0 77.5 90.5 79.0 89 .8 76 .4 93.0 81.4 98.8 S<! .4 

Deg .of SAture.tion (i): 84.60 96.2' 76.94 93.1' 73.65 95.01 65 .74 92.7' 78 .64 95 .18 80 .77 97 .20 

Final Swell (%): 17 .98 17.37 14 .69 17.61 14.23 17.06 
Note : 1. Specific gravity is 1!$5umed . 2. Demineralized water u5ed . 

./ 
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STATIONH INFILTROMETER READINGS SWELL DATA 
FIELD WATER WATER INITIAL FINAL TIME INrrw. WT flHAl WT CtwlCE NW CORNER NE CORNER SE CORNER SW CORNER 

DATE ENGR TEMP. DEPTH TIME TIME INTERVAL &f~l f,' "';) . [t WTS) G ...... s G ...... s Ah Jlh Jlh Jlh 

1/3 1 loll '-JOt' /:JB \?,°c ~":t!lb 3'1.\\ "5 
. 
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) If 
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Diego. 
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11 February 2008 

Rodney Walter 
Waste Management, Inc, 
5903 Spring Blossom Street 
Bakersfield, California 93313 

Subject: Clay Source Testing: Summary ofField and Laboratory Test Results 
Kettleman Hills Facility 
Kettleman City, California 

Dear Rodney: 

Geosyntec Consultants (Geosyntec) is pleased to provide Waste Management, Inc. (WMI) with 
the results of our recent investigation of a proposed clay source at the Kettleman Hills Facility 
(KHF), located in Kings County, California. The Pecten Claystone, a clay layer located in the 
San Joaquin Formation on the eastern boundary of Landfill B-17 has been identified as a 
potential clay source for use in the liner system of the proposed Class 1!l1 (hazardous waste) 
Landfill B-18 expansion (see Figure I). Clay from this clay layer has been used for clay liners 
on site successfully in the past. Based on discussions with you and a review of preliminary 
designs for the expansion of Landfill B-18, we understand approximately 35,000 cubic yards 
(cy) of clay material will be needed for the first phase of the Landfill B-18 expansion. 

PROJECT DESCRIPTION 

The Code of Federal Regulations Part 264 (Subtitle C) and the California Code of Regulations 
(CCR) Titles 23 and 22 have the following requirements for the clay liner component of a 
hazardous waste landfill: 

• The compacted soil material shall have a hydraulic conductivity of no more than 
Ix 10-7 centimeters per second (cm/s), 
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• The clay liner shall consist of materials with at least 30 percent of the material, by 

weight, passing a No. 200 U.S. Standard sieve, and 

• The materials shall be fine-grained soils with a significant clay content and without 
organic matter, in the "SC" (clayey sand), "CL" (clay, sandy or silty clay), or "CH" 
(clay, sandy clay) classes of the Unified Soil Classification System. 

The purpose of our investigation was to evaluate whether the earthen material in the proposed 
clay source meets the requirements stated above and to determine the geographic extent of these 
materials. Our scope for this phase of work included performing a field investigation to evaluate 
the limit of the claystone material and collect samples, laboratory testing, and preparation of this 
letter report. We have also prepared plans, specifications and construction quality assurance 
recommendations for construction of a test pad; these documents have been provided under 
separate cover. 

REVIEW OF EXISTING DOCUMENTATION 

We have reviewed existing borings perfonned by others in the general vicinity of the proposed 
clay source. Copies of relevant and available borings in the vicinity are included in Attachment 
I. We have also reviewed the following documents summarizing laboratory and field testing of 
clay materials used at the site in the past: 

• Environmental Construction Services, Inc .. , 1991 , "Clay Source Report, Landfill B-18, 
Phase IA and IB, Kettleman Hills Faciltiy, Kettleman City, California," dated 25 
November 1991. 

• Environmental Solutions, Inc., 1990 "Engineering and Design Report, Landfill Unit B-
18, Phases 1 and II and Final Closure, Kettleman Hills Facility, Kings County, 
California," dated August 1990. 

• Environmental Solutions, Inc., 1992, "Test Fill and Infiltrometer Test Results, Landfill 
Unit B-18, Phases I and II and Final Closure," dated 23 January 1992. 

• Golder Construction Services, 1993, "Construction Reports for Landfill B-18, Phase IIA 
and lIB, Volume I - Clay Source Report, Kettleman Hills Facility, Kettleman City, 
California," dated May 1993. 
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FIELD INVESTIGATION 

Our field investigation was perfonned at the site by Layne Christensen Company on 27 
November and 28 November 2008. Three borings (CS-I, CS-IA, and CS-2) were advanced to 
depths ranging from 21 feet to 91 feet using the holIow stem auger (HSA) drilIing method. The 
borings were sampled at approximately 5 foot intervals with a California sampler; bulk samples 
of soil cuttings were also colIected. Locations of the borings are shown on Figure I. Four test 
pits were also excavated to depths ranging from \0 to 12 feet by KHF staff. The borings and test 
pits were sampled and logged in accordance with the Unified Soil Classification System by an 
engineer from our finn. Boring and test pit logs are provided in Attachment 2. 

LADORA TORY TESTING 

Samples from the borings and test pits were collected and returned to our office for review. 
Based on a review of the boring logs and samples, laboratory tests were assigned and select soil 
samples were delivered to Excel Geotechnical Testing, Inc. for laboratory testing. Potential clay 
source material was tested for the plasticity characteristics, grain size analyses, compaction, and 
penneability. Results of these tests are summarized in Table I and are presented in Attachment 
3. Laboratory testing was perfonned in general accordance with American Society for Testing 
and Materials (ASTM) standards. Hydraulic conductivity tests perfonned on samples collected 
with a California sampler were based on maximum dry density results of similar clay materials 
from the test pad construction for LandfilI B-18 Phase IIII (Environmental Construction 
Services, Inc., 1991); the actual degree of relative compaction may vary for these samples. 
During hydraulic conductivity testing of these samples, under a confinement of 5 pounds per 
square inch (psi), significant swelling was noted. This suggests that the Pecten claystone 
materials may be considered highly expansive. 

CONCLUSIONS 

Based on our field investigation and a review of previous work at the site, the Pecten Claystone 
ranges in depth from a few feet (at the northeastern boundary) to more than 90 feet deep at the 
western boundary of the clay layer. The clay layer is estimated to dip to the southwest at 
approximately 32 degrees. The surface of this clay layer may be expected to be weathered and 
may contain some disturbance due to previous grading at the site in some areas. 

Based on a review of the available data and the results of our field and laboratory tests, the 
proposed clay source is generally classified as fat clay (CH) with approximately 90 percent of 

P:\Projects\Ketlleman Clay Source Study SC04581SC04581tr rpt O/250B.doc 



Geosyntect> 
consultants 

material passing the No. 200 sieve. Based on preliminary laboratory testing, the laboratory 
hydraulic conductivity of the compacted clay is on the order of5x10-9 cmls to lxlO-8 cmls when 
compacted to a minimum relative compaction of approximately 92 percent and at least two 
percent wet of the optimum moisture content. The proposed material is anticipated to generally 
meet the state and federal requirements for a compacted clay liner and to be suitable for use in 
the construction of the expansion of Landfill B-18. However, field hydraulic conductivity and 
laboratory hydraulic conductivity can often vary by more than an order of magnitude. Results of 
the test pad Sealed Double Ring lnfiltrometer test, which will be performed during construction 
of landfill B-17 Phase A I on material excavated from the Pecten Claystone, will provide more 
conclusive results on the in-situ hydraulic conductivity of the proposed material. Specifications, 
drawings, and construction quality assurance testing recommendations for the test pad 
construction have been provided under separate cover. 

We appreciate the opportunity to work on this project. If you have any questions, please call Jane 
Soule at 619.297.1530 x 208. 

Attachments: 
Table 1: Summary of Geotechnical Laboratory Test Results 
Figure 1: Site Plan 
Attachment I: Previous Investigations 
Attachment 2: Current Field Investigation 
Attachment 3: Laboratory Test Results 
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Boring Sample 
Depth (ft) 

ID ID 
USCS 

From To 
CS-l 1-2 10.5 12 

CH - Fat Clay 
CS-l 1-3 15 16.5 
CS-l 1-4 20 21.5 CH - Fat Clay 

CH - Fat Clay 
CA-1A Bulk lA-l 0 5 with Sand 
CA-1A lA-2 10.5 12 

MH - Elastic 
CA-1A lA-3 16 16.5 Silt 
CA-1A lA-5 25 26.5 CH - Fat Clay 
CA-1A lA-6 30 31.5 MH - Elastic 
CA-1A lA-7 35 36.5 Silt 
CA-1A lA-8 40 41 .5 CH - Fat Clay 
CA-1A lA-9 45 46.5 CH - Fat Clay 

CH - Fat Clay 
CA-1A lA-ll 55 56.5 with Sand 

SC - Clayey 
CA-1A lA-13 65 66 Sand 
CS-2 Bulk 2-1 0 5 

CH - Fat Clay 
CS-2 Bulk 2-2 6.5 10.5 
CS-2 2-2 10.5 12 CH - Fat Clay 
CS-2 2-4 20 21.5 CH - Fat Clay 
CS-2 2-7 35 36.5 CH - Fat Clay 
CS-2 2-9 45 46.5 CH - Fat Clay 
CS-2 2-11 55 56.5 CH - Fat Clay 
CS-2 2-13 65 66 

CH - Fat Clay 
CS-2 2-14 70 71.5 

CS-2 2-16 80 81.5 
CH - Fat Clay 

CS-2 2-1 7 85 86.5 
TP-l TP1-1 9 10 CH - Fat Clay 
TP-2 TP2-1 0 8 CH - Fat Clay 
TP-3 TP3-1 11 12 CH - Fat Clay 
TP-4 TP4-1 9 10 <';H - ~at <.;Iay 

TABLE 1 
SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS 

CLAY SOURCE EVALUATION - PECTEN CLAYSTONE 
KETTLEMAN HILLS FACILITY, KETTLEMAN CITY, CALIFORNIA 

As-Received Conditions Sieve Atterberg Limits Laboratory Compaction 

Moisture 
Maximum Optimum 

Content 
Fines (%) Dry Density Moisture 

(D2216) Dry Density LL PL PI 
(peD (%) 

(%) (peD (%) (%) (%) 

16.0 92.2 100 35 65 

18.5 100.6 96.0 88 32 56 

12,4 76.0 55 21 34 122 12.5 
19.3 100.3 

20.3 98.1 97 44 53 
20.9 98.6 93.3 105 41 64 

23.1 
89.6 89 39 50 

21.2 89.5 78 31 47 
24,4 98.2 87.7 82 35 47 

18.6 95.8 84.2 58 29 29 

3,4 17,4 

14.1 96.3 104 36 68 113.1 15.6 

16.5 106,4 95.2 100 34 66 
21.0 95.3 92 39 53 
21.0 100.6 89.8 93 33 60 
24.7 99.7 98.6 104 37 67 
24.0 96.7 82 33 49 

25.1 
97.7 

98,4 112 40 72 

25,4 91 .1 129 41 88 

20.8 93.0 100 37 63 109.9 17.8 
14.6 97.8 92 31 61 111.7 16.2 
21.9 91.1 102 35 67 108.2 17,4 
17.0 88.5 93 34 59 105.5 20.1 

,",ydraulic Conductivi 

Test 

(em/s) 
Conditior 

s (MC, 
RC) 

7.0E-08 +2, 90%* 

7,4E-09, +3,92%, 
9.2E-Q9 +3, 89% 

6.2E-Q8 +2 , 90%" 

9.6E-08 +2, 90%-

3.7E-09 +3,92% 

8.6E-08 +2,90%* 

8.2E-08 +2, 90%" 

1.7E-Q8 +2, 90%" 

5.3E-Q8 +2, 90%'" 

1.lE-08 +3, 92% 
5.0E-Q9 +3, 92% 
6.SE-09 +3, 92% 
1,4E-Q8 +3,92% 
4.0t:-UO 

Note: *Samples collected with a California type sampler tested for hydraulic conductivity were compacted at 90% relative compaction of the maximum dry density 
of similar materials from the test pad construction of Landfill B~18 Phases 1N1 B (Environmental Construction Services, 1991). 
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Attachment 1: Previous Investigations 
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BORING NOY- 5 

SURFACE ELEV.900'~SL 

OESCRIPTION 

ayere 
ight o1ive-brown (2.5Y 5/ 0 ) 
1 ayey S ll. TS TON, and silty 
L~YSTONE; lithified 

(gypsu~ layers in top 20 feet) 



LOG 
PROJECT NUMBeR 

BY JK/SW DATE 

Liquid CtYy 
lomrt Ir.d. ~ 

REMARKS 

Of EXPLORATORY BORinG 

224- 01. 36 

6/1/84 - 6/14/84 

"vii 
Su .... g1"1'> 
(TSF) 

25 

30 

40 

BORING NO K- 5 

SURFACE ELEV. 900' t',S L 

DESCRIPTION 

Inte r layered light olive-brown 
(2.5Y 5/4) clayey SlLTSTO~E anj 
silty CLAYSTONE; lithified 
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BORING NO. K-5 

SURFACE ELEV. 900' MSL 

OESCRIPTIO~ 

o ve
CLAYSTONE with reddish-yellow 
( 7.5YR 5/8) 1/4-inch claystone 
layers; occasional light gray 
~ lOYR 7/1) fine sandstone le~ses 
cemented .d th gyps urn 

Lig~,t olive-bro,,",'f': (2.5Y 5)4) very 
: .. fine, silty SANDSTO~i : 

~~·~Lig ht olive-brown (2.5Y 5/ 4) silty 
. CLI\YSTON£ 
Lig~t olivI-brown (2.5Y 5!~1 very 
fine, si1ty SAN:;STONE; loose 

c 11 'ie " t :--0",,' f'. j (,:", ",' :~,/ (, :1 

s~1t) CLf\YST;")\~~-
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. SURFACE ELEV. 900' ,"SL 

OESCRIPTION 

Olive-brown (2.5Y 5/0) clayey -
sandy SILTSTON;: 

Light clive-bro.'n (2.5Y 5/4) 
CLAYS TO;, : 

o1ive-brow n (2.5Y SIC ) 
SA f'i !)S TOfE 

~i oh t oli J e~brow n 
:L.AYSTD\ :~ 

!? 5' "') \ .. ' , -','., 

C1i .... e-b!""Ch-/t: (?,5Y S/!.) c12lel~ 
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BORING NO. K- 5 

SURFACE ELEV.900 'I'ISL 

(gyps urn at 83 feet) 

Gray ish-b r own (2.5Y 5/2) Cln S' OIi , 

Thinly interlayered grayish-brown 
(2.5Y 5/2 ) CLAYS TONE and li Q~t 
olive-brown (2.5 Y 5/4) S J LTSTO~;: 

Gray ish- bro',," (2.:,Y 5(2) t o light 
Dlive-brow n (2.5 Y SIC) CLAYSTO~ : 
wi t h silty partings 
Thinly i nt er1aye re d grayis~ -br ow n 

(Z.5Y 5/2) CLAY SlO N, and lig" \ 
olivf!-browr, (2.5Y 5!~) SIL1STO\::: 
light o live-brown (2.5Y SIC ) 
clayr:y SILTS TON:; 'flooOj' f Q ';;;~ is 

tight o 1ivt:~br()'1lr: (?,5 Y 5/1~) 
~:Lf..,(SiO'l~: 'rd t h oc( a sior; ~l si 't' Y 
;i! r' ting:; 

L i;~Jt o live br'ow r' t? Sl 
fir: ~: SA."i:: S TO~.:E. IO':;;;e 
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BORING NO. K- 5 

SURFACE ELEV 900' MS L 

OESCR IP'TION 

3'lj (N5) CLAYSTOhE 

Lig ~t olive-br()\o/rl (C.SY 5/4) veri 
fi ne 5i lti SMWSTO~;:: 

!n terlayere1 lig~t clive - brow~ 
:2 .SY 5/4) SILTSTDN ~ and gray (h5) 
CLA YSTONE 
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BORING NO. K- S 

SURFACE ELEV. 900 ' !",sL 

o E SC ~ I' T I ON 

Sray ( N5) CLAYSTO~~ 

Lig~t olive-brown (2.5V 5/4) very 
---' , ..... ,:.:::,."f; ne 51 lty SANJSTO'i £ 

·lnterlyere~ lig h t olive-brown 
_,""",,,,,,,,,,, (2 .5 Y 5!4 } SlLTSTON: an::! 9rey (NS) 

', ' CLAYSTONE 
:, Light olive-b rown (C.SY 5/ 4 ) fine 

=:j:!W}tl' SA~:)S TO'E ; poorly 9 rade~ 

~ . i 9f·, t o'li'./f.:;~ Qr ay (2 .5Y Sic) S? !",-,! 

S 1L IS rOt-;;:" 
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~V. 110tl 

St'l'lQ'fh {e.~wti 
(T$Fl fU 

165 

170 

175 

18J 

BORING NO. K-5 

SURFACE ELEV. 900'MSL 

Ces.CRIPTtOR 

Light olive-brown (2 . 5Y 5/4) 
slightly silty, fine to medium 
SANDSTONE 

_-t:::::::~light olive-bro,'" (2.5Y 5/4) sandy 
S! LTSTONE 

Light olive-brown (2.5Y 5/4) Silty. 
fine to medium SANDSTONE 

light olive-brown (2.5Y 5/4) 
CL~YSTONE 

Light o1ive-brown (2.5Y s/q 
very si lty, vel)' fine S,AJ~C\STO"iS 

~ 
Effl(Ofl 
• I I ",,~ ' •• 1 • 

PLATE A- 25 
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BORING NO.K-S 

SURFACE ELEV .900 ' MSL 

DESCRIPTION 

Interlayereo light olive-brown 
( 2.5Y 5/4) very f i ne . silty 
SANDSTON E and sandy SIL TS TON E 

(l i ght olive brow n (2 .5Y 5/ 6)) 

Lig ht oli ve- brown (2 . 5Y 5 !~)very 
f ine , si l t y SAN~STON : ~ very well 
gra ded ( I-i nch cl ay strtn;er at 
190.5 fee t ) 
lnterlaye re d light olive- brow" 
( ? 5' 5/ 4) SII "'0 T"" , a r'" 9 ro" '''' _ . ' ._, .... v:,.. ' - J ,;:,:: '. 
•. (? <,' "12\ O'~ Y-~O '''' ".: row!", " . -.J . .; J L ~. ~ .) I ); ~ ::. 

Grayish~ brow!) (2.5)' 5/2) CL~.vSTD·E 
... ,')th sil t.y partings; ir-o fl 
s tai ning presen t 

(v~ l iy~-cr aJ" (5 Y l!?)· wont; , - J " .~ • , _ 

fr ilgl·q~n:s at 19 6 feet) 
f ,'1" r' " ,.1 ,,,-,,,, '~r~'-I r ~ , ."). t" -' \ .•• ~ .)., ~ C: ':;i U,Y \1' " • ! , .' 

S i 1 t./ P:H t i Dg5 ) 

(01 iv e~9r ay (5'( ~/2) l'ii t1". 
s i lty p a r tin9s ) 
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BORING NO, K-5 

SURFACE ELEV, 900' MSL 

OES:Cfu'tIO~ 

-li} :i;i1Li9ht olive-gray (5Y 6/2) silty 
',' S,"'NDSTON :: with occasional dark 
:"" , gr ay (~4 ) claystone stringers 

n t t) r 'j a 
sy 6.'2 
A,~ DS T 0 

~~r F·:j li ght ()'li~·e·· ';'''~ y 
sil tYI fin .:: to Fe:':::ll,~-": 

~ an ::; S!~_1STON~ 
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BORING NO. r.-5 

SURFACE ELEV .900' r.SL 

PESCRIPTION 

_1''''''-',E.':Jlnter1cyered light olive-gray 
j(5Y 6/2) silty. fine to mediur>; 
SAN~5TON~ anj SlLT5iO~E 

partin ; ;; 

a :-. t.c 1 i 9\; : 9:",/ s ; ! t y , ';: I ') 

fine St>;sS ;Q !\~ 

W 
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BORING NO. K-S 

SURFACE ELEV ·9J~' !",;c 

CESCRIPTION 

ne 

D1ivi'-brown (2.5Y 5/4) CLI,YSiO';:: 
with orange and dark gray (No) 
banj$ ~ silty to very fi ne s2nji" 
parti ngs ; black organic; prese~nt 

(dark g r ay (NS)) 

Deff SlLTSTON: 

Meci LJfii gray (No) CL.A.YSTO~~:: '1':1:;-. 
o:cesional limonite stein ing 

(s1ic ke nsides at 2!S.5 feE~) 

,,: ~)1ive-9 r a)' (OY 5/2) si1:y , very 
fine SAt~3S TOr~~ with silty layers 
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BORING NO .. K- 5 

SURFACE ELEV. 90a' ~SL 

OESCRlrTfON 

3i ve gray ( 1'016 ) si l ty CLAYS TON : 
""ith silty partings 
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BORING NOK-S 

SURFACE ELEV.900't-'.SL 

OfS:::RIPTION 

:.:.'\" Olive-gray (SY 6/2) silty. very 
... :"'. fine SAhDSTON:: with blue geej 

- ... t;v;;.' •• <::.~ (N5) claystone stringers 

(SY 6/2) SILTS TO ',~ 

Light gray to ta n siltYf fine ~o 
'7:t?':1\JiT, Si\f·\DSi01'iF.' 

gr ay (? 5Y 5/2}CLAYSTC '( ~ 
ith occasicl!l al orafi!Jt? 2 ;",:j ~r~: 

'-:f"" '/ \1 Nt. ) "'h~ r ' t·\!., ri'" "~,,,, , f' .... ~ ~.,.;) · fl."· · ... .. :)~'f,~I .Y, ,'i_ 

S5f'l':/ si It. p,~r t i ngs preser : 

(meji:.;-:-: grC) (t-6} , v::!')' 
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('';('1'./ S i i t;, ~'i ::.,.. ~b u' ::-:. '":' 
$, )' 1t. f-,~'·~'r' :.~. ;} 
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BORING NO . K- 5 

SURFACE ELEV . 900'MSL 

DE$CR I "TION 

Slue gray (Nf) silty CLAYSTONE 

[dE cr eaSE of s i l t) 
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BORING NO . K-5 

SURFACE ElEV. 900'M5L 

O£$CRlliTION 

-'&)Y/.. . 
-~?".;H'; Llght ol1Ve (5Y 6/2) S11ghtly silty. 
-ii,"';;:\; fl ne SflNDSTON[ with thi n b1 ue 
_~;;{v,gray (N5) claystone layers 
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BORING NO . K-:, 

SURFACE ElEV.900 ' MSL 

. 
DESCRIPTION 

· Orange- brown 
· CLAYS TONE 
· Tan to light gray (lOYR 5/6) silty. 
· fine to ~dium SANDSTOti [ 

O/2-inch clayey layer) 

[1/2-inch clayey layer) 
(orange brown (7.SY? ?/E ), 
clayey str ingers fro~ 34€ feet 
to 349 fee:) 

{o1;v e ... graf (~, 'y S/?) .,iU
oc ca sion al s ilt 5t ~n~ l e ri~ es ) 

7/ f j ) 
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liquid 
Lirr1'H'! 

REMARKS: 

365 

370 

-

BORING NO. K- 5 

SURfACE ELEV.900' t',SL 

bESCf:UPTION 

Orange brown (7.5YR 7/8) slightly 
silty. fine to rnediur.; SANDSTONE 

~ 
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A, , « : ' • . I , 



lOG OF EXPLORRTORY BORinG 
PROJECT NUMBE R 224- 01. 36 

BY JK/S\oI DATE 6/1/84. 6/l~ /8 4 
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385 
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BORING NO·K-5 

SURFACE HEV · 900'~Sl 

OE$CR.IPTION 

-=li~:~··.;.;:,;·;·q:· Gray to tan s lightly si lty , fi ne 
. t o meai vm S~N CSTONE 

-",~'. Olive-gray (2.5Y 5(2) fine sandy 
'. " S!lTSTm,: 
./:: Gray to t an s 1 i ght 1y 5 i 1 ty, fi no 
, to mediUC' SA':DSTON:': 

5~nd~j light olive-gray , black and 
ora nge clayey SJLTSTON~ wit h 

fin e san dy par ting s 

Gerk gr"cj {N5) CLAYS l'ON:: 'f<'ith 
Y~ry fine sandy silt 

j-•..• ___ .L ........ .•.. L.. .......... L. •......•... .L • ... . . __ L.._ .•.. _ • .J. .. _ .. _. __ J£=.~,_ ...•....• _ .. - ... ----.-- .. - .... --.-. ---------. 
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H EMAF~KS . 

