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1 INTRODUCTION 

1.1 	Objectives 

This report presents the results of Phases I, H and III geotechnical investigations 
conducted by the Project Management Contractor (PMC) and soil parameters and other 
recommendations for the design of a disposal facility (DF) for the Weldon Spring Site 
Remedial Action Project (WSSRAP). The geotechnical investigations were conducted 
to support the remedial investigation, feasibility study, siting, design and construction 
of a proposed disposal facility in the vicinity of the Chemical Plant at the Weldon 
Spring Site (WSS); and to provide data for design of various on-site areas and 
temporary facilities such as the administration building, Raffinate Pit Dike No. 4, 
Temporary Storage Area (TSA), Material Staging Area (MSA) and the Water 
Treatment Plant (WTP) facilities. The Phase H investigation also included an 
exploration of two off-site borrow areas as potential sources of clayey soils. 

The WSSRAP Chemical Plant Geotechnical Investigations Report (MKF and JEG 
1990b), which contains an abridged treatise on the background, surface feature, geology 
and hydrogeology of the site and presents the PMC Phases I and II (also referred to 
as MKE or MKES Phases I and II) geotechnical field investigation and laboratory test 
results, should be used as a supplemental document for this report. To avoid repetition 
in presenting the background and Phases I and II investigation testing results, the 
geotechnical investigation report (MKF and JEG 1990b) is referred to frequently herein. 

1.2 Scope 

This report specifically addresses the geotechnical engineering aspects of the 
subsurface soils within the vicinity of the proposed cell(s) of the disposal facility and 
suitable clayey materials from potential borrow sources for the design of a disposal cell 
at the WSS. The scope does not cover geotechnical engineering aspects of all areas 
investigated and is limited to the scoping items listed below: 
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1. Collect, organize, reduce and evaluate available geotechnical test results from 
MICE Phases I, II and III programs. Summarize findings in tables, charts and 
graphs. 

2. Prepare geotechnical cross-sections (geologic profiles). 

3. Develop conclusions and recommendations of geotechnical parameters for the 
investigated soils for disposal cell design calculations on foundation settlement, 
cover and liner  material, cracking potential, embankment stability and 
subgrade bearing. 

The scope does not include the following specific items that were addressed in 
separate studies or reports. 

1. Geophysical investigation assessment. 

2. Geotechnical engineering conclusions and recommendations for the excavation 
and removal of the raffinate pit dikes and sludges, and the design and 6 
construction of the TSA, MSA, WTP facilities and access and haul roads. 

3. Hydraulic conductivity of the subsurface soil strata. 

4. Geology and hydrogeology of the WSS. 

5. Contamination of the subsurface soils. 

6. Conclusions and recommendations for design elements not listed in Scoping 
Item 3. 

1.3 Background 

The WSSRAP is being conducted as a major System Acquisition under the 
Surplus Management Program (SFMP) of the United States Department of Energy 
(DOE). The major goals are to eliminate the potential hazards to the public and the 

I 
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environment that are associated with contamination at the WSS and, to the extent 
possible, to make surplus real property available for other uses. 

As illustrated in. Figure 1-1, the WSS is located approximately 30 miles west of 
St. Louis, Missouri, in southwestern St. Charles County. The site is in an area just 
west of Missouri State Highway 94, approximately 2 miles southwest of its junction with 
U.S. Highway 40 (Interstate 64). The respective locations of potential off-site Borrow 
Source Nos. 1 and 2, for low permeability (clayey) soil are approximately two miles 
east and south of the WSS. It should be noted that Borrow Source No. 1 is located 
across Highway 94 from the WSS. 

The embankment portion of the proposed disposal facility (DF), also referred to 
as the disposal cell, will be used for long-term storage of untreated, treated and/or 
processed contaminated waste materials from the WSS. The possible limit suitable for 
the disposal facility, as identified in the Siting. Study (MKES 1991b), and various 
proposed and existing temporary facilities are shown in Figure 1-2. 

1.4 	Other Related Studies and References 

The PMC Phases I, H, and III geotechnical investigations were conducted by MK 
Environmental Services (MKES) as part of the PMC field data collection for the 
remedial investigation/feasibility study process. In addition to providing geotechnical 
parameters for DF design, the data and results were used to support other remedial 
investigation (RI) documents and special studies, including the RI report (MKF and 
JEG 1990c), site suitability study (MKF and JEG 1990a), chemical plant (site) 
geotechnical investigations report (MKF and JEG 1990b), grading plan study (MKES 
1991d), liner and foundation studies (MKES 1991c); and temporary facilities design 
including the TSA, MSA and WTP. Brief descriptions of these facilities were included 
in Section 1 of the geotechnical investigations report (MKF and JEG 1990b). 

FAWSSRAP\DC\GEOCHARRY7 3 	 MKES Doc. No. 3840-DSD-R-01-4071-00 
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2.1 General 

2 SYNOPSIS OF GEOTECHNICAL .INVESTIGATIONS 

Field investigations of . the subsurface strata at the Weldon Spring Site (WSS) 
have been conducted by various organizations since 1955 for site characterization, 
geophysical studies,. hydrogeOlogy studies and acquisition of data for design of on-Site 
facilities. As part of these investigations, 167 boreholes (including borings drilled for 
installation of monitoring wells) have been drilled and 41 test pits have been excavated. 
Locations and identifying numbers for these holes, wells and test pits are shown in 
Figure 2-1. General information regarding each series of borings and test pits is 
presented in Table 2-1. The results of these investigations and the investigation for 
low-permeability soils at two potential borrow sources near the site (see Figures 1-1 
and 2-2), are discussed herein. 

Brief synopses of investigations preceding Phase III are presented in Sections 2.2 
through 2.4 below. The Phase III investigation is described in detail in Section 2.5. 

2.2 Previous Field Investigations By Others 

Previous geotechnical investigations by various organizations other than the PMC 
and the years when they.were performed are listed below. Numbers in parentheses 
represent the year in which the corresponding reports were published. 

• U.S. Army Corps of Engineers (COE) - 1954 (1955, 1970) 

• Henry M. Reitz Consulting Engineers (HMR) - 1963 (1964) .  
• Bechtel National, Inc. (BNI) - 1982-1984 (1984) 

• Bechtel National, Inc. (BNI) - 1986 (1987) 

The PMC and its off-site engineering support group (primarily MKES) have 
reviewed and evaluated these geotechnical investigations in depth. The purposes of • 
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-Table 2-1 

• General Information Regarding Borings and Test Pits 

Designation Type and Area Firm/Agency Yc4r 

AH-1 and A1-1-2 Angled borehole number - chemical plant area PMC 	(Phase II) 19891(( 

B-1 to' B-22 Borehole number - raffinate pit area Bechtel National, Inc. 1983 NI 

1 B-15A, etc. Replacement hole for B-1.5 Bechtel National, Inc. 1983 111 
G-1 to G-24 Borehole number -, chemical plant area 	• Bechtel National, Inc. 1986' 

' G-54-1 to G-54-11 Borehole number - chemical plant area • Corps of Engineers 1954! 

, GMW-3 series Borehole completed as a monitoring well (NG) Bechtel National, Inc. 1986  /. . 

GT-2T71 to GT-2T82 Test pit number - chemical plant area 	. PMC (MKES Phase 1) 1988: 

: GT-31 to GT-36 * Borehole number - raffinaie pit No. 4 PMC (MKES Phase 1) 1988 

GT-37 to GT-41 Borehole number - admin. bldg. area PMC 	(MKES Phase I) • 1988 

GT-42 to GT-57 - Borehole number - chemical plant area PMC 1MKES Phase 1) 1988 

GT-58P to GT 67P Borehole number - Chemical plant area -P added 
if hole completed as piezonleter 

PMC 	(MKES Phase IT) 1989 

, GT-68 to GT-74 , BOrehole number - chemical plant area .  PMC (MKES Phase III) '• 

GTS-1 to GTS-7 Borehole number - temporary storage area i PMC (MKES Phase II)  1 

MW-2001 series ' Monitoring well number - within chemical plant 
area (NG) 

PMC 1988-' 
1989 

MW-3001 series Monitoring well number - wells completed 
adjacent to the Chemical plant area (NG) 

PMC .1988- 
1989 : 

MW-4001 series Monitoring well number - wells completed 	• 
outside WSS area (NG) 

PMC 1988- 
1989 , 

PW-1 to PW-3 Pumping well:number - Chemical Plant Area 
(NG) 	. 	. 

PMC 	 . . 1989 . 

1  OB-2j Observation -  well adjacent to pumping well (NG) PMC 1989 , 
T-1 to T-6 Backhoe trench number Bechtel National, Inc. • 1986 

TPBS-1 to TPBS-30 Test pit number - borrow source area PMC (MKES Phase II) 1989 

TPMS-1 to TPMS-9 Test pit numbel - materials storage area PMC 	(Phase II addition) 1990 . 

TR-1. to TR-15 Trench number - Chemical Plant Area Bechtel National, Inc. 1983 

NOTES: NG stands for Non.:Geotechnical boles. 
Reference: MKF and JEG 1990b '  
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each investigation and the findings are summarized and presented in the 
Geophysical/Geotechnical Investigation Sampling Plan Report (MKF and JEG 1988). 

2.3 PMC Phase I and Phase II Investigations 

The Geophysical/Geotechnical Investigation Sampling Plan (MKF and JEG 1988) 
proposed additional investigations necessary to demonstrate the suitability of the site 
for construction of a satisfactory disposal facility. The PMC Phases I and 11 
Investigations, conducted in .1988 and 1989 respectively, were based on the sampling 
plan recommendations and the conceptualized disposal cell areas identified from 1987 
through 1989. The geotechnical aspects of these investigations consisted of engineering 
characterization of the subsurface soils in the raffinate pit dike No. 4, the 
administration building area, the Temporary Storage Area, and the proposed disposal 
cell area in the chemical plant vicinity. These investigations also included the 
evaluation of the on-site upper strata materials and potential off-site borrow source 
clayey materials as possible fill materials for the remedial action. 

A total of 46 boreholes and 51 test pits were completed in these two phases. 
Details of these investigations were presented in the Chemical Plant geotechnical 
investigations report (MKF and JEG 1990b). 

2.3.1 Disposal Facility Area 

The WSS disposal facility (DF), as proposed in 1987 and 1988 and for which the 
Phase I and Phase II investigations were performed, was located in a rectangularly 
shaped area approximately bounded by a line .750 feet west of the eastern site 
boundary, the limits of the existing chemical plant buildings, at the north end, and 
raffinate pits No. 1 and No. 3 on the southern and western sides, respectively. It 
should be noted that the current conceptual DF area has been extended into the 
northwestern corner where the Material Staging Area is currently located. The area 
to be covered by the disposal facility has changed from approximately 36 acres in the 
1987 and 1988 conceptual studies, to 56 acres in the 1991 conceptual siting study. 
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2.3.2 Areas Outside the Disposal Facility Area 

Other site facility areas investigated during the Phase I and Phase II 
investigations include: the administration building, the raffinate pit dike ,No. 4, , the 
Temporary Staging Area, and the Material Staging Area. The Phase III investigation 
included the site water treatment plant facilities. Figure 1-2 indicates the approximate 
locations of these facilities. • 

233 Potential Borrow Sources 

Potential borrow materials for construction consist of on-site uncontaminated 
subsurface soils (within the upper 15 feet where excavation may take place but possibly 
excluding some unsatisfactory loess and fill) for general fill, and selected off-site clayey 
borrow sources (Sources No. 1 and 2) for low permeability liner or cover materials for 
DF construction as well as for general fill. Additional borrow source investigations will 
be performed under other PMC support studies (not part of this scope). 

2.4 	Assessment of Pre-Phase III Investigations 

In 1991, the conceptual layout of the disposal cell was revised and expanded to 
adjust for updated waste quantity and design criteria changes, as presented in the siting 
study report (MKES 1991a). Based on this study, an assessment of the deficiency of 
previous geotechnical data was completed and planning for an additional investigation 
to obtain the required additional data (PMC .Phase III investigation) was performed. 
This assessment, which is described below, is specifically intended for the design of the 
disposal cell and the site water treatment plant facilities, and does not include off-site 
borrow sources nor other site construction facilities. As stated above, additional 
investigation of off-site borrow sources will be evaluated by other supporting studies. 

To assess the' data deficiency, the numbers of valid laboratory tests performed in 
previous investigations.were summarized. A valid test is one where testing procedure 
and result appear reasonable. The numbers of tests performed on' samples of various 
WSS subsurface soil strata in investigations prior to 1988 are presented in Table 2-2. 
The numbers of tests performed in 'PMC Phases I and H geotechnical investigations ' are 
listed in Table 2-3. The number of tests performed as of the end of 1990 (Pre-PMC • 
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TABLE 2-2  
. 	NUMBER OF VALID TESTS PERFORMED IN 

INVESTIGATIONS CONDUCTED PRIOR TO 1988 

Ferrelview Clay Clay Till Basal Till 
TESTS BNI BNI TOTAL BNI. BNI TOTAL BNI BNI TOTAL 

(1984) (1987) (1984) (1987) (1984) (1987) 
Sieve Analysis 5 10 15 2 18 20 - 6 6 
Atterberg Limits 5 8 13 2 . 	16 18 - 5 5 
Shrinkage Limit - - - - - - - - 
Specific Gravity 4 11 15 2 17 19  - 1 1 
In situ Moisture 15 7 22 7 15 22 - 3 3 
In situ Dry Density • 12 7 19 5 14 19 - 5 5 
Compaction - - 3 • - - - - 
UU Test 1 - I - - - - - - 
C U Test 1 - I 

. 
	- - - - 

Consolidation - - - - - - - - - 
Permeability - - - - - - - 

No tests were performed on Topsoil/Fill, Loess or Residuum 
• 1 Compaction test by COE, 2 by HAIR 

Ref : MKF & JEG 1988 



TABLE 2-3 
NUMBER OF TESTS PERFORMED IN 
MKE PHASES I & U INVESTIGATIONS 

TESTS Loess Ferrelview Clay Clay Till Basal Till Residuum TOTAL 
Sieve Analysis 12 39 14 4 7 76 
Atterberg Limits 13 45 ' 	10 2 ' 	2 72 
Shrinkage Limit 5 7 . 	1 0 0 13 
Specific Gravity 4 23 10 2 2 41 
In situ Moisture 17 . 	71 16 3 . 	12 119 
In situ Dry Density 11 33 15 3 4 66 
Compaction 0 16 0 0 0 16 .  
U U Test 1 12 2 1 0 16 
C U Test I 7 2 I 1 12 
Consolidation 2 10 6 0 3 21 
Permeability 3 13 9 3 2 • 	30 

13,7: 
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Phase III) and the recommended minimum number of tests from the sampling plan 
(MKF and JEG 1988) are shown in Table 2-4. 

The deficiencies identified below arise mainly from the changes in the conceptual 
plan of the disposal cell , from 1988 until the present, and the lack of good , quality 
undisturbed samples for the Clay Till, Basil Till and Residuum materials. The results 
of the deficiency analysis for each soil stratum are: 

• Topsoil/Fill and Loess - These two layers are scheduled to be removed and 
hence the numbers of tests performed on these layers are considered to be 
adequate from a foundation design standpoint. 

• Ferrelview (Formation) clay - Though this layer seems to have been 
adequately sampled and tested for previous cell locations, there are certain 
geographic regions, mainly the northwestern corner and the northern and 
southern portions of the potential disposal cell area, where additional data are 
needed because of the possible extensions of the disposal facility into these 
areas. Additional information is also needed for the design of temporary 
facilities such as the site water treatment plant and retention ponds. 
Therefore additional tests, including strength and consolidation tests, are 
recommended for the Phase HI testing program. 

• Clay Till - The previous investigations (pre-1988, MKE Phase I and MICE 
Phase II) of this soil stratum concentrated mainly on classification testing of 
disturbed samples due to the lack of undisturbed samples for strength and 
consolidation tests. Additional testing is required in Phase III to remedy this 
deficiency. 

Basal Till and Residuum - The number of tests on Basal Till does not meet 
the requirements given in Table 2-4. Testing of Residuum is also minimal 
due to the lack of soil samples. However, because of the depth and the 
anticipated strength and stiffness of these materials, the impact to the disposal 
cell design is minor and therefore, the normal minimum test requirement of 
3 to 5 tests for strength and consolidation parameters can be waived to 
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TA131,F. 2-4 	 • 
TOTAL NUMBER OF VALID TESTS PERFORMED AS OF JULY 1991 

AND THE RECOMMENDED MINIMUM NUMBER OF 
GEOTECIINICAL LABORATORY TESTS 

" 	 . 

TESTS 
Loess Ferrelview Clay Cliy Till Basal Till Residuum 

Performed as 
of 1991 

ecommended 
minimum (I) 

Performed as 
• of 1991 

ecommended 
minimum (I) 

Performed as 
of 1991 

ecommended 
minimum (1) 

Performed as 
of 1991 

ecommended 
minimum (1) 

Performedis 
of 1991 

ecommended 
minimum (1) 

Sieve Analysis 
Atterherg Limits 
Shrinkage Limit 
S'Ocific Gravity 
In situ Moisture 
In situ Dry Density 
Compaction 
U U Test 
C U Test 
Consolidation 
Permeability 

20 
22 
.4 
6 

25 
10 
0 
6 
3 
3 

14 

(2) 45 
4R 

 4 
24 
59 
31 
16 
13 

8 
11 
35 

5 
12 
- 

'3 
1 8 
18 
2 

- 	5 
3 
5 
5 

17 
15 

I 
10 
24 
21 
• 0 

4 
3 
7 

16 

5 
12 
- 
3 

IR 
18 
2 
5 
3 
5: 
5 

9 
7 
'0 
5 

- 	7 
6 
0 
2 
3 
3 

5 
12 
- 
3 

18 
18 
2 
5 
3 
5 

12 
3 
0 
4 

14 
7 
0 
0 

. 	1 
3 

(2) 

(I) Ref : MKT' & JEG 1988 
(2) No minimum number was recommended for Loess and Residuum materials 
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reduce time and cost factors.. Undisturbed samples obtained from the Phase 
III investigation were tested to determine soil characteristics. 

2.5 PMC Phase 111 Investigation 

The PMC Phase III geotechnical investigation was conducted between April and 
September 1991. The field activity, consisting of the drilling and sampling of 7 
boreholes at the WSS, was completed on April 15, 1991; and the laboratory testing of 
soil samples, conduCted by Chen-Northern, Inc. and JTC Environmental Consultants, 
Inc., was completed in August 1991. The locations of the boreholes, numbered GT-68 
through GT-74, are shown in Figure 2-1. Drilling was performed by Geotechnology 
Services, Inc. under the supervision of a geotechnical engineer from M-K 
Environmental Services. A field report and the boring lOgs are presented in Appendix 
A-1 and A-2, respectively. 

Drilling was accomplished with a Central Mining Equipment CME-750 drill rig 
using continuous hollow-stem flight-augers having an outside diameter (O.D.) of 7.5 
inches and an inside diameter (1.D.) of 3.75 inches. All holes were drilled to, auger 
refusal at the top of bedrock. No rock coring was performed and groundwater level 
was not measured. 

Soil sampling was performed on 2.5 foot centers. Disturbed soil samples were 
obtained using a 2.0-inch O.D., 1.5-inch I.D. Standard Penetration Test (SPT) sampler. 	- 
Selected portions of each SPT sample were placed in capped glass jars. Relatively 
undisturbed samples were obtained using a California split-barrel sampler having an 
O.D. of 3.0 inches and I.D. of 2.5 inches. Four 6-inch long, 2.5-inch I.D. brass liners 	• 
were placed inside the California sampler to retrieve samples. Each retrieved, 6-inch 
liner was capped and taped. Both the SPT and California samplers were driven a 
depth of 18 inches beyond the lead auger using a 140-pound safety hammer, free-falling 
30 inches. The number of blows required to drive the SPT sampler for each 6-inch 
interval was recorded and the final two 6-inch drives were summed and expressed as 
blows per foot (commonly known as STP blow counts for the STP method). 
Undisturbed samples, where possible, were obtained by hydraulically pushing 3.0-inch 
diameter, 36-inch long steel Shelby tubes to a depth of 30 inches. Upon retrieval, both 
ends of the tube were sealed with molten bee's wax, capped, and taped. Any excess 
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space in the tube after waxing was filled with cuttings to prevent or minimize 
movement of the sample within the tube. 

Soils encountered Were.. described in accordance with the Unified Soil 
Classification System (USCS). Samples not selected for testing were stored on-site in 
Building 410. 

All borings were abandoned by plugging with Volclay Grout manufactured by 
American Colloid Company, following standard procedure performed in earlier WSSRAP 
investigations. 
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3 SUMMARY OF TESTING PROGRAMS AND, RESULTS 

3.1 Summary of Geotechnical Testing Programs 

The purpose of the laboratory testing programs was to provide geotechnical data 
to characterize the subsurface soils and potential clayey Borrow Source Nos. 1 and 2 
for use in various studies and design of the proposed disposal cell and related facilities. 
Geotechnical engineering parameters were or will be developed from laboratory test 
results and substantiated by comparison to field data and empirical values. 

Test results from the pre-PMC investigations (prior to 1988) were reviewed and 
evaluated by the PMC in 1988. The findings were presented in the 
Geophysical/Geotechnical Investigation Sampling Plan (MIFF and JEG 1988). For 
reference, Table 3-1 shows the summary of average test results from pre-PMC 
investigations. The numbers of valid results from tests of each type performed in these 
investigations are shown in Table 2-2. 

The PMC geotechnical laboratory testing programs for Phases I, II and III 
investigations were conducted by various laboratories from June 1988 to July 1991. The 
numbers and types of all tests performed for each soil stratum under these three phases 
are listed in Table 2-4. A total of 9 testing programs for the disposal cell site vicinity, 
intermittently numbered one through twelve, were implemented. Table 3-2 summarizes 
the dates each program was transmitted for testing and the respective laboratory 
assigned for the testing. These programs were planned in stages to facilitate testing 
as samples were obtained during field investigations. Typically, each program specified 
which soil samples would be tested, the type of tests, the testing methods and specific 
testing instructions. 

The five laboratories that conducted the testing were: 

• Chen-Northern, Inc., Denver, CO 

• Geotechnology Engineering and Environmental Services Inc. (Geotechnology), 
St. Louis, MO 
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Moisture Centrifuge 
Content Moisture 
Equiv. 

• 11 

24.7 45.4 

0.6 8.5 
7. 5  

19.3 39.7 

3.0 5.7 

15 	13 

20.9 	38.5 

3.8 	2.1 .  

3 	2 

wet-434.rvc 	 120690 

TABLE 3-1: 	AVERAGE VALUES OF LABORATORY TESTING RESULTS 
FROM PREVIOUS (PRE-1988) INVESTIGATIONS. (Sh. 1 of 2) 

Unit 
• StatiStic(6)  

of Grain Site 
Plastic 

tiquj4. Index 
Limie".Classif.. 

Unified 
 SoiS 

(g/cm ) 

Specific 
Cravitii 
(lb/ft 

Unit Weight 
Dry 	Wet 

) 	(t) Gravel SOnd Silt Clay 

Loess Na 0 4.4 64 31.6 30 13 Cf. 2.58 98.8 110.0 

S 0 1.3 4.0 • 7.1 12.4 

N 5 5 5 5 1 1 

Feereiview Na 2.8 9.8 40.6 39.6 52.2 35.1 CL-CH 2.61 101.3 122.3 

Formation S 4.1 5.5 6.9 10.9 7.8 7.5 0.07 12.4 9.4 

N 10 10 to 10 8 8 11 8 

Clay Till Na 0.4 22.4 31.7 45.6 50.3 14.2 Cl 2.60 104.8 123.8 
S 1.0 4.5 2.4 4.5 10.5 8.4 0.09 4.4 7.0 

N 18 18 18 18 16 16 16 18 14 14 

Mosel Till Na 10.7 18.7 39.8 30.8 41.6 23.6 GC•Cl 2.45 99.8 118.6 
S 17.1 14.3 23.0 8.1 14.1 11.7 - 7.8 8.1 
N 6 6  6 6 5 5 5 1 5 5 

Fill. Ni 20 48 10 13 SR 2.45 

1 1 1 1 

" ) Statistics given are: Na - mean; S • sample stondard deviation; N • number of test result. in computation of statistic 

(b)Blanks indicate data of the type indicated were not available In the Bechtel Nation41 (1987) reference 

(c)Void ratio - (specific gravity x unit weight of Mater - 1)/dry unit weight 
(d)Specific retention - centrifuge moisture equivalent x 0.80 

(e)Specific yield • porosity - specific retention 

(f)Safon 0 (specific gravity s moistre content)/vold retie 0 
--------(9)iii 	i■ ii(egtic index/percent of clay 
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TABLE 3-1: 	(CONT.) AVERAGE VALUES' OF LABORATORY TESTING 
RESULTS FROM PREVIOUS (PRE-1988) INVESTIGATIONS. (Sh. 2 of 2) 

Unit 

Effective 
Specific 	Specific 	 Cation 	Distribution 

Void, . 	Porosity 	itetentdpn 	Tle14 	 . 	Exch. Cap. 	Ratio 
Ststiatic") 	Natio`e ' 	(X) 	(t)" 	(%) (e ' 	Saturstion" )  Activity"' 	(meq/1000) 	(00/1) 

Loess 
	

Ns 

S 

0 

Ferrelview 	Ns 	0.61 	38 	 36 	 2 	 100 	0.89 	60.3 	54.8 

Formation 	 S 	 •. 

N 

Clay Till 	N. 	0.55 	35 	 32 	 3 	 91.2 	0.75 

S 

Bassi Till 	No 	0.53 	35 	 31 	 4 	 96.6 	0.77 

0.1 

2 

9.7 

2 

69.0 34.2 

11.7 6.2 

2' 2 

29.0 206 

1 1 

Fill 
	

Ns 

S 

(e) Stetistics given ere: Ns • mean; S • sample standard clevletlen; N • number of test results in computation of - statistic 

"'star*. indicate data of the typo indicated were not svall.ble in the Bechtel National (1987) reference 

( "Void ratio • (specific gravity x Unit weight of water -1)/dry unit -weight 

(d)SPecifIc retention • centrifuge moisture equivalent A 0.80 

(e)Specific yield • porosity 7 specific retention 

( "Saturation • (specific gravity A moisture content)/void ratio 

"'Activity ■ plastic index/percent of clay 

ql In.. el 	 I 	 



TABLE 3-2 Summary of Soil Testing Programs 

TEST PROGRAM # REQUE-ST NO. DATE REOUESTED PURPOSE LABORATORY 

1 1 06/23/88 Administration Building Chen—Northern, Inc 

2 2 07/27/88 Raffinate pit No. 4 Chen—Northern, Inc, 

3 3 10/14/88 Disposal cell Chen—Northern, Inc. 

5 2A 05/26/89 Disposal cell Geotechnology/metaTRACE/Chen—Northern 

6 3A - 06/26/89 Borrow sources 	 • Gentechnology/metaTRACE/Chen —Northern 
/Hannibal Testing 	 - 

. 7 211 08/25/89 Disposal cell Geotechnology Services, Inc. 

8 5 10/11/89 Temporary Storage Area Geotechnology Services, Inc. 

11 8 08/03/90 Material Staging Area Geotechnology Services, Inc. 

12 05/00/91 Chemical Plant and Site 
WTP 

Geotechnology Services, Inc. 	 . 
. 

 

41 
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• MetaTRACE, Inc., Earth City, MO 

• Hannibal Testing Laboratories, Inc. (HTL), Hannibal, MO 

• JTC Environmental Consultants, Inc. (JTC), Maryland, MO 
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Chen-Northern performed the first group of tests, in 1988. Geotechnology 
performed the laboratory testing in 1989 and 1990, except for the cation exchange 
capacity tests and the capillary moisture tests, which were subcontracted to 
metaTRACE, Inc. and to Chen-Northern, Inc., respectively: In situ samples taken by 
drive tube methods from the vertical walls of off-site clay borrow test pits in 1989 
were tested by Hannibal Testing Laboratory for natural moisture content and dry 
density. Chen-Northern again performed soil tests in 1991; and the soil chemical tests 
were performed by JTC Environmental Consultants, Inc. 

Soil test samples from 1988 were shipped in specially constructed wooden boxes 
to Chen-Northern in Denver by overnight air freight. These samples , were discarded 
following the testing. Samples designated for Geotechnolog were transported to their 
St. Louis location in site vehicles. The samples from the material staging area were 
returned to the site for storage for possible future testing. The rest were discarded 
after testing. Samples for Chen-Northern in 1991 were transported to . the Denver 
location by air. Samples for JTC were transported by land to the Maryland location. 
These samples are being stored at the laboratories after testing and will be discarded 
12 months following completion of the test program. 

Standard test methods were used to conduct the testing to follow standard 
practices and to assure that the laboratory test results are reliable and compatible with 
empirical correlations. Most of the laboratory soil tests were performed in accordance 
with the American Society for Testing and Materials (ASTM) standard test procedures 
(ASTM 1991). The triaxial 1.1ear tests, which included the consolidated undrained 
compression tests with pore pressure measurements (R tests), the unconsolidated 
=drained compression tests (C2 tests), and the triaxial constant-head permeability tests, 
were all performed in accordance with the methods described in U,S. Army Corps of -
Engineers Manual EM 1110-2-1906 (COE 1970). The cation exchange capacity test 
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u.as performed in accordance with U.S. Environmental Protection Agenc\'s (EPA 1988) 
SW 846, 3rd edition. Test Method .9081. The pH, sulfate content, and chloride content 
tests for soil corrosivity were performed in accordance with EPA Methods for Chemical 
Analysis of Water and Wastes (MCAWW) test methods (EPA 1982). 

Special instructions or Slight modifications to the standard test methods were 
included in the test programs. These usually included specified confining pressures for 
triaxial shear and consolidation tests, consolidation loading increments, and density and 
water content for remolded specimens. 

The laboratory tests and methods used in the testing programs included (ASTM 
1990, COE 1970, SCS 1967, EPA 1982 and 1988): 

Sieve Analysis - ASTM C136 
• Sieve Analysis with Hydrometer - ASTM D422 
• Atterberg Limits - ASTM D4318 
• Shrinkage Limit - ASTM D427 
• Unit Weight/Void Ratio - ASTM C29 
• Specific Gravity - ASTM D854 
• Moisture Content, - ASTM D2216 
• Dry Density - ASTM D2937 
• One Dimensional Consolidation Test - ASTM D2435 
• Triaxial (R) Compression Test - EM 1906, Appendix X 
• Triaxial (0) Compression Test - EM 1906, Appendix X 
• Triaxial Permeability - EM 1906, Appendix VII 
• Capillary-Moisture. Relationships - ASTM D2325 and D3152 
• Moisture-Density . Relationships - ASTM D698 
• Cation Exchange Capacity - EPA SW 846, #9081 
• Sulfate and Chloride Contents MCAWW 325.3 and 375.4 
• Acidity/Alkaline,. pH - MCAWW 150.1 
• Percent Solids -.mpAww 325.3 
• Soil Resistivity - ASTM G57, with modification. 

Table 3-3 shows the number of tests by each test method on samples from the 
administration building area, the material staging area, the raffinate pit No. 4 dike, the 
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TABLE 3-3 : NUMBER & TYPE OF LABORATORY TEST ACTIVITY 
ACCORDING TO SPECIFIC AREAS 

CHEMICAL MATERIALS RAFFINATE BORROW ADMINISTRATION 
TESTS . PLANT STAGING PIT # 4 SOURCES BUILDING 

AREA DIKE 
Sieve Analysis 46 17 16 18 
Atterberg Limits 35 16 14 20. 10 
Shrinkage Limit 4 - - 4 7 . Specific Gravity 30 - 3 13 ' 3 
In situ Moisture 82 - 16 20 11 
In situ Dry Density 57 - 10 - 8 
Compaction 13 16 - 12 1 
U U Test 17 - - 6 2 
C U Test 7 - 5 6 - 
Consolidation 21 - - 3 3 
Permeability 45 17 I 13 - 
Capillary Moisture 8 - 12 - 
Cation Exchange Capacity 8 - - 6 - 
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clay borrow sources, and the chemical plant area including the TSA. A brief discussion 
of the significance and applicability of each type of test and test results is presented 
in the following sections. 

Table 3-4 shows the summary of all soil test results 'from the MKE Phases I, 
II and III investigation programs. Laboratory test data and results (Phases I and II) 
received by the PMC prior to December 1990 were presented in the Appendix of the 
geotechnical investigations report (MKF & JEG 1990b). Test data results (Phases II 
and III) received by the PMC after December 1990 are included in Appendix B. 

3.2 	Subsurface and Potential Borrow Source Materials and Data Reduction 

The soils for testing consisted of the subsurface soils at the WSS and clayey soils 
in the two selected potential clayey borrow sources shown in Figure 1-1. 

The subsurface (overburden) soils at the WSS were groL?ed according to the 
geologic stratified units identified during field investigations and soil data reduction. 
Geologic profiles (cross sections) were generated based on boring log data and test it) 
results (Figures 4-1 through 4-4). The geologic units encountered at the site, from 
original ground surface to top of weathered bedrock, are: 	Topsoil, Fill, Loess, 
Ferrelview clay, Clay Till, Basal Till and Residuum. Most of the subsurface soils at 
the site were clayey soils with varying degrees of silty, sandy or gravelly contents. A 
small percentage, usually within the loess or deeper geologic units such as the basal till 
and the residuum, were clayey silt' or clayey gravels. A summary description of each 
geologic unit (also referred to as soil unit or soil type) from the earlier reports (MKF 
and JEG 1990a and b) is presented here for reference. 

Topsoil/Fill  - The uppermost soil unit at the site consists of large areas of 
disturbed fill and a thin veneer (less than 6 inches) of top soil. Fill is highly 
variable in thickness and composition. Large volumes of fill were used in 
constructing the existing dikes for the raffinate pits and Ash Pond (up to 20 
feet thickness). Fill was also used for general site embankment construction, 
site grading, and drainage control prior to the construction of the chemical 
plant structures. 
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GT-41 SS-CII 3.5 1.0 CL I6 29 11.0 27.9 94.1 

, ..I 
TS 

25-02 4.0 1.3 CL 44 29 17.1 20.4 93.1 •._ ■-. 
13 

SS-04 6.0 7.3 CI. 40 23 74.5 F  I._ 

•.. 
(77-47 21-03 9.5 12.0 16.9 113.3 C 

SR-011 17.0 11.3 17.1 119.4 . - 	 - C 

r 
GT-41 SS-02 1.3 3.0 11.5 

ST•54 6.0 8.5 Ct. 49 32 2.66 74.4 98.6 G11 31.4 91.0 e•460 

c••135 

14•••9 

t ■ I2 

• ,27.010 

30.5 

91.7 zo 

91.6 

Fa-9.01E-4 (0.07)•• 

K7.0E-11 	(0.29 )•• 

ST-10 21.5 73.9 CI. 0 26 74 47 32 ' 2.71 14.6 106.3 1111 10.1 106.7 960 
F 

C 

SF1•17 40.0 11.3 CL 31 12 1.59 11,6 109,9 11.7 s.:106..3 

31.4 

In 

106.1 

F. 	10.45 

	

K6.0 	-11 	P"' r  

0.4.1e- I 10.721•• 
I. 

35-79 117.0 57.0 19 46 25 20,4 
I._ ■ 

GT-44 ST-03 3.0 7.3 17.6 106.7 471; 19.3 101.9 r.190 

o'.1••1 

"424 

j'..51 

- 
I SR-I0 22_5 21.0 43.0 76.3 

♦ r . 

(T-IS 5S-01 1.n 2.3 10.1 TS 

91-04 . 7.7 10.0 71.3 101.5' F 

71-07 15.0 17.5 22.1 1114,3 19.9 o 

23.5 

109.3 .1.11.1 1 7. 

107.1 

3 	(0.211•• 

f42.0F.-11 (0.54)•• 

. C 

Gr- -44 3r-‘35 - 3.0 7.3 72.7 90.6 0.207 0.027 6.6 10.0 6..105.7 

11.5 

u. 

101.0 

5.0f.-4. (0.05•• 

3.01:-13 	(0.43• 

F 

G1-47 ST-03 10.0 .11.3 CL 0 2 98 45 71 2. 69 22.9 99.5 0.716 0.06n 6.3 

4 
911-09 20.0 27.5 C11 31 36 70.3 77.1 
SS-1• 37.3 34.0 14.1 

No mei ...d ,  . 	Nor t Nabs d fee UU It CU 14.1• .w •.4.6a. Labe.. 	 • SW Precise T. 	• dial lo Ingle 46.11664 p6...ups..4.1ol9 osu11d Is Al glos grabs*. 

Slow 	conecildliles rd porreiwbOlty  es' wen partommi4 a undlinntad •44710.4 unless 44114444144 
G..... I? 	4.1. 0.14n 	 _I 5.01 I NO,. 

 

zost./19144, sinks dun in 	 poiformrd m Spit% Spasmiiiplisil4Warbetsseepthig 
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TABLE 
WSSRAP 

3-4 : SUMMARY OF SOIL TEST 
Feerve9 

RESULTS 
Geotechnical Characterization 

Ton P77 

61tonher 

Sample 

Number 

Depth Lab 

Clime 

USCS 

114echanlad Aftalyei• 	. Anotheni Linke Sht;nh 

-41c 

tirnii 

, 	s 

Spetiflo 

Gmaint 

0 

Plentral 

• 

Connoninn• Sheer Sitemelh Caseolidnion Pernwebil it' CepJle7y 

7.061nue 

Cation 

Fief 

Cap 

Calif 

Brotin" 

Role 
•---- 

Soil 

Unil Optimum 

To. 

Inni41 

c PIO From To Greve/ Soul Fines U, PI . rd . rd .. 	v Yd .... Cc C, Pp er Yd 6 	(Cm( Pr) 

0 n t s ' 	IS S S S pct S pct 9 rot par c14" ka S pcf cv4r., 	run S nag/1007, 
.--- 

GT-54 ST-03 4.5 7.n CL 0 3 97 42 23 21.1 100.1 CI) 74.9 97.6 17.270 	77-;19 

c'...190 ,1.13  

7  TS 

.----- 
I. (rr-s4 ss -rm (7.n 12.5 71. ■ 

1 

GT-17 ST-07 2.5 3.0 77.7 96.0 1 

31 -04 .  7,7 10.0 CL/C11 0 I 99 50 79 2.71 30.7 64.4 0.260 0,041 6.7 711.1164 

30.9 

94.01e 

92.8 

	

1.0E-3 	10.141• 

	

4.0E-6 	10.5) •  

I. 

ST-06 17.5 15.0 al 0 I ~ 	09 31 3) 7,61 27.6 103,7 III 71,4 701.73 7460 0.462 0.042 111.5 
1.-- 

1.0E-04 

ST-07 17.5 70.0 CL 42 27 71.1 105.0 In.1 71.3 103.9 1390 
l- ,:" ■ Cif-33 

I 

511-17 27.7 29.0 70 50 71.7 99.6 •ll 71.7 101.4 e•201 	IT.13 

.4',-160 	it'.16 

0.268 0.096 7.6 3.0E-09 

i.. 

