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TA-21 is the fonnerplutonium processing facility at LANL. At TA-21, PRS 21-01 l(k) was the 

outfall for industrial wastewater from Building TA-21-257, the new industrial wastewater 

treatment plant. The wastewater treated at Building TA-21-257 consisted of liquids remaining 

after plutonium extraction. An interim action (IA) was conducted at PRS 021-011 (k) site in 

1996 and 1997, removing a significant portion of the radionuclide source tenn and install stonn 

water control measures as a best management practice (BMP). A corrective measure for the 

remaining tuff and sediment at the PRS 21-011 (k) site is under consideration. 

The purpose of this corrective measure is to return the site to a condition safe for human 

recreational use and be acceptable from an ecological risk evaluation perspective. The tuff and 

sediment at the PRS 21-011 (k) site was exposed to treated liquid radioactive waste effluent for a 

number of years. Radionuclides of concern in the treated effluent included: Cs-137, Sr-90, Pu-

239, and Arn-241. The cesium and strontium are the most prevalent contaminants with trace and 

localized "hot spots" of the heavier isotopes. In-situ S/S of the tuff and sediment material is 

required to reduce the mobility of the radiological contaminants of concern and to produce a 

durable and relatively impervious treated material. 

A stabilization treatability study was conducted on the sediment, tuff, soil, and sediment/tuff 

material from PRS 21-011 (k) site. The objective of this study was to develop 

stabilization/solidification (S/S) mix designs for the contaminated tuff and sediment material. A 

SIS grout mix design will be required, as appropriate, for both the tuff and sediment materials. 

Fonnulation development testing on the tuff, sediment, soil, and tuff/sediment composite 

materials involved eight fonnulations involving Portland cement, bentonite, and soluble silicates 

in various combinations. Perfonnance testing was conducted on these fonnulations to detennine 

ifthe treated material met the anticipated perfonnance criteria. 

The Portland cement (low)/bentonite (low) fonnulation should be used for the full-scale SIS 

treatment. This fonnulation met all the perfonnance criteria for the stabilized material with the 

tuff and sediment/tuff composite materials and should meet all the perfonnance criteria for the 

sediment and Soil 564 material with increased curing time. No other fonnulation had such 

consistent perfonnance on all of the materials. 
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1.0 PROJECT DESCRIPTION 

1.1 BACKGROUND 
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TA-21 is the former plutonium processing facility at LANL. TA-21 began plutonium operations 

in 1945 and ceased operations in 1978. At TA-21, PRS 21-01 l(k) was the outfall for industrial 

wastewater from Building TA-21-257, the new industrial wastewater treatment plant. This plant 

began operations in 1967 and treated wastes from DP West and DP East until the early 1990's. 

The wastewater treated at Building TA-21-257 consisted of liquids remaining after plutonium 

extraction. The treatment process in Building T A-21-257 mixed the raw waste with lime, ferric 

sulfate, and coagulant aids. The waste was then pumped to a flocculator and on to a settling 

tank. Settled effluent was pumped through a pressure filter and sampled, to verify treatment. If 

the effluent was determined to be adequately treated, it was pumped to two final effluent holding 

tanks (presumably tanks TA-21-112 and TA-21-113). From tanks TA-21-112 and TA-21-113, 

the wastewater was piped northeast toward DP Canyon and discharged on the north side of DP 

Mesa. This wastewater contained a variety of radioactive and chemical constituents. 

PRS 21-01 l(k) was investigated by the ER Project in 1992 and 1993 and reported on in 1995 in 

the Final Draft for the OU 1106 Addendum to Phase 1 B, 1 C Report. The initial radiation survey 

and soil sampling performed at PRS 21-01 l(k) in FY92 indicated the presence ofradionuclide 

contamination. Additional soil sampling and a radiation survey were performed during the FY93 

field season to further define the extent of contamination found in FY92. An interim action (IA) 

plan was prepared in 1996. The IA was conducted in 1996 and 1997 and reported on in the 

Interim Action Report for Potential Release Site 21-01 l(k) 1997. 

The objectives of the IA was to remove a significant portion of the radionuclide source term and 

install storm water control measures as a best management practice (BMP). The results of a 

post-excavation radiological survey indicate that the soil activity was reduced from greater than 

500,000 counts per minute ( cpm) to less than 100,000 cpm over the entire upper drainage area. 

The 100,000 cpm is equivalent to between 400 and 500 pCi/g. In addition, storm water controls 

were installed in 1997 and upgraded in August 1999. 

Soil excavated from PRS 21-01 l(k) during the 1996 IA (390 cubic yards) was characterized in 

the field to document that it contained greater than 100,000 cpm of contamination. It was then 

transported to Area G for disposal. 

A corrective measure for the remaining tuff and sediment at the PRS 21-01 l(k) site is under 
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consideration. The purpose of this corrective measure is to return the site to a condition safe for 

human recreational use and be acceptable from an ecological risk evaluation perspective. The tuff 

and sediment at the PRS 21-01 l(k) site was exposed to treated liquid radioactive waste effluent 

for a number of years. Radionuclides of concern in the treated effluent included: Cs-137, Sr-90, 

Pu-239, and Am-241. The cesium and strontium are the most prevalent contaminants with trace 

and localized "hot spots" of the heavier isotopes. In-situ SIS of the tuff and sediment material is 

required to reduce the mobility of the radiological contaminants of concern and to produce a 

durable and relatively impervious treated material. 

1.2 EQUIPMENT 

The equipment used in the laboratory-scale SIS treatability testing included: 

• 5 quart planetary mixer, 
• Stainless steel mixing bowls, 
• 3"x6" right cylinder plastic molds, 
• 2"x4" right cylinder plastic molds, 
• Stainless steel spatulas, 
• Laboratory balances, and 
• Graduated cylinders. 

1.3 MATERIALS 

The reagents used during the laboratory-scale SIS treatability testing included: 

• Type I Portland cement, 
• Sodium bentonite, and 
• Type N soluble silicates. 

The personnel protective equipment used during the treatability study includes: 

• Nitrile gloves, 
• Tyvek coveralls, and 
• Tyvek boot covers. 

1.4 FACILITIES 

IT conducted the laboratory-scale SIS treatability testing at it's Technology Development 

Laboratory (TDL) in Knoxville, TN. Geotechnical testing on the tuff and sediment samples and 

the SIS treated materials were conducted at IT's Environmental Technology Development Center 

(ETDC) in Oak Ridge, TN. 
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The TDL, at 304 Directors Drive, Knoxville, TN 37923, is the main facility for performing 

bench-scale treatability studies and sample chemical analyses. This facility maintains a 

Radioactive Materials License from the State of Tennessee and operates under the treatability 

exemption in 40 CFR 261.4. 

The ETDC at 1570 Bear Creek Road, Oak Ridge, TN 37831, houses the Geotechnical 

Laboratory. The TDL uses this facility. ETDC maintains a Radioactive Materials License and 

operates under the treatability exemption. 

Both facilities have an U.S. Dept. of Agriculture Animal and Plant Health Inspection Services 

(APHIS) agreement for the importation of foreign and domestic soils. Both facilities are 

monitored by a security company. Access to each facility is strictly controlled. 

Treatability studies and other activities were performed under the relevant permits, licenses, or 

exemptions. 

1.5 SAMPLE TRANSPORTATION 

Washington Group International, Inc. (WGI) coordinated with LANL for the collection of four 5-

gallon buckets of the contaminated tuff and four 5-gallon buckets of the sediment material. The 

tuff sample buckets contained material less than 3-inches in diameter. WGI also arranged for a 

licensed shipper to transfer the soils from LANL to IT's ETDC. WGI prepared chains of custody 

following established protocols to ensure that these samples were properly identified. 

Upon receipt at the ETDC, the samples were each be given a unique sample number and logged 

into the ETDC sample inventory system. The unique sample number was used to track materials 

such as samples, test-residues, test products and reagents throughout the project. 

1.6 SAl\1PLE CHAIN-OF-CUSTODY 

A strict chain of custody record was maintained for all samples received at the TDL in 

Knoxville, Tennessee or the ETDC in Oak Ridge, Tennessee. Sample transfers external to the 

treatability facility were accompanied by an IT combined Analysis Request and Chain of 

Custody Record. Samples transferred to the treatability analytical department or Geotechnical 

Laboratory were also accompanied by an Analysis Request and Chain of Custody Record. 

Copies of all Analysis Request and Chain of Custody Records are maintained in the project file. 

1.7 SAMPLE LABELING 

Samples collected had a unique sample identification which describes or relates to specific 

information about the sample, including at a minimum, description of sample, date of collection, 
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Samples generated by the TDL in the course of testing were noted in laboratory notebooks with a 

description of the sample and a sample number or designation. The sample number applied to 

the sample included the laboratory notebook number followed by the notebook page number on 

which the sample is described and designated, and in tum followed by the sample designation, as 

described below. 

laboratory notebook no. - notebook page no. - sample number or designation 

For example, a stabilized sample designated as sample number 3 on page 36 oflaboratory book 

number 1610 had the following sample number: 

1610-36-3. 
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2.0 STUDY AND TESTOBJECTIVES 

2.1 OBJECTIVES 

Revision No: 0 
Date: 03125102 

The purpose of this study was to perform bench-scale (laboratory-scale) testing to develop soil 

stabilization/solidification (SIS) mix designs for the contaminated tuff and sediment material. A 

SIS grout mix design will be required, as appropriate, for both the tuff and sediment materials. 

The grout mix developed and recommended during this task will be used for in-situ 

stabilization/solidification. 

Formulation development testing on the tuff and sediment materials involved eight formulations 

involving Portland cement, bentonite, and soluble silicates in various combinations. 

2.2 STUDY PERFORMANCE STANDARDS 

The primary goal of the SIS treatment is to minimize the mobility of the radionuclides. SIS is a 

performance-based remedial approach since it does not reduce the total mass of the radionuclides 

and cannot in itself achieve concentration-based remedial objectives. The anticipated 

performance standards for the SIS treatment of the tuff and sediment are given in Table 2-1 
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Table 2.1 Anticipated Performance Criteria for the LANL S/S Treated Material 

Parameter Criteria Standard Test Method 

Unconfined Compressive 
>50 psi ASTM D 2166 

Strength at 14 days Cure 
Unconfined Compressive 

>50 psi ASTM D 2166 
Strength at 28 days Cure 

Hydraulic Conductivity at 28 
<lxlOE-06 cm/sec ASTMD 5084 

days Cure 
Leachability Indices for Gross 

>8.0 ANS 16.1 modified 
Alpha, Nonvolatile Beta 
Temperature at Core and 

<100 °F ASTM C 1064 
Surface 

pH >10.0 ASTMD4972 

Bleed Fluid <0.5% ANS 55.1 or EPA 9095 .... 

Volume Increase <50% None 

Freeze/Thaw Durability <15% loss ASTMD4842 

Initial Set Time > 6 hours ASTM C 191 -·-

Final Set Time < 180 days ASTM C 191 

False Set Prohibitied ASTM C 191 ·-· 

Flash Set Prohibited ASTM C 191 

Reactivity Non-reactive SW-846 Method 1040 

Ignitability >140°C SW-846 Method 1050 -·· 
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3.0 TEST OBSERVATIONS AND RESULTS 

3.1 SAMPLE CHARACTERIZATION TESTING 
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Date: 03/25/02 , 

The tuff container were opened and the contaminated tuff as dumped into a three foot wide by six 

foot long metal tray. Tuff pieces greater than 1/2-inch in diameter were size-reduced with a 5 kg 

drop hammer. Six geotechnical samples of the tuffwere collected (Table 3.1). An attempt will 

be made to select samples which represent the variability of geotechnical and physical properties 

present in the tuff. The remaining contaminated tuff material was transferred to a 30-gallon 

plastic container and mixed using a double helical mixer until it is visually uniform. 

Table 3.1 Description of the Six Tuff Samples for Geotechnical Testing 

Geotechnical 
Description Composite 

Tuff#l Moist aggregates of tuff material 

Tuff#2 Random 10 point composite of the tuff material 

Tuff#3 Darker colored aggregates of tuff material 

Tuff#4 Random 10 point composite of the tuffmaterial 

Tuff#5 Lighter colored tuff material 

Tuff#6 Whitish tuff material 

A similar sampling and homogenization procedure was conducted on the containers of the 

sediment material. Six geotechnical samples of the sediment were collected (Table 3.2). The 

sediment containers for Soil 564 and Soil 554 sampling locations were individually sampled and 

homogenized. Geotechnical samples of these two sediment materials were also collected. 

Six samples of the tuff material and eight samples of the sediment material were analyzed for 

grain size distribution (ASTM D422), Atterburg limits (ASTM D4138), moisture content 

(ASTM D2216), and bulk density (ASTM D5057) to determine the extent of variability of these 

parameters throughout each material (Tables 3.3 and 3.4). 
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The geotechnical testing indicated that the size-reduced tuff composite samples were dry, non

plastic gravelly sand in nature. The moisture contents varied from 14 to 20% on a dry weight 

basis. The non-plastic nature of the tuffmaterial indicates that the material handling properties 

will not be adversely impacted under high moisture conditions. The particle size distribution was 

consistent across the tuff geothechnical composite samples, with moderate levels of silt and little 

clay contents. The limited variability in the tuff geotechnical composites suggests that it will 

have consistent material handling properties. 

Table 3.2 Description of the Eight Sediment Samples for Geotechnical Testing 

Geotechnical 
Description 

Composite 

Sediment #1 Moist aggregates of sediment material 

Sediment #2 Drier and lighter colored aggregated sediment material 

Sediment #3 Moist and lighter colored aggregated sediment material 

Sediment #4 Drier and darker colored sediment material 

Sediment #5 Moist and darker colored sediment material 

Sediment #6 Random 10 point composite of the sediment material 

Sediment #7 Random 10 point composite of sample Soil 564 ("hot soil") 

Sediment #8 Random 10 point composite of sample Soil 554 
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Table 3.3 Physical Characterization of the Tuff and Sediment 
Geotechnical Composite Samples 

Moisture 
Soil Fraction Content 

(% dwb 1
) 

Tuff#l 14.5 

Tuff#2 18.5 

Tuff#3 12.3 

Tuff#4 20.0 

Tuff#5 14.5 

Tuff#6 14.5 

Sediment #1 14.3 

Sediment #2 5.7 

Sediment #3 7.4 

Sediment #4 5.1 

Sediment #5 6.4 

Sediment #6 6.9 

Sediment #7 17.2 

Sediment #8 5.7 

1 determined on a dry weight basis 
2 NP = non-plastic 
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Liquid 
Limit 

NP2 

NP 

NP 

NP 

NP 

NP 

28 

27 

26 

NP 

23 

25 

32 

38 

IO 

Plastic Plasticity 
Limit Index 

Moisture Content(%) 

NP NP 

NP NP 

NP NP 

NP NP 

NP NP 

NP NP 

27 1 

27 0 

26 0 

NP NP 

25 -2 

26 -1 

36 -4 

39 -1 
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Wet 
Density 

(lb/ft3
) 

71.4 

72.9 

77.8 

71.9 

71.3 

74.5 

71.0 

66.2 

70.3 

72.9 

72.9 

71.2 

74.9 

66.2 
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Particle Size 
Fraction 

Gravel 

Sand 

Silt 

Clay 

Particle Size 
Fraction 

Gravel 

Sand 

Silt 

Clay 

Particle Size 
Fraction 

Gravel 

Sand 

Silt 

Clay 

Table 3.4 Particle Size Distribution of the Tuff and Sediment 
Geotecbnical Composite Samples 

Tuff#l Tuff#2 Tuff#3 Tuff#4 

Percent Solids by Weight 

17.l 24.2 22.5 24.7 

56.6 52.l 52.7 51.7 

23.1 20.2 20.9 20.4 

3.3 3.4 3.8 3.2 

Tuff#6 Sediment #1 Sediment #2 Sediment #3 

Percent Solids by Weight 

34.9 3.2 2.4 1.0 

46.3 52.9 34.3 41.1 

17.0 33.8 60.9 44.8 

1.9 10.1 12.4 13.2 

Sediment #5 Sediment #6 Sediment #7 Sediment #8 

Percent Solids by Weight 

2.8 1.5 2.7 7.8 

47.7 43.6 61.0 47.4 

38.9 44.4 27.0 38.8 

10.6 10.5 9.2 6.0 
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The geotechnical testing on sediment composite samples (Sediment 1 through Sediment 6) 

indicated that the sediment is dry, loam or sandy loam soil. The moisture contents varied from 5 · 

to 7% on a dry weight basis. Low plasticity index of the sediment composite material confirms 

its sandy nature. Therefore, the material handling properties of the sediment material should not 
·"!! 

be adversely affected by high moisture conditions. The particle size distribution was consistent 

across the sediment composite samples, with moderate levels of silt and low clay contents. The 

limited variability in the sediment geotechnical composite samples suggests that it will have 

consistent material handling properties. 

The geotechnical testing results for the Soil 564 ("hot soil") and Soil 554 composite samples 

indicate that these materials are similar in nature to the sediment material. The Soil 564 material 

did have a higher moisture content (17%) and greater portion of sand-sized particles in its 

particle size distribution, as compared to the sediment composite samples. These materials 

would have similar material handling properties to the sediment. 

3.2 STABILIZATION FORMULATION DEVELOPMENT 

Stabilization formulation development was conducted on the sediment composite, the tuff 

composite, Soil 564 ("hot soil") sample, and a 60/40 blend of the sediment/tuff composites. The 

stabilization formulation involved treating 4-kg aliquots of soil with four SIS grout mix designs 

(Table 3.5). Each formulation was mixed in a planetary mixer. A 4,000 g aliquot of reactor soil 

was added to the mixing bowl. The dry reagents were weighed out, blended, and mixed into an 

equal weight of water. Soluble silicate or an additional 200 mL of water was then added to the 

reagent slurry. The reagent slurry was then be added to the soil in the mixing bowl. Additional 

water was added to the formulation as necessary to produce a moist soil-like consistency. The 

soil and reagent slurry was mixed at 30-40 rpm for 1 to 2 minutes to produce a homogeneous 

treated material. 

The treated material was poured into appropriate molds for performance testing, vibrated to 

remove air pockets, and capped to minimize moisture loss. The molded material was allowed to 

cure at ambient laboratory temperature (approximately 72°F) in sealed coolers. 

3.3 PERFORMANCE TESTING 

The cured treated material was subjected to the performance criteria testing listed in Table 3.6 

through 3.9. The testing listed in these tables are the same as anticipated performance criteria 

(Table 2.1) for the final stabilized waste material. 
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Table 3.5 Grout Design Mixes for the LANL Tuff and Sediment Materials 

Contaminated Formulation Soil 
Portland Sodium Sodium 

Water 
Cement Bentonite Silicate 

Material ID Number (g) 
(g) (g) (g) 

(g) 

110814 4,000 400 125 0 975 
110815 4,000 400 0 100 900 
110816 4,000 400 125 50 1025 

Tuff 
110817 4,000 400 125 100 1025 
110818 4,000 800 250 0 1300 
110819 4,000 800 0 200 1050 
110820 4,000 800 250 100 1300 
110821 4,000 800 250 200 1300 
110806 4,000 400 125 0 725 
110807 4,000 400 0 100 400 
110808 4,000 400 125 50 525 

Sediment 
110809 4,000 400 125 100 525 
110810 4,000 800 250 0 1050 
110811 4,000 800 0 200 800 
110812 4,000 800 250 100 1050 
110813 4,000 800 250 200 1050 
110823 3,000 300 93.8 0 744 
110824 1,500 150 0 37.5 300 
110825 1,500 150 46.9 18.8 345 

Soil 564 110826 2,500 250 78.1 62.5 628 
"Hot Spot" 110827 2,500 500 156 0 940 

110828 1,500 300 0 75.3 350 
110829 1,500 300 93.8 37.6 450 
110830 2,500 500 156 125 735 
110832 4,000 400 125 0 945 
110833 4,000 400 0 100 900 

Soil/Tuff 
110834 4,000 400 125 50 1026 
110835 4,000 400 125 100 1097 

Composite 
110836 4,000 800 250 0 1250 

60140 (w:w) 
110837 4,000 800 0 200 1100 
110838 4,000 800 250 100 1250 
110839 4,000 800 250 200 1350 
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Table 3.6 Performance of the LANL Sediment Formulations 

Formulation Number 
Parameter Criteria 

110806 110807 110808 110809 

Unconfined Compressive 
>50 165 63 36 39 Strength at 14 days Cure (psi) 

Unconfined Compressive 
>50 177 65 28 29 c Strength at 28 days Cure (psi) 

Hydraulic Conductivity at 28 
<lxlOE-06 4.2x10E-07 l.4x10E-06 4.5x10E-04 l.6x10E-05 days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 11.3/10.5 11.3/10.8 11.2/10.8 11.0/10.3 Alpha/Nonvolatile Beta 

Temperature at Core and 
<100 25 25 25 25 Surface (°F) 

pH (s.u.) >10.0 11.9 12.1 12.0 12.0. 

Bleed Fluid(%) <0.5 <0.5 <0.5 <0.5 <0.5 

Volume Increase(%) <50 -19.5 -17.3 -9.19 -10.9· 

Freeze/Thaw Durability 
<15 25.6 sc1 SC SC (%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180 

False Set Prohibited NO NO NO NO-

Flash Set Prohibited NO NO NO NO· 

1 SC = Sample crumbled 
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Tab]e 3.6 (cont) Performance of the LANL Sediment FormuJations 

Formulation Number 
Parameter Criteria 

110810 110811 110812 110813 

Unconfined Compressive 
>50 348 286 184 277 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 583 320 275 347 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxl OE-06 2.9x10E-06 9.4x10E-09 8.5x10E-07 5.0xlOE-06 
days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 11.0/10.3 11.0/10.2 10.9/10.2 10.4/10.1 

Alpha/Nonvolatile Beta 
Temperature at Core and 

<100 25 25 24 24 
Surface (°F) 

pH (s.u.) >10.0 12.0 12.5 12.3 12.4 . 

Bleed Fluid (%) <0.5 <0.5 <0.5 <0.5 <OS .. 

Volume Increase(%) <50 -4.42 -9.14 -1.27 0.59 

Freeze/Thaw Durability 
<15 9.63 26.7 sc1 SC 

(%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6. 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180·· 

False Set Prohibited NO NO NO NO······ 

Flash Set Prohibited NO NO NO NO 

1 SC = Sample crumbled 
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Table 3.7 Performance of the LANL Tuff Formulations 

Formulation Number 
Parameter Criteria 

110814 110815 110816 110817 

Unconfined Compressive 
>50 332 251 323 326 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 370 426 376 427, 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxlOE-06 l.9x10E-06 l.8x10E-05 5.8xlOE-06 3.4x10E-07 
days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 10.9/10.3 11.2/10.6 10.5/10.6 10.2110.7 

Alpha/Nonvolatile Beta 
Temperature at Core and 

<100 23 23 22 22 
Surface (°F) 

pH (s.u.) >10.0 12.1 12.3 12.2 12.3 

Bleed Fluid(%) <0.5 <0.5 <0.5 <0.5 <0.5 .. 