~ ... 
SII r'l gth 
ITSF) 

10 

BORING NO.K-S 

SURFACE ELEV.90Q' ~SL 

OESCRIPTION 

glue gray (N5) fine sandy 
SILTS TO N: 

(very sandy) 

(,,- ) 01 'YS-O"-gr=y \ 1\0: L ... ~ t ;"I t: 
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BORING NO. K- 5 

SURFACE ElEV .900 'f',SL 

DE$CRtrTION 

81we gray (1<5) sandy CLAY STONe 

(d ecrease of sand 

( i ncrease of sa nd) 

(yeij s 11ty) 

W 
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flEMARKS 

li'l'lI 
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BORING NO. K-5 

SURFACE ELEV900 '~.SL 

OE$CRIF'TION 

me um gray 
CLAYSTONE wit h tig ht gr ay ve ry 
fine sandy - silty part i ngs; 
black organics present 

(very silty partin;s) 

(I-inch sandy layer ) 
(very silty) 

(blue gray (N5 )) 

Bl ue gray (N5 ) silty, f ine 
~~~ SA~iDS TONE with she 11 fro9"'er.:'s 

Bl ue gr ay (Nc ) sandy-c l ayey 
~. ;;;.: .. .". SlLTSiONE; ve ry mo i st 

gray (NE) silty CU.vS TON: 
witt": very fine sa ndl-si l ty p=rti ngs 

(N E) very fi ne sa ndy 

9!'ay ( NE) ;; f'!t)' CLP."STO :-. , 
l i g'.t gray ( N?) ve ry f in e 

sa ndy .. s ilt,Y parti ngs 
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65 

70 

i~ 75 
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BORING NO, K- <. 

SURFACE ELEV, 900'~SL 

"HeRIHION 

)ark gray (N5) silty CLAYSTO~i, 
'th light gray (N7 ) ve ry f i ne 
and,Y - silty partin gs 

lr.terlayered dark gray (N C) 
CLAYS10NE and SI LTSTON E 

Jark gray (N6) 5i 1 ty CLPST O:" 
"'th ligh t gray (10) very f i ne 
sandy-si 1ty parting; 
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? I ')" 
:_ C' 

1 ; 

BORING NO K-5 

SURFACE ELEV. 9OC' PSL 

DESCRIPT!ON 

Dark gary (NS) s il ty CL~YSTOrlc 
ith light grey Uil) very fine 

sandy - 5 i 1 t.y pa:~ti ngs 

N4) very silty - clayey 
,~~'iDS TOUE; b 1 a ck 0 )"-;a n i c: 
fee t 

(black organics at 488 l/~ fee' 

". -
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BORING NO 

SURFACE ELEV , 900 'r-';SL 

DESCR;PTION 

Dark gray (5 Y (;./1} CL .~YSTONE with 
very fine ) very silty s3ndy 
stringers 

( N;~) slightly 51 1:'.]'1 fine 
with occasional 

:';'';';:,',:'''1 
cl ay s t o"': ;? S tri nger'S 

i 

Log below a dept tl cf soe fee! 
,obtained fr om ad j acent borehole . 
I rlavt::: +r~ ""ID ,,~. ~~Q::' ce o' oc col· ,··, r. '"' ." .. .. '" -. - ~ .' " , ....... , . .... , .. , ; 

~~elm" correspor,js to cl ays:or,:? at 
503 f eet on ab~ve c o l~mn , 

... 1... __ ", _ .. _ .... ... .... _ .... _. 
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d ' 

OF EXPLORRTORY BORinG 
224-01,36 BOR ING NO. K- 5 

6(12/84 SURFACE ELEV . 

, , 

31 0 

OESCRIP'TION 

TO~ E 

gr ay (5 Y 4/ 1) CLAY STO NE with 
f i n~ s il ty sa nds t one s t r ingers 

Dar k gray ( 5Y 4/1) f i ne silty 
~l< SAN2S10NE w it~ occas i o na l c la y 
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BORING NO Y-5 

SURFACE ELEV. 

DESCRIPTION 

ne. very 
f~-E q uent. 

Dark gr ay C5Y 4/1 ) CLAY S TON: with 
occds i cnal sandy partings 

~ 
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LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224-56.17 

PROJECT NAME Kettleman Hills 

BY CW DA TE 7/21 - 7/24/85 

POCKET PENETRk 0 
rrORVANE PENmO lION 5 S ~ 

METER (Blow.1 li1 ~ ~ 
(TSI'J (TSF) FtJ <.J 

-

-

-

I-

-

-

t 
'" LITHO-

~ ~ CRN-HIC 
J: ~ ... < COLU~ .. 
~ '" 0 

o 
_ML 
-
-
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-
-
-
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BORING NO. K-30 

PAGE 1 OF 24 
SURFACE ElEV,878.0' 

M.S .L. 

OESCR! PTiON 

SANDY SILTSTONE, fill. 

SILTY SANDSTONE; yellowish gray (5Y, 7/2); 
40% silt; very fine grained; moderate
ly graded; minor siltstone laminae; 
calcareously cemented; moderately 
indurated; dry. 

REMARKS Well K-30 vias drilled with air-rotary drill ing equipment to 
a total depth of 480 feet. The borehole was converted to a ground
,later monitoring well (see Completion Diagram). ~ 

@ denotes a bag sample . Emcon 
.... OOI.Tf-. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224-56.17 BORING NO. K-30 

PROJECT NAME Kettleman Hills PAGE 2 OF . 1 

BY CW DATE 7/21 - 7/24/85 SURFACE ElEV. 878.0' 
M. S.L. 

POCKFr PENFrR'" 0 
CfOKVANE PENFrRO TION 3 S ~ 

METER (Blow.1 0 ~ ~ 
CfSf) CfSFl FtJ el 

-

-

-

-

REMARKS 

UTHQ
GRAPHIC 
COWM'l 

DESCRIPTION 

20 ®.. SS : {:.:.::: SIL TV SANDSTONE (conti nued). 
:::::-:. 20% di ssemi nated s i1 t; = ·;)VL: 

- .:: ::".: 
, ...... . -= ~i}>: 

- ':::::: 

25 -= :\£f 

~ !\I~ 
- .. .. . . 

== :)}:?!( 
30 ®: SS/ {:::.:(( 

_ SLST:i/::·:::: 
- }.:h::· 
-= :::/~ - .:::'"..::' 
- .'.:' -..:-

-
-

change of color to dusky yellow (SY,6/4r. 
<15% silt\ verY fine- to fine-arained: 
arkosic(? ); poorly graded. 

35 -

{/: f-: \ 
.. ' C"_- \ 
::, -..:- SANDSTONE and SILTSTONE interbedded, 2: 1. 

40 

-
-
--
-
--
:-
c-" 

:i":',~ sandstone: dusky yellow (SY, 6/4). ;>-:: siltstone: light olive-gray (5Y, 5(2); 
::·i.:--: poorly developed bedding. 
" '--

i:11 
,:.,':~ 
:::c_ 
:,:,it-': 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
TION 

(Blowol 
(TSfI CTm FtJ 

REMARKS 

2.24-56.17 

Kettleman Hills 

7/21 - 7/24/85 

UTHQ-
G!'.APHIC 
COlUMN 

BORING NO. 

PAGE 

SURFACE ElEV. 

OESCRI PTION 

SANDSTONE and SILTSTONE interbedded 
(continued). 

SANDSTONE. 

K-30 

3 OF 24 

SILTY CLAYSTONE; light olive-gray (5Y, 5/2 
20-30% silt; limonitic partings; poorly 
indurated; slightly damp. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET o .. ~ lION z~ 
:>>-> METER (Slow./ 0<", 
e!~~ (TSFJ ITSFJ FtJ 

224-56. 17 
Kettleman Hi11 s 
7/21 - 7/24/85 

t:: 
UTHO-

~ GlVJ'HIC 
~ COlUMN .. 
w 
0 

60 

65 

70 

75 

BORING NO. K-30 

PAGE 4 OF 

SURFACE HEV. 878.0' 

OESCRI PTION 

(continued) . 

change of color to dark gray (N3). 

15% dissemi nated silt; massive. 

gypsum viens . 

REMARKS Began water injection at 80 feet . @ 
Em<Ofl 
..... OC' ... T •• 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
~f!j~ TION ::>I-W 

METER 
(Blows' o<~ 

(TSf) ITSf) FtJ !S;: ... 

REMARKS 

224-56.17 
Kettl eman Hi11 s 
7/21 - 7/24/85 

UTHO-.:: ClAI'H1C 
~ COlUMN a, 
0 

80 

85 

90 

BORING NO. K-30 

PAGE 5 OF 

SURFACE HEV. 878.0' 

OESCRI PTION 

SILTY CLAYSTONE 
change of col 
(N4); <10% silt. 

dark gray 

0.5 "-thick beds; slightly fissi l e; 
black organic material to 100 ' . 

WI 
ElIKon 
Ae.ocr .. .,..' 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
lION l!!~~ 

::J <~ METER (Slow./ 0;:"" !:! ~ (TSfJ CTSFJ Fw 

REMARKS 

224-56.17 
Kett1eman Hi11 5 

7/21 - 7/24/85 

lITHO-
~ GAAPHIC 
i!: COlUMN 
0-
~ 

0 

BORING NO. K-30 

PAGE 6 OF 

SURFACE £lEV .878 •0 ' 

DESCRIPTION 

SILTY CLAYSTONE continued. 

minor yellowish gray (5Y, 7/ 2) siltstone 
stri ngers. 

(i 
Emcon 
.... 'OI:·IoTI. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

PQCI(ET 
~ti~ 
"'I-W 

METER (Blow.1 0<> 
(TSf) (TSF) Ft.! Ij:: ~ 

REMARKS 

224-56 . 17 
Kettl eman Hi1l s 

7/21 - 7/24/85 

lITHO-
GRAPHIC 
COlUMN 

BORING NO. K-30 

PAGE 7 OF 

SURFACE ELEV.878.0' 

OESeRI PTION 

Pecten (? ) shell fragments. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
25!~ TION 

METER (Blows/ 5'<~ 
nSf) nSF) ftJ e!~~ 

REMARKS 

224-56.17 
Kettl eman Hills 

7/21 - 7/24/85 

Ii IJTHO· 
GlW'HIC 
COlUMN 

BORING NO. K-30 

PACE 8 OF 
SURFACE ElEV. 

OESCRI PTION 

SILTY CLAYSTONE (continued). 
minor organic materia l ; 1 shell frag
ment. 

fine sandstone partings; organic rich. 

change of color to light olive-gray 
(5Y, 5/2); 20% fine disseminated sand; 
moderately fissile; gypsum stringers; 
minor fossils; minor limonitic sand
stone pebbles; poorly indurated. 

PLATE 



, , 

LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POO<£T 
TION ~ei~ 

;' ... w 
MfTER (Bk>w<1 0<> 

es~~ (fSf) fTSF) FtJ 

REMARKS 

224-56.17 

Kett1eman Hi11 s 

7/21 - 7/24/85 

LITHO-g 
GRIIPHIC 

iE COlUIoM< .. 
w 

" 

165 

170 

175 

BORING NO. K-30 

PAGE 9 OF 

SURFACE ElEV. 

DESCRIPTION 

SILTY CLAYSTONE continued . 

YSTONE and SANDY SILTSTONE interbedded, 
2: 1. 
claystone: medium dark gray (N4); 
sandstone partings. 
siltstone: 1ight o1ive-gray (SY, b/ 2); 
2u-3u% very fine sand; minor very 
1imonitic , moderately indurated, fine 

a 
Emcon ".'OCIA"" 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NMiE 

BY CW DATE 

POCKET 
TION l.l ilI~ 

:>I-w 
METER 0<> (Blows' e!;:~ 

ITSfl (TSF) FtJ 

REMARKS 

224-56.17 
Kettleman Hills 

7/21 - 7/24/85 

LITHO-
i!: GRJlPHIC · 
:r: 

COl.UMN ~ 
" 

1 

1 

19 

BORING NO. K-30 

PAGE 100F 

SURFACE ELEV. 87B •0 ' 

OEseRI PTION 

CLAYSTONE and SANDY SILTSTONE i 
(continued) . 

very poor cuttings return. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET !ii!~~ TION => ... ~ 
MEUR (Blowsl O<~ 

(TSf) (TSF) FtJ ~ ::~ 

REMARKS 

224-56.17 

Kettleman Hill s 

7/21 - 7/24/85 

Ii UTHO-
~ GRAPHIC 
rE COlUMN 
~ 

205 

BORING NO. K-30 

PAGE 11 OF 

SURFACE ElEV. 878.0' 

OESCRI PTiON 

CLAYSTONE and SANDY 
(cant i nued) . 
CLST:SLST = 1:1. 

increase of disseminated sand within the 
siltstone portion. 

SILTY SANDSTONE; dusky yello~1 (5Y. 6/4); 
very fine- to fine-grained; quartzose; 
moderately graded; claystone laminae; 
limonitic staining. 

change of color to dark yellowish ora 
(10YR. 6/6); 40% silt; fine grained; 
quartzose; iron-oxide cement; abundant 
organics; poorly indurated. 

WI 
Emcon 
.lIIOCIA". 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224-56.17 

PROJECT NAME Kettleman Hills 

BY CW DATE 7/21 - 7/24/85 

roCKET PENETR.... 0 '" 
TOINAN£ P'N~<> TION 5 ~ ~ 

METER (Blows/ 0 ~ ~ 
(lSf) (lSF) F t.J ~ 

-

-

REMARKS 

-
-
---
:--

lITHO
GRAPHIC 
CotUMN 

- ;':: .. , 
/:. 

- ,., ,., 

;?} 
---~:. 

BORING NO. K-30 

PAGE 12 OF 

SURFACE REV 878.0' 
. M S.I 

DESCRIPTION 

SILTY SANDST;ONE (continued). , 

SI LTSTONE and SANDSTONE interbedded. 2: l. 
siltstone: light olive-gray (SY. 5/2); 
< ~"-thick beds;.fissile; 1 imonitic 

part i ng s. 
sandstone: dark yellowish orange (lOYR, 
6/6) . 

~ 
EflKOR 
"'1l.OQ,At •• 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224-56.17 BORING NO. K-30 

PROJECT NAME Kettl eman Hill s PAGE 13 OF 24 

BY CW DATE 7/21 - 7/24/85 SURFACE ELEV. 878.0' 
M.S.L. 

POCKET PENETR.+ 
~~~ 

t 
i8 UTl-fQ· 

IrORVAN£ PENETRO TION ;: GRAPHIC DESeRI PTION 
Mfl"ER 8>-w i.!: ~ (Blows! e! ~~ fl:l 

., COlUMN 
(TSF) (TSF) FtJ '" 0 

24 . lID SLST __ .Jl. ,:':': SILTSTONE and SANDSTONE interbedded 
_ ISS ::::: ':.' (continued). 

?~~ - -:: _ f'.: 
f::. ... 

".\' .. I- - r_-_ r.: '.'; _ r.: ..... 
::: 

- ~ .:. ::: 
- .: '~ 

'" 245- - ',::;: 
-

.. /~ - --
'" - ",' - - :.'::: - - :: .. 

- '.:: . 
- - ~·X --- ,.,.-. 

- 250Q£ ,...:: -:: :c: ,'," ,' 

- =3 ://. - :-= . '. -
I- - F 

[C,-- 1--: 
- 1--:' 
- F- .. ' 

1-:: ' ,'.' - 1--: ;:0.:' 
I- 255- r:: 

- 1--: .:.: : 
- 1--: 

~~:~.:~ E-- 1-:: 

};: - I-=: 
I- - E 

- 1--= 
- 1-"': ;y~ ~-= -:- :? - ~; 

26 
REMARKS e 

Imcon ..... 010·.,. •• 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY cw DATE 

POCKET PENETR.+ 0" 
TORVANE PENETltCJo TION 5 ~;g 

METER (Blow,f ~ ~ ~ 
(('Sf) rrSFl FtJ t;) 

-

-

I-

I-

I-

I-

REMARKS 

224-56.17 
Kettleman Hill s 
7/21 - 7/24/85 

UTHO
GRAPHIC 
COlUMN 

BORING NO. K-30 

PAGE 14 OF 

SURfACE ELEV. 878.0' 
M.S.L. 

OEseRI PTION 

SILTSTONE AND SANDSTONE interbeaaea 
(continued) • 
@ 260': organic interbeds(?). 

SANDSTONE; dusky yellow (5Y, 6/4); 20% 
silt; fine grained; quartzose; moderate
ly graded; gypsum stringers; organics; 
moderately indurated; harder drilling. 

PLATE 



LOG OF EXPLORATORY BORING -

PROJECT NUMBER 224-56.17 BORING NO. K-30 

PROJECT NAME Kettl eman Hill 5 PAGE 15 OF 24 

BY CW DATE 7/21 - 7/24/85 SURFACE ELEV, 878.0' 
M.S.L. 

POCKET PENETRIr 
~!lI~ 

t 
~ UTHO· 

TOKVANE PENETR.O ~ ~ 

lION J GRAPHIC DESCRIPTION 
METER :;)!:(> X ~ 

(Blow" 03:~ ... COW/Wol 15 ... ftl '" (TSf) (TSF) FW ~ 

Cl 

28 '1m. SS ,:,~r::, '" SANDSTONE (continued). 

- :\Y? -
- :~:·:r/~: I- - : ....... ', . 
-

!i1:?i 
-
-
-

;~'i; - 285-
-
-
-
- 30% 5 i ltstone interbeds. - -
-
-
-
-

- 290 ®:: 
-
-

l'r&; 
-

I- -
-
-- ....... .. ' .... ....... - ~:~~\\:: I- 295-

S5/ - S :': .:,: ,:: 
- SLST ':'~::':,:-:, 

- ::-:,1-':::, 
'" ", - ::::'. 
~-I- - ':',: 

- :.:< 
- " -- SILTSTONE interbedded - ," -= SILTY SANDSTONE and 

- ,,'.' ;- (continued on next page) , 
::.: 

REMARKS 

~ 
ElllCOft 
..... OCI ... ". 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
~~~ lION 8>-w METER (Blows/ 

<> 
(TSF) mFl FtJ ts3::!l 

REMARKS 

224-56.17 
Kettleman Hi11 5 

7/21 - 7/24/85 

t: lITHO-
~ GRAPHIC 
iE COlUMN 
ill 
0 

310 

BORING NO. K-30 

PAGE 16 OF 

SURFACE ELEV . 878.0' 

OESeRI PTION 

SILTY SANDSTO NE and SILTSTONE interbedded. 
silty sandstone: light olive-brown 
(5Y. 5/6); very fine grained; quartzose. 
siltstone: light olive-brown (SY, 5/6); 
thinly bedded; sandstone partings; 
fissile. 

CLAYSTONE and SILTSTONE interbedded, 1:1. 
cl aystone: medium dark gray (N4); 
fissile; poorly indurated. 
s il tstone: light olive-brown (5Y, 5/6 ) ; 
fine to very fine sandstone partings; 
fissile; poorly indurated. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
~a\;;j TKlN 

METER ;:, >-> 
(Blows/ O<w 

CTSfJ (TSFJ FtJ ~~~ 

REMARKS 

224-56.17 

Kettleman Hill s 

7/21 - 7/24/85 

t:: UTHO-
?; Gl1.IIPHIC :r ... COlUMN e, 
0 

325 

330 

BORING NO. K-30 

PAGE 17 OF 

SURFACE ElEV. 878.0' 

OEseRI PTION 

CLAYSTONE and SILTSTONE interbedded 
(conti nued) . 

siltstone portion becomes sandy; limoni
tic staining. 

gypsum stringers. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
~f5~ 
:::>I-~ 

MET£R 0<> 
(Blows' f:! :;: ~ (fSf) (TSFJ FtJ 

REMARKS 

224-56.17 
Kettleman Hi 11 5 

7/21 - 7/24/85 

UTHO-;;:; 
CRNHIC 

:r 
COlUMN l-

e. 
~ 

c 

35 

BORINC NO. K-30 

PACE 18 OF 

SURFACE ELEY. 878.0' 

OEseRI PTION 

CLAYSTONE and SIL nte 
(continued) . 
CLST:SLST = 7:3. 

SILTY CLAYSTONE; medium dark gray (N4); 
15-20% liQht olive-brOlvn (5Y, 5/6) 
siltstone'interbeds; moderately fissile 
Doorly indurated. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
TION ~::5~ "' ....... 

METER (Blow,; 0<> 
(fSf) (TSF) Ft.l 

!:j~::l 

REMARKS 

224-56.17 

Kettleman Hills 

7/21 - 7/24/85 

Ii UTHO-:;:; 
GRAPHIC 

j: COlUMN 
ill 
0 

365 

370 

375 

BORING NO. K-30 
PAGE 19 OF 2 

SURFACE ELEV. 878.0' 

DESCRIPTION 

SILTY SANDSTONE. moderate yellowish brown 
(lOYR, 5/4); 30-40% silt; very fine
to fine-grained; arkosic; limonitic 
cementation; moderately indurated. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 
PROJECT NAME 
BY CW DATE 

POCKIT 0,,);] TION z~ 
:J !:(:> 

(Blow.1 o~~ 
~ ~ (TSF) nSF) ftJ 

REMARKS 

224-56.17 
Kettleman Hill s 
7/21 - 7/24/85 

LITHO· a; GRAPHIC 
X ... COWI>f'I .. 
~ 0 

385 

395 

BORING NO. k-30 

PAGE 20 OF 
SURFACE ELEV 

OEseRI PTION 

CLAYSTONE; medium gray 
stone beds; organic mate 

occasional moderate yellowish brown 
(10YR, 5/4 ); limonitic, very fine, 
silty sandstone int erbeds. 

PLATE 

-~ 

t-



( 

LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

BY CW DATE 

POCKET 
111li~ TION 

METER " ... > 
(Blows/ o<~ e'l~~ £TSf) (TSf) ft.! 

REMARKS 

224-56.17 
Kettl eman fI; 11 s 

7/21 - 7/24/85 

t LITHO-
il; GRAPHIC ::c .... COlUMN ... 
~ 

0 

405 

41 

41 

BORING NO. K-30 

PAGE 21 OF 24 

SURFACE ELEV. 878.0' 

OESCRI PTION 

(lOYR. 

SILTY CLAYSTONE and SANDSTONE interbedded. 
silty claystone: medium dark gray (N4). 
sandstone: moderate yellowish brown 
(10YR. 5/4); very fine grained; limoni
tic staining. 

CLAYSTONE; dark greenish gray (5GY, 4/1); 
slightly fissile; slickensides(?); 
shell fragments; minor organic material. 

WI 
EmcOft 
""OC, .. T" 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAtvlE 

BY CW DATE 

POCKET 
~ftl~ 
::>'"~ 

METER (Blows/ 0<> 
rnfJ (TSf) FtJ ~?:~ 

REMARKS 

224-56.17 

Kettleman Hill s 
7/21 - 7/24/85 

425 

430 

435 

lITHO· 
GlW'HIC 
COLUMN 

rzoo __ 

BORING NO. K-30 

PAGE 22 OF 

SURFACE HEY. 878.0' 

DESCRI PTiON 

minor very silty claystone interbeds; 
abundant organic material. 

PLATE 



( 

LOG OF EXPLORATORY BORING 
PROJECT NUMBER 

PROJECT NAME 

224-56.17 

BY cw DATE 

Kettl eman Hills 
7/21 - 7/24/85 

POCKET PENETR.... 0 
TORVANIl PENETRC>- liON 5 ~d 

METER (Blow.1 0 ; il: 
(TSf) ITSf) FtJ 15 ~ 

t 
i!: 
~ .. 
w 
0 

'" ~ .. 
l: 
< on 

44u -
-
---
-

Rec . -D. O' -
445-: 

-
-
-
-

I- ---Rec.' -
0.0' -

450-:-
--
-
-

I- -
-
-

Rec. -
0.0' -

455--
CORE 
BOX 

I- 1 -
-

Rec. 
5.0' -

LITHO
GRN'HIC 
COUJMN 

BORING NO. K-30 

PAGE 23 OF 24 

SURFACE ELEV. ~7~.~, 

OESCRI PTION 

SANDSTONE; dark gray (N3); no clay or silt; 
fine- to medium-grained; quartzose; 
mafics; poorly graded; subrounded to 
well rounded; friable; wet(? ) . 

@ 455': color change to medium dark 
gray to dark gray (N4 to N3); <5% silt; 
quartzose; 10% lithics; rounded; 
massive; moderately to poorly indurated. 

REMARKS The borehole was continuously cored from 440- to 480-feet. WI 
Emcon 
.. .. OC''''Tt. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224-56.17 BORING NO. K-30 

PAGE 24 OF 

SURFACE ELEV. 87B.0' 
H.S .l. 

PROJECT NAME Kettleman Hills 

BY CW DATE 7/21 - 7/24/85 

POCKET PENETRII- Cl.. Ii v. 
h'CHtVANE peNETR~ lION ;;;: t!:;:a l!; ~ 

~ ... ..r -' > x?i < 
METER (8Iow./ ~ ~ ~ ... 

(TSF) rrSF) h,J 1..1 ~.." 

UTHO' 
GRAPHIC 
COlUMN 

DESCRIPTION 

46 _ SS SANDSTONE (continued). 

REMARKS 

CORE 
BOX 

2 

-. 
-

-
-

Ree. _ 
4.5' -

-
'--465 ----'-

-

CORE 
BOX 

3 

Rec. 

-
---

-
-
-

5.0' -
-

-470-
-
-

CORE 
BOX 

f- 4 

-
-

-
-
-

Ree. -
5.0' _ 

1---475 -

I-

CORE 
BOX 
5 

-
-
--
-
-

Rec. -
5.0' :--

@ 461': <10% disseminated silt . 

@ 464'-465': friable. 

@ 466': 42° dip, 
@ 466 .5': change of grain size to fine. 

@ 469'-469,5': 0.5"-thick siltstone 
interbeds deposited every 0.5". 

@ 472': <5% disseminated silt and Cli 
fine- to medium-grained; quartzo se; 
20% lithics; siltstone laminae deposited 
every 0.5'; poorly i ndurated. 
@ 474.5'-475': friable. , 

..... .... @ 475': change of grain size to medium 

:~r() ~~a~~~~ ~~~~iv~~deratelY to poorly 

. . @ 476'-477.5': unit becomes a silty 
:::::>::,:' sandstone to a sandy siltstone with 
:" ::":,:.: 50% dissem i nated silt; very fine grained 
,::.-»,:::, SILTSTONE; medium dark gray (N4); 10-20% 
>'':,X:. /sandstone interbeds; 0.25"- to 0,5"-
:,:>;'~',:'- thick beds; organic laminae; poorly 
, ::.:: i ndura ted 
:<:'::':'1 / @ 477.5'-478,5': no sand; massive. 
,:',::::,::'1/ @ 478.5': <28% very fine sandstone 
:':,::, laminae; <30 dip. 

SLSL-..:-:::: 
:..::--~ .--"'...: 
-:---:.: 
'-:-:-: TERMI NATED BORING AT 480 FEET. 

PLATE 



KETTLEMAN HILLS MONITORING WELL SUMMARY 

MONITORING WELL K-30 
LOKI 2 

NORTHING: 230115.9 

EASTING: 1700113.4 

Well Construction Dalal 

TOC (TOSP) Elevation': 678.83 ft. MSL 
Ground Surface Elevation 877.7 ft. MSL 

TOTAL WELL DEPTH: 465 ft. 6GS. 
TOTAL BOREHOLE DEPTH: 480 ft. BGS. 

easured Depth to Top of Sand Pack: 421 ft. 8GS. 
Measured Depth to Top of Screen: 435 ft. BGS. 

Measured Depth to Pump Intake4
: 457.8 ft. 8GS. 

Measured Depth to Water: 433.40 ft. BTOC 

Well Deviation Calculatlons1 

True 
Vertical 

Measurement Depth 
WELL TO: 463.45 

Top of Sand : 419.92 
Top of Screen: 433.61 

Pump Intake : 455.66 
GW Measurement 432.03 

Date Installed: 85-Jul-24 
Well Deviation Survey Date: 85-Jul-29 

Ref. 
ft. 8GS. 
ft. 8GS. 
ft. BGS. 
ft. BGS. 
ft.BTOC 

Date Measured 

96-Apr-01 
87-Nov-22 
87-Nov-22 
87-Nov~22 

87-Nov-22 ~ 'i 7 •• 3 
87-Nov-22 ,,, ,,,.?< 

87-Nov-22 
96-Dec-01 

True 
Vertical 

Elevation Ref. 
414.20 ft. MSL 
457.73 ft. MSL 
444.04 n. MSL 
421 .99 ft. MSL -. 
446.80 It. MSL 

Well Deviation Survey Results 
Measured Course Drift/Deviation Vertical True Vertical 

Depth (ft.) Length (ft.) Angle (') Course (ft.) Depth (It) 

0 0 0.0 0 0 
2S 25 0.2 25.0 25.0 
50 25 0.6 25.0 50.0 
75 25 1.1 25.0 75.0 
100 25 1.8 25.0 100.0 
125 25 2.6 25.0 125.0 

150 25 3.6 25.0 149.9 
175 25 3.2 25.0 174.9 
200 25 2.9 25.0 199.8 

225 25 3.4 25.0 224.8 
250 25 3.9 24.9 249.7 
275 25 4.9 24.9 274.6 
300 25 4.2 24.9 299.6 
325 25 5.7 24.9 324.5 
350 25 6.0 24.9 349.3 
375 25 6.4 24.8 374.2 
400 25 5.9 24.9 399.0 
425 25 8.8 24.7 423.7 
450 25 6 .7 24.8 448.6 
462 12 5.1 12.0 460.5 

---~ .. - . .. . - -- -- .. _--- -_._.-

Notes: 1. True Vertical Depth and True Vertical Elevation calculations based on closest previous deviation measurement 
(i.e. for 460', use deviation measured at 450') 

2. WeI! Construction Data from Erncon, (1985) and site records. 
3. TOC elevations & GW Measurements provided by R Reed, CWM! 
4. Pump Intake Depth ~ Pump depth-(TOC-GSE). 

lVDWE QSK-30 

._', 

True 

Elevation (MSL) 

877.65 
852.65 
827.65 
802.66 
777.67 
752.69 

727.74 
702.78 
677.81 

652.86 
627.92 
603.01 
578.07 
553.20 
528.34 
503.49 
478.62 
453.92 
429.09 
417.14 

3/4/97 
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I WELENCO, INC . 4817 DISTRICT BL\'u. BAKEHSFlELD, CA 93309 

SURVEY DATA SHEET 

COMPANY EMCON ASSOCIATES ADDRESS 90 ARCHER ST .. SAN JOSE->-GA 95112 7-29-85. 

WELL IIK-30 (CASED HOLE) FIELD KETTLEMAN HILLS COUNTY KINGS STATE ell 

Jon n 10474 
PAGE n 1 Of 2 

:==::::; ."."::,,, ~~A=~===F========= =;========~=~~=== =-~===========~=e=~=~====~===============~c=====~======~====~~=~~============_~_c== 

ASURED COURSE DEVIATION VERTIQ\L DEPTII COURSE lJIRECTION COURSE ____ TOTAL 
PTll LENGTH ANGLE COURSE TOTAL DEVIA- OF LATITUDE IlEl'ARTURE -- .. -~:"-

LATITUDE DEPARTURE 
nON DEVIATION NORTH SOUTII EAST I<EST NORTH SOUTH EJIST WEST , 

o 0 o 0 o 2 o 0 o 0 o 0 N 36 E , - - - - - - - -
llJL 7~.0 0.2 2~ .0 2'i_O 0.1 N 54 EO. 1 - 0 . .1 f- - 0:1 - 0 1 -
iO.O 25.0 0.6 21 _0 .50_0 o.~ N 61 E -----.0 .1 OL 1--:-I-J.l...- __ - 0:1 
75.0 21_0 1.1 .1.2..9_ f-- - 75 0 0.5 N 6~ .. _ _ ~.L .---- -P. •. L f-- .-"- .. _ .... J2.'· .1 . _-_1---9.7 
QJl~o ''i.·o 1.JL .. _ __ ..25 .• L _ .. -.llliL. 0 ,0...8. ... . .!LZfLlL. ~._Q.2.. _ -_. _.--- _.9_.8. _ 0'; · - 1.5 f.-- -.-.. -- - -. . . .. . _-, .. -1- . T" - • . :'-

250 25 0 2 _tL-_ f- 75.0 _ 12~. 0 1.1 N_.2l!.l' __ I_ O-,.!:L 1.1 , 1.0 ' .' 2.6 
50.Q 2';.0 

~--- ~_'::i~~~ . 1 ~~'1.-~ 4.( )J~ _ _ -1)_.iL .----1Jt9 9 1.6" ~_L-_Q..L ---_ .. ) , .2 ._ .. . ... . ' -, . 
75.0 25.0 3.2_. 25.0 174.9 l !.~ ~.J 1 E 0.5 1.3 - .::- _ 1.9 __ 1--_ - 5.4 
)0 0 25 0 2.9 25.0 .. 199.8 1.3 N7lE 0.4 ~L 1---.- 2.3 - 6.6 
25 0 25.0 3.4 25.0 224.8 1.5 N 69 E 0.5 1.4 2.9 - 7.9 
)0.0 25.0 3.9 24.9 249.7 l.? N 70 E 0.6 - ~.&. - 3.5 - 9. 5 -
15.0 25.0 4.9 24.9 274.6 2.1 N 68 E O.S - 2.0 - 4. 3 - U.S -
)0 0 25.0 4.2 24.9 299.6 1.8 N 74 E 0.5 - 1.6 - 4.8 - 13.3 -"--
15 0 25.0 5.7 24.,1...... 324.5 2.5 N 73 E 0.7 - 2.4 - 5.5 - 15.7 - -
;0,0 25 0 6 0 24 9 349.3 2.6 N 72 E 0.8 - 2.5 - 6.3 - 18.1 - " 

. 5.0 25 0 6.4 24 9 374 2 - 2.8 N 73 E 0.8 - 2.7 - 7 .• 1 - 20.8 -
iO.O 25.0 24.9 5 9 399 0 2 6 N 7l E 0.8 - 2.4 - 7.9 - 23.2 -
~5 · 0 2<;.0 ll.ll 24_7 421.7 

~:~ 1--!LZ2E 1.2 - 1L - -q 1 - 26 9 -
i'tf.O ?'i .0 6.7 24.8 448.6 N 72 E 0.9 - 2 .. 8 . 10 0 - 29,6 -
;' . 0 12.0 '.1 1?0 I.flO.'; 1.1 N 70 E 0.4 - 1 • .Q - -10 . 1. - 30 7 -

I f'T.o<::ml"· 'ILl. 1FT ,N 7lt:. IF: 
I TarA1 ~L DI IpTH' /.f,Q . 'i 1FT 

.. -- JlEAIUNG.:.... '------f--... .2QO 
- - f.--- .. -. . . --- .-. . 

- -
--

.--
- -., 

-.. 
.. 

- 1==--- --- . -_. 



lOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hi 11 s 

BY MAC, BS DATE 10/9 - 10/10/85 

,.: 
POCKET 