6 

GT-36 51-172 5.0 7.5 CL 0 2 97 30 17 7,67 20.4 101.1 III/ 17.7 101.9 1110 0.3110 0.033 9.9 1.9E-1111 1 

76.3 911.1 

CII 77.1 101.3 o-130 	7/...71 

e,710 	p4431 

26.710 

• 

29.7 

96.1 to 

,, 	97.6 

7.0E•7 	(0.14)•. 

c).0F. • IF 	(0.51•• • 

 F ST-04 10.0 17.5 

ST 06 11.0 171 CI. el 76 74 414 79  19.0 109.9 0141 0.061 30.0 7.0E-07 	' C 

SR-011 19.5 21.0 Cl. 0 19 81 42 27 3.61 71.5 101.6 In) 77.1 i01.6 1660 C 

Si-09 77.0 23.5 C11 1 6 90 71 70 27.1 I 

CT-77 50 -02 5.0 6.7 16.3 1..- I. 

91-03  7.3 10.0 Cl. 42 21 27.4 93.5 III1 70.9 104,4 7699 L 

3-(.9(, 17.6 16.3 77.7 F 

7n II 71,9 70.17 11 in 11 17.7 • 

GT-17P ST-01 	. 7.5 5.0 CII 0 4 _ 06 ' 	54 73 77.9 

F- 

2.0F•7 	(1) 

1.0E-711 - 
ST-0) 7.5 10.0 CH 0 5 95 66 16 2.69  16.6 0.207 0.040 7.0 21.9 .4. 

331 

104.6 6.0E-8 	(1) 

<1.0E-9 (3) 

91-09 12.3 24.0 2.65 0,730 0.071 74.3 4.0E-17 	(7) 

<1.0E-9 (4), 

C 

SR-II 71.1 29.0 GC 30 10 40 1.) 117.4 " 

ca-59 . ST-07 5.0 71 t. 23.0 to 

21.1 

107.4 

	

4 .09-7 	(II 

	

7.0E-7 	(3) 	_ 

Nene 
	

V•2421111 of ee • V (of IJL1 CU now are we are .614.14. 	 • Sad Orono. Ten 

37_ inteurtyeeerollelnlon end petwo•hUlry awe we 'infonaut, 916 tandinetleed aeopleo orlon orhonotes nned. 

Scope/a 17 of Otle table ref Iowa! of Snelhdtr 

• • 1)4.4./61441 Wm remit. duo to kW/ o••lining pruners, which nendied In higher Wow. 

••• Pne4044 	70odi4 due to tonlog 1obl" perfernnol on Bpi" Spenn monolog (ellannbed moraine rne•hnd). 
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TABLE 
WSSRAP 

3-4 SUMMARY OF SOIL TEST 
r.n,:. 

RESULTS 
Gentechnical Characterisation 

Too P11 

1441.1*/ 

r  Sample 

Morals, 

Dopdt Lob. 

Clow 

11SCS 

Modasoloal An ly•Io Aosrhota Lboho Shno► 

-4oe 

1.1..i1 

s 

s,.66, 

GrevIry 

f"; 

Na,....) f:...„mr...;...• m... Strength COndolidrOinn Pooloshillsy 	 ‘Zarillaty 

34,41u/9 

C.,o 

Each 
Cm  

Calif 

Ro0164 

0 erla 

Sail 

11910 11p9 .9•99% 

Tea' 

Ming' 

g Phi From To Gr../ Send Fiero  1.1. PI .. rd . rt. Iv •Ir 7:1 ow 
---, Ce . r. Pp ; 1 	tr...r Po 

n n s s .s s s 1< rd s pr( s re r. ( deg • kg( 11 rd .../.. ibtn . I 
,--.---1--, 

men 1 1011, 
---,rn-,,--..-- 

GT  -59 . sr-on ts.n 17.3 _ 19,316 

30. ) 

110.3 91.0E-9 oi 

---...-..-..----....--..., 

(71-60P ST-04  12.3 15.0 2.77 27.0 104.5 6.......-,-. 
0. 1711 0.035 9 .7 .. .. ■ . V 

1T-60P ST-10 L27.5 30.0 CL 21 , 	'79  44- 27 1.70 19.0 109.5 0.107 .9.647 1.6 111.7 in 

' 19.6 

109 . 1 1.01:-11 	1:11 

<1.0E•9 (6) 

C . 

• 
311 77 41.11 41.5 CI. 7 16 77 1 11 - 411 199 11/•.1 co .1110 

c'•1111 

/1.40 

7  -74 

19.0 to 

70.9 

101.5 

101.1 

19E. I 	f 42 

7.IIC- 7 	(71 

5%-16 15.0 16.5 SC )7 37 311 n 

.,I 	•: 

OR-17 49,5 49.0 SC 22 50 29 1 1 0 6. 

'11.4 

1113.1 i pi 	7 	tg, 

7.1111.7 	171 

V1-61 55-13 12.5 34.0 C11 - 	0 77 71 

SR-It 50.5 51.5 . cc 36 34. .30 11.0 119 0 I 

.77-67 ST-07 17.5 20.0 

.. 	. 

79.0 75.71. 

71.5 

inn.5 5:0E-s 	at 
<1.0E-0 (1) 

F 

5R- 73 . 39.0 70.0 GC 41 17 ' 	an 7.76 11.377 0.071 10.7 

. 

7.91. 

1111 

1210.1 1.0•-5 	CI) 
e ea) 9 	(1) 

GT-63P ST 01 2.7 !.0 CII 6 7 B7 51 12 
r 

72.6,6 

74;7 

10174 7 (11,..9 	(II 	" 

57-09 22.3 25.0 Cl. 0 23 75 4 79 7.71 16.4 11)9 0.701 0.1136 15.0 17.616 

19.1 

110.0 0 OF. 9 	(/) 

SR-17 30.0 10.5 SC ,40 11 1) 

GT•65P SR-16 40.0 •1.5 GC 41 24 34 • . 

. 

29.5 to 

11.0 

111.3 11.00-7 	(4 

1 111 ,.•7 	(7) 
. 

(TT-67P 51-011 20.0 22.3 17.916 

19.1 

110 7 1 0E-7 	(1) 

471•69 66(0 73.0 27.7 CI. 7 24 71 47 31 7.69 16.1 1 In 0.770 0.019 12.4 

6911 37.3. 71. 0 CL 1 4 91 40 17 

61115 37.3 39.0 9 7 94 

(71 -69 6906 11 17.3 -Cl. 79 72 41 79 14.1 112.1 MI 711n 

Niro 	Veit,. of oo A Td foi UII A CII tem •ro Iwo age 	 • S6.1 Proglor I to 	• • I•nrelr hlr rto re•911 doe r• low nrolning pte.ou eg. shk4t menin' 91 hightr vett.. 

Stint 	111.00roolidoino and renne•hil lay woo 	Ferfan.46.6.1).1..1.1 earnple. orders oshrrgoire mind. 	• •• 	..a, i115-16 rr•tilta due to nnnnt 1ning re 	Sea Sr.", oomph.. (dirrorhn.f.gmrling .6.764 ) . 

See p 	ihis141•10 for kgenJ of 7.4 11.11. 
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TABLE 
WSSRAP 

3-4 : SUMMARY OF SOIL TEST . 
Feature 

RESULTS 	. 
Geolechnical Characterisation 

• 

Taal Pa 

Nu0040 

Sangria 

744447414 

Moth Lab - 

Clan 

MC'S 

Mothaoleol Anahmi• Afterharg Unita Shrink 

-age  

Limit 

IS - 

Sri:eine 

 Ilravity 

0 

Newel Co...ratline Sham Socncitr Conanli•lion PcnurAhility ...fillory 

Moirourr 

Grim 

Fad 

Can 

C8111 

Searing 

Rub, 

Sn1 

Unh ilvirnorn 

T., 

Innial 

,117.7. C 744 Fun, To Gravel Surd Fines IL P1 .; re - rd ..., Cc Cr Pp 4 k 	(Con( Pr) 

% 31 S.- S • ref F'd S cc( MI dec kat re mat.‘. (6,0 s .mil 1111, 

117-69 ..69011 - 	20 12.5 CI. in . 73 _1.77 11.0 116.1 1111 

(11 OA 1161 

agar) 

c-1770 

e'- 1 170 

. 

6-0 

'.73 

. 0.177 0.017 16.3 

6910 73 16.5 14)2.74 

(. 4 )7.19 

9.6 

GT - 70 7041 10 12.3 Ct. 0 7 9) 41 26  1.71 ILO 110.1 C11 19,8 110.1 6o710 

en1110 

/1716 

)1•20 

0.11) 0.061 13.) 

F 

• , 
GT-71 7106 20 22.3 CL 12 66 47 33 16.3 III 111 

1:11 

11.1 

20,9 

111.n 

1m.2 

4-7.14 

.0643 

..60 

en790 

,-17 
6.21 

p711 

s•-72 

0.4117 0.066 23.1 

C 

it 
7110 75 77.3 CII 54 . 39 2.72 .  20.9 106.3 

7111 	. 30 31.3 

- 

I 017.74 

1.42 7.44 

22.3 . 	as 

GT-73 1306 - 	13 17.3 C11 0,, 16 64 64 43 7. 71 
.•  

37.4 92.4 0.301 0.131 3.0 

7314 33 36.1 C1. 36 21 2.71 11.1 101.3 -0.162 0.037 2.17 6 

4:1-73 7316 10 0 : 3 CI: CII 50 33 7 417.70 

(•1)7.16 

In.1 I 

(71-74 7401 3 7.3 C•1 0 2 97 53 41 24.1 99.9 C11 14.7 99.9 c••710 

er.41111 

. )4-I6 

if .73 

TS 

7406 11 17.3 CI, 1 77 ri 12 ' 30 11.9 114.3 14' 11.6 110.1 e- i64 

c• - 1101 

F-71 

1t.32 C 

G1-7771 1111.01A 3.1 6.5 CL 0 2 90 39 11 7.69 78.1 11.4 ' 	109.0 C11 18.9 101.1 4.0 p-14 20.2 F 

1111-02A 6.1 11.0 CII 0 3 ' 	 97 52 ' 17 8 7.51 II.) 14,1 11911 1111 71.7 1n1.8 7170 0.71) 0.019 4.0 /1.00 

23.65 

' 	1114.4 2.4F-11 	(I) 20.3 68.14 F 

(71-27.77 111.1-010. 7.1 10.1 CL-M 0 1 93 27 6 7.68 77.1 17.1 116.1 49.07 F 

CIT-1114 1111-771* 1.0 11.3 CI. O 3 97 az 24 1: 74 75.9 16.1 104.3 C11 16.1 101.0 44910 

e-zon 
p-13 

;Poo, 

17.1 8).91 I. 

CT-7773 713-0IA 7.1 6.1 CI. 0 I 99 39 • 17 7.61 711.9 1111 26,7 97.1 7320 5 114 1 

413.01A 4,,0 8.3 1:1. 17.6 108.0 F 

N949 : Vol.,.. of or a 71 for UU A CU rem •ro awe age values. 	 • • SO Polon. Too 

Shear •ircorph • o•nrolidari•n nal retrnert8ilirr /u• urn ocrfneurei ear, ondloorIeJ •rmee. ember nrbererint 

Sae rage  1714 04. 1.144 fear !ecru' of Soil 1/016. 

•• 119.911 131, 491 frou11 JeO 9110er 0.90inint/ 949.999019, m6.4 runi9•1 inhiah9r valwo. 

•• • 1•3 ■•• ■1•19. on. 11.14e re.1.10.1.1r. resting bchra nerfortrord no Snlit Sinn. rornnlea (di ttttt brd raninInte ..<0.4 
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TABLE 
WSSRAP. 

3-4 : SUMMARY OF SOIL TEST 
. 	 Feature 

RESULTS 
Gentechnical Characterization 

Tod Pit 

Number 

Samples 

Norohat • 

Mph lab 

Chow 

USCS 

Mechankol Analysis Anorberg Limits Shrink 

-Imo 

1.1n711 

s 

Spneitic 

Gravity 

C. 

Neural Compaciino •  Shur Serrnsih - 	Consolideian Pennesbilily ..spOla 

nislu 

Carlon 

FJ Ch 

Csp 

Cad 

ResrSis 

bib 

Sol 

Usk ()ohms" 

EreatY.c... 
Initiol 

c 

ro 
44 

dol 

Fit.. To C1nosel Sand Fm I L PI ... 

s 

Iffli 
per 

. 
s 

Cc Cr 
kof 

w 

s 

fa 
pd 

■ 	(Conf PO 

n s s x s s en.l.c Ilan S mc.in an, 

4T-2775 RU-0212 6,5 12.0 CU 0 3 97 77 54 7 7.71 21.1 ■ 20 . 1 1172.3 CU 21 ; 6 99.3 4.310 

...47 
14.-13 

-it 
0.214 0.033 6.0 73.4 to 

74 9 

975 <1.41E-1. 	(I) 31.7 79.00 r 

MI  1111111.11 MIIIIIIIIII 
GT 2777 PU-018 1.3. 1.0 Cl? 0 I 33 2,13 14.6 16.6 141 4.3 CII I0 2 .99.9 4.111 

es270 

fr-I4 

'43 

I 7. • 1111111 
1110-02A 7.0 10.5 CL 0 '••. 3 97 49 26 2.66 74.6 19.2 104.1 27.0 te 

12.) 

103 2.0E-0 	(11 21,6 39.63 F 

(TT 1771 PU-01A 4.0 6.3 Cl.. 0 2 99 30 

2S 

II 

10 

2.11 14.7 11 .7 1140 1 1 U 14,3 110.3 23in 13.4 33.23 L 

.• 
1111-0711 6.5 12.0 CII 0 3 

. 	I .  

97 59 39 2.60 70.1 II 6 

.71.1 

11 2 6 

104 7 

1111 21,0 09.7 2310 24.0 
29.1 

90.7 4 OF- S 	II) 24.7 71.69 F 

GT-7770 1111)-01A 1.0 6.3 CL 7 99 49 - 16 II 2.72 14,0  
RU-02A 6.3 12.0 CII 0 ). 97 62 43 72.1 F 

(727110 BU 01A 0.3 • 0 CL 0 4 96 31 la mu F 

GT-111111 RU-01A 0.1 6.5 CL I 10 SO 36 II II 20.4 T3 
nu - mn 6.1 12,0 CI, 4 .96 411 23 21.0 . 13 

- 

GT-21121 RIJ-0IA 0.1 3.5 CI, 0 . 	4 96 41 13 13.9 F 
11U-02A 3.3 6.0 C11 0 3 97 52 31 211 . F 

RU-0394 6.0 1n.0 Cl - 2 21 77 4R 27 16.2 a - - _ C 

N or: 
	

V161100 Of 00 • d (nr UU • CI./ tale 10 average vature. 	• Oil Procter Tn. 

3h es. ssewsph,censolklalon rd porn...141hp toots %ens patfotmod on undisiehol ..mold unless otherwise steed. 

Soo NIR• 12 of this ..Me for teems, of Soil Units 

• • Unreliokle wet n...41. 4.e Ink,. a..ru. ioF nrennun.,..4.1.4$ rownlond In Alen, nolus. 

••• INveiblc unnrliAle reanle. doe to resting Acing performed re Span Spoon simples (disturbed santplins method). 
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TABLE 
WSSRAP 

3-4 : SUMMARY OF SOIL TEST 
r..1... 

RESULTS 
Temporary. Storage Area 

Test Pb 

Number 

Scorpio 

Number 

Depth Lib 

Cl... 

USCS 

PAuPpelcel Andyela 	-Auertwas 1.1:894 SIttlailt 

-ego 

1.1onl1 

9 

SpacIllo 

arsciry 

G 

Newel  Croopoctiont• Shun Stntnall. , 	COnaolilalloo Pan000ltility ropalary 

Moimsco 

Coins 

Luis 

Cap 

Ca/ lf 

Flarrini 

Ratio 

So0 

Uoll OpOrm m 

Tut 

In; ;.1 

c phl Fran To Gruel UM Flu. U. P1 .. Yd or 1"d sr on 'CI to Cc Cr Pp or '1'4 11 	(Can( Pt) 

% 9 9 9 9 9 pc2 9 I'd 9 pof 
_ 

..f dot 
- 

lur 9 pcf aorrec Own S moqr100o 

(113-I 71-03 3.0 7.3 Cl.  0 97 40 20 73.3 97.3 17.5 

(cum. 

1770-3 

101.1 

with 

ST-n2 

_ 71.1 

to 

73.1 

99.4 2.0E-7 	(1) 

(ccup sills 

GTS •3,ST- 021 

(-TS-2 ST-02 2.3 3.0 23.5 95.0 19.3 

(.....e.i.h 

((IS- ■ 

1 0 5 .0 

.91-04) 

21.7 

10 

. 77.7 

97.9 omr-s 	(I) 	. 

(Poop with 

MS-CST-04) 

P 

51-04 7.1 10.0 70.6 102.3 ■._ 

::,,i  . COMP 2.3 10.0 Cl. 0 3 97 44 24 

GT5-.3 ST-02 3.0 7.3 C11 1 3 96 33 14 

• 

29.6 99,9 komp. 

onaTai•I 

ST. 03 

ono (composite 

me MS - 1 

57-0)1 

P 

(TS-4 ST-01 7.5 5.0 C11 I 4 II 51 71 10.4 91.3 17.7 

(ontripl 

101.3 20.8 

to 

21.4 

402.7 7.07-7 	(1) 

(ononproliol 

F 

TT-01 7.5 10.0 CI. 0 
l- 

o 94 41 71 11.9 107.9 (Sur: 

S•-071 

5 2 

i- 

MS-5 01117( 0,0 5.0 C11 1 7 97 73 75 71.7 17.1 106.4 20.7 trti 

27.6 

101,0 7.01-11 	(11 73 

CT5-6 111111( 0.0 .. 	5.0 CL 0 1 99 1) 21 19.7 49.7 104,6 11.4 In 

21.0 

inn,0 1,010 	01 F 

075-7 71111X 0.0 5.0 C11 0 3 97 50 77 71.9 . 19.1 In2.1 71.0Io 

14.4 

94,7 
_. 

4 06. 8 	Ill TI 

Nome 
	Valve of at • Td for 1.111 • CV tau .10 notratio volts. 	 • Sol Pow... Trot 

Shoo, olrostint.ormooltdothort ord porroosItOloy wow .010 pow (nomad on undioionhas1 sample. nolo• enhortoloo @total. 

Soo pogo 17 of thir tahla for legend o1500 1.101t. 

• • 1 Involi Mg IOW 1V/S1110 duo to loot orinftnina protoniteo..411(11 moulted In higher value.. 

• • • Pomo ihlo wool i•tne moth. di. In *ling 1..ing retro...4ml on Split Spoon sample, 61 Woofed .Novi nia tr000hnell. 
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TABLE 3-4 
WSSRAP 

:.SUMMARY OF SOIL TEST RESULTS 
Feature Materials Staging Area 

Toni Pit 

14947iter 

3.rople 

Number 

Mph Lab 

Clem 

lAreetnanleal Minipill. Airrherg Limit'  Shrink 

- ego 

1.Mili 

SrecIllt 

anmily ' 

Rourt2 Cnninnrinn• Shin 11nrr6th Conernlictstion ►enmehaior Capalery 

Moirmay. 

Catkin 

Each 

Cop 

Calif 

Perrin,' 

Rain 

Sea 

Llak Cipiimme loillal 

c From To USCS Grovel Sand Fines LI, PI 	.   fl e• Ye "V Yd Tee .4. )rd .. phl Co Cr Pp or Yd 1 	(Cool Pr) 

A 11 S S 51 	- 11 S .  12 S pd S Pa S re pd deg lid S pd cmhec 	(0.f) 	- meq11001 
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Laboratory test' results for this material indicate that the moisture content 
ranges from 20 to 29%, the dry unit weight from 94 to 102 pounds per cubic 
foot (pcf), the' fines content . (minus No. 200 sieve) from 79 to 97% and the 
plasticity index (P1) from 11 to 42. 

  

   

• Loess — the Loess unit underlying the topsoil/fill is randomly scattered across 
the site, possibly because it is a wind blown deposit (MGS 1977). Loess 
distribution may , also have been affected by extensive reworking of the upper 
subsurface during site preparation and construction. Loess thicknesses ranging 
from a few inches to 10.5 feet were encountered during field investigations. 
Materials from this unit consist primarily of a mottled gray silt to dark 
yellowish-orange, clayey silt or silty clay. The Loess exhibits low to medium 
plasticity with a PI ranging from 10 to 34. It does not collapse when wet 
like other wind deposited soils that are commonly called loess and are 
typically found in this part of the country. Fines content ranges from 90 to 
99%. The moisture content ranges from 10 to 3l"1 and the dry unit weight 
ranges from 89 to 105 pcf. 

• Ferrelview — The Ferrelview (Formation) clay, which underlies the Loess unit, 
is one of the more extensive soil units within the site overburden. Unit 
thickness ranges from a few inches to 22 feet. This soil is typically dark, 
yellowish-orange to brown with grey mottling, siltyy clay and clayey silt, very 
stiff and of low to high plasticity (PI from 6 to 58). The percent of fines 
encountered ranges from 80 to 99%, the moisture content from 10 to 31%, 
and .the dry unit weight from 90 to 111 pcf. 

Some Ferrelview clay contains a higher percentage of silt, possibly derived 
from the underlying clay till. Samples of clay from this formation have a 
characteristic conchoidal fracture and often exhibit slickensides. 

• Clay Till — The Clay Till underlying the Ferrelview clay is the most 
horizontally extensive soil unit at the WSS. The thickness of this unit ranges .  
up to 30 feet. It consists of massive and very stiff, yellowish brown, silty clay 
and clayey silt having a medium to high plasticity with minor amounts of sand 
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and rounded to subrounded gravel. The PI generally ranges from 25 to 50. 
The fines content ranges from 55 to 95. The moisture content ranges from 
11 to 36%, and the dry unit weight from 72 to 119 pcf. 

• Basal Till  — The Basal Till is found mostly in the western and north-central 
portions of the site. The unit ranges in thickmess from 0 to 8 feet. It is 
typically a yellowish brown, sandy-silty-gravelly clay to clayey gravel. The 
Basal Till is more gravelly than the overlying soil units. Test results show 
that the PI generally ranges 12 and 39, the fines from 28 to 98%, the 
moisture content from 11 to 26%, and the dry unit weight from 102 to 119 
pcf. 

• Residuum  — The Residuum is found immediately above the bedrock 
throughout the site region. It is laterally extensive on the site. This soil unit 
is interpreted to be a pre-Pleistocene weathering horizon of the underlying 
bedrock (BNI 1984). Its thickness varies from 0 to . approximately 25 feet. 
The material is a distinctive red to yellow, consisting of gravelly clay to 
gravelly silt, clayey sand, and gravel. 	The gravel consists of angular, 
weathered chert or limestone rock fragments. The interstitial clay is often 
highly plastic and forms a tight matrix around the gravel-sized , rock fragments. 
Samples obtained for testing probably represent residuum with higher fines 
content because of poor sample recovery from residuum with higher gravel 
content. The PI for the interstitial clay portion ranges from 33 to 50. Fines 
in the tested samples range from 15 to 90%, moisture content ranges from 
1 to 45% and the dry unit weight from 77 to 117 pcf. 

The typical range of values for each soil type given above are for the overall 
site. To reduce and evaluate the soil test results, average (arithmetic mean) values 
were specifically calculated according to soil types for overall site area and for the 
disposal cell area. These average values are presented in . Tables 3-5 and 3-6. Table 
No. 3-7 presents the average values for the suitable off-site clay borrow source 
investigated so far, namely; Sotirce No. 1. The number of tests .(points), maximum and 
minimum values and standard deviation are also shown in these tables. The values for 
borrow source No. 2 were not summarized because it was found to be unsuitable as 
a clay source (see section 4.3). 
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TABLE 3-5 :SUMMARY OF AVERAGING OF INDEX PROPERTIES I 
• FOR OVERALL AREA • 	. 	 11 . 	 .. 

Project Name 	WSSRAP 	
!I 

• 

Hole or 	Sample 	 Lab 	 ' 	 Shrin 	Specific 	Natural 
Trench // Number 	Depth 	Class 	Mechanical Analysis 	Arterberg Limits 	-kage 	Gravity 	Water 	Unit 	W'eigh't;,  

From 	To.. 	USCS 	Gravel 	• Sand 	Fines 	• 	LL 	P1 ' 	Limit 	G 	Content- 	d 	t 	II 
_ 	- ft 	ft 	% 	% 	% 	• 	% 	.5 	5 	S 	!xi 	Pcf Ii 

!TOPSOIL/FILL 	 ,. 

'Number of points 	 6 	6 	 • 	9 	9 	4 	. 10. 	5 	5 
.1.1ean Values 	 - 	0.3 	8.3 	91.3 	47.5 	29.7 	10.7 	22.2 	100.0 	123.0 
'Maximum Valuei 	 . 	1.0 	21.0 	97.0 	59.0 	42.0 	18.1 	28.6 	.102.3 	124.2 
:Minimum Values 	- 	 0.0 	3.0 	79.0 	33.0 	11.0 	10.7 	20.4 	94.4 	120.7 
Standard Deviation 	' . 	0.5 	6.1 	6.1 	B.4 	8.9 	2.8 	. 	2.7 	3.1 	1.3 

LOESS 
	

it 
Number of points 	. 	. 	20 	20 	20 I 	22 	- 22 	4 1 	6 1 	25'1 	10 	10 
Mean Values 	• 	 • 	0.0 	3.2 	96.9 I 	41.6 	. 22.2 	14.4 I . 	2.70 I 	20.8 	95.3 	120.9 
Maximum Values 	 . 	- 	0.0 	10.0 	99.0 j 	58.0 	• 	34.0 	19.4 I 	2.75 I. 	30.7 I 	104.7 	126.8 
Minimum Values 	 • 	0.0 	1.0 	90.0 I 	.30.0 	10.0 	8.3 	2.62 	9.9 -I 	89.i-116.5 

. 	. Standard Deviation 	 0.0 	2.2 	2.2 	8.0 	• 	7.1 	4.7 1 	0.104 	..' 	'4.7 ! 	4.3 	. 3.4 

FERRELV1EW CLAY 	 -tea  
' 	• Number of points 	 45 	45 	45 	48 	48 	4 	24 	59 	31 

Mean Values 	 .' 	• 	0.3 	5.1' 	94.6 	52.2 	32.8 	12.3 	2.69 	- 	22.6 	100.0 	123.6 
Maximum Values 	 .. 	8.0. 	20.0 	99.0 	82.0 	' 	• 	58.0 	17.5 	2.82 	32.4 	111.0 	133.4 	• 

:Minimum Values. 	 0.0 	1.0 	80.0 	27.0 	6.0 	7.3 	2.51 	13.8 	89.9 	114.4 
; Standard  Deviation 	 1.5 	4.4 	4:7 	.. 	12.5 	• 	11.8 	4.5 	0.07 	3.9 	5.2 	4.) : 

CLAY TILL 
Number of points 	 .. 

	17 	17 	17 	15 	15 	 10 	24 	21 	20 
Mean Values 	 0.9 	23.2 	75.9 	48.8 	32.9 	 2.71 	19.2 	105.7 	127.9 
Maximum Values 	 • 	• 5.0 	45.0 	95.0 	74.0 	• 50.0 	 2.79 	36.3 	119.4 	134.2 

,Minimum Values 	 • 	0.0 	5.0 	55.0 	39.0 	25.0 	 2.65 	11.1 	72.4 	113.0 
'Standard  Deviation 	 1.6 	9.0 	8.6 	9.1 	7.1 	 0.04 	5.8 	. 	11.3 	5.1 • 

BASAL TILL 
Number of points 	 9 	9 	9 	7 	• 	7 	 5 	7 	6 	6 
Mean Values 	 , 	12.1 	21.8 	• 66.1 	40.0 	23.7 	 2.69 	18.9 	109.2 	128.4 
Maximum Values 	• 	 36.0 	50.0 	98.0 	54.0 	39.0 	 2.77 	25.7 	118.9 	134.4 
Minimum Values 	 . 	0.0 	2.0 	28.0 	31.0 _ 	12.0 	 2.59 	11.0_ 	101.6 	120.9 
Standard Deviation 	 ' 	13.7 	15.8 	27.9 	6.7 	8.6 	0.06 	4.4 	6.6 	4.4 

RESIDUUM 
Number of points 	• 	' 	. 	• 	 12 	• 	12 	12 	3 	3 	 4 	14 	4 	4 

Mean Values 	 37.9 	19.3 	42.8 	63.7 	44.3 	 2.74 	. 	18.8 	95.4 	115.6 
Maximum Values 	 65.0 	46.0 	90.0 	71.0 	50.0 	 2.76 	45.0 	117.4 	124.7 
Minimum Values 	. 	 4.0 	6.0 	15.0 	50.0 	- 	33.0 	 2.70 	1.3 ' 	76.5 41118 

Standard Deviation 	 18.3 	13.2 	23.2 	SIJ 	8.0 	 0.02 	10.0 	15.1 MR 
....-- 

C 

40 
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TABLE 

Project Name 

3-6 :SUMMARY 

WSSRAP 

OF AVERAGING OF INDEX PROPERTIES 
FOR DISPOSAL CELL AREA 

Hole or) 
Trench 

Sample 
Number Depth 

Lab 
Class 
USCS 

Mechanical Analysis Ancrberg Limits 
PI 

phrirJusg 
Limit 

Specific 
Gravity 

G 

Natural 
Water 

Content 
Unit 	Weight 

From To Gravel Sand • Fines LL d t 
ft _ 	ft 	_ % % %  % % 	_ % % pcf pcf 

TOPSOIL/F1LL 
Number of points 1 1 . 2 1 1 
Mean Values 33.0 11.0 22.2 102.3 124.2 
Maximum Values 	- 33.0 11.0 22.9 102.3 124.2 
Minimum Values 33.0 11.0 21.4 102.3 124.2 
Standard Deviation 0.0 _ 	0.0  0.8 0.0 0.0 

LOESS 
Number of points . 12 12 12 12 	I 	12 	I 14 - 3 
Mean Values 0.0 3.7 96.3 4 42.5 	20.7  2.69 19.4 95.5 118.8 
Maximum Values 0.0 10.0 99.0 54.0 I 	29.0 2.75 30.7 101.1 121.7 
Minimum Values 0.0 1.0 90:0 30.0 	11.0 I 2.62 9.9 . 	89.4 116:9 
Standard Deviation 0.0 2.3 2.3 8.1 	6.4 	I 0.05 . 	5.0 4.8 2:1 

FERRELVIEW CLAY 
Number of points 24 24 24 27 	- 	27 2 17 32 14 14 
Mean Values 0.0 4.9 95.1 56.5 	36.9 . 	12.4 2.70 22.3 100.7 124.3 
Maximum Values 0.0 20.0 99.0 82.0 	58.0 17.5 2.82 28.0 110.1 130:8 
Minimum Values 0.0 1.0 80.0 39.0 	17.0 7.3 2.55 14.0 90.3 115.3 
Standard Deviation 0.0 4.8 4.8 12.5 	10.9 5.1 0.06_ 	.3.5 4.6 3.6 

CLAY TILL 
Number of points  12 12 12 11 	11 8 17 15 14 
Mean Values 0.8 25.8 73.5 4.8.5 	33.0 2.70 18.2 106.5 128.8 
Maximum Values 5.0 45.0 84.0 74.0 I 	50.0 ' 	2.79 33.7 119.4 134.2 
Minimum Values 0.0 15.0 55.0 39.0 I 	25.0 2.65 11.1 72.4 118.6 
Standard Deviation 1.7 7.7 7.3 9.5 I 	7.0 0.04 4.8 11.2 3.8 

BASAL TILL 
Number of points 8 8 8 6 6 4 6 
Mean Values 13.6 24.0 62.4 40.3 24.0 2.69 18.3 110.6 129.0 
Maximum Values 36.0 50.0 98.0 54.0 39.0 2.77 25.7 118.9 134.4 
Minimum Values 0.0 2.0 28.0 .31.0 12.0 2.59 11.0 101.6 120.9 
Standard Deviation 13.8 15.4 27.3 7.1 9.3 0.07 4.5 6.4 4.6 

RESIDUUM 
 

Number of points 9 9 9 2 2 2 11 4 4 
Mean Values 33.3 17.7 49.0 70.5 50.0 2.75  19.8 95.4 115.6 
Maximum Values 65.0 46.0 90.0 71.0 50.0 2.76 45.0 117.4 124.7 
Minimum Values 4.0 6.0 18.0 70.0 50.0 2.74 1.3 76.5 107.8 
Standard Deviation • 18.4 - 	12.1 23.4 0.5 0.0 _ 0.01 10.9 15.1 . 6.6 
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TABLE 3-7 :SUMMARY OF AVERAGING OF INDEX PROPERTIES 
• FOR POTENTIAL BORROW SOURCE NO. 1 

Project Name 	WSSRAP 	• 

Hole oroi 
Trench 

Sample 
Number 

- 	. 
Depth 

Lab 

Class 
USCS 

Mechanical Analysis Atterberg Limits Shrinkage 
Limit 

Specific 
Gravity. 

G 

Natural 
Water 

Content 
Unit 	Weight. 

Gravel Sand Fines LL PI d From To 
% % 5 % pcf pcf : 

Number of points 15 15 15 .16 16 4 10 25 • 8 8 
Mean Values 0.3 6.1 93.6 46.3 21.8 14.5 2.67 23.2 95.5 118.8 
Maximum Values 2.0 37.0 98.0 71.0 50.0 I 	22.2 	2.74 28.I 99.0 122.8 
Minimum Values 0.0 2.0 62.0 31.0 9.0 8.5 	2.55 11.1 89.1 110.3 
Standard Deviation 0.6 8.8 9.0 12.5 12.8 I 	5.2 I 	0.06 3.9 3.3 3.9 
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Data processing, reduction and averaging of the large number of test results were 
acvomplished by utilizing the standard PC software programs LOTUS(Lotus 1986) and 
ALLWAYS(Funk Software 1988). The PC program GRAPHER(Golden Software 1988) 
was also used to prepare' summary graphs and charts, utilizing data already entered in 
LOTUS. Evaluation of the test results and soil properties was performed as a formal 
calculation, and is presented in Appendix C. For presentation, specific symbols were 
selected for each type of soil unit and used consistently in the graphs throughout the 
report. Table No. 3-8 presents a legend of the symbols used in those graphs. 

The soils were tested in the undisturbed (in situ) state and in some cases, in the 
remolded (compacted) state. The undisturbed state applies to all geologic soil units 
encountered and the test results will be used mainly for foundation analyses. The 
remolded state applies primarily to the Ferrelview clay unit because soils within this 
unit will be excavated due to site grading and are suitable candidate soils as backfill 
or common fill. 

The clayey soils at the two potential borrow sources were investigated mainly for 
their suitability as potential disposal facility liner and low permeability materials and 
secondly, as common fill material. 

3.3 	Classification and Index Properties 

To verify, identify and characterize the soil units, a suite of tests consisted of 
particle size analysis, Atterberg limits, specific gravity, natural water content and dry 
unit weight was performed. Using the results of these tests and the descriptions 
provided in the boring logs, samples from field investigations were classified according 
to the Unified Soil Classification System (ASTM D2487). Unless indicated otherwise, 
all average values presented. in this report represent overall site values. 

33.1 Particle—Size Analysis 

The particle-size analysis or sieve analysis, with or without hydrometer, 
determines the distribution of the various particle sizes in soil. Standard sieves are 
used to separate particles of all sizes except silts and clays, for which a hydrometer 
analysis is used. Particle size distribution is used to classify soils, estimate permeability 
(using empirical correlations), and analyze the potential for particle migration at the 
interface of two soils. 

F.',WSSFtAP\DC\GEOCHAR.RPT 
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TABLE 3-8 : LEGENDS OF SYMBOLS USED IN GRAPHS. 

-4*,- 	TOPSOIL/FILL 
• O• 	LOESS 

FERRELVIEW CLAY 
CLAYI TILL 

0 	BASAL TILL 
-tx 	RESIDUUM 

• 

• 
44 

.7- 



• 110191 

Most of the soils encountered at the site contain more than 50 percent (by 
weight) of fines (percent passing #200 sieve). Therefore, the average (arithmetic mean) 
fbes content was calculated for each soil type and presented for comparison and soil 
characterization. 

As can be seen from Table 3-5, an overall average fines content of 88% was 
cziculated for the topsoil/fill geologic unit, 97% for Loess, 95% for Ferrelview clay, 
76% for Clay Till, 66% for Basal Till and 42% for Residuum.. The percent of fines 
generally decreases with the deeper geologic units as the gravel content increases. The 
average values indicate that with the exception of the Residuum, all soil units are 
ci.assified as silts or clays. The gradation test results for each geologic unit are plotted 
it Figures 3-1 through 3-6. The grain size curves plotted in the figures represent the 
average values and the maximum and minimum limits." The plots show that the grain 
size distribution within each soil unit, geographically within the site, are generally 
uziform with no apparent differences. Furthermore, the results for the FerreMew Clay 
a:e plotted for the overall site area and the following four geographical areas: the 
DDrthern chemical plant area, the southern chemical plant area, the Temporary Storage 
A_ ea and the Material Staging Area (Figures. 3-2B through 3-2E). The limits of each 
a.-ea are shown in Figure 2-1. Gradation test summary for Potential Clay Borrow 
Source No. 1 is shown in Figure 3-7. The average fines content is 94%. 

3.3.2 	Atterberg Limits/Plasticity 

Atterberg limits are index properties, and include liquid limit, plastic limit, and 
plasticity index. These properties are used in, classifying soils and estimating relative 
plasticity, consistency, and activity. In some cases, these properties also correlate with 
compressibility, permeability, compactability, shear-strength and shrink-swell 
ciaaracteristics: 

The shrinkage limit is .typically defined to be the water content required to just 
Eli the voids of a cohesive soil at the minimum void ratio obtained by drying. It is 
t.ed to determine the shrinkage potential or possibility of development of cracks in 
cohesive soils. The results range from 12 to 15% for materials tested, which include 
Loess, Ferrelview clay, topsoil/fill and Borrow Source No. 1 materials. 