Volume Increase(%) <50 -13.3 -14.6 -10.4 -8.12. 

Freeze/Thaw Durability 
<15 5.51 6.81 7.97 7.53 

(%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6' .. 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180-·· 
.. 

False Set Prohibited NO NO NO NO·-· 

Flash Set Prohibited >6 >6 >6 >6 .... 

C:\My Documents\LANL Stabilization\Report\LANL Stab Report Rev 0.doc 16 



(J] 
fl CORPORATION 
.1 •. -.. .. ,,.,,._ITC...-

Revision No: 0 
Date: 03/25/02 

Table 3.7 (cont) Performance of the LANL Tuff Formulations 

Formulation Number 
Parameter Criteria 

110818 110819 110820 110821 

Unconfined Compressive 
>50 705 578 386 578 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 771 736 612 467, 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxlOE-06 l.9xl OE-07 6.8xl OE-07 5.7x10E-06 2.3x10E-06 
days Cure (cm/sec) 

Leachability Indices for Gross >8.0 10.2/10.4 11.0/10.9 10.6/10.7 11.1/10.7 
Alpha/Nonvolatile Beta 
Temperature at Core and <100 22 22 22 23 

Surface (°F) 

pH (s.u.) >10.0 12.l 12.4 12.3 12.4 

Bleed Fluid(%) <0.5 <0.5 <0.5 <0.5 <0.5 

Volume Increase(%) <50 0.59 -3.62 5.08 10.4 

Freeze/Thaw Durability 
<15 4.60 5.69 8.02 13.11 

(%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6 ,_ 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180 -

False Set Prohibited NO NO NO NO 

Flash Set Prohibited >6 >6 >6 >6 
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Table 3.8 Performance of the LANL Soil 564 "Hot Soil" Formulations 

Formulation Number 
Parameter Criteria 

110823 110824 110825 110826 

Unconfined Compressive 
>50 209 316 293 291 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 224 281 299 290; 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxl OE-06 1.5xl OE-06 2.2xl0E-06 9.2xl OE-06 1.8x10E-06 days Cure (cm/sec) 
Leachability Indices for Gross 

>8.0 11.0/10.0 11.0/10.3 10.8/10.0 11.2/10.3 Alpha/ Nonvolatile Beta 
Temperature at Core and 

<100 23 23 23 24 Surface (°F) 

pH (s.u.) >10.0 12.2 12.4 12.3 12.3 

Bleed Fluid (%) <0.5 <0.5 <0.5 <0.5 <0.5 

Volume Increase(%) <50 -14.1 -16.7 -11.6 -9.48 

Freeze/Thaw Durability 
<15 6.32 nd nd 19.7 ... 

(%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6 . 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180 . 

False Set Prohibited NO NO NO NO 

Flash Set Prohibited NO NO NO NO 

nd = not determined 
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Table 3.8 (cont) Performance of the LANL Soil 564 "Hot Soil" Formulations 

Formulation Number 
Parameter Criteria 

110827 110828 110829 110830 

Unconfined Compressive 
>50 489 499 422 410 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 449 356 473 347; 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxlOE-06 2.lxlOE-06 1.4xl OE-06 l. lxl OE-07 7.0xlOE-09 
days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 11.0/9.9 10.9/10.0 11.0/9.8 11.0/10.2 

Alpha, Nonvolatile Beta 
Temperature at Core and 

<100 23 23 23 24 
Surface {°F) 

pH (s.u.) >10.0 12.2 12.5 12.3 12.3 

Bleed Fluid (%) <0.5 <0.5 <0.5 <0.5 <0.5· .... 

Volume Increase(%) <50 5.90 -5.28 3.89 4.07"· 

Freeze/Thaw Durability 
<15 7.96 nd nd SC --· 

(%loss) 

Initial Set Time (hours) >6 >6 >6 >6 >6; 

Final Set Time (days) < 180 < 180 < 180 < 180 < 180· 

False Set Prohibited NO NO NO NO 

Flash Set Prohibited NO NO NO NO····· 
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Table 3.9 Performance of the LANL Sediment/Tuff Composite Formulations 

Formulation Number 
Parameter Criteria 

110832 110833 110834 110835 

Unconfined Compressive 
>50 215 183 181 186 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 276 291 223 209 .. 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxlOE-06 3.4x10E-06 2.0xlOE-06 1.lxlOE-05 2.lxlOE-06 
days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 11.4/9.2 11.4/9.1 10.7/9.1 10.6/9.2 

Alpha/Nonvolatile Beta 
Temperature at Core and 

<100 25 24 24 25 
Surface (°F) 

pH (s.u.) >10.0 11.9 12.2 12.1 12.2 

Bleed Fluid(%) <0.5 <0.5 <0.5 <0.5 <0.5 

Volume Increase(%) <50 -15.l -14.2 -9.98 -6.96 -

Freeze/Thaw Durability1 

<15 9.50 11.93 11.97 18.0 -
(%loss) 

' 

Initial Set Time (hours) >6 < 180 < 180 < 180 < 180, -

Final Set Time (days) < 180 NO NO NO NO ·c-

False Set Prohibited NO NO NO NO - - . 

Flash Set Prohibited >6 >6 >6 >6 
.. 1 Freeze/Thaw Durab1hty - only through 10 cycles 
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Table 3.9 (cont) Performance of the LANL Sediment/Tuff Composite Formulations 

Formulation Number 
Parameter Criteria 

110836 110837 110838 110839 

Unconfined Compressive 
>50 509 245 297 252 

Strength at 14 days Cure (psi) 
Unconfined Compressive 

>50 607 355 380 244 
Strength at 28 days Cure (psi) 
Hydraulic Conductivity at 28 

<lxlOE-06 4.7x10E-07 2.6x10E-06 4.5x10E-05 2.6x10E-06 
days Cure (cm/sec) 

Leachability Indices for Gross 
>8.0 10.4/8.9 10.5/9.0 10.4/9.1 10.2/9.1 

Alpha/Nonvolatile Beta 
Temperature at Core and 

<100 25 23 23 23 
Surface (°F) 

pH (s.u.) >10.0 12.3 12.5 12.5 12.7 

Bleed Fluid(%) <0.5 <0.5 <0.5 <0.5 <0.5 

Volume Increase(%) <50 0.18 0.23 5.74 9.34 

Freeze/Thaw Durability1 
<15 7.34 14.89 10.42 27.4 

(%loss) 

Initial Set Time (hours) >6 < 180 < 180 < 180 < 180 

Final Set Time (days) < 180 NO NO NO NO--

False Set Prohibited NO NO NO NO···· 

Flash Set Prohibited >6 >6 >6 >6 
.. 1 Freeze/Thaw Durab1hty - only through 10 cycles 
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All of the formulations had initial set times of greater than 6 hours and less the 180 hours. There 

was no sign of false or flash set for any of the formulations. This suggests that the treated 

material will remain soil-like for at least 6 hours and provide an adequate window for obtaining 

and preparing samples for verification testing during full-scale treatment activities. There was 

also no bleed water associated with the stabilized material from any of the formulations. This 

indicates that the treated material will not produce free liquids during full-scale placement and 

initial setting. 

The low cement formulations (110806 through 110809) for the sediment material did not 

develop unconfined compressive strength (UCS) as quickly as the higher cement formulations 

(110810 through 110813) formulations. Two of the low cement formulations (110808 .and 

110809) did not attain the 50 psi UCS criteria, while all of the other sediment formulations 

exceed the 50 psi criteria. Several of the sediment formulations had hydraulic conductivities 

near or below the 1x1 o-6 cm/s criteria. The highest hydraulic conductivities were for sediment 

formulations 110808 and 110809. The UCS and hydraulic conductivity results for these 

formulations suggest that the amount of water added in these formulations was not sufficient. 

The ANS 16.1 modified leach indices for the sediment formulations exceed the criteria of 8. 

This indicates that the release of the radionuclides from the stabilized material by diffusion is 

limited. The pH of the sediment formulations were all above the criteria of 10.0, but were below 

the RCRA hazardous characterization level of 12.5 

Several of the sediment formulations crumbled during freeze/thaw durability testing and others 

exceed the 15% weight loss criteria. Only formulation 110810 met the freeze/thaw durability 

criteria ofless than 15% weight loss. 

All of the formulations for the tuff material developed UCS quickly and exceed the 50 psi 

criteria. Several of the sediment formulations had hydraulic conductivities near or below the 

1x10-6 cm/s criteria. The ANS 16.1 modified leach indices for the tuff formulations exceed the 

criteria of 8. This indicates that the release of the radionuclides from the stabilized material by 

diffusion is limited. The pH of the tuff formulations were all above the criteria of 10.0, but were 

below the RCRA hazardous characterization level of 12.5. None of the formulations on the tuff 

material crumbled during freeze/thaw durability testing and all met the less than 15% weight loss 

criteria. 

All of the formulations for the Soil 564 "hot soil" material developed UCS quickly and exceed 

the 50 psi criteria. Several of the sediment formulations had hydraulic conductivities near or 
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below the 1x1 o-6 cm/s criteria. The ANS 16.1 modified leach indices for the Soil 564 

formulations exceed the criteria of 8. This indicates that the release of the radionuclides from the 

stabilized material by diffusion is limited. The pH of the Soil 564 formulations were all above 

the criteria of 10.0, and were generally below the RCRA hazardous characterization level of 

12.5. Due to limited sample volume, freeze/thaw durability testing was only conducted on a 4 of 

the 8 Soil 564 formulations. One of the Soil 564 formulations (110830) crumbled during 

freeze/thaw durability testing and another ( 110826) exceed the 15% weight loss criteria. 

Formulations 110823 and 110827 met the freeze/thaw durability criteria ofless than 15% weight 

loss. 

All of the formulations for the sediment/tuff composite material developed UCS quickly and 

exceed the 50 psi criteria. Several of the sediment formulations had hydraulic conductivities 

near or below the lx 1 o-6 cm/s criteria. The ANS 16.1 modified leach indices for the 

sediment/tuff composite formulations exceed the criteria of 8. This indicates that the release of 

the radionuclides from the stabilized material by diffusion is limited. The pH of the sediment/tuff 

composite formulations were all above the criteria of 10.0, but were below the RCRA hazardous 

characterization level of 12.5. None of the formulations on the tuff material crumbled during 

freeze/thaw durability testing and most met the less than 15% weight loss criteria. 

Volume increase for each formulation was calculated using the equation: 

Volume Increase(%)= [{(BD/BD)*(l+tmr))-1]* 100 

where BDi was the average bulk density of the material from geotechnical testing, BDf was the 

bulk density reported for the 28 day UCS testing on the treated material from the formulation, 

and tmr is the total mix ratio [mix ratio = (weight reagent)/(weight material) of all reagents, 

including water, used in the formulation. The low volume increases for most of the stabilization 

formulations indicate that the treated material is more compact than the untreated material. This 

is due to the water added as part of the stabilization formulations. Up to the optimum moisture 

content, the densities of soil materials increase with increased moisture content. The added water 

increases the moisture content and allows for more efficient compaction of the treated material. 

3.4 SEQUENTIAL EXTRACTION TESTING 

Sequential extraction procedures (SEPs) are used to characterize metal immobilization 

mechanisms and to aid in estimating bioavailability. Numerous SEPs have been developed to 

characterize metal fractionation into various binding phases. While these procedures cannot be 

used to identify the actual form of a given metal in a soil, they are useful in grouping metals into 

phases or fractions. The distribution of the metal among the SEP fractions can provide 
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information on the likely binding phases and characterize the relative stability of metal 

immobilization processes. 

The SEP approach used for untreated and treated sediment, tuff and sediment/tuff composite 

samples is a form of the consensus method for extraction being calibrated by the National 

Institute of Standards and Technology. The following description identifies the metal 

immobilization phase with a description of how the metals present in each of these phases is 

extracted during the SEP process. 

Exchangeable Phase - metals that are reversibly sorbed to soil minerals, amorphous solids, and/or 

organic material by electrostatic forces. These forces are overcome by using a concentrated 

electrolyte leach (1 M MgCl2) that displaces the metal ions from solid surfaces. The metals 

solubilized by this extraction are analyzed to determine metals present in the exchangeable 

phase. 

Acid Extractable Phase- metals that are irreversibly sorbed or otherwise bound in carbonate 

minerals. These forces are overcome by using a mild acid to (IM NaOAc solution in 25% HOAc 

at pH 5) to dissolve carbonate minerals. The metals solubilized by this extraction are analyzed to 

determine metals associated with the carbonate phase 'or other metals that are solubilized by 

acidic conditions. 

Reducible Phase - metals bound to hydroxides of iron, manganese, and/or aluminum and easily 

solubilized oxides. These forces are overcome by using a solution of 0.1 M hydroxylamine 

hydrochloride in pH 2 nitric acid to reduce the soil or sediment sample. The metals solubilized 

by this extraction are analyzed to determine metals associated with the reducible phase. 

Organic Phase - metals bound to soil organic matter (e.g., stable humus). These forces are 

overcome by oxidizing the soil organic matter with a pH 8.5, 5% NaOCl solution. The metals 

solubilized by this extraction are analyzed to determine metals associated with the organic 

matter. 

Oxidizeable Phase - metals bound to sulfide minerals. The forces binding metals to sulfides are 

overcome by leaching with a 4M HN03 solution at 95°C. The metals solubilized in this 

extraction are analyzed to determine metals associated with sulfide minerals. . 

Residual Phase - The remaining metals are distributed between silicates, phosphates, and 

refractory oxides. SW846 Method 3052 (HN03 /HCL/HF acid mixture) is used to extract the 

remaining metals. 
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The results of the SEP testing are summarized in Tables 3.10 and 3.11. 

Table 3.10 Sequential Extraction of Cesium from Untreated and Treated LANL Materials 

Phase 

Exchangeable 
Acid 
Extractable 
Reducible 
Organic 
Oxidizable 
Residual 

Phase 

Exchangeable 
Acid 
Extractable 
Reducible 
Organic 
Oxidizable 
Residual 

Sediment Composite Tuff Composite Sediment/Tuff Composite 
Untreated Formulation Untreated Formulation Untreated Fomrnlation Formulation 

110820 110812 110836 118038 
Fraction ofCs-137 in each Phase(%) 

<0.2 3.7 0.6 <0.2 0.3 1.0 1.0 
<0.2 8.9 1.9 2.1 1.9 2.3 2.7 

0.9 2.3 1.2 <0.2 <0.2 0.5 1.0 
2.5 11.9 4.4 3.3 3.2 4.8 4.4 

44.2 4.7 41.3 57.5 48.4 52.1 55.1 
52.4 68.5 50.6 37.1 46.1 39.3 35.9 

Table 3.11 Sequential Extraction of Strontium from Untreated 
and Treated LANL Materials 

Sediment Composite Tuff Composite Sediment/Tuff Composite 
Untreated Formulation Untreated Formulation Untreated Formulation Formulation 

110820 110812 110836 118038 -
Fraction of Sr-90 in each Phase(%) 

55.4 23.1 71.3 22.7 63.6 34.7 34.1 
1.3 16.8 4.6 11.9 <0.2 15.1 18.0 

1.4 9.4 3.7 7.9 2.1 7.6 8.2 
1.3 2.7 0.5 2.1 0.9 2.2 2.2 
1.3 3.1 0.9 2.5 1.1 4.3 2.5 

39.3 44.8 19.0 52.9 32.4 36.2 35.0 .· 

The SEP results indicate that the stabilization treatment on sediment material appears to 

respeciate Cs-137 from the oxidizable fraction to the exchangeable, acid extractable, reducible, 

organic, and residual phases, as compared to the untreated sediment material, and respeciate Sr-

90 from the exchangeable phase to the acid extractable, reducible, organic, oxidizable, and 

residual phases. The stabilization treatment on the tuff material appeared to respeciate Cs-137 

from the residual to the oxidizable phase, as compared to the untreated tuff material, and 

respeciate Sr-90 from the exchangeable phase to the acid extractable, reducible, organic, 

oxidizable, and residual phases. The stabilization treatment on the sediment/tuff composite 

material appeared to respeciate Cs-137 from the residual to the oxidizable phase, as compared to· 
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the untreated sediment/tuff composite material, and respeciate Sr-90 from the exchangeable 

phase to the acid extractable, reducible, organic, and oxidizable, and residual phases. 

Comparison between the SEP results for the Portland cement (high)/bentonite (high) and 

Portland cement (high)/bentonite (high)/silicate (mod) indicates that the silicate has little effect 

on the respeciation of Cs-13 7 and Sr-90. Most of the respeciation is probably due to the Portland 

cement in the stabilization formulation. 
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The geotechnical testing of six samples from the size-reduced tuff composite samples indicated 

that the tuff material is a dry, non-plastic gravelly sand in nature. The non-plastic nature of the 

tuff material indicates that the material handling properties will not be adversely impacted under 

high moisture conditions. The limited variability in the tuff geotechnical composites suggests 

that it will have consistent material handling properties. 

4.1.2 Sediment Composite Material 

The geotechnical testing on sediment composite samples indicated that the sediment is dry, loam 

or sandy loam soil. Low plasticity index of the sediment composite material confirms its sandy 

nature. Therefore, the material handling properties of the sediment material should not be 

adversely affected by high moisture conditions. The limited variability in the sediment 

geotechnical composite samples suggests that it will have consistent material handling 

properties. 

4.1.3 Soil 564 and Soil 554 Samples 

The geotechnical testing results for the Soil 564 ("hot soil") and Soil 554 composite samples 

indicate that these materials are similar in nature to the sediment composite material. The Soil 

564 material did have a higher moisture content (17%) and greater portion of sand-sized particles 

in its particle size distribution, as compared to the sediment composite samples. These materials 

would have similar material handling properties to the sediment material. 

4.2 SIS TESTING 

The bench-scale treatability testing was conducted to demonstrate how the treated material from 

the selected SIS grout mix designs performed with respect to the performance criteria for the 

final stabilized waste material. The results from the performance testing provide information on 

the leachability, durability, hydraulic conductivity, strength, and long-term durability of the S/S 

treated soil material. 

4.2.l Tuff Composite Material 

With the exception of the hydraulic conductivity, the treated material from all formulations on 

the tuff composite material met the performance criteria (Table 2.1 ). The hydraulic conductivity 
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after 28 days of curing ranged from l .8x 10-5 to l .9x 10-7 cm/s for the treated material from the 

tuff composite material. The Portland cement (low)/bentonite (low)/silicate (mod) (110817), 

Portland cement (high)/bentonite (high) ( 110818), and Portland cement (high)/silicate (high) 

(110819) formulations met the hydraulic conductivity criteria. The hydraulic conductivities for 

the Portland cement (low)/bentonite (low) (110814) and Portland cement (high)/bentonite 

(high)/silicate (high) (110821) were close to the lxl0-6 cm/s criteria. Over time, the hydraulic 

conductivity of these formulations should decrease and be below the performance criteria. 

4.2.2 Sediment Composite Material 

With the exception of the hydraulic conductivity and freeze/thaw durability, the treated material 

from all formulations met the performance criteria (Table 2.1 ). 

The hydraulic conductivity after 28 days of curing ranged from 4.5xl0-4 to 9.4xl0-9 crn/s for the 

treated material from the sediment composite material. The Portland cement (low)/bentonite 

(low) (110806), Portland cement (high)/silicate (high) (110811), and Portland cement 

(high)/bentonite (high)/silicate (mod) (110812) formulations met the hydraulic conductivity 

criteria. The hydraulic conductivities for the Portland cement (low)/silicate (mod) (110807) and 

Portland cement (high)/bentonite (high) (110810) were close to the lxl0-6 cm/s criteria. Over 

time, the hydraulic conductivity of these formulations should decrease and be below the 

performance criteria. 

Several of the sediment formulations crumbled during freeze/thaw durability testing and others 

exceed the 15% weight loss criteria. Only the Portland cement (low)/bentonite (low) (110810) 

formulation met the freeze/thaw durability criteria ofless than 15% weight loss. 

4.2.3 Soil 564 ("Hot Soil") Material 

With the exception of the hydraulic conductivity and freeze/thaw durability, the treated material 

from all formulations met the performance criteria (Table 2.1 ). The hydraulic conductivity after 

28 days of curing ranged from 9.2x 10-6 to 7.0x10-9 cm/s for the treated material from the Soil 564 

material. The Portland cement (high)/bentonite (high)/silicate (mod) (110829), and Portland 

cement (high)/bentonite (high)/silicate (high) (110830) formulations met the hydraulic 

conductivity criteria. The hydraulic conductivities for the Portland cement (low)/bentonite (low) 

(110823), Portland cement (low)/silicate (mod) (110824), Portland cement (low)/bentonite 

(low)/silicate (mod) (110826), Portland cement (high)/bentonite (high) (110827) and Portland 

cement (high)/silicate (high) (110828) were close to the lxl0-6 crn/s criteria. Over time, the 

hydraulic conductivity of these formulations should decrease and be below the performance 

criteria. 
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Due to limited sample volume, freeze/thaw durability testing was only conducted on a 4 of the 8 

Soil 564 formulations. The Portland cement (low)/bentonite (low) (110823) and Portland cement 

(high)/bentonite (high) formulations met the freeze/thaw durability criteria of less than 15% 

weight loss. 

4.2.4 Sediment/Tuff Composite Material 

With the exception of the hydraulic conductivity and freeze/thaw durability, the treated material 

from all formulations met the performance criteria (Table 2.1). 

The hydraulic conductivity after 28 days of curing ranged from 4.5x 1 o-s to 4. 7x 10-7 cm/s for the 

treated material from the sediment/tuff composite material. Only the Portland cement 

(high)/bentonite (high) (110836) formulation met the hydraulic conductivity criteria. The 

hydraulic conductivities for the Portland cement (low)/bentonite (low) (110832), Portland 

cement (low)/silicate (mod) (110833), Portland cement (low)/bentonite (low)/silicate (mod) 

(110835), Portland cement (high)/silicate (high) (110837) and Portland cement (high)/bentonite 

(high)/silicate (high) (110839) were close to the lx 1 o-6 cm/s criteria. Over time, the hydraulic 

conductivity of these formulations should decrease and be below the performance criteria. 

The Portland cement (low)/bentonite (low) (110832), Portland cement (low)/silicate (mod) 

(110833), Portland cement (low)/ bentonite (low)/silicate (low) (110834), Portland cement 

(high)/bentonite (high) (110836), and Portland cement (high)/bentonite(high)/silicate (mod) 

(110838) met the freeze/thaw durability criteria ofless than 15% weight loss. 