~~~ 
~ lITHO-

TION ;:: GRAPHIC :,.._w 
METER 0<> :t 

(Btows/ !:Il:~ 
... COl.UMN 

(TSf) (TSF) F~) Ell 
0 

5 

10 

15 

BORING NO. K-46(RD-2) 
PAGE 1 OF 

SURFACE ElEV. 

OEseRI PTION 

; 9 ~ 
30% silt; 10% very fine sandstone 
laminae with limonitic staining. 
10' with gypsum viening ; very poo.rly 
indurated. 

REMARKS Borings K-46 and K-46(RD-l) were pl and abandoned as a result 
of swollen claystone beds blocking the passage of PVC casing. Well K-46(RD-2) 
was located 65 feet east of K-46(RD-l). K-46(RD-2) was drilled with air-rotary 
drilling equipment to a total depth of 461 feet. During the completion pro-

e was converted 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 
PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCK!.! 
ITOR"VANE I 

METER 
ITSfJ ITSF) 

(Blowsl 
ft.l 

25 

30 

35 

40 

lITHO
GRAPHIC 
COlUMN 

REMARKS ® denotes bag sample. 
Began water injection at 32 feet. 

BORING NO. K-46(RD-, 

PAGE 2 OF 24 

SURFACE HEV. 

DESCRI PTION 

occasional gypsum stringers. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NMIE Kettleman Hil1s 
BY MAC. BB DATE 10/9 - 10/10/85 

(fSf) 

POCKET 

METER 
nSF) 

REMARKS 

(Blows; 
FtJ 

45 

50 

55 

LITHO
GRIII'HIC 
COlUhW 

55 

BORING NO. K-46(RD-, 

PAGE 3 OF _ 

SURFACE ElEV. 

OEseRI PTION 

SANDSTONE; moderate olive-brown (5Y,4/4); 
5% silt; very fine-to fine-grained; 
quartzose; lithic; minor cementatiol 
friable to poorly indurated. 

of black mica content. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 
PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET 
~es~ LrrHO-

TION ;;; 
GRAI'HIC " .... w METER 

(Blows' 0<> ~ COLUMN 
(TSf) fTSf) Ft.l eI~!:'J e, 

0 

60 

65 

70 

75 

REMARKS 

BORING NO. K-46(RD.2 

PAGE 4 OF 24 

SURFACE ELEV. ~:UO' 

OEseRI PrlON 

SANDSTONE and SILTSTONE interbedded, 3:2 
sandstone: light olive-brown (5Y, 5/6 
siltstone: light olive-brown (5Y, 5/6 

CLAYSTONE and SANDSTONE interbedded, 13: 
claystone: light olive-brown (5Y, 5/6 
sandstone: light olive-brown (5Y, 5/6 
very fine grained. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET t LITHO-
TION ~e5:!1 l!; 

:It-~ CIlN'HIC 
METIR (Blow,/ O<w ~ COLUMN ~ ;t~ .. 

(TSf) (TSF) FtJ w 
0 

85 

90 

95 

55 

REMARKS 

BORING NO. K-46(RD.l 

PAGE 5 OF L 

SURFACE ElEV. ~? 

DESCRIPTION 

CLAYSTONE, light olive-gray (SY, 5/2). 

SANDSTONE (Continued on next page). 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettl eman Hi 11 s 

BY MAC, BS DATE 10/9 - 10/10/85 

POCKET PENETR ... • 
O"':!l 

t 
'" UTHO-

"TORVANE PENETRo- TION z~ ;;:; !:l GRAPHIC :,.. ..... .. 
METER [Blow,/ o<~ iE lE COlUMN 

erSF) e\" .. 0( 
(TSF) Ft.) ... '" 0 

I-

.. 

.. 

.. 

-

REMARKS 

BORING NO. K-46(RD.2 

PAGE 6 OF 24 

SURFACE ELEV. 871.30' 
M.S.L. 

OEseRI PTION 

SANDSTONE; 11ght ollVe-brown (5Y, 5/6); 
10% silt; fine grained; 15% medium 
and coarse; 15-20% claystone laminae; 
minor medium to coarse, dark lithics. 

20% disseminated silt; 5-10% 
claystone . 

SANDSTONE and SILTSTONE interbedded, 7:3. 
sandstone: 1 ight 01 ive-brovm (5Y, 5/6 
fine-to medium-graihed; quartzose; 
abundant pelecypod (?) shell fra gments ; 
bone ( 1) fra 9:'llents' 
siltstone: olive \lOY, 5/2 ) . 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hi 11 s 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET t UTtiO-
~ ~'!l TION ;:: GRAPHIC 
" .... w METER (Blows/ O<~ i!i COI.UMN es::~ .. 

(TSFI (TSf) fW w 
0 

125 

130 

REMARKS 

BORING NO. K-46(RD-2 

PAGE 7 OF' 

SURFACE ElEV. ~:~. 

DESCRt PTION 

siltstone comprises the major 
portion of the unit. 

CLAYSTONE; moderate olive-brown (5Y. 4/1 

~ 
Emcon A,.oe, .... ,. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 56 . 33 

PROJECT NAME Kettleman Hills 

BY t-1AC, BS DATE 10/9 - 10/10/85 

(TSf) 

POCKET 

MITER 
ITSF) 

REMARKS 

(Slow,/ 
FLl 

145 

mHO
GRAPHIC 
COlUMN 

BORING NO. K-46(RD- l 

PAGE 8 Of 24 

SURFACE ELEV . 0' 

DESCRt PTtON 

Continued . 

SILTSTONE; olive (lOY, 5/2 ) . 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 
BY MAC, BB DATE 10/9 - 10/10/85 

POCKET PENETR.... Cl 
Ol<VANE PENETRO TION 5 ~ a 

METER (Btow'; 0 <?j 
rrSfJ crSF) FtJ 1:1 a: 

-

-

-

-

-

REMARKS 

LITHO
GRAPHIC 
COLUMN 

160r B) SLST -:::-::;. -........ ---- -----
- r--:-:": 
- f-:-~ - ---::.., - -:-::::----- -=----- -----:. 
- -:-::;. 

165 F"--
'- c.""---": 

- f-::-:': 
- ::-:::j - -----
- --=-:-: - --:----:-::::: - :---:: 
- ;---:: - ,:-:...-=--

---'-
170 - ---::..., 

J 7~B ---:::-
\£L --=---
- j::::: --- ---=--
- :-:-: - ----=-
- 1-::-=== 
- ~::-::: 
-~LST I'i=~ 

175..= ss' 'E+.=~ 
,,-., -

~ ~::;J~ 
_ 7"-;'.:'). 

:-- ., .. -,.... :':", - -- ... _ ;:;,': ..•. - ,:",..: '" 

l8n = E= ' .. 

BORING NO. K-46(RD-2 

PAGE 9 OF . 

SURFACE ELEV. ~:U?' 

DESCRt PTtON 

SILTSTONE (Conti nuedl. 

SILTSTONE and SANDSTONE interbedded· 
siltstone: olive (lOY, 5/2). 
sandstone: olive (lOY, 5/2); fine-to 
medium-grained . 

PLATE 



,'---' 

LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NMIE Kettl eman Hi 11 5 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET PENETR" 0 
TORVANE PENETR<> TION 5 ~;g 

METER (Blows/ 0 '< ~ 
(Tsn (TSf) ftJ 5 ::: ~ 

-

-

-

-

-

REMARKS 

-
-

195-v_ 

-
-
-
-

-
-. 
-
-

200-

UTHO
Gl\APHIC 
COlUMN 

BORING NO. K-46(RD-2 

PAGE 10 OF 24 

SURFACE £lEV. 871.30' 
M.S.L. 

OEseR I PTiON 

SILTSTONE and SANDSTONE interbedded 
(Continued) . 

SANDY SILTSTONE; olive (lOY, 5/2). 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56 . 33 BORING NO. K-46(R" , 

PROJECT NAME Kettleman Hills PAGE n OF~ . 

BY I'1AC. BS DATE 10/9 - 10/10/85 SURFACE ELEV. WHO' 

POCKIT PENITRA-
~ai~ 

t: 
~ 

lITHO-
TORVANE PENETR0- TION ~ GRAPHIC DESCRI PTiON ;:II-W .. 

METER 00(" :t ::; COLUMN (Siowsl /j;;:!!i I- 0( 
(fSf) nSF) FW ill '" 0 

20OC!) SLST r~---.: r-----
SANDY SILTSTONE (Continued) • 

- ---~ - ::-:: - --:...:-..: - - ,..-:--..: 
- --:--,.:: 

:-::--~ - :-::---..: 
- --..: ---:: 

205- -----
- - -:-:: ----

- --:-:: ,..-:--'--- ,..::---..: - ----..:: 
- - -:::-:::----- r:-:-- 1--::-

- F--::"-": 
:..---''':-

210- --:---..;: - -W -.:..:: 
. ---::: 
. --:.:..:: - --:--,.:: 

- ----: 
--::::-:: - ---

- - ----:: 
- ,..-:-:: 

---,.:: - ---,.:: - ---..::-
215-

-..::..::-
:- 1----..::-._-

~--..:...:-- .::---..::-- ,.-:--_-: 
-::..-..:: - ---..:: - ---..:: 

- - --------, - ----:...: - .:-~ 

- -:-:::-: 
---.:: 

220- ---... -: 

REMARKS 

~ 
InKon 
AltOel.I<T., 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hill s 
BY MAC. BS DATE 10/9 - 10/10/85 

POCKET PENETRA- 0 Ii '" lITHO-
n-ORVANE PENETRO TION $ ~ ~ ;;:: Ii! GRAPHIC 

METER (Blows/ 0 < '" j: ~ COLUM'l 
rrSfl (TSFl FtJ 15 3: - ~ '" 

220C§2. SLST ~...:._----- ------ --_"":.: 

- ':=--""';.; 
-

c---,-_ 
:-:-= - -:::-:-= 

-

- ::,:,'-':::'::. 
- SS 

225 -
'--

-
-
-
-

- -
-
-
-

230 -
'® -

-
-
-- -
-
-
-

235 -
J_ -
-
=,LST 

-
- -

-
-
-

240 -

REMARKS 

BORING NO. K-46(RD-2 

PAGE 12 OF 24 

SURFACE ElEV. 871.30' 
M.S.L. 

OESCRI PTION 

SANDY SILTSTONE (Continued). 

SILTY SANDSTONE; light olive-brown 
(5Y, 5/6); 20% silt; fine-to 
medium-grained; quartzose; lithic; 
poorly graded. 

SILTSTONE; grayish ol ive (lOY. 4/2);<=:5% 
very fine sand; occasional limonitic 

'staining. 

@ 
Emcon 
.... OCI ... T •• 

PLATE 



( 

LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE lO/9 - 10/10/85 

POCKET lITHO-
~ffid TK>N GRIII'HIC 

METER ""'> (Blows/ O<~ COlUMN 
(TSf) (TSF) FtJ i;S3: 

REMARKS 

BORING NO. K-46( RO-; 
PAGE 13 OF 

SURFACE ELEV. 

DESCRI PTiON 

CLAYSTONE and SILTSTONE interbedded. 
10% limonitic . very fine sandstone 
laminae. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 
BY MAC, BB DATE 10/9 - 10/10/85 

rrSF) 

POCKET 

METER 
rrsF) 

REMARKS 

(Blows/ 
FtJ 

27 

LITHO
GRAPHIC 
COlUMN 

BORING NO. K-46( RD- 2 

PAGE 14 OF 24 

SURfACE ElEV. ~? 

OEseRI PTION 

CLAYSTONE and SIL 
(Continued) . 

interbedded 

CLAYSTONE and SANDSTONE interbedded. 

SANDSTONE and SILTSTONE interbedded, 3:2. 
sa,ndstone: light olive-brown (5Y, 5/6); 
fine-to medium- grained; quartzose; 
lithic. 
siltstone: grayish olive (lOY, 4/2). 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56 .33 

PROJECT NAME Kettleman Hills 

BY MAC, SB DATE 10/9 - 10/10/85 

POCKIT .,,,..,. .... 

(TSFl 
MET£R 

(TSF) 

REMARKS 

lION 
(Blow,/ 

FtJ 

lITHO
GRAPHIC 
COlUMN 

BORING NO. K-46(RD-2 

PAGE 15 OF . 

SURf ACE £lEV. 8
M

71. 30 I 
.S.L 

oEseRI PTION 

SILTSTONE and CLAYSTONE interbedded, 3:2. 
siltstone: light olive-gray (5Y, 5/2). 
claystone: greenish black (5GY, 2/1). 

harder dril 1 ing. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 

BY MAC , BS DATE 10/9 10/10/85 

POCKET 
TION 

(BlowSI 
nSF) nsf) fW 

REMARKS 

30 

31 

LITHO· 
GRAPHIC 
COlUMN 

SS 

BORING NO. K-46( 

PAGE 16 OF 24 

SURFACE ElEV. 

DEseRI PTION 

SILTSTONE and CLAYSTONE interbedded 
(Continued). 

CLAYEY SANDSTONE; light olive-brown 
(5Y, 5/6); 20-25% clay; very fine 
grained ; quartzose; poorly 
graded. 

SANDSTONE and CLAYSTONE interbedded. 
sandstone: light olive-brown (5Y, 5/6 

@ 
Em<on 
.... IOCI ... t l. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224. 56.33 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET UTHO-~ffi~ TION :> ... w GRAPHIC 
METER (Blow.1 0<> COlUMN 

rrSfJ (TSF) Ft.) 11 i';!:l 

REMARKS 

BORING NO. K-46(RD-; 

PAGE 17 OF . 

SURFACE HEV. M~~~t~O' 

OEseRI PTION 

SANDSTONE and CLAYSTONE interbedded 
(Continued). 

CLAYSTONE; greenish black (5G, 2/1); 
10-15% siltstone laminae; 5% very fine 
sandstone laminae . 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224- 56.33 
PROJECT NAME Kettl eman Hi 11 s 
BY MAC, BS DATE 10/9 - 10/10/85 

POem Ii 
!Ees~ 

LITHO-
TION ;: 

::> .... ~ ~AI'HIC 
METER 0<> :z: 

cO!.U~ (Blow./ 1S::~ 
t-o. 

(TSf) (TSf) ft.) w 
0 

REMARKS 

BORING NO. K-46(RD-2 

PAGE 18 OF 24 
SURFACE ElEY. 

OEseRI PTION 

CLAYSTONE (Continued). 

CLAYEY SANDSTONE; light olive-brown 
(5Y, 4/4); 15% clay; very fine grained; 
poorly graded; 10% claystone laminae. 

CLAYSTONE; dark greenish gray (56, 4/1); 
15-20% grayish olive (lOY, 4/2) and 
ye 11 ow; sh brown (5Y, 5/4) siltstone 
interbeds. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 56.33 

PROJECT NAME Kettleman Hills 
BY MAC,SB DATE lO/9 - 10/85 

nSF) 

pocm 

/v'flER 
(T5FJ 

REMARKS 

<810W$/ 
FtJ 

36 

lITHO
C/I./II'HIC 
COlUMN 

BORING NO. K-46(R~ ·· ' 

PAGE 19 OF ". 

SURfACE REV. 

OESCRI PTION 

CLAYSTONE Continued. 

SANDSTONE and CLAYSTONE interbedded, 1: 1. 
sandstone: light olive-brown (5Y.5/4); 
very fine-to fine-grained; micaceous; 
poorly graded. 
claystone: dark greenish grdY (5G, 4/1 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56 . 33 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET 
TION 

MHER (Blows; 
(TSf) mF) ftJ 

REMARKS 

~e5~ 
:>I-~ 
0<> 
~::~ 
'-' 

t:' lITHO
CltAPHIC 
COLUM'I 

BORING NO. K-46( RD-2 
PAGE 20 OF 24 

SURFACE ElEV. 871. 30' 

OESCRI PTION 

interbedded 

CLAYSTONE; dark greenish gray (5G, 4/ 1); 
5% sand; 10% sandstone laminae; 
15-20% siltstone laminae; black 
organic laminae; pyrite nodules; 
occasional gypsum veins. 

harder drilling. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56 . 3.3 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET O,,~ 
to: LITHO-

z~ ~ GRAPHIC :>>-w 
METER 0<> :c 

COlUMN (Blowsl ~::~ ... 
(TSF) (TSFJ FtJ ill 

0 

4 

41 

REMARKS 

BORING NO. K- 46( RD-, 

PAGE 210F 

SURFACE ELEV . 871. 30' 

OEseRI PTION 

harder drill iog. 

harder drilling. 

harder drilling. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 
BY MAC ,BB DATE 10/9 - 10110/85 

POCKEl 

METER 
(TSf) (TSf) 

REC. 
5.0' 

CORE 
BOX 
2 1 

BOX 
3 

REC. 
5.0' 

BOX 
4 

REC. 
4.5' 

lITHO
GRN'HIC 
COlUM'I 

BORING NO. K-46(RD-2 
PAGE 22 OF 24 

SURFACE ELEV. 871.30' 

OESCRI PTION 

to greenish black 
(5GY, 2/1); 40% fine to medium, quart
zose, 50% 1ithics, moderate to well ' 
graded. angular to subangu1ar sand. 
moderately bioturbated; minor sl icken
sides; abundant Mya; poorly indurated; I 

damp. 
SILTSTONE; dark greenish gray 

(5G, 4/1); 20% very fine sand. 
IL TSTONE and SANDSTONE interbedded. 1 :.]. 

siltstone: dark greenish gray (5G, 4/1) 
very thinly laminated; well indurated. 
sandstone: medium light gray (N6); ve 
fine grained; very thinly laminated. 

@ 431.5': SLST:SS = 7:3. 
siltstone: medium dark gray (N4); 
poorly indurated. 
sandstone: medium gray (NS); occasional 
oraganic fragments; rare pyrite nodules. 
@ 433'. brownish black (5YR, 2/1) to 
black (NI) organic laminae . 

@ 440'-442': low degree of slumpi ng. 

REMARKS The borehole was co.ntinuously cored from 420 - ·to 461 - feet . 