45 MKES Doc. No.1840-D:SD-R-01-4071-03 F:\WSSRAP\DC\GEOCHAR_RFT  
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The results of the Atterberg limits for the various geologic units are plotted on 
the plasticity charts in FigOres 3-8 through 3-13-, and for Borrow Source No. 1 in 
Fizure 3-14. The topsoil and fill Materiali are predominantly classified in the CL and 

1.. CH categories according to the Unified Soil Classification System. The average liquid 
limit (LL) . is 48% and the average plastic index (PI) is 30. The Loess is predominately 
CL except for one sample !classified as CH and one as MH. The average LL is 42% 
and the average PI is 23 [. As stated above, test results for the Ferrelview clay are 
divided into the northern chemical plant area, southern chemical area, material staging 
area (MSA) and Temporary Storage Area (TSA) and plotted. This was performed 
because of the large number of data points available for this soil unit and alio because 
of the need to determine if the soil characteristics vary with geographical distribution. 
afferent symbols other than the standard ones cited earlier were used in the plot. 
With the exception of them aterial in the MSA, the plasticity 'of the Ferrelview clay 

II does not show any areal trend or difference across the site. This soil unit, as a whole 
fo: the site, consists of CL and CH materials covering a broad range of plasticity 

11 values. With the exception of one sample classified as CL-ML material (LL=27, 
P1 =6), the liquid limit for the soil unit ranges from 36 to 82% with an average of 
about 50%, and the PI ranges from 16 to 58 with an average of about 32. One 
sample was classified in the CL-ML category. The . Ferrelview clay in the MSA in. 
general has a higher plasticity than the rest of the site (CH material), with an average 
LL of 62% and PI of 42.) The Clay Till: is a CL-CH material with an average LL of 
4S% and average PI of 33. The Basal Till is predominantly a CL material; only one 
saMple is classified in the.CH category. The average LL is 40% and the average PI 
is 24. Only three Atterbierg limit tests were performed on the Residuum matrix due 
to the gravelly nature of ithe Residuum.  The fines content in the Residuum is highly 
plastic with an average LL of 64% and a PI of 44. Soils from potential clay Borrow 
Source No. 1 consist predominantly of CL, with some CH and ML classifications. The 
overall LL ranges from 131 to 71% and the overall PI ranges from 9 to 50. The 
overall average LL is 46% and PI is 22. 

333 Specific Gravity 

Specific gravity is the ratio of the weight of a given unit volume of any solid 
material to the weight of a given unit of water (at 4°C). When used with the unit 
weight and moisture content of a soil, the specific gravity can be applied to many 
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equations expressing , relatiOnships among air, water and soil solids; to determine 
11: additional basic parameteri such as void ratio, degree of saturation, porosity and . 

effective porosity. Table 3-9 shows the calculated average values of these parameters 
for each of Loess, FerrehCiew clay, Clay Till and Basal Till, soil type. The average 

r values is obtained by averaging the calculated parameter using test results of specific 
• 	. 	l' gravity, moisture content. and dry unit weight from individual samples. Due to the lack 

.1! of test results for Individual soil samples for the Topsoil/fill and residuum, the 
additional basic parameters were calculated using average values of specific gravity, 
moisture content and dry. 'Unit weight from these two soil types. 

The specific gravity (Table 3-9) averages about 2.7 for the Topsoil/Fill, Loess, 
t: Ferrelview clay, clay Till sa.nd Basal Till, and 2.74 for Residuum. These values are 

typical for the types of soils encountered. The void ratios calculated using the average 
values range from 0.57 for , Basal Till to 0.79 for Residuum. Degrees of saturation 
range from 65% for Residuum to 94% for

,
, Ferrelview clay. The porosities range from 

035 for Basal Till to 0.44 for Residuum and the effective porosities range from 0.02 f 
for the Ferrelview clay to 0.16 for Residuum. 

li 3.3.4 Natural Moisture Content 

The moisture content' test determines the moisture content, or pore water content 
(% of dry soil weight) of a soil-water Mixture. It is used extensively in determining 
soil index properties, soil tbehavior correlations, and soil consistency. The moisture 
content, de fined as the ratio of the weight of water in the pores of soil to the weight 
of the soil, is used , in most equations expressing relationships among air, water, and 
solids in a soil. When used with. Atterberg limits, moisture content can provide some 1 	.  
indication of whether a soil' is reconsolidated. 

The natural moisture: content or water content of the soil is the moisture content 
of the soil in the in-situ condition when the soil:sample was taken. It should be noted 
that the moisture contentl'for samples obtained 'near the ground surface or above 
permanent groundwater level will vary seasonally due to climactic factors such as 
temperature, rainfall, length of dry period, etc., whereas for samples from deep beloW 
the ground surface or belo1.iW the pernianent water level, it will probably not change 
much over a seasonal period. 
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• 
TABLE 3-9 : ADDITIONAL SOIL PROPERTIES CALCULATED 

FROM AVERAGE VALUES OF TEST RESULTS 
J 

OVERALL AVERAGE VALUES 	CALCULATED VALUES 
Soil Type Specific Natural • Dry. Unit Void Deg of Effective 

Gravity Moisture Weight ratio Saturation Porosity Porosity 
Content (1) (2)  (3) (4) 

Gs w (%) rd (pcf) e S (%) • a ne 

(5) (5) (5) (5) 
TOPSOIL/FILL 2.70 • 23.4 98.4 0.712 88..7 0.416 . 	0.047 

LOESS 2.70 20.8 98.3 0.705 90.4 0.411 0.040 

FERRELVIEW 2.69 22.6 100.0  0.678 .  94.3 0.403 0.022 

CLAY TILL 2.71 19.2 105.7 0.619 93.2 0.378 0.025 

BASAL TILL 2.69 18.9 109.2 0.571 90.6 0.362 0.035 
(5) (5) (51 (5) 

RESIDUUM 2.74  18.8 95.4 0.792 • 65.0 	0.442 0.155 

Formulas for Calculation : 
(1) e = (Gs• rwi rd) -1 
(2) S = Gs•v.•/e 
(3) n = e/(1+e) 
(4) ne= ( 1-S)n 
(5) Overall average values used because of lack of spezific data. 
• Assumed value. 
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The overall averagf natural moisture content values . for the site soils were 
calculated and shown in Tables 3-5 and 3-9. These values typically range from 19 to .  
23% and do not exhibit large variation with soil types and depths. The overall average 
natural moisture content for the soils at potential clay Borrow Source No. 1 is 23%. 

3.3.5 In Situ Density 

The dry density testis used to determine the dry unit weight of a soil. It is the 
basis for determining overburden stresses and other soil properties useful in settlement 
calculations. In situ density can also be used as an indicator of past stresses and 
loadings on the soil, and to determine soil horizons and volume-weight relationships. 

The average dry deinsity values for each site soil type are shown in Tables 3-5 
and 3-9. The total (moist) unit weight was calculated using the moisture content and 
the dry unit weight test results for each soil sample tested. The average total unit 
weight was calculated by averaging each; calculated total ' unit weight. The overall 
average dry and total unit, weights, respectively, are 101 and . 123 pounds per cubic foot 
(pcf) for the topsoil/fill; 98 and 121 pcf for Loess; 100 and 124 pcf for Ferrelview clay; gilk 
106 and 128 pcf for Clay (Till; 109 and 12,8 pcf for Basal Till and 95 and 116 pcf for Mr 
Residuum. The overall average dry unit *weight for Borrow Source No. 1 soils is 96 • 
pcf and the average total i unit weight is 119 pcf. 

3.4 	Moisture-Density and Capillary-Nloisture Relations 

3.4.1 Standard Proctor Compaction 

The compaction test develops moisture-density characteristics for a soil that is 
compacted at a specified energy level.. Each soil has unique moisture-density 
characteristics. The test ,utilized a standard compaction mold and a hammer to 
compact the soil. A series of tests at varying moisture contents yields a compaction 
curve from which the maximum dry density and the optimum moisture content (OMC) 
can be determined. The minimum density and range of water content to be used in 
the field can then be speCified. 
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Compaction tests were performed on soils which will potentially require 
compaction during remedial operations. These include both materials to be relocated 
and potential backfill or fill materials originated either on-site or off-site. The test 
results (maximum dry density and OMC) for on-site soil units are plotted in 
Figures 3-15 and for potential clay Borrow Source No. 1 in Figure 3-16. Average 
values were also calculated and plotted in the graph. In general, the Loess exhibits 
the highest compacted dry density. The Ferrelview clay shows a wide range of values, 
with a maximum dry density from 94 to 116 pcf and OMC from 12 to 25%. The CH 
material from the MSA generally has a maximum dry ,density of less than 100 pcf. 
The average maximum dry density and the average optimum moisture content, 
respectively, are 105 pcf and 18.5% for the topsoil/fill material; 107 pcf and 16% for 
Loess; 104 pcf and 19% for Ferrelview clay; and 107 pcf and 18% for Borrow Source 
No. 1. Basil Till and Residuum materials were not tested due to their greater depth 
a: the site. 

3.4.2 Capillary —Moisture Relationships 

The capillary-moisture relationship test determines the moisture content retained 
in the soil subjected to a given soil-water tension. The tensions applied usually range 
from 1 to 15 atmospheres (bars). The test results are used to estimate the long-term 
moisture content of the soil, for radon barrier design, and for correlating unsaturated 
hydraulic conductivities with soil saturation. The moisture content at 15 bar tension, 
generally defined as the wilting point of the soil, is normally considered as the long 
term moisture content, according to one of several procedures used to determine the 
long term moisture content. 

This test was performed on selected soil samples 'of Loess and Ferrelview clay, 
because these materials will be placed in the disposal cell. Twelve tests were 
performed on borrow source materials. The sample specimens were remolded 
(compacted) to 95% of standard Proctor maximum dry density at 3% above optimum 
moisture content to simulate the anticipated recommended remedial action compaction 
requirement. 

Results are shown in Figures 3-17, 3-18 and 3-19 for Loess, Ferrelview clay and 
Potential Borrow Source No. 1, respectively. The moisture content at 15 bar averages 
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about 16% for Loess and 20% for Ferrelview clay. These values are very close to the 
average optimum molding moisture content values (see Section 3.4.1) determined from 
standard. Proctor compaction tests. The range of 15-bar values for Borrow Source No. 
1 material is from 16 to 27%, which is about 0 to 7% above the range of optimum 
moisture content obtained from the Standard Proctor testing. 

3-5 Strength and Deformation 

35.1 Unconsolidated — Undrained (UU) 'biaxial Compression 

The UU triaxial compression or Q test determines the total shear strength 
parameters and stress/strain characteristics of a soil. The test simulates short—term or 
end—of—construction ,conditions by not allowing excess pore pressures resulting from 
confining and axial stresses to dissipate. A series of samples of a soil are tested at 
different confining pressures to develop the parameters and characteristics. 

UU tests were performed on undisturbed samples of on-site soils to determine 
the total shear strength parameters for soil units which have to bear the load of the 
disposal and other facilities. Some . UU tests were also performed on compacted 
samples of potential borrow source materials to determine their remodeled strength 
characteristics. UU tests were also performed on remolded samples of on-site materials 
to evaluate their effectiveness as potential borrow materials. The peak deviation stress 
(a l  - a3)„,„ was taken as the failure criterion. Most samples were saturated when 
tested. Unsaturated test specimens are noted as such in the appropriate figures. For 
saturated cohesive soils, the cohesion is equal to the undrained shear strength, Su, 
which is the radius of the Mohr's Circle, (a l  - a3)/2. Su values from unsaturated test 
specimen will usually be higher than those frOm saturated conditions and therefore, in 
most' analytical cases, only interpretation of strength 'from saturated condition is used. 

Results of the undrained shear strength of undisturbed samples of in-situ soils at 
the site are shown in Figure 3-20 through 3-23. Average undrained shear strength (Su) 
values for saturated condition for Loess range from 1100 psf to 2330 psf with an 
arithmetic mean of 1490 psf. .Ferrelview clay Su values range from 870 psf to 1460 
psf with a mean value of 1180 psf. Su values for Clay Till have a minimum value of 
860 psf and a maximum of 1660 psf with an average value of 1260 psf. The high Su 
values from unsaturated samples were omitted from averaging because it would be 
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unconservative if used.. Thus the only valid Su result obtained for Basal Till was 1060 
psf. 

A UU test was krformed on one remolded Loess sample at unsaturated 
condition (Figure 3-30).iThe average Su was 5060 psf. Since this value is for 
unsaturated condition, it was not used. The Su values for remolded Ferrelview clay 
range from 2020 psf to 2320 psf with an average value of 2220 psf (Figure 3-31). 

For potential Homy) Source No. 1 material, the Su values for remolded samples 
ranged from 2300 psf to 3260 psf with an average value of 2720 psf (Figtire 3-34). 

All remolded samples were compacted to 95% maximum dry density at about 3% 
above optimum moisture content, as determined from the standard proctor compaction 
test. 

3.5.2 Consolidated — UnclCained (CU) Triaxial Compression 

The CU triaxial compression or R test determines total and effective shear 
strength parameters and stress/strain characteristics of a soil. The test simulates 
undrained loading under long-term conditions by allowing consolidation of the soil 
sample before uniaxia/ loading is applied. A series of samples of a soil are tested ata 
different consolidationfconfining pressures to develop the parameters and characteristics. 

CU tests were performed on undisturbed and remolded samples of Loess and 
Ferrelview clay materials. 't  Some CU tests were also performed on potential Borrow 
Source No. 1 materials.. All samples were tested under saturated or close to saturated 
condition unless otherwise,' noted. Remolded samples were compacted to 95% of 
maximum dry density at about 3% above the optimum moisture content as determined 
from the Standard Proctori compaction tests. 

The failure criterion was defined as the loading conditiona at maximum ratio of 
the effective stresses, i.e.', (0 17031.. To determine the values of the total and 
effective shear strength parameters, plots on p-q diagram consisting of variables q vs p 
at failure were generated from test results for each specimen; where p is the average 
of the principal stresses, c 1  and a3, and q is one-half the difference of the principal 
stresses, i.e., (a l  - a3)/2. 

The best fit line was plotted for each test sample (generally 3 specimens) to 
determine the variables a and a. The a is the q-intercept of the best fit line on the 
p-q diagram and a is the angle it makes with the horizontal. For effective parameters, 
a' and a' were obtained from p-q plots of effective stress test results. The shear • 
F: WSSRAP \ DC\ GEOCHARAFf • 79 	 MKES D. No. 3840-D:SD•R-01-4071410 
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strength parameters of cohesion, c, and angle of internal friction, 0, and c' and q' (for 
effective) were obtained using the following equations: 

1. 0 = sin-l tanci 
2. c 	a/cos0 
3. q' = sirli tance 
4. c' = a'/cos4' 

The p-q plots, commonly called the K(-lines, are shown on Figures 3-24 through 
3-29 for undisturbed on site soils and Figures 3-32 and 3-33 for remolded on site 
soils. Remolded Borrow Source No. 1 material is shown in Figure 3-35. The plots 
were drawn by plotting all p-q values of one particular geologic unit on one figure and 
also plotting a Ki-line of average values for that unit as a dashed line. The maximum 
and minimum Krlines are also shown, when applicable. 

Among the undisturbed samples, Topsoil had an average c value of 560 psf and 
0 of 17.5°, and an average c' value of 535 psf and 0' of 24°. The corresponding c, 
c and c', 0' values for Loess were . 440 psf, 25° and 280 psf, 35.5°. Ferrelview clay had 
c = 502 psf, = 12.4°, c' = 440 psf and 0' = 18°. Clay till , had c = 360 psf, 0 = 
21°, c' = 407 psf and gto' 28°. The Basil Till had c = 920 psf, 175 = 20°, c' = 823 
psf and 0' = 29°. Only one test was performed on Residuum material, mainly to serve 
as a check on its strength parameters. It had a c of 205 psf, 0 of 13°, c' of 260 psf, 
and 0' of 29°. 

The single test performed on remolded Loess gave a. c value of 820 psf, 0 of 
13°, c' of 290 psf and 0' of 29°. The corresponding values for remolded Ferrelview 
clay were 323 psf, 13.5°, 90 psf and 19°. 

The shear strength parameters for the , potential borrow source materials were 
c = 544 psf, 	= 15°, c' = 466 psf and 0' = 22°. 

3.5.3 California Bearing Ratio 

The California Bearing Ratio (CBR) is generally used to design pavements for 
roads or areas with traffic loads. 

Laboratory CBR tests were performed on test pit samples from the Material 
Staging Area. The tests were one-specimen tests, soaked, using a 6-inch mold and a 
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35-pound surcharge weight. The soils were compacted to about 95% of maximum dry 
density as determined from ASTM D698 test method and natural moisture content prior 
to testing. Table 3-10 lists the laboratory. CBR test results. The CBR values range 
from 1.6 to 3.8; with an average value of 2.6. These values are typical for highly 
plastic clays (CH). 

Table 3-10 
Laboratory CBR Test Results 

Test Pit and 
Sample No. Depth (ft) 

Dry Density 
Before Soaking 

(pcf) 

Molding 
Moisture 

(%) 
Swell 
(%) CBR 

TPMS-1, BU-01 0.0-6.0 98 18.1 0.2 2.5 

TPMS-2, BU-02 2.0-6.0 96 22.5 1.5 2.3 

TPMS-3, BU-01 1.0-6.0 99 17.8 0.8 2.7 

TPMS-5, BU-01 0.0-7.0 102 16.7 -0.2 3.8 

TPMS-8, BU-01 1.0-5.0 102 16.9 -0.2 2.4  

TPMS-8, BU-01' 5.0-10.5 94 22.5 1.6 1.6 

TPMS-9, BU-01 1.0-7.0 99 16.0 0.2 3.1 

3.6 Volume Change Characteristics 

3.6.1 One-Dimensional Consolidation 

The one-dimensional consolidation test determines consolidation characteristics 
for a soil. A sample is axially loaded and allowed to drain while being restrained 
laterally. The decrease in void ratio is measured as a function of loading and time. 
The consolidation characteristics obtained are used to estimate the rate and magnitude 
of consolidation under actual loading conditions. For in-situ materials the tests were 
performed on undisturbed samples. For borrow source or relocated materials, the test 
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were performed on remolded samples compacted to 95% maximum dry density 
determined from Standard Proctor compaction. tests, at moisture ,  contents 3% above 
optimum. 

The calculations to determine parameters from consolidation curves are included 
in Appendix C. The parameters include compression (C,) and recompression (C,) 
indices and the preconsolidation pressure (P p). Results for the undisturbed samples are 
summarized in Table 3-4.•The average values for each soil type were calculated on 
soil samples obtained within the whole site (overall site). The average, maximum and 
minimum values of each geologic unit are shown in Table 3-11. The values are within 
typical ranges , for fine-grained soils. 

Table 3-11 
Summary 'of Consolidation Parameters From Tests 

on Undisturbed Samples (for overall site). 

Geologic Unit 
Compression Index, C. Recompression Index, C, 

, 
Average Maximum Minimum Average Maximum Minimum 

Top Soil/Fill • . . • 

Loess 0.290 i  I 0.380 0.230 0.035 0.041 0.032 

Ferrehiew• Clay 0.256 1 0.462 0.170 0.064 0.1.31 	' 	' 0.027 

Clay Till 0.210 i  1 , 0.260 0.150 0.052 0.075 0.018 

Basal Till 0.232  0.417 0.162 0.049 0.068 0.037 

Residuum 0.302 I 0.372 0.265 0.089 0.097 0.075 

'No test data. This layer will be removed during construction. 

The preconsolidation presiures for undisturbed samples are presented in Figures 3-36 
for overall site soils. It should be noted that the disposal area soils are a subset of 
the overall site soils. Comparison of the preconsolidation pressures to existing 
overburden'pressures indicates that all of the soils are over consolidated, with the Basal 
Till and Residuum to a lesser extent. 
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3.6.2 Cation Exchange Capacity 
1, 

The cation exchangell  capacity (CEC) is the charge or electrical attraction for 
capons per unit mass as measured in milequivalents per 100 grams of soil. The CEC 
is an indicator of the presence of various clay minerals such as kaolinite, illite, or 
montmorillinite in the soil. The clay mineral types are used in evaluating the 
expansiveness of a.soiL It should be noted here that Petry (1980) indicated that CEC 
is, by itself, not an indicator of clay soil activity. The potential for activity may be 
predicted only when utilized with the type and amount of cations in the soil. 

Only two CEC tests were performed on Loess. The two CEC values measured 
are 84 meq/100 g and 33. ' meq/100 g. Six CEC tests were performed on Ferrelview 
Clay and six on Borrow Source No. 1 materials. The values range from 49 to 88 
meq/300 g for Ferrelview Clay and 56 to 80 mer4/100g for Borrow Source No. 1 
material. The average v lue of CEC for Ferrelview Clay was about 70 meq/100 g. 
The average value for Borrow Source No. 1 material was also 70 meq/100 g. From 
Mitchell (1976) the clay minerals seem to be of the Smectite type whiCh consists of 
Montmorillonite, Saponite 111ites and Vermiculite. 

3.7 	Permeability 

The constant-head triaxial permeability test measures the permeability, or 
hydraulic conductivity, of a' saturated soil that is subjected to a constant bead and 
hydraulic gradient. The tests are performed at different confining pressures to simulate 
in situ loading conditions The hydraulic conductivity of a soil is used to determine 
seepage and .groundwater flow rates. It is also used as a measure of relative 
imperviousness. This test was performed on both undisturbed and remolded samples. 
The permeability (or hydraulic conductivity) of the in-situ soil strata were discussed in 
detail in the site suitability report (MKF and JEG 1990a). Table 3-12 gives an 
updated tabulation of all valid test results *  and the logarithmic mean for these results, 
including results from the Temporary Storage Area. - The average coefficient of 
permeability for, in-situ soils (undisturbed) are: 6.1x104  cm/sec for Loess, 1.3x104  
cm/sec for Ferrelview clay, 6.9x10-9  cm/sec for Clay Till, 1.7x104  cm/sec for Basal Till 
and 2.6x10-7  cm/sec for Residuum. 

*Valid Test results are defined in Sec. 2.4. 
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TABLE 3-12 : SUMMARY OF COEFFICIENT OF PERMEABILITY 
FOR UNDISTURBED ON SITE SOILS 	Sbe.et 1 of 2 

BOREHOLE 
NUMBER 

SAMPLE 
NUMBER 

SAMPLE 
DEPTH 

(ft) 	_ 

COEFF. OF 
PERMEABILITY 

(cm/sec) 

LOGARJTHMIC 
MEAN 

(cM/see) 
DIKE FILL 

GT-33 ST-04 
. 	• 

5.0 - 	7.5 1.1E-07 1.1E-07 

LOESS 
GT-50 
GT-50 
GT-55 
GT-55 
GT-56 

GT-58P 
GT-58P 

ST-02 
ST-02 
ST-04 
ST-04 
ST-02 
ST-01 
ST-01 

	

2.5 	- 	5.0 

	

2.5 	- 	5.0 

	

7.5 	- 	10.0 

	

7.5 	- 	10.0 

	

5.0 	- 	7.5 

	

2.5 	- 	5.0 

	

2.5 	- 	5.0 

3.0E-04 •• 

	

2.0E-05 	•• 

	

1.0E-05 	•• 
6.0E-06 •• 
2.9E-08 
2.0E-08 
4.0E-07 6.1E-08 

FERRELVIEW 
GT-43 
GT-43 
GT-46 
GT-46 
GT-48 
GT-48 
GT-48 
GT-52 
GT-55 
GT-56 
GT-56 

GT-58P 
GT-58P 
GT-59 
GT-59 
GT-62 
GT-62 

GT-63P 

ST-04 
ST-04 
ST-03 
ST-03 
ST-05 
ST-07 
ST-05 
ST-06 
ST-06 
ST-04 
ST-04 
ST-03 
ST-03 
ST-02 
ST-02 
ST-07 
ST-07 
ST-01 

	

6.0 	- 	8.5 

	

6.0 	- 	8.5 

	

5.0 	- 	7.5 

	

5.0 	- 	7.5 

	

12.5 	- 	15.0 

	

17.5 	- 	20.0 

	

12.5 	15.0 

	

15.0 	- 	17.5 

	

12.5 	- 	15.0 

	

10.0 	- 	12.5 

	

10.0 	- 	12.5 

	

7.5 	- 	10.0 

	

7.5 	- 	10.0 

	

5.0 	- 	7.5 

	

5.0 	- 	7.5 

	

17.5 	- 	20.0 

	

17.5 	- 	20.0 

	

2.5 	- 	5.0 

	

9.0E-04 	•• 

	

 7.0E-08 	•• 

	

5.0E-04 	•• 

	

3.0E-06 	•• 

	

1.0E-08 	•• 
1.0E-09 

	

6.0E-04 	•• 

	

3.0E-06 	•• 
8.0E-09 

	

3.0E-08 	•• 

	

2.0E-07 	•• 
6.0E-08 
1.0E-09 
4.0E-07 
2.0E-07 
5.0E-08 
1.0E-09 
7.0E-09 1.3E-08 

NOTE : " Unreliable test results due to low confining pressures used in testing. 
Data not used in computing mean values. 
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_ 	; 
TABLE 3-12 : SUMMARY. OF COEFFICIENT OF PERMEABILITY • 

FOR UNDISTURBED ON SITE SOILS 	(Sheet 2 of 2 )  

BOREHOLE 
NUMBER 	- 

I 
SAMPLE 
NUMBER .. 

' 	-1: 

SAMPLE 
DEPTH 

(ft) 

COEFF. OF.  
PERMEABILITY 

(cm/sec) 	• 

LOG ARITHMIC 
• MEAN 
 (cm/sec) 

CLAY TILL  
. . GT-45 ST-07.. ; 15.0 - 	.17.5 .  8:0E-05 •• - 

GT-45 ST-07 	:,' 15.0 - 	17.5 2.0E-08 •• 
GT-50 SB-O8 ,'.1 17.5 - 	19.0 2.0E-07 •• 
GT-50 SB-08 ' 17.5 - 	19.0 7.0E-08 •• 
GT-51 ST-07 ! 15.0 - 	17.5 2.0E-08 •• 
GT-51 ST-07 • 15.0 - 	17.5 ' 	3.0E-06 •• . 
GT-51 SB-09 . 20.0 - 	21.5 3.0E-07 •• 
GT-S1 SB-09 :.. 20.0 - 	21.5 5.0E-08 •• 
GT-56 ST-06.: 15.0 - 	17.0 2.9E-09 
GT-58P ST-09  22.5 - 	24.0 4.0E-08. 
GT-58P ST-09 22.5 - 	24.0 1.0E-09 -  
GT-59 ST-06. 15.0 - 	17.5 1.0E-09 

GT-60P ST-10 ,. 27.5 - 	30.0 1.0E-09 
GT-60P ST- 10 .• 27.5 - 	30.0 5.0E08 
GT-63P  ST-09. 22.5. - 	25.0 9.0E-09 
GT-67P ST-08 • - 20.0 22.5 1.0E-07 6.9E-09 

BASAL TILL 
. GT-43 . SB-17 40.0 - 	41.5 6.0E-08 •• 

GT-43 SB-17 • 40.0 - 	41.5 4.0E-08 •• 
GT-60P $13-17 48.5 '- 	49.0 3.0E-07 
GT-60P SB-I5-: 41.0 .- 	• 41.5 2.0E-07 
GT-60P SB-17 : • 48.5 - 	49.0 2.0E-07 
•GT-60P SB-15 . 	41.0 - 	41.5 7.0E-08 1.7E-07. 

RESIDUUM 
GT-55 SB-12 	. 27.5 - 	29.0 , . 2.0E-09 
GT-62 SB-15.• 38.0 . - 	39.0 3.0E-05 

"GT-62 SB-15 , , 38.0 - 	39.0 • 6.0E'-08 
GT-65P SB-16' 40.0 - 	41.5 8.0E-07 
GT-65P SB-16 . 40.0 - 	41.5 4.0E-07  2.6E-07 

NOTE : s• Unreliable test results due to low confining pressures used in testing. 
Data not used in computing mean values. 

I I 
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TABLE 3-13 : SUMMARY OF COEFFICIENT OF PERMEABILITY 
FOR REMOLDED ON SITE SOILS 

. 
BOREHOLE 

NUMBER 
SAMPLE 
NUMBER 

SAMPLE 
DEPTH 

(ft) 

. 
- 	COEFF. OF 
PERMEABILITY 

(cm/sec) 

LOGARITHMIC 
MEAN 

(cm/sec) 
D:KE FILL zl .  GTS-5 	 BULK 0.0 - 	5.0 2.0E-08 

GTS-7 	. 	BULK 0.0. - 	5.0 5.0E-08 3.2E-08 

LOESS 

0
 	

o
 o

 
c-i  I
I
I
 	

I
I
I
 	

I 

c )
 0

  c
).
 
°
 0
.
 c

: 
O
  
	

 

. 

TPMS-2 	BU-01 2.0E-08 
TPMS-4 	BU-01 9.0E-09 
TPMS-5 	BU-01 2.0E-06 
TPMS-6 	BU-01 3.0E-07 
TPMS-7 	BU-01 1.0E-07 
TPN1S-8 	BU-01 6.0E-08 
TPMS-9 	BU-01 3.0E-07 1.1E-07 

FERRELVIEW 
GT-2771 	BU-02A 6.5 	- 	12.0 2.0E-08 
GT-2T75 	BU-02B 6.5 	- 	12.0 1.0E-09 	' 
GT-2T77 	BU-02A 7.0 	- 	10.5 2.0E-08 
GT-2T78 	BU-02B 6.5 	- • 12.0 4.0E-08 
TPN1S-1 	BU-01 0.0 	- 	6.0 7.0E-08 
TPMS-2 	BU-02 2.0 - 	6.0 1.0E-09 
TPN1S-3 	BU-01 1.0 	- 	. 6.0 3.0E-07 
TPMS-4 	BU-02 4.0 - 	6.5 1.0E-09 
TPIs1S-5 	BU-02 8.0 	- 	10.0 9.0E-09 
TPMS-6 	BU-02 5.5 	- 	7.5 1.0E-09 
TPMS-7 	BU-02 7.0 - 	9.5 1.0E-07 
TPMS-S 	BU-02 5.0 	- 	10.5 1.0E-09 
TPMS-9 	BU-02 8.0 	- 	15.0 4.0E-08 
GTS-1 	 ST-03 5.0 - 	7.5 2.0E-07  
GTS-2 	 ST-02 2.5 	- 	5.0 8.0E-08 
GTS-4 	 ST-02 2.5 . - 	• 5.0 2.0E-07 
GTS-6 . 	BULK 0.0 - 	5.0 1.0E-07 1.9E -08 

NOTE : ** Unreliable test results due to low confining pressures used in testing. 
Data not used in computing mean values. 
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TABLE 3-14 : SUMMARY OF COEFFICIENT OF PERMEABILITY 
FOR REMOLDED BORROW SOURCE SOILS 

BOREHOLE 
NUMBER 

, 
SAMPLE 
NUMBER 

SAMPLE 
DEPTH 

(ft) 

. 
COEFF. OF 

PERMEABILITY 
(cm/sec) 

LOGARITHMIC 
MEAN 

- 	(cm/sec) 
PC TENTIAL BORROW SOURCE NO. 1 

TPBS-1 ;.' 	2A 	! 2.6 	- 	7.1 3.0E-07 
TPBS-1 4A 	,, 9.2 	- 	14.1 4,0E-08 
TPBS-6 IA 	∎  0.6 	- 	9.1 2.0E-08 
TPBS-6 2A 	; 9.1 	- 	12.6 1.0E-08 
TPBS-8 IA 	'' 	. 0.6 - 	4.3 3.0E-08 
TPBS-8 2A 4.3 	- 	8.5 2.0E-07 
TPBS-8 3A 8.5 	- 	11.9 5.0E-09 

TPBS-10 IA 0.6 	- 	6.1 1.0E-07 
TPBS-10 2A 8.2 	- 	10.9 2.0E-08 
TPBS-10 3A 10.9 	- 	13.4 1.0E-09 
TPBS-11 IA 0.6 	- 	10.4 ■ 	3.0E-08 
TPBS-11 2A ' 10.4 	- 	12.3. 3.0E-08 2.7E-08 

NOTE : •• Unreliable, test results due to low confining pressures used in testing. 
Data not used in computing mean values. 
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Test results from remolded on-site. surficial soils (Fill, Loess, and Ferrelview clay) 
and remolded Borrow Source No. 1 soils are shown in Tables 3-13 and 3-14, 
respectively. A logarithmic mean coefficient of permeability of 1.4x10" 7  cm/sec was 
obtained for the remolded on-site Loess and 1.0x10 -8  cm/sec, for remolded on-site 
Ferrelview clay soils. An average value of 2.7x10 cm/sec was obtained for the 
remolded Borrow Source No. 1 soils. The samples were compacted to about 95% of 
maximum dry density as determined by the ASTM D698 test method, at a moisture 
content of about 3% above optimum moisture content. 

3.8 . Corrosivity 

A series of solids content, resistivity and chemical tests was performed on samples 
of the upper layer of on-site soils to determine the potential corrosive effects of 
harmful substances in the foundation soil on concrete and steel used in the construction 
of the disposal facilities. Six samples of Ferrelview clay and one sample of Clay Till, 
all from depths from 2.5 to 9 feet were selected for testing. The -test results are 
shown in Table 3-15. A discussion of the test results is presented in Section 4.4.6. 

3.8.1 Resistivity 

The earth resistivity is a measure of the ability of the soil to serve as an 
electrolyte, and is an indicator of corrosivity of the soil. The soil samples were 
compacted in a modified. 'Miller" box and tested at various  moisture contents, generally 
starting with the natural moisture content and increasing in increments of 7 to 15 
percent. The resistivities generally varied from 740 to 1960 ohm-cm., 

3.8.2 Sulfates and Chlorides 

Sulfate and chloride content values were determined in the laboratory on leachate 
from the soil samples. The. sulfate content for all test samples ranges from non-
measurable (below quantitation limit) to 0.08%. The average sulfate content is 0.06%. .  

The chloride contents range from 0.02% to 0.03% with an average value of 0.022%. 
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Table 3-5 
Corrosivity Test Results 

103191 

Boring 
No 

Sample 
No 

Depth 
(feet) 	' Soil 

Soil 
Resistivity' 
(ohm-cm) 

Sulfates 
(mg/kg) 

Chlorides 
(mg/kg) 

pH 
(pH) ' 

Percent 
Solids Solids 

 (%) 

GT-68 SS-6801 2.5-4.0 Ferrelview clay - 1940 - . 864 193 85.9 	._. 
GT-69 SS-6901 Z5-4.0 Ferrelview clay 1060 243 297 7.07 88.2 - 

GT-69 SS-6903 7.5-9.0 Clay Till 1030 BQL -. 	344 637 80.7 

GT-70 SS-7003 7.5-9.0 Ferrelview clay 1160 DOI, 214 7.49 84.6 

GT-71 SS-7103 7.5-9.0 Ferrelview clay 870 569 242 6.91 85.7 

GT-72 SS-7201 2.5-4.0 Ferrelview clay 1310 243 272 6.35 88.5 

GT-73 SS-7301 2.5-4.0 Ferrelview clay 1600 428 170 5.39 768 

BQL = Below Quantitation Limit 
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3-8.3 Acidity/Alkalinity 

Acidity/Alkalinity (pH) tests determine-the acidity or alkalinity of water in soils 
tilt .  an  indicator paper. Excess of either can have detrimental effects on concrete buried 
im the ground. A moderate degree of acidity can cause corrosion of metals. In soil 
sabilization, some resinous materials are unsuitable for alkaline soils but may be 
satisfactory with neutral or slightly acid soils. 

The pH values measured in the laboratory ranges from 5.4 to 7.5. The average 
value was 6.7. 

3.8.4 Percent Solids 

The percent solids in a soil is not a direct indicator of the corrosiveness of a 
S.A. However, this test is generally performed to identify the percentage of solids in 
t:7Je soil specimen for chemical analysis. The percent solids from test results ranges 
L-om 77 to 89% with on average value of 84%. 

39 Standard Penetration Test (SPT) 

The standard penetration test (SPT) is a field test performed during drilling 
operations. A standard split-spoon sampler is driven with a standard-weight hammer 
(weighing 140 pounds), free-falling 30 inches. The number of blows required to 
aivance the last 12 inches of the samples in each 18-inch advancement interval is 
referred to as the SPT blow count. The sampling equipment and methodology are 
described in Section 2.4 and in the Geotechnical Investigation Report (MKF and JEG 
1990). The SPT was conducted at frequent intervals to obtain soil samples and the 
SPT blow counts in each borehole. 

The blow counts correlate roughly to• various soil properties, such as relative 
density of granular soils and the strength consistency of cohesive soils. The test is also 
useful as a supplement to other test results, such as approximate unit weight, angle of 
internal friction, and unconfined compressive strength. 
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Table 3-6 
TypicaF:SPT Blow Counts for. Various Soil Unit 

(for values measured lin boreholes within cross-sections shown in report only) 

Soil Unit 	(.. Range of STP BloW, 
Counts per foot ' 

Average Blow 
Counts, N 

Consistency 

Fill  6-28 12 Medium to Stiff 

Loess 6-18 11 Medium to Stiff 

Ferrelview Clay ' 	i 	4-23 12  Medium to Stiff 

Clay Till • 	_6-85 20 Medium to Very Stiff 

Basal Till 18-50 33 Very Stiff to Hard 

1 Residuum 13-84 	. 
	 i 	43 Very Stiff to Hard 

The blow counts measured within the !bore holes shown in the geologic profiles 
(Figures 4-1 through 4-4) are presented in the profiles. Table 3-16 shows the range 
of values and the average valUes of blow counts measured for each soil type within the 
profiles. The corresponding soil consistencies correlated from empirical relationship 
are also shown. On this basis the Fill, Loess and Ferrelview clay soils are categorize 
as medium to stiff; the Clay Till as inedium:to, very stiff. and Basil Till and Residuum, 
as very stiff to hard. 

3.10 Quality Assurance 

The geotechnical investigation program activities were implemented with each 
organization's quality assurance (QA) :programs. The procedures used in field and 
laboratory testing, Where appropriate, folloW,ed the corresponding standard procedures 
published by authoritative organizationi inclUding the American Society for Testing and 
Materials (ASTM), the U.S. Army Corps of;Engineers (COE), the U.S. Environmental 
Protection Agency (EPA), and the U.S. Soil Conservation Service (SCS). Data 
reduction, review, and repotting • by Morrison Knudsen Company's Environmental 
Services Group (MKES) were performed in accordance with the MKES' WSSRA 
Project Procedures and Quality . Assurance Manual (MKES 1991). 
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4 CONCLUSIONS AND RECOMMENDATIONS 

110191 

4.1 	Site Description and Subsurface Condition 

The possible siting area of the cells for the proposed disposal facility (DF) 
meeting the siting criteria (see Figure 1-2) is located mostly in the existing chemical 
plant area, with the, northeastern limit located 350 feet from the existing fence line, the 
eastern limit 350 feet from the existing administration building, the southwestern portion 
1(X) feet from Raffinate Pits 2 and 3, and the northwestern portion in the existing 
Material Staging Area. The suitability of the site for the WSS disposal facility was 
addressed in the site suitability study (MKF and JEG I990a). 