4.3 FULL-SCALE S/S TREATMENT 

4.3.1 SIS Formulation 

The Portland cement (low)/bentonite (low) formulation should be used for the full-scale S/S 

treatment. This formulation met all the performance criteria for the stabilized material with the 

tuff and sediment/tuff composite materials and should meet all the performance criteria for the 

sediment and Soil 564 material with increased curing time. No other formulation had such 

consistent performance on all of the materials. 

4.3.2 Contaminated Material Compositing 

Though the selected stabilization formulation should be adequate to treat the sediment, tuff or 

sediment/tuff composite material, the sediment and tuff material should be composited and 

stockpiled prior to beginning full-scale stabilization treatment. The sediment/tuff composite 

material produced the most consistent treated material during bench-scale tresting and should 

produce the most consistent treated material during full-scale processing. 
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The major process mixing constraint for the Portland cement/bentonite grout mix is that the grout 

mix must be thoroughly mixed with the contaminated sediment, tuff, or sediment/tuff composite 

material. The primary source of failure during full-scale treatment is often the lack of thorough 

mixing of the reagent grout and the contaminated material. The sediment and tuff are sandy 

loam/loam materials. While the sandy nature of the these materials make mixing of the grout 

and contaminated material easier, high speed, high shear mixing should be utilized for full-scale 

treatment. Commercially-available pugmills can provide the high speed, high shear mixing 

required. 

Mixing by excavators or rake-like attachments on excavators may not produce the high energy, 

high shear mixing required to thoroughly blend the grout and the contaminated materials. Jet

grouting has been effective in sandy soils and debris, but has had incomplete or inadequate 

mixing results in some soils. Auger mixer mounted either on crane bodies or excavators, may 

be sufficient to produce the high speed, high shear mixing required. 

4.3.4 Construction Tolerances 

The grout should be produced in a batch plant capable of providing an individual grout batch for 

stabilization batch. The weights of Portland cement and bentonite and the volume of water 

should be recorded for each grout batch. The weights should be controlled to within ±1 % of the 

desired value. The metering pump for the water should also control the water addition to within 

±1 % of the required value. The desired weights of the Portland cement and bentonite in each 

grout batch should be calculated from the volume of soil to be treated in the batch, the density of 

the stockpiled contaminated material, and the recommended S/S formulation. The amount of 

water should also be determined in a similar fashion, but can be modified to adjust the viscosity 

of the grout to match the S/S vendor's grout pumping and handling equipment. 

Each grout batch should be used within a maximum of 2 hours of batching. If a set retarder is 

used to prolong the time between batching and injection of the grout, testing should be conducted 

to determine the effect of the set retarder on the performance of the treated material. 
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rn INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

GEOTECHNICAL 
LABORATORY 

CERTIFICATE OF ANALYSIS 

Paul Lear 
IT Corporation 
304 Directors Drive 
Knoxville TN 37923 

This is the Certificate of Analysis for the following samples: 

Project ID: 
Project Number: 
Date Received by Lab: 
Number of Samples: 
Sample Type: 

LANL 
831775 
December 17 and 20, 2001 
Ten (10) 
Soil 

I. Introduction/Case Narrative 

January 28, 2002 

Five soil samples were received by the IT Geotechnical Laboratory beginning on December 17, 
2001. Five additional soil samples were received on December 20, 2001. Chain-of-custody 
documents were not included with the samples. Test (stabilized) specimens were issued unique 
identification numbers that do not correspond with the raw samples received, so laboratory sample 
number are not referenced on the test results sheets. 

Soils were combined and stabilized by treatability staff. Soils mixes were numbered sequentially 
for a series of sediments and a series of tufts. Numerous stabilized cylindrical specimens were 
designated for various physical tests. This certificate reports the results of sample characterization 
tests: particle-size distribution, Atterberg limits, moisture content, and bulk density screening. 

Please see Appendix A, Sample Number Cross-Reference List; Appendix B, Analysis Results; and 
Appendix C, Variance/Nonconformance Reports. 

Reviewed and Approved: 

Ralph Cole 
Laboratory Manager, Geotechnical Services 

IT Environmental Technology Development Center 
P.O. Box 4339 • 1570 Bear Creek Road• Oak Ridge, TN 37830 • 615-482-6497 •FAX: 615-482-1890 681A-6·93 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

• Maintenance of all past calibration records - calibration records and certification 
documents of all instruments, gauges and equipment are updated routinely and 
maintained in the Quality Control Coordinators Quality/Operations files. 

• Certified and trained personnel - all technicians are certified by the National Institute 
for Certification of Engineering Technicians (NICET) in geotechnical soil testing, and 
are trained in the application of standard laboratory procedures for geotechnical 
analyses as well as the quality assurance measures implemented by IT. 

IV. Data Qualification 

None. 
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IT Project ID: LANL 
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, 

PROJECT NAME: 

LANL 

ATTERBERG LIMITS 
ASTM D 4318 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PROJECT NO. 

831775.00000000 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Sediment #1 

Project No. 831775.00000000 IT Lab Sample No. None 

Specific Gravity = 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 
A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

3.2% Gravel 

SIEVE ANAL YS/S 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

98.5% 
E 

96.8% 
90.0%. 

Moisture Content = 14.3% 
based an dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 71.8% 

#40 0.425 60.3% 

#60 0.250 54.8% 

#100 0.149 50.4% 

#140 0.106 47.6% 
#200 0.075 43.9% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04661 40.8% 

0.03420 32.2% 

0.02212 26.7% 

0.01170 18.8% 

0.00799 15.7% 

0.00671 14.1% 

0.00478 12.5% 

0.00328 11.8% 

0.00143 9.4% 

52.9% Sand 43.9% Silt/Clay 
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U.S. STANDARD SIEVE SIZES HYDROMETER 

12" 6" 3" 1.5" 3/4" 3/8" #4 #20 #40 #60# 100# 140#200 <200SIEVE 
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1000 100 10 0.1 0.01 0.001 0.0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #1 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E c c 

E CLAY <2 microns L F 0 F 
R E 0 I A D I 
s A N A I N s A E s u E s 

E M 
E 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name LANL Client Sample No. Sediment #2 

Project No. 83177 5.00000000 IT Lab Sample No. None 

Specific Gravity '2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

2.4% Gravel 

SIEVE ANAL YSJS 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

98.8% 
E 

97.6% 
93.9% 

Moisture Content= 5.7% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 84.8% 

#40 0.425 78.1% 

#60 0.250 74.1% 

#100 0.149 70.5% 

#140 0.106 67.7% 
#200 0.075 63.3% 

HYDROMETER ANAL YSJS 

Diameter Percent 

mm Finer 

0.04346 57.4% 

0.03266 44.9% 

0.02163 34.1% 

0.01184 25.0% 

0.00826 20.8% 

0.00666 17.5% 

0.00474 15.8% 

0.00327 13.3% 

0.00142 10.8% 

34.3% Sand 63.3% Silt/Clay 
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U.S. STANDARD SIEVE SIZES HYDROMETER 
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PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #2 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E L c c 

F 0 E F CLAY <2 microns R 0 
E I A D I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name LANL Client Sample No. Sediment #3 

Project No. 83177 5.00000000 IT Lab Sample No. None 

Specific Gravity = 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

1.0% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

99.8% 
E 

99.0% 
94.9% 

Moisture Content = 7 .4% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 84.4% 

#40 0.425 75.5% 

#60 0.250 70.6% 

#100 0.149 66.4% 

#140 0.106 63.0% 
#200 0.075 58.0% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04490 50.3% 

0.03311 41.2% 

0.02163 33.8% 

0.01180 25.5% 

0.00930 20.6% 

0.00664 18.1% 

0.00473 16.5% 

0.00326 14.0% 

0.00142 12.4% 

41.0% Sand 58.0% Silt/Clay 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865} 482-6497 

LANL 
U.S. STANDARD SIEVE SIZES HYDROMETER 

12· s· 3• 1.s· 314· 31e· #4 #20 #40 #60# 100# 140#200 <200 SIEVE 
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PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #3 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 • 75 microns 
D B c M 
E L c F E F CLAY <2 microns 
R 0 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Sediment #4 

Project No. 831775.00000000 IT Lob Sample No. None 

Specific Gravity= 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 

#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

0.4% Gravel 

SIEVE ANAL YS/S 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

100.0% 
E 

99.6% 
96.9% 

Moisture Content = 5.1 % 
based on dry sample weight · 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 80.6% 

#40 0.425 67.6% 

#60 0.250 62.4% 

#100 0.149 58.7% 

#140 0.106 55.8% 
#200 0.075 51.0% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04576 41.8% 

0.03296 38.8% 

0.02221 24.6% 

0.01049 16.4% 

0.00947 14.2% 

0.00673 12.7% 

0.00478 11.9% 

0.00328 9.7% 

0.00143 8.9% 

48.5% Sand 51.0% Silt/Clay 
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LANL 
U.S. STANDARD SIEVE SIZES 

12' 6' 3' 1.5' 3/4' 3/8' #4 #20 #40 #60# l ()()# 140#200 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDROMETER 

<200 SIEVE 

80--14-~4-+-+---+H'H-++-+-l'---tt+-l-H-H--t---A'ttt-t-'t-t-t~-ttt't++t-t--t--tttt-t-H-t--t~-tt-H-tt-t-+--t--I 

1-
:c 

70-+++++++-+-t---H+.+-l+++--+..-t+++++.+-+-+--!rt-t+++.ft-t--t----t++.t+t-+-t-t---tttt+++-+-t---tttt+++-t-t----i 

~ 

0 ·~ 
~ 6Q-W-1+-1++-1-+--H-ftt+H-1'--+++1+-H--1-+--+t++++-'l--t-1~'\.:-1tt',t++++-t---l+H+H-+-+--Httt+-t+-t---l 

m 
ffi 50 -+l+l++-++-i--tHiH-+++-li---+tH;+J.H--t--tftl+-ht-t-t~-tfflrt-t-H--t--ttti+t+-t-t~-tttH++-+--+-~ 
z 
U::: 
1-
ffi 40-14-~+-+--+---+1-W-1-++-+-l'---tt+-l+i'-H--t---+l++++-'l-+-+~-+t+'l-!+'M---t--H++++-+-+-+~-ttt-t+++-+-+-_.,..., 
0 ( 
cc 
w 
ll. 

30-tt+-1-++--H--+--f+-8+++-+-f.-----f+t+++.++--11---+t+l+t-;t-+--+---t+-r.t+t-+-tH----f-t++t+++-t---t+t-t++t-+--t---I 

~ ... 

20-++++-+++-+-+--HH4++-++-+--+++-l+»-+-t~H-H++++-+--+tt'f-++l-t-~~Ht1+H-H-+---ttttt+++-+---l 

' 
o..jillJJ_J_L__j__......_µJ.LL.l_J__L_J,_-+ll.LL-'o..J_J.___j~-\.ll.1...LL.l-L._J__-P-W-LJ._J_J___L---l..LLL.1...LL-'-L--j-Ll-LLL,Li,_....l.--j 

1000 100 10 0.1 0.01 0.001 0.0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #4 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M c E L c F E F CLAY <2 microns 
R 0 

0 
E I A D I 
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IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name LANL Client Sample No. Sediment #5 

Project No. 831775.00000000 IT Lab Sample No. None 

Specific Gravity = 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 E 
#4 4.750 

#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

2.8% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

99.5% 
E 

97.2% 
92.1% 

Moisture Content = 6.4% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 78.8% 

#40 0.425 68.1% 

#60 0.250 62.4% 

#100 0.149 57.7% 

#140 0.106 54.4% 
#200 0.075 49.5% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04619 42.6% 

0.03441 30.8% 

0.02230 25.3% 

0.01317 18.9% 

0.00938 17.4% 

0.00671 14.2% 

0.00478 12.6% 

0.00329 11.1% 

0.00142 10.3% 

47.7% Sand 49.5% Silt/Clay 
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LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 

12' 6' 3' 1.5' 3/4' 3/8' #4 #20 #40 #60# 100# 140#200 <200 SIEVE 
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0 
1000 100 10 0.1 0.01 0.001 0.0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #5 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M c E L c F E F CLAY <2 microns 0 
R E 0 I A D I 
s A N R I N s R E u E s s 

E M 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Sediment #6 

Project No. 83177 5 .00000000 IT Lab Sample No. None 

Specific Gravity: 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

1.5% Gravel 

SIEVE ANAL YS/S 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

100.0";6 
E 

98.5% 
93.7% 

Moisture Content= 6.9% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 81.7% 

#40 0.425 72.4% 

#60 0.250 67.1% 

#100 0.149 62.5% 

#140 0.106 59.4% 
#200 0.075 54.9% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04446 48.9% 

0.03311 38.2% 

0.02194 28.3% 

0.01300 22.2% 

0.00932 18.4% 

0.00666 16.1% 

0.00474 13.8% 

0.00328 11.5% 

0.00142 9.9% 

43.6% Sand 54.9% Silt/Clay 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

LANL 
U.S. STANDARD SIEVE SIZES HYDROMETER 

12· s· 3• 1.s· 3/4" 3/8" #4 #20 #40 #60# l 00# 140#200 <200 SIEVE 
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PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #6 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E c c 

L F 0 E F CLAY <2 microns 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Sediment #7 

Project No. 831775.00000000 IT Lab Sample No. None 

Specific Gravity' 2.65 
assumed for calculations 

Siev~ Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 

. s 
0.375" 9.500 

E 
#4 4.750 

#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

2.7% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

99.1% 
E 

97.3% 
91.4% 

Moisture Content = 17 .2% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 73.2% 

#40 0.425 58.8% 

#60 0.250 51.3% 

#100 0.149 45.0% 

#140 0.106 40.8% 
#200 0,075 36.2% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04402 32.3% 

0.03228 27.9% 

0.02140 21.5% 

0.01275 17.1% 

0.00917 14.7% 

0.00654 13.2% 

0.00467 11.2% 

0.00324 9.8% 

0.00140 8.8% 

61.0% Sand 36.2% Silt /Clay 
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LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 

12' 6' 3' 1.5' 3/4' 3/8' #4 #20 #40 #60# l 00# 140#200 <200 SIEVE 
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CJ 
jjj 

60 ~ 
> m 
cc 

50 UJ 
' itl 

z 
u: 
~ z 40 UJ 

\. 

"' ' 
0 
cc 
UJ ' ~ 
~ 

30 
' I'" 

'1 

20 
I~ 

10 

0 

1000 100 10 0.1 0.01 0.001 0.0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #7 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M c E L c F E F CLAY <2 microns R 0 0 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTMD422 

Client Sample No. Sediment #8 

Project No. 831775.00000000 IT Lab Sample No. None 

Specific Gravity = 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

7.8% Gravel 

SIEVE ANAL YSJS 

Percent 

Finer 

100.0% F 
100.0% I 

95.2% N 

95.0% 
E 

92.2% 
85.9% 

Moisture Content= 5.7% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 73.4% 

#40 0.425 63.6% 

#60 0.250 58.1% 

#100 0.149 52.8% 

#140 0.106 49.0% 
#200 0.075 44.8% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04576 35.5% 

0.03311 31.7% 

0.02176 24.7% 

0.01287 20.3% 

0.00930 15.8% 

0.00666 13.3% 

0.00480 9.5% 

0.00331 7.6% 

0.00145 5.1% 

47.4% Sand 44.8% Silt/Clay 
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LANL 
U.S. STANDARD SIEVE SIZES 

12· 6" 3• 1.5" 3/4" 3/8" #4 #20 #40 #60# l 00# 140#200 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDROMETER 

<200 SIEVE 

100~~--+--r+---rrl-..,,(~'.h-+,~-rn-+,-,-+----r+n-*'+r++rt-r,-,-,--r----rrrrrT.---r-r--iTITT1111---i 

1-
J: 
CJ 

I\:.. 
~!"' 
~ .... 

90Jill_LW-1-l-----W-l:W-W--l-i;__..i+l-1-H.~~+--++++++.1-+--+--++1iH-H---+-4f--Httt-1-t-t--t--ttH+tt++-i 

> 

70 ...u..J_,W-1-.J--+---l----l-w:l-l--1-l-.J-1;---1++-1++.-H--f----H~l1kl+.•H--+---ttf.H-H-t-+~-ttt++HH--t---tl+t+H-t-t---J 
~ : 

~ 6Q-+W-l-W-+--l----t-----t+w+~4--++++++-H-+---++++H+:'~~-+---++1'i+H-t-1~ttttt++-H---ttttti-H--t-~ 
> 
m i~ • 
ffi 50 --W-JJW-l-+-l----l---t:f+.J+++-+--+.:---J+H++H-+-----+l-H+-hl-+-+~'"'~++-1-+--t---tt+t+H-t-t~-ttt1-tt-H--t-~ z C' 
u:: 
I- ': 
ffi 40 --ll.UU-1--l--+---l--+ll-W-l--l-l-+----J.~-1++-1..J+H-+----H+++~ .. H-+----H-f'!-\++-+-+~-+++1-tt-t-t--+--tlrl+t++t-t--I 
0 
a: 
LL.I 
0. ~ 

30~-l-W-+----4+.l-+-W--l--+.---++++++.++-+--H+H+;i-+-+--t+f.H-1rH-~+--tttt-t++-t-t--+ttt-+tt-+-+--! 

'~ 
20-l.l-l+-l--W-+-J---+l-J.l++-+--+-.J.--+l+l+H-l-+---+++-i-++H-+---+H'H+t-+-~~.ffltt++t-++--tH-ttt--t-t---t--J 

-
0--J-WJ.J...JU-_J_-j-Lw...LJ._i_.L___J,_.--tll.LL..Jo...L.L.....J~-f-LU-LL.1-.L~--f-L4LJ...J--'--'-'---"!-'-'-'-'--'--'-...J_'---p-'-'-'-'-"-'--'---j 

1000 100 10 0.1 0.01 0.001 0.0001 

PARTICLE SIZE, mm 

CLIENT SAMPLE NO.: Sediment #8 IT LAB SAMPLE NO.: None 

B GRAVEL SAND 
0 c 
u 0 
L B SILT 2 - 75 microns 
D B M 
E c c 

L F 0 E F CLAY <2 microns R E 
0 I A D I 

s A N R I N s R E s u E s 
E M 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name LANL Client Sample No. Tuff #1 

Project No. 831775.00000000 IT Lab Sample No. ETDC-

Specific Gravity' 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 . 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

17.1% Gravel 

SIEVE ANAL YSJS 

Percent 

Finer 

100.0% F 
100.0% I 

98.9% N 

92.6% 
E 

82.9% 
72.6% 

Moisture Content = 11 . l % 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 54.7% 

#40 0.425 43.7% 

#60 0.250 38.2% 

#100 0.149 33.1% 

#140 0.106 29.9% 
#200 0.075 26.4% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04542 24.4% 

0.03371 18.6% 

0.02203 14.2% 

0.01201 9.3% 

0.00922 8.0% 

0.00670 6.7% 

0.00475 6.2% 

0.00334 4.0% 

0.00140 3.1% 

56.6% Sand 26.4% Silt/Clay 
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LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 

12· s· 3• 1.s· 3/4" 3/8" #4 #20 #40 #60# 1()()#140#200 <200 SIEVE 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM 0422 

Project Nome LANL Client Sample No. Tuff #2 

Project No. 831775.00000000 IT Lab Sample No. ETDC-

Specific Gravity' 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

24.2% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% .. F 
100.0% I 

97.0% N 

87.6% 
E 

75.8% 
63.6% 

Moisture Content= 3.1 % 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 48.4% 

#40 0.425 38.8% 

#60 0.250 34.0% 

#100 0.149 29.7% 

#140 0.106 26.8% 
#200 0.075 23.6% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04414 21.7% 

0.03270 17.5% 

0.02176 12.6% 

0.01222 8.4% 

0.00904 7.0% 

0.00665 5.9% 

0.00475 4.9% 

0.00331 4.2% 

0.00139 3.1% 

52.1% Sand 23.6% Silt/Clay 
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IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

LANL 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Tuff #3 

Project No . 831775.00000000 IT Lab Sample No. ETDC-

Specific Gravity : 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

22.5% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

88.8% 
E 

77.5% 
66.9% 

Moisture Content = 2.1 % 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 50.6% 

#40 0.425 40.4% 

#60 0.250 35.2% 

#100 0.149 30.7% 

#140 0.106 27.8% 
#200 0.075 24.7% 

HYDROMETER ANALYSIS 

Diameter Percent 

mm Finer 

0.04563 23.0% 

0.03343 18.8% 

0.02185 14.5% 

0.01188 10.2% 

0.00879 8.1% 

0.00668 6.8% 

0.00475 6.0% 

0.00332 4.7% 

0.00140 3.4% 

52.7% Sand 24.7% Silt/Clay 
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IT Project ID: LANL 
IT Project No.: 831775.00000000 

LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANAL YS/S 
ASTM D422 

Client Sample No. Tuff #4 

Project No. 831775.00000000 IT Lab Sample No. ETDC-

Specific Gravity: 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 
A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

24. 7% Gravel 

SIEVE ANAL YS/S 

Percent 

Finer 

100.0% F 
100.0% I 

100.0% N 

89.2% 
E 

75.3% 
62.1% 

Moisture Content = 2.4% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 47.2% 

#40 0.425 37.9% 

#60 0.250 33.5% 

#100 0.149 29.4% 

#140 0.106 26.6% 
#200 0.075 23.6% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.03343 17.9% 

0.02194 13.4% 

0.01227 9.4% 

0.00941 6.9% 

0.00675 4.9% 

0.00479 4.5% 

0.00333 4.1% 

0.00140 2.9% 

51.7% Sand 23.6% Silt/Clay 
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IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

LANL 
U.S. STANDARD SIEVE SIZES HYDROMETER 
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CLIENT SAMPLE NO.: Tuff #4 IT LAB SAMPLE NO.: ETDC-
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Project Name LANL Client Sample No. Tuff #5 

Project No. 831 77 5.00000000 IT Lab Sample No. ETDC-

Specific Gravity= 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.3.75" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

31 .5% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

98.6% N 

83.6% 
E 

68.5% 
54.6% 

Moisture Content = l .5% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 41.0% 

#40 0.425 32.0% 

#60 0.250 27.9% 

#100 0.149 24.1% 

#140 0.106 21.6% 
#200 0.075 18.9% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04542 18.0% 

0.03328 14.7% 

0.02194 10.8% 

0.01321 6.5% 

0.00947 4.9% 

0.00670 4.2% 

0.00482 2.9% 

0.00336 2.3% 

0.00141 1.6% 

49.6% Sand 18.9% Silt/Clay 
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LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 
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CLIENT SAMPLE NO.: Tuff #5 IT LAB SAMPLE NO.: ETDC-
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Paul Lear 
IT Corporation 
January 28, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

Project Name LANL 

PARTICLE-SIZE ANALYSIS 
ASTM D422 

Client Sample No. Tuff #6 

Project No. 831 77 5 .00000000 IT Lab Sample No. ETDC-

Specific Gravity = 2.65 
assumed for calculations 

Sieve Diameter 

c No. mm 

0 3" 75.000 

A 1.5" 37.500 
R 0.75" 19.000 
s 

0.375" 9.500 
E 

#4 4.750 
#10 2.000 

H 
y 

D 
R 
0 
M 
E 
T 
E 
R 

34.9% Gravel 

SIEVE ANALYSIS 

Percent 

Finer 

100.0% F 
100.0% I 

98.4% N 

81.1% 
E 

65.1% 
52.5% 

Moisture Content = 1 .4% 
based on dry sample weight 

Sieve Diameter Percent 

No. mm Finer 

#20 0.850 38.7% 

#40 0.425 30.6% 

#60 0.250 26.9% 

#100 0.149 23.6% 

#140 0.106 21.4% 
#200 0.075 18.9% 

HYDROMETER ANAL YS/S 

Diameter Percent 

mm Finer 

0.04625 17.1% 

0.03371 14.4% 

0.02224 9.9% 

0.01321 6.9% 

0.00944 5.5% 

0.00672 4.8% 

0.00480 3.4% 

0.00336 2.4% 

0.00141 1.7% 

46.3% Sand 18.9% Silt/Clay 
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LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

U.S. STANDARD SIEVE SIZES HYDROMETER 
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Appendix C 

Nonconformance I Variance Reports 
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NONCONFORMANCE/V ARIANCE REPORT . . . I 

cNONCONFORMANCE / Project Name Date 

---~ ·.--~M<l_._~~~~~__J I . 
,k_ Project No. !? I 3 { 0 "L 

(circle one) !":?-OZ- /Zt- -z.,...- c;;/7 B.3t11S" 

Page I of \ 
Report No. 

eTOc- 115-oz-N 
Nonconformance/Variance Description (include requirement violated 

SA-t?Pw .St/7f'µ.DJi5 of~ ...s~''- /fx//J -?U/1~ /!ECetJev (;)1 ?'l-hW<' 

tfM1tJ-of &..;J-t'O°'J ZJo&.J~I". 
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1 

MO z l-t>I -c54'701, -ruf-.f s~s. -rvr+ses, -ruf:k<:,41 fA.D7.t-Ol-a::548, s6.4s15it... 