PLATE 



LOG Of EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 BORING NO. K-46(RD-2 

PAGE 23 OF . PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 SURFACE ELEV.~7UO' 

POCKET PENETRA 
trOINANE PENET~O TION 

METER (Blow,! 
(TSf) (TSF) ftJ 

§?fli~ 
:> .... ~ 
O<~ es ~...; 

CORE 
BOX 
5 

-REC. 
5.0 ' 

CORE 
BOX 
6 

-REC. 
5.0' 

t 
'" LITHO-

6; :!l GRAPHIC .. x I .... COlUMN .. < 
~ '" 

DESCRI PTION 

0 

440_ SLST ~ ,",',' 
IS S :-:::: ':":',', - :..-: ..... . 

SILTSTONE and SANDSTONE interbedded 
(Continued) . 

445 

- :..-: ·X'. @ 441': decrease of sandstone portion. 

-

-
-
-
'p 

-
-

~ 

:=: .... 
~ ii':1 ,CLAYEY SANDSTONE; dark greenish gray 
=--:':':-V (5GY, 4(1); 0::20% clay; medium-to 

SS :-:· ... i ... ;-.-: coarse-gra ined; quartzose; moderate to I 
~~~(; well graded; 5ubangular to subrounded; 
" .:-:':. massive; occasional cement, calcareous; 
. .>:::>::.: poorly indurated; moist. 

lir!~ 0445', h",oc 'dl"". 

@ 449'-450': minor sandy claystone 
interbeds. 

450 
CORE -= 
BOX 

;{{% 

iil;;:; 
@ 451'-452' occasional organic 
laminae and fragments. 7 

-
REC. 
5.0' 

CORE 
BOX 
8 

-REC. 
5.0' 

-
-
-
-
-

455(' 
-
-
--
-
-

<E 
460CE 

...... 

@ 452.5': change of grain size to fine 
to medium. 

::,':':'.:; @ 455': very poorl y indurated; 

i'lli~; /Sll ~:::~:: '~::: ~ :~:~:: ~:'::::": 5:::'::::" 
SLST ::: .. ,'::. very fl ne s11 ty sandstone to sandy 

::-::;: S i1 ts tone interbeds with 60% 5 i It and -=-:: clay; prgan i c I am.i nae . 
-_-_~ @ 459.5': 10% silty sandstone to sandy 
-~~ siltstone interbeds . 

REMARKS ®denotes a 5-to 6-inch preserved sample. 

PLATE 



LOG OF EXPLORATORY BORING 
PROJECT NUMBER 224 - 56.33 

PROJECT NAME Kettleman Hills 

BY MAC, BB DATE 10/9 - 10/10/85 

POCKET PENETRII- 0 
IrORVANE PENHW· lION 5 ~;;J 

METER (Blows/ 2 ~ ~ 
(TSf) (TSf) Ft.J '-' 

-

-

I-

REMARKS 

LITHO
GRAPHIC 
COlUMN 

460 _ SLST :-! __ _ 

-
-

-
-
-
-

465-
"--
-
-
-
-

---
-

470-
'<--

-
---
-
-
-
-

475-
"--

-
-
--
-
-
-
-

480-

BORING NO . K-46( RO-2 : 

PAGE 24 OF 24 
; 

SURFACE mv. ~7~:~O' 1 

OEseRI PTION 

SILTSTONE (Continued). 

TERMINATED BORING AT 461'. 

e 
lmcon 
••• oe l,o\r •• 
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Project: Kettleman Hills Facility Expansion 
Project Location: Kettleman City, California 
Project Number: 27644618.10006 

Oate(s) 
Drilled 10130102 -1114102 I Logged 

, By 

Drilling Air Rotary ; DriB Bit 
Method Siza/Type 
DrW Rig 
Type TH-BO OrWing 

Contractor --_. 

M. McKenzie 

5" cutting bit 

PC Exploration 
-

Log of Boring 17-2 
Sheet 1 of 10 
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Total Depth 
Orilled (feet) 
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150.0 
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Surface Elevation .----------- --I-~~~""-------

~~wate~-No~_a_n_c,~unt6re~. ____ ..... __ _ . ___ ~:~~~~-.--------------.---------1_! ~:.:no=.:c~.::!~=~"'~~~g~~ing 90° _____ _ 

BorehoJ~ Bentonite grout Hammer Data NA Completion 

ROCK CORE 
C .~ 0 

In '" ~ .£ ci 

~ 
0 

0 >- 0._ Z 
"'''' "", " a w.$? 02 " 

LaB8 
a:: a:: 

0 

f .. · 

'" 

'le" ~ 
~" " ::1._ ..0 
u:::E 
~ ~ ~ 
u-O z 

>-
D> 

.Q 
0 

= ::; 

I 

I 
I 
I , 

i , 

SOIL 

MATERIAL DESCRIPTION . ~ i ~ ~~ FIELD NOTE i ~~ il AND LAB TES 

I ;,,~_ .. 
1640 i'~'v-'''' SA(90) 

Figure A·3 
~~--------------------~----------------~--



Project: Kettleman Hills Facility Expansion Log of Boring 17-2 
Project Location: Kettleman City, California 

Sheet 2 of 10 Project Number: 27644618.10006 
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Project: Kettleman Hills Facility Expansion 

Project Location: Kettleman City, California 
Project Number: 27644618,10006 

Log of Boring 17-2 
Sheet 3 of 10 
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Project: Kettleman Hills Facility Expansion 
Project location: Kettleman City, California 
Project Number: 27644618.10006 

Log of Boring 17-2 

Sheet 4 0110 

ROCK CORE 

"" c:- *- "" .; 0 .; 

J 
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ci z Z :00 
13u.. t:: 

~ a 
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Project: Kettleman Hills Facility Expansion 
Project Location: Kettleman City, California 
Project Number: 27644618.10006 
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Project: Kettleman Hills Facility Expansion Log of Boring 17-2 
Project Location: Kettleman City, California 

Sheet 6 of 10 Project Number: 27644618.10006 
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Project: Kettleman Hills Faci!ity Expansion 
Project Location: Kettleman City, California 
Project Number: 27644618.10006 
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Project: Kettleman Hills Facility Expansion 
Project Location: Kettleman City, California 
Project Number: 27644618.10006 
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Project: Kettleman Hills F aci lity Expansion 
Project Location: Kettleman City, California 
Project Number: 27644618.10006 
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pale yeUow (2,5Y 714 ) 

31 ~~~~~~~~~~~~~~~-=~~--~~~ ! Hard, moist, darK g ray (2.SY 4/1), FAT CLAY [CHJ. with thin / / ~ 
32 j laminations of iron oxide stained silty fine sand. . / , 

~ CONTRACTORLayne Christensen 
~ EQUIPMENT CME·95 

9 DRILL MTHD Hollow Stem Auger Vertical 

BORING CS-1A SHEET 1 OF 3 
START DATE Nov26, 07 ELEVATION 855FTMSL 
FINISH DATE Nov 27, 07 
PROJECT Kettleman Hills Facility 
LOCATION Kettleman City 
PROJECT NUMBER SC0458·01 

854 

853 

852 

851 

850 

849 

848 

847 

846 

845_ 

844 

843 

842 

84 1 

840 

839 

838 

837 

836 

835 

834 

833 

832 

831 

830 

829 

828 

827 

826 

825 

824 

823 

ffi 
QJ 

'" :::J 
Z 

SAMPLES 

BULK 1A-1 "; .. ( 

1A-1 

BULK 1A-2 

1A-2 

1A-3 

1A-4 

1A-6 

8/11/20 

10/31/43 

7 25150150 

"-

IZ 2215015" 

7 16/34/39 

!76115015" 

I~ 

'" z 
15 
ili 
" o 
0: 

LU 

'" ;:: 
COMMENTS 

Bulk Sample from 
0-5· 

Bulk Sample from 
5-10' 

REMARKS: Located aboulSO' south and 10' west of K-25 

~ COORDINATE SYSTEM: 

~~L=O=G=G==E=R=K=. =B=o=te=l=h=O==R=E=V=IE=W==E=R=A=.=G=r=e=e=n=e=P=R=IN=T=E=D===J=a=n==30=,=0=8==~=SE=E=K=E=Y=S=HE=E=T=F=O=R=SY=M=B=O="=S=AN=O=A=B=B=R=EV='=ATI=O=N=S==================~J 

NORTHING 
EASTING 
ANGLE 
BEARING DIAMETER 8" 



Geosyntec I> 
BORING CS-1A SHEET 2 OF 3 

10875 Rancho Bernardo Rd, Suite 200 START DATE Nov 26, 07 ELEVATION 855 FT MSL San Diego, CA 92127 
FINISH DATE Nov 27, 07 

consultants 
Tel: (858) 674-6559 
Fax: (858) 674-6586 PROJECT Kettleman Hills Facility 

GS FORM: lr 
LOCATION Kettleman City 

BORE 1/99 BOREHOLE RECORD PROJECT NUMBER SC0458-01 

SAMPLES 

" g <n ; i 
g 0 f- >- " ~ z z '" z 

MATERIAL '-' 0 '" " 
UJ 1S :r: :J i= UJ UJ 0 > COMMENTS f- OJ c- O '" w 

"- DESCRIPTION 0 
~ '" >- u '-' w '" UJ OJ 

" f- s: UJ '" i= 0 '" '" 0 >- ~ z 0 
<n 1 UJ 

I 
~ 

* a:: 
I OJ 

33 ~ 822 

34 ~ 
821 

35 820 tz Contains manganese staining locally 1A~7 2/26/50/5 

36 ~ 
819 

37 818 I 
38 ~ 

817 

39 816 

40 ~ 
815 

12 1A-8 7/46/50/4 

41 814 

42 ~ 
813 

43 812 

44 ~ 
811 

45 810 

12 I Decease in sandy interbeds 1A-9 2/38/50/4 

46 ~ 
809 

i End for the day 

47 808 @16:30 resume 
drilling following 

48 ~ 
807 day 11/27/2007@ 

6:30 

49 806 

~ 
805 I 1 

50 12: 2/56150/3 
, 

1A-10 

51 804 

52 ~ 
803 

53 802 

54 

~ 
801 

55 800 12 Becomes yellowish brown (2.SY 6/2), FAT CLAY [CH] with 1A-11 32/50/5" 

.1 56 sand 799 

57 ~ 
798 

58 797 
Very dense mOist light yellowish brown (2 5Y 6/2) clayey fine 

I~ 
Drilling indicates 

59 SAND [SCI 796 change at 58' 

60 ~ 
795 

17 1A-12 50/50/1" 

61 794 

-~ 
793 

1'--
62 

Decrease in silt 

63 792 

64 L 791 I 

CONTRACTORLayne Christensen NORTHING REMARKS: Located about 50' south and 10' west of K-25 
! EQUIPMENT CME-95 EASTING 1 

DRILL MTHD Hollow Stem Auger ANGLE Vertical 
DIAMETER 8" BEARING ----- COORDINATE SYSTEM: 
LOGGERK. Botelho REVIEWERA. GreenePRINTED Jan 30, 08 SEE KEY SHEET FOR SYMBOLS AND ABBREVIA !lONS 



Geosyntec t> 
BORING CS-1A SHEET 3 OF 3 

10875 Rancho Bernardo Rd. Suite 200 START DATE Nov 26, 07 ELEVATION 855 FT MSL 
San Diego, CA 92127 
Tel: (858) 674-6559 FINISH DATE Nov 27. 07 

consultants Fax: (858) 674-6586 PROJECT Kettleman Hills Facility 

GS FORM: lr 
LOCATION Kettleman City 

BORE 1199 BOREHOLE RECORD PROJECT NUMBER SC0458-01 

SAMPLES 
to g <J) 

g 0 "" >- to 
~ z z '" z 

MATERIAL u 0 a: " 
w 15 J: ::l >= w UJ 0 1; COMMENTS .... i '" "- ~ UJ 

"- DESCRIPTION 0 
~ " f:: " " " UJ '" ! " ;! UJ '" >= Cl :;; a: >- ~ z 0 " <J) UJ ~ 

"' 0: 
'" 

Very dense, mOist, light yellowish brown (2.5Y 6/2) . fine poorly 
:.':':'::':':': 

i 
65 graded SAND [SP] with trace silt 790 

[Z :.: :::'-::.'. 
1A-13 44/120/4" Poor recovery 

66 789 added sand 

~ 11015" catcher to 
Total Depth = 66.5 ft bgs. sampler 

; ! , 

! 
, i 

, 

~ 
S 
~ 
0 w 
~ 
w 
0 
w 

" n: 
~ 
~ 

" w 
£! 
w 

~ w 
G; 
r 

" 
~ CONTRACTORLayne Christensen NORTHING REMARKS: Located about 50' south and 10' west of K-25 
g EQUIPMENT CME-95 EASTING 

9 DRILL MTHD Hollow Stem Auger ANGLE Vertical 

~ DIAMETER 8" BEARING -- COORDINATE SYSTEM: 
ii' LOGGERK. Botelho REVIEWERA. GreenePRINTED Jan 30. 08 SEE KEY SHEET FOR SYMBOL.S AND ABBRE.VIATIONS 0 w 



Geosyntec I> 10875 Rancho Bemardo Rd, Suite 200 
San Diego, CA 92127 
Tel: (858) 674-6559 

consultants Fax: (858) 674-6586 

GSFORM: II BOREHOLE RECORD BORE 1/99 

fl 

I 
'" 0: 
'" 
~ 
" in 

\l 

~ 
i1. 

€ 
r 
t-
0.. 
W 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

MATERIAL 
DESCRIPTION 

SAN JOAQUIN FORMATION 
Soft, moist,lightyelowish brown (2.5Y 6/4 ), FAT CLAY [CH] 
w ith trace very fine sand, med ium plastiC. 

Becomes hard 

Becomes pale yellow to grayish brown (2.5Y 7/3.5/2), with Iron 
oxide stain and calcite locally, contains fine poor1y graded sand 
laminations. 

Increase in moisture and slight color change to light olive brown 
(2 ,5Y 5/4) 
Becomes cemented 

Total Depth - 21 .5 ft bgs. 

~ CONTRACTORLayne Christensen 
~ EQUIPMENT CME-95 

NORTHING 
EASTING 

" 0 
-' 
() 
:J 
0 
al 
::l' 
>-
</) 

~ 
~ 
~ 
~ 
~ ~. 
~ 
~ 
~ 
~ ~, 

9 DRILL MTHD Hollow Stem Auger ANGLE Vertical 

BORING CS·1 SHEET 1 OF 1 
START DATE Nov 26, 07 ELEVATION 845 FT MSL 

FINISH DATE Nov 26, 07 

PROJECT Kettleman Hills Facl1lty 

LOCA nON Kettleman City 

PROJECT NUMBER SC0458-o1 

SAMPLES 

g 

~ I 
Vl 
t- >- " z z a: z 

0 0:: ::> w 15 
F w 0 > COMMENTS al 0 L5 UJ 

~ '" >- ' u u '" ::> t- I ;: w " F w a: 0 -' z 0 w -' '" c: 
al 

BULK 1~1 . 
844 

" 

Bulk Sample from >( 
":. 0-5' 

843 ":00(" 

" > .. ,( 
842 ," .. 

" 

::Of 

841 .. ':. 
':. 

840 
": .. ( 

1- ' ~ 20114/24 
839 1 

BULK 1-2 i ::: .. :: 838 
:' 

837 
>.( 

':. 
":..:"' 

" 

836 ": .f 
", Bulk Sample from 

835 
"';..( 

5·10' , 

~ 834 1-2 L 7/44/50/5 

833 

832 

831 

830 

Z 1-3 /38/50W 
829 

828 

827 

""1 
! 

825 

7 1-4 8/40/50/5" 
824 

"--

! I 

REMARKS: Located about 85' south and 15' west of K-25 

~ DIAMETER 8" BEARING COORDINATE SYSTEM: 

! 
i 

I 

C2" LOGGERK. Botelho REVIEWERA. GreenePRINTED Jan 30, 08 SEE KEY SHEET FOR SYMBOLS AND ABBREVIATIONS I 

g~========================================~========================================~ 



Geosyntec I> 10875 Rancho Bernardo Rd, Suite 200 
San Diego, CA 92127 

BORING CS-2 
START DATE Nov 27, 07 

SHEET 1 OF 3 
ELEVATION 675 FT MSL 

consultants 
Tel: (656) 674-6559 
Fax: (656) 674-6566 

1f GS FORM: 
BORE 1/99 BOREHOLE RECORD 

FINISH DATE Nov 27, 07 
PROJECT KeWeman Hills Facility 
LOCATION Kettleman City 
PROJECT NUMBER SC0456-01 

2 

3 

4 

5 -

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 -

16 

17 

16 

19 

20 -

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MATERIAL 
DESCRIPTION 

SAN JOAqUIN FORMATION 
Hard , moist, grayish brown (2.5Y 5/2) , and bluish black (GLEY2 
2.5/109). FAT CLAY [CHJ. medium to high plasticity, mottled, 
iron oxide staining. 

Contains very thin layers of pale yellow (2.5Y 7/3). fine sandy 
silt layer&. cemented. laminations apprear to be at angles of 
about 30· 

Becomes very dark gray (2,5Y 3/1). decrease in laminations 

Contains calcite infilling locally 

~ 
~ 
~ 

is 
z 
o 
F 
;; 
w 
uJ 

874 

873 

872 

871 

870 

869 

668 
I 

867 ! -1 ~. 
~ ::: 
~ ::: 
~ ::~ 
~ ::: 
~ ::: 
~ ::: 
~ ::: 
~ ::~ 
~ :~ 

" w 

'" :; 

'" z 

BULK 2-1 

2-1 

2-2 

2-3 

2-4 

2-5 

SAMPLES 

..• ( 
,, ' " 

... .. ,. , 

~ z 
'" o 
u 
;: 
'3 
<Xl 

~ II 20/35/40 

fL--

12 17128150 

12 6/27150/4 

12 713515012 

~: 
~ :::J ,. ~ N'= 

'" z 
15 
~ 
" o 
0: 

COMMENTS 

Highly cemented 
for the first foot of 
drilling 
Bulk Sample from 
0-5' 

Bulk Sample from 
5-10' 

32 ~ 843 1 1 I 
~~~------------------------~~rr~~----~~--~~~~~-------l 
$ CONTRACTORLayne Christensen NORTHING REMARKS: Located about 10' east and 160' south of K-25 , 
~ EQUIPMENT CME-95 EASTING 
~ DRILL MTHD Hollow Stem Auger Vertical ANGLE 

BEARING )1 DIAMETER 6" COORDINATE SYSTEM: 

2eoL=O=G=G==E=R=K=,=B=O=OO=I=h=O==R=E=V=IE=W==E=R=A="=G=,=e=e=n=e=p=R=IN=T=E=D===J=a=n==30~,=0=8==~=SE=E=K=E=Y=S=HE=E=T='=O=R=SY=M=B=O=l=S=A=NO=A=B=B=R=E=V'=A=T'=ON=S==================~J 



Geosyntec I> 
consultants 

10875 Rancho Bernardo Rd, Suite 200 
San Diego, CA 92127 
Tel: (858) 674-6559 
Fax: (858) 674-6586 

BORING CS-2 
START DATE Nov 27, 07 

SHEET 2 OF 3 
ELEVATION 875 FT MSL 

FINISH DATE Nov 27, 07 
PROJECT Kettleman Hills Facility 

';--===,..--<7"---------------.../.1 LOCATION Kettleman City 
~g:~~I~~ 1 r BOREHOLE RECORD PROJECT NUMBER SC0458-01 

t 
w 
o 

33 

34 

35 

36 

37 

38 < 

39 

40 

41 

42 

MATERIAL 
DESCRIPTION 

Increase In laminations, canatlns Interbedded Silt lenses 
[C HIMH] 

~ 
~ 
~ 
~ 
~ :: ~---------- ----------- --~ 

Hard, mOist, very dark graYish brown (2.5Y 3/2 ). FAT CLAY I/~ 
[C Hj, med ium to high plasticity , with pale yellow silty V / 
laminations, contains calcite infilling and both managnese and V/ 45 

46 

47 

48 

49 

50 

51 

52 

53 ' 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

iron oxide , 'aining 'ocally. ~ 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

Increasing laminations of pale yellow sandy silt and 
occasionally fine silty sand. 

Becomes dark gray (GlEY1 4/N) 

~ 64 
~ CONTRACTORLayne Christensen 
~ EQUIPMENT CME-95 

~ 
o 
g DRILL MTHD Hollow Stem Auger 

NORTHING 
EASTING 

Vertical 

€ 
z 
o 

~ 
-' w 

842 

841 

840 

839 

838 

837 

836 

835 

834 

833 

832 

831 

830 

829 

828 

827 

826 

825 

824 

823 

822 

821 

820 

819 

818 

817 

816 

815 

814 

813 

812 

811 ! 

'" w 
OJ 
:; 
::> 
z 

2-7 

2-8 

2-9 

2-10 

2-11 

SAMPLES 

w 
a. 
i': 

1/715015014 

fL-

I 38(50(5" 

17 313 715014 

fL-

\Z 19(50'5-

~ 1/3315014 

\Z 

" z 
15 
eli 
'" o a: 

w COMMENTS 
:; 
F 

REMARKS: Located about 10' east and 160' south of K-25 

~ COORDINATE SYSTEM: 

~~L=O=G=G==E=R=K=.=B=O=t.=I=h=O==R=E=V=IE=W==E=R=A=.=G=r=e=e=n=e=p=R=IN=T=E=D====Ja=n==3=0,~0=8==~='E=E=K=E=Y='=HE=E=T='=O=R='Y=M=B=O=L='=A=NO==A"="=R=E=V'=A=T'=ON='==================~J 
DIAMETER 8" 

ANGLE 
BEARING 



Geosyntec I> 10875 Rancho Bernardo Rd, Suite 200 
San Diego, CA 92127 
Tel: (858) 674-6559 

g 
I 
f
a. 
UJ 
o 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

consultants Fax: (858) 674-6586 

GS FORM: 
BORE 1/99 j[ BOREHOLE RECORD 

MATERIAL 
DESCRIPTION 

Decrease in laminations 

Becomes moist, dark gray (GLEY1 4/N), CLAY [CH), medium to 
high plasticity, laminated with light gray (GLEY1 2/N) fine sandy 
silt. 

Contains trace pale yellow silty sand laminations 

Becomes dark grayish brown (2,5Y 4/2) to olive yellow (2.SY 
6/6), FAT CLAY [CHI, fissured. 

Retums to dark gray (2.5Y 4/1), FAT CLAY [CH] 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ ~ 91 -t'c;v:-ce;c";-;d,,,ecc",-;:e_, m..,o;-:i-;'t;-;, 1.c'9_ht.:9.:r • .cY_I_2,_5Y_71_'.:I,_fi_oe_'_' • .cy_eY,-SA_N_O..:.1S_C.:.)-+",-,~ 

I Total Depth - 91 ft bgs. 

~ > CONTRACTORLayne Christensen NORTHING 
EASTING ~ EQUIPMENT CME-95 

S DRILL MTHD Hollow Stem Auger 

Z
'" DIAMETER 8" 

ANGLE 
BEARING 

Vertical 

BORING CS-2 
START DATE Nov 27, 07 

SHEET 3 OF 3 
ELEVATION 875FTMSL 

FINISH DATE Nov 27, 07 
PROJECT Kettleman Hills Facility 
LOCATION Kettleman City 
PROJECT NUMBER SC0458-01 

§: 
z 
o 

~ 
~ 
UJ 

810 

809 

808 

807 

806 

805 

804 

803 

802 

801 

800 

799 

798 

797 

796 

795 

794 

793 

792 

791 

790 

789 

::~. 
786 

785 

784 

2-13 

2-14 

2-15 

2-18 

SAMPLES 

i" z 
::0 
o 
<.) 

~ 
"' 

12 812015015" 

1"--

12 7/40150/2 

"--

! 

W-·I 
I 

IZ 28/50/5" 

tz 34/50/1" 

" I z 
is 
L5 
0: 

" a: 

COMMENTS 

REMARKS: Located about 10' east and 160' south of K-25 

, COORDINATE SYSTEM: 
~~L=O=G==G=E=R=K=.=B=O=OO=I=h=O==R=E=V=I=E=VV=E=R=A==.G==~=e=n=e=p=R=IN=T=E=D====Ja=n==3=0,~0=8==~=SE=E=K=E=Y=S=H=EE=T=,=o="=S=YM=B=O='=S=A=ND==AB=B="=E=V'=A=T'=O=NS==================~~ 



BORING TP-1 
START DATE Nov 27, 07 

SHEET 1 OF 1 
ELEVATION 900 FT MSL Geosyntec I> 

consultants 

10875 Rancho Bernardo Rd, Suite 200 
San Otego, CA 92127 
Tel: (858) 674-6559 
Fax: (858) 674-6586 

FINISH DATE Nov 27, 07 
PROJECT Kettleman Hills Facility 

\--===,--""-------------__ ..: I LOCATION Kettleman City 
~g:~~~ 1f BOREHOLE RECORD PROJECT NUMBER SC0458-01 

g 
I 

b: 
w 
o 

2 

3 

4 

5 

6 

7 

MATERIAL 
DESCRIPTION 

SAN JOAQUIN FORMATION 
Hard mOist, hghtyeilowish brown (2 5Y 6/4), with occasional 
orange coloring, FAT CLAY(CH) medium plasticity 

Becomes pale yellow to orange cemented 

Becomes dark gray 

Total Depth -10ftbgs. 

g 
z 
o 
f= 
~ 
LU 
~ 
LU 

899 

898 

897 

896 

895 

894 

893 

892 

891 

890 

SAMPLES 

'" LU 

'" '" :::> 
z 

BULK TP1·1 

....... 