The DF site consists of numerous abandoned buildings and associated structures 
and equipment which will be demolished as part of the WSS remedial action. The 
er:sting topography is generally flat, sloping gently from the higher elevation of about 
672 feet above mean sea level (MSL) near the central portion of the CP area, to lower 
elevations of about 650 to 640 feet near the limits of the DF siting area, except in the 
northern end, where the elevation drops to an average of about 630 feet. Abrupt 
changes in surface elevation occur in natural depressed areas or where man-made 
earth-moving activities, such as construction of drainage ditches and spoil piles, have 
taken place. A detailed description of the surface features of the site is presented in 
the Geotechnical Investigation Report (M•F and JEG 1990b). The proposed drainage 
features of the site are presented in Support Study 16 for Grading Plan (MKES 1991c) 
and the Surface Erosion Control Plan (MKES 1991e). 

The proposed disposal facility (including the liner system) will be founded within 
or below the Ferrelview clay stratum. Cut and fill will be Tequired to meet design 
grading requirements. The suitability of various on-site soil materials is discussed in 
the following sections. The hydrogeological conditions were discussed in the site 
suitability report (MKF and JEG 1990a). Geologic profiles (cross-sections) showing 
subsurface soil strata are shown in Figures 4-1 through 4-4. A legend for the geologic 
profiles is shown in Figure 4-5. Location of the sections are shown in Figure 2-1. 
The profiles are idealized and are presented for illustrative purposes only. The soil 
layering is based on interpolation and extrapolation between test pits and bore holes 
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and may not represent the actual subsurface conditions between these points. The 
characteristics of the various soil units shown were described in Section 3.2. 

4-2 	Material§, 

4.2.1 Topsoil 

Topsoil encountered within the construction area should be stripped and removed. 
The stripped topsoil, if uncontaminated, should be stockpiled for later use in 
revegetation; if contaminated, the material should be placed in a contaminated storage 
area or in the WSS disposal cell. 

4.2.2 Subsoil 

The subsoil to be encountered during construction at the site will be mostly 
Loess, Fill, raffinate pit dike fill, Ferrelview clay, and a few pockets of the deeper 
underlying Clay Till. 

If suitable and•uncontaminated, the Loess, Fill and dike fill materials should be 
removed and stockpiled for use as general fill and backfill materials. Contaminated 
Loess should be spoiled .and place. in the disposaLtell at .a later date as determined -
by the sequencing plans. Some of the uncontaminated Loess material could be too 
silty or uniformly sized for use as sound engineering fill material. This material should 
be used in areas designated as random fill or discarded in designated spoil areas. 

In most cases, the bottom-  of the disposal cell will be founded within the 
Ferrelview clay stratum; in the other cases, within the Clay Till stratum. Both these 
materials are suitable as foundation subgrade for the cell. 'Location :of the cell bottom 
may require embankment construction to achieve siting criteria for soil depth above 
bedrock. Excavated materials, if uncontaminated, should be stockpiled for general fill 
and backfill. Contaminated materials should be placed in a spoil pile and later 
disposed of in the disposal cell. 
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t 4.2.3 Satisfactory Materials 

Satisfactory materials ' for general and random fill, and, for backfill, should be 
uncontaminated ,materials from required excavation within the site, or materials from 
approved borrow sources, that have a maximum particle size less than six inches and 
less than 5% by weight of organic matter or debris; in addition, materials for general 
fill or backfill, should be those classified as GC, GM, SC, SM, CL and CH according 
to ASTM D2487 (ASTM 1991); for random fill or backfill material, or other specifically 
approved locations, the soil could be those claisified as GW, GP, SW, SP, SM and ML 
The materials can be combinations, such as CL-CH, or SP-SC, within each of their 
own groupings. Moisture conditioning to meet compaction requirements may be 
necessary. 

Most of the soils encountered at the site, such as Fill, Ferrelview clay and Clay 
Till are satisfactory materials. Some Loess. units were found to contain high silt 
contents; however, subject to approval by a qualified field engineer, these materials 
could be used for general or random fill. .' 

41.4 Unsatisfactory and Unstable Materials 

Materials which are frozen, contaminated, or contain excess organic matter, debris, 
or cobbles, or classify according to ASTM D2487 as MH, PT, OL and OH would be 
unsatisfactory as general fill or backfill. 

Materials that are classified as GW, GP, SW, SP, SM and ML would be 
unsatisfactory except in specifically approved locations or as random fill or backfill. 
Most of the Loess material at the site should be considered unsuitable as fill unless 
approved by a qualified field engineer. CH materials with PI above S0 may require 
special 'conditioning for compactibility, prior o placement as fill, and may, in some 
cases, be deemed unsuitable as fill.  

Unstable materials may be identified by the presence of waving or rutting under 
construction equipment traffic or by the difficulty in achieving proper compaction. 
Potentially unstable materials are fine-grained soils with moisture contents near or 

' above the plastic limit as determined by ASTM D4318. 
• 	 .3 

121 MKES Doc. No. 3840-D:SD-R.01-4471-00 F:ySSRAP\DC\GEOCHAR.RPT 



110191 

4.2.5 Low-Permeability Soils 

Low-permeability soils are required as a component of the cover system and in 
a compacted clay liner in the leachate collection and liner system. Materials having 
all of the following characteristics are acceptable for use as low-permeability material 
on this project: 

• Imported from approved borrow sources. 

.• Classify according to ASTM D2487 as CL or CH. 

• Contain at least 60-percent fines (minus No. 200 sieve size). 

• Have a liquid limit greater than 30 percent and a plasticity index 
greater than 10 but less than 50. 

• Have no more than 10-percent gravel-size particles, with a maximum particle 
size of less than 2 inches. 

• Are free of organic matter and debris. 

• Have a maximum nominal clod size of 2 inches before placement for 
compaction. 

• Can be brought to within the specified moisture range immediately before 
compaction, without requiring excessive drying. 

Materials that meet these characteristics are obtainable from potential Borrow 
Source No. 1 or from other approved borrow sources yet to be identified. The 
Ferrelview clay formation is also a good source meeting the required characteristics. 
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43 Potential Borrow Sourtes 

4.3.1 Topsoil/Subsoil 

Topsoils at both Borrow Source Nos. 1 and 2 range from six inches to about one 
foot thick. These soils can be stripped and saved for revegetation purpose. 

Soils underneath the topsoil layer at both sources can be utilized as common fill. 
These materials are mainly silty clay, clayey silt, and silty sandy gravel. Soil 
classification test results were summarized in Table 3-4. 

4.3.2 Low Permeability Soil 

Of the two potential clay borrow sources investigated, only source No. 1 is a 
suitable source for low permeability soils. Thei subsurface soils at source No. 2 contain 
numerous layers or lenses of silty and gravelly' materials, which are not suitable as low 
permeability soils. No further investigation ofmaterial at this site was performed after 
a review of soil classification indices and test; pit logs. 

Borrow Source No. 1 was found to contain suitable materials for low permeability 
(clay) soils for use such as radon barrier or liner components of the disposal facilities .11F 
Test pit logs show that silty clay and clayey silt (CL -MEL) of low to medium plasticity 
exist from the bottom of the top soil layer to . approximately 9 feet depth. A highly 
plastic clay (CH) layer is usually found !beneath the CL-ML material. 	Soil 
classification test results are presented in Section 3. The recommended shear strength • 
and consolidation parameters for analyses for remolded soils compacted at 95% 
maximum dry density at about 3% above optimum moisture content as determined from 
the ASTM D698 test method (Standard.Proctor) are presented in Tables 4-1 and 4-2, 
respectively. 

Both these parameters are' within the expected range of values for clayey soils 
and will not cause critical concerns from slOpe or foundation stability or settlement 
standpoints. The high plasticity indices of some of these materials place them into high 
voluMe change potential category (see Table 4-3), which indicates that these soils may 
be subjected to shrinkage cracking if the moisture content of the soil changes drastically 
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Table 4-1 

Recommended Unit Weights and Strength Parameters for -Stability Analysis for 1n-situ Soils Units and Compacted Fill Materials 

MATERIALS 
UNTTS WEIGIITS (pct) _ 

STRENGTH PARAMETERS( ' )  

Short-Term Static Long-Term Static Se.istnic and Rapid Drawdown 

Moist (y.) Sat. (y.1 ) Su (p0) 	. C' (psi) 	. +' c ) C (psi) .  41 n 
Top Soil/Fill 123 126 450 23 450 16 

Loess ni 124 	. 1200 250 33 350 25 

Ferrelview Clay 124 125 1000 300 16 . . 400 10 

Clay Till 128 129 1000 240 	, 25 200 19 

Basal Till 128 	• 131 -  1000 600 27 700 	- 19 

Residuum.  116 123 1000(n 2-50 16 , 200 13 

(on site soil) 126 
Compacted Fill" )(')  al')  isoo(d)  5o 450 13 . 

Compacted Fie 
Borrow Source No, 1 • 119 122 2000 _ 13 300. 18 

NOTES: 
(1) Representative Value = Mean Value - Standard Deviation and rounded off. 
(2) Based on combined results from remolded Loess and Ferrelview clay samples. 
(3) Assumed value. 
(4) Based on CL material from DM 7.2-39 (Ref. 3) instead of su=2000 psf from test (Value used is somewhat conservative because 

the CH material has a higher su value). 
(5) Assume same strengths as Basal Till. 
(6) Compacted to 95% maximum dry density of ASTM D698 Test (Standard Proctor) mehtod. 
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Table 4-2 
Recommended Soil Parameters for Settlement Estimates for Disposal Facility 

Soil Unit 

Total 
Unit 

Weight 
y, 	(Pc f) 

Initial 
Void 
Ratio 

co  

Compression Index 
C, 

Recompression Index 
Cr  

Coeff. of 
Consolidation 

C 
(ft 2  /yr) 

Preconsolidation 
Pressure 

Pp   
(psf) 

Over- 
Consolidation 

Ratio 
OCR UB Mean LB UB Mean LB 

Exist. 	Fill ( ' 123 0.708 0355 0290 0225 0.039 0.035 0.031 20.5 8300 9.5 

Loess 121 0.708 0.355 0290 0225 0.039 0.035 0.031 20.5 8300 9.5 

Ferrelview 124 0.732 0347 0.256 0.164 0.094 0.064 0.034  29.6 7500 6.0 

Clay Till 128 0.574 0.245 0.210 0.174 0.065 0.052 0.038 74.0 7800 3.2 

Basal Till  128 0.604 0.369 0.252 0.135 0.063 0.049 0.035 253 Po(2)  1.0(2)  

Residuum 116 1.027 0.352 0.302 0.252 0.099 0.089 0.079 3.6 - 7600 2.9 

(1) Consolidation parameters are assumed to he the same as that of the Loess material. 
(2) Assumed normally consolidated. 

NOTES: UB = Upper Bound 
LB = Lower Bound 
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at any time. Special attention should also be given during design to ensure.that the 
low PI materials can withstand expected differential subsidence. 

As discussed above, both the CL-ML and CH materials typically extend from 
be.low the topsoil' layer to at least 12 feet depth. Rough quantity estimates indicated 
that at least 1.5 million cu. yds. of suitable materials are available. These materials 
can be excavated with front-end loaders, or dozers and loadecrinto "over the highway" 
haul trucks, which can travel on the existing highway as part of the hauling route. 
Another possible means of transportation is a conveyor system.. In addition, the 
material could be loaded, transported and unloaded with scrapers, provided a specially 
constructed haul route, including highway crossing with or without grade separation, is 
approved and implemented, to cross highway (Highway 94) which separates the site and 
the borrow source. Detailed study of transportation alternatives will be undertaken in 
another special study by the PMC. 

4.4 	Soil Properties and Parameters 

Part of the soil test result evaluation is to provide material properties for analysis 
and calculation during disposal facility design phases. Soil properties for slope stability, 
settlement, cracking and subgrade bearing calculations are required. Only materials 
with available field or laboratory test results from the investigation programs will be 
ac5dressed. Materials that may be imported from unknown sources or materials such 
as vitrified or chemically stabilized products that may be generated during remedial 
a.--ion will not be included. No evaluation of test results from raffinate pit dikes was 
performed unless the results have a direct impact on disposal cell design and analysis. 

Soil parameters for moisture content, unit weight, strength and consolidation for 
analytical purposes are shown in Tables 4-1 and 4-2. These values were developed 
based on test results for the overall site. It can also be noted that there is little 
difference or trend between test results for the whole site and results specifically from 
within the disposal area. Therefore, these values should be used as general averages 
fo.: most engineering applications for the disposal area (such as for slope stability and 
settlement analyses). Where major differences are observed for certain parameters for 
other areas, the test results should be examined separately. 
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4.4.1 Unit Weights 

Parameters for the various on-site geologic units and for compacted on-site and 
off-site borrow soils were developed froM laboratory test results or empirical 
correlations. In most cases, the recommended value is the average value based on the 
.valid data points. 

1. 
The moist unit weights and saturated unit weights are shown in Table 4-1. 

These unit weights are determined by multiplying the dry unit weight by the sum of 
one plus the moisture content, expressed in decimal form. The moisture content of the 
soil could vary according to the anticipated condition. For example, the natural 
moisture content (as tested) would be used to calculate the in-situ moist unit weight 
of the soil or the moisture content (by calculation) at saturated condition for a soil 
inundated for a long period: On the other hand, for unit weight for radon barrier 
calculation . (not included); the long term moisture content (driest state) or the dry unit 
weight should be used because this would give a more' conservative analytical result. 

4.4.2 Strength Parameters for Stability Analysis 

I 
The recommended strength. properties :of various soils within the overall disposal 

facility site are shown in, Table 4-1. Strength parameters for in-situ and compacted 
soils (at about 95% maximum -dry density :and 3% above . OMC as determined by 
ASTM D698) were determined based on average values from laboratory test results 
(triaxial shear tests) and empirical Correlations. Total strength parameters from 
Lnconsolidated-undrainedqUU) triaxial shear tests were determined for short-term 
condition studies. Effective strength parameters from CU tests were developed for 
long-term condition studies and total strength parameters from CU tests for long term 
seismic conditions. i

f 

The strength properties for each' soil were developed in general by slightly 
reducing the mean value of each soil to account for uncertainties and built-in 
conservatism. In cases where a few or only one test result is available for a particular 
soil unit, empirical values, correlations with STP blow counts, or conservative 
assumptions were used in i .developing the recommended analytical values. 
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4.4.3 Soil Parameters for Settlement Estimates 

To estimate the settlement, soil properties such as the unit weight and void ratio 
are required. The unit weights are shown in Table 4-1. The soil parameters 
developed from the consolidation tests include preconsolidation pressure (Pp'), 
compression (Cc) and recompression (Cc) indices and overconsolidation ratio (OCR). 
The average values of these parameters for the various soil units are presented in 
Table 4-2. The compression and recompression ratios (C, c  and C.R) were calculated 
using the void ratio (Appendix C). The representative preconsolidation pressures, P s,', 
of in-situ materials recommended for settlement analysis are plotted in Figure 4-6 for 
the overall site. The recommended Pp' value, for each soil unit was determined by 
reducing the average value to a reasonable amount to allow for conservatism. Values 
from empirical correlations were calculated and used in the evaluation process. When 
averaging, extremely high values were deleted. These high values do not agree with 
va!ues from empirical correlations and would introduce unconservatism into the, analysis 
if used; A detailed study of the geologic, loading and preconsolidation history of each 
geologic unit may provide additional insight into the preconsolidation characteristics, but 
is beyond the scope of this report. As Figure 4-5. illustrates, all preconsolidation 
pressure values (except one) exceed the corresponding effective overburden consolidation 
pressures implying that all soil units are preconsolidated. The slight trend' of 
preconsolidation pressure decreasing with depth for Clay Till and Basal Till is not 
conclusive, and therefore can be conservatively neglected. For settlement estimates in 
conjunction with the recommended representative Pp', the compression and 
recompression indices shown in Table 4-2 can be used. The table shows the average 
values calculated and the upper and lower bounds of values obtained from the test 
results. Again, the recommended values are slightly less than the calculated average 
to allow for uncertanties and conservatism. 

4.4.4 Permeability of Soil Liners and Cover Components 

The permeability of the soil liner and cover components are based on test results 
for remolded soil samples from potential borrow sources compacted to 95% of the 
maximum dry density at about 3% over OMC as determined in accordance with ASTM 
1)698. The triaxial constant head permeability test results for remolded clayey material 
from potential Borrow Source No. I are shown in Table 3-15. The average 
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(logarithmic mean) coefficient of permeability was calculated as 2.7x10 4  cm/sec, which 
is almost an order of magnitude less than the maximum allowable permeability of 
1x10-7  cm/sec. The material, from a laboratory test result standpoint, meets the 
required permeability criteria. However, because permeability values from field 
compacted condition are generally different than those prepared in laboratory, it is 
recommended that the permeability of the candidate soils be determined using test fills 
to obtain more accurate values. 

4.4.5 Cracking Potential 

Low-permeability soils that are required as a component of a cover system or as 
the compacted liner in a leachate collection system may have a potential for cracking 
due to soil characteristics and the following causes: 1) differential settlement and 2) 
shrinkage from drying. . The cracking susceptibility of a soil can be assessed from soil 
indices such as the plastic index (from the Atterberg•limits) and the shrinkage limit. 

The potential effects of differential settlement can be analyzed by comparing the 
tesnile strains developed as a result of settlement to the tensile strains required to 
cause cracking 

The tensile strain that causes cracking is a function of the plasticity index and 
the moisture content of the soil. For soils compacted at moisture contents which are 
no drier than about 3% below optimum moisture content, an equation for the . lower 
bound failure tensile strain, c r, has been developed based on measured values (MKE 
1989). The equation is: 

e r  = 0.05 + 0.003P1. 
Cracking potential is considered to be significant if the tensile strain from settlement 
analysis is larger than the failure tensile strain of the soil. For potential Borrow 
Source No. 1, the. average P1 is found to be 22. The failure tensile strain therefore 
is at least 0.12. This value can be compared with the results of settlement analyses 
to determine if , the cracking potential is significant. 

To avoid cracking due to soil shrinkage, a soil having a "low' shrink-swell 
potential should be used if possible. The "shrink-swell" (volume change) potential is 
defined in Table 4-3. 

Soils Borrow Source No. 1 have an average shrinkage limit of 15 and an average 
PI of 22; based on Table 4-3 for a humid area, this soil is classified as having a low 
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'shrink—swell". potential. :Based on this. table, if this soil is used as radon barrier 
material, no extra thickness is needed to compensate for possible shrinkage effects.' 

Table 4-3 
Relationship Between Atterberg Limits and Volume Change Potential 

(Ref. MICE 1989) 

Plasticity Index, PI 
Shrinkage 

I 	Limit,  w, 
I  1 	• 

1 

• Extra Radon 
Barrier Thickness 

to be Provided 
(inches). 

Potential 
Volume Change  

Arid 
Area. 

Humid 
Area 

Low 0-1 15 0-30 >12 0 

Moderate •15-30 30-50 10-12 6 

High 30 50 ". • <10 .  12 

4.4.6 Corrosiveness of Soils 

•1 
Many tables exist 'for correlating corrosivity with electrical resistivity. 	The 

relationship of soil corrosivity to resistivity is generally divided into four or five classes. 
The resistivity classification presented in papers authored by Husock (Husock 1976) and 
McIntosh (McIntosh 1982) is as follows: 

Soil Resistivity. 
fohni-cm)  Category 

  

Less than 2,000 	 Very corrosive 
2,000 5,000 	 Corrosive 
5,000 10,000 	 Moderately corrosive 
10,000 ,— 25,000 	 Mildly corrosive 

Over t  25,000 	 Progressively less corrosive 
• 

Compared to other published tables, this claSsification system is conservative. 

• 
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The test results show that the resistivity values measured at the natural moisture 
content average about 1270 ohm-cm, which place the soil in the very corrosive category. 
In fact, with the exception of one test, all results are less than 2,000 ohm-cm for the 
moisture content range of 9 to 57 percent. 

.4 1 

Because of the potential for corrosion of both ferrous , and non-ferrous metal, 
protective measures such as coating or cathodic protection should be used for metal 
structures, or since the laboratory determined resistivity is a general indicator only, field 
resistivity testing could be performed to obtain more accurate values for final design. 

Sulfates in soils can attack and cause the disintegration of concrete or the 
corrosion of metal pipes. The presence of chlorides in the ground can accelerate the 
corrosion of buried metals. Even at moderate concentrations, the chloride salts can 
lead to concrete deterioration. A soil sulfate content greater than 0.10% usually 
requires the use of Type H or V cement. A chloride content of less than 2% is 
considered to be innocuous. 

The maximum and the average values from the test results (see Section . 3.8.2) 
were 0.08 and 0.06%, respectively for sulfate content and 0.03 and 0.02% respectively 
for chloride content. All values are less than the corresponding limits of concern and 
therefore, deterioration of concrete due to the presence. of inorganic salts in the soils 
is not anticipated. 

The average pH value of the soils was determined as 6.7. This value is close 
to the neutral pH value of 7 which indicates that attack on the concrete or steel by 
acids is not likely. 

4.5 Site Preparation and Earthwork 

4.5.1 Clearing and Grubbing 

Areas to be graded as part of remedial activities should be cleared of bushes and 
trees and stripped of organic topsoil, roots, grass, debris, loosefill, and other unsuitable 
materials at the time of grading. Uncontaminated stripped topsoils should be stockpiled 
for later use (see Section 4.2.1). In no case should the stripped topsoil be reused as 
engineered fill. 
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The exposed surface should be scarified Ito a minimum depth of 8 inches. The 
scarified material should be ; moisture-conditioned to near optimum moisture 
content and be compacted to at least 95%6' olimaximum dry density as determined by 
ths: American Society of Testing Materials (ASTM D698 test method). If significant 
pumping or yielding, or bOth, occur during scarification or recompaction, it will be 
necessary to stabilize the upper portion ; of the perinanent subgrade foundation by 
removing the unsuitable material and, replaced with a suitable material, or by adding 
soil admixtures such as liMe, cement or fly ash to the subgrade soil. For temporary 
subgrade foundations, stabilization may include the use of -reinforcement such as 
geotextiles or geosynthetics. 

43-2 Excavation, Filling arid Backfilling 

I 
Conventional equipment such as bulldozers, backhoes or scrapers can be used for 

site grading, trench and foundation excavation i Unusual difficulty is not expected in 
excavating the on-site soils except the Residuum and weathered rock. Eowever, 
excavation to these depths is not anticipated. Construction dewatering is generally not 
necessary unless some localized perched water is encountered. Areas adjacent to .1 	• 
ex sting pads such as the raffinate pits or Ash Pond could be a source of perched 
ground water. In all cases where excavation dewatering is required, all proper health 
and safety precautions should be taken. to avoid contamination of personnel and 
equipment. . 

• Temporary construction slopes and .excavations should be stabilized as. follows: 
In excavations less than 4 feet deep, a vertical cut slope may be used for. short 
construction periods. In excavations deeper than 4 feet, either shoring or cuts sloped 
to 0.75 to 1 (H:V) may be used. Flatter slopes l may be required in localized areas due 
to soil strength variation. Temporary slopes for specific construction facilities such as 
sediment ponds or dikes shOuld be specifically analyzed and designed. 

Permanent cut and 	slopes for facilities; other than the disposal cell may follow 
the following general guidelines: 2:1 (H:V) slOpes may be used for cuts that are not 
greater than 20 feet in height and 3:1 (H:V) stopes for heights up to 30 feet. Slopes 
greater than 30 feet high shOuld be provided with intermediate benches at least 8 feet 
wide and spaced every 20 and 30 vertical feet for 2:1 (H:V) and 3:1 (H:V) cut slopes, 
respectively. The inside fill, slopes for constr#tion facilities such as dikes or ponds 
should be no steeper than :1 (H:V). The outside fill slopes should be no steeper 
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MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

INTER-OFFICE CORRESPONDENCE 

FILE NUMBER 3840-D:EN-I-01-4165-00 

DATE 14 May 1991 

TO Ed Tom FROM: Eerik Rennat 

LOCATION: San Francisco LOCATION: San Francisco 

SUBJECT WSSRAP — DC 
GEOTECHNICAL DRILLING 
,PHASE III 

This report presents the edited field boring logs and the procedures performed during the 
drilling and soil sampling of 7 additional exploratory borings at the location of the proposed 
disposal cell, Weldon Springs Site Remedial Action Project (WSSRAP). Boring locations 
are shown on the accompanying Boring Location Plan. The investigation will provide 
additional geotechnical design parameters for construction of a waste disposal facility. The 
drilling program was prepared following the directions from the Department of Energy 
(DOE) document, Geophysical/Geotechnical Investigation Sampling Plan. 

Drilling was conducted from April 5 through April 15, 1991 by Geotechnology -Services, Inc. 
under subcontract WP228. Don Houston and Paul Guerrin performed as driller and driller's 
helper, respectively. Sample logging, documentation and drilling supervision was performed 
by Eerik Rennat of Morrison-Knudsen Environmental Services (San Francisco). 

Prior to initiating the drilling, the drill rig and all drilling tools were thoroughly 
decontaminated with high pressure water. Additionally, the rear of the rig and drilling tools 
were decontaminated between borings. Personal protective equipment consisted of gloves, 
safety boots, hard hats and eye protection. Hearing protection was worn when within 15 
feet of the drill rig during drilling operations. A safety meeting was held each day prior to 
the commencement of work. 

All boreholes except GT-73 were located in uncontaminated areas. Radiation personnel 
from the PMC assisted in locating GT-73 and were present during drilling through the 
shallow contaminated materials. 
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GEOTECHNICAL DRILLING — PHASE III 

!Id 

All personnel had received the OSHA 40-hour hazardous waste safety training (29CFR 
1910.120) plus site-speCific WSSRAP radiation safety instruction conducted by a site health 
physicist. All personnel wore thermolurninescent dosimitry (TLD) badges and provided 
entrance and exit urine samples. 

Drilling was accomplished with a CME-750 drill rig using continuous flight hollow-stem 
augers having an outside (O.D.) diaMeter of 7-1/2 inches and an inside (I.D.) diameter of 
3-3/4 inches. All holes were drilled to auger refuial at the top of bedrock. No rock coring 
was performed. 

Soil sampling was performedon 2-1/2 foot centers. Disturbed soil samples were obtained 
using a 2.0-inch O.D., 1.5-irichl.D. Standard Penetration (SPT) sampler. SPT samples were 
placed in capped glass jars. Relatively tindisturbedisamples were obtained using a California 
split-barrel sampler having an O.D. of 3.0 inches and I.D. of 2.5 inches. Four 6-inch long, 
2.5-inch I.D. brass liners were placed inside the California sampler.• Each retrieved 6-inch 
liner was capped and taped. Both the SPT and California samplers were driven a depth of 
18 inches beyond the lead auger using a 140-pound safety hammer free-falling 30 inches. 
The number of blows required to drive each 6-inch interval was recorded and the final two 
6-inch drives were summed and expressed as blov;Ps per foot. Undisturbed samples, where 
possible, were obtained by hydraulically pushing 3.0-inch diameter, 36-inch long steel Shelby 
tubes to a depth of 30 inchei. Upon retrieval, both ends of the tube were sealed with 
molten bee's wax, capped, and taped. Any excess; space in the tube after waxing was filled 
with cuttings to minimize movement of the sample within the tube. 

1 

Soils encountered were described in accordance with the Unified Soil Classification System. 
SPT samples were photographed. 

A daily diary was maintained documenting all drilling activities. Chain-of-custody forms 
were completed showing soil Samples collected. All samples were stored on-site in building 
410. 

All borings were abandoned'by plugging with Volclay Grout manufactured by American 
Colloid Company. Volclay consists of a high -solids bentonite clay powder with a 4% added 
initiator which causes the grout to set up to a plastic consistency. Each 50-pound bag of 
Volclay powder was mixed with approximately 23 gallons of clear water to yield a grout 
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mixture of 9.4 lbs/gal or denser. Density was verified with a scale. The Volclay powder was 
jetted through whopper into a tub and thoroughly mixed by circulating through the rig mud 
pump. Two pounds of initiator were added per 50-pound bag of Volclay. Once mixed, the 
grout slurry was pumped through the hollow stem augers, the augers were retrieved, and the 
hole topped off. Holes were checked for settling of the grout after 24 hours and topped off 
if necessary. 

Upon completion of the drilling, the drill rig, all drilling tools, and the water truck were 
decontaminated with high pressure water prior to demobilizing the site. 

EAR:afp 
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© MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

SOIL BORING LOG 

shoe! 	1 	of  

Pri3Igrrr.  

Hots Number 
GT-68 

P
We 
roi  
Weldon Springs Site Remedial Action Project NW of MSA 

Coordinates: 	(AEC) 
N10132E, W51437.0 

Mining Contractor; 

Geotechnology Services, 	Inc. 
Drill Make AN: Model: 

750, ATV mounted 
Depth Casing 8 Size : 	role Size: 

 
Depth Top of Rock: • • 

53.5 -- 	7 1/2" 	(Auge 
Elevation: 

643.0 
Mgte tom Vert. and Bearing: 	 'Depth 

• Vertical 
Sod= of Hole: 

53.5 
water Level: 

• Dry. 
Fluid 6 Additives: 

None 	 ,4/5/91 
Dale Starr. 

9:00 
Dale Finish: 	• 
4/5/91 	15:45 

Lower: 
E. Rennat 

Z 0 

a 
w 

g ›
 

O
E

PT
H

  
RE

LO
W

 
SU

RF
AC

E 

SAMPLE 	[ 114.4"-4° 

RESULTS 

SOU- DESCRIPTION 
 

SY
M

BO
L I

C  
LO

G
  

n. 
TEXT 

Name, Gradation or Plasticity, Particle Size Distribution. 	. 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

-I • g 
cc It) 
? 

cc .8 w 
u, co 
cy. 2 
i R

EC
OV

ER
Y 

6*-6•4' 
(N) - 

— 

- 
--, 1SS 

14" 0-34-41 

JRGANIC 	SILT 	(ML) Lt-med brown, dry, hard, some 
organics • 	TOPSOIL 
Silty Clay 
Mottled It brown and 	it. 	gray, 	moist, 	stiff, 	olasti 
some Fe and Mn staining, occasional 	small 	(1/4") 
clasts.ci_ 

. 

. 
FERRELV  . IEW 

2 . 5-4 6801 

5 t 

..., 
- 5-1 •6502 

„$T 
26” 

' 

7.5-96803 
'SS . 

14" 
-- 	• 

3 ( 14 ) 

10 

. 
1 0- 
12.5 

g.04 25" 

1&.5-w5 SS 	• • 18" 4-9-15 
I24)  

15 --1  
15-16$:16 13" 

-ST pushed only 15" 
. Clay 

Mottled It. 	orange and it. gray, slightly moist to 
.moist, 	stiff, 	some Fe staining, 	Mn staining along 
irregular fractures, 	10% subrounded sand, occasions 
small 	gravel 	(chert and feidspor) 	CL - CH 

•. 	 CLAY TILL .,  
,.- --,_. 

- 

• -17.5IS 
9 8 07  

6" 3 	 k20 
41) 

20 
_420- 

22.5 
H08 26" 

12.5-SS 
4 	p809 

• 
17" 

6-9-12 
(21) 

25 	. 
c nl it nnnn 	= Shp v luhP 	LS = iATif orala Jdfi 



411 Auger Refusal at 535 feet 

T T rn ,a -Sa.mol e r (.3") 

e ► 4K.17'VIRONIAEMTAL SENICES 
4 P.O.0.4 • .4.,•4..P. 

Project Weldon Springs Site RAP Location
Elevaticrr 	  Drilling Contractor. 	  

Dolling Vethod sod Equipment 	  

Water Le.. .el and Date: 	  Start 	  Finish: 	 r. 	  

SOIL DESCRIPTION 

Name, Gradation or Plisticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

(cont'd) 

- ST pushed only 12" 	 CLAY TILL 

Clay Sand and.Sandy:Clay 

Lt. orange to pinkish'brown, ,  moist,.medium to 
plaStic, angular gravel clasts. 

SC - CL H 	 BASAL TILL 

--1411i 
Red-orange, moist, stiff, less plastic,,40-60% 
angular sand and gravel, often Fe stained, - mostly 
chert PC 7 CL 

- less red coloring, wet toward bottom 

RESIDUUM 

55 

nrayelly Clay and Clayey (Zravel. 

3(.1- 
31 

S MAPLE 

gh12 10" 

32.5- 
34 

SS 
6813 20"' 

68
55  

14 14" 

SS 
6815 14" 

6816 15" 

SS 
6817 17" .  

SS 
6818 14" 

SS 
6819 12" 

SS 
6820 12" 

5 

37.5 
-39 

40- 
41.5  

42.5 
44  

45- 
46,5  

45 

t z 

ST 
6810 28" 

SS 
6811_, 19" 

47.5 
-49 

50- 
51.5 

25- 
27.5 

27.5 
-29 

Boring Number'  
GT- 68  

SOIL BORING LOG 

Sheet 2 	et 2 
Protect Number 

3840 . 
a. 

30 

35 

40 

45 

50 



©MORRISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP  

• 
SOIL BORING LOG 

• . 

Sheet 	1 	. 0 	2 
iect 	umr-. Pro 	

4 8 T 	• 

Ha.N.ww 
GT-69 

Project: 
Weldon Springs Site. Remedial Action Project 

	

ux.abom 	200' NW ofindg. 109, at foot 
• of slope 

Coordinates : 	kAEC) 	
- 

%:01092.9,160327.1 
Claim) Contractor. 
Geotechnology Services, 	Inc. 

Dolt Make and hkx:tet: 	 -
Dept" 

CME 750, ATV mounted 
bp of Rock: 

31.5 
Depot Casing it Size: Note Size: 

7 	1/2" 	(Auge: 
'Demi= 

f.f7.1. 
Angie from ,%4t and Bearing: 

Vertical 
Depth Bottom of Hole: 

31.5 
Wafer Level: 

Dry 
Fluid il Additives: 

None 
Date Start 	 'OmeFinWl: 
4/08/91 	- 15:00 4/11/91 	9:00 

Logger- 
E. 	Rennat 

Z 
0 

> w _, w DE
PT

H
  

BE
LO

W
 

SU
R

FA
CE

 

SAMPLE STANOMM 
mNnAmxm 

ran 
wsu
"""`T' 

SY
M

BO
L I

C  
LO

G
 

SOIL DESCRIPTION 

.1c 
-.I 
> 
W 

3 g 

z  
ell W 

 M 

ri [R
EC

O
VE

R
Y  . 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

511 	Li 	ay 
Mottled lt. 	to med. 'brown and lt. gray, moist, 
medium stiff, 	plastic, occasional Fe and Mn stainins 
Dk brown organics near top 	CL 

FERRELVIEW 

6'4'4' 
(H) 

2.5- 
4 

SS 
6901 

14" 1-4-5 
(9) 

5 

5 
7.5 

ST 
6902 

15" 

Clay 	 ' 
Orange-brown, moist, 	stiff, 	plastic, Mn staining 
along irregular fractures, 	10% quartz sand 
 considerable whitish calcite below 12.5' CL - CH 	. 

- ST pushed only 24" 

CLAY TILL 

7.5- 
9 

SS 
6903 

18" 2-7-10 
(17) 

10 

15 

10- 
12.5 

ST 
6904 

28" 

12.5 
-14 

SS 
6905 

18" 3-10-1 
(25)-- 

15- 
17.5 

ST 
6906 

24" 

Clayey Sand and Sandy. Clay 

Mottled lt. 	gray and lt. 	brown, slightly moist, 	sti .  
low plasticity, Fe and Mn staining, some calcite 
SC - CL 

BASAL TILL 

27"  

17.5 
-19 

SS 
6907 

18"  6-14-2C 
(34) 

20 
20- 
22.5 

ST 
6908 

22;5 
-24 

SS 
6909 

19"  6-11-2 
(40) Reddish, moist, 	stiff, 	plastic, Mn sttainring along 

irregular fractures; angular'chert gravel, 	increasil 

witrdepth 	gravelly Clay and Clayey t=ravel 25 

= Split Spoon 
	

= . Sh e lby t ube 	CS = California bampier 1. i 



Project Nutnlier. 

3840 
SoringNornliom 

GT - 69 Sheet 2 	0(  

 

   

SOIL BORING LOG 
(0 MK. ENVIRONMENTALSERVICES 

• M. e• imereee 

P , 	 Weldon Springs Site RA?  

 

Location . 	  

 

Elevation: 	  Drilling Contractor. 	  

Drilling Method and Equipment: 	  

Water Level and Dale: 	  Stan 
	

Finish: 	  Lower. 

SAMPLE SUMO um 
voimunda 

muu.Ais 

P4) 

S01. DESCRIPTION 

Name, Gradation or Plasticity, Pantie Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS GroUp Symbol 

CS 
6910  

12" (52 -41 :- ; 

6911 
17" 3-20-1 1k 

(38 .) :  

(cont'd) 

- orange-brown color,50% chert gravel, occasional 
calcite encrustation nC - CL 

25- 
26.5 

27.5 
29 

CS 30 30 2 " 
RESIDUUM 

-4. 	 

Auger Refusal at 31.5' 

35 

40 

55 
SS = Split Spoon 	ST = Shelby Tube CS = tal)fornla Sampler (3") 

45 

50 



6 MORRISON KNUDSEN CORPORATION ENVIRONMENTAL SERVICES GROUP 	• 

SOIL BORING LOG 

sr.., 	1 	01 	2 
Project Number 

3840 
MOW Number 

GT - 70 
P*Kt 
Weldon Springs Site Remedial Action Project 

Locat,oft: 
W of MSA 

Coordinates: 	(AEC) 	L 
N10082.1.1 	W51328.1 

—Dritling Contractor: 	.  
Geotechnology Services, 	Inc. 

Drill Make a-no Mode4: 	• 
CME 750, ATV mounted 

Depth I* of Rock 
29.5 	' 

Depth Casiry & Size: • 
-- 

Hole Size: 
7 1/2" 	(Auger: 

deveilort 	 IAngie horn Vert. and Bearing! 
34.5 	Vertical 

'Dem Bonoen of Hoke... 
29.5 

Water Levet 	• 
Dry 

Fluid d , Additives: 
None 

Date Start 
4/08/91 	9:45 

Date Finish: 	 - 
4/08/91 	12:30 

ungec 
- 	E. 	Rennat 	, 

(E
L

EV
A

TI
O

N
 

sampLE 	1 rramo&no 

Arsuo-s 

SINLDESCRIPT)ON 

D
E

P
TH

. 
 

O
EL

O
W

  
S

U
R

FA
C

E -.I ..r > er 
r2 

. 	3 

• re eu :41 
ee w  

a.2 
i S  

YP
A

B
O

U
C

 
LO

G
 

nil  

Name, Gradation or Plasticity, Partide Size Distribution. 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

R
EC

O
VE

I 

6*-6'-6' 
(Pi) 

- Silty Clay 

Grey - brown, moist to very moist, 	Fe staining, 
occasional 	chert clasts. 	ci. 