Identified by 

Root Cause 

I~============================.·:===--=============== 
(include expected completion date) Corrective Action 

To be completed by Expected Completion Date 

Action taken to preclude recurrence 

N It-

To be performed by Expected Completion Date 

Client notified (include client name, how notified, and response) 

Notified by 

Corrective action completed by Date 

Corrective action approved by 

Laboratory Supervisor ------/7 /] / /J- ·---Date 

·~~ Date Project Manager 

QA Comments I 
OAO Approval Date 

Use back of page for additional space. Attach additional pages if necessary. 
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CERTIFICATE OF ANALYSIS 

Paul Lear 
IT Corporation 
304 Directors Drive 
Knoxville TN 37923 

This is the Certificate of Analysis for the following samples: 

Project ID: 
Project Number: 
Date Received by Lab: 
Number of Samples: 
Sample Type: 

LANL 
831775 
December 17 and 20, 2001 
Ten (10) 
Soil 

I. Introduction/Case Narrative 

March 22, 2002 

Five soil samples were received by the IT Geotechnical Laboratory beginning on December 17, 
2001. Five additional soil samples were received on December 20, 2001. Chain-of-custody 
documents were not included with the samples. Raw sample material was used in stabilization 
mixtures and cylindrical test specimens were molded. Replicate specimens were designated for 
various testing· programs, including: unconfined compressive strength, permeability (hydraulic 
conductivity), and freeze/thaw resistance. 

A previous certificate reported the results of sample characterization tests: particle-size 
distribution, Atterberg limits, moisture content, and bulk density screening. 

Please see Appendix A, Sample Number Cross-Reference List; Appendix B, Analysis Results; and 
Appendix C, Variance/Nonconformance Reports. 

Reviewed and Approved: 

Ralph Cole 
Laboratory Manager, Geotechnical Services 

IT Environmental Technology Development Center 
P.O. Box 4339 • 1570 Bear Creek Road• Oak Ridge, TN 37830 • 615-482-6497 •FAX: 615-482-1890 681A-6-93 
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II. Analytical Results/Methodology 

REFERENCES: United States Army Corps of Engineers (USAGE), Engineer Manual 
1110-2-1906, Laboratory Soils Testing, appendix II, 1970; United States Environmental 
Protection Agency, SW846, Test Methods for Examining Solid Waste, Physical/Chemical 
Methods, 3rd ed., Nov 1986 (EPA SW-846). Annual Book of ASTM Standards, Section 
4, Construction, Volume 04.08, Soil and Rock (I), and Volume 04.09, Soil and Rock(//), 
2000. 

Unconfined Compressive Strength of Soils . . . . . . . . . . . . . . . . . . . . . . . . ASTM D 2166 
Laboratory Determination of Water (Moisture) Content of Soil and Rock . ASTM D 2216 
Freeze/Thaw of Solid Wastes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ASTM D 4842 
Hydraulic Conductivity of Porous Materials . . . . . . . . . . . . . . . . . . . . . . . . ASTM D 5084 

Ill. Quality Control 

Quality control checks such as duplicates and spikes (QC samples), are not normally 
applicable to geotechnical testing. This is due largely to the inability of obtaining samples 
with known characteristics, the heterogenous nature of the samples, and quality control 
procedures built-in to the analytical method. 

QC measures to ensure accuracy and precision of test results include the following: 

• 100% verification of all numerical results - raw data entries, transcriptions and 
calculations entered by lab technicians are checked, recalculated and verified. Most 
data calculations are performed by computer programs. 

• Data validation through test reasonableness - summaries of all test results for 
individual reports are reviewed to determine the overall reasonableness of data and 
to determine the presence of any data that may be considered outliers. 

• Quality control procedures are built into most standardized geotechnical procedures. 
For example, liquid limit and plastic limit analyses call for re-analyses and specify 
acceptance criteria. 

• Routine instrument calibration - instruments, gauges and equipment used in testing 
are calibrated on a routine basis. All instrument calibration follows ASTM or 
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manufacturer guidelines. 
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LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

• Maintenance of all past calibration records - calibration records and certification 
documents of all instruments, gauges and equipment are updated routinely and 
maintained in the Quality Control Coordinators Quality/Operations files. 

• Certified and trained personnel - all technicians are certified by the National Institute 
for Certification of Engineering Technicians (NICET) in geotechnical soil testing, and 
are trained in the application of standard laboratory procedures for geotechnical 
analyses as well as the quality assurance measures implemented by IT. 

IV. Data Qualification 

Freeze/thaw testing was not complete for the tuft/sediment mix at the time of this report. 
The results for this series are complete through ten cycles (except specimen eight, which 
failed at seven cycles). Complete results for the tuft/sediment mix freeze/thaw test will be 
reported when available. 

Freeze/thaw specimens underwent twelve test cycles. Some samples deteriorated prior 
to the end of twelve cycles, and the tests for these samples was terminated early. 

Certain freeze/thaw results are calculated as negative values. This occurs when the 
control specimen has greater material loss than the corresponding test specimen. 

The moisture content of hydraulic conductivity and freeze/thaw samples was assumed to 
be equal to the moisture content of unconfined compressive strength samples of the same 
series. 
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Sample Cross-Reference List 
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SAMPLE NUMBER CROSS-REFERENCE LIST 

LAB SAMPLE NO. CLIENT SAMPLE NO. MATRIX 

1108-06 .................... Sediment mix 1 ................... Solid 
1108-07 .................... Sediment mix 2 . . . . . . . . . . . . . . . . . . . Solid 
1108-08 .................... Sediment mix 3 ................... Solid 
1108-09 .................... Sediment mix 4 ................... Solid 
1108-10 .................... Sediment mix 5 . . . . . . . . . . . . . . . . . . . Solid 
1108-11 .................... Sediment mix 6 ................... Solid 
1108-12 .................... Sediment mix 7 . . . . . . . . . . . . . . . . . . . Solid 
1108-13 .................... Sediment mix 8 ................... Solid 
1108-14 .................... Tuff mix 1 ....................... Solid 
1108-15 .................... Tuff mix 2 ....................... Solid 
1108-16 .................... Tuff mix 3 ....................... Solid 
1108-17 .................... Tuff mix 4 ....................... Solid 
1108-18 .................... Tuff mix 5 ....................... Solid 
1108-19 .................... Tuff mix 6 ....................... Solid 
1108-20 .................... Tuff mix 7 ....................... Solid 
1108-21 .................... Tuff mix 8 ....................... Solid 
1108-23 .................... Soil mix 1 ....................... Solid 
1108-24 .................... Soil mix 2 ....................... Solid 
1108-25 .................... Soil mix 3 ....................... Solid 
1108-26 .................... Soil mix 4 ....................... Solid 
1108-27 .................... Soil mix 5 ....................... Solid 
1108-28 .................... Soil mix 6 ....................... Solid 
1108-29 .................... Soil mix 7 ....................... Solid 
1108-30 .................... Soil mix 8 ....................... Solid 
1108-32 .................... Tuff/Sediment mix 1 ............... Solid 
1108-33 .................... Tuff/Sediment mix 2 ............... Solid 
1108-34 .................... Tuff/Sediment mix 3 ............... Solid 
1108-35 .................... Tuff /Sediment mix 4 . . . . . . . . . . . . . . . Solid 
1108-36 .................... Tuff/Sediment mix 5 . . . . . . . . . . . . . . . Solid 
1108-37 .................... Tuff/Sediment mix 6 ............... Solid 
1108-38 .................... Tuff/Sediment mix 7 ............... Solid 
1108-39 .................... Tuff/Sediment mix 8 ............... Solid 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1 /2/02 

STRESS AT FAILURE, psi 165 
STRAIN AT FAILURE,% 2.2 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 1 
0.20 2 
0.30 4 
0.39 6 
0.49 8 
0.74 9 
0.99 17 
1.23 39 
1.48 78 
1.73 112 ·u; 

a. 
1.97 142 v; 

V) 

2.22 165 w 
0:: 

2.47 137 
I-
V) 

250 

200 

150 

100 

I 

50 

} 

0 ~ 
0 

Client Sample No. 1108-06-01 
IT Lab No. Sediment mix 1 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 
Rate of Strain, in./min. 

} 
~ 

2 4 

STRAIN,% 

I 

4.0547 
2.0108 
390.95 

20.4 

115.7 
96.1 

0.0450 

'-<:.,!. -

J-\- -

-
Failed 

Specimen 
-

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 63 
STRAIN AT FAILURE,% 1.2 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 1.1 
0.20 3.1 
0.30 5.3 
0.39 9.4 
0.49 14.8 
0.74 43.3 

0.99 60.8 
1.23 63.0 
1.48 62.4 
1.72 59.8 "iii 

a. 
1.97 43.2 ct) 

Cl) 

2.22 31.6 w 

°' 2.46 22.5 
..... 
Cl) 

100 

75 

50 

25 

.J 

0 I 
0 

Client Sample No. 1108-07-01 
IT Lab No. Sediment mix 2 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 
Rate of Strain. in./min. 

~ , 

I 

2 

~ 
\ 
~ 

4 

STRAIN, °lo 

I I 

4.0585 
2.0095 

353.46 
15.1 

104.6 

90.9 
0.0700 

,_........ 

t--~ \\1 t--

-

I j -

Failed -
Specimen 

-

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date l /2/02 

STRESS AT FAILURE, psi 36 
STRAIN AT FAILURE,% 1.2 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 1.7 
0.20 4.3 
0.30 7.3 
0:39 10.3 
0.49 14.2 

~ 

0.74 21.8 

0.98 30.2 
1.23 36.0 
1.48 33. l 
1.72 23.8 ·;; 

a. 
1.97 20.8 ~ w 

~ 

t; 

100 

75 

50 

25 J 

' I 
1 
f 

0 
l 

0 

Client Sample No. 1108-08-01 
IT Lab No. Sediment mix 3 

Specimen Height, in. 4.0615 
Specimen Diameter, in. 2.0070 
Specimen Weight, g. 338.14 
Moisture Content, % 17.3 
Wet Unit Weight, pcf. 100.3 
Dry Unit Weight, pcf. 85.5 
Rate of Strain, in./min. 0.0450 

I I 

\ -
'--j I 

-
-

l -
-

Failed -
Specimen 

-

• ,, 
\ 
~ 

2 4 

STRAIN,% 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 39 
STRAIN AT FAILURE,% 2.0 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0.0 

0.10 2.0 
0.20 4.8 
0.30 6.5 
0.39 9.1 
0.49 13.3 
0.74 23.9 

0.99 28.6 

1.23 32.2 
1.48 34.6 

1.72 38.7 "iii 
a. 

1.97 39.3 v) 
fl) 

2.22 32.1 w 
~ 

2.46 20.6 
..... en 

100 

75 

50 

25 
; , 

I 
I 

1 
I 

0 
I 

0 

Client Sample No. 1108-09-01 
IT Lab No. Sediment mix 4 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content. % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pcf. 
Rate of Strain. in./min. 

r, , \ 
~ 

2 

l 

4 

STRAIN,% 

l 

4.0582 

2.0050 

355.96 
18.1 

105.9 

89.6 
0.0450 

-
-

)\J 
-

-

-

Foiled _ 

Specimen 
-I 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 348 
STRAIN AT FAILURE,% 3.5 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 2 
0.20 4 
0.30 8 
0.40 21 
0.50 40 
0.75 90 

1.00 128 
1.25 150 
1.50 166 
1.75 182 'iii 

Q. 

2.00 215 ~ 
2.25 242 w 

Cll:': 

2.50 266 t; 

2.75 293 
3.00 306 

3.25 338 
3.50 348 

4.00 286 

4.25 270 

500 

400 

300 

200 

I 

100 J 

' 
0 IJ 

0 

Client Sample No. 1108-10-01 
IT Lab No. Sediment mix 5 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain, in./min. 

-

If\ 
I 

~ I\. 

' I 
j 

I I 

4.0037 
2.0102 

373.53 

27.8 

112.0 

87.6 

0.0450 

~( -
-

) \ -
Failed 

Specimen 
-

J 
r 

2 4 

STRAIN,% 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 286 
STRAIN AT FAILURE,% 1.5 

AXIAL DEVIATOR 

STRAIN.% STRESS, psi 

0 0 
0.30 13 
0.40 25 
0.49 45 
0.74 132 
0.99 220 
l.24 279 
1.48 286 
1.73 256 
1.98 231 
2.23 216 ·;; 

a. 
2.47 206 ~ w 

0:: .... 
Cl) 

500 

400 

300 

I 

200 

I 

100 

0 ~ 
0 

Client Sample No. 1108-11-01 
IT Lab No. Sediment mix 6 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight, pct. 
Rate of Strain, in./min. 

r\ 
) 

' 

2 4 

STRAIN,% 

4.0420 
2.0087 

384.95 
21.8 

114.5 
94.0 

0.0450 

') 

1\ 
-

-
f--

Failed 

Specimen 
-

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 184 
STRAIN AT FAILURE,% 1.2 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.20 4 
0.30 7 
0.40 16 
0.50 42 
0.75 104 
0.99 154 
1.24 184 
1.49 178 
1.74 130 
1.99 101 ·;;; 

a. 
2.24 95 u; 

en 
w 
er::: 
I-en 

250 

200 

150 
I 

100 
I 

50 
41 

4 

0 J 
0 

Client Sample No. l l 08-12-0 l 
IT Lab No. Sediment mix 7 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

I 

-

\ I 

4.0232 
2.0043 

365. 18 
23.8 

109.6 
88.5 

0.0450 

I,,~)-,) -
'> ) 

I -

~ 
I ) 1 

I 

I 

' • !._ 

2 4 

STRAIN,% 

-
Failed 

Specimen -

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project No. LANL 

Project No. 831775.00000000 

Specimen Mold Date 12/19/01 
Specimen Test Date 1/2/02 

STRESS AT FAILURE, psi 277 
STRAIN AT FAILURE,% 1.9 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 4 
0.20 8 
0.30 13 
0.40 27 
0.49 43 
0.74 93 

0.99 160 
l.23 233 
1.48 273 
l.73 266 ·c;; 

c. 
1.85 277 ~ 
1.98 259 w 

£¥ 

232 
..... 

2.22 Cl) 

2.47 206 
2.72 161 
2.96 131 

500 

400 

300 

200 

100 
~ 
I 

J 
0 

.J 
0 

Client Sample No. 1108-13-01 
IT Lab No. Sediment mix 8 

Specimen Height, in. 4.0487 
Specimen Diameter, in. 2.0110 
Specimen Weight, g. 371.68 
Moisture Content, % 26.1 
Wet Unit Weight, pcf. 110.1 
Dry Unit Weight, pcf. 87.3 
Rate of Strain. in./min. 0.0450 

I 

~ 
-

I 
-

Failed _ 

Specimen -.. 
r-: 

' \ 
\ 
\ 
~ 
~ 

2 4 

STRAIN, °lo 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 12/27 /02 

Specimen Test Date 1/10/02 

STRESS AT FAILURE, psi 332 
STRAIN AT FAILURE,% 2.4 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 350 
0.00 0 

0.10 8 

0.20 14 

0.30 20 300 

0.40 31 

0.50 45 

0.74 82 250 
0.99 134 

1.24 190 
1.49 240 

1.74 288 ·u; 200 
Q. 

1.99 314 en cn 
2.23 330 w 

IX 

2.36 332 
..... en 150 

2.48 323 
2.73 247 

2.98 119 
100 

50 

0 

• 

' 

I 

I 

I 
0 

Client Sample No. 1108-14-01 

IT Lab Specimen I' Tuff mix l 

Specimen Height. in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet. Unit Weight. pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

I , 

4.0277 

2.0102 

390.07 

21. l 

116.3 

96.0 

0.0650 

-

-
I 

,/~' 
-

-

Failed -
Specimen 

,, 

5 10 15 

STRAIN,% 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0.00 0 
0.10 5 
0.20 16 
0.30 25 
0.40 40 
0.50 57 
0.74 109 

0.99 165 
1.24 209 
1.49 234 
1.74 240 

1.98 249 

2.23 251 
2.48 237 

2.73 223 
2.97 169 

3.22 130 

12/27 /02 
1/l0/02 

251 
2.2 

350 

300 

250 

"iii 200 
a. 

~ 
w 
0:: ..... 
en 150 

100 

50 

0 

... 
i ~ 

' 

' 

I 

I 

I 

0 

Client Sample No. 1108-15-01 
IT Lab Specimen I' Tuff mix 2 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

I) 
I 

I 

4.0340 
2.0042 

386.18 
20.7 

115.6 

95.8 
0.0600 

I 
,___ 

~ 

( -
Failed 

-
Specimen 

I I 

~ 

5 10 15 

STRAIN, °lo 
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IT GEOTECHNICAL 
LABORATORY 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 

Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0.00 0 

0.10 4 

0.20 13 

0.30 23 

0.40 36 

0.50 53 

0.74 120 

0.99 196 

1.24 268 
1.49 315 

1.61 323 

1.73 299 

1.98 219 
2.23 133 

12/27 /02 
l /l 0/02 

323 
1.6 

350 

300 

250 

'iii 200 
a. 
en 
Cl) 
w 
et: 
1-
CI) 150 

100 

50 

0 

I 

I 

I 

t 

' 

I 

I 

0 

Client Sample No. 1108-16-01 
IT Lab Specimen I' Tuff mix 3 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

4.0378 

2.0115 

388.78 

22.4 

115.4 

94.3 

0.0500 

I 

-

M -

-~ I 
-

I 

Failed 
-
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 

Project No. 83177 5.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN.% STRESS. psi 

0.00 0 
0.10 5 
0.20 19 
0.30 29 
0.40 46 
0.50 53 
0.74 107 

0.99 159 

1.24 213 
1.49 268 
1.73 312 

1.98 318 

2.10 326 
2.23 268 

2.48 209 
2.72 80 

12/27/02 
l /10/02 

326 
2.1 

350 

300 

250 

·- 200 
~ 

~ w 
Cl:: 

~ 150 

100 

50 

0 

I 
I 

I • 

• 

' 

I 

I 

• 
' 

• 

0 

Client Sample No. 1108-17-0 l 
IT Lab Specimen I' Tuff mix 4 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

3 

5 10 

STRAIN,% 

4.0400 
2.0123 

379.93 
23.1 

112.7 

91.6 
0.0600 

I 

'~iJ 
-
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Failed 
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Specimen 

15 
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OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0.00 0 
0.10 3 
0.20 2 
0.49 67 
0.74 103 
0.99 146 
l.24 210 

l.48 297 
1.73 399 
1.98 502 
2.23 601 
2.47 665 

2.72 705 
2.97 614 

3.21 395 
3.46 274 
3.71 255 

12/27 /02 
1/10/02 

705 
2.7 

·;;; 

700 

600 

500 

0. 400 
~ 
w 
0:: 
t; 

300 

200 

100 

0 

• 
.t 

• 
j 

I 
J 

0 

Client Sample No. 1108-18-01 

IT Lab Specimen I' Tuff mix 5 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain, in./min. 

0 

' 

·L 

5 10 

STRAIN,% 

4.0437 
2.0103 
389.11 

23.l 
115.5 
93.8 

0.0600 

I -

-

;;~( 
Failed -

Specimen 
-

15 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I, 
I 
I 
.I 

I 
I 
I 
I 
,f 
I 
I 
I 
I 
I 
I 
I 

Page 18 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 
0.00 0 
0.10 12 
0.20 28 
0.30 58 
0.40 94 
0.49 152 
0.74 339 

0.99 484 
1.24 575 
1.36 578 
1.48 552 
1.73 445 

1.98 341 
2.23 302 

2.47 284 
2.72 267 

12/27 /02 
l /l 0/02 

578 
1.4 

"iii 

700 

600 

500 

a. 400 
~ 
w 
Ci: 
ti; 

300 

200 

100 

0 

• 
p 

I 

,, 

0 

L 

Client Sample No. 1108-19-01 
IT Lab Specimen I' Tuff mix 6 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content. % 

Wet Unit Weight, pcf. 

Dry Unit Weight. pcf. 
Rate of Strain. in./min. 