", 

""'.( 

BULK TP1·2 '~ 
'-', 

U) 
f-
Z 
:::> 
0 
u 
~ 
0 
~ 

'" 

>- '" '" Z w 15 > 
0 '" u LU 

I 

w '" '" : 0 

'"' I 0: 
i 

I 
! 

w 

'" f= 

I 
I 

I 
COMMENTS 

Excavation 
indicates soil 
becomes harder 

I I 
j r---~------------------------------------~--~r_--~------~--~----~--~--~--~----------~ 
~ CONTRACTORWaste Management NORTHING REMARKS: Located about 50' east of K-46 and 120' north of K-46 
~ EQUIPMENT CME-95 EASTING 

" o DRILL MTHD Back Hoe Test Pit ANGLE 
l¥ DIAMETER 3' x 8' BEARING 
~ LOGGERK. Botelho REVIEWERA. GreenePRINTED 

Vertical 

COORDINATE SYSTEM: 
SEE KEY SHEET FOR SYMBOLS AND ABBREVIATIONS Jan 30, 08 J 



Geosyntec I> 10875 Rancho Bernardo Rd, Suite 200 
San Diego, CA 92127 
Tel: (858) 674-6559 

is 
I 
f
"
UJ 
o 

2 

3 

4 

5 

6 

7 

8 

consultants Fax: (858) 674-6586 

GS FORM: 
BORE 1/99 BOREHOLE RECORD 

I 
MATERIAL 

DESCRIPTION 

SAN JOAQUIN FORMATION 
Hard, moist, light yellowish brown (2.5Y 6/4), FAT CLAY(CH), 
medium plasticity 

with pale yellow to orange colorations 

Becomes cemented 

Appearance of white mineral occasionally along side walls of 
test pit 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 1:_I~B_e_c_om_e_'_I_;9_ht_g_rn_Y_'h_;9_h_ly_c_e_m_e_nt_ed ________________ ~~~~~~ 

TTotal Depth = 10 ft bgs.-I , , 

BORING TP-2 
START DATE Nov 27, 07 

SHEET 1 OF 1 
ELEVATION 900 FT MSL 

FINISH DATE Nov 27, 07 
PROJECT Kettleman Hills Facility 
LOCATION Kettleman City 
PROJECT NUMBER SC0458·01 

is 
z 
o 

~ 
-' 
LU 

899 

898 

897 

896 

895. 

894 

893 

892 

891 

890 

n: 
LU 
CO 
::; 
::> 
z 

SAMPLES 

I 
lLU 

"-
i: 

BULK TP2-1 l~ 

t2 

I~ 
LU 

1; 
o 
LU 
n: 

I 
I 

COMMENTS 

Fissured from 1 to 
5 feet 

j r---~--------------------------------------~----~,----~------~--~----~--~----~--~-----------, 
~ CONTRACTORWaste Management REMARKS: Located about 150' east of K-50 and 20' north NORTHING 

EASTING ~ EQUIPMENT CME·95 
Vertical 

I 

ill DRILL MTHD Back Hoe Test Pit ANGLE 

"DIAMETER 3' x 10' BEARING COORDINATE SYSTEM: 

~~L=O=G=G==E=R=K=.=B=o=te=l~h~o==R~E~V=IE~VV~E~R~A=.=G=r=e=e=n=e=p=R=IN=T=E=D====Ja=n==30~,=0=8==~=sE=E=K=E~y~s=HE=E=T~F~O=R~SY=M=B~O=~~A~ND~A~B=B=R=E=V'=AT='O=N=S==================~j 



Geosyntec I> 10875 Rancho Bernardo Rd, Suite 200 
San Diego, CA 92127 
Tel: (858) 674-6559 

i!: 
a. 
w 

" 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

consultants Fax: (858) 674-6586 

GS FORM: 
BORE 1/99 Jl BOREHOLE RECORD 

MATERIAL 

DESCRIPTION 

SAN JOAQUIN FORMATION 
Hard, moist, Hght yellowish brown (2.5Y 6/4) , FAT CLAY (CH), 
medium to high plasticity 

Orange coloration 

Becomes more cemented 

C!J 
o 
~ 

() 
:0 
o 
<D 

'" >-
'" 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 12~~~~~~~------------------~~~ 

Tota! Depth = 12 ft bgs. 

BORING TP-3 
START DATE Nov 27,07 

SHEET 1 OF 1 
ELEVATION 870 FT MSL 

FINISH DATE Nov 27, 07 

PROJECT Kettleman Hills Facility 

LOCATION Kettleman City 

PROJECT NUMBER SC0458-01 

869 

868 

867 

866 

865 

864 

863 

862 

861 

860 

859 

858 

'" w 

'" '" ::> 
z 

SAMPLES 

BULK TP3H 1 X 
'>''1' 

:' 
" 

L 

C!J 
z 
is 
ili 
'" " ii: 

COMMENTS 

I 
~r.=~~~~~--~--~==~~----,r.~~~~~~=-~~~~~-----, 
:; CONTRACTORWaste Management NORTHING REMARKS: Located about 30' west of K-46 and 20' north 
11 EQUIPMENT CME-95 EASTING 

§ DRILL MTHD Back Hoe Test Pit ANGLE 

!:1 DIAMETER 3' x 8' BEARING COORDINATE SYSTEM: 
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Index Test Results 
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An assumed specific gravity of2.65 was used whee an~ly,;ns!Oe Itydromefe," test results. 

Hy:irOl'll:\~r soil speciUXll'l <;::oogl<:>meraleO.l.UId funned a Gloudy stbstane~ \.\!tIlth senle4 to \he lower p¢rtion of Ihe test ttll:.x! (i.e., thetest «-suits m:ay be- qucs\ionabk;. 
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Iv; assumed spedflC groYily of 2.0$ was used wben analyzing the hy<lroJmler test results. 

Hydrometer scil spc~iro.efl conglow::rated and formed a c\oud;.- substance v..bich S(;ttled to the lomr portioo ofthe teSt tube (i.e,. the test resutts may ht q~csliOI'\ab!e) 
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Client Lab Moisture Fines Contcol Attcrbcrg Limits Engineering Cla.ssific:a1ion 

Sample Sample Conlent .:: No, 200 LL PL PI 

!D. No: (%) (% ) (.) (.) (-) 

TP-3 L/07 21.9 91.1 102 35 67 CH w Fa~ c)<lY 
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An ~td specific gnivityof2.65 was used wben anal!lzins the hydrQl1le:n test fe5L1.11S . 

HydiolHt:tor soil s~ifTIel'\ wflg!altcrated and formed I! cloudy sutatance wr..ic:h ~nlc<l to rue lower p<X1icn orthe fest rube (i.c., d)e lest tesu1l:s may be qtlfstionable). 
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ID. Ne.; (% ) 

TP-4 Ll08 17.0 

NoIe{~f. 

MediwlI I Fine I 
I 

U.S. Standard Sieve Si~¢:I andNumb(r ! 
til!) 1120 Me .6(1 "'toe· ir.:ov 

j L 

0.1 
Grain Stu ( mm ) 

80 
-; .. Finer ,. 

66.6 

85,1 60 

83.: 

81.2 

64 .1 

:;: - ,. 
S 
~ 

.5 40 
~ 

:g 
" '0 • 

1.0 !i: 
20 

)0 . .5 

88..5 to 

S.3 0 

.;" 1 
Fines 

0.01 0.001 

'VOLIM 

I 
I 

CHorOH 

O.O()() I 

• 

8.l2 I 0 10 20 JO 40 50 60 70 80 90 100 1I f) 120 

Liquid Limic (LL) 

Fines Content Artc:rberg Limits Engineering Classification 

< No. 200 LL PL PI 
(%) (-) (-) (-) 

88.S 93 34 59 CB- Fat olay 

hi ilJ.,$UJJ1cO specific ~viCy or2: .65 W3!. used whenanalyzinl tile byaroo:lclef tcslccsults. 

Hydrometer soil sptl,imer. cOIlClom~ted and forrnoed a dcuo.v substance wllich s~lJled. ~o the )0\\0"("( portion. ()f!he [est rube (i.e., the test ~ulls m<l)' be qlJeS1.ioo3b!e). 
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Excel Geotechnical Testing, Inc. 
"ExcelterJce in TEsting" 

941 Forrest Street, Roswell, Georgi. 3()(J75 
Tel: (770) 550 1666 Fax: (770) 6505786 

770 6505786 p.31 

Project Name: 

Proj~d. No: 

KHF Cta), Source Evaluation 

289 

ClientS.mpl,lD: C5-1·2 & CS-l·3 

Lab Sample. No: L010 & L011 

I\STM C In. 04::.l>e5'. 
o IUO,n Ute" 1I1481.lI~nll SOIL INDEX PROPERTIES Or4;~ Si{~, S,cc.CriivliJ, ~I~ c .... 

tilt.. (;knif)utl&n, Al1(tk", Um~ 

COtll'$f I Fine 

an"" 

, ,r 

100 

90 
~ 

;!: 80 -,l; 70 
" .~ 

~O ~ ., 
SO .= 

~ 
~ c 40 
Ii: 
'C 30 
~ 20 ~ 

0.. 

10 

0 
1000 100 10 

Sieve- No. Si2.c{lllm) % Finer H:vdrom~r 

Furlkle Di.lmeu:r 
3" 7S 100.0 101m) 

Z· 50 100,0 0.0275 

I,$" 37.5 100.0 0.0108 

l' 25 WO,O O.O()S6 

314" I. 100.0 0.0029 

"'. 9.S '1 00.0 0.0012 .. 4.75 100.0 

#10 2.00 99.7 Gravel ( • .;.); 

l/7JJ 0.8'0 99.3 Sand (%): 

'40 0.425 98,4 FiftC3 (";0); 

1160 0250 96.S Sill (%): 

#100 0.150 9<1.S CJIlY{%): 

#200 0.015 92.2 

c~rr. Unif.(Cu): 

!SPtcifilC Gnv;IY H: I 2.65 I CoeR". Curv, (Cc): 

Client Lab Moisture 
Sample Sample Conten1 

ID. No: (%) 

CS·1-2&CS-l-3 L070 &. L071 16.0 

~OU;:(1}. 

Fin:: 

Sllnd 

U.S. SUnda«l Sicl/C SIzes aDd Nwnbm 
.IG ~o A40 1161) 1.'100 11100-, 

0.1 
Grain Size ( mOl ) 

80 
% Finer 

" 66.2 

73 .1 60 -
6 .... 

;;;: - SO 
" 56.9 • :9 40 

Sitt I Clay I 
fines I 

0.01 0.001 0.0001 

"UNUM .. 
CR or OH 

·A· U~ 

54.7 I:> 

A i " a: ,. 
)o:!'H orOl1 

7.S 

92.2 10 

. "'1L 01' OL 29.9 0 

62 .3 0 10 20 )0 40 50 60 70 SO 90 100 110 t20 

Liquid Limit ( LL) 

Fines Corrtent AtteJberg Limits Engineering Classification 

< No. 200 LL PL rl 
( %) ( . ) (.\ ( -) 

92.2 100 )5 65 CH - Fat clay 

An iISS\J/l1ea ~peci!ic 1Ji.l\;ty of2.6S wa~ Uted wh:n MlaJyz:in,g the hydrometer lost results. 
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Project Name: KHF Clay Source tvalUlllioo 

Project Not 289 

Client SampJelD: CS·I·4 

Lab Sample No: LOn 

ASNCt)6.D"~l.lJlf(5.I , 

"114., nnl""D"'~", 1NJ1f: SOIL Im>EX PROPERTIES Or_ Silt. SPU. CrAY,!)", Moist. c:cs.t<III. 
Ene. (.lwI~jOIIoIl,.Aft;ril.1"l Li",U. 

CONSe ' fine Coano I Medrum I Fine I CII)' 

Om<' Fines 

". , 
100 

90 
~ ... 80 
~ 

~ 

70 .c 
.~ 

~ 60 

'" .., 50 
~ 
u = 40 

<i: 
C 30 
~ 
~ w 20 " .... 

JO 

0 

t OOO 100 10 0.1 0.01 0.001 0.0001 
Grain Size ( mm ) 

Sie\'c: No, Size (mll"l) ~. Finer H),drometoC!l" 
lartiell: DlAlltetu 'Y~ Piner 

80 

J" 75 100.0 (.,m) 7' 
2' '0 100.0 

IS' 37.5 100.0 

'" 2l 100.0 

IjI) 
.l"'~ - • 0: 

50 CHor OH 

l!.' 19 100,0 

J/8" 9.5 100.0 

1!4 4.75 100.0 

:HO 2.00 99.9 Crovel ('Y.): 

.,ID Q.150 99.8 Sand (-/d): •. 0 

. 40 OA25 99.2 Flne:r(%): 96.0 

C "A· lim 
] 40 
~ 

h J 3. 

'" M'KOfOH 

I~ . I 
'6(J 0.:250 98.S SiJt(%): 

0 
MlOl'01.f 

#(00 0.150 97.5 Cla~W.J: 0 10 20 30 40 SO 60 70 80 90 100 ltO 120 
#200 0075 96.0 

leocft'. Una. (Cn): I 
l.iquid Umit( LL ) 

!Spedfic:Gr-:wity ( -~: I I Coetr. Curv. (Cc): I I 
Clienl Lab Moisture Filles Content Atterberg Limits Et1gineerine Classification 

Sample Sample Content < No. 200 LL PL PI 

ID No: (% ) (% ) (. ) (-) (.) 

CS·j.4 Lon IS.5 96.0 88 )2 56 eM· Pat clay 

Note(s}: 
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"Excellence in Testing" 

9:41 Forrest Street, Roswell, Georgia 30075 
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Project Name: KJ-fF Clay Source E\'aluation 

Project No: 289 

Client Sample ID: CS-IA 

Lab Sample No: Ll03 

ASTMCIU,1)Ul.DftS.I. 
SOIL INDEX PROPERTIES Cf'aM SQ(>,$fa.c,. ... ". M-/,I. ""1. 

11_,_ ~~All""~<l:u..;11 I) IUQ, C>]W;.lJU&T.&JJIII 

II Cobbk, i CoUie I '"'' Co ... ~ I Mcdi\lm I Fine I Silt I 

100 

90 -l!- 80 -;; 70 
on .;:; 

60 ~ .., 
SO .to 

• ~ 
40 c .. 

~ 30 c 

" ~ 20 ol: 
10 

0 

1000 

Sit\'e ~o, Siz:e(mm) 

'" 75 

2' 50 

IS 31.S 

I" 25 

3"" 19 

3!8" • . 5 .. , 
4.75 

#10 2,01) 

#2') 0,850 

#40 0.425 

#60 0.250 

1100 o lSi> 

#:;'!OO 0.075 

)Spcdnc CrnYi1y H: 

Nota(s): 

CHent 

Sample 

!D. 

CS-IA 

Oravel 

12' l'" ~. U' l 'i.(' tml!" ... 

! 

100 

"I. Finer 

100.0 

100.0 

1000 

100.0 

100.0 

100.0 

100.0 

(00.0 

99.; 

98.2 

93.2 

.... 2 

16.0 

2.65 I 
Lab 

Sample 

No: 

LI03 

I I 

10 

aydront~tcr 

P!I nkte Oi:l.meter 
r •• l' 
0.= 
0.0110 

Q,005-7 

0.0028 

('.0012 

Cr'H'ct (%): 

~nd ("~): 

FIDesC'I.o): 
5111(%): 

Clsy(%): 

Cody". Unlf. (Cu): 

CGtff. Curv. (C(:): 

Moisrure 

Contenl 

(%) 

12.4 

S""d I Fines 

U.S. Staod3Jd Sil:II! SUes md ~ll(fJbcrs 
IJ~O " . ... , flro 11100 . ..,'" 

I I 

0.1 0.01 0.001 0.0001 
Grain Size ( mm ) 

E. 
% Finer 

10 
65.9 I "U'i.'1\( 
56.8 60 

$.2.1 0:: CH o.-OH I SO 
u 

, 
47.6 ~ 

'/;"t.io.c 

.= '" 45.4 !> 
3~ • ] ~O 

cco'~i .. 2. M'H ()~O.H 
2~,O 

76.0 
, 

10 

15,0 0 
MLorot) 

51.0 

F ines Comenl 

< No. 200 

( %) 

76.0 

0 10 20 JO 

Attcrbcrg Limits 

LL PL PI 

( - ) ( . ) ( - ) 

5S 21 34 

40 S<l 60 70 80 90 100 110 120 

LifJtlld Limit ( LL) 

Engineerin.g Classification 

CH • Fm clay with sand 
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Pf'ojcct Name: KHF Clay Source Evaluation 

Projt:ct No! 289 

Clionl Sample [[): CS-IA-3 

Lab Sample No: L075 

ASTMClU. O.(%l,(HS4, 
SOIL INDEX PROPERTIES Grlln 5~ 5(>n. GrlJ\t;)~ Molol.(IIRUTlI. 

£ft- CI....w-""UOo\, AmrNl't 1.,1<\Oill o lHt.Ol214,P:+*1,01lllt 

:., Coars: I FVJe Ow~; I Medium 1 f ioe I Silt I Cia!, 
~ Coobks r_-----L------+---~-------L--------r_-------------L---------__1 
!I:l Gra,'eI Sand Fines. 

u .s . :StandardSievc SizeSQSld Nu.:nbc'fS 
1!Ii:1 on~ J.10 ¢l>O .'00 11"200 , 

100 

90 

:Ji. • 80 

,;; 70 
JlI> 
~ 

60 ~ 
E .. 50 
• ,9 40 

'" .. 30 • " -,t 20 

!O 

0 

1000 100 10 0,1 0.01 0.001 0,0001 
Grain Size ( nu" ) 

Sic\:e No. Sm (mfn,) %fi'inn HydFO/lK'ter so 
Pa: rt.it!!r;: DJamfle;l:' % Finer 

J" 7l 100.0 (mm\ 70 
2' " 100,0 

60 
·U'l,..ine 

IS' 37.5 100.0 

'" 2; 100.0 ;: 
CH or Ot! • '0 

3/4" ,. 100.0 ~ ·A· l,~c 
~ 

,!i " 3/8" 9.5 100.0 '" 

b .. 4.75 100.0 :~ 

= 
30 

.,0 2.00 100.0 Gro."el (%): 
;;: 

20 
<20 0.850 99.8 Sud (%): 1.9 MJiOl'OH 

i!40 0.425 9IJ,6 Fion (%): 9& ' '0 . - I i '60 0 .250 99,5 SUl(%): 
0 

Mi..(JfOL I 

#10:' 01.50 99., I C"Y(%): 0 '0 20 30 40 50 60 70 80 90 100 liD '20 
#200 0.075 '8.1 I Uquid Urn;1 (LL) 

ICodY. ~n'qCu) , J J 
!SP«:ifl<: Cnr.vity ( .): ICoeft. CUtv. (Ce): i I 

Client Lab Moisture Fines Content AtterbergLimits Engineering Classification 
Sample Snmple Content <No. 200 LL PL PI 

!D. t--'o: ( %) (%) ( . ) ( - ) (.) 

CS-1A-3 L07S 20.3 98,l 97 44 53 MH - ElaS'lie silt 

NOIe{5): 
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·lSJ Excel Geotechnical Testing, inc. 
Projctt Name: KHF Clay Source Evaluation 

"Exceflence;n Test;ng " ProjedNo: 289 

T 941 Forrest Street, Roswell, Georgia 30075 CHeat Sample 11)-: CS·IA·5 
Tel: (710) S50 1666 Fax: (770) 650 5786 

L"bSampte ~·o! 1,077 

.u.'tMC,.M,.J)tt!. D W, 
SOIL INDEX PROPERTIES Gno.in Sic.S,..¢. Gr~""'). Molle. ('om. 

I) 11 40-,;[) nl '.!llU7,D.o1I Etr;.elalal~."I~t.1o!>111 

~ 
Cob"'''' T Coarni" Fine lc.~ I Medium -1- Fine Sill I CIA), I g Gra ... ·cl 1 s.,d Fin.cs I 

u .s. Sta:1(iar-d Sie.t.-e Sizc.s and Nllf'I;Ibeis 1 . :2' ,. 2~1 . .s· 1""'4M 1 ~"lf8;' '" '" "'" .. , /lI6O .iCO /'200 

100 

WJJ .. L I It:; I U1~-if! j.U..J._l!JJJ.i ! r:-~!! I ! J' -fl i UJ._ ,t; 1 LtLL._ 90 
'I" ' 'fl''' 1 "'1/' 1 'i! I ' ,1 '1",1' 1 :1 IF 1 J.i: , I .il;! 11 lIP! Pi! , i!~ : I I i Ij I I - '·h·-!-·+ " "'~--' - +''-~T-"-- fI+;.J,~- ,-fri< '+, .. [" --"<l~T'--tmU+t--;I'. 80 • ,- " , ,.' . l If I I j I,.') ',I, . . I, '" . r' 1. I . ~ ·illl'l !'i'" PIli'! ilj i !:' : i'j! ! ,I; i ; i '.! 

.E 70 . 'i"i!P-',- rhli,-;--,' - ;; i i i 4-:-----·j·-1 '-, [---t-. f-+i--+- 'jt -j' +- +~-t-'" 'il 60 'i '~ I--.!--i· :' " I _i_ril-:. I ' L! .. ..j' " 'I H'" ,.j, i 'i'J" ! ' il:: ~ ..'~T . . ,.-- ,_. '---IT . . ~---- I'" "'--.'-. -, .. -r"' .. -·.,......-----· I' ' , .' , ' , ' . '" 'U' " , " ' . "'.' " d . , I I~!. I ill ' ! j \: I I ! I ,! , I, I ,.' i" .,·H, ' I . ... 
50 • ' -.. _ .' I . . ' , " :. I' .' . J .. '---' . " .;-~. J.:.W-.-l"·lfuttt---;- .. · -,---1'- '-l-. I·h--W-I--... 

~ ,Ii i : i ,I ' ; I ii':I; iiti I I ,,'i!;' '[:I:!'\ ' i ,ii i ':;' ~ 

40 
hi 1--:+,- '''i ot i-fhI4!~T' I IjHhTT iii"" l\~tcrl-~ 

;; 30 h· "f--Ir m I~,.J . ·' 1 I ,i"'; '...:u' ,1 '1 I:I! ! ,..L 'm[C'II' ,- m' "- R'+ -m .c-_._., ' - ._. ' fT-" ' ~ ' :': 1 :' , I ·ji l! l'Ilt! P'li ' ; :!f ~. till ;1 , 
l: ;'. , : , i .{ ,t I , ;, I I ' ' \; r: III : - ' I j I! I r i ! ! ,I 

20 lli'l'L. - ' ,+.i __ ~J __ lti+i+-i - ."-:-;+-!- - l.: __ ,_ . ..J_ tttt-'-- . -lU4J-. +-~ .-rt. !l/III d~!!:!! fll! · !l! d!!i 'l 1': 1;1 . 1 I~i' ! d: l i~ ! 
10 :.Li_LI_ .. ! ii, ~ L .... !._:.-J." II : I..J I J : ! • . ~ I • _-'-i--f- \1 t .. -·~--4F_·_.LL---....L,_._. 

:l , i i Ii,':!il i Ilii:!i""l~[i! Hili"i' ;! 'IT:, !;; i iHiii ;: 
0 

1000 100 !O 1 0.1 0.01 0.001 0.0001 
Grain Slze ( rom ) 

Sl.evt' No. SlM(ml11) H)"dromet«r 

" -1'~ Fint-r 
Pal'fkle DiaDl~cr % FintT 

3" 7l 100.0 (mm l 
7' 

Z" 50 100.0 0.0275 86.6 
''If'Lirlt 

1.5" 37 .S 100,0 O.OJ01) 70.9 '0 

I" 1> 
, 

100.0 0.00j8 56.6 
0:: eM «Olf 50 

314" 19 100.0 0.003 1 37.3 ~ 
~ ""'·L'..: 
.S 40 318" 9,5 100.0 0.0014 16 .6 B 

".01 
.. 4.7S 100,(1 ] '" #10 2.00 WO.D Gravd (% .• : '" 20 

~utorOH R2fJ 0.850 99.S Sud (-;..): "" 
#40 0.425 98.9 Fines (-/~) : 93.3 ,0 

1160 0,250 98.1 Silt (%): 4L3 0 
1\!1. or OL. I 

";100 0,150 95,9 Oa,. ("'/.or. 52.0 0 10 .0 30 40 SO 60 70 80 90 100 IJ(l )20 

11200 a.Oi5 93 ,3 Liq.id Until (LL) 

leoo". U,]f.(CU1' I I 
ISJlettfl( Gravity (-); I 2.65 I leoefT. C.rv. (C~): I 

Client Lab Moisture Fines Content A tterberg Limits Enginca:ing Classifrcaticn 

Samp.le Sample Content <No. 200 tL PL PI 
ID. No: ( %) ( %) ( . ) ( - ) ( . ) 

CS·IA·5 1..077 20.9 93.3 IDS 4 \ 64 CH - Fat clay 

Nare(s): 

"'n u!OllJl")ed specific !i'.flll.-ily af2.6! w.:u: uied wll.eo an#lytil\~ lhc-hyd!'O~er t~n tcswl:$. 
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(SJ Excel Geotechnical Testing, Inc. Project Name: KHF Clay Souroc h 'alu8tion 

·ct, "Excellence in Testing" ?"roject No: 289 

941 Forrest Sireet, Roswell, Georgia 30075 eJiclt t Sample ID: CS·IA·6&CS·IA·7 
Tel: (770) 6511 1 SGG Fax: (77D) 6505786 Lab Sampl~ No: 1J178 & L079 

AS'1'M c I~ IH1,. D '~ 
SOIL INDEX PROPERTIES GnJ~ ~1oe.SjICC.~~vilY, 1<01. Cbs" 

DU~" »:1.I<\,I)~IM. 04.3'1" £n,c. CWllilllllllOl,AJ::Iffix:rt!u.t," 

Il Cobble~ t COlf:'Se J Fine C."" Medium .. 1 Fint Sill 01" I 
I G",'" Sond Finol: I 

U.S. Standard SiC\'C Silts tmd Nombets 
". ,. Z" u~ 1,' 11" 1n.",MI' .. '" ,>0 .... ~ moo "DO , l 

100 
;Hil l i .r:ij i! , _~fiIJ! I :iiIU~HM{ i ~:; i ! I !' I ~ili i ! 90 .LJ+,_ ... " .-'~. - ;"- 1-'->- '- - '1 .. 1-.. ...c..- "'-'-H _. , '~-+'i----r it.-LU-i--.-- Ct'---'-'--'-- I' i" ! 'H·I 11.11" I 1!I ' i l ll , " ! I '1· :;1:; I lo'i'll i 

' " ' I "4' I, jjjjj , .. " I, ," , . , ""- 80 Jq_,-, ___ . .... .. : ,.--.- ,," . t 'r--'Ik"t't - -'-tit-W , -, - 'tlt':+I''' .. , I+~-:-'-0 - 11 : ' I I' ! ; I I I 'J .' I ' i 'II . ! i i ! r i : , ' I' I I! , I ; i I I . j I " , " =l ' I'" ,,' +Hl.._. _ _ ..... . _.1.... . ._ .. . !.....L __ .TT1-L.....>-J-~-"-'-'-,.+-+.. ,,+-+_c·-'---fm'--~""·-;:; 70 
.!!' , !lIt ): t! ; · : . !! lI d:/ 1,:\1 I Il . lI l:1 1 " lIi l ! l; ~ ! ~ . 