- ST pushed only 18"  

- 	1" chert piece in shoe of SS ,  

FERRELVIEW 

10  

_2.5- 
4 

S 
7001 

14" 3-4-7 
(11) 

, 

76.5 
5- p T 

7002 
18"  

-7.5- - ps 
9 	. 7003 

18" 3-6-7 
(13) 

_420- 
G2.5 

5T 
7004 

24" 

-■12.5-5S 
.4 7005 

18" •4-16 -31 
(46)' 

15  .4 - 

15.5 
S 
006 

12" 43 - 40 - 2 
r 	(66) 

Silty Clay and Clayey Sand. 

Brown, slightly moist to moist, 	very stiff, 	very Fe 
rich, 	up to 50% 1/4" chert fragments 	CL - SC 

- ST pushed only 1' 

CLAY TILL/BASAL TILL 

719 
17.5-5 

7007 
11"  I 

29 

20 0 
'21 

T 
008 

12 

_2.5-S 
24 7009 

12" 8.:.6-7 
(13) 

25 --n 
,... 

. ,,,,, 
------4---, 

= D 1 	poon 
	= Sh e lby t u b e 	=atornic cii 
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Piroject Number. 

3840 Sheet 
Boring Number. 

GT -. 70  

SOIL BORING LOG 
p • Weldon Springs Site RAP 	Location• 

Elevatiort 	  DrItlIng Contractor. 	  

Offing Melthod and Equipment 	 

Water Lew"; and Date: 	  Start 	  Finish: 

SAMPLE STA.140010 
Porcracnore 

NZ» 

t8 
117 .J 

SOIL DESCRIPTION 

Egg 
Oa Z 

4 

t 
 • 

Name, Gradation or Plasticity, Particle Size Distribution," 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

11'4'4' 	I 
1 

p4) 	, 
i 

\ST 
7010 

12" (cont'd) 
- .ST pushed only 1' 

nravelly Clay 
Brown, moist, Fe rich 
- sand lens from 28 to 28.4', with gravel • 

RESIDUUM 

30-1 

35 

_427.5 
28.E7011 

SS 10" 30-34-5014" 
f -) 	' 

, 

i 

i . 

Auger Refusal 	at 29.5' 

, 	. 

. 	- 

_ 

. ,......: 	 I, 
III 	 I 

40 

45 

50 

55  
SS = So It Spoon 	= Shelby Tube 

	= a 	orni 	
,_ - I 

 



0 MORRISON KNUDSEN CORPORATION ENVIRONMENTAL SERVICES GROUP 

SOIL BORING LOG 

Sheet 	I 	ci 
Proiect Number 

3840 
Hde Number 

GT - 71 
Pmiect

ld 	
- 

Weon Springs Site Remedial Action Project 
Lttation: 
70'W of SW corner of Bldg. 	201 

Coofdina:es: 	(AEC) 
N99756.2, W50300.1 

Drilling Contractor: 
Geotechnology Services, 	Inc. 

Drill Make and Model: 
CME 750, ATV mounted N 

PO 	of Roct: 
34.5  

Depth Casing 6 Size: 
I 	-- 

Nose Size: 
7 1/2" (Auger) 

Devation: 
659.3 

Angle from Vert and Searing: 	 i Depth Bottom at hole: 
Vertical 	.34.5 

Water Levet 
Dry 

Avid & Adclorves: 
None 

Date Start 
4/11/91 	10:50 

Date Finish: 
4/11/91 	15:05 

Log 
. 	' E. 	Rennat 

Z 
0 

t 

D
E

P
TH

 
B

EL
O

W
 

S
U

R
FA

C
E 

 

SAMPLE 	I suitor 
TUT 

ant-A:PS 
-I 
0 
co g 
V/ .J 

I  

SOU. DESCRIPTION 

.., < > 
lu W 
k-  

a 
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i,, co 
o. X 
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E
C

O
V

E
R

Y
 

Name, Gradation or Plasticity, Particle Size Distribution, 	' 
Co or, Moisture Content, Relative Density or Consistency. 
Soil Structure, Mineralogy, USCS Group Symbol 

6°-6*4- 
(N) 

Silty Clay 

Mottled lt.- to med. 	brown and gray, moist, 	plastic, 
stiff, 	occasional 	Fe and Mn staining. 	CL. 

• 
- 

	

- 	- 

FFRRFIV1FW 

2-6-8  

— 2.5 - 

4 
SS 
7101 

12"  4-6-8 
(14) 

-5- 
_7.5 

ST 
7102 

21" 

—7.5- 
9 

SS 
7103 

13"  1-5-8 
(13)  

10 10- 	ST 
—12.5 7104 

27 " 

—12.5 	S 
14 	7105 

18" 
(14)  

15 Clay 	 • 
Mottled lt. 	browl and gray, moist, plastic, 	stiff, 
5% medium to coarse subrounded chert sand, 
occasional 	1/4" chert ciasts. 	CL - CH  

• 
 :.- 	CLAY TILL 

4-7-7  

. 
17 5 	106 —) 	• 

1 

• 

— 17.5-5S 
19 	7107 

1 	" 3-6-8 
(14) 

20 
JO- 	ST 
22.5 7108 

27" 

2,22.5 SS 
-24 	7109 

18" 
(14) 

25 ---, 
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30- CS 	15" 
7112 31.5 

(21-364 0) 

Project Wel don Springs  Site RAP 

Elevation 	

locabcm: 	 

Contractor 	  
ii 

Drilling LArthod and Equipment. 	  

Water Level and Date: 	  Stan    LinDer. 	  

Project Number. 
3840 

Boring Number. 
GT - 71  

SOIL BORING LOG 

Sheet 2 of 2 

SAMPLE amorous° 
mNentanom 

test 1 . 
SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
• Color, Moisture Content, Relative Density or Consistency, 

p o $ Soil Structure, Mineralogy, USCS Group Symbol 

$an
d row 

w 
Lt 	 rt, moist, plastic, stiff, occasional Fe 
and Mn staining, chert clasts 	CL 

su 

0  
W w 

SIS 

EC 

dCI5  
W 

ydy 3 
i  

ST 
7110 

27" 

EC 

6- 1 0h. 1 4 
(25). 

19" 

	BASAL TILL  
Gravelly Clay 
Lt orange, moist, plastic, stiff, some Mn staining 
along fractures; angular chert clasts up to 1", 
up to 30,'?  toward bottom CL 

30 

32.5 11" 15-15-50/5 SS 
-34 7113 

RESIDUUM 

Auger Refusal at 34.5' 
35 

40 

45 

50 • 

25- 
27.5 

27.5 
-29 

SS 
7111 
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MORSISON KNUDSEN CORPORATION 
ENVIRONMENTAL SERVICES GROUP 

SOIL BORING LOG' 

Sheet 	1 	at .. 

PIDiact Number. 

3840.. 
!iota Number 

.GT - 	72 
Project 

Weldon - S;:rings Site Remedial Action Project 
Loca ton: 

200' 	E of Bldg. 	302 
coaommem 	=.E C) 

%P.9200.8, W50074.0 
Drill;n9 ContraciOr. 
Geotechnology Services, 	Inc. 

Drill Make ane Vadat: 
CME 751% ATV mounted 

Depth Top of Rock: 
34' 

Depth Casing a Size: 
-- 

Hoke Sus: 
7 1/2" 	(Auger) 

ElevetOrt 	 'Anie 
657.5 	' 

from Vett ar4 Bearing: 

Vertical 
Depth Bottom of Hole: 

34' 
Wafer Level: 

Dry 
fluid a Additives: 

None 
Date Start 
 4/12/91 	8:00 

Date Finish: 
1 	4/12/91 	11:20 

Lower. 
• E. 	Rennat 

2 
0 
P 

.., D
E

PT
H

  
B

EL
O

W
 

SU
R

FA
C

E 

SAMPLE 	1 swtokkto 

TEST 
astIvi 

Z 

2 2 
t)..1 

SOIL DESCRIPTION 

.1 
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> 
.• 
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c 
4 lal 
,Q . 

el. 2 
i R

E
C

O
V

E
R
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Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, . 
Soil Structure, Mineralogy, USCS Group Symbol 

V4'4' 
(H) 

-.Dark brown organics nea•.surface 

Silty Clay 

Mottled It. 	to med. 	brown and gray, moist plastic, 
stiff, 	occasional 	Fe and Mn staining, occasional 	• 
angular chert. clasts. 	CL 	 _ 

_ 

. 

FERRELVIEW 

c.5: 

4 

SS 

7201 13" 

4/5/6 

(11) 

■ 	- 
' 7.5 

ST 
7202 25" 

—7.5- 
9 

SS 
7203 17" 

3/5/6 
. 	(11) 

10 

-'10- 
12.5 

ST 
7204 26" 

-12.5 
-14 

SS 
7205 16" 2/5/7 

15 
:5- 

-":6.5 
CS 
7206 18" (4/9/13) 

:7.5 

:9 

SS 

7207 17" 
2/7/9 
(16) 

20 
• - 

122.5 

--i 

ST 

7208 28" , Clay 
Mottled lt, 	brown, orange and lt. 	gray, moist, 	plasti 
stiff:to very stiff, 	Fe and'Mn staining, often along 
fractures 5% coarse angular chert sand, occasional 
angular chert clasts up to 1". 	CL - CH 

_ 

_12 2.5 
1 

4 

SS 

7209 20" 

5/10/15  

25 
1 

25 --2 



 

• 

 

)11  

Sheet 2 	or 2 © 0,-VIRONLIENTAL SERVICES 
11 ► .... •• 4104.0.• 

Project Number. 
3840 

Boring Number: 
GT - 72 

   

SOIL BORING LOG 
Weldon Springs Site RAP, , 	 Location. 

Elevation 	  Drilfirg Contractor. 

Drilling Method and Equipment 

Water Lesel and Date:     Finish: . 	  

S TAND ARO 
► oorraAnOw 

RIS ULTS 

fr-V-Or. 
(N) 

SAMPLE 

Eg 	.4§ 
OMIA

g 	X 
 

SOIL DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 

?..g Soil Structure, Mineralogy, USCS Group Symbol 

(cont'd) 

30 

25- ST 	26" 

27.5 7210  
27.5 SS 
-29 7211, 18" 

30- CS 	11" 
31.5 7212 

10/14416 
(30)  

(111.0,02. 

CLAY TILL 
Gravelly Sandy Clay 

Black with brown, moist,'stiff, plastic,40% fine 
to medium subrounded - chert gravel, whitish calcite 
encrustations below 30'.. CL 

32.5 SS 

- 34 7213 

50/5" 

BASAL TILL 

35 Auger Refusal at 34' 

40 

45 

50 

• 
it 

55 
cr _ rA_ -1  T`K = rArifornla -sarroier (3") 



©MORRISON KNUDSEN CORPORATION 	 . sheet 	I 	of  
ENVIRONMENTAL SERVICES GROUP 	 Project Number. 

SOIL BORING LOG 	 3840 
Hole Number 

- GT 	-- 73 
Project 	 • 	Location: 
Weldon Springs Site Remedial Action Project 	100' W of SW corner of Bldg. 302 

COordinates: 	(AH ) 	 Drilling Contractor 	• 	. 
99072.7 	W50456.6 	 Geotechnology Services, 	Inc. 

Drill Make anc Model: 	 Deem 100 of Rock 	repo Casing & Size: 	Hob Size: 
CME 750, ATV mounted 	 45.5' 	 7 1/2" (Auger 

Elevation: 	 • 	Angle horn Vert. and Bearing: 	 Depth Bonom at Hole: 
660.0 	 . 	Vertical 	 .45.5' 

Water Levet: 	 fluid & Additives: 	Date Start 	- 	Date Finish: 	 LoWer 
Dry 	- 	None 	4/15/91 	11:20 	4/15/91 	-16:10 	. 	E. 	Rennat 

'E
LE

VA
TI

ON
 

6.••
••••
■

•■
1

  
DE

PT
H 

BE
LO

W
 

I S
UR

FA
CE

 

PeartaAnoe SAMPLE 	 S WOO ARO — 

SY
MB

OL
IC

 
LO

G  

SOtt. DESCRIPTION 

' 

TY
PE

 &
 I
  

NU
MB

ER
 

3
 
	 a

 

tut  
ra 	Rarim's 	Name, Gradation or Plasticity, Particle Size Distribution. 

c 	t 	6'4'4' 	Color. Moisture Content, Relative Density or Consistency, 
■.- 	8 	PO 	Soil Structure, Mineralogy, USCS Group Symbol 

5- 	ST 	 angular chert clast: 	CL, 

Silt 
- 	 •k brown with organics, moist (radiologically 

contaminated up to 400 cts/min) 	ML 
FILL 

-2.5- 	SS 	'2/4/6 
4 	- 	7301 	13"• 	(10) 	Silty Clay 

Lt. 	to med. 	brown with gray, moist, plastic, stiff, 
5 	 Fe and Mn staining increasing with depth, occasional 

28"  

-7.5 	•SS 	1/5/8 	 -  

_17.5 7306 	 FERRELVIEW 

. - 7.5 	7302 	 . 

,9 	7303 	16". 	(13) 

10 

12.5 	- 
4" 

10- 	ST 	 - no sample 

J12.5 	SS 	1/4/7 
-14 	7305 	16" 	(11) 

15' 
15- 	ST 

23" 

17.5 	NS 	ZU 	4/811Z 	r-e57 

	

-19 	7307 	(20) 	Lt. gray-brown, moist, plastic, slight Fe and Mn 
staining, 5% medium to coarse subrounded chert and 

	

20 	 quartz sand, 	occasional whitish calcite, occasional 

	

20- 	ST 	 gravel-size chert clasts. 	CL - CH 

,:.-:.- 

	

_ 	-, 	 ,gruperrwer- 

22.5 7308 	28"' 
• 

22.5- SS 	5/8/12 
24 	7309 	18" 	(20) 

25 	 _ 

t Spoon 	= SnefDy lu D e 	_LS = Cailtornia d 



-Boring Number. 
GT- 73  

SOIL BORING LOG 

project Number 
3840 Sheet 2 OMPC.DNIRONMENTAL SERVICES 

• ...1.21.11.10.11 

prcoa.Weldon Springs Site RAP•I LocatiOn. 	 
Dave's=  	.; i! : 	Drilfirvg Contractor 

Drilling Method and Equipment 

Water Level end Date: 	 Start 	 Finish - 

SAMPLE 

se 
a 
Lu 2

SS 
 

STANDARD e • 
RENETRAT■ON 

TUT 
RESULTS 

11*-6.4• 
04) . 1  

SOIL. DESCRIPTION 

Name, Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or ConsLstency, 
Soil Structure, Mineralogy, USCS Group Symbol 

30 
38- 

27" 

5/12/16 
(28) 

15" 

(cont '  

- ST pushed only 20" 

25- 

27.5  
27.5 
-29 

ST 

7310 
SS 
7311 21" 

32.5 
32.5 
34 

21" 

36.5 
19 

6/10/1 1 1 
(21) 

( 111/, 15 

CLAY TILL 
Silty Caly 
Gray, moist, plastic, medium stiffness (softer 
above), little sand, no .gravel, some Fe staini 
CL Cs 

7314 

ST 

7312  
SS 
7313 

5/9/1 U .  

(29) 

Y s 	 

37.5 
-39  

55 
7315 

IT' 

40- 15 '  (24/37/ 

BASAL TILL 

IlregdOLrci Pg __ 40', orange below 40', medium 
to coarse sand, Increasing angular chert gravel 
with depth. CL• 

41.5 7316  

42.5 CS 7 11  34-50/2" 
-44 7317 

RESIDUUM 

Auger Refusal at 45'.5' 

• ! 	• 

35 

40 

45 

50 

CC 

pmnier (") 



0 MORRISON KNUDSEN CORPORATION . 
ENVIRONMENTAL SERVICES GROUP 

• SOIL BORING LOG 3840 
 

Shoe 	I 

Project hturrzef, . 

Note Number 
• GT - 74 

prof 
Weldon Springs Site Remedial Action Project 

I-matron: 
Proposed Water Treatment Plant-Area 

Coordinates: 	( AEC ) 
N98676.0 W50266.6 	* 

Dritling Contractor. 

Geotechnology Services, 	Inc. 
Drill Make and Mallet 
CME 750, ATV mounted 

Depot Top of Rock 
34.5 

Depth Casing 6 Size: 
.... 

Kole Size: 
7 1/2" 	(Auge 

Elevation: 	' 

653.2 
Angle from Vert. and Seerirc 

Vertical 	• 
Depth Bottom of Hole: 

34.5 
water levee 

• Dry 
Fluid & Additives: 

None 
Date Start 

4/16/91 
rats Finish: 
. 4/16/91 

Unger E. Rennat 

Z 
0 
,... 

D
E

P
TH

  
O

EL
O

W
  

S
U

R
FA

C
E  

SAMPLE 	I 11444/m1c  
rU7 

RICIMVS  S 
ci- 
tcs 
NJ 

SOU. DESCRIPTION 

J 
5 s us p- Z TY

PE
 &

 
N

U
M

B
E

R
 

R
E

C
O

V
E

R
Y

 

Name , Gradation or Plasticity, Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group.Symbol 

6 .4 .4 . 
. 	pr) 	. 

Clayey SiTt and Silty CTav 
Med. brown, moist, plastic; dk brown organics near. 
top, 	occasional 	chert clast up to 1/2". 	CL - ML 

TOPSOIL/FILL 

2.5 

-4 

SS 

7401 

2/3/6 

(9)  

7.5 

ST 

7402 

26° 

Silty Clay 

Mottled lt. 	brown and it. med. 	gray, moist, plattic 
CL 

• 

FERRELVIEW 

7.5 

9 

SS 

7403 

14" 1/4/6 

(10)  

10 
10- 

12.5 

ST 

7404 
27"  

Clay 	. 	 . 

Lt. 	brown, orange and gray', moist, plastic, stiff, 
5% medium to coarse rounded to subrounded chert 
sand, 	Fe and Mn staining. 	CL - CH 

- ST pushed only 28" 

10% fine subrounded gravel, gray 

STpushed only 26" 

,...:. 

12.5 
-14 

SS 
7405 

. 
18" 

1/5/7 
(12) 

15 
15- 

17.5 

ST 

7406 

28"  

17.5 
-19 

SS 
7407 

18" 3/8/9 

(17) 

20 
20- 

22.5 

ST 

7408 

23" 

22.5 
-24 

SS 
7409 22" 

3/8/9 
(17) 

25 
— 	 . 

	 = ra 11Tnrn1 	GIIIU 



©MK•ENVIRONMENTAL SERVICES  • •■ •..ea 	•••• ■•■•••se 

prooct Weldon Springs Site RAP 

prelectNumter. 
3840 

Boren Number. 
74 Sheet 2 0 . 2 

SOIL BORING LOG 41) Liscatiory 

Eler4tion: 	 Ontling Contractor. • i 
Drilling Method and Equipment' 

Wale( Level arid Date: 	 Start 	 • : Finish: 10;9.3r. 

SAMPLE 

ea tu 

l-z 

ITAl■ D•RD - 
11,Dir-rastiole 

TUT 
Rum» 

11'4'4" 

SOIL DESCRIPTION 

Name, Gradation or Plasticity; Particle Size Distribution, 
Color, Moisture Content, Relative Density or Consistency, 
Soil Structure, Mineralogy, USCS Group Symbol 

25- ST 24" 
(contl.d) 

30 

27.5  
27.5 
-29 

30- 

7412 

7410 
SS 

CS 

14" 

3 ,, (100/5") 

9/23/2E 
(48) 

0.5 

32.5 SS 2 " 50/2" 

CLAY TILL 

Clayey Gravel 
Whitish with orange Fe staining, angular chert, 
30% sandy clay, whitish calcite encrustations. ac 
- no sample 

-.no sample 

35 	 Auger Refusal at 34.5' 

40 

45 .  

50 

55 



APPENDIX B 

MILES PHASE III INVESTIGATION TEST RESULTS 

• 

• 

• 



CHECKED BY:LAB 	 

MK-FERGUSON 
A teorcriti ON KM/nut ColdPANY 

IN-SITU MOISTURE AND DENSITY DETERMINATION  

1 

SITE ID:  vq6SR A?  
DATE: 	ce" 1 -1- 9  

, LAB NAME: 	GNI  

TAC 	  

-4 

Ave ra c oC -14,ree. valves 

LOCATIONISAMPLE 
- ID 	ID  

DEPTH 
INTERVAL 

(FT) 

MOISTURE 
CONTENT 

(%) 

DRY 
DENSITY 

(PCF) 

r):,pesal 
Fa c;I:+y w  

6r_L i o 
250-25,7 

, 
I& . 

. 
Ile• 0 

. 	, 
" 

• 
6T-004„ 1 5;0 -175 14.1 112.1 

i 
C.r-6-c1OS 20.0-22.5 154 11(c .3 

H 
,  6.7-  'tett I0 25.0-2G.S 9.6, NP 

n 1, ,  
61 -7C04 10,0 - 125  18 .S 110.1 

. 	.. 
6T -710i1 20.0- 22.5 I 	.3 111,0 	. 

" 6T -7110 25.0 -0.7.5 Z0.9 106 2. 
.., 	8 6i- ,711Z 30.0 -315 22.5 138.0 

" Gt -7306 I5D -17.5 32.4 92.4 
s. . 

61-- 7314  

6T731 0 .  

35-.0-365  

40.0 -41.S 

Z2.5  

10.2 

102.3  
NF " 

" &T- 7402 5.0:7.5 24.2 ' cri 5 

"  CT-7406 15.0- 17..5 , 	!TB ' 11 0.3 

- 
. - 	. 

i • 

• 
ATit; CHME KIT . (o 1 MKF -A L-ENI6-1. (4187) 	TesT PROCEDURE :  



1 
I 

I 

1 
I 

M K-FERGUSON 
A MOIVISON KNUDSEN CiDbIPANY 

MECHANICAL SIEVE TEST RESULTS  

SITE ID: 	(A1551RAP  

8 DATE: 	1-9)  

LAB NAME. 	C Nr  

LOCATION ID:  INspoa1  

?Vf\A 
TAC 	  

CHECKED BY: LAB 

. 	, 
SAMPLE 

ID 

DEPTH % PASSING STANDARD SIEVE NUMBERS •  
INTERVAL 

(FT) 3' 11/2" 3/4" 3/8" #4 08 #16 #30 #50 *100 *200 

61--6!•16 25.0-27.S I00 95 95 95 A5 gLi qz ea 78 71 

L- 	'3 32.5- 34.0 100 q9 99 975' 98 _ 97 i7 9(  qs 

c-. 	IS 37.5-37.0 too ciq co sici .38 7 8G0 85-  ca4 

PD IS.0-17.5 100 99 97 cie.i 51 , 80 7Z 

&,:cs 200-22-5 WO , q0 89 	_88 486 8Z 741 67 
&310 25.0 -2C,5 (00 (,2 55 3S 28 2A- , 21 zo i 16 
- ;:k`i1  lot -12.5 ....  , ► 00 IR9 +-I q3 
7I08 7,0.0-22.5 100 941 97 91 77 68 
7110 25.0-z7.5 _.. 

100 32— 70 64 62. 

100_ 

(01 

q 61 

/00 , 

q9 

561 

91 98 
7112. 30.0-31.5 5 57 

7304 IS.0 - i7. 5 , . ICo eici 98 941 _83 gq 
gcl 
23 

73I 35.0 -36.5 too _ 99 91  9'3  'IS 97 
7316 419.0- 41.5 100 fplo 570 q0 30 3Z. 2 27 2'4 
7402 5.0-7.5 100 'i , 98 97 93 _ 85-  :79 

72. 74D4 15.0 -17.5 too 99 59 /7 16 94 89 75 
•EPITER ONLY VALUES LESS THAN 00%. TEST FOOCEI;URE. : ASTIR I) 42.2-43 (1910) 



MK-FERGUSON 
A WOWS ON IOAKISIX Cowmen' 	 • 

HYDROMETER ANALYSIS TEST :RESULTS 

•••••■■•■•••••■•■ 

SITE ID: 	(,JS5RAP  

DATE: 	M-9  

LAB NAME: 	Cr41  

1 

LOCATION ID: Disposal Fac ili
f 

 

CHECKED BY: 

TAC 	 

SAMPLE 
ID 

DEPTH % FINER THAN (mm)* 
INTERVAL 

(FIB f .074 mm _ .05 
mm 

.037 
mm 

61 
Gc—,-30i------,iy. 

.019 
mm 

544 

.00. 9 mm 

ers 

.005 
mm 

43 

.002 
mm (003 
3(c,  

.001 
mm 

61- 6810 25.0-27.5 71 33 

61- 6813 32 .5- 	.0 95 — 
(.0215) 
72 59 

(3.0 
4a 

(.") 
35 

(4c3) 

33 3o 

6-1- (8 15 37.5 - 3 , 0 — — 

Cir- 0 OG iS.O-11.5 72 :- 

(.c29) 
& I 55 

(As) 
42  

(.“4) 
4-0  

(.ce3) 
3Z 29 

(if-  ODS -ZO .0 -22,.5 67  
(.t:1) 

0 51 
140  
44  

(.oc4) 
37  

(,00l) 

31 28 

cif- 69 I o 25:o- 2G:5 — — — — 

Gf- 7o04 
1 

10.0 -17.5 
„ 
'13 — 

(.076) 
72 eoc. 

(.0,0 
39 

(.004) 
35 

‘...» 
30 27 

6T-710$ 20.0-22.5 (D S — 
(.03.0 
5/ 

(.oze) 
51 

(.c.$) 
42 

(.,,,b) 
39 

(.o•3) 
34 31 

61.  711 0  25.0 -275  ct, 8  ,_ Iv) ;Oily) (54:411) (4i,or (4.4:7 
40 

 

Gr .' 7112 30.0-31.5 57 — 
(.021) 
5L 

(.cis 
So 

(.04,1 
46 

(.occ) 

460 
•0e3 

45 

GT-  7306 15.0 —(715 $14 — 
411 

74 
•oil 

to G 
Oct 

54 
.(SLY. 

51 
(.OH) 

2_ 

6-r -  7314 35.0 -36'5 : CRo — 
.023 
77 (00, 

(.01+ 
117  
t.o, 0 
20 

(.pox 
_ 344, 

(A%) 
19 

. 
30 , 
(.003) 

17 

ZB  

Ho  &1 	731t0 
1 

40 .0-4-15 _ 23 — 
(.03 1) 

21 
(.ou) 
zi 

6 -1- 740Z. S.0 -76 79  

7Z 

—  

— 

tow 
70  
6030 
6, 1 

(*I) 
63  

54 

coon 
C4  
6c.1) 
4Li 

teco 
STI  

(404 
141 

( .003) 

4L71  
(.xs) 
37 

41  
3Z_ GT- 74O( 

,. 
15,0-1 17.5 

TE5T PROCE.DUCE_ ; ASTM D 42-Z-473 (1990) 

ENTER ONLY VALUEt LISS THAN 100% 

I MKF 	E.NZ -3 (4187) 



1 

I 

MK-FERGUSON 
A 

PHYSICAL PROPERTY TEST RESULTS 

SITE ID: 	W5SRAP  

DATE: 	3- 8 -q 	 CHECKED BY: LAB 	 V-W1  
LAB NAME: 	CNI  

	

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

LIQUID LIMIT 
(%) 

PLASTIC LIMIT 
(%) 

PLASTICITY 
INDEX 

(%) 

SPECIFIC 
GRAVITY 

GT- 6.,3 i0 25.0-27.S 241 (3 34 2.69 

6T- C.313 32.5 - 34,-.0 qo 13 27 — 

6T- L90(0 15,0 - IT 5 24 ( 12 2-9 

6T-  ::iOS 20.0 - 22.5 . 	zio 15 25 2.77 
GT- ,:ic) 25.0 -2G,5 

-0 2.14 
64)6411.5i 

-- 

6T- 7004 1 0 .0 	- IZ .5 4( i 5 2C,  Z.15 
G-r -710s Zo.o -21.5 2i7 1u 33 

G1-1110 25.0 -27.5 54 /5 39 ZaZ 
yr-711z 30.0 -31.5 --.0 Z.74

04)64.2.44 
GT-7306 15.0 -(7.5 (24 1e3 45" 2.74  
GT- 7314 35.0 - 36.5 38 16, 22 .2.71 

G1 - 73(6 410.0 - 41.5 50 1 -1 33 
PO 2.70 
606.2?.54 

6 -r-'742 5,0 -7.5 55 13 42 

Gi- -741% 15.0 - 17.5 42_ 12. 30 

_, 
TEST PRocEPOR Et ASTM -4318 -8+ AKD ASTN1 P854- 3 6990) 

MKF-AL -E.N6 - I ( 4/s7) ATTkCkMEn1T I 

• 
LOCATION ID:  Dirck  rends.1-y  



r. 

r 

4CONSOLIDATION TESTS 

t. 

i t  



srrE 	tiV5SRAP  

DATE. 	20-91  

C_Nr 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

BEGINNING 
SUBMERGED 

STRESS 
(PSF) - 

COMPACTION 
(5) 

GT-6E 1. 0 75,6-27.5 250 N/A 

INMAL CONDMONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(5) 

DEGREE OF 
SATURATION 

(96) 

VOID 
RATIO 

e 

11 0 .3 (54 80,3 0,525 

FINAL CONDITIONS 

DRY 
DENSITY. 

(PCF) 

MOISTURE 
CONTENT 

(5) 

DEGREE OF 
SATURATION 

(5) ,i 

VOID 
RATIO 
 e 

ilex) 18.3 loot 0.425 

TEST FROCE r;')rZE: ASTAI 
	

z4-35-90 

LAB NAME: 

4, 1  
CONSOLIDATION TEST RESULTS 

LOCATION ID:  D 115 pC56 ( Fk & 1. 1 11+y  

	

CHECKED BY LAB: 	  

	

TAC: 	  

TEST RESULTS 

AXIAL 
STRESS 

(PSF) 

VOID 
RATIO 

e 

COEFFICIENT 
OF 

 
CONSOLIDATION 

(cnisec) 

2-50  0,515 N/A 

WATER 
A:,- ep 0 . 547 NIA 

500 o.54z 1.35 x  io" 
LOCO 0.535 N/A 
z_crio D.. 522 (0.2,o 	x to" 
4CoD 0.507 1,0 	x  10 -3  
two 0 .457 7.99 	x lo"I  

1&,COD 0.46+ 5.24 x 
0.4109 . 1.54 	x 	10 -9  
0.350. 1,03 X 	(0 -1  

InIZO 0. 20 6.98 y 10 .4  
0.304 • 	N/A 

8o co 0.351  P,VA 

MD 0.4-04 NIA 
5 0.424 r'f4 

0.+15  N/A 

a 

I 

1 
1 

NOTE: INDIVIDUAL TIME-RATE INCREMENTS TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS 

1 tkikF-AL-EN6- K. (4497) ATTACtikiEor 10 



t 	

. 

INI-7:L ..E T  wEI2HT CF 'LAMP' '
7.  

=:Ww_ 	-E . 7 ,.E.  F.,!..1 1-  CF 9 P•F*1.E:
. 
 

- NAL 	: = Y - .11:2t-C1 CF EAmr,1_ =  

71- 4- 8: -==  1.7,14thET=9_ 	' 

.T:,:_ -il.ni:._E ?-1E1f.-.r..7 

---- z --  --*= ‘,/Tf 

TIME .SE: 

= 

CALC.LiLl-:7E 	• 	se.:. 
ACKwAs: 	=Sw 1 

- Die 	REA:ING(in) 750/7f%:(se:: 

4 	• 

.25 

A 

A 

:6 

.- ' 	._f   .-, 

.2:-., 	1..:447 	! .1 . 

- EET -:O. =: - .:6? - i *6. 810 C:DNE:L_ - 	 E 'r418..9.62 EY 	 

• 71,_ :.:=- :_-!.: 	0,:i.':riT 	, 	► cF--  =!; ,-.1.2 .  

-.,,, lTI , ;L :E2. i:F 7-17....:RAIIC.N. 	"I. = 8 ,:.7. 

:Iff._ .::: -- i:-Ti..), 	 -- =0.62' . 	• 

Et. E • 1,7,yd 

0.f4:7 t 	11 .75E- 0 4.- 

f:...574 •  •0.6770 C'.00E+00 

0.'220 	0•17 1 ‘,  6.2C•E-04 

C.':71 	1.145? 1:67E-07 

0. 4 870 	2.4649 7.99E-04 

0.4579 	4.6402  5.24=- 04 

0.4092 	7.5676 1.56E-04 

0. -=.:75 •11.4189 1.07E -04 
.0„ --o -'4 	15.8:47. e. 
0.:(,44 14.4459 0%00E+00 

O.:507 11.4054 (Y: 00E+00 
7.918S 	),00E+0(;,  

:.)..1 2 4 1 	6.5940 000E -,- 00 

0.4247 	6.5541 0.00E+00  

1.77E -02 

1.29E-02 
7.47E-07 

5.07E -07 
4.15E -07 

2.75E- 07 

1.87E-07 
1.05=-07 

0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 

0.00E+00 

it2/: 

0.00E+0. 

0.00E+00 

1..14E -02 
'7. 70E -07 

,8.49E-07 
m.87E-07 

7.70E- 07  
7..7.7E -07 

1.E7E - 0: 
1.20E-0: 
L.eeE-c.4 
0.00E+00 

0.00E+00 

0.00E+00 

0.00E+0v 

0.00E+00 

.

• 

1

▪ 4

E-09 

0.00E+00 
1.08E-08 
1.66E-08 

.

• 

:6E-09 
2.91E-09 
f.87E- 10 
2.54E- 10 
9.82E- 11 

0.00E+00 

0.0c)E+00 

f.:1.0yE-0( 

0.0()E+00 

0.00E+00 



Moisture Content • 	/5, tr 	• 	percent 
Dry Unit Weight • 	//C. Z 	Kt 
Sample of .  

ZA-a-11 C.4,-"; k-rt .:744 544,d 
From 	fi r, _0 	4/,... 6. 7-.. 6 F /0  

O 

..._ 

N 

7 

r----------41.-..„...„  

) 
I 

a 

■ 

-..- 

a 

, - , 

_.■ A _1_ --- 

O - 0 

:4 

.14 

1 .0 
	

100 

APPLIED PRESSURE --- kst 

l-36q--9/ Chen-Northern, Inc. SWELL-CONSOLIDATION TEST RESULTS Fig. 



MK-FERGUSON 
A MORMI I>I4 *WO SSA OCriirmiy 

 

  

• ,CONSOLIDAT)ON TEST  RESULTS 

SITE C.  

DATE: 

LAB NAME: 

wssRAp  
8-10 — 91  

CNT 

LOCATION ID:.  °A5  
CHECKED BY LAB: 

TAC: 	  

C5a1 eau   11.-ty 

'5'fV•1 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT)  

BEGINNING 
SUBMERGED 

STRESS 
(PSF) 

COMPACTION 
(%) 

6T-VICE zz.0-275 250 . rs! q 

INMAL CONDMONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

, (%) 

VOID 
RATIO 

e 

I ri.G  15.1 $9.7 0.40 

Iii 

FINAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 
- 

) 
DEGREE OF 
SATURATION 

i , (%) 

VOID 
RATIO 

e 

12t.7 14.6 . 1004 0.34 4 

1 	TEST ;,-- cx.E:-.-Jr-,.E- : p671,./1 t 24 35-90 1 

TEST RESULTS 

AXIAL 
STRESS 

(PSF) . 

VOID 
RATIO 

e  

COEFFICIENT 
OF  

CONSOLIDATION 
(c4/sec) 

250 0.461 • _ 	NIA. 
vJATEIZ 
ADDED  C'' 	f  3 NIA 

500 0.4g2. 1,18 	X 	10 4  

IOC° 6.475 3.31 	y 	10 4  

ZCOO 0.472. 1.80 	10 -3  
400D o.4 1I I.45 	Y 10 -3  
8a0 0.4-47 1.73 	Y 	10 -3  

IG,C00 0. 4 27 1.28 	10 -3  
32,Cto 0.398 5.71 s‘  ID-4  
64 coo 0.34+ 2:73 	x icr il  

• 

• 

NOTE. INDIVIDUAL TIME-RATE INCREMENTS TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS  

1 11-11:F-AL-EING- 10 (4/97) 	 ATTACH kIE/Jr 10 j 

1 
I 
1 

1 

1 
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....  
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1NA'' 

	

d.1- --- 	4JEIC-.T C F FAMFLF 

	

9. = 	b9. . 
:
4
,,P1.  

	

:m.' 	WEIL- HT C'F SAtil_E 

0.E7 wEiGmT OF EAffLE 

	

g = 69.49 	(.,/ 

c = 79.6:  

)Jr- E-1. -IFLE DIAmE 7 EF. 	lr. = 1.97.•.9 If.•• • 
. A LL E-nFuE I-1E1E-1 7  

. 1., 	a 	 :_r. = 0.7t- 9 :* 

_ L. IFIL :F.A./ITy 	 = -.77 
,,rkER CF INPUT IATA 	= 11 

-. 
-;,... 1...E.E: 70 CALCuL_A - E C. 	sec =T50 

L` A:,  FE4-E.:%L-3 FDRWARD 5R EACI WARD - =Eli•
RESSUPE(hsi) 	DIAL FEADING ( -n) 740/ !M. 	 :se=! 

0 	.19052 	it 

. - 5 	.1975:  

.,-.5 	.1eles 	4.,  
o 

• ../ .• .1E1=47 	1620 
✓ I 	 .1E45 	576 

 _ - 	..8606 	105 6  ) 
- 4 	.:9:7 	1 - c 

.7_01: 	15.:1 ... 

	

.- 	.:13f 	:41 

	

:: 	 7: ■ :. 

• • 	 .LE“- 	:%0 
.,... .... ..-7 c =-; 1  14.1,7. 7 .: 	=b.7-0E, CC::EOL 	EgTEFE2 Ey :Vi'' '- t F.' E-.67W1  
. 1  :-.A._ ..7 -- ,  _ ... 7  ..E...1 ■3P-- 	F C 	= 1 : - . :-.. 