4.0433 
2.0045 

384.51 
21. l 

114.8 

94.8 
0.6500 

lf) -

-

/I, 
-

-

Failed -

Specimen 
-
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5 10 15 
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IT GEOTECHNICAL 
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(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LAN L 
Project No. 831775.00000000 

Specimen Mold Date 12/27 /02 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 209 
STRAIN AT FAILURE, % 2.3 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 7 
0.20 13 
0.30 26 
0.40 39 

0.74 59 
0.99 80 
l.23 97 
l.48 120 
1.73 152 
l.98 189 'iii 

a. 
2.22 205 ~ 
2.35 209 w 

Cl:: 

2.47 204 t; 

2.72 190 
2.96 172 
3.21 137 
3.46 110 

250 

200 

150 

100 

, 
50 I 

{ 
• 

~ 
0 

Client Sample No. 1108-23-05 
IT Lab No. Soil mix 1 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

,\ 
~ '\ 

' 
I 

l 
, 

I 

4.0503 
2.0110 

373.06 
23.4 

110.5 

89.6 
0.0600 

-

7?i --
Failed 
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-
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 831775.00000000 

Specimen Mold Date 12/27 /02 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 316 
STRAIN AT FAILURE,% 2.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 5 
0.20 13 
0.30 19 
0.40 31 
0.49 45 
0.74 78 
0.99 128 
1.23 180 
1.48 235 
1.73 282 ·u; 

a. 
1.98 315 u> 

Cl) 

2.10 316 w er:: 
2.22 275 t; 

2.47 217 
2.72 150 
2.96 102 

500 

400 

300 

200 I 

I 

100 J 

I 
0 I 

0 

Client Sample No. 1108-24-01 
IT Lab No. Soil mix 2 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight. pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

( 
I 

( 

Failed 

4.0493 
2.0100 
380.64 

21.4 
112.9 
93.0 

0.0800 

f--

-

f _ 

l Specimen 

f 
f ~ 

l 

' 
2 4 
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(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LAN L 
Project No. 83177 5.00000000 

Specimen Mold Date 12/27 /02 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 293 
STRAIN AT FAILURE, % 2.1 

AXIAL DEVIATOR 

STRAIN.% STRESS. psi 

0 0 
0.10 3 
0.20 6 
0.29 9 
0.49 17 
0.74 44 
0.98 96 
1.23 159 
1.47 221 
l.72 267 
1.97 287 ·c;; 

a. 
2.09 293 en 

"' 2.21 179 w 
~ 

2.46 99 ~ 

500 

400 

300 

200 

I 

100 • 

I 
0 J 

0 

Client Sample No. 1108-25-02 
IT Lab Specimen I' Soil mix 3 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 

Rate of Strain. in./min. 

\ 

I 

Failed 

4.0708 
2.0047 
372.69 

22.5 
110.5 

90.2 
0.0500 

-

~ 

-

Specimen -
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 

Project No. 831775.00000000 

Specimen Mold Date 12/27 /02 

Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 291 
STRAIN AT FAILURE,% 2.1 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 
0.08 4 
0.16 11 
0.24 20 
0.32 27 

0.39 38 
0.59 63 
0.79 86 

0.99 118 
l.18 157 
1.38. 203 "iii 

0. 
1.58 246 Cl') 

en 
l.77 283 w 

IX 

1.97 284 
I-en 

2.07 291 

2.17 241 

2.37 99 

500 

400 

300 

200 J , 
~ , 

100 J 

I 
0 I 

0 

Client Sample No.· 1108-26-01 

IT Lab No. Soil mix 4 

Specimen Height, in. 5.0730 

Specimen Diameter, in. 2.0032 

Specimen Weight, g. 371.08 
Moisture Content% 24.9 

Wet Unit Weight, pcf. 88.4 

Dry Unit Weight, pcf. 70.8 
Rate of Strain. in./min. 0.0800 

J 

7 

r' 
10 

2 4 

STRAIN, °lo 

_Li -
~ 

-
t--

Failed 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 12/27 /02 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 489 
STRAIN AT FAILURE,% 3.6 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 2 
0.20 4 
0.30 6 
0.40 9 

0.50 13 
0.75 21 
1.00 33 
1.25 54 
1.50 96 
1.75 156 iii a. 
2.00 217 ~ 
2.25 281 w a: 
2.50 344 

..... 
U) 

2.75 405 
3.00 441 
3.25 481 
3.50 473 
3.63 489 

3.75 95 

500 

400 

300 

200 

100 

0 

Client Sample No. 1108-27-05 

IT Lab No. Soil mix 5 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 

Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight pcf. 

Rate of Strain. in./min. 

r· 
I 

j , 
j 

I 
' 

~ 
I 

J 

3.9983 
2.0110 

367.02 
28.8 

110. l 

85.5 
0.0800 

I I 
-

-

l 1\ -
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Specimen -

I 
,. 

~I 

0 2 4 

STRAIN,% 

6 8 

I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I ,, 
I 
I 
I 
I 
I 



;I 

I 
I 
I 
I 
1 
I 
I' 
I 
I 
,I 
I 
I 
I 
J 

I 
I 
I 
I 

Page 26 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

r 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project NamE LANL 

Project No. 831 77 5.00000000 

Specimen Mold Date 12/27/02 

Specimen Test Date 1/24/02 

STRESS AT FAILURE. psi 499 
STRAIN AT FAILURE, % 2.4 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 6 
0.20 16 

0.30 23 

0.40 32 

0.50 40 
0.74 68 
0.99 110 

1.24 169 

1.49 238 

1.74 311 ·c;; 
a. 

1.98 393 ~ 
2.23 462 w 

Ci:: 

2.36 499 
..... 
U) 

2.48 455 

2.73 319 

2.98 241 

500 

400 

300 

200 

I 

100 
4 

I 
0 I 

0 

Client Sample No. 1108-28-04 
IT Lab No. Soil mix 6 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 
Rate of Strain. in./min. 

I 

I 

I 

2 

I 

4 

STRAIN,% 

4.0327 

2.0123 

377.08 

21.2 

112.0 

92.4 
0.0700 

rnf\ 
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I-

I \ 

-
Failed 

Specimen 
-

6 8 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 181 
STRAIN AT FAILURE,% 2.0 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 250 
0 0 

0.10 4 

0.20 8 
0.29 13 
0.39 18 200 

0.49 23 
0.74 43 
0.98 65 
1.23 103 
1.47 144 150 

·0 
1.72 169 c.. 

1.96 181 ~ 
w 

2.21 175 ~ 
I-

2.46 144 
V) 

100 
2.70 121 
2.95 108 
3.19 93 

3.44 76 

3.68 50 50 

0 

0 

' ~ 
I 

4 
I , 

0 

Client Sample No. 1108-34-08 
IT Lab No. Tuff /Sed Mix 3 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

• 
I~ T , 

I 
iJ • \ 

l. 

' • 

2 

lt 
\ • , 

l -

4 

STRAIN, °lo 

' 

4.0723 

2.0133 

383.58 

25.0 

112.7 

90.2 
0.0600 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
14-DAY CURE 

Project LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 186 
STRAIN AT FAILURE, % 2.2 

AXIAL DEVIATOR 

STRAIN.% STRESS, psi 

0 0 
0.10 
0.20 3 
0.30 3 
0.40 8 

0.49 14 
0.74 40 
0.99 70 
l.24 104 
1.48 137 ·;; 
l.73 163 a. 

1.98 182 ~ w 
2.22 186 Cl:: 

I-

2.35 158 
Cl) 

2.47 162 
2.72 83 
2.96 51 
3.21 36 

250 

200 

150 

100 

I 

' 
50 

~ 

0 ~ 

0 

Client Sample No. 1108-35-09 
IT Lab No. Tuff/Sed Mix 4 

Specimen Height. in. 
Specimen Diameter. in. 

Specimen Weight. g. 
Moisture Content, % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pcf. 
Rate of Strain. in./min. 

.~ 

' ' , 
J , 

2 

~ 
I 

\ • 

4 

STRAIN,% 

I 

4.0480 
2.0092 

372.69 
26.0 

110.6 

87.8 
0.0550 

-
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~ 
-
-

-

Failed -
Specimen _ 

6 8 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LAN L 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE.% 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 l 
0.20 3 
0.30 5 
0.39 6 

0.49 8 
0.74 14 
0.99 15 
l.23 15 
1.48 13 
1.72 11 
1.97 9 
2.22 7 

1/17/02 

15 
1.2 

·in 
a. 
,,,; 
Cl) 
w 
Ct: 
I-
Cl) 

100 
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40 
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20 

10 r 
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0 I 
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-

Client Sample No. 1108-09-11 

IT Lab No. Sediment mix 4 (b) 

Specimen Height. in. 
Specimen Diameter, in. 

Specimen Weight. g. 
Moisture Content. % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pct. 

Rate of Strain. in./min. 

4.0588 
2.0097 
328.47 

16.9 
97.2 
83.2 

0.0500 

I ,__ 

(~ ,__ 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LAN L 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE,% 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 4 
0.20 15 
0.30 29 
0.40 50 

0.50 79 
0.74 137 
0.99 169 

1.24 203 
1.49 246 
1.74 310 

1.99 421 

2.23 527 

2.48 583 

2.73 564 
2.98 172 

3.23 84 

l /16/02 

583 
2.5 

'iii 

700 

600 

500 

Q. 400 

~ 
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t:; 
300 

200 

100 

0 

Client Sample No. 1108-10-02 
IT Labn No. Sediment mix 5 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

,., I 

f 

~ 

I 

I 

4.0272 
2.0152 

383.08 
25.9 

113.6 

90.2 
0.0500 

11~ >--
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I ·-

~ -

N -

Failed -
Specimen 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date l /16/02 

STRESS AT FAILURE, psi 248 
STRAIN AT FAILURE,% 2.3 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 
0.10 3 
0.20 6 
0.30 11 
0.40 14 
0.49 17 
0.74 31 
0.99 50 
l.24 73 
l .48 119 
l.73 192 ·;; 

a. 
l.98 246 ~ 
2.23 247 w 

Qi: 

2.35 248 
.... 
V) 

2.47 240 
2.72 217 
2.97 208 
3.22 198 
3.46 189 
3.71 140 

500 

400 

300 

200 

100 

0 / 
0 

Client Sample No. 1108-11-02 

IT Lab No. Sediment 6 (a) 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pct. 

Rate of Strain. in./min. 

-

)\ 
~~ 

\ • 

Foiled 

4.0435 
2.0145 
375. 18 

20.9 
110.9 

91.8 
0.0500 

-

-

f--

Specimen -

1 
I 

2 4 

STRAIN,% 

6 8 

I 
I 

' I 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I ., 
I ,. 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 
Specimen Test Date l /17 /02 

STRESS AT FAILURE, psi 320 
STRAIN AT FAILURE,% 2.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 4 
0.20 9 
0.29 14 
0.39 22 
0.49 29 
0.74 49 
0.98 76 
1.23 134 
1.47 210 
1.72 289 ·us 

Q. 

1.96 319 ~ 
2.08 320 w 

Clli: 

2.21 259 
.... 
VI 

2.45 225 
2.70 205 
2.94 179 
3.19 145 

500 

400 

300 

I 

200 

100 
I 

j 

0 I 
0 

Client Sample No. 1108-11-11 
IT Lab No. Sediment 6 (b) 

Specimen Height. in. 
Specimen Diameter, in. 

Specimen Weight. g. 
Moisture Content. % 

Wet Unit Weight, pcf. 

Dry Unit Weight. pcf. 
Rate of Strain. in./min. 

J 
'~ 

lit 

\ 
~ 

2 

\ 
• 

4 

STRAIN, °lo 

4.0792 
2.0117 

384.70 
20.9 

113. l 

93.5 
0.0500 

-
-
-

Failed 

Specimen -

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 426 
STRAIN AT FAILURE,% 2.5 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 5 
0.20 18 

0.30 33 

0.49 67 

0.74 114 
0.99 158 

1.24 205 

1.48 253 

1.73 303 

1.98 355 
·;;s 
a. 

2.23 408 ~ 
2.47 426 

LU 
ai:: 

2.72 335 
ti 

2.84 426 

2.97 246 

3.22 206 

3.46 194 

500 

400 

300 

200 

100 

0 

Client Sample No. 1108-15-11 
IT Lab No. Tuff Mix 2 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

Ji I 

I 
I 

j 

1 
l 

I 

~ 

4.0433 

2.0037 

388.67 

20.0 

116.2 

96.8 

0.0500 

[', -

f: t---

t---

Foiled 

Specimen _ 

~ • 
II 

J 
I 
I 

0 2 4 

STRAIN,% 

6 8 

I 
I 
I 
I 

.I: 
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I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 83177 5.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 376 
STRAIN AT FAILURE,% 2.6 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 4 

0.20 9 
0.30 15 

0.39 21 

0.49 31 
0.74 47 

0.99 76 

1.23 122 

1.48 179 

1.73 243 

1.97 302 

2.22 350 

2.46 375 

2.59 376 

2.71 329 

2.96 76 

500 

400 

300 
·;;; 
a. 

~ w 
0:: ...... 
Cl) 

200 

100 

) 

0 I 
0 

Client Sample No. 1108-16-11 
IT Lab No. Tuff.Mix 3 

Specimen Height. in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content. % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pcf. 
Rate of Strain, in./min. 

J 
f, 

I 

I 

I 

! 

4.0577 

2.0107 

383.82 

21.8 

113.5 

93.2 

0.0500 

t--

\.._ 
t--

-
Failed 

Specimen _ 

t , 
4 

2 4 

STRAIN, °lo 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE. psi 427 
STRAIN AT FAILURE,% 2.8 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 
0.20 3 
0.30 3 
0.40 5 

0.50 6 
0.74 13 
0.99 20 
1.24 39 
1.49 82 
1.73 165 
1.98 250 
2.23 333 
2.48 389 
2.72 426 
2.85 427 
2.97 123 

500 

400 

300 
'iii 
a. 
en en 
w 
~ 
~ 
V) 

200 

100 

0 
L--' 
0 

Client Sample No. 1108-17-11 
IT Lab No. Tuff Mix 4 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight. pcf. 

Rate of Strain. in./min. 

J 
1 

I Failed 

4.0380 
2.0108 

379.13 
22.5 

112.7 

92.0 
0.0500 

~ 

t---

t---

Specimen _ 

I 

r 
' 2 

. ~ 

4 

STRAIN,% 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project 

Project No. 

LANL 

831775.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 771 
STRAIN AT FAILURE,% 2.5 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 3 
0.20 13 
0.50 30 
0.74 80 
0.99 174 
1.24 282 
1.49 405 
1.74 515 
1.98 629 
2.23 734 
2.48 771 

1000 

800 

600 
"iii 
a. 
u;-
en 
w 
Cl: 
I-en 

400 

200 
4 

J 

0 J 
0 

Client Sample No. 1108-18-11 

IT Lab No. Tuff Mix 5 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

Test stopped 

before failure 

{ 
Failed 

4.0307 
2.0092 

388.66 
22.3 

115.9 
94.8 

0.0500 

-

-

-

Specimen_ 

J , 
~ 
r 

' 
2 4 6 8 

STRAIN,% 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 736 
STRAIN AT FAILURE.% 3.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 l 
0.20 4 
0.30 13 
0.50 31 

0.75 63 
1.00 71 
1.25 76 
1.50 153 
1.74 264 
1.99 436 

2.24 506 
2.49 605 
2.74 685 

2.99 735 
3.12 736 

3.24 712 

3.49 351 

700 

600 

500 

"iii 
~ 400 
~ 
w 
Cl: 
I-
Cl) 

300 

200 

100 

~ 

0 
11 
0 

Client Sample No. 1108-19-11 
IT Lab No. Tuff Mix 6 

Specimen Height, in. 4.0115 
Specimen Diameter, in. 2.0033 

Specimen Weight, g. 382.59 
Moisture Content, % 20.3 

Wet Unit Weight, pcf. 115.3 

Dry Unit Weight. pcf. 95.9 
Rate of Strain. in./min .. 

J 
I 

' 

.. 
I 

~ 

2 

;~ 

f 
I 
r 

4 

STRAIN,% 

0.0500 

-

'"' >--

r >--

>--

Foiled 

Specimen _ 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 1/24/02 

STRESS AT FAILURE, psi 612 
STRAIN AT FAILURE,% 2.6 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 

0.10 3 
0.20 8 
0.30 15 
0.74 61 

0.99 143 
1.23 219 
1.48 314 

1.73 408 

1.97 490 

2.22 573 

2.47 611 

2.59 612 

2.71 603 

2.96 598 

3.21 556 

3.45 288 

700 

600 

500 

"iii 
Cl.: 400 

Cl) 
Cl) 
w 
Di: 
~ 
Cl) 

300 

200 

' 

100 

' 0 " 0 

Client Sample No. 1108-20-11 
IT Labn No. Tuff Mix 7 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight pcf. 
Rate of Strain. in./min. 

... 
I 
' 

~ 

~ 
' 

2 

~ 

4. 

4 

STRAIN, °lo 

~ 
~ \ 

4.0533 

2.0135 

376.86 

23.0 

111.3 

90.4 
0.0500 

-

-

-

-

Failed 

Specimen_ 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 

Specimen Test Date 1/24/02 

STRESS AT FAILURE. psi 467 
STRAIN AT FAILURE. % 2.3 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 2 
0.49 46 
0.74 94 
0.98 132 

1.23 199 
1.47 288 
l.72 375 
1.97 445 
2.21 465 
2.33 467 
2.46 412 
2.70 375 
2.95 307 
3.19 268 
3.44 249 

500 

400 

300 
·;;; 
a. 

~ w 

"' ..... 
U) 

200 

• 

100 J 
r 
' 

0 I 
0 

Client Sample No. 1108-21-11 

IT Lab No. Tuff Mix 8 

Specimen Height. in. 
Specimen Diameter, in. 

Specimen Weight. g. 

Moisture Content. % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pcf. 

Rate of Strain. in./min. 

1i 

't 
I ' 

I 

2 

~ -

4 

STRAIN, °lo 

4.0700 
2.0117 
374.40 

25.0 
110.3 

88.2 
0.0500 

~{\ -1--

-
Failed 

Specimen _ 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 224 
STRAIN AT FAILURE, % 2.5 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 250 
0 0 

0.10 4 

0.20 13 

0.30 21 

0.40 28 200 

0.50 35 
0.75 59 

1.00 78 

1.24 101 

1.49 147 150 
·c;; 

1.74 161 Q. 

1.99 181 u> en 
w 

2.24 218 °' ..... 
224 

en 
2.49 100 
2.74 220 

2.99 213 

3.24 146 

3.49 117 

3.73 99 50 

3.98 90 

4.23 86 

4.48 81 

0 

J 

7 
I 

' ~ l 

' 0 

Client Sample No. 1108-23-08 
IT Lab No. Soil Mix l 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

L 

r~ 

J 
l 
I , 

2 

\ , 
\ 
~ 

"-

4 

STRAIN,% 

I., Ir 

4.0168 

2.0015 

372.56 

24.4 

112.3 

90.3 

0.0643 

-
-

:1/ --
-

~ -
-

j 

Failed -
Specimen -

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 

Specimen Test Date 2/8/02 

STRESS AT FAILURE. psi 281 
STRAIN AT FAILURE,% 2.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 8 

0.20 19 

0.30 27 

0.39 32 

0.49 40 
0.74 49 

0.99 78 

1.23 124 

1.48 180 

1.73 238 

1.97 277 

2.09 281 

2.22 271 

2.46 240 

2.71 211 

2.96 192 

3.20 171 

3.45 154 

3.70 133 

3.94 102 

500 

400 

300 
·;;; 
Q. 
u; 

"' w 
Cl: 
t; 

200 

100 

J 

0 
f 

0 

Client Sample No. 1108-24-02 
IT Lab No. Soil Mix 2 

Specimen Height in. 

Specimen Diameter, in. 

Specimen Weight g. 

Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight pcf. 

Rate of Strain. in./min. 

Failed 

4.0573 

2.0075 

380.45 

22.3 

112.9 

92.3 

0.0600 

-
-
-

Specimen _ 

;\ 
f \ 

1 
' \. 

1 ' I 

2 4 6 8 
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I· 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 

STRESS AT FAILURE, psi 

STRAIN AT FAILURE, % 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 l 
0.20 5 
0.30 9 
0.39 13 
0.49 23 
0.74 32 
0.99 63 
1.23 114 
l.48 203 
l.73 277 
1.97 298 
2.10 299 
2.22 238 
2.47 199 
2.71 170 
2.96 51 

2/8/02 

299 
2.1 

500 

400 

300 
·c;; 
Q. 

~ w 
Ci=: 
ti; 

200 

~ 
100 • 

I 
l 

0 v 
0 

Client Sample No. 1108-25-03 
IT Lab No. Soil Mix 3 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight, pct. 
Rate of Strain. in./min. 

l 

i 

I • 

\ 
~' 

2 4 

STRAIN,% 

4.0545 
2.0093 
372.23 

23.2 
110.3 
89.5 

0.0600 

\~ ,__ 

-
J~ } 

,..__ 

Failed 

Specimen ~ 

6 8 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 290 
STRAIN AT FAILURE,% 1.7 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 6 

0.20 18 

0.29 40 

0.39 66 

0.49 92 
0.74 141 

0.98 172 

1.23 208 

1.47 266 c;; 
1.72 290 a. 
1.84 290 

Cl) 
U) 
w 

1.96 274 Ci:: 
t; 

2.21 254 

2.46 230 

2.70 182 

2.95 113 

500 

400 

300 

200 

; 

100 ' I~ 

0 J 
0 

Client Sample No. 1108-26-06 

IT Lab No. Soil Mix 4 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pcf. 

Rate of Strain, in./min. 

,, 
~ , 

~ 

\ 
~ 

2 

I 

4 

STRAIN,% 

I'-..; 

I 

4.0728 

2.0020 

371.98 

25.9 

110.5 

87.8 

0.0626 

~ 

,11~ -
I ~ 

Failed 

Specimen _ 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE. psi 449 
STRAIN AT FAILURE.% 3.9 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 
0.10 6 
0.20 15 
0.30 23 
0.50 33 
0.75 48 
0.99 66 
1.24 90 
1.49 116 
1.74 156 

'iii 
l.99 216 a. 

2.24 277 ~ 
w 

2.49 317 Ci: .... 
2.74 352 

en 

2.98 398 
3.23 424 
3.48 439 
3.73 447 
3.85 449 
3.98 435 
4.23 40 

500 

400 

300 

200 

100 

j 

0 
I 

0 

Client Sample No. 1108-27-02 
IT Lab No. Soil Mix 5 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

-

r1' 
J 
I 
f 

I 

~ 

I 
' I ~ 

2 4 

STRAIN, °lo 

I 

~ 

4.0217 
2.0103 

367.22 
30.2 

109.6 
84.2 

0.0580 

\ f---

~ 

<~ 

~~ f---

Failed 

Specimen_ 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 356 
STRAIN AT FAILURE,% 1.8 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 6 
0.20 24 
0.29 56 
0.39 79 

0.49 96 
0.73 139 
0.98 191 
1.22 273 
1.47 354 
1.71 354 
1.84 356 
1.96 250 
2.20 231 
2.45 207 
2.69 190 
2.94 185 
3.18 174 
3.43 165 
3.67 167 

500 

400 

300 
·;;; 
Q. I 

~ w a=: ..... 
U) 

200 

I 

100 I 
r 

' 

ll 

0 ~ 

0 

Client Sample No. 1108-28-01 
IT Lab No. Soil Mix 6 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 
Rate of Strain. in./min. 