I . I t" , I ' I I, . 1 : t . 'I l I' . ; l' .!, : 'I i ' i 1 ; 1'11(',,--' ! i"r1-r'-' 11 ~rt- , rn-I-" -rH+l"'-' 1j +{'-t-n'r' ~,,-"- " ~ 60 ~ 
I! ',I , Ii II i i !: I itt i! 1.1 : 1 ! ; !: I ! .. 

50 L, -- .. --it , -!~- j. +'+-r-H'<TiI hi-;- !r.\i- -,+t 'l1'~~ ; -'--· ~ .. '1' I I I::, I ! ' i I ; . " ., i . I,.! i.. ,I " I I II; , , 
" 40 I-H-H.- .+ ..J.".; I ,--,-;·~}iJl~_ .J-'- '.1.L, ..:,. . ... : 1 ' -'--L·--t-~!/t~·m- ..L.......4t.1.!.. .l- :_.L .E 
"- II' 11"1 ' " I" 't-:.", 'I" ,·, 111' 1 II ' i ·, !' ! . ~ ) . iii !; d I . ; I 'Pi I ; I I: : ; : Ii : t i ' ; . ' ~ I : . - 30 " _ .L. _ ' . ' . , .. . , -:mrr--r-l i' .~1t1~' ~+t4_,._-i':l . JIi J_r-~ '~--c 
~ : )!; 1 l)1 .. (t l ll I"i · I Jlli! : !!;:II I: (1I\111j : 1: ,ii : ; 
~ 
~ 20 m-r 1+ · -- ,--"' , '~ itl" ,-- '1""'- i·~.I.lH-l-r+ - ,. ' 1-- j~ -,,(-'- . ·11 ,' - .. .. ... "it!- [~ II ' ' 1 I ' ' II I I" .: ., . , . , . 1 I ! I I 'I" I ! " ; I ,; " l ! t ; 1 ' i I" ' , ; !.\ f , 

\0 m . '-+ '.L!1i.L;·-"· L! . '·1'+;......fH1H.l.-i "~-l- -IT,'J.L.:-:---t--
0 

,' I i :i!,' Ii iili,i ' illil:i 1/" I I llll: Ii iilii,;i 
1000 100 10 I 0.1 0.01 0.001 0.0001 

Grain Size ( rum ) 

I 
SicYt No. SU:f (mill) % FiMr HyUronlt:"(Cr 8 

tJsnide Diumc:ttr % £riner 

'" 75 100.0 'mm> 7 
2' 50 100.0 0.Q293 82,2 

'U" Line 
1.5'- 37.$ 100,0 0.0 112 ?OA -
I' 25 100.0 00062 43.7 0: eli or OH 

';;' 5 
314~ 19 100.0 0.0034 4.5 • ",..' LiM 

~ 

.5 4 
3fll ~ 9.5 100.0 0.0014 :!.J .f; p '" 4.15- 100.0 ~ 30 

HIO 1.00 99.S ICno,e1(%), i; I 
2O 

020 0.850 992 !SlI,pd (%): 10.4 
, MHoIOf.! 

>40 ll.425 !)8A FinC$(%): 119.6 ,J 
~6rJ 0.250 95,6 Silt (%): 76.3 4 

MLor OL 

1i100 ().ISO 92.3 Clay (%); 13.3 I 0 10 20 30 40 50 60 70 80 90 100 )10 !20 

'100 0.075 89.6 l.iqttid U mit ( LL ) 
Codf. Unif. (Ca)l 

IspeclfiCGravJty (.): I 2.65 I ICod(. Curv. (ee): 

Client Lab Moisture fines Content Alterberg Limits Engineering Classification 

Sampic Sample Content <1"0.200 LI. PL PI 

lO_ Ne: ( % ) ( %) ( . ) (-) ( -) 

C$-.IA-6& CS·1A-7 L078 &. L079 23.1 89.6 89 39 50 MH· EJas1ic sift. 

NO~i"): 

An assumed spee"ifie t1"3vity 0(2 .65 w;.,s. used wile!! amilyzil& the hyUolt\eler tt:Sl lt suhs. 

H,ydr-oma ef soil sj)eCirnen cooglome~d a:r;d iormed adoud;.' lubstancc whitt) set\lm! ro the loweT ponion oftJlI:: lest tube (i.e. , Inc: test reswts roay be qtl~ionnhlt'). 



Dec 25 07 12:39p 

fiGl L:lJ 

Excel Geotechnical Testin 
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Project Name: 

Project No: 

KHF Clay Source Evaluation 

289 

Client Sample [f): CS·IA·g 

Lab Sample !IIo: L080 

1\(>1101(:" 130,D u.:. Oft:lS, 
f) It~, DUIIl. D lU'l', nuu SOIL INDEX PROPERTIES Gno.IooSllc,S"S!CX.(; .... lI)'. ~dtt, """<f¥, 

r.r.,;. a.11k.tIor>, AIIWba'J: LJIf\II, 

Couse: I Pint Sik i I Cobbles 
Finn 

, '," I 

100 

90 -:R. • gO 
'-w 70 .c 
.~ 
~ 60 

£ 50 .. 
~ .. 40 iZ 
;; 30 e .. 20 ~ 

10 

0 

1000 100 10 I 0. 1 0.01 0.001 0.0001 
Grain Size ( rom ) 

Si¢'v~Na. Si:ItC {tnlll) % Flacr l(~romo:ter .0 
f'artidc Di1ImC'O!r 'Y. FIt1~( 

3" " 100.0 (mm) ,. 
2' " 100.0 

60 
·\i~LII\e 

I .S" 37.5 100.0 -," 2l 100.0 0: 
CH~I OH ~ ,. 

J!'!" ! 19 100.0 ~ • 'A"Une 
~ .s 4. 

318' 9.5 )00.0 ~ 

h 
.~ 
u 

"' 4,75 100,0 ." 30 • .. 
#10 2.00 100.0 G'Bvl!l (%): .. 

10 
MH Of QK #.0 0.350 '00.0 Sand t";,): 10.5 

.. 0 D.425 91'.8 Fju('S{,,4): 89.S lG 

ii~ 0,250 98,) Silt ('Xo): 
0 

MLorOI.. 

fHOO 0,!50 93 .5 Cb;y(%): 0 10 20 30 40 SO 60 70 80 90 100 110 110 

,200 0.(115 89.S Liquid Limit ( LL) 
Codf, Unif. (Cu): 

ISpeclfic Gc.avlty ( • ): I I CMfr, Cun., (ee). 

Client Lab MoiStUre Fines Contenr Atterberg Limits Engineering Classification 

Sample Sample Content <No. 200 LL PL PI 
ro. No: ( %) ( %) (.) ( . ) (.) 

CS·IA·8 L080 21.2 89.; 78 31 47 CH • Fat clay 

NOlc!s); 
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Project Name: KHF Clay Source Evaluatioo 

Project No: 289 

Client SamptelD: CS- !A-9 

Lab S'mpl< No: 1.061 

ASOI C !)j, '11"1:1. D 1$+, 
D lI'O,IJUU,1I ut'J, ~~JJII SOIL INDEX PROPERTIES Gr"'" sw,. $ 10«. (;",:,'j~'. ,\.Iocu. ('_. 

II_\:. t:luolllcdflOl;, "'fQ:I'II<::r"t LIlli,!! 

I I I.~ 5 Cobbles 
c=" I Fin: I C~1ffl; I McdilCl\ I Fine I I a", I Silt 

I s"",, f Fines I Grave:! J 
100 

90 
~ 

~ • 80 
~ 

~ 70 '" on ; 60 

~ 50 -~ 40 ~ 
;: 30 
~ 20 ., 
"-

\0 

0 
lOOO 100 \0 I D.! om 0.00\ O.OOO! 

Grain Size ( mm) 

Sietle No. Size (nult) ~/. }"in(lr ttydl'omC!ter 80 
Particle DiJlmekr -'" F iller , .. 75 100.0 

1m .. ' JO 
2' SO 100,0 0.0302 84.0 ·o·t.i:lo:: 

I. S· 37.5 100.0 C.01J6 6&.5 60 ::-
'" II 100.0 0.0060: 58.0 

.. CHo.I)H - " Z 'A." Line 
3/4" 

" 
100.0 O,OOB • . 1 ~ 

-98.5' .. •• 3/1/' 9.S 0.0014 ' .9 ~ 

~. "' 4.75 " .6 ~ 
). 

<10 2.00 91.S Gr,iyel ("I.): SA 
'" r.morOH 

#20 0.850 90 .... Sltnd (V",): 6 .• 

#40 0.425 89 .• Fines (%): 81,7 
10 . I 

>60 0.2:50 89.4 SiU(%): 40.5 0 
Mi. oIOL i 

1)'100 0. 150 88.6 aar(~~): 47.2 0 10 20 30 40 $0 60 70 80 90 IVO 110 120 

#200 0.0'75 81.7 Liquid limit (U,, ) 

Cpeff. Uulf. (CeI): 

JSP~f'~Cn.,,·jjy (-); I 2.65 I C(H!II. Can. (Ce): 

Client LAb MDisture Fines Content Atterberg Limits Engineering Classification 
Samp!e Sample Content < r-.:o. 200 LL PL PI 

ID. No: (% ) (% ) ( 0 ) ( , ) ( 0 ) 

CS-1A-9 LOB) 24.4 B7.7 82 35 47 CH· Fat clay 

N(lte(s): 

An ;USI.iIIled $pecutO gravity of2.6:f W'-" ulled when llIIaJ,vzing tbe hydrometer Ie!:! results. 

Hydrometer soil $~CitnCD <:OIljJlllrnt!t''"W and formed . cloudy liu.bStOU'lCe .... il icb t.etlled 10 tnt bWllr portioo of the ieS[ rube (i.e ., the test res:u]tS m.::ly be questiOlUlb(,c). 
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Proj~ct Name: KHF Clay Source Evaluation 

Project No: 289 

C1ie., Somr'" tI): CS·IA-t I 

L"b Sample No: 1..0&3 

AS"I'M C .X. 0 ;{l~, 0 15~, 
" 114O,Olu'.pm1. E>~'18 SOIL INDEX PROPERTIES G(a~SiLt. ~rtc. c ..... I<,. MoIsl.CIOfIl. 

t."'bClt.1I11'.! ....... AIkfPttl; t.irib 

Come. 1 fine Coo.ne I Medium .i Fint , Sill Ony I Cobbles 
Gravel &.nd Fines 

11" I 
100 

90 
~ 

1fI. 80 -~ 70 "" .2i' 
~ 60 ;;:: 
E 50 
~ .. 

40 " lZ 
~ 30 
~ 

!:: 20 t:. 
[0 

0 
1000 )00 10 I 0 . 1 0.01 O.OOt 0.0001 

Grain Size ( rum ) 

S~ No. i Siz.c (mm) % Fin!:r liy12rome:ter 80 
Pwrticlc Dl.lnt:tler % fiDer 

3" " JOO.O (mml 10 
<' SO 100.0 0.0314 69.5 

~U" Line 

1.5~ 37.S 100.0 0,Ol2<1 44.2 60 -
1" 15 100,0 0.0064 32.9 

;;: CH or OH 
~ " 3/4" 19 100.0 0.0033 L 11.2 ~ ·A~l.JrIe. 

" .5 '0 3/8" 9.5 98.9 0.0014 I l.B '" 

~ . 
. " .. .4.15 96.9 ~ 30 
J! 

#10 2.00 93.5 Cnvd(%): ;.1 .. 
20 

MH~Oll 
#2() 0850 91.5 S .. nd{% ): 12.1 

'40 OAZS 90.' Fines (·/~ ): S'i.2 to 

>60 0250 " .2 SiJt('Y.-): 575 0 
Ml. or 01... 

#100 O.I~O 86.3 CIMY{%): ~6 . 7 0 to 20 JO 40 ,0 60 70 80 90 100 ItO t20 
ft'2(oO 0.075 84.2 Liquid Llmit{ r.L) 

le •• it V.;f. (CU): 

ISpecific Gravity (.)! I l.6's 1 !Coeff. Curv, (Ce): 

Client Lab Moisture Fines C~ntcnt Anerbe.rg Liml1s Engineering Classirica.tion 

Sample Sample Content < No,200 LL PL PI 
!D. No: (%) (% ) (-) (-) ( . ) 

CS·!A-Il L083 18.6 84.2 58 29 29 CH - fat ¢lay with sand 

No<<<s) 

Ar. :l.~nll:d $peo:ifiq ~vity of 2.65 .... 4.. tiled wben llUlllyziag the hydromeler tesl resulu. 
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Project Namc: K.HF Clay Source Evaluation 

Project No: 289 

Client Sample W: CS·IA·13 

Lab S.m~1< No: L08S 

l'ISfMC IJei, IH%J, [l1l5~ . 

D 11"t'...oU\('. OW~,tlUU SOIL INDEX PROPERTIES Or .... Siu:,ii[>«. c;, ..... if)'. MaIo~ c_~ .... 
en • . C!;,,';!';utl(ltl., .\IltrI.tlt U.ruu 

earn I Mediwn I Fiu: Clay I Silt j Cobbl" 
SM' FjJl!:s I I 

100 

90 
~ 

* 80 
~ - 70 .. 
~ 60 ., 

50 .Q 

~ 
U 

" 40 Ii: 
~ 30 g 20 ... 

JO 

0 

1000 100 10 l 0. 1 0.01 0.001 0.0001 
Grain Sizt ( mm) 

Sieve !\"G, stu (mm) .~ Finer Hydrometer 80 
P.Ilrtic:le Diameter "I. Finer 

J' 15 100.0 (I'nnl) 70 
2' 50 100.0 

'" 
'U'li:le 

U" 37.S tOO.1) 

," :IS 100.0 ;;: 
Cllof 011 50 . 

3M" I" 100.0 " "A" .LiM ~ 

S '0 3:"8" ,.I IOO,!} 
'E 

~ 
#4 4.75 IOa.O '" 30 

filO 2,00 100.0 GI"8\"'C1 (ot. ): £ 
2lJ MA '}( OX 1:20 0.850 99.' Sand r->J' 82.4 

"40 0.425 97.1 Fi\)(;$W~): l7.4 .0 

jf60 0.250 86.1 Sijt ("I§): 
0 

."o. (lI OL 

"00 0,1 50 39,4 Clay C·/o): 0 .0 20 30 4l) SO 60 70 80 90 100 I to 120 

(1'200 O,01S \ 1.4 Liquid Limit ( LL) 
iCooK tJltlC.iCa): 

!Spetif.c Grt .. i~ ( . ): I I 10x«. Ciolfi', (0:): 

Client Lab Moisture Fines Content Atterberg LirrJts Engineering Classification 

Sample Sample Content < No. 200 LL PL PI 
!D. No: (%) (%) (.) [ . ) ( . ) 

CS-1A. {3 1..085 3.4 11.4 

NOte(5): 
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Project Name: K.HF Clay Source Evaluation 

Project No: 289 

Clie.t Sample ID: CS-2 

Lab Sample No: L I 04 

ASTMC 1)<\.bJU.D~. 
o U"', D :ll~.)) UII'I. 1)4!I K SOIL INDEX PROPERTIES Go:oA SIIc.Spo::. Cn.'·~1, ,"lO"t. eo_I,

En~. CWIilit.wion, ... "~ Llmitl 

Cobbles 
Coarse! Fine 

GraveJ 

12" 

1000 loo 10 

Sieve-No. Siz.e(mrll) "/c Finer Hydmmetel" 
Partkle Dil!.meler 

3" 75 100,0 imm) 
2- 50 100.0 0.0247 

U H 37.5 :00.0 0.0[193 

'" 15 100.0 0.004$ 

314" 19 100.0 0.0024 

318" 9.S 99.) !WOto 

~4 4.75 98,6 

lilO 2.00 98,6 Grnd(%}: I 
#20 0.850 98.4 Sand (.,{,): 

1i40 0.425 98.[ t'ints (%); I 
#60 0.250 97.S Si!t(%): 

#too 0,150 97,3 ClJIy(%): 

#200 O.(j1S 96.3 

ICoen: Unit: (Cu): 

ISPCcifit GravitY H: I 2.65 I Coeff, Curv. (Cc): 1 

Client 

I 
Lab Moisture 

Sample Sample Content 

rD. No: (%) 

CS-2 L104 14.1 

NocE)($): 

Sil! I Clay 

s'"' FiDes 

, 

i 
--

0.1 0.01 0.001 0.0001 
Grain Si:r.e ( mm ) 

"I. F!ner 

91.8 

87.4 

84.' 
8:0.0 

n,B 

1.4 

" . •. , 
96.3 

80 

10 

2(/ "tJ"L~ 
00 -.. 

.V"~ 
- SO 

~ 
.5 '0 

f 30 
it ~I "". 20 

10 

11.9 C 
Ml.. 0: OL , 

84, 0 10 :20 30 '0 SO 60 70 80 90 !OO 110 120 

Lkjuid Umit < LL > 

Fines C'..olJteot Atterbcrg Limits Engineering Classificatio~--
< No, 200 

(% ) 

96.3 

LL 

( -) 

104 

PL 
(-) 

36 

PI 

( -) 

68 CH· Fa! clay 

An as:!;I,IffiCO 5p<lcific t.'l'avity of2.65 was \l$ed when analy7ing tite hydrometer tesl results-. 

Hydrometer soil SPC-Ciffi£U cOI"..g1omerated. and fortrn.:d a clOtldy subsrance which !oel11ed to !.he low¢1' portion oftbe test rube (i.e" Ihe test results may be qutlstiaruble). 
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Project Name: 

Project No: 

KHF Cia)' Source Evaluation 

289 

Client Sample ID: CS-2·2 

Lab Sample 1'0: LOS7 

AS'T>t (; I:H. 0 .. :, II 's.... 
n (1.0. DnlC>.1J UI!?IMJI' SOIL INDEX PROPERTIES Cf<tJ. SlIlt,.s.~ Gnr.1!,. .. , Mtli4, C~tt1I, 

l!.£\l. Ch"urICIik>n, A~'t LillO!"" 

! ~ I Il i Cobble~ COUK ! Medil.'nl. I fille Cla~ I Caaf'i.e I Fine I S~t 

I 
U.S. Suodud Sie .... e Si'2e\:. and Nun1ben 

12' 3" Z"U' 1"3!4'" 112"';1."- It4 1410 /1:0 it4J 1160/:100 1200 I 
100 

90 
~ 

~ • 80 -~ 70 '" .. . ; 
60 ~ .. 
50 .c .. 

" f 40 - 30 c 

" ~ 20 t:. 
10 

o 
1000 

Sieve l\o, Stu (mot) 

3· 7; 

2" ;0 

1.5" 37.5 

," 25 

l!4~ 19 

3/8 ' ~.5 

#4 4.75 

1110 2.00 

*'20 0.8>0 

#40 0.425 

'.0 U2SC 

~IOO 0.150 

'1/200 0.015 

jSP«iffC Gravity (. ); 

Client 

Sample 

10. 

CS·2·2 

l\1I1c(S); 

100 to 

% Fillcr nyOro.,rLrr 
Pnf1:ic.tc: Oi"ll'Ieler 

100.0 Imml 
100.0 

100.0 

100.0 

100.0 

100.0 

)00.0 

99.1 Grne) r;.): 

98.8 SAnd (%): 

9&,4 Flnt6(%); 

98,0 Silt ("I_): 

97.L C12)' (0/.): 

95 .2 

Coeff. Unif. (eu): 

Cod! Gun'. (Cc): 

Lab Moisture 
Sample Cootent 

Nt): (%) 

L087 \6.5 

0.1 
Gnin Sizt ( mm) 

% Finer 

0: -~ 
~ 

oS 
E 

i .. 
4.8 

95.2 

.0 

70 

60 

'" 
40 

30 

2. 

10 

0 

0 10 

0.01 0.001 0.0001 

• 'U~Lint 

CHOJOH 

-A"Li!te 

b 
v MLo<OC I 

MHorOH 

20 ,0 40 SO 60 70 80 90 100 110 120 

Liquid Ljmit (T,[,,) 

FiMS Content An:erberg Limits Engineering Classification 

<No. 200 LL PL PI 

(%) ( -) ( . ) ( . ) 

95.2 100 34 66 CH· Put clay 
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~ = ..: 
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~ 

l 

Excel Geotechnical Testing. Inc. 
Project Name: KHF Clay Source Evaluation 

AS-TM C),H, Din, DS:S., 
I) 11~ J) :~l~.!) :,IK'. 0 4HII 

"Excelfence in Tesring" 

941 Forrest Street, Roswell, Georgia 30075 
Tel: (770) 6501666 Fax: (7701650 5786 

Project No: 289 

Client Sample CD: CS~2-4 

Lab Sam pit l"o: U)89 

SOIL INDEX PROPERTIES erun ~~Sfl\'eo.Cr$rty, 111111101'. CDtII,. 
£"~.Cb.lIl'oe.>:li..,,.~<rtLlriu 

Ii Cobbles t COat~ I F.illC Ie- I J\fediUln I Fu.~ SJ. I CI', I 
I Gnyc] ! S'"'" FInes I 

U.S. Stoodard Sieve Sius and Number.; 
11'10 ,20 ~ 1140 11100 k7()O '" , 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

I 

1000 100 10 0.1 0.01 0.001 0.0001 
Grain Size ( mm ) 

l:I),dn:)!ll(!kr 

r ... tide Dill.n:teler 'Y .. F(~t:r 
Sio::vtl Net, Si.,ze (mm) 0/. Finer SO 

(rom) 

0.0316 89.2 

0.0120 73 .0 

0,0062 56,8 

3~ ?S 100.0 
10 

I 
"ll"1.;1\e 

'0 -.: CH or Ol'! 50 

2- 50 100.0 

100.0 

100.0 

L5~ 37.S 

I " :!; 

O.OO3~ 3S.6 ~ . A~ liQ~ .. 100.0 3/4' 19 

0.0014 S.9 

Gr~"ei{%F 

Sand (%): 4.1 

FinC!a(·/o): 9.5.3 

~ "" .? 

h 
.• 

30 .; .. 
2. MB C! OR 

" 

'000 

100.0 

99.9 

99 .• 

99.S 

318' •. S 

#4 4.75 

,# 10 2.00 

1f-20 0.850 

#40 0.425 

1160 0.250 99.7 SilC(";"): 44 .7 0 
'>il. Of 01. 

YIOO 0.110 99.; Cby{"",): 50,6 0 10 20 ,0 40 50 60 70 80 90 100 ]10 120 

1i200 0,015 

NOIe(s): 

Client 
Sample 

10. 

CS-2-4 

I 

I 

9~.3 

2.65 
, 

Lab 

Sample 

N(): 

L089 

Coerr. Uni(. (Cu): 

I Coefr.. Cun., (eel: 

Moisture Fines Content At1«berg Limits 

Content < No, 200 LL ' PL P[ 

(%) ( % ) (-) ( . ) (. ) 

21.0 95.3 92 39 53 

AIl assumed 'pecifit; got"'!)' ef2.iS:i was used wh(:'U ~lyVnt: Ill0 h),dromC1;Cf(esl f('sUll$. 

Liquid Umil ( LL) 

Enginet:r1ng Classification 

CH- Fa! ciay 

Hy.b'trmelc:r ,~1 ~C1mC!\ COIlglomualerl and fonDC>d II doudy subSfAfloe wb.lch ~d 10 tile loYl Cf pGl'rion oftbe I(SIIube (i.e .• the: lesl n:sults may be quc$tietubte). 
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(S) Excel Geotechnical Testing, Inc. 
Project !'lame: KHF Clay Sou«;e. Evaluation 

"'8t, "Excellence in Testing" Pro.ted No! 289 

941 Forrest Street. Roswell, Georgia 30015 Client Sample ID: CS·2-7 

Tel: (770) 650 1666 Fax: (770) 650 57Se Lab Sample No: LOn 

A5t'MC t16,'11 ~=,D'~. 
SOIL INDEX PROPERTIES Gr.SI.rJ:,SJlO". Cnol'\l)',Mc,bl. C.III, 

o U.Ml,1) l~U, Dt"'.£l43UI £lot. ('IUljf,~ .. I .. hntmm: 1.ioooOI1 

11 Com,T Fine ""n~T McdiWlt T fine Sill ! Clay I Cobbles 
Gravel S.nd I Fines I 

U.S. Standarrl Sieve Sittt;ll]d Numbus 
t2" '" :r ~.5h, 1':40 112"3/S· .. 1110 '" "'" Il60 !IOO 1M<> , , .. ~ , 

100 

J1JtLr+ =r.:l:-U--·1·;~J-·~-- L13P ~IIW. !j---tJjit:l-l-_LllL~lllL-.-90 - II iii;: ,i! I ill ,~ .!! : ~ I : I: !; 1: U 1 ; i!I' I : : -' i! i 
· 'j i " . I '; I , I I 1 . I ' I I I : I r i ! I:' l. "I .! : -. .. ._.ll.Lc .. -\-_ ,.-,+t~."-j--- '. 1+-·1--_·_ .. · . , .. _' -l'cl .. L_~u..rL_._ ~ 80 • L i i~ I_ l_._ .. l: : i: i . .L __ : 'J~i , .J .. _ .• 'jj ;.! LU .~: jJ.!! ~_: : i ilL. _, __ ~ 

.:; 70 .tH1: Jii*!: 'j"!f ' " If I : lV'!+I ' d'lL ;, ; ' !, DO 

.~ , ! 'H . ! I . I • . !I;, " . :'. ; ~. ; I i" ( 1 i 

:;: 60 I' : - j--[TH+rr -jji"il:H';-' :;i-I-' i-i-:-ftntt:- .~! !+;l~T-=tJ'l-'T :-- -.. 
'" 50 .~:-:_ :.~~~_. .+;+1 I I ! .:.;..:-.;-; .! ! ::: ~! :---?- , ~~ . : -, - . : ~l:-:---:-.- ' 
" ' t!j W ' : T' j!;! , : i l i 1!' 1 J'l l lll~ ,Iti!:! 1 :: I~ ! Li ';'ij i i 

f 40 !.1.4. - --'_ ~L'_~'-:]Jj""''' "' __ --1·-- .. , ,,,,_ •. LI {- ".1.1, .. -"-'-' .... ~."~ .,..--...... ' __ ' .. -':--( ., . , / " . ", ' . .' t· . I, ," • . . , , I • 
I~! j'! ~11~i' . 'li,l ! J " )' j . l; q:it; i· ," 1'1 . ; +. ! ;' , I ;; 30 rfi+;-n-~-Iti-F"i-'-' ' 1+-1-'--'-- '+4++._-,- ' 11" ''''';-' +-']tl.L.,-~ , ... . ';':';")-'-'- ' .. 