.7.1,j;1* I AL • : : L. RATIO. 	=0.4=7: 

,- it.o., - "0:=CRE OSNTE.!1. ; 	% = 14.6 	' 
• ,$. 1_ I:F 	:E-:EIT-. 	FCF =1 -9 .7 

t ..1 ,41- !DEtl. ,-..,F =H70;ATICN. 	% =117.7 

r 	E 	Gr. 	 CV 	 I.;‘, 	 My 	1 
If: 	% 	cm:isec • 	4t,:i• 	4 t - 11 	.:m/sec 

......- 	1:.46c.-; 	0.00•-Ai` 	•, 0E-..:. 	0.0.:'E-.., :. 	....0)E -r.:.: 	 , ..:.)E+00 
.-_.. 	•'..4,-_-..: 	0.7E9 - 	0.(.... ,E+.:0 	2.:EE-02 	1.t..:-..E-:: 	..0 , ' ,E ,00 

• ._...-. 	-.1.4=-74 	+1-7_50 	 .c..0E-(:.0 	0•0')E , ):1 	0.0.:',17-0:. 	...0.., +01.1 
.:.:: 	0.4,i'7.4 	+2. (25:4 	1.1°F-04 	4.2.:•E-07. 	2.6=i-..: 	.z. ,i:E-10 

... • 	..-72L 	4•...7E7; 	7.::E-.:4 	'.4:E-:.7 	'.7 9F-.7 	7..:::E-%'.. ,4 • 

	

..-7:' 	t0.7::17 	1.E0E-.., 7 	6.eoc-o: 	4.t4E-.:17 	:.71E-OE 
.....".":. 	(.4=:.i 	r:.•4141 	:.45E-07. 	5.79E-0= 	.7.67E-•7 	..09E-06 

	

... ,"11.:v . Q.4 4 .t.. 7 	1.777o 	1.27E-07 7.57E-07 :.•1E-07 6.04E-09 
...1.: 	0.4 - -E. 	2 .77:e., !.•EE-•7 2.4EE-07 1.69E-07 441E-09 

:.:...0: 10 	0.:976 	4.7240 5.79E-04 	1.67E-07. • 1.25E-07 1.47E-09 

	

. b4.000.:. -0.2479 	8.2.828 2.7•E-04 1.66E-07 1.14E-07 6 : 77E-10 

• 

128 KSF WA Di  
REFoo/Uo Nor PoSsil3L 
PrAC TO OWE v6A1 co 1-& /Vst 
6F SAM PL 	PI IR 1/U6 /2 k Lem- D/A16, 

ft"-? 0/ 4-6 Riel it,f) 



1 

I 
I 

0.1 1.0 	 10 
APPLIED PRESSURE — ksf 

100 

F . 

Moisture Content • /54 	percent Ory  Unit Weight ■ 117, 9 	pct 
Sample of: 

r :ea 	/ cot_ - 
From: 	r_ cr ios • 	• 

.4i 

A 
41 

I ,N 

• , 

f 

.40 

v
ow

  
M

T
70

 

.1) 

34 

35 

tU 

Chen-Alorthern, Inc. SWELL•CONSOLIDATION TEST RESULTS ng• 
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MK-FERGUSON 
A ORIVII ON KNUDSEN OCANYLNY 

CONSOLIDATION TEST RESULTS 

LOCATION ID:  Vi.` SITE ID: 	ki 551:2Ap  

DATE: 	- 20-9 I  

C'sI 

el I FL) I ffy  

%Alt CHECKED BY LAB: 

TAC: LAB NAME: 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

BEGINNING 
SUBMERGED 

STRESS 
(PSF) 

COMPACTION 
(%) 

6T-7 CA.-.4 12.0-123 250 KO; 

INITIAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

q6 . 6 25.1 ?8.8 C.775 

FINAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

103.2 25.8 100+ 0.441 

TEST nocEr--‘rz-: A5TM D 7_435- go 

TEST RESULTS 

AXIAL 
STRESS 

(PSF) 

VOID 
RATIO 

e 

COEFFICIENT 
OF  

CONSOLIDATION 
(cm/sec) 

250 0:77Z NA 

ADDED 0.736 N/A 
50o 0.782 IA(_ 	x 	10 -11  
1000 . 0.7740 7,q2 	K 	10 -4  
WOO 0-7405 3.17 	x 	10 -4  
4000 0-74-e0 3.5-6 	)( 	10 -4  
8cCO 0.723 4.0 	)f 	104  

lb, ao O. 00 2.07 	x 	10 - 61  
0. &40 3.51 	x 	10 -4  

64,000 0.581- 3.30 	7( 	10-4  
IZVIDO 0.514 2.39 	x 	10-4  
32,000 0.534 tv /A 

WO 0.54;3 r4/A 

2t40 0. &Of K I M 
SOO 0.650 NA 
Zo 0.1141 NiA 

NOTE: INDIVIDUAL TIME—RATE INCREMENTS TO BE ATTACHEDON LABORATORY SUBCONTRACTOR  FORMS 
A o 	.I 	ie. 	 • 	 L.a i It .1T' 



0 
Ei':TEREZ 

= 
= 

-:N:... - - 	- 	...-17: 	... 	"711,4■ ..= 	= . ""' . 	bt r... . ' . ' . • 

	

N: c% : ?-... 7.1,iEI.,7 (..-,F.=AMF:L=. 	• .0 :-. 	'.7-24-4.. . 

1 

	

	
1;...-L 	- i -  .v.12!-1.  CF EAMF- E -- 	c- 	.i.6.47. 

-. n -  :..E1Gi-ii OF c AME' c  : 	.1,-.:. 	 ..g. = 	7:.4..; , : ,  

- : •. - L.- L'.. t-t. 1=7:-.r. 	. 	:47-, ,,- - .'4 1 4i.  
!-:Elan7  

- 3 CiL._CL:LATE 
r= 	7 =FW 

	

r!c. 	FSEEEJ=.E(1s4) 	cE4 :ING(ln) 79 1.;:t se - 

. 7.FET 	1.:7+-Dj)4 
Zt:.-+NTE!IT. 

:SY UNIT iqE1:inS 

CF 

• 

1 

1 
- . 7 E-,51 

!:'.7E15 
0.776- 1 
.).7647 

v. 74o0 

0.7:28 

0.6900 
0.640 ► 

0.584 7 

,0.5144  

0.5341 

0.5b7. -' 
0.t010 

C'. 45 ' 6 

0.6c17 

v.15v0 
JE - 

7.6.47 - 	7 
C+00 

. 0.0y:1.7 .A-00 0 .0.: 1E f i.00E • %:" .  u.vuE*00 
1.0.79:5 :.26E -u2 7 .12E-u3 .85P-09 
1-0.0660 

1.5E-04 1 
7.92E -04 1.16E -. :+ -  6.5.5E -u3 I.o0E-oe 

v.5755 7.97E- 04 1.15E-v.1 6.46E - .17 5.24E-09 
1.63%1 7 3.5tE-04 9.33E-v7 5.26E -0 -  3.83E-09 
2.93E0 4.45E -04 5.80E-Y3 7.27E-03 7.00E-09 
4.79L4 2,.07E -."..4 4.10E -v7 2.31E - Y7 9 .78E- 10 
7.6011 3.52E-04 7.12E-07 1.76E- C, 3 1.26E-09 
10.7412 3.70E- 4J 1 .74E 9.E1E -r..4 t.61E- 10 
14.6766 '.79c-04 1.C'9c -v3 6.15E - 04 .7.00E - 10 
13.5714 0.00E +-00 0.00E+00 0.00E+ 00 0.00E+00 
11.5:72 
9.797s 

0.00E+ ►0 

0.00E+0 •  

0.0 • E+.:“:,  

0. ►0E+00 
0.00E+0) 

0.00E+00 
0. 1.0E+00 
0.00E+00 

7.046 0.00E+ )0 0.00E+0U 0.00E+00 0.00E+00 

t.4016 0.00E +00 0.00E+')0 0.00E+00 0.0)E+00 



SAMPLE 
ID 

DEPTH 
INTERVAL 

(Fr) 

BEGINNING 
SUBMERGED 

STRESS 
(PSF) 

COMPACTION 
(%) 

G117 1 1C 25.e -25 .9  250 TWA 

INMAL CONDMONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 
■ 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e .  

I 

1 	. 25.7 100.8 0493 

FINAL CONDITIONS 

DRY 
DENSITY 

(PCF) 
. 

MOISTURE 
CONTENT 
• (%) 

DEGREE OF 
SATURATION 

(%). 

VOID 
RATIO 

e 
i 

115.4 Z3.8 10:)4- 0.473 

TEST 7RoCE PY=E: ASTril P 2435-90 

MK-FI RGUSvON 

CONSOLIDATION TEST RESULTS 

SITE ID: 	 

DATE: 	 

LAB NAME: 

    

LOCATION ID:  Di'ept-'341 Foc1 . 114-y 

 

     

    

CHECKED BY LAB: 	'-/VAIA  

  

      

    

TAC: 

   

        

        

TEST RESULTS 

AXIAL 
STRESS 
(PSF) 

VOD 
RATIO 

e 

COEFFICIENT 
• OF 

 
CONSOLIDATION 

(cm/sec) 

2 50 0.07 N/A 
witrez 
Ar7ve-r) 0.718 NIA 

500 6.717 NIA 

1000 0.71z NIA 

ZCOO 0 . 704 2.12. 	y 	10 -1  

+COO O. 00 2 . 23 	i 	10 -4  

WOO 0.672 2.34 	,, 	10 -4  

14; GOD o. OS 3.27 	Y 	10 -4  

321 000  0.518 1.55 	x 	10.4  
6,41 000• 0. 473 2.31- 	I 	10-1 

NOTE.: INDIVTDUAL TIME-RATE INCREMENTS TO BeATTACHED ON LABORATORY SUBCONTRACTOR FORMS  

14kF - AL-EN6- ic (1497) 	 ATTACH AJE NT -  lo 



100 1.0 	 10 
APPLIED PRESSURE — ksf 

Moisture Content 	25.,1 	percent 
Dry Unit Weight 	94, 6:1 	pct 
Sample of: LEL( 	C I A  

Frorn. 11 700+ e 2 -213 '  

A 

1.1■11mmlir 

0. 1 

0.7s 

C.72 

thq 

( 

r 

t 

c.5t 

C5 ,1 

C,Sz. 

so 

(-365- q ( 
Chen-Northern,_ .Inc. SWELL-CONSOLIDATION TEST RESULTS Fig. 
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• 
=..,•.--.s.:. 	.... 	■■■• 

•. - : AL_ . - v -. 1.1..,7 .. 17 -Am'  ._ i 	z.. = 	=S.:4 •.,-. 
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1, ■:.- 	-- 	, r.:.7 .r11-  

• 1 .1 . -i:_ . 	--:1_E DIAMETEF: 	in = 1..47,),.. 

•.*:_...:... 
.r- .--.-.- ' .- 	..: ,: ..7 :.., ■ A 	. 1

..
. 

,1 1, :_:-....ACE C.., 	SEA =7=0 
.14. 	::..--:..-- 7.7C--14-4= 	1:-..1 i.-:1C6.4 ■:::■ D 	- 	=PW  

„,c. 	.!:EEcu;.:..Et;.s.. 	:::f-IL. FEAL,INGtin) 'sv/T.aec, 

._..: • .1917 

......) 

.27 .17E7s* 
1 .1602..:4 
- .1847E 
4 .1905c 
c 

.19st 
2n .:111)Z. 

-.. ..c .-- ; %In::: ..Lns=1 	27%,....::-:,: 	
■-• 
t 	

■ a'. 	A  
-'-'-- ..,,, I7 ■67::::-.- 	c:.C-Y =Th.4 

...I 	... 	 % = 1. ".. Z 

-...r, L. 	--'.. -NC 	f27 • 	!...:..:. 	• = _:.;:i 
z i • .-__ 	:E .=:7.. 	F- C ;.7 = 1:77. -; 

: 	= 	-,... 	Cv 	A. 	mv 	■ 
:a- 	•• 	cm2/iiec 	l't:.: 	4t2. 	Win, =SC 

...-.. 	..:77 	ti.-f:E 	........:•E-0:. 	:-.0('E-:0 	0.1:0C-:. 	.:.:.:*E+r..0 
b. 	0 	‘=:.. 	t:.,:.:' 	'2..:.)E-.: ■0 	7.17.-7-..7 	2.E7E-  

	

2.2:Z4 2.:4E-04! 4.57=-0: 	;.:EE-09 
2.0 	 Z 2E-.: 	 s-09 

	

f.f.?04 	2.55E-.:.-4: 2.5.0E-07 	1.71E-•:7 7.47E-10 
( : .4 7  2s 17.007 	2.34E-04j 7.92E-072.32E-0: 1.11E-09 

11Z KSF WI))  PE BooND ooT 
I 
	Puss 1 FAE 7cAe 0 ON EVO'3 

Cot. LAPSE O SA- )-1 PL E Pozik3G • 	)22K LoAp )1.36? 



Moisture Content ■ 2.5:7 
Dry Unit Weight •• • , ;,./; .4- 	pct . 
Semple of: 	 ' 	• 

• raj: 
From:  

OP' 

71. 

4 1, 

34 

.44 

1 Imm• 	 -••• 

- _ 
0.1 
	

10 
	

100 

APPLIED PRESSURE — ksf 	
• 

Chen-Northein, Inc. SYVELL-CONSOLIDATION TEST RESULTS F112• 



SAMPLE 
ID 

DEPTH 
I 	ERNTVAL 

(Fr) 

BEGINNING 
SUBMERGED 

STRESS 
(PSF) 

COMPACTION 
(%) 

GI-1E flo Ii.c -17.5 . 2.50 ',VA 

INMAL CONDMONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

92 .4 22.4 104.4 O. 	SI 

, 	 - 
FINAL CONDITIC-J:-..: 

' DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

107.2 25.0 1004 0,5% 

TEST P1R0(.E. 7")".1.- : AST! P 2435-10 

• MK-FERGUSON 
A tionms014 KMJCSLot COWW4Y 

CONSOLIDATION TEST RESULTS 

SITE ID: 	tdssPAp  

DATE: 

LAB NAME: 

LOCATION ID: P"5  

CHECKED BY LAB: 

tea► Fac;11 .4y 

'816M 8-10 - 91  

cnir TAC: 

TEST RESULTS 

AXIAL 
STRESS 
(PSF) 

VOID 
RATIO 

e 

, 
COEFFICIENT 

OF 
 

CONSOLIDATION 
(cm/sec) 

250 0140 NA 
WADER  
ADDED 0.13S N/A 

500 0. 935 5.4 0 y 10 5  

1 000  0.920 2,74 x 10 -5  
2000 0.$35 2.2_7 	y 1 
4000 0.833 2.13 	x 10 	s- 
tOOD 0.70 2•00 ' 	10 .-5-  . 

Vp, COD 0.V5$ 2,1I 	x 	10 -5-  

32/0 Q. 6)22- 2.0G X 10 -5-  
644CD 0.635 3.2z x 10-5.  

128, Co) 0.4z1 1.57 x 1C4  
32,0oD O.180 N/A 
8Cce 0.60 ► iA 	. 
2cco o.516 CIA 

1 

NOTE: INDIVIDUAL TIME-RATE INCREMENTS TOBE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS 

(tik:F- AL-ENE,- 10 (4-07) 
	

ATTACHkI EI. 1 7— 10 



• ':-:!"..:.AF n7C0D ..-. - n,E-- F.JT::-:.-- 	E y ''/V41 ,-_. 	(WO 
.. 
__-..-- 

	

-.-- -ET wEIGHT  .F  EAmFLE 	c = ti.-z 
1 	J - 1. _ ...F -1 WEI:FrIT CIF :7-APIFLE 	c 	--.-.... wn 

'..:/..:. 	r.ET :.:EI6rIT 2 •F EAMFL_E 	c 	tt..:.4 
/0- ..,-41._ 	:`Y vIEICIHT CF EAW-LE 

1 ---._ EA'nFL.E L:i;NETE.7-. 
: ---1,_ .-.-:.*.::, L r..F:'7.+.. --  

..2 ..:::EE- =F INPUT 1.•f TA 

= '.65 
in = 
in = 

= =.7411:- 
= 15 

-0 CALCULATE Cr 	sec =TE.:. 
=.F4:-.r7•1:5 F2SNARD CS  EACKwA•i T -Fly 

LIAR. READING:in) 790..f5C;/sec: 
.2145 

.25 	.20962 	0 

=2-7..:="1 wEEc.c-= 	COr2K,i_ Er.TEI:E= Ey 

FCF = 

= -5.0 
PCF =107.= 

:.. =214.9 

mz. 

.2497 

.24676 

.24227 

.225 

,• 

1 .7: 

. 	7r. 

4  
C, . E~2 
0.7667 
0.687E-
0 . t  18 
0.5751 

-D . 4206 
0.42o4 

0.5690 
0.5955 

1-4.t:t7 
+7.71:6 
+1.8048 
1.001: 
4.565.5 
8.9:•5  

17.072Z 

'0.0:67 
15.240b 
1:.e10: 

c-_ 	iec 

'.^tE-05 
2.27E-05 
2.1:8-05 

2.11E-05 
Z.06E-05 
,;-_t-0.) 

1.57E-054 
0.00E+00 
0.00E+00 
0.00F+00 

Av 

7.01E-:: 
7..578-07. 
2.60E-OZ 

9.85E-07 
4.17E-OZ 

2.71E-0Z 
1.79E-07 
0.00E+00 
0.00E+0 ,..., 
0.00E+00 

1.67E-02 

8.'?1E-07 
5.771-07 
Z.Z7E-0: 
1.46E-0: 
9.67E-04 

0.0.DE-0.:, 
0.00E+60 
0.00E+0 

, .006+0'D 

7.5"..7E-10 
8.84E-10 
0.12E-10 
7..64E-10 

9.75Z-11 
9.t1E-11 

7.11E-11 
0.00E+00 
0.00E+00 
0.00E+00 
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MK-FERGUSON 
A MOWS ON KNUDSVI COUPANY 

CONSOLIDATION TEST RESULTS 

• 	SITE ID* 

DATE: 	 

LAB NAME: 

1k)55R AP  

- - 9 

crJr 

LOCATION ID:  Pis o5a I FOC l e  I 147 

CHECKED BY LAB: 

TAC: 

trY-4.4 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

BEGINNING 
SUBMERGED 

STRESS 
(PSF) 

COMPACTION 
(%) 

GT-13:4 35.0-3 .5 250 - 	N/A 

INMAL CONDMONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

I CZ. 5 zz .5 13 .3 O. 451 

FINAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE OF 
SATURATION 

(%) 

VOID 
RATIO 

e 

(15.3 20,0 loo+ 0.464 

TEST RESULTS 

AXIAL 
STRESS 

(PSF) 

VOID 
RATIO 

e 

COEFFICIENT 
OF 

CONSOLIDATION 
" 	(c4/sec) 

250  0 ,6-.4 t1/A 
WATER 

ADDED O. 152 Nick 

Soo O. Vs 5.7tp % 10-c  
1000  0. 07 f\vA 

2cDD 0.619 4.08 	V 	1 0 ' 81  
40° 0 . 588 6 Z I 	X 	I 0 
8000 0.551 1 Ai x 	-3  

I (0 1 06°  O .510 1. le3 	y 	ID -3  
327 0,0 O. 40 1.34 	X 	16-3 
IA Coo _0.+2.4 1.47 	x 10 -3  

128,cto 0.370 1.45 	x (0 -3  
321 000  0.381 t•VA 

,+CZO 0.313 N/A 

2 ttO 0.4Z7 WA 
500 0. 451- N/A  

250 o.4-667 NIA 
1 TEST 	E 	: A SitA P 2435-q o  

I NOTE INDIVIDUAL TIME-RATE INCREMENTS TO BE -ATTACHED ON LABORATORY SUBCONTRACTOR FORMS 

ftikF-AL-EN6- IC: (4197) -7- 	 " 	 • 	 ATTACH itIEt•JT IO 
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z.00v 	C..= 572 • 7.2545 •t.Z1E-D4 1.57E-0Z 4.51E-07 2.21E-02• 
2.000. 	0.5515 	6.0515 1.45E-07 5.07E-0: 5.45E-07 1.67E-02 
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UNCONSOLIDATED UNDRAINED TESTS 
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• 
MK-FERGUSON 
A MORMON 104UOSIN COMPANY 

IASSRAP LOCATION ID: 

I, I, 0. 	 .• • eft. 	 /1 ,- 	er. 

. - 

UNCONSOLIDATED - UNDRAINED TRIAXIAL "C).  TEST 

TEST RESULTS 

AXIAL 
STRESS 
(PSF) 

AXIAL 
STRAIN 

(%) 

 AXIAL 
STRESS 

(PSF) 

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 
(PSF) 

AXIAL 
STRAIN 

(%) 

0 0 14 710 10.0 

15(,,g 0.1 Pi oz 10.1 

. Z(S 0 1- iti Sia 10.G 

380o 0.3 it 414 1o.c1 

1 -Sb9 4 , LI 1`1 121 11.0 

5979 OS 11 38'q 11.1 
07 /.o , 

11728 

12.(Z7C, 2-0 

13 575 2•5 

13 986, , 3.o 
14 90- 

, 

4.0 
ILI 0 , 5 . 0  
14 795 6.0 
14 3a, 7.0 

14 830 8.0 
fq TO 9.0 

SITE ID:  PiSpoixt I Foc 11 i+y 

DATE: 	Z--7-91  

LAB NAME• 	Gni L  

CHECKED BY: LAB 	)1144  

TAC 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

COMPACTION 
(%) 

CELL 
CONFINING 
PRESSURE 

(PSF) 

6T-(0010 26.0 -  2 4.5 0/A 4996, 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%)  (%) e 

NOM i6 .5 83.9 0.530 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE OF 
SATURATION 

VOID .  

RATIO 
(PCF) (%) (%) e 

110.0 1(.3 1534 0.530 
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211,  

TYPE OF SPECIMEN 

SOIL CISCRIPTION 

                  

 

• 4 	Lo-•4. 	; r's 

tr.... I PA,"l•-k 	 Ca —co'ff'. 4. 

544-4 44,  (UV) 

    

TYPE OF TIST 
Awls) Strain (t) 11' 

 

   

 

TMC 

CC441S10,4 - ksf 
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SITE ID: 	P i5poSa 1 Fa ci 1 1 .4-y  
LOCATION ID: 	IAISS RAP  
DATE . 	  

LAB NAME -  CM I.  

CHECKED BY: LAB 	1/44  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

COMPACTION 
(IQ 

CELL 
CONFINING 
PRESSURE 

(PSF) 

4T-006 17.0 -17.5 N/A 2001 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

VOID 
RATIO 

(PCF) (%) SATURATION 
(96) e 

112.4 14.1 76.3 0.500 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE OF 
SATURATION 

VOID 
RATIO 

(PCF) (S) (90 e 

i12.4 14.1 76,4 0: Soo 

• 

    

MK-FERGUSON 
A MORMON MOVIIIN 0011PAJNY 

   

UNCONSOLIDATED - UNDRAINED TRIAXIAL IQ' TEST 

TEST RESULTS 

AXIAL 
STRESS 
(PSF) 

AXIAL 
STRAIN 

(90 

AXIAL 
STRESS 

(PSF) 

AXIAL 
STRAIN 

 (16) 

AXIAL 
STRESS 
(PSF) 

AXIAL 
STRAIN  

(96) 

0 0. 

215 0.1 

630 0.2 

13'z 0.3 
1931 0 . 4  
2534 0.5 
5445 1.0  
<8'113 1.5 

102% 2.0 

11 406 2.5 _ 
I I quo 3.0 
1Z 140 4.0 
1z 027 _ 4,7  
11 930 5. 3  
II S4-6 5.8 
II 70 6.1 



MK-oti7zPIGUSON 
UNCONSOLIDATED - UNDRAINED TRIAXIAL *C1' TEST 

TEST RESULTS 

1
4 3

 W
  H

  ,
VI

ld
  

AXIAL 
STRESS 
(PSF) 

/1647 

/3 23/ 
/4-166 
/4574 
/5- 641S  
/6 075  
/' 242 
/6318 

_16341  
ee  

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 

(PSF) 

AXIAL 	AXIAL 
STRAIN STRESS 

(s) 	(PSF) 

AXIAL 
STRAIN 

(%) 
SITE ID: 	Pisp5.5a1  

LOCATION ID: 	WSSIZAP  

DATE: 

 

 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

(96) 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GY---4,9oc, 14.5- 17,o N/A 49% 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%) (S) e 

► 13:7 lg.' 781 	• 0.482 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE .OF 
SATURATION 

VOID 
RATIO 

(PCF) (5) (5) e 

144 781 0. 482 

LAB NAME: 

CHECKED BY: LAB 	 

TAC 

8-7-91  
CNZ  

Vim 

1121 
2416 

9095 

4336 
5605 

343z 

$.o 
7.0 

5.0  

G.0 

4.0 

3. 0 

o.4 
0.5 

0.2 

2.0 

1 .5 

2.5 

0.I 

03 

/SOS 
/5613  

/41o74. 
15 953 
/5 830  

A,19411  

12.0' 

/Li .0 
/5. 0 

10.0 

/3.0 

11.0  
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• 
MK-FERGUSON 
A MORMON Ktit/061M COMPANY 

UNCONSOLIDATED - UNDRAINED TRIAXIAL Cr TEST 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 
AXIAL 

STRESS 
(PSF) 

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 

(PSF) 

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 
(PSF) 

0 0 4z.1.1 10.0 
05-  0.1 pp122_ 11.0 
6ZZ 0.2 /I/378 12.0 

$43 0.3 /14752 13.0 

12% 6.4 /4 051 /41,0 
1750 0•5 13 690 15.0 
4341 1, 0  
102q9 1•S 
7897 2.o 
9157 2.5-  
qx//6 30 

/I 77/ 4,o 
1z815 50 
13 1.175 6.0 

13 ro 7.0 
11171 6.0 
14341 1,0 

SITE ID: 	17:451205a Foci]  

LOCATION ID. 	tAlS5RAP  

DATE. 

LAB NAME: 

3-7—‘0  
G11.  

CHECKED BY: LAB 	  

TAC 

SAMPLE 
, 	ID 

DEPTH 
INTERVAL 

(FT) 

COMPACTION 
(%) 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT-006 1`.0-16.5 N/A 9994 

INITIAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(96) 

DEGREE 
OF 

SATURATION  S 
(s) 

VOID 
RATIO 

e 

110.2. 14.0 
• 

. 	—71.5 0.zct 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE OF 
SATURATION 

VOID 
RATIO 

(PCF) (%) (%) e 
( 

1 10.2 13.8 70.5 0.529 
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M K-FERGUSON 
A MORMON KNUDSEN oompmy 

UNCONSOLIDATED — UNDRAINED TRIAXIAL 11 0 TEST 

SITE ID: 	Diri roSa 1 	14-y  

LOCATION ID: 	V4 55RAP  

DATE: 	8-7-611  

LAB NAME- 	Cklt  

CHECKED BY: LAB 1104  
TAC 

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 

COMPACTION 
(%) 

, 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT-008 21.3 -zi,i KI/A• ci9 474 
INITIAL CONDITIONS 

DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

ATURATION  S 

VOID 
RATIO 

(%) e 

117,0 /5,3 88.9 0.1-78 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE OF 
SATURATION 

VOID 
RATIO 

(PCF) (%) (%) e 

160 15,3 88-7 0.478 

TEST RESULTS 

AXIAL 
STRESS 
(PSF) 

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 

(PSF) 

AXIAL 
STRAIN 

(%) 

AXIAL 
STRESS 

(PSF) 

AXIAL 
STRAIN 

(%) 

0 

/4$8 0.1  

n50 0.2: 
 

lo33 0.3 

Solz 6.`i 

4,111 • 	0.5 

025'5-  1.0 

IZ 655-  /.5  
13 4.80 Z,0 

11/ 17Lf Z.5.  

Pi 317
. 

3.0 

PI- 27(0 4.0 

. 

___ . 
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'CONSOLIDATED UNDRAINED TESTS 
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SITE ID: 	v■IsIzAP  

LOCATION ID-  124posct1 Fac ■ l;f.y  
DATE: 	9 - 17 -9 1  
LAS NAME. 	CM I  
CHECKED BY: LAB 	rea4  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT -008 21.8 - 22 .3 NA ZOO 2_ 

INITIAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 

SATU 
OF 

RA- 
TION (%) 

VOID 
RATIO 

e 
B PARAM. 

I167,3 15.(0 313.7 U. 407 0.99 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%) (%) e 

114.1  17.6 44:7 0.566 

Irmo 	 Mier sr... ammo. 
• 

CONSOLIDATED UNDRAINED TRIAXIAL 'R .  TEST WITH PORE PRESSURE MEASUREMENT  

TEST RESULTS 

AXIAL 
STRAIN 

" 
6.,,)  

MAJOR 
PRINC. 

(PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(%) 

MAJOR 
PRINC- 

STRESS 
(PSF)  

PORE 
PRESS. 
(PSF) 

ZOOZ 0 

0.21 Z739 317 

. O. 4o 3011 547 

0.6,0 3298 13+ 

0.80 3515 (364 

1.00 3411 (119 
I.40 4+45 1 094 
I . (do 500 / 1 51 
2.19 5607 1 1 5Z 
21,1 6073 1 OM 
3.01 646,10 9141 

2-1106 NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST frocEoupc EM-1110 
myr ewe arum PPR FRARF OF MULTI-PHASE TRIAXIAL TESTS. 
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CONSOLIDATED - UNDRAINED TRIAX1AL °R .  TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	WS5RAP  

LOCATION ID:  PP15/.034.1  

DATE: 	8-17-9)  

LAB NAME: 	LNr  

CHECKED BY: LAB 	11414  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

, 	
CELL 

 CONFINING 
PRESSURE 

(PSF) 

GT- 49`10S Zi.1- 2z.3 w/A  +997 
INITIAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURA- 
VON (%) 

VOID 
RATIO 

0 
B PARAM. 

1141 11.4 q' .7 0.506 1■1 jil 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(S) 

DEGREE 
OF 

SATURATION 
(s) 

VOID 
RATIO 

e 

111d 17.0 9'4.5 0 .488 

NOTE: 	OLIDATION DATA TO BE ATTACHED ON LABORATORY SU 

TEST RESULTS ' 

AXIAL 
STRAIN (s)  . 

MAJOR 
- PRINC. 
STRESS
(PSF) 

S 
) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 
-(S) 

T  MAJOR 
ePRINC•  Th  
STRESS 

PORE 
PRESS. 
(PSF) 

4-qq7 

0.19 64zz w 

0.41 " 	7453 (037 

0.0 ?WE 13$z .. 

0.7q ?Ms log 

1.01 9. 513 200z 
. 

1.20 10 oqg 221%  
1.4-0 -  10 524, 2333 

141 !0 88 ' ( 2390 
. 

1,70 11135. z4Il 

2.00. 11 331 Z310 • 

2.2 1  11 541 2362  

ft 2.40 11 708 2304- 
TRACTOR FORMS. TEST---PCOCEDu.P.C.,: 

I
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 31
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P*)  

SITE ID: 	y‘ISSRAP  

LOCATION ID.  Pis po9a) FA c flf-y  

DATE - 	_? -11-(t)  

LAB NAME. 	CI\11.  

CHECKED BY: LAB  UV1  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

5 

CELL 
CONFINING 
PRESSURE 

(PSF) 

UT VI o8 Zt.S -  22.3 '4/A q19 4 

INITIAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(s) 

' DEGREE 

SA OF  A- 
TOON (s) 

VOID  
RATIO 

0 
B PARAM. 

1110.2 17.0 94.5 0 . NS ni/A 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(5) 

DEGREE 
OF 

SATURATION 
(5) 

VOID 
RATIO 

, 	0 

117.4 16.5 94.4 0.473 
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CONSOLIDATED - UNDRAINED TRIAXIAL *R .  TEST WITH PORE PRESSURE MEASUREMENT  

TEST RESULTS 

AXIAL 
STRAIN 

Cs) 

MAJOR 

STRE SS  
(PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(S) 

MAJOR 
PRINC- 

STRESS 

PORE 
PRESS. 
(PSF) 

o qqem o 4.50 19 643 34,29 
o.zo 12 912 1325 5.04- 19 70 3fr-j& 

0. 31 14 351 Iwo 5.50 (1 853 3341 

0.59 15 538 2304 4.00 19 45o 351+ 

o.43i lu 573 an 7.01 2o129 2115 
Loo  1734-6 3254 7.91 20 Z12 2714 

1.40 M 261 3891 c 1 to 20 MI zr,06 

I .79 l 	6,42 4010 10.00 20 380 24 19 

2.1.0 13 870 4147 12.00 70 459 z131 

2•(p0 19 0 64 4010 13.99 20 498 Mt' 

Z.99 IR 225 4003 14.00 Zo 54 1670 

3 .64 11 414- 383o IS. 01 zo 419 152‘, 
1312 4.00 Ici 514-  3744 20.1a 20 427 

1110-2.-190G NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST . 
PROCEDUPC: Em 

1,01.• I V., 



a 

• : • • cr. 

."f• '• • • 

• • 	• 

• 

I•  

ps•.: 47. 

• 15.4 

%.131,1U 

1• 

I 
••• 

• • 

c 
10 

• 0•  

'I  • • 

as 

.0 

•,.,t 

*), 

t . ' 

• JAN LIMN 
110•161111Mi 
")9y15 

eN1 

--;-1111111.11111111111181111110MMOMMIIMMEMMUMMEMSOMMIOMMOUS 
----11D1111111111111111111111111•1111•11111111111111111111111111111••1111111111111111111111•111111111 • ■■•M•omema ■ mummummiumnimmulissammissam ■ i■■ as•as•sammeasemsommansa•••• 

11111111RIIIIIMINI ■ MIIIMIS■IIIIIIIIM•sems•• ■ 111111 
o ■a■a■maluam ■••••••••••ssummil 
imissmisaaame■•■•••••••••••••■■•■11masm■■ •11•11111■■111■■■11■■ 1111111111111 ■ 1111111111111■■•■ •••11111■ 111111■■ maea•am•mml• ■••••••••■ 111•1111•01 ■ 1111111 ■•■ aa•ussasaawas•••••••••ffirmamemammamia 
1111111 ■■111■■■■■ 6•11■ 11111•11111 ■■ 111 ■ 111111 ■ 1111111111141111111.100111 alimms■mm■ammierali•i•arni■■■•■m■■•■•■■ma I■I■■IIM■S011immolammam■•■•■■•••■ansalmill■ isma■■■■■■■■■••■•■■■■••■■■•■••■■■•are•me■■mmasamm■malmmum■■■•■•••■■■■ 11111MMIXIMI■■• 
■■■•■■■■■■■■•■■••■■■•■■■■marnmaaa■■•■■ a•■■mus■mm■sm•mma•sallaM■MM■1111111■11■■••1011111 11•Mom•iamma•m•ssa■■■•■ ■••••11■■•■•1116.■■ a•■•■•■•/■■•■•■•■■••■■•■••■■•••■■■•••■ 
I■■II•■■•■sim■■■••••■1111■■mil•■■O•mmil■■I■M■■ asili■•a■•■■•■••■••■■•■■■••■■•ammans■o•un 1111111■11•■sernil•ms■■■■■■■■m■ma•■•M•O■mo In■■a■■■•am•■■••••■■•••11••■■111IIIMMIIIMI ■•■ami■■■•mmum■il■■■■•111111111■11••■••••••■ ami11•i■mmis•liu•mora■■•■11•11■11•■•■■■■••• 
■••■•■■•■■■••■•••••••••••111111•11111■•111111••■•■ ■••••••111■111■■111•■111111•111111LIM■••• ■•1111••••••••• sae■■■■■•■■■■••••■■ww•••■■•■••ftsamilia•M• 
RaMmil11 ■a■■su••i■all•1111 ■ 11111111111111111111• ■ •111111111 

ac ■ il••••■•■■■■ 11111111111••11•11111 ■ 111 ■111110•11111111 ■ 111•1111111111 ■mamm■••■a•rammusleamaisamea•s•wis ■ 0111 ■■•■•■•■•■■ •••••■ 11 ■ SIONIMI•N ■■ 11 ■1111•11111 ■ ■••••••■•••■■■■••••••■•■11111•►1111111■•11111111••• ■■11•01■••••••■■■a■■•■•••■•••■•■•■■••■•a•a ■■11•■■•■■•••••••■••••••••••■11•1■•■•••••• 
■M■■■■IM■■M■■■MUSim■■■M■■MA■RISS■■RSPOWI■ ■■•■■111■11■■■■■■ 111• ■ 11111111111111 ■I11■■■ 111C11•1111111 
■■assisa•m■■■■■■••■■■maimmam■■••■■••■■■• 

SIIMOMOSEMOMMSMOMMMOMMPOMIMMOM ■■■=■••■••••••••■••■•11•••••••• 
MIII•11•11111111111••••••ISail,11alM1111,410 ■ iima•a•aillm ■a•M•AI••MM ■ 111111•a•1111 ■ 1111111111•11•111 ■ 11•111111111111111111111WAIIIMPLII•IIIII. ■ 1111111111111•01 ■ 111111111111••••1111111111111.111•4•111111.11• ■■ 111 ■ 1111111111111111111111•11111•1111111 ■►11•111MMI••I ■ ■•■ 111111•••11111 ■ •11•■■•■1M■ I•IMIN•IL ■■ 111111 ■ •11111 ■111■0■ 111111•1111111111141111111• ■ .1114 
mommilinalammaimall/111111111M1111111 

■ 11111111111 ■ 111111••11111111•111•111111W1111111111011■1111V" 
s■mmorammim•ommemsommu •milimglai 
ow 	mamammismammamalpaammmas 
•■ 	•••••••saiamvamsma. 

I 4 
 ■11111111111111M•IN•••aaaMMOCas g 

t: 	• 1111111111111111111111111111101111111 ■1114111111111• 
Us 	lialailiM10111111111111111111111111111.9.VORIN ■■ 	,* 111• ■••■ •1111111•••111 ■11■►1Allaiieela MS •• 	111•111•••••••••••••■•111111•• 

ammummoma•mam•am•aatla•n ■ 
as 	■ illillim•l••••••••••.1111•Mni 

 11  
s
I
a

I
m

IIII
m

I
am

II
mm

II
a

I
m

III
m

I
a

I
i,  

 

scum  

.. 

••M 
 

ma 
am 	•1 ■ 1•1■•••■■••11•• 	11  

11111■■■■■•■■■■•••11111111•11111111111MINMS■ 
■sammama ■ mammamm ■a■•amam•mmana 

t,:,  

O • 



PRINCIPAL IPTIESS RATIO - 

IF, 

 trl• 

a. 1 

! ■•■•:: 

..0  

• 

• 

to 6:- • 

DEVIATOR STRted 	 ' 

• 1'44 	4. 	es 

• 
.!•4  

'!41.• 	 ,ti 	• 	• 	• 	• 1.r• 	•  
PORE PREISSUAE 

Au • 
14. •.. 