-I 

\ 
~ 

2 4 

STRAIN,% 

4.0867 
2.0058 

374.18 
22.2 

110.4 

90.3 
0.0469 

~f -
V'< -

I 

-

Foiled 

Specimen _ 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 831775.00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 473 
STRAIN AT FAILURE,% 1.9 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 3 
0.20 6 
0.30 12 
0.39 19 

0.49 32 
0.74 63 
0.99 126 
l.23 234 
1.48 380 ·c;; 
1.73 468 a. 

1.85 473 
v) 
en 
w 

l.97 446 Cl: 
~ 

2.22 342 
en 

2.47 294 
2.71 262 
2.96 194 
3.21 164 
3.45 139 
3.70 119 
3.95 100 
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400 

300 

I 

200 

100 

J 

0 IJ 
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Client Sample No. 1108-29-01 
IT Lab No. Soil Mix 7 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. · 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

I~ 
11 

0 

\ 
\ 

I 

' \ 
2 4 

STRAIN,% 

\ 

4.0533 
2.0133 

365.98 
25.6 

108.1 

86.0 
0.0469 

I I 

"(y~~I -
\ 

-

~~ 
-
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Project LANL 

Project No. 83177 5 .00000000 

Specimen Mold Date 
Specimen Test Date 2/8/02 

STRESS AT FAILURE, psi 347 
STRAIN AT FAILURE,% 1.8 

AXIAL DEVIATOR 

STRAIN.% STRESS, psi 

0 0 
0.10 5 

0.20 6 

0.29 10 

0.39 20 

0.49 39 
0.74 53 

0.98 156 

1.23 251 

1.47 327 

1.72 338 

1.84 347 

1.96 251 

2.21 222 

2.45 186 

2.70 140 

2.94 118 

3.19 102 
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en w 
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100 

• 
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Client Sample No. 1108-30-02 
IT Lab No. Soil Mix 8 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

1f 

\ 
\ 
\ 

2 

"' 

4 

STRAIN,% 

4.0807 
2.0145 

373.80 

26.1 

109.5 

86.8 

0.0600 
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I 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/21 /02 

STRESS AT FAILURE, psi 276 
STRAIN AT FAILURE,% 2.7 

AXIAL DEVIATOR 

STRAIN.% STRESS. psi 

0 0 
0.10 4 
0.20 13 
0.30 23 
0.40 31 

0.50 42 
0.74 76 
0.99 106 
1.24 126 
1.49 143 
1.73 165 

·s_ 
1.98 202 en 

Cl) 
w 

2.23 239 0:: 
t-

2.48 267 
(/) 

2.72 276 
2.85 276 
2.97 158 

3.22 93 

500 

400 

300 

200 

100 

0 

Client Sample No. 1108-32-02 
IT Lab No. Tuff/Sed Mix l 

Specimen Height. in. 4.0383 
Specimen Diameter, in. 2.0112 
Specimen Weight. g. 391.97 
Moisture Content. % 23.0 
Wet Unit Weight. pcf. 116.4 
Dry Unit Weight. pcf. 94.7 
Rate of Strain. in./min. 0.0796 

~~ -

>--

j( >--

Failed 

Specimen -,. 
f 

• 

) 
~ 

41 l 

I 
I 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 1 /24/02 
Specimen Test Date 2/21 /02 

STRESS AT FAILURE, psi 291 
STRAIN AT FAILURE,% 2.6 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 
0.10 4 
0.20 9 
0.30 11 
0.40 15 

0.50 24 
0.74 48 
0.99 68 
1.24 92 
1.49 135 
1.73 186 
1.98 235 
2.23 278 
2.48 287 
2.60 291 
2.73 112 
2.97 73 

500 

400 

300 
"iii 
a. 
v) 
IJ) 
w 

°' I-

"" 200 

100 

0 

Client Sample No. 1108-33-02 
IT Lab No. Tuff /Sed Mix 2 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

t 
) 

I 
I I 

4.0353 
2.0087 

380.96 
24.7 

113.5 

91.0 
0.0735 

» --
~ -

Failed 

Specimen -
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 1/24/02 

Specimen Test Date 2/21 /02 

STRESS AT FAILURE, psi 223 
STRAIN AT FAILURE,% 2.7 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 

0.10 3 

0.20 5 

0.30 12 

0.49 23 

0.74 38 
0.98 60 

1.23 95 

1.48 134 

1.72 179 "iii 
1.97 202 a. 
2.21 216 

v) 
en w 

2.46 223 Ci:: ..... 
223 

en 
2.71 

2.95 204 

3.20 125 

3.44 58 
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Client Sample No. 1108-34-02 
IT Lab No. Tuff/Sed Mix 3 

Specimen Height in. 

Specimen Diameter, in. 

Specimen Weight g. 

Moisture Content % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 

Rate of Strain. in./min. 

fl 
~ I 

I 

I 

2 

0 

4 

STRAIN, °lo 

4.0658 

2.0127 

381.48 

25.2 

112.4 

89.8 

0.0735 
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~ -
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Specimen _ 

6 8 



Page 67 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 83177 5.00000000 

Specimen Mold Date 1/24/02 

Specimen Test Date 2/21 /02 

STRESS AT FAILURE. psi 209 
STRAIN AT FAILURE. % 1.7 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 

0.10 3 

0.20 14 

0.30 3 

0.39 35 

0.49 56 
0.74 109 

0.99 159 

1.23 194 

1.48 208 

l.73 209 

1.97 205 

2.22 202 

2.47 189 

2.71 167 

2.96 113 

3.21 60 
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200 

150 
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u> en 
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Client Sample No. 1108-35-02 

IT Lab No. Tuff/Sed Mix 4 

Specimen Height. in. 

Specimen Diameter. in. 

Specimen Weight. g. 
Moisture Content. % 

Wet Unit Weight. pcf. 

Dry Unit Weight. pcf. 

Rate of Strain, in./min. 

~ .. 
f \ 

l 

2 

I 

I~ 

4 

STRAIN,% 

~ 

4.0535 

2.0095 

375.39 

27.8 

. 111.3 

87.1 

0.0867 

, 
-

-
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831 77 5.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/21 /02 

STRESS AT FAILURE, psi 607 
STRAIN AT FAILURE,% 3.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 5 700 

0.20 20 
0.30 27 
0.40 29 600 

0.50 37 
0.74 58 
0.99 89 500 
1.24 141 
l.49 220 'iii 
l.73 293 O;: 400 
1.98 379 

Cl') 
Cl) 
w 

2.23 460 °' I-

2.48 532 
Cl) 

300 
2.73 584 
2.97 604 
3.10 607 200 
3.22 440 
3.47 118 

100 

0 

I 

J 
11 

0 

Client Sample No. 1108-36-02 
IT Lab No. Tuff/Sed Mix 5 

Specimen Height in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content % 

Wet Unit Weight pcf. 

Dry Unit Weight, pcf. 
Rate of Strain. in./min. 

~ 
I 

I 

1 

' I 

J 

f 
f 
J 
I 

2 

I~ 

4 

STRAIN,% 

4.0347 
2.0142 

25.0 

0.0 
0.0730 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 

Project No. 83 l 77 5.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/21/02 

STRESS AT FAILURE, psi 355 
STRAIN AT FAILURE,% 2.1 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 
0.20 5 
0.30 7 
0.39 9 

0.49 17 
• 

0.74 39 
0.99 71 
1.23 126 
l.48 196 
l .73 299 
l .97 354 
2.09 355 
2.22 336 
2.46 306 
2.71 263 
2.96 231 
3.20 199 
3.45 178 

3.70 156 
3.94 131 
4.19 103 
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Client Sample No. l l 08-37-02 
IT Lab No. Tuff/Sed Mix 6 

Specimen Height, in. 

Specimen Diameter, in. 

Specimen Weight, g. 

Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 

Rate of Strain. in./min. 

. ·' 

.. 

\ 
\ 

~ 

' 
2 

\ 

\ 
' ~ 

4 

STRAIN,% 

4.0575 
2.0045 

371.45 
25.2 

110.5 

88.3 
0.0729 
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UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831775.00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/21 /02 

STRESS AT FAILURE. psi 380 
STRAIN AT FAILURE,% 3.0 

AXIAL DEVIATOR 

STRAIN,% STRESS. psi 

0 0 
0.10 5 
0.20 8 
0.30 15 
0.40 24 
0.50 28 
0.74 44 
0.99 60 
l.24 83 
1.49 110 
l.73 145 
1.98 193 
2.23 247 
2.48 307 
2.73 356 
2.97 380 
3.22 352 
3.47 316 
3.72 164 
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400 

300 
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w 
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200 

100 
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Client Sample No. 1108-38-02 
IT Lab No. Tuff /Sed Mix 7 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight g. 
Moisture Content, % 

Wet Unit Weight, pct. 

Dry Unit Weight, pct. 
Rate of Strain. in./min. 

j \. 

I ~ , 
J 

7 

J 1• 

I 

4.0348 
2.0150 
368.21 

26.0 
109.0 
86.5 

0.0700 

-

~ ,_ 

-

Failed 

Specimen _ 

' 

jl 

I 
0 2 4 6 8 

STRAIN, °lo 



Page 71 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

UNCONFINED COMPRESSIVE STRENGTH - ASTM D 2166 
28-DAY CURE 

Project LANL 
Project No. 831 77 5 .00000000 

Specimen Mold Date 1/24/02 
Specimen Test Date 2/21 /02 

STRESS AT FAILURE, psi 244 
STRAIN AT FAILURE,% 2.0 

AXIAL DEVIATOR 

STRAIN,% STRESS, psi 

0 0 
0.10 6 
0.20 17 
0.29 22 
0.39 28 

0.49 33 
0.73 50 
0.98 75 
1.22 122 
1.47 167 
1.71 221 
1.96 244 
2.20 201 
2.45 169 
2.69 150 
2.94 131 
3.18 123 
3.43 117 
3.67 109 

3.92 110 
4.16 106 

300 
·;; 
a. 

~ 
w 
ex .._ 
Cl) 

200 

0 

Client Sample No. 1108-39-02 
IT Lab No. Tuff/Sed Mix 8 

Specimen Height, in. 
Specimen Diameter, in. 

Specimen Weight, g. 
Moisture Content, % 

Wet Unit Weight, pcf. 

Dry Unit Weight, pcf. 
Rate of Strain, in./min. 

2 4 

STRAIN,% 

Failed 

4.0860 
2.0225 

362.49 
29.0 

105.2 

81.5 
0.0944 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

I INITIAL II 
Specimen diameter, cm 5.15 
Specimen length, cm 10.17 

FINAL 

CLIENT SAMPLE NO. 
IT LAB SAMPLE NO. 

Hydraulic gradient 

1108-06-03 
Sediment Mix 1 

6.9 
Wet weight of specimen, g. 384.15 395.1 Min. consolidation stress, psi 2.0 
Specimen cross-sect. area, cm 20.8706 Max. consolidation stress, psi 4.0 
Water content% 21.6 25.0 Total backpressure, psi 6.0 
Wet unit weight pcf 113.0 
Dry unit weight pct 92.9 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 73.3 
Estimated spec. gravity of solid 2.65 

llcoefficient of Permeability, cm/s 4.2E-07 II 

PERMEABILITY vs TIME 

11 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-07-03 
PROJECT NO. 831775 IT LAB SAMPLE NO. Sediment Mix 2 

INITIAL II FINAL 

Specimen diameter, cm 5.11 
Specimen length, cm l 0.28 
Wet weight of specimen, g. 343.28 382. l 
Specimen cross-sect. area, cm 20.5089 
Water content% 16.3 29.4 
Wet unit weight pct 101.7 

Hydraulic gradient 1.4 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.5 
Total backpressure, psi 4.5 

Dry unit weight pct 87 .4 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 48.4 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s 1.4E-06 II 

PERMEABILITY vs TIME 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-08-08 
PROJECT NO. 831775 IT LAB SAMPLE NO. Sediment Mix 3 

I INITIAL II FINAL 

Specimen diameter, cm 5.11 
Specimen length, cm 6.07 Hydraulic gradient 2.3 
Wet weight of specimen, g. 197.7 221.78 Min. consolidation stress, psi 2.0 
Specimen cross-sect. area, cm 20.5224 Max. consolidation stress, psi 2.2 
Water content. % 19.5 34. l Total backpressure, psi 6.8 

Wet unit weight. pct 99.0 
Dry unit weight. pct 82.8 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 51.9 
Estimated spec. gravity of solid 2.65 

l!Coefficient of Permeability, cm/s 4.SE-04 II 

PERMEABILITY vs TIME 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter. cm 5.11 
Specimen length, cm l 0.29 
Wet weight of specimen, g. 331 374.23 
Specimen cross-sect. area, cm 20.4953 
Water content. % 19.0 34.6 
Wet unit weight. pcf 98.0 

CLIENT SAMPLE NO. 1108-09-03 
IT LAB SAMPLE NO. Sed Mix 4 

Hydraulic gradient 2. 1 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 6.0 

Dry unit weight. pcf 82.3 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 49.9 
Estimated spec. gravity of solid 2.65 

Coefficient of Permeability, cm/s l .6E-05 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-10-03 

PROJECT NO. 831775 IT LAB SAMPLE NO. Sediment Mix 5 

INITIAL II FINAL 

Specimen diameter, cm 5.11 
Specimen length, cm l 0.20 
Wet weight of specimen, g. 376. 11 384.13 
Specimen cross-sect. area, crn 20.5021 
Water content % 28.3 31. l 
Wet unit weight, pcf 112.3 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 5.0 

Dry unit weight pcf 87.5 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 84.3 
Estimated spec. gravity of solid 2.65 

jlCoetficient of Permeability, cm/s 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

Specimen diameter, cm 
Specimen length, cm 

INITIAL II FINAL 

5.11 

10.28 
Wet weight of specimen, g. 389.59 397.84 
Specimen cross-sect. area, cm 20.5394 
Water content, % 22.8 25.4 
Wet unit weight, pcf 115.2 
Dry unit weight, pcf 93.8 
Estimated degree of saturatior 79.2 
Estimated spec. gravity of solid 2.65 

CLIENT SAMPLE NO. 1108-11-03 
IT LAB SAMPLE NO. Sediment Mix 6 

Hydraulic gradient 13. 7 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 6.5 
Total backpressure, psi 5.5 

Permeant Fluid Deaired DI Water 

llCoefficient of Permeability, cm/s 9.4E-09 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-12-03 

PROJECT NO. 831775 IT LAB SAMPLE NO. Sediment Mix 7 

INITIAL II FINAL 

Specimen diameter. cm 5. 11 

Specimen length. cm l 0.24 Hydraulic gradient 6.9 
Wet weight of specimen. g. 366.72 378.52 Min. consolidation stress. psi 2.0 

Specimen cross-sect. area. cm 20.4987 Max. consolidation stress. psi 4.0 

Water content. % 25.8 29.8 Total backpressure. psi 4.5 

Wet unit weight. pcf 109.0 
Dry unit weight. pct 86. 7 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 75.2 

Estimated spec. gravity of solid 2.65 

!!Coefficient of Permeability, cm/s 8.SE-07 II 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-13-03 
PROJECT NO. 831775 IT LAB SAMPLE NO. Sediment Mix 8 

INITIAL II FINAL 

Specimen diameter. cm 5.12 
Specimen length, cm l 0.33 Hydraulic gradient 3.4 
Wet weight of specimen, g. 377.76 383.5 Min. consolidation stress. psi 2.0 
Specimen cross-sect. area, cm 20.6041 Max. consolidation stress. psi 2.5 
Water content. % 28.9 30.8 Total backpressure, psi 4.5 
Wet unit weight, pcf 110.8 
Dry unit weight pcf 85.9 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 82.7 
Estimated spec. gravity of solid 2.65 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter. cm 5.10 
Specimen length. cm l 0.18 
Wet weight of specimen, g. 369.42 383.11 
Specimen cross-sect. area. cm 20.4172 
Water content. % 20.9 25.4 
Wet unit weight. pcf 111 .0 

CLIENT SAMPLE NO. 1108-23-02 
IT LAB SAMPLE NO. Soil Mix l 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress. psi 3.0 
Total backpressure, psi 5.0 

Dry unit weight. pcf 91.8 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 69. l 
Estimated spec. gravity of solid 2.65 

!!Coefficient of Permeability, cm/s 1.SE-06 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

I INITIAL II FINAL 

Specimen diameter, cm 5.12 
Specimen length, cm l 0.22 
Wet weight of specimen, g. 374.41 379.58 
Specimen cross-sect. area, cm 20.6007 
Water content, % 26.4 28.2 
Wet unit weight, pct 111 .0 

CLIENT SAMPLE NO. 1108-24-03 
IT LAB SAMPLE NO. Soil Mix 2 

Hydraulic gradient 3.4 
Min. consolidation stress. psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 5.5 

Dry unit weight, pct 87.8 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 79.2 
Estimated spec. gravity of solid 2.65 

l!Coefficient of Permeability, cm/s 2.2E-06 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-25-01 

PROJECT NO. 831775 IT LAB SAMPLE NO. Soil Mix 3 

INITIAL II FINAL 

Specimen diameter, cm 5. 11 
Specimen length, cm l 0.29 Hydraulic gradient 3.4 
Wet weight of specimen, g. 378.73 387.83 Min. consolidation stress, psi 2.0 
Specimen cross-sect. area, cm 20.4783 Max. consolidation stress, psi 2.5 

Water content. % 23.5 26.5 Total backpressure, psi 5.5 

Wet unit weight. pcf 112.3 

Dry unit weight. pcf 90.9 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 76.0 
Estimated spec. gravity of solid 2.65 

j!Coefficient of Permeability, cm/s 1.0E-05 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

Specimen diameter, cm 
Specimen length, cm 
Wet weight of specimen, g. 

INITIAL II FINAL 

5.11 
10.31 
370.32 379.38 

Specimen cross-sect. area, cm 20.5190 
Water content% 26.0 29.0 
Wet unit weight, pcf 109.3 

CLIENT SAMPLE NO. 1108-26-05 
IT LAB SAMPLE NO. Soil Mix 4 

Hydraulic gradient 6.8 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 5.0 

Dry unit weight, pcf 86.8 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 75.9 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s l .8E-06 II 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-27-06 
PROJECT NO. 831775 IT LAB SAMPLE NO. Soil Mix 5 

INITIAL II FINAL 

Specimen diameter, cm 5.10 
Specimen length, cm 10.20 Hydraulic gradient 6.9 
Wet weight of specimen, g. 365.82 375.17 Min. consolidation stress, psi 2.0 
Specimen cross-sect. area, cm 20.4003 Max. consolidation stress, psi 3.0 
Water content, % 29.8 33. l Total backpressure, psi 5.0 
Wet unit weight, pcf 109.7 
Dry unit weight, pcf 84.5 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 82.5 
Estimated spec. gravity of solid 2.65 

jjcoefficient of Permeability, cm/s 2.1 E-06 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

Specimen diameter, cm 
Specimen length, cm 
Wet weight of specimen, g. 

INITIAL II FINAL 

5.13 
10.31 
378.33 388.8 

Specimen cross-sect. area, cm 20.6484 
Water content.% 22.6 25.9 
Wet unit weight, pct 111.0 

CLIENT SAMPLE NO. 1108-28-02 
IT LAB SAMPLE NO. Soil Mix 6 

Hydraulic gradient 6.8 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 5.0 

Dry unit weight. pct 90.5 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 72.2 
Estimated spec. gravity of solid 2.65 

llcoefficient of Permeability, cm/s 1.2E-06 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

Specimen diameter, cm 
Specimen length, cm 
Wet weight of specimen, g. 

INITIAL II FINAL 

5.11 
10.27 
371.6 368.84 

Specimen cross-sect. area, cm 20.4919 

Water content % 25.2 24.3 
Wet unit weight pct 110.3 

CLIENT SAMPLE NO. 1108-29-02 
IT LAB SAMPLE NO. Soil Mix 7 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 5.0 
Total backpressure, psi 5.0 

Dry unit weight pct 88.0 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 76.1 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

5.11 

CLIENT SAMPLE NO. 1108-30-06 
IT LAB SAMPLE NO. Soil Mix 8 

Specimen diameter, cm 
Specimen length, cm l 0.35 Hydraulic gradient 13.6 
Wet weight of specimen, g. 369.23 379.74 Min. consolidation stress. psi 2.0 
Specimen cross-sect. area, cm 20.4715 
Water content% 25.5 29. l 
Wet unit weight, pcf l 08.8 

Max. consolidation stress, psi 6.0 
Total backpressure, psi 5.0 

Dry unit weight pcf 86.7 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 7 4.5 
Estimated spec. gravity of solid 2.65 

llcoefficient of Permeability, cm/s 7.0E-09 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter, cm 5.10 
Specimen length, cm 10.16 
Wet weight of specimen, g. 384.78 394.17 
Specimen cross-sect. area, cm 20.4647 
Water content % 22.0 25.0 
Wet unit weight, pct 115.5 

CLIENT SAMPLE NO. 1108-14-08 
IT LAB SAMPLE NO. Tuff Mix 1 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.0 
Total backpressure, psi 6.0 

Dry unit weight pcf 94.7 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 78. l 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s l.9E-06 II 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter. cm 5.09 
Specimen length. cm 10. 18 
Wet weight of specimen, g. 378.92 389.61 
Specimen cross-sect. area. cm 20.3495 
Water content% 21.3 24.7 
Wet unit weight pcf 114.2 

CLIENT SAMPLE NO. 1108-15-08 
IT LAB SAMPLE NO. Tuff Mix 2 

Hydraulic gradient 3.5 
Min. consolidation stress. psi 2.0 
Max. consolidation stress, psi 2.5 
Total backpressure. psi 6.5 

Dry unit weight pcf 94.2 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 7 4.5 
Estimated spec. gravity of solid 2.65 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

Specimen diameter, cm 
Specimen length, cm 
Wet weight of specimen, g. 

INITIAL II FINAL 

5.10 
10.20 
381 392.38 

Specimen cross-sect. area, cm 20.4003 

Water content % 22.6 26.3 
Wet unit weight pcf 114.3 

CLIENT SAMPLE NO. 1108-16-08 

IT LAB SAMPLE NO. Tuff Mix 3 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 2.5 
Total backpressure, psi 6.5 

Dry unit weight pcf 93.3 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 77 .4 
Estimated spec. gravity of solid 2.65 

13 

-!!! 
Ell 
0 

"° I 
w 
x_ 9 

~ 
:a g 
E 7 

:. 
0 
- 5 c 
G> ·c; 
e 
~ 3 
0 

I 

0 

j!Coefficient of Permeability, cm/s 5.8E-06 II 

PERMEABILITY vs TIME 

II.. j 
" I 

~ -
l ,, 

\ 
~ \ 

\ 
, 

\ r i\. \ A. 