!J · , Iii 1 I ' - , 1 :: ; ; '.'" . I' · I I I ' i : , ~ I : I ' : r I I ' _ ! I 
; 1 i . , . . 'l r ~ I i ;: .. ,. I ; ! : ' 'I : i i; , i ; : I I ,: I j j .. , '.: .' , • . ! i ... 20 · 'll+-tt-··--L'lr ,' . .'. <+_L '--!-- c,· J...;-,-'--hi:-Tt--· -ITlL-.-. --- ~- , ... - -----~ 

"- Ii ! ! Ii' I ' I· !I .: I' ; ! ' ;I I I i: i. , I ; 1 . 11 I; 'I ;:1 ' : !: , 
10 I '~-+-+-I' ...::..:.+-.i-.l !.' '' ' . '. .;, " ; . \ .( ·1 I' I -"I .' "'-11 -,-' ' ''-I'---T--' : --T-:''-'-''-'-I'~--''''''Ii,;r'''''--T "1.,-1----- · 
0 

il!: i I'iil'!i Hi i :"iii l' 1" i:l, I )., ' I ! , I': : :j ,' 

1000 100 10 I 0.1 0.01 0.001 0.000 1 
Grain Size ( rnm ) 

Sieve No. Size (mtn) % Finer Hydrometer 80 
ratti:le Dan.e!er -;., Finer 

'" 75 10Q.0 tmm} 70 
2" '0 100.0 0,0311 84.7 

'\j Lice 

IS 37,5 100.0 0.0119 68.5 60 • ~ 
~ 

I" 2l 100.0 0.0062 5:1.2 ~ CH orQti - 50 
]W 19 100.0 O.OO3Z 37,,5 . "A"CillC: .., 

.!l 40 
3/3" 9.l 100.0 0.0014 • . 3 e;-

,.P 1 I ' 
" 4-.75 100.0 " 
'10 '.00 99.9 Cravet(o/.): .. 

20 )..1Ro(Olf 1120 0.850 99.4 SlIlwl (-/0): 10.2 

#.0 0.-115 95.9 Fi11a.(%): 89. 10 

MIJ 0.250 92.9 Silt (-10): 39 8 MlorQL 
0 

,'flOO 0150 91,$ 0:1),(·10): 50.0 0 10 20 30 40 50 60 70 80 90 100 110 120 

~21){l 0.075 89.8 Uquid Limit (LL ) 
Cue". rJnlr. (Cu): ' I' I 

!Sp«ifw: Gravity (.J; I 2.6 j I [e .. If, eo",. (Cer. I I 
CHeat Lab Moisture finl::s Content Aucrberg Limits Engineering Classification 

Sample Sample Content <No. 200 LL PL PI 
lD. )\"0: (%) ( %) ( -) (-) ( -) 

CS-2·7 LOn 21.0 89.8 93 33 60 eH· Fat clay 

h'lxcls): 

AA ~sUD1etl sp¢cifi~ ~\;t)' of 2.6S WIlS \J!.ed wh=:n amdyr:in:: the byd .. ·Ollleter Itsl r't!$u1ts. 

liydrornotef Goil spc:cimtll coolJ.!0merated and fQrroed a cloudy subs\anC.e which se1tled \(t the lower POI1~n of the lesllub& , i,e .• 'ht test l'Q4ulu; mllY be qu~t;oMbk) 
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Project Name: 

Project No: 

KHF Clay Source E,'alustion 

289 

ClientS.m~le ID, CS·2·9 

Lab Sample No! 1..094 

ASTMC1;U,DUZ,.IlIlS-l. 
D n «I. O:1I (..O 1,.1.111". tl-UI" SOIL INDEX PROPERTI.ES Cnln ~I>c. Spet,Crnil)'.:...bl. c .... 

.b~ C\aaMlullooo, IIonttkl'J UntIU 

Cowe I Fine C<.llIne I M.e:dium 1 Fine J Qa, I Silt I Cobb,., 
Gr t",, ~1 Sand Fin" I 

1000 100 10 0.1 O.G! 0.00) 0.0001 
Grain Sit.< ( mm ) 

Si.eveNo, Silc(mm; ·/~ :Finer Hydrtlmetr.r , ., 
Particle OialTttter 0/. ),itH~r ! 

( .... ) I 

" O.o~n9 %, • "L"OT"'"" 

3" 75 100.0 

2" so 100.0 

1.5" 31.S 100.0 O.OIIS 18.5 6<) 
~ 

0,0061 62.2 ~ CM or 011 ,. 
0.0032 37.2 ~ '.Il,,~ line; 

I" 2S 100.0 

3/4 ~ 1. 100.0 .. ,. 
0.0014 9.7 '" 

b 
1) 

" 30 

" GT3Vc\ (% ): 0.1 .. 
20 

SanCl (c>/.)~ U 
MHor OH 

Fines- (%): 986 10 

318" 9.5 100.0 

.'4 ~.7S 99.9 

,]0 2.00 99.8 

1{20 0.850 99.7 

.1,140 0.425 99.1 

#60 0250 99.5 Silt (-/o)J 44.6 0 
MLo,Ol. 

11100 O. ISO 99,3 Clay Wo}: 54.0 0 10 20 30 ,0 50 60 70 80 , 0 100110 120 

ii:!OO 0075 91U lJQ:uid Limi t (LL) 

Coell. Unif. (Cu): 

Ispceirlc Gral'i!y H: i 2.65 , Coen. Curv, ([~): 

Clieot Lab Moislure Fines ConJ-ent Atterberg Llmits Engineering Classi fica~ion 

Sample Sample Content c::: No. 200 LL PL PI 
!D. No; (% ) (%) ( . ) ( . ) (, ) 

CS·2·9 1.094 24.7 98.6 104 37 67 CH - Fat clay 

:-lOte(s): 

An a.~umcd specific gravity of2.65 was "5eC wben aJlalyzing the hydlOlTldet test fesu lt:; . 

K}'dmmeler sOIl SpelCinlen oongJOInerald alld formed a clPll(\y S\lb~!.vIC;:e which sdtbt to the lower portion of the tesl lu~ ii.c., the lesl results may be '1ucstiorub!e). 
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Excel Geotechnical Testing. Inc. 
"Excelfence in Testing" 

941 Forrest Street, Roswell, Georgia 30075 
Tel: (710J 650 1666 Fax: (770) 650 5786 
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Project Name: l<HF Clay Source Evaluation 

Projed No: 289 

Clien. Sample 11): CS-2-1I 

Lab Sample No: L095 

"'STMCln.O~ll.1l fi:S.I. 
D IU(I,Dnre,D :#1.D.lJl11 SOIL INDEX PROPERTIES C;r>oHIs:u.c.$~(>ta'<,!t)',ftloet.r_, 

Eli. t;lmU'lulJ.lo!>.AtWrkl'):: t,. .... ~ 

Ii Cobblts i 
I 

,,- I· 

I 

iOO 

90 
~ 0 80 

.lii 

.2!' 
70 

~ 60 :;:: 
'" 50 "" .. • .5 40 

'" ~ 30 
~ 

'" 20 • "-
10 

a 
1000 100 

Sie\'e i'lo. Stu (rom) % Fi.er ,. 15 100.0 

2· 50 100.0 

U' 37.5 100.0 

" 
Z, 100.0 

3/4" 19 )['0.0 

lIS" 95 100.0 

" 4.75 100.0 

HIO 2.00 99,~ 

HZO 0.850 99.9 

#40 0.425 99.6 

#60 0.250 99.2 

.,00 0.150 98.5 

(12:>0 O.OiS 96.7 

ISpedfrc Gnvily (-)! 2.ti5 

Client Lab 
Sample Sample 

!D. No; 

CS·2-11 L095 

Notc(s): 

Couse ! Fine. IC-" 1 M,,"wn 1 Fine Sill 1 

I 

Gravel I 
2' !. S· \'1>4' 112"3/8' " 

10 

n)'dromt1~r 

Partick DiI;clrtcr 
1m",' 
0.0315 

(.'.0121 

0.0062 

0.0032 

0.0014 

Grne) (Y.): 

Fiues (%); 

is'" (%), 

Cl)tff. Vnif. (Cu): 

C-oeff. Curr. (ee): 

Moisrure 
Content 

( %) 

24.0 

''"'' Fim:, 

U.S. SliIlIdard Sieve Sizes. and Nambers 
1110 "" ... e60 ~IOO "'00 

0.1 
Grain Size ( mm ) 

0/. FineI"' 

00.' 
63 .. 

53.9 
;;; 
~ 

35.2 
~ 
~ 

.:i 
9.8 .~ 

.~ 

£ 
3.3 

% .7 

47.1 

49.S 

80 

'0 

60 

'0 

40 

'" 
20 

" 
o 

0.01 0.001 0.0001 

CHor'ir 

MHorOH 

o 10 20 30 40 SO tiO 10 80 90 100110 120 

Liqu id Limit ( LL) 

Fines Content 

< No. 200 
(% ) 

AUeroerg Limits Eng,inoering Classificalion 

96.7 

LL 

( -) 

82 

PL 
( -) 

33 

PI 

(- ) 

49 CH- Fat eJay 

AT! .1Ssumed .r.peC:ifie :;n~'it}' af'J . 55 was used when tUlaly:zinl,;: the hydrometer teSt result •. 
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Excel Geotechnical Testing, Inc. 
"EKcellence in Testing" 

941 Forrest Street, Roswell, Georgia 30075 
Tel: (770)6501666 Fax: (770) 6505786 

7706505786 p.1 ? 

¥roject Name: KHF Clay Source EvaJu!rlion 

Project !'\io: 289 

CIi.nt Sample ID: CS·2·I3 & CS·2·14 

Lob Sample No: L097 & L09S 

... STMC1U,D U~D 8~. 
D IUO, P~:l~.O 3.loe7.U .o18 SOIL INDEX PROPERTIES G"J,ll.S4t:. Spa . Cn\i~, .-...h ~ CH~ 

bl(. C1Iu.lliulb!. '\nm..", U10iIl 

~ Cobb"" I Coat~e ' f Fin" Cou~ i\1:dillffi I Fine Silt I 

-
"" • 
~ 

.ll 

1 
E-
b 
£ -c 
" " ~ &. 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 
1000 

B Grant • 

'r ,. Z' U~ 1 'li<C ° V1'3~ '" 

100 10 

Sie-o'e:"1o. Size (mm) % Fi.tl" HydrDllltter 

parti~m~~m~ttr j' 75 100.0 

2' SO 100,0 0.0)15 

15" J?.s 100.0 O.O L21 , .. 
'5 ) ()O.O 0.0062 

)"" 19 100.0 0.003 1 

3/S" 9.5 100.0 0.0013 

" 4.75 100.0 

Ni t 2.00 100.0 Gravel (."'): 

II2I! 0.850 99.9 Sud (%): 

il40 0.4.25 99.9 Fines (%): 

#60 0.250 99.9 SllIt"!.}: 

N!OO 0.150 99.3 Clay(%}: 

/f200 0'<)75 98.4 

CocR. Unit. (C't.I): 

ISptciftr GrJlvilyH: I 2 .65 I C~ff. Curv. (ee): 

Client Lab Moisture 

Sample S.ample CometH 

!D. No: (% ) 

CS·2·13 &. CS-2-14 L097 &. L09S 25.1 

NOlc(s): 

s .. "' FiT>¢1 

U.S. Sllllldw Sieve Si:Ges and Numbers 

'" "" "'" . 00 .. 100 "';0 , 

0.1 0.01 0.001 0.0001 
Grain Size ( m m ) 

,. 
"!. Finer 

70 • 
91.8 

69 .3 60 
~ .. 

so n 
:5 " 

, 
.~ 

, 

57.2 

43.D 

2.8.9 

CHor OH 

,~ 
J<l 

£ 
20 

1.' 
MHoIO.H 

9&.4 10 

4/.1 t 
Ml or OL 

51.3 o 10 :!O 30 40 50 60 10 SO 90 100110120 

l 
1.Jl"jllld Limit ( LL) 

I 
Fines Content Atterbcrg Limits Engineering Classification 

< \Jo. 200 LL PL PI 

( %) ( . ) (.) ( . ) 

98.4 112 n CH· Fat clay 

An assum~d speci(1<: gravity of:! .6S ...... , 051!d wbell ar~ the hy<lronl~er te1f rtswlS. 

Hydromel:el soil $ptocimcn consJomer.ne(\ and fOlTlled a doooy substance which settled to tho lower panioo oflhc Itst tube (i.e .. the Ie&! rerull.s may ~ q\:t'Sflonable) 
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Excel Geotechnical Testing, Inc. 
"Excellence in Testing" 

941 Forrest Street, RosweU, Georgia 30075 
Tel: (770) 650 1666 Fax: (770) 6505786 
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Pr(lject Name: KHF Clay Source Evaluation 

Project ~o: 289 

CHent Sample 1D: CS·2·16 & CS-2- \ 7 

Lab Sample No! LlOO & L) OI 

ASTMCIJ(,.J)m.a~ 

Dll'1l. D::::a.oun. D ~13 SOIL INDEX PROPERTIES Cnok S4c.~ e .. ,i tl . J.l4h.L n .... 
fnt- ClaulolK.,io .. , A.'Mi\>trx I,.tmiI:a 

COaf.K I Medium I I I Coals: I Fine 
Co'Gb\es 

i GT8\'eJ 

CIa)' Fine Sill 

U.S. Stand4!d Sie .... e Stus and l'urubers 
3' 2':'" l '.iW lll".lit' Ii.4 '1~O if20 1!40 NJJ b' IOO tlOC tl· , 

100 

90 
~ 

~ • 80 
~ 

w 70 ... 
·r 60 ~ 

" 50 ~ .. 
~ = 40 
ii: 
w 

30 t .. 20 ~ 
10 

0 

I 

1000 100 10 I 0.1 0.0 1 0.001 0.0001 
Grain Size ( rom ) 

Sieve No. Size (mm) a;., Finer Hyrlrcm~ter 9Q 
PI'! rtttit D la.meter ~/. Finer 

3" 75 100.0 1m." 8G 
2' SO 100.0 0.0;07 86.6 

" 'U" L.in~ 

: 1.:5" 31.5 100.0 0.0116 i"!5 

I ' 25 100.0 0.0060 5SA 
;;: " - 01 On 

J/4 " 19 100.0 0.0030 48.2 
~ 

50 -A-L.ir.t 
~ .s 

3/6" 9.5 100.0 0.0013 30.7 .. 40 .. 4.75 100.0 
:;; 

~ 
£ 70 

"0 :!.oo 09.6 Gra vel (%): 

fr:20 0,850 99,) SaRd(%): 6.9 2. Ml1 or OH 

;/40 0.425 98.4 Fincs (%): 91.1 I' 

OI'£J 0.250 96.4 Silt (*/.): 34,7 0 
~H.p"p 

#100 0, ISO 93.1 Ot\)'(%): 56.4 0 10 20 30 '0 50 6{) 70 80 90 10 1\ 12 IJ 

11200 0,(175 91.1 Liquid Limil ( LL ) 
0 0 0 0 

Coerr. Unlr. (Cu): 

ISpcdfl !;, Gravity (0): I 2.65 I Coelf. Cu rv. (ee): 

Client Lab Moisture fines Content Atterberg Limits Engineering C lassific:aiion 

Sample Sample CQntcnt < No. 200 LL PL Pl 

ID . No: (%) (%) ( . ) ( . ) ( - ) 

CS"2-16& CS·2- 17 LIOO& LIOl 25.4 9l.J 129 41 88 CH " Fa\ Clay 

NOlets;: 

."In assumed 5?tcitic gravit}' of 2.<:>:; was used when analyzing Ih~ byd.-omctet lest resolts. 
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Pl'ojec( Name: 

Project Nllmber: 

Oient Name: 

Sit" Sam pie ID: 

L ab Sample Number: 

Mot.,.ial Type: 

(EGT] 
Excel Geotechnicai Testing, Inc. 

"Excellence in Tes ting" 

941 Forrest Street, Roswell, Georgia 30075 
Tel: (770) 650 1666 Fax: (770) 650 5786 -------------------------------------

FLEXIBLE WALL PERMEABILITY TEST (I) 
ASTM 105084 

jKl-JF Clay Source Evaluation , -------------------------------1 
1
289 , 
i(Jeosyntec Consultant':; 

ICS-I A 

IsOil ___________________ . _____ ._ 

Specified Valnc: (~m/5ec): iNA 

Datt! Test Started: 11212 1/2007 

I Specilllenlniria' Test Conditions I Hydraulic I 
l-__ c_o_ln-,p,."_"_.ti_"_n __ "l i' ___ C_O_"_d_it,-i_Onc.S,--"_' -+------,.-----,-----..,.------,-----1. Conductivity l 

R.molded Proctor (S) 

Specimen 

I Dry Unit IvtOiSWfC! Cell Back ! CoJ1S0lid.j permeant ! Average I 
\Veight COnl'en!! Press. Press. Pre:ss. Liquid t7 , I Gr#dient 

Ma.x. Opt. 

DUW Me 
! 

( -) (per) i (% ) ( pef) ( %) I (psi) ( psi) ( psi) ( - ) ! ( - ) 

NOles2,3-&4 l22.0 ! 12.5 108.0 
I 

15A i 75.0 70.0 5.0 

Notes:. 
L MetOOd C. "FalHn.g~H'!ad . .blcreas mt~·Taih.\'atcr" rest pn:ic¢dnre~ ,",<ere foflo .. 'IO'ed during ul¢toes1ing. 

2. AU pattides.lnrgcr 111~n 31Sill¢h. if any; Vlcre discorded wilen f6rrnin~ th<1 remolded spccin1cli. 

J. RemQlded specimen W!)$ formed by tampill£ the soil if) ooc·l;efltimeter-thick J..,yers. 

4,. Reraolded specimen QPpTO:<ima{~ly 2.87tnehcs III diam~tcr uud .2,36.inches in h!!'ighl. 

DTW 6 

( emi, ) 

9.26-9 

5. (vJaxmmm Dry Ulti'r Wtight (DL"\V) and OptllllUOl Moi.sture COfltennMC) tHI'$t;d onM6t5ifii:d ProctorCotnp3ctiou Test' (AsrM D 1557 ), 

6. Based on the tat"£.CI v3!1J~S of~" "ft.he mUxintUJ.)l <lr} unj, wei,Sh! <illutlle optimum mcistt)ri~ ccn.(c/ll plus 3%. 
7. Type oCpenne3n! liquid. DTW ... Oealrea. Tap Wa!er. DDT - -Deairt.d Dciuna.cd Wal-:r 

., Oevinthms: 

Llloorntory tempercuure 31 22H "C, 
TeSl $Jlt!citn~n floal conditions arena{ pl~nte(t 
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Project Name: 

Project Number: 

Qient Name: 

Site Sample ID: 

Lab Sample Number: 

Material Type: 

lSJ. Excel Geotechnical Testing, Inc . .. ' G" .' "Excellence iff TestJng" 

- , 941 Forrest Street, Roswell! Georgia 30075 
. Tel: (770) 650 1666 Fax: (770) 650 57B6 

FLEXIBLE WALL PERMEABILITY TEST (I) 
ASTMD5084 • 

K.HF CLay Source Evaluation 

289 

Geosyntec Consultants 

CS·)A 

Ll03 

Soil 

Specified V.loe (em/.ec): NA 

Date Test Started: 1212112007 

Remolded Proc[Or IS) Specimen Initial Test Conditions 

Specimen Compacrion Conditions (G) 

Max. Opt. Dry Unit Moisture Cell Back Con,olid. Permeant Average 

DUW Me Weight Content Press. Press. Press. 

( . ) ( pef) (%) ( pef) (%) (psi) (psi) ( psi) 

Notes 2,3 & 4 122.0 12.5 112.4 15,4 75.0 70.0 5.0 

~1./\o 
~OI.S: 

I. Method C. "Fl/IUi/tg-Head, lncreasins~Ttli!\\-'a1¢:r" t":-SI procedure:; w~re foRow~d during the fcsljng. 

2. All particles larger chan 318 inch. if any, were discarded wocn tbnningllie remolded specimen. 

J. R.t!mo]ded specimen was tonned by tamping toe soil in one-cenlimeter-d'Uck layers. 
-I . Remolded specimen llppfC'x.hnate l~· 2.8' inches in di.:tmewr and 2.36 inches ill b.eigbt. 

Liquid(h Gradjent 

( . ) ( . ) 

DTW 6 

p.7 

Hydraulic 

Conductivity 

(cOlis) 

7.4]·9 

5. Ma.ximum Dry Unit Weighl (OU\V) and OptW\UOl tvioi:)nm! COlllcnt{MC) ba~ed on Modified Proctor Compaction Tesl tASTM D 155;), 

6 Bnsed on (he target vaiut:s of92% oftJle ma:":lmum dry uni! weight and tJlI: oplimnm moi:;:lme content pltlS 3t;~~. 
1 . TypeofpermC8Sl( liquld.: DTW = Oef)\rerl Tap Wuter. DOl'" Dtaired Deionized Wa,'!:! 

, Deviiltions . 

l.3bor.lloty lempcr.HUfc! at 2~ DC 

Test 3pedmtn tinal conditions ore ~ pf~enled 
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Project Name~ 

Proj~ctNtlmber: 

Client Name: 

Site SampleID: 

Lab Sample Number: 

)fateri.1 Type 

Excel Geotechnical Testing, Inc. 
"Excellence in Testing" 

941 Forrest Street, Roswell, Georgia 3(}075 
Tel: (770! 650 166S Fax: {770) 6505786 

FLEXffiLE WALL PERlVIEABIUTY TEST (11 

ASTMDS{)84 

KHP·Clay Source Evaluation I 
I 

289 

Geosyntec Consu ltants 

CS-2 i 
ILlO4 

, 
I 

Specified Vlllu~ (em/sec): 

)SOil 
NA ~ Date TeSt Started: 11212112007 

Remolded Pr{Jctot (S) I Specimen Initial I Test Conditions 

Specimen Compaclion C.ondltions (6) I 

Max. Opt. Dry u nitlMoisture l Cell Back Consolio. pem,e.ntl Average 

DUW Me Weight I Content Press. Press. Press. Liquid m Gradient 

( . ) ( pef) (%) (pcf) I (%) I (psi) (psi ) ( psi) ( -) ( -) 

I i 18.5 I Notes2,3&4 113.1 15.6 [04.0 75.0 70.0 5.0 DTW 12 I I 

Not .. : 
L Mewod C. "Falling-Head, Incrc8singv ToihvlItef" les.t.procedu(cs were followed dtlrttlgtitCu!.o;cing 

2. All parrjcies larger tbnn 3/8 incb. if <lU)'. wen:' discarded \ViWfi forming the remolded specirnetl.. 

3. Remolded specimer.. was form.:d hy tampfrlg1he soil in Olle·cellt.imetec~ihjd;: layers. 

4. Remolded specimen fJ pproximatci)' 2.&7 If'K:heS ttl ctiame1er.1lrd 2,:;6 wr:bes in height. 

p.6 

Hydraulic 

Conductivity 

! ( emls ) 
, 

3.76-9 

5. Maxinlul11 Dry Unit Weight (DUW) myj Optimum. Moisture Content \MC, b{lsed on Modijjlld Pr{JclorCompaction Tesi!ASTIV; D 15S1), 

6 .. B1ISc<i on the target values {}f 92% (if the nmxUnUOl d.ry uurt wei$lJt amHhe optimum WQ1snlre content plus 3%. 
7. T~pe j)f pemeanr liquid: onv = De-aired T3Jl Wllt;;r. DD] - l)clllrcd Dekmizt1i Water 

• Devimions: 

L,'loorntoty teinperature nt 22±3 l>C 

Tm.sr-c:ci~n final {;OOdIilOn~3relll)f prelenleU . 