' 	. ..rag; . 	• 
, f4WL.11..f 

3 

KSr 

• 

• 

g 

i
O
g
IM

mp
■
i

O
m

M
e
MOOR

e
O
m

M
p

M
im
OM

po
O
m Om■■e OnM

im
ON

m
VO

u Mm ■■OMOMIRMOORMOMMOOMMORMEMMOMEM ■ 
.° 	smntaX2■OMM■lmm■■ma■mmm■■ 
4444 	

n 

 immumniummommummumminmmo■ 
..maramilmammallammalamegmem. ekr; OftiMIUMMUUmuummumwom■uminnu ■■ 
igullUNCIPME■I■WER ■ OMmOMMUMMONE0 ■ 

";" MOURIMMOVErfallillomMonmamMOOMmilm 
VOIMMINIMOM.ItammullOmmimmOOMMEN 4i  ■mili-,Nrommalimmeglimmommommosumnim 
sailmetztmiulummuminamems ■ummummiammammumm■m•inimm•m o■nimmOVOILAMIMOMMOMMIMMOMMOOMO 
umum■ ammumum ■smo■m■■ mumwa■ 
• usimumi■i■ ismumlaraMmo ■m■■■■■m 
limmullimmOOMMOOMMWtemmiummummu 
OOMMUMMOIMMEMILIblammillrnink i,A umummummusammummiummummommu 

'.w.,mmumumwmumensimismommissommum 
RIONEOMMOUMOIMUMMOMMOOMUOVIIMO 

, ■■mmilThemossim ■ umsen ■mumOIMMOOOMMOMMENO•MINO ■OOM ■ pep imenn■mmilmumwammicuummummOOORO ■ 
mmoOKUMMOMMOMMOHMOMMOMMOON0 

Aw ‘tliMIRMIMMOUMOMMUMMUIMMWOMMOMORIO u,  • mimmaiMUMMIsmammilmlimamillOmmem 
liNmommOMMOOMmmill2111111111111MOMMUMMIO 
Willa ■■ ullminemallmWOMM■■MO■ NOMMI ■ 
MOMOMMUMMOOOMMINUMOROMMOMMOMME • ■ww■wwom ■am■■ flowam■■m■u■■■■■ 
IIMMUMMOMMOMM■■■E■ slIONOM■ 
smaanwommummuummummummomm 

; IMMUOMMICOOMONIMMIIMEMMEMMOMMON 
• illI ■milimm■ lIM ■VIIMOROOMMOMMOm ■ 
1111WOOMMOUVOUNEWININO ■■O■MOAAMOW 
AIIIIMOMOMOVOMMOVOMMUONOMMOMOMOR 

■ IIIIM■ RMUMIUMMIMINIMMOOMMOMOROO ■ 
'IMMIMIIWOOMMOMMIVINUMMOMOMMIIMOSOMM ■nsi■migionOMMIR■UOVOOMMOOOMOO ■ sign■VORUMMOMMOOMOROVOOMMOV ■MW■ vi Nei ■11P111111111111 ■111111111111111111111111MONNIM 
UNIIIMENNUMWORMWORMINUMMONEWMASE 
ANNIINEMMEWNIOMMUMMIROVORINURNIM ■om■o■mili ■mommus■■■OMOMMIWOOMOW 
OMMOMMUMMOOMENVOMMUUMMEMOMMum■ ■■MENUOMOMMOMMUM■■MMOMMI ■■ 
Onweam•MMOVEMNOMMUMU■■NOOm■■ 

VO ■almw■■ illUM■I■■■ limaim■ma■a■mau■. 
MMUWO ■ MINMO ■MAIMMOSOM ■ IOMMOO ■ ■ma■■mu■mum■m■■mmo■mo■■ umwro ■ usammumwommumummumemmummumen 
immusumumummansummanommummu 
■ommemMisommummummi ■ milmomm ■ 
Illumarlimum•imum•••• 

- '')OOMMOUVOMMUMMIONOMOMMOMMOMMONOO 
sumumulWRIIMOMMEMMOIMMOOMMEMMOOMO 
11.1111111MMUMMOMMUMMOINIMMUMOMOws 
MINUNINIONWORMIIMUONOMOMMOMOMMMO 

r OWNWINOMMOOOMMOVOMOMMOMWMAMMOW 
milmommommommummommulmmiumwm ■ OMONOWNEMMOMMONOMMOV ■ MMOMO ■ 

0 sommArmoimnumonmerommu 
OONVOINImmOb

v
wEI 

u
MINNOmm

m
OMMOOV■■■OMMINSOMMOMOUMPOMOROMMOMOMMO ■■■NUMEM■ UMMOVIUMMWOMMUMOOMII ■■OMMEONIMMUNION ■MMOSIMUMOOMMOOM 

ammismammorllimummimuelvameWilmuum 
VIIMUUMWMOVVIOVUOMMIUMUMUOVIR 
IIIMIROMMONOVIRMONOMOMOOMMOOMME ■ llmEnimillinOlgilimiloUROMMIWOOMMO 
NOMOOOMMOOMMUMOMOMMISOOMMO ■■uraw.nim■ almacw ■u■■■■a■■ni■a■■■■■MONIMIOnOWWWWMOnno ■ miliMMS 
ommummillONMENWEIMMONIMMINOMEMIO 
SOMOOMMOMMOMMIWOOMOMMOUOMUMO ■ imilmmimmuSEmmeMOSOmmeamOMOMM ■ 
immimummilWalimordimiummairnimil 
MEMNIMMIRWOmmillIMMOMMOO ■min ■ limmommilirnitsimilli ■OSION ■ OOMM■■■mumso ■MOMOUMONMOONO ■ MOOOMMOM ■ MMUMMOOMMUOMUMMONOUVEM ■MMOOM■■OMEMONOMUMWOMMUMONOMMOOMMO 
SOMMIMMOWOM4VATINIMMOMMINUMMO 
INIMEMENONNIMINFAIROOMMONOMONO 
SOMMUMOMMOVPMENVOMOOMMOUVRORU■ 
NOMMI ■ MMOOMI• MMONOMOSOMOMOM ■OO 
• MOO■■ OVilm■mmOMOMMUUMMOVINI ■ 
OMM■MMONOMMH ■■OVIIMMOOMMOVIO ■ O 
SIKO■■OMM■■OI■■■ MOMOMMUMMOOOMO ■■OROMOMMOOMMMOSMOMMOMMEMOVIONS ■■MMOOMOODOIMUMOOOMOOMMOSINION ■■umai ■ eaMMO•maimil ■■umMUMBOO■■ ■UMUMOVIBUOMMUM■■MOOMMOMMOSOMM ■ ■WINIMMUMMOMIMMONOVIOMMUMOOMO■ ■RMOMMOMOOMMOM ■ MMOMMOMMOMMOD 
IIMOMUOMMIWOOMMOOMONOMMOIMOSOMO 
OOMMOSVER ■BOUOMMOODOROMMEMOMMO ■UOMMOOMMOVOMIORNMOMMOVIMMOOMMO ■OMMUSOMOMMOOMMOOMOONNOO■ MOM 
ORUMOOMOMMOOMMOMOOMMEIMMOOSO 
OROOMOMMOOMMUMWMOMOOSOOMMSOMM ■ 
WWWOMOMOMUOVIMEMUMUROMEMUOUVUO■ 
VOMMOOMOMOWOOMOMMOOMMOVOORO ■ 
OOMMOOMOMMIMOMWOOMMOMINOMMOURO 
AMOVIIMMOMOVEMSOOOMOMIONOMMO ■OO 
A■OOMMOSKRVUOMMONIOMIAMOMMEMOM. 
MOVINIMOMMIWOMMIONMOOMMMOMOROMO 
OMMUINIOUMMOMMUMMOMUMOMUMMOSWWW 
OMMOMONEMOMMUMMEMEMMOMMMINIUMMO 
OOM■I■ MEMPEOMOMMOM•IIMOMOMO ■MMONEMENEVIAMI ■ MINIMMEMMOMMUM 
MlimumumalmmUsamilmolaUMOVIUMMIUM ■MMEMOMMMOUVOM■UOMMOROMOOMO ■ 
IIMmou ■ lIUMMUO ■■■■■WMa■eWERIMOM ■■ MMOMOMMOINVOIMOMSOMMO ■ OMMOOMMIN ■OMOMMEMEMSIMOOMMOSOMMEMOMMOM ■o■m■■mm■ MRIm■■nummu■ma■■mu■ 
•I■■■MMINMEME ■■■■ inIMMOMEMUUMWOR 
OVIUMMOMMUUM■OMMURUMMOMMEMOMMO ■■ OMMIIIIMOVOMOMONOMMOUSOMMUOMMOO 
VOMOOMMEMOVEMUMMOOMMOMMOMOOMMU 
• llU■m■ slIMMOO ■mo ■MIOnn■■■le■mm■ 
VIOMOMAMOUOmilmmilmilOOMOMEMMOMMON 
AM ■ OsimMIMMOMMEMMOW ■ MEENVIONME ■ MMMEMMUMIN ■ ON ■ SOMMOMONMEMO ■■O■ 
OSe■■■■■■■m■■■■■■■■■■■■o■■■■ 

Od2RMOINIROMMUSSUMSOMOMMMOVIN 
macummo ■ mossimmummern 
VOOMOWNOMVOMMOOMMOVEMOOMONIV ■■ MMIEUI•IImmommillommiummummill_ ■um■■mtwebma■ milaMmemmu■ 
VillimmuillibrnmusemOOMmummUOV ■ 
VUOlawa=m11111OUVOUBUVIVOOMUUMOUWO ■ ■ UMMOMMUUCPUOMMMOOMMOMMOMUMMOO ■OMMOMMEMOOS'IMP4MMUMMOMOMOOM 
VOOMMIMINIOOVUU0WASIMM ■ Ownwimmu■ 
•m■ acw_i•mem ■alliminimmu ■mou ■ 
Omeammennimaa=”mnessmammumma 
limOmilimmUOMIONIMMOUlimmummoUll 
umm■ssommommummoiniglemulzvOMMOO 
OUSIINUONOOMMOmminlirnamWnsimmOW S■MMORMOVENWROMIMMUOMUMMUMUOU 
ommommulmOMmulmuMEMMOMMEVIIIMEM 
OOMMOOMMOMOOMMOOMMOOVVOSOMO 
OMMEMWOOMMOMMOMOOMOVOMPIOUVOMOM ■■■■ll■■mmom ■ ememmommulimmow 
mummosimmummommumnimmum ,  
impummomminimmummusymmwswa ■ pummismsumummu ■mummuswwwWW 
VOOM■ INNOUNIESUVORNMWVIMMOO ■ MOOM ■OMOVOIPOOMMONONOVOIMOMM um■m■■■■ llOwww ■■■ illOMMEmm■a■almow 
MUM ■M■■NIO■ MOMMIUMMOONVOUNOMMOR ■NOMMOAMMOOMMOOM ■ OORMUMMOOMMOU ■MMONO ■MOMMEMOUSOM ■ SUUMOMEMOV 
OSOMMOOMMVOOMOMOSSOOMMONIMOOM ■■mmu■■a■a■■ ialagulli ■mamaalOr 
OSOMMOMMORSOMOVOMMUSOMMOUMOOMB 
som■i■e■OMMOn■amM■m7Iww000w■■ NOMMIMMUMOOMOOMMOMMOMMUMO ■■VO ■■■MOOMMEM ■OUSINOMMOMMUMUIV ■ OMOMM ■MO ■MOROOVIUMMOMOMMUO ■ ■mm■mm■■■e■■a■■u■■M■Va■ imUMMOM 
OOMOMOOMMOOMMOMMOMMOVIMOOMOVE 
VEMEMOONOMOMMEEM■OROOOMMEMOOOR ■MOMMEMOMMOOMEIMMUMOOMMUMOO ■ 
milmanummummammemmummingsumumM 
011um ■ om■ailli■i■il■wswillIMOMMOIMER 
VOMMOMOMOmilmolimmENVICOMM ■ INIMOO 
ONOIMOMOMO ■ MMONOSOMONOOMMOMOOO 
MOMMEOMINIMMIMENSOOMPIOOMMOON 
Immilwwwwwwommommemmarummulft 
MOMMOMMEMMOMOMUMNOMMUMMMOMMO ■■UMM■■UMOMME■■ in■amme■o■maaMOM 
n■m■a■■■■a■aa■m■ lOMOR■IMOMPau■ 
OMOMMOMMOMMUMORMUORWRISMOMMUM 
V■ ll■amm■■aloww■ww■wmu ■■ lliMWW ■111111111111111 ■■■■ MMOOM■O■■u■ su■ma■■m■■a■■e■m■mm■■w■ MMO 
S ■■ NUMBOOMMOMOMMIPOOMONVINWOOMO ■■ OMminumMWOOSOMMOD ■ VOINIMMOW 
sa■■umil ■■m■anu■ minwes ■ omm■ lim ■ommemummommommilimmommilu■ 
■olimmum■osommumminummilmenUMMO 
OnlimUOM ■MOOOMORUOMOOMmO ■ MIRM 
■ IMPUSE■UMIUMIMPEURIMMI■MOMMUU 
■ illOOMMEIMM ■OMM■■■■ MIMMEMEUMMEM 
AMMO ■MOMMIIMOM■ OMOSOMM ■muMMIN ■■■■■i■■■■VOM■■■MMOMAOM ■■■■all. 
IMMEMEMEMMUMESEMEMOmmmUMMUOVI 

P 



MK.FEVtGUSON -
A NORilIBON KWUOSVI COMPANY 

CONSOLIDATED - UNDRAINED TRIAXIAL 'R .  TEST  WITH PORE PRESSURE MEASUREMENT .  

SITE ID: .  

LOCATION ID: 

DATE: 	 

LAB NAME: 

CHECKED BY LAB 	  

TAC 	  

WSSRAP  
Nsposal Eacilif/ 

cm r  

SAMPLE 
ID 

DEPTH 
INTERVAL 

FT) (FT) 
COMPACTION 

96 

CELL 
 CONFINING 
PRESSURE  

(PSF) 

GT-7C04 103 	11.3 N/A 20oz. 

INITIAL CONDITIONS 
DRY 

DENSITY • 
MOISTURE 
CONTENT 

DEGREE 

S A 4 PUFR A - 

VOID 
RATIO 9 PARAM. 

(PCF) (%) T1ON (s) . 	0  

110.1 17.f 92.7 0,558 0.98 

FINAL CONDITIONS 

G
I 

1
1

1-
11

1 I
n

 DRY 
DENSITY 

MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATICiN 

VOID 
RATIO 

(PCF) (S) (5) e 

104.1 2.1,5 too + 0.578 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 

MAJOR 

STRESS 
• (PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(5) 

MAJOR 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

2002 - 
0 .20 2.57/ 346 
o.3(1 213o 518' 

0.0 3155 662 
0.$o 3364 773 
1.00 3535 1364 

r. 

i zo 37/a 9a  
1 :41 .  3sq+- . q50 

i .100 4-o rz 6111  
- 1 30  4-1!4 q • 

2.00 419+ 979 
2.11  4252. .  177 , 
2.40 4 338  95-0 

LIDATION DATA TO BE ATTACHED ON LABORATORY SUB 
NE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 



• o 
kow. stein evag *AM Raid WM WM 	Pia 	emir WAIA 

	
111061 NM Mile/ NINO 

MK-FERGUSON -  
A MORON KNNOBIN OONIPANY 

CONSOLIDATED — UNDRAINED TRIAXIAL  "R .  TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID. 	In155RAP  
LOCATION ID. 	17151205a 1  FACT 1 1 -t-it  

DATE.  - 	8 - I(2 -qi  

LAB NAME: 	CA! I  

CHECKED BY: LAB 	5114A  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT-7C04- 10.3--11,3 N/4. 4 997 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 

SATU 
OF 

RA- 

VOID 
RATIO .  B PARAM. 

(PCF) (%) TION (%) 0 

Ma 21.5 100+ 0,575 NI/A 

FINAL CONDITIONS 
DRY ' MOISTURE DEGREE VOID 

DENSITY CONTENT OF RATIO 
SATURATION (PCF) (%) ) 

e 

11°3 20.4 loot 0.548 

TEST RESULTS 

AXIAL 
STRAIN 

, 
(

,,

1" 

MAJOR 
PRINC. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(S) 

MAJOR 
PRINC- 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

4q97 0 2.517 S\15-2 1814- 

0.20 6143 +32 

0.40 41315 1 GZ 

0.0 1353 893 

0.W 7725 11z3 

1 .00 $117 1310  
1.20 3317 1 418  

1,40 8553 1613 

1.6i 504 109 
1.81 3718 /757 t_ 

2 Of 3865" 1786 

Z.19 STO /8/4 

2.39  8892 /843 
NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONIRACTOR FORMS. TEST f'PoCE DUPE: m -1110 - Z 

• 101 r "air retepa• rorr, FOUl• 	/*P. 	I 	_ 



A MORMON KAUDSNAIONAPANY 

CONSOLIDATED - UNDRAINED TRIAXIAL 'R .  TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	W15RAP  

LOCATION ID' 	12i5pock I _  

DATE: 	3 -  14 -91  
Gm I  

CHECKED BY: LAB 	of  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT-7004 1/).8 -  11.3 NIA ct914 
INITIAL CONDITIONS 

DRY 
DENSITY 

_ 
MOISTURE 
CONTENT 

DEGREE 
 SATURA- 

VOID 
RATIO 

• 

B PARAM. 
(PCF) (%) TION (%) e 

110. 46 , 20.4 100t 0.54 NIA 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(5) 

DEGREE 
OF 

SATURATION 
(%) 

VOID 
RATIO 

e 

112.ik 11.5 loot 0.52+ 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 

MAJOR 
PRINC. 

STRESS 
F) 

PORE 
PRESS. 

(PSF) 

AXIAL 
sTRAN 

(11) 

MAJOR 
PRINC- 

STRESS 

PORE 
PRESS. 
(PSF) 

o 9q94-  o  4.56 /5-  5-ZS , 	3370 

0.20 11127 Vo z 5.0 1 1s" 443 3341.  
0.4( /3 2q4  950 5.50 /51-112 3312 

0.60  /4 044 /Z38 4  6.00 /,(4-s4 3283 

030 14-  713 1533 , VD /5'418 3226 

1.00 I. 5 " 143 187z , 8 	1 6-  43 3148 

1 .40 15 777 z244 9.00 is-  534 , 	3o F z 

1.81 15 776 2774- lo .00 15" 627 3053 
Z. 20  /5-  824- 3010 12.0o /s 781 2138 

741 /5778 3168.  144/ /5 — 735.  0872 

3.00 /,' 741 , 325+ /(.00 /r74.3 -2707 
3-56  I5k3o 3341 ts.coo , /5-g6,2 2421 

• .00 15 553 3370 Z0.00 /6 DS& 2534 

LAB NAME: 

'NOTE Cd LIDAT/ON DATA TO BE ATTACHED ON LABORATORY SUB ACTOR FORMS. -ii-0.-7-pfej-c-t-o-upt -f-04-_-rrio-z.-z  	• 
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MK-FERGUSON - 
A mokiesom xNuoteN COMPANY 

CONSOLIDATED - UNDRAINED TRIAXIAL  'IV TEST  WITH PORE PRESSURE MEASUREMENT . . .  
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SITE ID: 	w s s RA P  

LOCATION ID: IN5r5a I Full l'-ty  

DATE' 	13-- 16 -9 I  

LAB NAME' 	C.Nr  

CHECKED BY: LAB 	 VA  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL . 
CONFINING 
PRESSURE 

(PSF) 

G1-TOt 20.3- 20.61 
• NIA 2002 

INITIAL CONDITIONS - 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 

SATU 
OF 

RA- 
TION (%) 

VOID 
RATIO 

e 

B PARAM. 

109.4-  19.1 95.4- 0.5-4-1 0,91 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURATION 
(%) 

VOID 
RATIO .  

e 

I 10.5 zi.7 99 .5 0. 589 .  

TEST RESULTS 

AXIAL 
STRAIN 

MAJOR 

STRESS  
(PSF) 

PORE 
PRESS. - 

(%)  

AXIAL 
STRAIN 

(%) 

 MAJOR 
PR"C- 

STRESS.  
(PSF) (PSF) 

PORE 
PRESS. 
(PSF) 

Z002 p. 4.5-6 5073 F 3 5 

0.20 2458 403 5.01 5233 77a 

6.4- 1 77 2 7 5/8 5.5o 5371 720 

0.&I zqs-z 63+ 446 5-5-3 5' 434 

b.80 30 417 7io 704 579 .5" 4410 

1.00 
■ 

3741 $06 8.00 - 596 5 374 

1.40 3571 813 9.00 (,131 259 

1.79 3342 /S0 10.05 G30 173 

2.20 4068 1008 I 1 .99 6 444 gG 

2.190 4 3o7 foos 0.00 65'13 0 

2.99 4-461 ko 8 16.00 67rs —86 

3.50 4 708 950 143.00 4,893 - 230 

4.0 1 4$9 7 9o7 20.03 6 994 -346 
NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. 

I/4F ONF FOAM PFR PNANF Or ion TI-ON•etr TAIAVIAI TrerT 41 
TEST MOCEDuPE: EM-1110-2-1904, 



MK-FEtiGUSON 
A MORAISON KNUDSEN 0061PANY 

CONSOLIDATED — UNDRAINED TRIAX1AL 'R .  TEST WITH PORE PRESSURE MEASUREMENT  

v\155RAP  

C t•I L 

TAC . 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

S 

CELL 
 CONFINING  
PRESSURE 

(PSF) 

GT-7108  zol- vs Kim 5000 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURA- 

VOID 
RATIO B PARAM. 

(PCF) (%) TION (s) 0 

11 1.8 17.5 9 3.2 	• 0.507 0 ,17  

FINAL COMMONS 
DRY 

DENSITY 
(PCF) 

' MOISTURE 
CONTENT 

(s) 

DEGREE 
OF 

SATURATION 
(5) 

VOID 
RATIO 

0 

I'll •1 43.4 IL/ 0,508 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 

MAJOR 
PRINC. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
swim 

(%) 

MAJOR 
PRINC- 

STRESS 
(PSF) 

PORE 
PRESS' 
(PSF) 

o 5000 o 4 Act /0 057 1757 

o.zo (50(7 VII 5.00 10 251 1642 

0.10 6,6730 1037 • 5.50 10 423 15-26 

0.W 7057 1325 6.00 10 55-6 /44o 
WS 0.80 74-30 155 700  p 846 

I -OD 7720 / 757 to 11 IIZ 10 37 
364 1.0 3294 MT q . 0 11 317 , 

/. /CO 3 725 2074 10.07 11 573 /09/ 

2.20 clog, 2102 Iz.00 / t 701 43Z 
2k l 9zZ6 2102 /4.00 /2 /71 173 

3.01 9447 2045 le.00 , a 425 - 	si?6 

3.57  (&o• 1157 17.97 /2 650 - z5-1 
,`3.99 47357 _ tillz 2.0.00 /2 703  ..... 432 

SITE ID: 

LOCATION ID -

DATE: 

LAB NAME: 	 

CHECKED BY: LAB 

DI 'SpoSa ) RAC; I:4y 

8-1-91  

NOTE: C 	LIGATION DATA TO BE ATTACHED ON LABORATORY SUB 
".re iran•• re..., res*•••.- nr •al.• 

wad 
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• 
MK-FERGUSON 
A MORRISON KNUDVEN COMPANY 

CONSOLIDATED - UNDRAINED TRIAXIAL 	TEST WITH PORE PRESSURE. MEASUREMENT  

SITE ID: 	MS RAP  

LOCATION ID; 	'Disposal Fotili4-y  

DATE: 	8 - 110'11  

LAB NAME: 	C.N  

CHECKED BY: LAB 	%M  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL 
CONFINING 
PRESSURE 

(PSF) 

GT-1104 21,S-  22.0 NIA g999 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 

SAT9UFRA- 

VOID 
RATIO B PARAM. 

(PCF) (%) TION (%) e 

111,1 rz.3 45,S-  0.509 0.97 

FINAL CONDITIONS 
DRY ' MOISTURE DEGREE VOID 

DENSITY CONTENT OF RATIO SATURATION (PCF) (5) 
.:%) e 

113.61 17.e 19,8 0.48 1 

TEST RESULTS 
AXIAL .  
STRAIN () 

MAJOR 
PRINC.  

STRESS 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(5) (PSF)   

MAJOR 
PRINC. 

STRESS ,g 

PORE 
PRESS. 

0 qv?, 4756 16 us 30 8Z 
az° /26, 47 .374 5.03 /6 83S-  3 18 

0.3? 14-157 63+ 6.00 /6 FfS 3283 

0.0 /5-  171 893 7.00 /& 889 3341 

0.80 15710 1(z3 8.00 16 963 3341 

/.00 /4, 185-  1354 61,00 /6 993 334/ 

/40  /6 657 1121 /0.00 17 077 3213 

/ .0 1 /6,861 201&0 /2.1Z 17309 368z 

220 /6q14 7275 pi.00  17 337 -210q 

2 40 14 936 7477 16.00 /7  3741  . 2.707 

3. 04 /6, 91.5—  A750 18,00 17398 2534 

3.50 /6 876, 2114 20.01 /7424- 2310 

4.01 /6 844  2944, 
NOTE:CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST PCOCEvuRE EA1-1110-Z-1q04, 

USE ONE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 



t•J 

0•■••• 

O 
O 

Specimen 
Numb& 

..a. 
Parameter 

O 

C`o 

01 

N 

Wb MOW WUXI; Yr arr. 

72' 
0 

P■3 

-■11 

Z'S 

.13 
0 
0 8 

U. 
3 

3 

ft 
—■ 

4 4 5 

IN1 

4s. 
Clb 

cn 
Sva s a 

N 

St1> fil  
Izea 

• 

0 
ZJ, r a 

a 
4t1 
in 	 5  

am& 

N 

00 

O • 

Z•to 

tri 

r'\) 

oe 

— 

X 

;c• 
U' 

4. 

IV 

B
. 

Spedmen 
• Number 

■•••■•• 

O 

3 

c. 0 

•5 c „a a 

■ 

P4 

• 

•F's 

co 

■OUUMM■■VVOMMUOMM■■■M■ 
MORNSIMOVOMOIMPOOMMORO 
MMVIMMONOMMONEMEMMENEON 

Ii9111111111111111111 
OMOn Ov 	V OS OVO6OVO 
tampummume■somm■sem■ 
SONOMONMMAMMOMEMOMMOOOM 
■OOMMOSSIMMOMISOMMOOMM■ 
OROMMMOINISVMOMMOSOROMOM 
mummum ■ akomm■■■■■i■■ 
■MONOWROWNWOOMM■OMOMM■ 
WO■KOMOMMII■VONNOMMEMOM■ 
UNOMMOMOMMINO■MUMOMME■MMOMOOMO 
■■■■O•MEMMOsOMMOMUMOMMOMMOMO■
■■■E2MOMMOWOM ► OnnO•M ■•EMOM••■M 
72MIMMOMMUMMUMMVEEMMEMMOMOMOMOM 
sommummrsgtimmumemommummoussume 
wommonommousennummumwommommus 
W■OUNIM■OM•IAMMIMOUOMM■NE••MMO 
OnOPMOMOMMOVWOMOMMIOnOnnnnnEMS0 
EMINIMIMMEMMOMIIMMOMMOMMOMOMOMMOM 
■OMOO■MO■O■■MMMOOMMIMMOMM•MM•MI 
■nnnOM■OMMWMOOMWM■OMMOO■MEnn 
OMOMMMOMMOINVOMAMMORMOMMOMOMMOM 
■■OM■N■■OOMO■OWOOMMOMOMMEMEM ■• 
U■UMOMMOOMOOMM■M■O■OMM■OMONVM■
■■■■■■RNMEOMINEWOMMOO■MOMME■SOMEMMOMOM■ 
VISSMOMMNIAMMIIMMOWIMMOOMMEMMERROOMMOOMENS 
OMMOOMOOMOVOOMOMOVIOMOOMMOnnnOOMOOMMOOMMOn 
■■■■■RO■O■■MOMMOSMOOM►OMOONOMMOO■MO■■■■■
■ORMAIM■OOMMO■MOMMISMOMMOOMMUUMEMO■■OMM■ 
U■■■ea■m■m■■mmommillOMMOUN••■•sumen■■mm■
■liS■O■■■■■OMMOMMOSI■MMMOMMOMOOMOUMMOMENO 
■■■■■■■■■■MMOOMM■•►EHMEV■MEMESSOOOMMOMMO 
•■•OIM•O•M•OM■■M•••S••■■•M■■•O■M•MU■■O•M■
■■■■■■■■■■■■SUM■SIMMONSWOMOOSOOMEMEMME■
■■ninnOOOMMOMOMMOMMOWOMMOMM ■■RM■■MOMOM■OO 
MOMMOM■EMMOMOOMME ■NOMMM•NL■■M•UOM■OMMEM■
■MOMOOMOMOOMO■■MONO■MOMOOMMOMOMOMOOMM ■■
■■■■■■■■■■■OMMOSOMMOSOMOM■■MOMMENOMOMMI■
■■■■■■MEMOMM■■■OM■■■OMMOMON■■■OM■M■■MM■
■■■■■■■■■■MEMMOMMOM■ORNEMM■■OnnOnN■■MW■
■■■■■■MOMMOMON■■■■■■■■■■■■■■■■■■■MUM■OM 
■■■■■MO■■MO■MOMMONOOMOMMOOMOOM■■SSOOMM■
■■■■■OMMOOMMOMMOOMMINOMOSIMMOOMMO■■MOOM■
■■■■■■■■■OOMMOOMMEOV■■UMEMOOM■OO■M■■M■■
■■■■■■■■■OMU■■MM■OMMUMNIMOOMM8O■M■MO■ 
VO■■■■M■■■MWOMMOO■OOMMUSSOMO■MOOMONORO■
■SOMOM■MMOOMMO■MEMOOOMMEMBORMOVOO■OOMO■
■■MOMO■■■EMMOMMOMEEMMUMOUNMEMOOMMOMMOO■
■■■■■■■■■WOMOV■SOMOOMMOOMMOMMOMMOMU■ME■
■■M■■M■M■■MMINOMMMOOMMEMOMM■MMEMOSOM■■
■■■NERON■MMME■MOOMMO■M■■MME■MMOMMO■R■■S 
UMmemMER■■■■M■■IMI■■VOM■OSOMM■■IWOOM■
■■■OOMM■■ONOMMO■OMMOMMOMMESOMOSOOMMOI■O■ 
OMMOMM■M■■MUMMUOMMOMMMOMMOnnEMMIOMOMMOOMM 
■■■■■■■■■■EMOO■MOUVO■■MMEMOM■■■M■■OMOROM 
•so■■onim■ggemmosOmm■m•OMMEImm■■m■mmis 
■■SE■OO■E■SOMMOSMOIOROMMOMEMEMOMUSOMMONED 
■■■■MOOM■OMMOMEMMEMOO■MOMMOMOOO■MOMMEWSO 
■■■■OMEM■■NUMEMiniummwO■■ominomilimumMOWN •■••o••■■imm•mm•mmu•■m•m■o■•oso •mil •e■w 
■■■■■■■■■■MOMOOOM■OOMOMOMOSMOOOMOMMOMMO ■
■■■M■UMM■■U■■M■■M■OMMEMONONMMONMIIMMW•• 
■■nOMEMM■MM■■M■■■Enn■en■IMM■■nIMM■■O■■ ISM 
■■■■■■■■■Me■nnOMMOMMOMOOMME■■MOMMOMMMOnn 
nP"IIMOMMOM ■ONNOMMOMMMEMEMMEM•nOMMOMMO•nO ■
► IniCOMMIBMOMOMMIMMOMMINIMMONESumignmulMOMM 

IONSEMS MOM ■■■ 

1 mommemmemmummumme.....mmes 
stimmum■ossommossommumu ■■eamm■

■atmomu■usemmosom■o•mommoug■e 
mcmv sommommummommummummummumm 
INGL 	111111111119111111111111111111111111 	MO 

MO 
■0 

VOININOMOSO MOWS OM 

a 
N O 

OM 
ON 

M 

OM 
OM 
O 
611 

MO
NM  

111 
ME
0  

M O 



It- • 
(3Z- 	St 	9% 	tit 	Zt 	Ot' 	9 

6A-A.A-p-A-iNiatuvA4LV 

9 
	

• Z 
0114-`13 suilliSsammamislimillSMOMEMOMMEUMUMUdomOMMUMOMMEMOMOmmommimmusommis 

mumminswilmmimmuMMEMEEMEMMIIMUMUOMMumUMOMMMUMMOMIUmMUMMUSIMUmmil 
MmimMEMEMOMMOOOMMIIMOMMISEIMMEMOMOMMOMEMOMMOMMOSOMMEMSMOMMOMUOMS 
mumusammimmammoOmMUOMMOMMannallamatoMMOUSUsummOOSSESISSIMESESUSO 
•... 	 m.... suu 
mowswelmmUMWMIUMSMEMOOMMOMOMMOUUMMOUMUOMMUMMEMMOIMMOMMEMOMMISOM 
MiummUMWSIMMEMSUOW:142PuMMINIMOMMOMOWISMOMMOMMIOMOMURIONMEMMEMEMEMMU 
immummommiliammisca= ■UOMMEO216=MMIUMOMMEUEMOMMOMMUMEMOOMOIMMINUMOSNOOMM 
OmmEMMOMMOWMUMMIMMOMial!naMMEMEUmia:211111116111MUSSOMMUNOMMEMOMMESSMUMME 
MOMMENSOMOMWASOMMEMUMMO.I.TRIOMOMUMMOMUZCIMMOMUMMEMMOMMOMMOMUMMEMO 
mmummidmommimmumminsommummaiammommemommagavisummesommarommummi 
mommimmommummimmummommemenumimassimmomammommirainglimmissommumwm ,  
MmmmmmmummmmmmmSmmmmmmmmmmmusmmasmmmmmwmmmwsmbzvwmmmmmmmmmm 
Mosimmemnamensamemmummommummissimusumiummummusumsamil---•--diso 
ungummammammisimmommummummemmommummammummummummulummumumu 
UmumMMUMMIUMMINIMMOMMUMSMIIMMEUMMUMMEMONSOMONMOOMOMMOMMEMMEMOMMOUMA 
MommlOmMUMEMOUSEMEMUSOMMENOMUMMUSSOMUMMOMMOMMISOMMMOOMMONOMMUMUO 

MimmommailMiVAMMOmalSOUSUMMUMMUMMUMUUMMUMMUMMIXERSZEUVIOUSUMUMMUSINAS 
milmimmommonammmumweammummommimmimmommmimmmumissmommilmumminms 
mmilmwommummmummummUmmezmumMUMMEMMUMummwswilmmoUNIMMAUMMEMOMOWAss 
MMOMMISMOMMOMMOOMMOOMMOOlanWIIMMEMOMOMMOMOUOMINUMOSOWOMEMEWCAMO 
immimmummomemossimmummommunanlisammimmemmessimemmisomallimonsmE8 
siumMOMUMMUIMMUMOMMUMMUUMMUUSSWVIIMMUOUUMMEMUMUMUUMMUOURVIAMMER 
MINIOnOMMOOMMOSIMOMMOMMOMMUIMMOMMUNTOMMMOMMIOSMOMAMMEMMESOUMMUOU 
milmsgsmilmossimmonsimmummumlimemmillmummalm:vmsmimmmmummommorAmmuMmill 
smilillimmmommiMMINIMMIXIMUSOOMOMMMUMMOUMMEMOZ= 111MUMMEUMEMonWEIMMOIMM 
OMMOMOMMSOMOOMMOOMMEMMEMMOMMOMUMMUMOMMOMMUMOOM ------ SOMEMMUmMOM 
mommilUMEMMEMUMIUUMMUUMMESUSUUMMUsuMMUMEMMOMUUMOMUMUMUUMUUmmunnallUm 
simmummilmwasommOMUmwommommimmumimmommomammommemwmommelmosseMMO 

LN3Otad 'NpoiLS lyirf 

OZ 
	

91 	9t 	ft 	tt 	Ot 
	

9 
	

IP 
mgmmmmwmammmmmmmumwmmmmmmmssmmmmumwrwmmumsmmmmwmmmmmsmmdmmgm 
ammimmummummimmemommummissommommaimummummummummumwmummomm 
mummemilMOOOMMOMEMOIMIMEMMUMMOOMMUmmansimMOMMUnimmommiuMNIO 
mommummummommumagmumasummiummiummusimossommunglassumummusim 
imminummummillimmilialliSMOSErnmenlionammillammanommeemommammil4 
mommumummissummMUMMIUMIMMummussommomMUMMOMMOMUMUMUMEMUMMESOMOMMOS 
limmOUNMEMMOMOMMEOUMEMOMUSIOMMENEMUMMOMMOOMMUMIUMEMEMOIMMUMESC 
mommUmmilmOMMESIONMEMOMMOMMUMEMMOMMOMMUMMOMMONMEMOSMOUOUUMOUT 
somminaliMennimmumallassimmalimmilusammillausufliffiumillUOSURImissu I 
IllimmilamMomMOSSMEMEMMOOMMIXOUMMUMMUMOMUUMMOMMUMEmwOMMOMMUSIMMU 
milmemmummimilmMOMMOOMUMUSEMMUMUOMMIKOMMEMUMEMAIMUUMMUSSSUMNOMMIMMI 
MMUMMEMEMOMMOMMMUdiraLVIMMEMMOMMEMOUSWOMOMMUMMOIMMINIMMOVEMOMOOKOMO 
MimmulIMMOOMEMMItaligagme4=emMOMEMMEMMIONMEMMEMEMMEMEndsfiqmprgung 
immillimmenUEURESQ=MWERMUSMIUMmiiiiraiiMeTOMMUOUVIUMOURRIMUMUMUZEP4OMMEM 
mommOommUllummilmmOUUmmag" 11111MMUUMWS166M4441=411mXmaammwe=amMoraMEO 
MMEMOMEMIMMONSUMESMUUMINOMMEMO:=EMOMMOSIMAIMI*=!OWOUSIIMINumillEmdpmeld 
smummemmilmanummummimumummummoramitimmmommusaamimmump2mowass 
immummmummommiummummismommum immingainsummummeicamadmimmomm 
OMMSOUUMSERIMMUNIMMUSIMUUSSMUME mommummusummussmansusumiummouss 
ammlIMMUMMOMMOMMUMMOURSMOMMOOMOUMUOMMOOMMEMMOMMUOMMORMOVAMMWAIMME 
immosimmummassimmommenammummmUmmiUMUMEMEMmilimwswOCUMMUMMEMMOGUIlmu 
OUVOMMOMSOMMESIMMOMMOMMOMMOMMEMEMOOMMOMMUMISMUSIIMMISMUMMUMUMUMM 
sommiummommilimmimmisimmilmesimummummimmilmisamaiMUMOUlmuss 
MUMMINIESOMMUUSOMMOUSRUSOUSUSUUMUUSUMMUMINIUMUUMMUUMUUmmiPuMMOU 
Inummummunsimmousommummmussummummmossommummismammummumumms 
mmmmmwmmmmpmsmmmmmmsmumumsmummwmummsmmwwmmmmmmowmmmewmmmsmw 
mmmmmmgmmmmummmmmumummummmummmmmummmmmmmmmswqmssmumwmpmmmms 
smommmommummilammummemmemimmunimmummimilssimmommossougmemme 
mmmmmmmmmmmmmmmnsmommmsmuausuuuusmssumsmmSMmmssmsmuMsumsUUU 
on*Immummmmanammummemmansimmummarmummommumummumummumwmumuum 

1X30041 •NIYIIIS WWI 
OZ 
	

96 	91 	11 	et 	Ot 
	

9 
	

0 
memsommommommemammummommommuummummonennummlummonummoWnendssimmon 
milmommommummummummommummamOsammommummommommimmommummummilown4 
immasammoimmammumummummommemmunimmommilimmummummmemall4 
UMEMOMMEMMIM•MAGRUSSIIMMOUROMIUMUSURSUUMUMUmiummusemm=mailoggiminla 
MMUMOMMEMMEWMCOMEEMOOMMUMMOMMUMMOMEMESSIMMENOVOSOMOMOMMUMOMOIMUnm 
assommummommumummimmiumummilmilemmulimmUMMUmummusimmummemmillUSWgin 
MOMUSUOMMOMMOMOMMEMOMUMSOMOMUMMUMMOMMUMMUNUMMEMMEMOMMUOMMOOMMME 
OMMMOUOMMOMMEMOMOOMOMMUMMOMMUMMOOMMEMOSIMEMOMUUMOSImmomMEIMMUMI 
MOMMOMMUMUMM4XEMMUMOMMOUUSSIMMUMMOSMUMUMMUUMUUMMUMERWASeSWIIM 
suummummummolmtemessimmummommenummommiummimmammummemzammommftim 
mumismommommtzwseizmemmusimmemnimmemmemmimmummerOWOmmomommumonOSEI 
gammummommormigummemeg=mvmmummummumummOSONUommummoramms 
SUMMosommaiammulummISOMMOMemugga=m2Plammilommisimmalmr=ammilms 
ammumumlimmasimummumussmumssummusumusummummummsammudsimmusum 
MOMMEMOMOMMENOSOMMOMOMMMOMOMMOVISOMMMOUOMMEMOOSOMMEMOSMIIMUMUOMMMUM 
MOMMIMMUOMMOMMEMMOMIggewassimMOMUMUSOMMUMMUMMUMUMMUMMIROMOUSEMOMMMU 
mommumilmmUMMosommimMOUENUmmuMUMEMOMMOSEMMEMMEMOMmimmilMEMMEMOOMUS 
MMOMMMOMUSOUROMOMOMMOMOMMOOMMOMUMMOUVIMMUMMOSMOOMOOMMOMMOMIMMUMS 
sminummumamilmillunlmassmissUOMMUMUSUsammumummismaimmimmummis 
nUOMMUEUMOMMEMOMMUMUMOSSOMUMUMUUMMUMMOMUMMUMMUMMELONOMOMMOOMMUR 
imOUMMOMUMMOISMUUMMOUSOMMOMMOMMUMUMMEMMOMMMOMMOMESSIMMUMOMMUUMUMM 
OINIMOMEMMOOMMOOMOMMOMMOMMEMOUSOMUMMUMMMUUMEMOMMOMMMUMMMUMOMMUMS 
ONOMUMMMUMUMMOMMEWOMUMUSOMEMOMMUMOMMIMMOMMUMMOMMOUOMMUMUMMOU

SI 
 I 

MMOOMMOMMOUOROURMSOOMUSOUSSOUSSOMMUMMUUMUMUMMUMENUMUMOURUUMUU nmwmom■ mmsu■■m■mma■ MOUmsO■ nmm■mmmmm■■■mmmumm■■smM■Oom■■■■n■ 
milumalimmisimmemommiumesimmommummummumummemmummilmussommmUOMO 
OSOmenumummUmMOMUOMMIUmmusemildmilernilmillimmammuessmandammuslismilmm 
SmOsIMOMEOMMOOMMIImmisouslimmimmOnnaimmumumennammuMEOMMOOMMER 
mmgmgmmwmmmsummms•gmmsummmmmmumgusmmmmumwmgmmmommemuwsmmmmu 

OMMUMUU■MISOMMUM■■M■■O•■MU■■MMO■M■■MUMMU■SUMM■OMMOMMINI■■ On 



MIA; 	gai%if OMNI 

NOTE:CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST PROCEDURE: EM-1 110 	 sq 
USE 	ORM PER PHASE OF MULTI—PHASE TRIAXIAL TESTS. 