' \~ '\. I '" I 

""-~ i\. I 
'\ 

'"' 
,,.. 

100000 200000 300000 400000 500000 600000 

Cumulative Elapsed Time, seconds 

-

700000 800000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I ,, 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Page 91 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

IT Project No.: 831775.00000000 

, 
HYDRAULIC CONDUCTIVITY I PERMEABILITY 

ASTM D5084 

PROJEC} NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter, cm 5.10 
Specimen length, cm 10.20 
Wet weight of specimen, g. 375.86 385.88 
Specimen cross-sect. area, cm 20.4342 
Water content% 23.8 27.1 
Wet unit weight pct 112.6 

CLIENT SAMPLE NO. 1108-17-08 
IT LAB SAMPLE NO. Tuff Mix 4 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 5.0 
Total backpressure, psi 6.0 

Dry unit weight pcf 90.9 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 76.9 
Estimated spec. gravity of solid 2.65 

llcoefficient of Permeability, cm/s 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-18-08 

PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff Mix 5 

I INITIAL II FINAL 

Specimen diameter, cm 5.11 

Specimen length, cm l 0.23 Hydraulic gradient 6.9 
Wet weight of specimen, g. 387.77 396.9 Min. consolidation stress. psi 2.0 

Specimen cross-sect. area, cm 20.5326 Max. consolidation stress, psi 5.0 

Water content,% 23.0 25.9 Total backpressure, psi 6.0 

Wet unit weight, pcf 115.3 

Dry unit weight, pcf 93. 7 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 79.7 

Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s l .9E-07 ll 

PERMEABILITY vs TIME 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter, cm 5.09 
Specimen length, cm 10.25 
Wet weight of specimen, g. 381.75 392.34 
Specimen cross-sect. area, cm 20.3698 

Water content.% 21.5 24.9 
Wet unit weight, pct 114.1 
Dry unit weight. pct 93.9 
Estimated degree of saturatior 74.9 

Estimated spec. gravity of solid 2.65 

CLIENT SAMPLE NO. 
IT LAB SAMPLE NO. 

1108-19-10 
Tuff Mix 6 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 4.0 

Total backpressure, psi 6.0 

Permeant Fluid Deaired DI Water 

llCoefficient of Permeability, cm/s 6.8E-07 11 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 
PROJECT NO. 831775 

INITIAL II FINAL 

Specimen diameter. cm 5.11 
Specimen length, cm l 0.31 
Wet weight of specimen, g. 386.55 386.55 
Specimen cross-sect. area, cm 20.5258 
Water content% 28.7 
Wet unit weight pcf 114.0 

CLIENT SAMPLE NO. 1108-20-10 
IT LAB SAMPLE NO. Tuff Mix 7 

Hydraulic gradient 6.8 
Min. consolidation stress. psi 2.0 
Max. consolidation stress. psi 3.0 
Total backpressure. psi 6.0 

Dry unit weight pcf Permeant Fluid Deaired DI Water 
Estimated ·degree of saturatior 
Estimated spec. gravity of solid 2.65 
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HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 

PROJECT NO. 831775 

I INITIAL II FINAL 

Specimen diameter, cm 5.1 O 
Specimen length, cm l 0.23 
Wet weight of specimen, g. 367 .83 379. l 
Specimen cross-sect. area, crn 20.3901 

Water content,% 25.9 29.7 
Wet unit weight, pcf 110.1 

CLIENT SAMPLE NO. 1108-21-10 
IT LAB SAMPLE NO. Tuff Mix 8 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 3.5 
Total backpressure, psi 6.0 

Dry unit weight, pcf 87 .4 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 7 6.8 

Estimated spec. gravity of solid 2.65 

llcoefficient of Permeability, cm/s l .6E-06 II 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTMD5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-32-03 
PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff /Soil Mix 1 

INITIAL II FINAL 

Specimen diameter, cm 5.08 
Specimen length, cm 10.16 
Wet weight of specimen, g. 391.97 394.35 
Specimen cross-sect. area, cm 20.2683 
Water content % 25. 1 25.8 
Wet unit weight, pct 118.8 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Mox. consolidation stress, psi 3.0 
Total bockpressure, psi 6.5 

Dry unit weight, pcf 95.0 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 89.6 
Estimated spec. gravity of solid 2.65 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-33-01 

PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff/Soil Mix 2 

INITIAL II FINAL 

Specimen diameter. cm 5.11 
Specimen length. cm 10.21 
Wet weight of specimen, g. 382.5 
Specimen cross-sect. area. cm 20.5224 

Water content % 

Wet unit weight. pct · 114.0 

Hydraulic gradient l 0.3 
Min. consondation stress. psi 2.0 
Max. consolidation stress, psi 3.5 
Total backpressure, psi 5.5 

Dry unit weight. pcf Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 

Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s 

PERMEABILITY vs TIME 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-34-01 
PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff/Soil Mix 3 

Specimen diameter, cm 
Specimen length, cm 
Wet weight of specimen, g. 

INITIAL II FINAL 

5.09 

10.24 
393.43 388.18 

Specimen cross-sect. area, cm 20.3732 
Water content % 30.1 28.3 
Wet unit weight, pcf 117 .8 

Hydraulic gradient 6.9 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 2.5 
Total backpressure, psi 6.5 

Dry unit weight pcf 90.6 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 96.3 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s 9.0E-06 II 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL 

PROJECT NO. 831775 

CLIENT SAMPLE NO. 

IT LAB SAMPLE NO. 

1108-37-01 

Tuff/Soil Mix 6 

INITIAL II FINAL 

Specimen diameter, cm 5.10 

Specimen length, cm l 0.30 
Wet weight of specimen, g. 372.51 383.46 

Specimen cross-sect. area, cm 20.4681 

Water content % 25. 7 29 .4 
Wet unit weight, pct 110.3 

Hydraulic gradient 3.4 
Min. consolidation stress, psi 2.0 

Max. consolidation stress, psi 2.5 

Total backpressure, psi 5.5 

Dry unit weight pct 87 .8 Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 76.9 

Estimated spec. gravity of solid 2.65 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-38-01 
PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff/Soil Mix 7 

INITIAL II FINAL 

Specimen diameter, cm 5.11 
Specimen length, cm 10.29 
Wet weight of specimen, g. 366.99 
Specimen cross-sect. area, cm 20.5483 

Water content % 
Wet unit weight pct 108.4 

Hydraulic gradient 10.3 
Mih. consolidation stress, psi 2.0 
Max. consolidation stress, psi 2.5 
Total backpressure, psi 7 .5 

Dry unit weight pct Permeant Fluid Deaired DI Water 
Estimated degree of saturatior 
Estimated spec. gravity of solid 2.65 

llCoefficient of Permeability, cm/s 4.5E-05 11 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

HYDRAULIC CONDUCTIVITY I PERMEABILITY 
ASTM D5084 

PROJECT NAME: LANL CLIENT SAMPLE NO. 1108-39-01 

PROJECT NO. 831775 IT LAB SAMPLE NO. Tuff/Soil Mix 8 

INITIAL II FINAL 

Specimen diameter, cm 5.11 
Specimen length, cm 10.30 
Wet weight of specimen, g. 354.67 366.21 
Specimen cross-sect. area, cm 20.4715 
Water content% 29.3 33.6 
Wet unit weight pcf 105.0 

Hydraulic gradient 3.4 
Min. consolidation stress, psi 2.0 
Max. consolidation stress, psi 2.5 
Total backpressure, psi 6.5 

Dry unit weight pcf 81.2 Permeant Fluid Deaired DI Water 

Estimated degree of saturatior 75.0 
Estimated spec. gravity of solid 2.65 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 1 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE,% CONTROL% 

1 0.1339 0.1244 

2 0.1905 0.1623 

3 2.6555 0.0465 

4 5.3277 0.0790 

5 1.6407 0.0216 

6 3.9030 O.Q173 

7 1.7299 0.0032 

8 1.4276 0.0000 

9 1.0762 0.0022 

10 1.2407 0.0217 

11 1.3492 0.0260 

12 5.4480 0.0022 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-06-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

0.0095 O.Ql 

0.0282 0.04 

2.6090 2.65 

5.2487 7.90 

1.6190 9.51 

3.8857 13.40 

1.7267 15.13 

1.4276 16.55 

1.0740 17.63 

1.2190 18.85 

1.3231 20.17 

5.4458 25.62 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Nome: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 2 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

l 0.4329 

2 0.9370 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.2873 

0.2309 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-07-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR, RELALTIVE 

LOSS.% MASS LOSS.% 

0.1456 0.15 

0.7062 0.85 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 3 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

l 3.2139 

2 3.1103 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.3964 

0.2981 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-08-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

2.8175 2.82 

2.8122 5.63 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 4 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

l 34.5829 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.7782 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-09-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

33.8047 33.80 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 5 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

1 0.1854 

2 0.2465 

3 0.5038 

4 3.1194 

5 0.7857 

6 0.7386 

7 1.4271 
8 0.8631 

9 0.3737 

10 0.3675 

11 1.2101 

12 0.5534 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0. 1985 

0.2012 

0.0642 

0.2097 

0.0340 

0.0219 

0.0071 
0.0000 

0.0000 

0.0099 

0.0000 

0.0000 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-10-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

-0.0131 -0.01 

0.0453 0.03 

0.4396 0.47 

2.9098 3.38 
0.7517 4.13 

0.7167 4.85 

1.4200 6.27 
0.8631 7.13 

0.3737 7.51 

0.3576 7.86 

1.2101 9.07 

0.5534 9.63 

I 

' I 
I 
i 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

' I 
I 
I 
I 
I 
I 
I 
I 
I' 
11 
;I 

I 
'-

I 
I 
I, 
I 
I 

Page 109of133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

... 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 6 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE,% CONTROL% 

1 0.2530 0.2891 

2 0.2497 0.2979 

3 0.1538 0.0197 

4 1.0006 0.1291 

5 0.5254 0.0329 

6 1.0816 0.0513 

7 0.4837 0.0088 

8 0.7336 0.0871 

9 0.5409 0.0360 

10 0.3602 0.0448 

11 11.4288 0.0033 

12 10.9319 0.0022 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-11-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS,% 

-0.0361 -0.04 

-0.0482 -0.08 

0.1340 0.05 

0.8715 0.92 

0.4925 1.41 

1.0302 2.44 

0.4749 2.92 
0.6465 3.57 

0.5049 4.07 

0.3153 4.39 

11.4255 15.81 

10.9297 26.74 



Page 110 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

r 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 7 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.2413 

2 0.2470 

3 2.5497 

4 3.2206 
5 1.6332 

6 8.4844 

7 0.7831 
8 0.5489 

9 0.3393 

10 0.3136 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.2424 

0.2447 

0.0476 

0.1392 
0.0238 

0.0238 
0.0000 
0.0000 

0.0079 

0.0340 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-12-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

-0.0011 0.00 

0.0023 0.00 

2.5021 2.50 

3.0814 5.58 
1.6094 7.19 

8.4606 15.65 
0.7831 16.44 
0.5489 16.99 

0.3314 17.32 

0.2796 17.60 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\I 
I 
I 
I 
I ,, 
I 
I 
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r 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Sediment mix 8 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

1 0.3049 

2 0.3141 

3 1.0957 

4 2.3071 

5 5.6122 

6 21.7062 

7 1.2916 

8 0.6493 

9 

10 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.3911 

0.3397 

0.0267 

0.1373 

0.0109 

0.0827 

0.0037 
0.0024 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-13-04 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

-0.0861 -0.09 

-0.0257 -0.11 

1.0690 0.96 

2.1698 3.13 

5.6014 8.73 

21.6235 30.35 

1.2879 31.64 
0.6468 32.29 
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, 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 1 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

1 0.238 

2 0.088 

3 0.024 

4 0.619 

5 3.233 

6 1.717 

7 0.215 

8 0.462 

9 0.206 

10 0.429 

11 0.176 

12 0.132 

Project No.: 

831775.00000000 

--------··~ -------

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.164 

0.119 

0.010 
0.036 

0.014 
0.046 

0.023 

0.000 

1.294 

0.126 

0.117 

0.079 

CLIENT SAMPLE NUMBER: 

1108-14-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS,% 

0.074 0.07 

-0.032 0.04 

0.014 0.06 
0.583 0.64 

3.219 3.86 
1.671 5.53 

0.192 5.72 

0.462 6.18 
-1.088 5.09 

0.303 5.40 

0.059 5.46 

0.053 5.51 

I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
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r 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 2 

CYCLE A VR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE,% CONTROL% 

1 0.330 0.278 

2 0.090 0.410 

3 0.050 0.002 

4 0.984 0.041 
5 2.534 0.000 

6 1.994 0.098 

7 0.376 0.000 
8 0.238 0.001 

9 0.321 0.091 

10 0.225 0.026 

11 0.345 0.053 

12 0.334 0.011 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-15-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

0.052 0.05 

-0.320 -0.27 

0.048 -0.22 

0.943 0.72 
2.534 3.26 

1.896 5.15 
0.376 5.53 
0.237 5.77 

0.230 6.00 

0.199 6.20 

0.293 6.49 

0.323 6.81 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 3 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

l 0.288 0.257 

2 0.067 0.130 

3 2.133 0.000 

4 2.246 0.035 
5 1.064 0.000 

6 1.209 0.051 

7 0.676 0.000 
8 0.572 0.000 

9 0.169 0.184 

10 0.212 0.130 

11 0.204 0.085 

12 0.083 0.084 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-16-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELA~TIVE 

LOSS.% MASS LOSS.% 

0.031 0.03 

-0.063 -0.03 

2.133 2.10 

2.210 4.31 
1.064 5.38 

1.159 6.53 
0.676 7.21 
0.572 7.78 
-0.016 7.77 

0.082 7.85 

0.119 7.97 

-0.001 7.97 

I 
I 
I 
I 
I 
'I 

' I 
I 
I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 
Tuff mix 4 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

l 0.188 0.168 

2 0.077 0.081 

3 0.393 0.000 

4 0.796 0.015 
5 0.975 0.000 

6 1.473 0.036 

7 0.798 0.000 
8 0.579 0.000 

9 0.905 0.105 

10 0.412 0.016 

11 0.941 0.028 

12 0.494 0.051 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-17-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.019 0.02 

-0.004 0.02 

0.393 0.41 

0.781 1.19 
0.976 2.17 

1.437 3.60 
0.798 4.40 
0.579 4.98 

0.800 5.78 

0.396 6.17 

0.914 7.09 

0.443 7.53 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 5 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.243 

2 0.092 

3 0.231 

4 1.055 

5 0.795 

6 0.515 

7 0.321 
8 0.152 

9 1.528 

10 0.138 

11 0.249 

12 0.129 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.224 

0.130 

0.000 

0.062 
0.034 

0.093 

0.028 
0.003 

0.060 

0.023 

0.189 

0.001 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-18-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RfLALTIVE 

LOSS.% MASS LOSS.% 

0.019 0.02 

-0.038 -0.02 

0.231 0.21 

0.993 1.20 
0.761 1.96 

0.423 2.39 
0.294 2.68 
0.149 2.83 
1.469 4.30 

0.115 4.41 

0.060 4.47 

0.128 4.60 

I 
I 
I 
I '-. 

I ,, 
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I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 6 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

1 0.533 0.355 

2 0.092 0.153 

3 0.000 0.000 

4 0.836 0.061 

5 1.418 0.002 

6 1.199 0.075 

7 0.348 0.003 

8 0.609 0.009 

9 0.848 0.027 

10 0.244 0.023 

11 0.202 0.190 

12 0.271 0.014 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-19-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.177 0.18 

-0.061 0.12 

0.000 0.12 

0.775 0.89 

1.416 2.31 

1.124 3.43 

0.345 3.78 
0.600 4.38 

0.821 5.20 

0.220 5.42 

0.012 5.43 

0.256 5.69 



Page 118 of 133 
Paul Lear 
IT Corporation 
March 22, 2002 
IT Project ID: LANL 
IT Project No.: 831775.00000000 

IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 7 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

l 0.412 

2 0.119 

3 1.246 

4 1.771 
5 1.572 

6 0.976 

7 0.467 
8 0.656 

9 0.566 

10 0.751 

11 0.433 

12 0.147 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.341 

0.163 

0.000 

0.061 
0.000 

0.055 
0.000 
0.000 

0.273 

0.055 

0.116 

0.034 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-20-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORf<. RELALTIVE 

LOSS.% MASS LOSS.% 

0.072 0.07 

-0.044 0.03 

1.246 1.27 

1.710 2.98 
1.572 4.56 

0.921 5.48 
0.467 5.94 
0.656 6.60 

0.292 6.89 

0.696 7.59 

0.317 7.91 

0.112 8.02 

I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix 8 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

l 0.528 0.339 

2 0.171 0.192 

3 1.203 0.041 

4 0.812 0.055 

5 1.354 0.000 

6 2.856 0.238 

7 0.725 0.124 
8 1.649 0.000 

9 2.338 0.059 

10 1.615 0.012 

11 0.495 0.225 

12 0.647 0.004 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-21-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.189 0.19 

-0.022 0.17 

1.162 1.33 

0.757 2.09 

1.354 3.44 

2.618 6.06 

0.601 6.66 
1.649 8.31 

2.279 10.59 

1.604 12.19 

0.270 12.46 

0.644 13.11 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Soil mix l 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

l 0.135 

2 0.076 

3 0.480 

4 1.524 

5 1.260 

6 0.648 

7 0.596 

8 0.351 

9 0.194 

10 0.674 

11 0.351 

12 0.443 

AVR RELATIVE 

MP.SS LOSS 

CONTROL% 

0.094 

0.192 

0.038 

0.030 

O.Ql7 

0.022 

O.Ql5 

0.000 

0.000 

0.000 

0.000 

0.000 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-23-01 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.041 0.04 

-0.116 -0.07 

0.442 0.37 

1.494 1.86 

1.243 3.10 

0.626 3.73 

0.580 4.31 

0.351 4.66 

0.194 4.86 

0.674 5.53 

0.351 5.88 

0.443 6.32 

I 
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I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Soil mix4 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

l 0.217 0.125 

2 0.137 0.101 

3 0.756 0.036 

4 1.425 0.027 

5 3.318 0.010 

6 2.609 0.039 

7 2.264 0.029 
8 1.719 0.001 

9 1.096 0.000 

10 1.718 0.013 

11 2.099 0.059 

12 2.787 0.002 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-26-01 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.092 0.09 

0.036 0.13 

0.721 0.85 

1.398 2.25 
3.308 5.55 

2.570 8.12 

2.235 10.36 
1.717 12.08 

1.096 13.17 

1.705 14.88 

2.039 16.92 

2.785 19.70 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Soil mix5 

CYCLE AYR RELATIVE AYR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE,% CONTROL% 

1 0.198 0.128 

2 0.128 0.114 

3 0.143 0.064 

4 1.415 0.047 

5 1.079 0.027 

6 0.819 0.039 

7 0.707 0.021 
8 0.663 0.000 

9 0.847 0.000 

10 0.701 0.000 

11 1.426 0.026 

12 0.294 0.000 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-27-01 

AYR CORRECTED AYR CUMULATIVE 

RELATIVE MASS CORr~. RELALTIVE 

LOSS.% MASS LOSS,% 

0.070 0.07 

0.014 0.08 

0.079 0.16 

1.367 1.53 
1.052 2.58 

0.781 3.36 

0.687 4.05 
0.663 4.71 

0.847 5.56 

0.701 6.26 

1.401 7.66 

0.294 7.96 
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I 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Soil mix8 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.248 

2 0.194 

3 0.116 

4 0.237 
5 0.528 

6 2.065 

7 1.374 
8 1.117 

9 0.663 

10 22.109 

11 0.511 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.182 

0.144 

0.045 

0.049 
0.007 

0.046 
0.056 
0.046 

0.000 

0.018 

0.012 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-30-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS.% 

0.066 0.07 

0.050 0.12 

0.072 0.19 

0.189 0.38 
0.520 0.90 

2.019 2.92 
1.318 4.23 
1.071 5.31 
0.663 5.97 

22.091 28.06 

0.499 28.56 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff mix l 

CYCLE AYR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.238 

2 0.088 

3 0.024 
4 0.619 

5 3.233 

6 1.717 

7 0.215 

8 0.462 

9 0.206 

10 0.429 

11 0.176 

12 0.132 

AYR RELATIVE 

MASS LOSS 

CONTROL% 

0.164 

0.119 

0.010 
0.036 

0.014 
0.046 

0.023 

0.000 

1.294 

0.126 

0.117 

0.079 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-14-02 

AYR CORRECTED AYR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.074 0.07 

-0.032 0.04 

0.014 0.06 
0.583 0.64 

3.219 3.86 

1.671 5.53 

0.192 5.72 

0.462 6.18 

-1.088 5.09 

0.303 5.40 

0.059 5.46 

0.053 5.51 
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IT GEOTECHNICAL 
LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix l 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.199 

2 0.092 

3 0.958 

4 5.374 

5 1.381 

6 0.246 

7 0.975 

8 0.377 

9 0.196 

10 0.106 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.162 

0.068 

om l 
0.068 

0.039 

0.036 

0.003 

0.019 

0.002 

-0.003 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-32-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.037 0.04 

0.024 0.06 
0.946 1.01 
5.306 6.31 

1.342 7.66 
0.210 7.87 

0.972 8.84 

0.358 9.19 
0.193 9.39 

0.110 9.50 
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LABORATORY 

OAK RIDGE, TN 
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FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 2 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.331 

2 0.137 

3 4.216 

4 4.501 

5 0.669 

6 0.720 

7 0.550 
8 0.721 

9 0.407 

10 0.264 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.364 

0.110 

0.000 

0.054 
0.000 

0.023 
0.000 
0.032 

0.000 

0.000 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

11108-33.03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

-0.033 -0.03 

0.028 -0.01 

4.216 4.21 

4.447 8.66 
0.669 9.33 

0.697 10.02 
0.550 10.57 
0.689 11.26 

0.407 11.67 

0.264 11.93 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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LABORATORY 
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FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 3 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

l 0.292 

2 0.122 

3 3.705 

4 4.454 

5 0.912 

6 0.571 

7 0.835 
8 0.516 

9 0.574 

10 0.452 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.291 

0.094 

0.000 

0.041 
0.000 

0.022 
0.000 
0.006 

0.000 

0.005 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-34-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.000 0.00 

0.028 0.03 

3.705 3.73 

4.413 8.15 
0.912 9.06 

0.549 9.61 
0.835 10.44 
0.510 10.95 
0.574 11.53 

0.448 11.97 
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LABORATORY 

OAK RIDGE, TN 
(865) 482-6497 

FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 4 

CYCLE AVR RELATIVE 

Nl'MBER MP.SS LOSS 

SAMPLE,% 

l 0.410 

2 0.158 

3 2.588 

4 6.593 

5 1.626 

6 1.888 

7 2.064 
8 1.195 

9 1.007 

10 0.975 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.241 

0.095 

0.068 

0.039 

0.000 

0.020 

0.000 
0.021 

0.006 

0.012 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-35-02 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