, , 
, 
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Project Name; 

Project Number: 

Client Nsmc: 

Site Sample lD: 

,Lab Sample I\'umber: 

Material Type: 

Excel Geotechnical Testing, Inc. 
"Excellence in Testing'" 

941 Forrest StrE3et, Roswell, Georgia 30075 
Tel; (770) 650 1666 Fax; (770) 650 5186 

FLEXIBLE WALL PERMEABILITY TEST (1) 

ASTMDS084 

KHF Clay Source Evaluation 

289 

Geosyntcc Consult'ants 

TP-J 

LlD5 

Soil 

Specified Value (em/see): NA 

Date Test Started: 12121 /2007 

RemoLded Proctor (51 Specimen Initial Test Conditions 

Specimen Compaction Conditions (6] 

Max. Opt. Dry Unit Moisture Cell Back Consoiid. Permeant Average 

DUW Me Weight Content Press. Press. Press. liquid Pl Gradient 

(-) ( pef) (% ) ( pef) (%) (psi) (psi) (psi) (-) ( - ) 

Nmes2,3&4 109.9 17.8 LOLO 20.7 75.0 70.0 5.0 DTW 4 

Notes: 
I , \1t!tJl<Jd C. ~Falling·Head, fncreasil.'tg-TaU\.>iUler" test ploteduxt:s 'Vt'trll: f"ril1owed during the tc~$ling. 

2. An particles illIger tban 3/8 indJ.. if any. \I.'<=tc: discarded when forming, the- remolded specimen. 

3 . Re~ded s~cjrnen W~ funned brtampin@.the !;Oil in onc·ceutDlle<t:r-tWck layers. 

4. Rem(l!({ed specimen ;lpprox.imat~ly 2.&7 inches in dianlt:ter and 2,36 inches ill hcigh!. 

p.S 

Hydraulic 

Con dtlct i vit)' 

( em!.) 

LlE-8 

5. M3...ximuu} DIy Unit Weigh.! (DUW) and O[Jrimurn Moisturc C{)ntcot (Me) based on Modified Pro~tor Cotnpe:ctioo TeSl (ASThl D 1557), 

6. Based on tbe large'! values of 92% oflhe maximum dry unit weisht and the optimum lThlisture CUluent plus 3%. 

7, Type of perrucant liqu id: DrW - Deaued Tap Wa~r, DOl """ DeciIed Doion~zcd Witter 

" [)e\·ja(l<\ns: 

Laboratory tempcrniJJrt! at l2±3 (lC 
Test specimen final (;(Kl(Jili<>n.s are not presented. 
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lS) Excel Geotechnical Testing, Inc. 

G,.. --- "Exceftence in TesUng" 

941 Forrest Street, Roswell , Georgia 30075 
Tel: (770) 650 1666 Fax: (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (I) 

ASTM D5084 • 

Project Name: KHF Clay Source Evaluation 

Project Number: 289 

Client Name: Geosyntec ConsultantS 

Site SanJple ID: TP-2 

Lab SampJe Number: LI06 

Material Type: Soil I 
Specified Value (cot/.ec): NA 

Date Te,t Srarted: 12/2 1/2007 

Remolded Proctor (S) Specimen Initial Test Conditions Hydraulic 

Specimen Compaction Conditions (6i Conductivity 

Max. Opt Dry Unit Moisture Cell Back Consolid. Permeant Average 

DUW Me Weight Con~ent Ptess. PrC5S. Press. Liquid Pl Gradient ; 
( . ) ( pef) (% ) ( pef) (% ) (psi) (psi) (psi) ( . ) ( - ) (emi' ) ! 

Notes 2 • 3 & 4 111.7 J6.2 102.8 19.1 75.0 70.0 5.0 DTW 9 5.0E-9 

Notes: 
L Mdhud C, "Fslling·Hend. focrcASlng-TaHwatel" test proc:cdurcs w{.'Ttl f()ll()w~d during. tht: testing. 

2. All pani.;le'$ Jargef than 3;8 inch. if (lUY, were discarded Whell farming the remol~d specimen. 

3. RcmCllded specimen Y{8S formed b)' tamping 01(" soil ioonc-~nlimdl!r-Iluck \<:Iyers. 

4 Rt!D.\oldedspecUrten ap[)tOKUll<llely 2.87 inches in diamcler and 2.36 jnch~s in height 

S. lvLwimmn Dry Unit Weight {Du\\') llnd OpWtllllll Moisture Content (MC) based on Modified Pr(lct(lr Compa.::tiol"l Test (ASTM D 1557). 

6. Ba$ed on the targel values of (}2?·o of the maxin:um dry unit weight :wd the (lptimunl m(liSlun: ("cotent plus 3·~. 

7. Type ofpermeantliquid: DTW .... Deaircd Tap Water, DDt = De;lired Deionized Water 

.. Vevial1(1!\>' 

uhmutoTY Icmperalur~ at 22_3 0(;. 

Test spe-cimen !inal conditions a!¢ not pr!!:iented. 
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Jan 15 08 05:00p Excel Geotechnical Testin 7706505786 

Projact Name: 

Project Number: 

Cliellt Name: 

Site Sample ID: 

L,b Sample "lumber: 

Materia' Type: 

fi:l 
~ 

Excel Geotechnical Testing. Inc. 
"excellenc.e in Testing" 

941 Forrest Street, Roswell. Georgia 30075 
Tel: (770) 6501666 Fax: (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (I ) 

ASTMD5084· 

KHF Clay Source Evaluatton 

289 

Geosyntec Consultants 

TP-3 

L107 

Soil 

Specified Value (cm/sec): NA 

O"je Test Storted: 12i2 tl2007 

Remolded Proctor (SJ Specimen Initial Test ("..(mditiolls 

Specimen Compaction Conditions {6~ 

Max. Opt. Dry Unit Moisture Cell Back Consolid. Pernleant Average 

DUW Me Weight Content Press. Press. Press. 

( - ) (pef) (%) ( pef) (%) (p,i) (psi) ( psi) 

Notes2 , 3&4 '08.2 17.4 99.0 20.2 75 .0 70.0 5 .0 

Notes: 
!. Method C. "FalHng .. H~ad. Illcreasiog·Tadwater" [t'St pro-eedurcs W~ folJO\".'ed durin£; tbe I(.sling. 

2. AU particfes farg('c than 3i8 inc/l . if any, were discarded when forming thl: rectloJded specimen. 

:>. Remotded sp«:ill1eD was fomed by tall1pillg the $oil in onc-ccntim~jer· th ick layers. 

4. R.:wolded specimen approximately 2.87 1J)ches Us diameter and 2.36 inches in height. 

Liquid (7) Gradient 

( -) ( -) 

DTW 8 

p.3 

Hydraulic 

Conductivity 

(emls) 

6.S,E-9 

5. Maximum Dry Uni t Wtcight (DUW) and OptilDlJ2n Moisture CODI(,..'1U !.Me') bas.:d on Modified Proctor Cornpactioll Test (ASTM D l557). 

6. Based 00 the targ¢t valtl('s of92% of the maximum dry lUlit weight and the optimum mo:isnlre contCllC plus 3':.·u. 
7. Typl: ofpermc.<Int liquid: DTW - Dt-aired Tap Water, DDI " Dt:aircd Deioniud Wllter 

.. DevicatlOll$ : 

Laboratory temperature 3t 22r3 *c. 
Tc~t ~pec:imen tiMI conditions lire not pce~enll=d. 
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Jan 1" U~ U4:~\!p excel Geoteol"lnlcai I estln llU 6505186 

Projeet Name: 

Project Number: 

Client Name: 

SHe Sample JD: 

Lab Sample Number: 

Material Type: 

Excel Geotechnical Testing, Inc. 
"Excellence in Testing" 

941 Forrest Street, Roswell. Georgia 30075 
Tel : {770) 650 1666 Fax: 1770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (ll 

ASTMD5084 • 

KJ{f Clay Source Evaluation 

2&9 

Geosyntec Consultants 

TP-4 

LlOS 

Soil 

Specified Value (cm/sec): NA 

Date Test Started: 1212112007 

Remolded Proctor (S} Specimen Initial I Test Conditions 

Specimen Compaction Conditions ((>\ 

Max. Opt. DI)' Cnit Moisture Cell Back Consolid, Penneant Average 

DUW Me Weight Content Press. Pre.ss. Press. 

( - ) ( pcf) (%) ( per) (%) (psi) (psi) (psi) 

Notes 2 • 3 & 4 105,5 20,1 97.1 22,9 75,0 70.0 ;,0 

Notes: 
1. Method C. ~ falli.lIg~Hend.l.ncreasing-Tl\ilwatcr" leo.~ procedures \\~re foUowt'd during the t<:sting. 

2. All ~\ar!icles larger thon 3/S ii~ch, if any, w::re disc3rd~d when form ing th~ remolded S'pl:'ci.men .. 

3 .. Remoictc:d specimen ..... as fonned by lrunp inl! die soil in one--centtrn~ler-thick layers. 

4, Rcl.noldr::d specime n 3pptol(jltlSlt>!I~' 2.87 incnes in dijun¢tl!r and 2.36 incl1es in height.. 

LiquLd (7) Gradient 

( -) ( - ) 

DTW 4 

p,:! 

Hydraulic 

Conductivity 

( cml,) 

1.4E-8 

5. fl"fuximufll Dry Uuit Weig!tt (DUW) nnd Optimtnn Moisnlte Cont~nt (Me) bllscd 00 ModHkd Proctor Compaction Test (ASTh1 D IS5!}. 

6. B:lsed OR the targec v'dlu!!:; Qf92% of we max,imllm dt)' unit wcig.hl Jnd the optinwm moisture CMk::nC plus; 3%, 

7. Type of pttll1eant liquid: DTW - Dealred Tap Water, DDI"'Deaircd Dc)ooiz:.cd Water 

.. O~itttions: 

Ubmlttory temperature a! 22±J ~C 
Test specimel1 On!!.1 conditions ,,'e net presented 



Feb 07 08 11 :520 Excel Geolechnical Testin 7706505786 

Project Name; 

Project Number: 

Client Name: 

Site Sample 10: 

Lab Sam pit Number: 

5.·6 ··Exceflenct] ;n Testing" (SJ" Excel Geotechnical Testing, Inc, 

.. ' T 941 Forr<>st Street, Roswell, Georgia 30075 
Tel: (770) 6501666 Fax: (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (l) 
ASTMD5084 • 

KHF Clay Source E,:aluation 

289 

Gem;yntl."C Consultants 

CSl-2 & CSl-3 

L070 84 L071 

Material Type! 

Specified Value (.m/sec): 

Soil 

NA 

Oate Test St.rted: 1/23/2008 

Remolded Proctor (5) Specimen Initial Test Conditions 

Specimen Compaction Condition!> (-6) 

Max. Opt. Dry Unit MOlsrure Cell BAck Conso!id. Penneant Average 

DUW Me Weight Content Press_ Press. Press. 
I 

( . ) ! ( pef) (%) (pcf) (%) (psi) (psi) ( psi) 

Notes 2,3 & .. 104.0 20.0 93.6 21.9 75,0 70.0 5.0 

Notes: 
I. Method C, "Falling·Head. Incr~3$ing"T4il\vater" lest proccdu~ were foHowed during the testing. 

2, All partides larger Ihan 3/8 inch. if any, were discarded wilen forming the remolded specimen. 
3. Remolded specirueo '\\"35 fonned by tampi['lg the soil in one-.:entime1er.thick i~ers. 

4 , Remolt1cd specimen approximately 2.87 inches in diameter and 2.36 inches in height. 

Liquid (7) Gradient 

( -) ( -) 

DTW I 14 

p.2 

Hydraulic 

Conductivity 

j 

(cml' ) 

7.0E-8 

5. A~sumed MaximWlJ DIY Unit Weight(DU\W) and Optimum },.1oisture Content (Me) based on Modified Proctor Compaction Te-s.t (ASTM 0 1557). 

6. Based en tbe rare-el values of90% of the maximum drj.' uni[ weight and the optin\um mojst1Jfe c-ont()ot plus 2%. 

1. Type ofperme·an! liquid : DTW '" Deaired Top Watm'. DDt ,... Oeaired Deionized Water 

.. Oe'o!j,cions: 

Lnb0C"8to!,)' temperature fit 22-t:3 °C. 
TC1t sJK'cimen fimt coodi(iOM are 00( Pleicrtted. 



Feb 07 08 11 :52a E<ool Geotechnical Testin 770 6505786 p.3 

(S): Excel Geotechnical Testing, Inc. "''G. .' "E~ce"ence in Testing" "T 941 Forrest Street. Roswell. Georgia 30075 
. Tel: (770) 650 1666 Fax: (770) 650 5786 

FLEXIBLE WALL PERt'\tEABlLITY TEST (1) 

ASTMD5084 • 

Projut Name: KHF Clay Source Evaluation 

Project Number: 289 

Client Name: Geosyntec Consuitarlts 

Site Sample ID: CS1A-S 

Lab Sample Number: Lon 

Material Type: Soil 

Specified Value «m/see): NA 

Dat. Test Started: 1123/2008 

Remolded Proctor (S) Specimen Initial Test Conditions Hydraulic 

Specimen Compaction Conditions (&) Conductivity 

Max. Op" Dry Unit Moi~ture Cell Sack Consolid. Penneant Averagel 

DUW MC Weight Content Press, Press. Press. Liquid r7) Gradient 

( - ) ( pef) (% ) ( pef) ( % ) (psi) ( psi) (psi) ( -) ( -) (cmls) 

NOles 2 ,3 &4 104.0 20.0 93.4 21.9 75.0 70.0 5.0 DTW 18 6.2E-g 

Noles: 
1. Mettlod C, "Falling-Head, lncf.easing·Tailwatcr" test procedures were followed during the testing. 

2 . AU panicles larger than 31B inch. if an)". were discarded when (orming the remolded specimen, 

3. Remolded specimen ..... '85 fonned by tamping the soil in cme-oentimeter~thick layers. 

4 . Remold:!d specimen approximately 2.81 inches in diam\!l~r and 2.36 inch(:s in height. 

5. Assumed Maximum Dry Unit Weigbt (DUW) and Optimum Moisture Content (:viC) b~d on Modified Proctor Compaction Test (ASTM 0 1557), 
6. Based on the target values Ilf 90% -of the maximum dry uoil' weig,tu and thcoptirnum moisture content plus 2"'f~. 
7. 1'ypeofperrneant liquid: DTW = DcaiRd Tap Weter. DOl ... Deaired Deionized Water 

• Deviations : 

L1borntocy temperature at 22A:3 "'C . 
Test specirnc:n flJllll conditions nrc no: pfe~cnled . 



Feb 07 08 11 :52a Excel Geoleclmlcal Testin 770 6505786 

' .. --G .; "Excellence in Testing" (5): Excel Geotechnical Testing, Inc. 

.. , 941 Forrest Street. Roswell, Georgia 30075 
Tel: (7701 650 1666 Fax: (770) 6505786 

FLEXIBLE W ALL PERMEABILITY TEST (1) 

Project Name: 

Projed Number: 

Client Name~ 

Site Sample ID! 

Lab Sample Number: 

Material Type: 

Specified Value (emfsec): 

Dot. Test Started: 

ASTMDS084 • 

KHF Clay Source E',,'aluation 

289 

Geosyrltec Consultants 

CSIA·6 &CSIA·7 

l078 & L079 

Soli 

NA 

112212008 

Remolded Proctor tl> Specimen lnitial Test Conditions 

Specimet1 Compaction Conditions (6) 

Max. Opt. Dry Unit Moisture Cell Back Consolid. Penneant 

DUW MC Weight Content Press. Press. Press. Liquid (7' 

(.) (pef) (% ) ( pef) (%) (psi ) ( psi) (psi) ( . ) 

N()tes 2 , 3 & 4 104.Q 20.0 93.5 i 21.9 75.0 70.0 5.0 DTW 

Notes: 
I. Method C, ~FM!;flg,· Head. In(:Ieasillg·Toj!wal~r" test proccdurc~ were followed during the testing. 

2 . All panicles larger than 3/8 inch, if any, were discarded wh;m f"Orrning the remolded specimen. 
3 . Reololdcd .specimen ""'as formed by tamping the SQ)l in one~cc:ntimctC1·thic:k layr:rs. 

4. Remolded specimel\ approximlltely2.87mcbes in dwmeter and 2.36 inches io height. 

Average 

Gr.\die.fit 

( . ) 

15 

pA 

Hydraulic ! 
! 

Conductivity ' 

(emf. ) 

9.6E·8 

~. Asswned Maximum Dty Unit Weight(DU\IJ}.and Optimum Moiswre CODten! (Me) based on ModHied !'rooor COOlpaclion Tesl (ASTM 0 1557). 

6. BflSed on the target valtles of90% of the maximwn dry unit We1ght and the optimum moisture content plu.~ 2%. 
7. Type ofpermeant liquid: DTW = Oc:aircd Tap Water, DDl .... Denired Deionized Water 

• Deviations: 

LabtH1Lto~' temperature tit 2U3 "C. 
Tut spcoime:"l !inal co..,dilions are not presented. 



Feb 07 08 11 :53a Excel Geotechnical Tes\;n 7706505786 

Projeet Name: 

Project Number: 

Client Name: 

Site Sample ID: 

Lab Sample Number: 

Materi.1 Type, 

Excel Geotechnical Testing, Inc. 
"Excellence In Testing" 

941 Forrest Street, Roswell, Georgia 30075 
Tel: (770) 650 1666 Fax: (770) 650 578S 

FLEXIBLE WALL PERMEABILITY TEST (I) 

ASTMD5084 • 

KHF Clay Source Evaluation 

289 

Geosyntec Consultants 

CS2·4 

L089 

Soil 

Sp~cified Value (cm/sec): NA 

Date Test Started: 1/22'2008 

Rcmoldoo ProClor (S) , Specimen Initial Test Conditions 

Specimen Compaction Conditions (6) 

Ma~. Opt. Dry Unit Moisture Cell Back Consolid. Permeant Average 

DUW MC Weight Content Press. Press. Press. Liquirl (7J GTadic:nt 

( - ) ( pef) ( %) (pef) ( %) (psi) ( psi ) (psi) ( -) ( - ) 

Notes2 , 3&4 104.0 20.0 93.0 21.9 75.0 70.0 5.0 DTW 16 

Notes: 
1. Method C, "Falling·l·ICJ1d, [ncre!lsing~ Tailwaler" test procedures were foHowed during the testing.. 

2. AU panicles targer than 3/8 inch, if any. were discarded .... "hen forming the remolded specimen. 

3. Remolded :ipCcimeo was fonuc:rI by tamping. the ~oil in (}nc~centimeteNh.jck layers. 

4. Remolded specimen lIpprolCiman:ly 2.87 inches in diamctcr and 2.36 inches in height. 

p.5 

Hydraulic 

Conductivity 

(omls ) 

8.6E-S 

5. Assumed Maximum Dry Unit Weight (DUW) ;ax! Optimum Moistutc Content (Me) based on Modifled PrO{tor Compacticn Test (A.STM 0 lS57). 

6. Bllsed on the target values of 900/ .. of the maximum dr).·unil weig.ht nnd the oplimum moisture content plu. ... l%. 

7. Type ofpermeut liquid: DTW "" Desired Tap Water, oDr:=: Denired Deionized Waler 

• Deviations; 

Laixlraoory fCmp!!rarure at 22::t3 "c. 
Test spe:drnetl flnol condit ions ;;rc not pnstll1led. 



Feb 07 08 11 :53. Excel Geotechnical Testin 770 6505786 

Project Name: 

Projed Number: 

Client Name: 

SUe Sample ID: 

Lab Sample Number. 

Milterial Type: 

. ". G: ; "Exc~!!enc:e in Tesffng" (SJ- Excel Geotechnical Testing, Inc . 

·f 941 Forrest Street, Roswell, Georgia 30075 
Tel: (no) 650 1666 Fax: (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (1) 

ASTM D5084' 

KHF etay Source Evaluation 

239 

Geosyntec Consultants 

CSZ-! J 

L09S 

SoH 

Spetified Value (em/see): ).;.'1. 

Date Test Started: 1/2212008 

Remolded Proctor (S) I Specimen Initial Test Conditions 

Specimen Compaction 1 Conditions (6) 

Max, Opt. Dry Unit MOlsrure Cell Back Consolid. Permea.l1i Average 

DUW Me Weight Content Press. Press. Press. 

( - ) ( pef) (%) ( pcf) (%) (psi) (p.i ) (psi) 

Notes2,3&4 104.0 20,0 93.5 2\,8 75.0 70.0 5.0 

Notes: 
t . Method C, "FaJ.lio.g·Head, Increaslng·Tflilwatet"' test prllCedu£es wert; followed during (he testing, 

2. AU particles targer than :U8 inch, jf Any, were discarded when forming the remolded speeimen. 

3, Remolded specimen was formed by tamping the soil in one-ce:ntiJl1eter-mick layers. 

4. Remolded specimen approximately 2,g7 inches in diattK.1er and 2.36 inches in height. 

Liquid (7) Gradient 

( -) ( -) 

DTW 18 

p.6 

Hydraulic 

Conductivity 

(em/s) 

8.2E-8 

5. Assumed Maxi.nlum Dry Unit Weigbl (DUW) and Optimum Moisture Coment (Me) based Oil Modified Pro<:tor Compaction Test (ASTM D 1557), 

6. Based on the larget values of 90% of the maximum dry unit weight and the optimum moisture content pius 2%. 
7. Typcol'pt'm\eant liquid: DTW", Desited Tap Water", DDT = Denired Deionized Water 

" Devialfons: 

LaboraTory tempereture at 2~3 "c. 
Test ,pecimero final corKlitions 4f~ not presented. 



Feb 07 08 11 :53. Excel Geoteohnical Testin 770 6505786 p.? 

(SJ. 
; Excel Geotechnical Testing, Inc . . . G.. : . __ ~:Exce(lencE!..~in::..:.r;.::.:::s::;tin:;;g .. " _____ _ ····f M~ Forrest Street, Roswell, Georgia 30075 

Tel; (7701650 ~666 Fax; (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (1) 

ASTMDS084 • 

Proje<:'t Name: ((}IF Clay Source Evalua~on 

Project Number: 289 

Client Name: Geosyntec Consultants 

Site Sample ID: CS2-13 & CS2-14 

Lab Sample Number: L097 & L098 

Material Type: Soil 

Specified Value (em/ser): 

Date Test Started: 1.'22!2oo8 

Remolded Proctor (S) Specimen Initial Test Conditions Hydraulic 

Specimen Compaction Conditions (6) Conductivity 

Max. Opt. D1)' Unit Moisture Cell Back Consolid. Permeant Average 

DUW MC Weigm Content Press. Press, Press.. Liquid (7) Gradient 

( - ) ( pef) (% ) ( pef) ( %) (psi) (psi ) (psi) ( -) (- ) (emfs) 

Notes 2.3 & 4 104.0 20.0 93.4 22.0 75.0 70.0 5.0 DTW 16 1.7E-8 

Nares: 
1. Method C, ·Falliog~Head, Increltsmg·Tailwatcr" test proc:edurcs: were fl)Howed during the testing. 

2. All panic!cs-latgcr than 3/8 inch. ifa.oy. were discarded when forming the remolded specimen. 
3. Remolderll'Ptcimen W8' formed bytampina.lhe soa in one·ceotimeter~thick }Ilyc:n;. 

4. Remolded specimen approximately 2,87 inches in diameter and 2.36 inches in he:ighl . 
5. Assumed Max:iro.uIn Dry Unit Weigltl (DUW) anti OptUnUDI Moisture Con~t (Me) based on Modified Proctar Compaction Test (ASTM 0 155'1). 

6. Ba~t!d on the target values of90'1. o f tre maximum dry '!nit We1ght Rnd the: oPlimU."l"I moisture conlent plus 2%. 

7. Type of permeanl liquid: DTW ... Deaired Tap Water, DDl = Desired Deionized. WI1Ler 

f Oeviations: 

l.:.bor:nory ~n'ture at 22=lJ ·C. 
rest specimen fma! conditions Jf(:: not preso:nted. 



an 30 08 11:58a Excel Geotechnical Testin 770 6505.,86 

Project Name: 

Pruject Number. 

Client Name: 

Site Sample ID: 

Lab Sample Number: 

Material Type: 

. G. ..- "Excefl.nce in Test/flg" (S) Excel Geotechnical Testing, Inc. 

.. T 941 Forrest Street, Roswell, Georgia 30076 
" Tel: (770) 650 1666 Fax: (770) 650 5786 

FLEXIBLE WALL PERMEABILITY TEST (I) 

ASTMDS084 • 

KHF Clay Source Evaluation 

289 

Geosyntec Consultants 

CS2-16 & CS2-17 

LlOO &. LIO} 

Soil 

Specified Value (cm/see): NA 

Dale Tes1 Started: If22f2008 

Remolded Proctor (S) Specimen Initial Tes! Conditions 

Specimen Compaction Conditions (6) 

Max, Opt. Dry Unit Moisture Cell Back Consolid. Penneant Average 

DUW )..lC Weight Content Press. Press. Press. 

(- ) ( pef) (%) ( pcf) (%) (psi ) (psi) (psi) 

Notes 2,3 & 4 104.0 20.0 93.5 21.9 75 .0 70.0 5.0 

Notes: 
1. Method C, IIFalling-Head, lnereosing~TailW'ater" ~st procedures were followed during the testing, 
2, All particles Iaeger than 3/8 inch. if any. were discarded wben forming the remolded specimen. 
3, Remolded specimen was fanned by tampiDg the soU in one~COJltimeter~thick layers, 

Liquid (1) Gradient 

(-) (-) 

DTW 15 

p,8 

Hydraulic 

Conductivity 

( emf,) 

S.3E·8 

4. Remo-Ided specimen approxilU8feJy 2.&7 inches in diamC1er and 2,36 inches. in belght. I'--i t;>d'i ~ cJ \ <; ''5 -; 
5. ,Maximum Dl}' Unit Weight (DL,,\V) and Opti.rnum Moisture Content (MC) based on Stzn-dard'Proctor Compaction Tesl (ASTMD:6:2S). 
6, Based on the target valuts. or.;:r0 oftbe maximum dry unit weight and the optimum mo.islure content plus 2%. 
7. T)'Pe ofpermeant liquid: D \= ·Deai.."'6iI Tap Water, DDI =: Deairtd Deionized Wnter 

qo 

• Deviations: 

LabontolY tecnpernlure at 22±3 "C. 

Test specimen final conditions are not presemed. 