0.168 0.17 

0.063 0.23 

2.520 2.75 

6.555 9.31 

1.626 10.93 

1.869 12.80 

2.064 14.86 
1.174 16.04 

1.001 17.04 

0.963 18.00 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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IT GEOTECHNICAL 
LABORATORY 
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FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 5 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

l 0.239 

2 0.101 

3 1.279 

4 5.053 

5 0.540 

6 0.118 

7 0.190 
8 0.194 

9 0.175 

10 0.124 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.225 

0.126 

0.024 

0.069 
0.064 

0.065 
0.016 
0.046 

0.034 

0.006 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-36-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS.% 

0.014 O.Ql 

-0.025 -0.01 

1.255 1.24 

4.983 6.23 
0.477 6.70 

0.053 6.76 
0.173 6.93 
0.148 7.08 

0.140 7.22 

0.118 7.34 
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ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 6 

CYCLE AVR RELATIVE 

NUMBER MASS LOSS 

SAMPLE,% 

1 0.542 

2 0.169 

3 0.000 

4 4.008 
5 2.623 

6 1.154 
7 3.468 
8 1.107 

9 1.202 

10 1.524 

11 

12 

AVR RELATIVE 

MASS LOSS 

CONTROL% 

0.565 

0.163 

0.000 

0.080 
0.000 

0.029 
0.000 
0.037 

0.000 

0.030 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-37-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS,% 

-0.023 -0.02 

0.007 -0.02 

0.000 -0.02 

3.928 3.91 
2.623 6.54 

1.125 7.66 
3.468 11.13 
1.070 12.20 
1.202 13.40 

1.494 14.89 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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LABORATORY 
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FREEZE/THAW of SOLID WASTES 
ASTM D 4842 

Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 7 

CYCLE AVR RELATIVE AVR RELATIVE 

NUMBER MASS LOSS MASS LOSS 

SAMPLE.% CONTROL% 

l 0.497 0.391 

2 0.146 0.140 

3 2.310 0.000 

4 3.431 0.079 

5 1.293 0.000 

6 0.757 0.035 

7 1.778 0.000 
8 0.316 0.027 

9 0.175 0.000 

10 0.393 0.007 

11 

12 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-38-03 

AVR CORRECTED AVR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS.% MASS LOSS,% 

0.106 0.11 

0.005 0.11 

2.310 2.42 

3.353 5.77 

1.293 7.07 

0.722 7.79 

1.778 9.57 
0.289 9.86 

0.175 10.03 

0.386 10.42 
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Project Name: 

LANL 

LAB SAMPLE NUMBER: 

Tuff/Sed mix 8 

CYCLE AYR RELATIVE 

NUMBER MASS LOSS 

SAMPLE.% 

1 0.456 

2 0.152 

3 1.016 

4 4.260 
5 3.156 

6 16.500 

7 2.808 
8 

9 

10 

11 

12 

AYR RELATIVE 

MASS LOSS 

CONTROL% 

0.511 

0.179 

0.126 

0.086 
0.052 

0.043 
0.000 

Project No.: 

831775.00000000 

CLIENT SAMPLE NUMBER: 

1108-39-03 

AYR CORRECTED AYR CUMULATIVE 

RELATIVE MASS CORR. RELALTIVE 

LOSS,% MASS LOSS.% 

-0.055 -0.06 

-0.026 -0.08 

0.889 0.81 

4.174 4.98 
3.104 8.09 

16.457 24.54 
2.808 27.35 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Appendix C 
Nonconformance I Variance Reports 



_ ... -.... -- . -·--
NONCONFORMANCE/V ARIANCE REPORT . . . . . 

NONCONFORMANCE , Project Name Date 

···~ · t,11.Jl- { / Paget of\ 
,4:.. Project No. liJ. I '3 0 '1.... Report No. 

tcircteonel r:T-ot. /I.I- '1--"/y f3.311·1S" ETDc- Jt~-oz-
NonconformanceNariance Description (include requirement violated I 

~,ff,pt,6 .smpµ.DJ"fS al~ JC/£.- /ht)~ "?Uf'F J!eCe()erJ ~( 7H"c11rr 

tf.M,,.J-o1- &JJ-roPy J)o~~- I 
~Hi PfAlrJt ~ /l~.£h.Jet7 I t.-t 7-0 I , 1'2.: ~ '0 \ 
-r'tp].SAvv-Pt.eS --ro-1'A1.-: MfJ'Z.-1-0t-os~, /'4D 'Z.•..oi-os"'t401, hO u-01-oS""'re..1 ,...,oz1-c,-0~""'901. 

1 MO Zl...&>1-oS47oJ, ..,,..,(.( s~s. ~vr:+sBl, -rof:k,4, /-"D7.l-Ol-<J:i48, S/,Jf~tSll., 

Identified by 
Root Cause 

~===============:==7""'.:===========================-~ 
Corrective Action (include expected completion date) 

To be completed by 
Action taken to preclude recurrence 

. N /ft-

To be performed by 

Client notified (include client name, how notified, and response) 

Notified by 

Corrective action completed by 

Corrective action approved by 

Laboratory Supervisor 

Project Manager 

QA Comments 

OAO Approval 
Use back of page for additional space. Attach additional pages if necessary. 

Expected Completion Date 

Expected Completion Date 

Date 

Date -----
Date 

Date 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
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[i] 
n COAPORATIOll 
.... ...,., .. ..,.,.....ltt''""-' 

Appendix B - Performance Testing Reports 

C:\My Documents\LANL Stabilization\Report\LANL Stab Report Rev 0.doc 

Revision No: 0 
Date: 03/25/02 
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Appendix C - SEP Testing Reports 
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Revisio11 No: 0 
Date: 03/25/02 



I 
I Air Oned Sam le wt. tal: 

Percenl Sohds fr11dion 
S11mpl1 Orv Sollcls Wei hi la): 

Samele Waler Weu;hl 
lert wttol 

I 
Volume EX1ract11nt tmls : 

Ion Ellchanaeabl• 
Densnv Extractanl uihnl : 
Vol Ex1recl Reccvettd (ml) 
Gross wt lare+rtsldue fa\ 
Reslouew1 ral 

I 
Welahl Air DIY Sollds tn\: 

WI. Ruldu21I Li uld Cat 
Denslt of Residual LI Uld 1nhnL : 

Strontium -90 IPCIA 
cesium-137 CIA 

I 
I 
I 
I pCIA Slronllum-90 

CIA cuium-137 

I 
I 
I Carbonate fraction 

De'lsllv Extr21clan1 lnhnl : 
Vol Extrecl RMovuird ml 
&1ciss wt T .are+ruldue tol 
Rirsldu• WI tal 

I 
We1Qh1 Air Orv Snhds fol: 
WI Residual Uqurd IQJ: 
Oensllv cl Rtslduat U uid ta/ml : 

Slrontium-90 CIA 
cuium-137 CIA 

I 
I 
I 

corrected ror II uid tontr1butlon 
Sllont1um-90 CIA. 

I 
Cuium-137 CIA. 

I 
I 
I 

SED 
45.04 
1.000 

45.040 
o.noo 
36.S4 
225 

1.0712 
208,0 
97.24 
60.7(1 
45.04 
15.66 
1.071 

946.200 
0.074 

946.200 
0.07'4 

LANL (WASHINGTON GROUP) SEP Metals Analytical Data Summary 
Date:3/25/02 

PROJECT#831775 

SEf FRACTION CONCENTRATIONS AS EXTRACTED 
TUFF SEDITUFF 110112 110820 110131 110131 
45.01 45.00 44.99 45.01 45.00 •4.99 
1.000 1.000 1.000 1.000 1.000 1.000 

45.010 45.000 44.990 45.010 45.000 44.990 
0.000 0.000 0.000 0.000 0.000 0.000 
38.71 38.14 38.43 38.18 38.13 38.62 
225 225 225 225 225 225 

225 mLs 1M MaCI-. 

215.D 210.0 220.0 215.0 21s.a 210.D 
105.91 201.85 97.33 97.58 96.80 98.&4 
67.20 163.71 58.90 59.40 58.67 60.22 
45.01 45.00 .... 99 45.01 45.00 «.99 
22.19 118.71 13.91 14.39 13.67 15.23 
1.071 1.071 1.071 1.071 1.071 1.071 

5006.900 2696.800 423.400 942.800 732.600 823.800 
76.146 16.382 0.011 174.750 38.025 35.079 

5006.900 2696.800 423.400 942.800 732.600 S23.800 
76.146 16.382 0.011 38.025 35.079 

22S mLs 1M Na0.AC/7S%MO.AC H5.0 
1.0'47 
215.0 210.0 210.0 225.0 220.0 215.0 220.0 
96.51 110.77 103.80 9 ... 88 97.78 95.32 95.08 
59.97 72.06 65.66 56.'45 59.60 57.19 56.46 
45.04 45.01 45.00 44.99 45.01 45.00 44.99 
14.93 27.05 20.66 11.46 14.59 12.19 11.47 
1.048 1.049 1.055 1.048 1.048 1.048 1.048 

78.600 717.100 312.200 233.400 703.400 339.900 458,600 
0.0 237A 67.9 43.7 406.70 82.07 94.88 

20.873 294.992 -577.737 210.298 650.282 300.579 409.638 
0.0 231.0 62.4 43.7 396.85 80.03 92.80 



Wriaht A11 Orv Solids tn\: 

Wt. Residual L1nu1d tnl: 
I 

Oll"hvdtcllide frilction 3 
D•nsll Extrachml '"lmLl: 
Vol Extrect R•ccv•r•d ml 
Gross WI lare+r•sidue '"' 

We1nh1 Air Orv Solids (a): 

WI. Residual Uau1d '"': 
D•nslt" or Rn1dua! LI un:I "•/ml : 

Sltontium-90 !11CIA. 
Ceslum-137 Cllt 

correctt>d for llauld contribution 
S1ron11um -90 CUL 
Cesium-137 CIA. 

ou1inic Fraction 
O•nsilv Ex1raclan1 '"/ml : 
VolEX1rac!RtCOVIE'tl'd ml\ 
Gross WI T21re-+ru1due '"\ 
R•SldVIE' WI lnl 
Weioh!AlrOrv!:iol!dsfc:n: 
WI. Rnldual LI Uld fnl: 
Dtnslt or Residual LI u1d '"/ml : 

S1ronttum·90 loCllL 
Cnium-137 Clll 

correcled for Ii uld contribution 
S1ronr1um -90 CIA. 
Cnium-137 CIA. 

45.04 1 45.01 
15.66 22.19 

45.0D 

LANL (WASHINGTON GROUP) SEP Metals Analytical Data Summary 
Date:3/25/02 

PROJECT#831775 

44,99 45.01 45.00 "4.99 
118.71 13.91 14.39 13.67 15.23 

225 mLs 0.1M Hvdro>Cvlamlne Hvdrochloride nH 2 
0.9861 
215.Cl 220.0 215.0 220.D 220.D 215.0 220.0 
96.66 104.01 102.38 94.32 92.95 94.10 91.86 
60.12 65.30 64.24 55.89 S4.77 55.97 53.24 
45.04 45.01 45.00 44.99 45.01 45.00 44,99 
15.08 20.29 19.24 10.90 9.76 10.97 8.25 
0.992 0.994 0.993 0.991 0.992 0.991 0.991 

26.400 307.800 106.400 152.000 404.500 168.700 209.900 
29.78 162.26 23.09 25.68 126.990 22.31 40.03 

21.722 234.069 81.403 141.186 363.527 151.997 188.636 
29.775 137.847 .000 .DOD 103.300 18.275 35.627 

SO ml:i; ~·/0 NiOCLl11H 1.5 
1.0798 
220.00 215.00 220.00 230,00 220.00 230.0D 220.00 

-36.54 -38.71 -38.14 -38.43 -38.18 -38.13 -38.62 
45.04 45.01 45.00 44.99 45.01 45.00 «.99 
-81.58 -83.72 -83.14 -83.42 ·83.19 -83.13 -83.61 
1.074 1.073 1.073 1.076 1.076 1.076 1.077 

21.900 60.800 43.000 44.200 124.200 51.900 58.600 ... .... 146. 68.8 . S42.77 167.5 157.5 

20.229 35.207 34.568 37.115 107.247 43.990 51.110 
82.135 ~35.848 143.990 67.605 537.448 166.444 156.072 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I LANL (WASHINGTON GROUP) SEP Metals Analytical Data Summary 
Date:3/25/02 

PROJECT#S31775 

Weiohl Air Drv Solids (QJ: 45.04 45.01 45.00 44.99 -45.01 45.00 44.99 
15.66 I 22.19 118.71 I 13.91 14.39 13.67 15.23 

50 mLs 4M HN03 
1.111 I 
220.0 220.0 215.0 220.0 225.0 225.0 225.D 
97.65 107.47 103.17 91.33 91.65 92.24 93.16 

WI. Res1du21l lt u1d lo): 

I Sulfld• fraction 
Densll Extraclanl u1/ml : 
Vol EX!racl RecovrHed !mll 
GfOU WI lare+resldue to) 
Residue wl fol 61.11 68.76 65.03 52.90 53.47 54.11 ..... 
We1Qhl Air Dr'>/ Solids fol: 45.04 45.01 45.00 44.99 45.01 45.00 «.99 
WI. Residual Uould 101: 16.07 23.75 20.03 7.91 8.46 9.11 9.55 

1.130 1.131 1.131 1.130 1.129 1.130 1.129 

23.600 64.000 45.500 46.700 129.800 109.500 61.700 
2.321 8077. 3523. 1869. ... , 2819. 2999. I 

Oensilv or R1rndual LI uid 1nfmL : 

S\rontrum -90 Cll'l 
C11s1um -137 CUL 

I 
I 
I corrected for houtd contribution 

Slron!tum -90 fpCIJL J.4.758 96.291 68.087 69.948 194.810 136.6S4 92.586 
Ci:s1um -137 Clll 2363.70S 6368.552 3M9.997 1904.988 338.230 2!306.930 3082.014 

I 
I 
I 

Residual fraction Totat HN03/Hf/HCL 3052 
Densl1v E>:1reclanl 11:1/ml · NA 
Fr 5- Rts1duewt 101 61.11 68.76 65.03 52.90 53.47 54.11 ..... 
Fr 5 - Wt11:1hl Air Orv Solids lo\: 45.04 45.01 45.00 44.99 45.01 45.00 44.99 
Fr 5. WI RtsldUi!ll Llouid (C): 16.07 23.75 20.03 7.91 8.46 9.11 9.55 
Fr 5.. Densi1v of Res. Lia /alml : 1.130 1.131 1.131 1.130 1.129 1.130 1.129 I 
Fr 5 ·fr Air Drv Sohds In Residut: 0.737 0.655 0.692 0.850 0.842 0.832 0.825 
fr6-Anal s1s11l1 uol l 2.85 2.92 2.87 3.33 3.36 3.43 3.52 

S1ronUum -90 Cllko 2480.213 43fl2.676 4756.e34 4203.788 7727.508 3192.248 3504.379 
Ctsium-137 Ciika 7.374 24.401 8.735 3,676 13,642 6.409 5 890 I 

I 
I 
I corrected for l1ouid contr1but1onl21h uotlsollds content 

Strontium-SO ma.1<.o 3357.685 6665.391 6856.247 4935.616 9158.352 
Cesium -137 moJKo 9272.059 33508.928 11236.649 4031.331 16196.721 

3fl18.875 4236.651 
7200.848 6576.191 

I 
I 
I 
I 
I 



Wt1Qhl Alt ON Solids fc\: 45.04 45.01 
WI. Residual LI utd (OJ. 15.66 22.19 
SEP TOTAL SUMMED CORRECTEO FOR SOLIDS CONTENT 
Slrontlum -90 mq/Kn 6456.27 3&065.21 
Ceslum-137 mo/K 21895 81642 

LANL (WASHINGTON GROUP) SEP Metals Analytical Data Summary 
Date:3/25/02 

PROJECT#831775 

45.00 44.99 45.01 45.00 44.99 
116.71 13.91 14.39 13.67 15.23 

21652.12 9378.16 20354.56 1058US 11957.58 
30674 14156 22573 23339 23732 

I 
I 
I 
I 
I 
I 
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I 
I 
I 
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I 
I 
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I 
I 
I 
I 



- - - - -
Field SAMPLE ID 
TDL SAMPLE ID SEO 

SEP FRACTION CONCENTRATION, pCl/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCi/kg % 

4726.798 
0.370 

55.4% 
0.0% 

Project No.: 829073.05000000 

- - - - - - -Sample SEP Fractional Metal Concentration 

Carbonate 
pCi/kg % 

111.04 
0 

1.3% 
0.0% 

Oxyhydroxlde 
pCi/kg % 

--- --
115.379 1.4% 

158.2 0.9% 

Organic 
pCi/kg % 

--- --
107.9 1.3% 
438 2.5% 

- -

Sulfide 
pCi/kg % 

--- --
115.03 1.3% 
7823 44.2% 

- -

Residual 
pCi/kg % 

--- ---
3357.68 39.3% 

9272 52.4% 

- -

Total 
pCi/kg 

---
8533.8 
17691 

IT Corporation 
3/25102 

-



Sample SEP Fractional Metal Concentration 

Field SAMPLE ID 
TDL SAMPLE ID TUFF 

SEP FRACTION CONCENTRATION, pCl/Kg, Dry Weight 

Ion Exchangeable Carbonate Oxyhydroxide Organic 

pCi/kg % pCi/kg % pCi/kg % pCi/kg % 

Strontium -90 
Cesium-137 

BNL Sediments 

25028.938 
380.645 

Project No.: 829073.05000000 - - - -

71.3% 
0.6% 

-

1610.396 
1261 

-

4.6% 
1.9% 

-

1304.177 
768.05 

-

3.7% 
1.2% 

-

192.0 
2922 

- -

0.5% 
4.4% 

-

Sulfide 
pCi/kg % 

314.38 
27323 

-

0.9% 
41.3% 

-

Residual 
pCi/kg % 

6665.391 
33509 

-

19.0% 
50.6% 

-

Total 
pCi/kg 

35115.2 
66163 

IT Corporation 
3/25102 

- - -



- - - -
Field SAMPLE ID 
TDL SAMPLE ID SEO/TUFF 

- - -
SEP FRACTION CONCENTRATION, pCi/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCi/kg % 

13484.000 
81.9 

63.6% 
0.3% 

Project No.: 829073.05000000 

Carbonate 
pCi/kg % 

0.00 
466 

0.0% 
1.9% 

- - - - -Sample SEP Fractional Metal Concentration 

Oxyhydroxlde Organic 
pCi/kg % pCi/kg % 

--- ---- --- --
442.440 2.1% 187.7 0.9% 

0.0 0.0% 782 3.2% 

- -

Sulfide 
pCi/kg % 
--- ----

223.20 1.1% 
11801 48.4% 

- -

Residual 
pCi/kg % 

----- ---
6856.25 32.4% 
11237 46.1% 

- -

Total 
pCi/kg 
---
21193.6 
24368 

IT Corporation 
3/25/02 

·-



Sample SEP Fractional Metal Concentration 

Field SAMPLE ID 
TOL SAMPLE ID 110812 

SEP FRACTION CONCENTRATION, pCi/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCi/kg % 

2117.471 
0.05 

22.7% 
0.0% 

Project No.: 629073.05000000 - - - - -

Carbonate 
pCi/kg % 

1112.42 
231 

-

11.9% 
2.1% 

-

Oxyhydroxlde 
pCi/kg % 

740.390 
0.0 

-

7.9% 
0.0% 

-

Organic 
pCi/kg % 

194.7 
355 

- -

2.1% 
3.3% 

-

Sulfide 
pCi/kg % 

229.24 
6243 

-

2.5% 
57.5% 

-

Residual 
pCi/kg % 

4935.6 
4031 

-

52.9% 
37.1% 

-

Total 
pCi/kg 

9329.B 
10860 

IT Corporation 
3/25/02 

- - -



- - -
Field SAMPLE ID 
TDL SAMPLE ID 

-
110820 

.. - -
SEP FRACTION CONCENTRATION, pCl/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCilkg % 

4712.953 
873.56 

23.1% 
3.7% 

Project No.: 829073.05000000 

Carbonate 
pCilkg % 

3444.77 
2102 

16.8% 
8.9% 

- - - -· ·-Sample SEP Fractional Metal Concentration 

Oxyhydroxide 
pCi/kg % 

1929.632 
548.3 

9.4% 
2.3% 

Organic 
pCilkg % 

559.6 
2804 

2.7% 
11.9% 

- -

Sulfide 
pCilkg % 

639.24 
1110 

3.1% 
4.7% 

- -

Residual 
pCi/kg % 

9158 
16197 

44.8% 
68.5% 

- -

Total 
pCilkg 

20444.5 
23635 

IT Corporation 
3/25/02 

-



Field SAMPLE ID 
TDL SAMPLE ID 110836 

Sample SEP Fractional Metal Concentration 

SEP FRACTION CONCENTRATION, pCl/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCi/kg % 

3663.000 
190.125 

34.7% 
1.0% 

Project No.: 829073.05000000 - - - - ·-

Carbonate 
pCi/kg % 

1588.136 
423 

-

15.1% 
2.3% 

-

Oxyhydroxlde 
pCi/kg % 

799.261 
96.10 

-

7.6% 
0.5% 

-

Organic 
pCi/kg % 

230.770 
873 

- -· 

2.2% 
4.8% 

-

Sulfide 
pCi/kg % 

448.576 
9542 

-

4.3% 
52.1% 

-

Residual 
pCi/kg % 

3818.875 
7201 

-

36.2% 
39.3% 

-

Total 
pCi/kg 

10548.6 
18325 

IT Corporation 
3/25/02 

- - -



- - ---
Field SAMPLE ID 
TDL SAMPLE ID 110838 

- - -
SEP FRACTION CONCENTRATION, pCi/Kg, Dry Weight 

Strontium -90 
Cesium-137 

BNL Sediments 

Ion Exchangeable 
pCi/kg % 

4119.916 
175.434 

34.1% 
1.0% 

Project No.: 829073.05000000 

Carbonate 
pCi/kg % 

2178.099 
493 

18.0% 
2.7% 

- - - - -Sample SEP Fractional Metal Concentration 

Oxyhydroxide 
pCi/kg % 

989.258 
186.836 

8.2% 
1.0% 

Organic 
pCi/kg % 

265.1 
809 

2.2% 
4.4% 

- -

Sulfide 
pCi/kg % 

303.22 
10093 

2.5% 
55.1% 

- -

Residual 
pCi/kg % 

4236.65 
6576 

35.0% 
35.9% 

- -

Total 
pCi/kg 

12092.2 
18335 

IT Corporation 
3/25/02 

-