MKrFERGUSON- 
A MORMON KNUDSEN CONPANY 

CONSOLIDATED - UNDRAINED TRIAXIAL '11 TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	IA/55 RA P  
LOCATION ID -  Dt '5f0 0 rad1) .+X 

8 -20-91  
0.1T 

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL .  

CONFINING 
PRESSURE  

(PSF) 

GT-7110 26R-27.4 NM 2 000 

INITIAL CONDITIONS 
r 

DRY 
DENSITY 

(PCF). 

MOISTURE 
CONTENT 

(S) 

DEGREE 
OF 

SA URA- 
TION (%) 

VOID 
RATIO 

e 	. 
B PARAM. 

105.4-  t 21.2 ef4.3 0.613 1. 0 0 

FINAL CONDITIONS 
. 	DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURATION 
(%) 

VOID 
RATIO 

e 

102..5 23.2 cts.(1 0.(158 . 

TEST RESULTS 

AXIAL 
STRAIN  (s) 

MAJOR 
PRINC. 

STRESS s 
(PSF) 

PORE 
 PRESS. 
(PSF) 

AXIAL 
STAN 

(s) 

MAJOR 

STRESS 
(psF) R 

 
PORE 

PREss. 
 (PSF) 

Z000. 0 450 4908 5700 

0/0 278/ 259 5.01 5044 Soal- 

0.10 3060 3g9 ,, 

 

41 .00 53240 3139 

0.60 3216 490 7.01 5753-7 251  

0.77 3370 547 g.o 0 5751 144-  

0 .9(1 _ 3113 1 605 9.07 5139 29 

/. 40 3692 16z 10.00 6083 - 57 

1.80 3887 bc  11 12.00   10341 —257 
2.20 4112 611 /4.00 64S7 — 44 I 

240 4-270 61/ /&.O0 (0737 -634 

3.0/ 4126  4?/ MOO 10lz - 77z 

3.50 4406 66Z 20.00 7056 —7zz 
4.00 4793. 666 

CHECKED ay: LAB 
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SITE ID. 	 IA1S5 RA P  
LOCATION ID. 	171.9r5a 1 ref c 11 14-y  
DATE: 	8-Z0-11  

LAB NAME* 

• 

CONSOLIDATED - UNDRAINED TRIAXIAL  'R.  TEST WITH PORE PRESSURE MEASUREMENT  

CHECKED BY: LAB 	5141A  
TAC 	  

SAMPLE 
ID 

DEPTH. 
INTERVAL 

(FT) 
COMPACTION 

56 

CELL 
CONFINING 
PRESSURE 

(PSF)  

GT-7110 Z4).4-267.1 NSA 5000 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURA- 
TION  (%) 

VOID 
RATIO 

e 
B PARAM. 

107.5 20.5 R6. 1 0.531 0,97 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(s) 

DEGREE 
OF 

STURATIO A 	N 
(s) 

VOID 
RATIO 

e 

1084 23.2_ 100 + 0.567 

TEST RESULTS 

AXIAL 
STRAIN 

(5)  

MAJOR 
PRINC.  

SjpRsEFS S ) 
PORE 

PRESS. 
(PSF) 

AXIAL 
STRAIN 

(%) 

MAJOR 
PRIM- 

SirtZFIS  
PORE 

PRESS. 
(PSF) 

0 5000 p 4.44 IZ 349 2 3 04 

0.21 4297 	393 5.0/ /Z k30 2 / 60 

0.31 -710 	1110 6.00 /3 034 1172 

040 790g 	1418 7.00 /3 386 1570 

o.21 2417 	1757 g.0/ 13 03 I VIC/ 

1.00 5964 	/951 9.00 /3 '3'37 1 066 

r .41 9739 	2275 .._ 10.00 14- 157 VA 
1.F0 lo 314- 	2477 12.00 14 GO 461 

2.20 lo 304 	2543 /4.04 45 /a5 VD 

7.101 11 /93 	2591 _. /6.00 / 4 705 - 173 

3.00 // 5-0/ 	2592  18.00 /4- if&I - 374 

3.50 	// 8 tz. 	25-34 19.17 1534-4 -574 
4.00 f !Z 120 	24-31- , 

NOTE:CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST PROCEDURE EM -III0-2.-i906 
USE ONE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 



SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

. 	% 

CELL 
 CONFINING 
PRESSURE 

(PSF) 

GT-7110 25.1-26,4 N/A 9'999 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE
CONTENT 

. 
 DEGREE 

OF . 
SATURA- 

VOID 
RATIO - B PARAM. 

.(PCF) (%) • TION (%) • 0  

• 105.7 20.1 934 0: (08 0.95 

FINAL CONDITIONS 

•-• 

CONSOLIDATED — UNDRAINED_TRIAXIAL *R" TEST WITH PORE PRESSURE MEASUREMENT .  

TAC 	  

DRY 
DENSITY 

MOISTURE 
CONTENT 

DEGREE 

SAT! ROATION 

VOID 
RATIO.  (PCF) (%)  (%) e 

10&•3 01,4-  q7,Z 0.5V 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 

MAJOR 
P"1NC• STRESS 

PORE 
 PRESS. 

(PSF) 

AXIAL 
STRAW 

(%) 

 MAJOR 
PRNC . STRESS 

PORE 
 PRESS. 

(PSF). 

qcriq 0 	i 450  /9 311 3427 
0.20 /3 070 835 5.01 /9 42? 3427 

o.40 /4638 /o&G 60.00 17 523 3+27 

0.0 16291 144o 7,00 /9 571 3384 

0:31 /6 83/ l&13 8.00 19 47.5 3283 
1 .00 /7 1-q7 OM 5.99  19 8/z 3/4,8 

1.40 /F 335 2304 10.00 19 863 3653 

1. 80  is 8o1 2421 1z.01 (9 926 2771 

2.21 /9 03-6, Ago • /q.00 /9 . 779 Z504 
2.40 1'I /30 3053 16.051  17 Z37 22/8 

3.0o -  /ci ze„s-  3197 Moo 186  65-2.. /9o/ 
351 19 319 3312 19.97 /8 /57 /5sr 
4.00 /1 357 3395 	 

SITE ID: 
	11■155RA P  

LOCATION ID - P;,p050 1 Fact '  /1'17 

DATE. 
	 8-20-91  

LAB NAME: . 
	cr\11 	 

CHECKED BY: LAB 	
 

411* 

NOTE: CON OLIDATION DATA TO ISE ATTACHED ON LASORATORY SUBC 
USE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 

ACTOR FORMS. TEST __PROCEDuP_E_:_EM --I-110 -2:- 



MK-FERGUSON - 
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• 
0.0.1.1■11. 

CONSOLIDATED - UNDRAINED TRIAXIAL  'R' TEST  WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	V.45 RA P  
LOCATION ID .  V54 O541 Facf . 11-17  
DATE . 	S - 17 - 9 1  
LAB NAME. 	C.N1  

CHECKED BY: LAB 	/1(414  

TAC 	  

SAMPLE 
• - 	ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION . 	s 	. 	. 

CELL 
CONFINING • 
„PRESSURE 

(PSF) 

6T-7112 30,0 - 315 N/A 200o 

INITIAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURA- 
TION (%) 

VOID 
RATIO 

e 
B PARAM. 

88.0 Z2.5-  62.5 0•134o 0.97 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%) (%) e 

q+.7 2104 too + o.7Z.7 
• 

TEST RESULTS 

AXIAL 
STRAIN 

"I" 

MAJOR 
PRINC. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

AXIAL 
STRAIN 

(S) 

MAJOR 
PRIM. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

0 2000 0 Z.40 3101 $35 

0. 2)  2341 , 	 ZI 

0.39 2781 Se 

040 v131 113 

0.80 3091 346 . 

1 .0 1  3/40 44, 1 

1,19 3117 54-7 

1. 140 , 3117 634- 

1.61 3137 (di I 

1.79 3104 

2.00 . 3119 743 

2.20 3/05 UtIo .) 
2.41 310s S35  

NOTE:CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. 
USE ONE FORM PER PHASE OF MULTI-PHASE. TRIAXIAL TESTS. 	

TEST f•t:occvuPr: :Em _ 1110_ z_ 19O(. 
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Parameter 

l>4 	ch _4  
Z!) 0 .pg=,0 0 0 g_RE 

STAGE 
N 	Typeekeeit• 

Number 

z m  
3m 

0 SO 
N 

0 :21 

CA 	0, 
R.-  
cr- 

-44 

• 

GJ 

O 
3 

ca 

cr, 

A 

N 

M J4 
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NOTE: CO OLIDATION DATA TO BE ATTACHED ON LABORATORY SUB 
U 	NE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 

CONSOLIDATED — UNDRAINED TRIAXIAL R TEST WITH PORE PRESSURE MEASUREMENT  

i.
ri
  3 

I  v
  ri
,t

ta
 V 

SITE ID: 	WSSIR A P 
LOCATION ID:  Di5p05a1 Fticl'Uf y 
DATE: 	V- 21-11 .  

LAB NAME: 	CAI  

	

CHECKED BY: LAB 	  

	

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL , 

(FT) 
COMPACTION 

% 	, 

CELL 
 CONFINING
PRESSURE 

(PSF) 

GT-740Z 5.0 -7.S /N)  A etc?  4- - 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 

SA19UFRA- 

VOID  
RATIO 0 PARAM. 

(PCF) (%) TION (%) 13 . 

c19.9 Z1 1 .2. 95.2. 0.07 0.58 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURATION 
(S) 

VOID 
RATIO 

e 

101.3 25.4 100.0 0.02. 

TEST RESULTS 

AXIAL 
STRAIN 

MAJOR 
PR I NC. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

( % ) 
 

AXIAL 
STRAIN 

(V 

MAJOR 
PRIM. 

S Z S  A 

PORE 
PRESS. 
(P SF) 

0  qeis 4 0 2.64 3228 DI 

0 .20  1439 43 2 .130 3359 4q0 

0.40 1716) 230 

04 I MI 346 

0 .79 ZZOZ 403 

C.00 7.3‘2 461 

1.20 7531-  464 

1.40 2633 410 

1.60 2709 518 

I .S0 2835 518 

I.99 2940 gig 

2.17 3ozz 5/8 

2.39 3147 518 
RACTOR FORMS._ _I-E_57r___FMC.E.DuP-r:-:- ER-110=Z 
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CONSOLIDATED - UNDRAINED TRIAXIAL  *Re  TEST WITH PORE PRESSURE MEASUREMENT ,  

SITE 10: 	in/55RAP  
LOCATION ID:  12:gposa I Fac;14y 

DATE: 	8-al -9)  
C. N

C
I. 

 

 

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 
- 

CELL 
CONFINING 
PRESSURE 

(PSF) 

61-7401 5.0 -7 .5  KIIA V115 

INITIAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 

SATu 
OF 

RA- 

VOID 
RATIO B PARAM. 

(PCF) (%). TION (%) e 

101.3 zs--.4, 100.0 0.6elz N/A 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%) (%) o 

102.0 24.2 100,0 0453 
• ' . 

TEST RESULTS 

AXIAL 
STRAIN 

"9 

MAJOR 

STRESS  
(PSF) 

PORE 
PRESS. 
(PSF) 

A XIAL .  

STRAIN 
(16) 

MAJOR 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

0 Z945-  0 
0- 21   4224 346 
0.40 4751 634 
OW 5002 84,4 

OM 5198 1037 

1.00 5281 //81 .. 

1.19 537z /067 

Lilo 5402 1339 

1.6 / 5-138 1382 , 
1.30 51-89 /411  
2.01 , 54-30  WO 

2.20 5-40/ 1440 ... , 

LAB NAME' 

CHECKED BY: LAB 

FOOTE:CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST MCC DUPE tem- 1110 - 2 _ 
USE ONE FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 
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SITE ID .  

LOCATION ID: 	121 1cposa. I Faci/ity 
DATE: 	? -_ZI - I)  
LAB NAME 	C N  

CHECKED. BY: LAB 	IT/VI  

TAC 	  

SAMPLE 
ID 

 DEPTH 
INTERVAL COMPACTION 

CELL 
 CONFINING 
PRESSURE (FT) % (PSF) 

GT-74oz 50-7.5 1•1/A 11117 

INITIAL . CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURA- 

VOID  
RATIO B PARAM. 

(PCF) (%) TION (%) e 

I62.o 24.2- IMO 0,453 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 
OF 

SATURATION SATURATION  

VOID 
RATIO 

103./ 23.2.. 100.0 0.&Z5 

TEST RESULTS 

AXIAL 
STRAIN 

(%) 

MAJOR 
PRINC. 

STRESS 
(PSF) 

PORE 
PRESS. 

AXIAL 
STRAIN 

(%) 

MAJOR 
"HNC. 

STRESS 
(PSF) 

PORE 
PRESS. 
(PSF) 

48•17 0 +.4o 8247 • 2290 

0 . 11  6435 64$ + 10  8374 226,1 

0.40 logs' /022. 5.38 8'427 2203 

. 	038  7301 /3/0 5.34,  8.384 2174 

"9 7443 /5"7o .4.84 8378 200 

0.18 761 13 Mt 7.82 8'441 zooz 

. 1. 38 7778 2051 8.110 8242 1915 
1.75 7906, 2z03 9.81 8353 1821 

2.15 8021 z290 11.74 n27 /645" 

2 . 54 8148 2318 13.70 ?674 /598 

2 51 + '3170 	• 7313 , 18410 g541- /570 

3AL 15231 2318 1740  8•4113 I377 
3.9L Sigg 7-318 /9.56 0334 • 1397 

CONSOLIDATED - UNDRAINED TRIAXIAL  'R.  TEST WITH PORE PRESSURE MEASUREMENT  

W5SRAP 

.ACTOR FORMS. TEST 11:()EEDURE: 	i t (0  IODATION DATA TO BE ATTACHED ON LABORATORY SUB 
FORM PER PHASE OF MULTI-PHASE TRIAXIAL TESTS. 

NOTE: CO 
US 
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CONSOLIDATED - UNDRAINED TRIAXIAL R .  TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	1455RA ?  

LOCATION ID. Pips° ra 0'1  
DATE: 	17-e1)  

LAB NAME- 	CA1  

CHECKED BY: LAB 	OLD  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

96 

CELL .  
CONFINING 
PRESSURE 

(PSF) - 

GT-7406 15.8 -1(0.3 N/A cr/I 

INITIAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(s) 

DEGREE 
OF 

SATURA- 
TION (5I) 

VOID 
RATIO 

e 

B PARAM. 

1061. I 17.8 $1 . 1-  0.545-  0.99 

FINAL CONDITIONS 
DRY 

DENSITY 
(PCF) 

MOISTURE 
CONTENT 

(5) 

DEGREE 
OF 

SATURATION 
(5) 

VOID 
RATIO 

e 

105.8 21.7- 14,7 49•514- 

TEST RESULTS 

AXIAL 
STRAIN 

MAJOR 
PRINC. 

STRESS 

PORE 
PRESS. 
(PSF) (5) 

 
AXIAL 
STRAIN 

Cs) 

 MAJOR 
PRINC- 

SirgFIS  

PORE 
PRESS. 
(PSF) 

o 7/9 0 4,49 2751 V86 

"I 1444 3 1 7 5. 15  , 2836, 230 

0.40  /1060 403 4.09 2711 /73 

0. 60 1745-  410 7, 00  2532 130 

0 :87  / ?S"+ 578 8.0& 27o5" 5 
1.00 nen 547 gm 2404 O 

1.111 7ORS 647 10.00 30 let - FF 

1.80 z164- 51-7 /2.01 	. 3363 -/44 

2.20 236+ 490 /4.00 3447 - z 3o 

241 25-575-  4(01 /60.00 36,34 -283 

.3.00 2795  4-o3 17.19 3275 -34G, 

3 so 2770 374 20.00 331c - 43z 
4.40  2785 317 

NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. 
USE ONE FORM PER PHASE  OF MULTI-PHASE TRIAXIAL TESTS.  

TEST Mi)CEOURE: Cm-1110-Z -Met, 



MK-FERGUSON 
A PAORIVIOW KNUDSEN COUPANY 

0.93 llIct 4 	WI- 	s.tz 
1.10 	52q2. q. og 

	

5472 	1o14 	10.00 

	

2.20 Soo 	(1Z3 	12.0/, 

BMW 41011211 
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CONSOLIDATED UNDRAINED TRIAXIAL "R e  TEST WITH PORE PRESSURE MEASUREMENT  

-
4
1
 
1
P
3
W
tO
V.
  

SITE ID: 	IN5SIZAP  

LOCATION ID: 	Pis Fo,5ct I Fool 1 .4y 

DATE:. 	8- I 1 -1 1  

LAB NAME. 	C N  

CHECKED BY: LAB 	q474/11  

TAC 	  

SAMPLE in  
DEPTH 

INTERVAL 
FT) (FT) 

- 
COMPACTION 

'X 

CELL 
CONFINING 
PRESSURE  

(PSF) 

GT--Koto 1 (,,3 	161.  8 N/A Z9€15 
INITIAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(96) 

DEGREE 
OF 

SATURA- 
TION (5) 

VOID  

RATIO 
e 

B PARAM. 

1013 18.1 9 0.0 0.541 o.18 
FINAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(96) 

DEGREE 
OF 

SATURATION 
(V 

VOID 
RATIO 

e 

I07.2. ZO I 9& . 2. o,s(04-  
NOTE:C 	LIDATION DATA TO BE ATTACHED ON LABORATORY BUB 
----US NE — FORM—PER PHASE OF MULTI—PHA qr arm/awoke 	 

Ak4 .0 1 Goo3 	1051 2041  

AXIAL 
STRAIN 

(5) 

0.41 	in() 	441 	5. 50 
0.20 3 800 

3.43 .5897 	loci+ 	/g .l 
3.00 57e2 	1123 	/C1.00  
2.491 	57/3 	1123 	//,o/ 

RACTOR FORMS:—  it—s—r—FROCEVURET.—E M — 0 - 

. 60 4GOS 	634 	67.00 

MAJOR 
PRINC. 

STRESS 
(PSF) 

2(05 	0 	4.50 

TEST RESULTS 

PORE 	AXIAL 
PRESS. STRAIN 
(PSF) 	(5) 

2ss 	5,00 

MAJOR PORE 
PRPIC. PRESS. 

STRESS (PSF) 
(PSF) 

6/09 	1008  
4199 	6179 
620 	q5-0  

6,36,c„ 	893 

4553 	Szl  

66.95- 	749  

4,806, 	691  

67/6 	634 

25 I 	4-410 
730 374 
750 230  
7(W.  
77& awl 

t-W 



MK-FERGUSON 
A MONAlION KNUDSEN 0061PANY 

CONSOLIDATED — UNDRAINED TRIAXIAL  slr TEST WITH PORE PRESSURE MEASUREMENT  

SITE ID: 	1/45SRAP  

LOCATION ID; 	PI5posa 1 raci'll s-ly  
DATE: 	8 - 17 -41 1  
LAB NAME: 	  

CHECKED BY: LAB 	44aq  

TAC 	  

SAMPLE 
ID 

DEPTH 
INTERVAL 

(FT) 
COMPACTION 

% 

CELL 
CONFINING 
PRESSURE 

(PSF) 

61-74% /6.8- 17.3 /4/A liqq7  
INITIAL CONDITIONS 

DRY 
DENSITY 

(PCF) 

MOISTURE 
CONTENT 

(%) 

DEGREE 

SATUR 
OF 

A- 
TION (%) 

VOID 
RATIO 

e 
B PARAM. 

112 4- 17.5-  14.4 0.500 0.19 

FINAL CONDITIONS 
DRY 

DENSITY 
MOISTURE 
CONTENT 

DEGREE 
OF 

SATURATION 

VOID 
RATIO 

(PCF) (%) (%) e 

111.8 1ff. 1 100 + 0.508 

TEST RESULTS 
AXIAL 
STRAIN 

(%) 

MAJOR 
PRINC. 

STRESS  

PORE 
PRESS. 
(PSF) 

AXIAL 
sTRAN 

(5) 

MAJOR 
ANC• 

SZAS  
PORE 

PRESS. 
(PSF) 

o 4 61`11 0  450 %50  27 re 

o.zo 581+ 965 5.00 k.  1506 2131 

0.41 6345 1210 6,00 to 1,4 p758 

0.60 070 1440 639 /0 377 1734, 
o .80 / 11 1 /642 8.0 1 10 634 1413 

1.00 7325 (314-  q.00 lo 87o iWo 
1.41 , -rio 3 2074 10 .0o /1 033 /2% 
1S0 $184 2244  11.97 /1 325 1037 

2.21 85o2 2362. 14.00 1/ SIT • 8o4 
2.40 8771- 2.390  /4,.14 11 1071  634 

3.01 9027 2370 /SW /1 S33 461 

3.50 (1234 2342 20.00 8 860 344 
4.00 9 so/ , 2275 

NOTE: CONSOLIDATION DATA TO BE ATTACHED ON LABORATORY SUBCONTRACTOR FORMS. TEST P2OCEPURE EM- 1110 	1 430(0  
USE ONE FORM PER PHASE OF MULTI-PHASE TIIIAXIAL TESTS.  

1110.0.111 	 •••••••• 
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LABORATORY RESISTIVITY TESTS 
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10 	to 
	

40 	s0 

Resitstivity 	Idottlui‘ 
(Ohm —Cm) 	content (II) 

1 41G 0  

1 140 	IF.  

15130 	27.1  

I If tD 	40.E  

Noted Moisture Content 

	

Natural Dry °snotty 	Dal  

PH 

	

Silt and Cloy 	 S 

S 

Grcrvei 
	

S 

Liquid Limit 

Sample of 

Ct 

MOISTURE CONTENT 
Sand — • X 

S 
	

Plasticity Index 

2t 	40 	40 

MOISTURE CONTENT  

Resistivity 
(Ohm—Cm) 

I zoo 

Natural Moisture Content 33•X 

Natural Dry Density 	..pcf 

PH 

From GT- 	2.5 -  4.0' 

Moisture 
content (X) 

17. (0  

30.1  

43.1 

540,S 

X 	 PiosUcity Index 

Grovel 

Sample of 

X 

Liquid Limn _ 

Sond r X Silt end Cloy — 

S 

From GT- 6IGi e 2.5' - 
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LABORATORY RESISTIVITY TEST RESULTS 
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So 

MOISTURE CONTENT 

GrOvel 	 X 
	

Sold 
	

X 

ReCttivity 	Moisture • 
(0!-.rn—Cm) 	content (x) 

'Zoo 15.8 

1120 28.1 
1300 41.6 

Natural Moisture Content ILL% 

	

Natural Dry Density 	prf  

PH 

	

Silt and ;:loy 	 X 

C 

Sarnplo of 

LletUld Llrntt X 	 Plosticity Index 	 X 	 411 
From 6 1" 7003 a 7.5 '- `1.0' 

Chen0Northern.Inc. LABORATORY RESISTIVITY TEST RESULTS 
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ANALYTICAL RESULTS 

  

JTC Environmental Consultants, Inc. ••. 
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• 'VET CHEMISTRY ANALYSIS RESULTS 
Pepe 

   

ID: 9106049.01A 
Client ID: SS-6601.040591-, 

parameter • Method Result Det.Ifie. Units 

Collected: 04/05/91 
Matrix: SOIL 

knslYied by 
Chloride' sicatai 325.3 193 114 sli/Kg AM 06/26/91 

Percent Solids OCALV 160.3 85.9 CS 	06/12/91 
Sulfate 1041.1,4 375.4 	• 864 223 es/Cs DJS 	07/05/91 
PM 116AN 150.1 7.30 Pd 161 	07/08/91 

ID: 9106049.024 Collected: 04/08/91 
Client 10: SS-6901.040891-8 Matrix: SOIL 

Parameter Method Result DetAim. Units Analyzed by 
Chloride . aisuw 325:3 297 113. mg/Kg VKM 	06/26/91 
Percent Solids .04W 160.3 88.2 S CS 	06/12/91 
Sulfate mcAuly 375.4 243 226 mg/14 DJS 	07/05/91 
pN Itt&uv 150.1 , 7.07 -.-- PM VM 	07/08/91 

ID: 9106049.03A Collected: 04/08/91 
Client ID: SS-6903-040891.8 Matrix: SOIL 

Parameter 	t Method Result Det.lia. Units Analysed by 
Chloride MCA1JV 325.3 344 121 • as/Kg Vh$ 	06/26/91 
Percent Solids_ IteAUW 160.3 80.7 -.;- 5 CS 	06/12/91 
Sulfate MCAuW 375.4 SOL 241' e02/1(9' DJS 	07/05/91 
pH ,I1CAUV 150.1 6.37 --- Pli V% 	07/08/91 

ID: 9106049-04A Collected: 04/08/91 
Client ID: SS-7003-0401gM.8 Matrix: SOIL 

. 	1 

parameter Method Result Det.lie. Units Analysed by 
Chloride 'Maw 325.3 .214 114 rivig V191 	06/26/91 
Percent Solids OICAUW 160.3 84.6 5 CS 	06/12/91 
Sulfate %CAIN 375.4 BOL 230. mg/Kg DJS 	07/05/91 

PM MCAW 150.1 
i: 

7.49 psi V% 	07/08/91 

F .  

Notes and definitions for this report: 
'Doi ■ Below GuantitetiOn limit 
. 	1 
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WET CHEMISTRY ANALYSIS RESULTS 

115z 9106049-054 

Client ID: SS•7103.041191-I 

parameter Method Result Det.LiN. Units 

Collected: 04/11/91 

Matrix: SOIL 

knelYzed by 

Chloride MAIN 325.3 242 117 eo/te V1iX 	05/26/91 

Percent Solids NCAWY 160.3 85.7 % CS 	06/12/91 

Sulfate 	. NCAWW 375.4 509 230 Ng/Kg DJS 	07/05/91 

pN NCAWW 150.1 6.91 --• FM VI4 	07/08/91 

ID: 9106049.06A Collected: 04/12/91 

Client ID: 	SS-7201.041291-11 Matrix: SOIL 

Parameter Method Result bet.Llm. Units Analyzed by 

Chloride NCAWW 325.3 . 272 110  rg/Eg VAX 	06/26/91 

Percent Solids NCAWW 160.3 U.S --- % CS . 	06/12/91 

SUlfate NCAIA/ 375.4 243 226 trig/Kg DJS 	07/05/91 

Poi ICAWV 150.1 6.35 --- PM VN 	07/08/91 

ID: 9106049.07A Collected: 04/15/91 

Client ID: SS-7301.041591-I Matrix: SOIL 

pa-re;Meter Method Result Det.11m. Units .Analyzed by 

Chloride NCAIJV 325.3 170 129 r5/Kg VNX 	06/26/91 

Percent Solidi• NCAWW 160.3 76.8 % CS 	06/12/91 

Sulfate NCAWW 375.4 428 260 ricAs DJS 	07/05/91 

pit 'CAW 150.1 5.39 P. VW 	07/08/91 

Motes and definitions for this report: 

SOL • Below Duantitation Limit 



WASTE QUANTITIES QUARTERLY REPORT ;TABLE 

CONVERSION 
FACTOR 

1.52 ton/cyd 

1.52 ton cyd 

1.52 ton/cyd 

ORIGINAL 
AMOUNT _.VOLUME 

CONVERTED 
(CYD) 

CONVERTED 
_ WEIGHT [TON) 

153,500 cyd 153,500 233,320 

8 200 cyd 8,200 12,460 

7,000 cyd 7,000 10,640 

COMMENTS/REFERENCE 

MOD 8 estimate and RI 
Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
Includes Region 4 
Zone 6 Region 9 
Zones 1 & 2 '  

RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate.3 (Radiological 
Site Soil Zones). 
Includes Region 4 
Zones 1,2,3,5 

RI Report Rev. D 
December 1990 	' 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
Region 3 
Zones 1,2,3 & 4 

Ash Pond 

Frog Pond 

MATERIAL 

SOILS & SEDIMENTS 

Raffinate Pits 

   

• • 
   

   

010292 

nAusersZjoannelmyerskquentwst 



WAST . ;QUANPITUSOVAterERLY.RPORTTAB4E:  AORMANDMAINglaa 	 
MATERIAL CONVERSION 

. 	FACTOR 
ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

North Dump 1.52 ton/cyd -7,600 cyd 7,600 

South Dump 1.52 ton/cyd 16,900 cyd 16,900 

TSA Area 1.52 ton/cyd 4,100 cyd 4,100 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

11,550 RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
Region 1 Zones 1 & 2 

25,690 RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
InclUdes Region 4 
Zone 4 

6,230 RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones). " 
Includes Region 11 
Zone 2 
Region B 
Zones 1,2,3 & 4 

010292 

nAusetsgoanne\myers\quant.wst 



WASTE. OUANTITIMS QUARTEALY REPORT: TABL 

CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

MATERIAL COMMENTS /REFERENCE _  

RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
Includes Region 11 
Zone 1 and 1990 ASER 

Site WT Plant 
Area .  

1.52 ton/cyd 7,100 cyd 7,100 10,792 

RI Report Rev. D 
December 1990 
DOE/OR/21548-074 
Plate 3 (Radiological 
Site Soil Zones) 
Includes Region 5 Zone 
1 which is associated 

:-with'contaminaticin -frOm-' 
the coal stroage area 
and'Region 5 
Zones 1-11 
'Region 6 Zones 1-6 
Region 10 - Zones 1-14 

Around Chemical 
Plant Buildings 

1.52 ton cyd 26,400 cyd 26,400 40,130 

IOC: M. Peterson , to 
S. Green 
Date: 4-18-90 
Region 5 Zones 1-11 
Region 6 Zones 1-6 
Region 10 Zones 1-14 

Beneath Chemical 
Plant Buildings 
and Open Areas 

1.52 ton/cyd 

  

59,000 cyd 59,0.00 89,680 

010292 

Ousers2VoanneVnyers\quantmst 



010292 

15,200 10,000 cyd 1.52 ton/cyd 10,000 Vicinity Property CDR 
October 1987 

WASTE QUANTITIES QUARTERLY REPORT. 

CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE MATERIAL 

Lakes 34, .35, 36 1.52 ton/cyd 20,000_cyd 20,000 30,400 Engineering assumption 

QY CDD -Febtuary 1991 
DOE/OR/21548-145  

Mod 8 estimate and 
Draft WSSRAP VP Femme 
Osage Slough Special 
Study 
June 1989 

Quarry (Bulk 
Waste Excavation) 

Vicinity 
Properties 

Femme Osage 

2 ton cyd 

1.52 ton/cyd 

52,000 cyd 

80,500 cyd 

104,000 

122,360 

52,000 

80,500 

Army 1,2 & 3 1.52 ton/cyd 1,400 cyd 1,400 2,130 Vicinity Property CDR 
October 1987 

Busch 3,4 & 5 1.52 ton/cyd 500 cyd Vicinity Property CDR 
October 1987, 

500 760 

Army 5 & 6 1.52 ton cyd 1,700 cyd 1,700 2,580 Vicinity Property CDR 
October 1987 

TOTA14..i.SOILS 
SEDIMENTS 

nAusers2Voannelmyerelquantwst 



WASTR A.NTITIES QUARTERLY REPORT  TABLE:  

CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED .COMMENTS/REFERENCE 
WEIGHT (TON)  

010292 

MATERIAL 

SLUDGE 

Raffinate pits 1.01 ton/cyd 220,000 cyd 220,000 222 200 Rev D December 1990 
DOE/OR/21548-074 
RI Report 

Quarry :1.40 ton cyd 4,100,cyd 4,100 5,740 QY CDD February 1991 
DOE/OR/21548-145 

Site Water 
Treatment Plant 

70 #/ ft 3,100 cyd 3,100 2,930 QY CDD February 1991 
DOE/OR/2154.8-145 

Waste Managment Plan 
for QY WTP 
IOC Steffen to Tucker 

. September 15,' 1990 
-AsSume - 5 Yr Operating .  
life 

500 cyd 70 #/cft 'Quarry Water 
TreatmentPlant 

500 470 

  

  

nAusers2VoannamyettAquentrat 
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TB- QUANTITXES QUARTERLY :REPORT.'. TABLE 

MATERIAL CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

CLEAR & GRUB 

Quarry .63 ton/cyd 5,300 cyd 5,300 3,340 QY PER October 1989 	' 
DOE/OR/21548-094 

Raffinate* Pits .63 ton/cyd 5,900 cyd 5,900 3,720 Assume 50% of Mod 8 
Estimate 

Chemical Plant :63 ton/cyd 17,500 cyd 17,500 11,030 Assume 50% of Mod 8 
Estimate. 	Includes MSA 
grubbing. 

Vicinity Property 
FemMe Osage 

.63 ton/cyd 1,000 cyd 1,000 630 Assume 50% of Mod 8 
Estimate 

Quarry RR Ties 40 #/cft 130 cyd 130 70 Mod 8 Estimate. 
Quarry = 130 cyd 
Haul Road = 1070 cyd 
will be disposed of off 
site 

Chemical Plant 
RR Ties 

40 # 300 cyd 300 160 Mod 8 Estimate 

TOTAL 
CLEAR GRUB 

nAuse(sAjoanneVnyetAquaniwst 
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CONVERTED COMMENTS/REFERENCE 
WEIGHT (TON)  

010292 

RUBBLE 

Quarry Bulk Metal 5 cyd/ton 10,500 cyd 10,500 2,100 QY Per October 1989 
DOE/OR/21548-094 

Quarry Bulk 
Rock/Concrete 

.4,100 #/cyd 30,200 cyd 30,200 61,910 QY PER October 1989 
DOE/OR/21548-094 
Density = Average of 
concrete and limestone 
densities 

Quarry Residuals 
(Rock) 	. 

4,200 # cyd 20,100 cyd 20,100 A2,210 Mod 8 Estimate 
Density = Density of 
Limestone 

.Quarry WTP 
- (Closuril 

610, 

TSA (Closure 
Foundation) 

4 100 cyd 22,000 cyd 22,000 45,100 

Mod 8 Estimate 

Mod 8 Estimate 
Does not include 
material on TSA 
Density = Average of 
concrete and limestone 
densities 

150 # cft 300 cyd 
	

300 

500 100 Raffinate Pits 5 cyd ton 500 cyd RI Report Rev. D 
December 1990 
DOE/OR/21548-074 

nAusers2VoannekriverAquant.wst 
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WASTE:WANTITIES-OU4RTERLY,REFORT TASLE:::„ 

MATERIAL COMMENTS/REFERENCE . CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD1 

CONVERTED 
WEIGHT (TON)  

3620 #/cyd 

150 #/cft 

14,500 cyd 

• 400 cyd 

14,500 

400 

26,250 

810 Mod 8 Estimate 

Mod 8 Estimate - 
Includes soil and 
gravel but does not 
include material on 
MSA. Density = Average 
of soil and limestone 
densities. 

Site WTP (Closure .  

Foundation) 

MSA (Closure 
Foundation) 

Mod 8 Estimate 
Density = Average of 
concrete and metal 
densities 

900 Treatment 
Facility 
(Closure) 

1,820 900 cyd 150 #/cft 

1010 500 Mod 8 Estimate 
Density- = Average of 
concrete and metal 
densities 

500 cyd 150 #/cft Volume Reduction 
Facility 
(closure) 

Chemical Plant 

ACM 

Friable 46 #/cft 4,716 cyd 4,716 2,929 WITS Data Includes 
Fiberglass 

nAusersAjoanneVnyoreAquanLwst 
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ANTTTuvouwmg4TRERORTTABLE4 

MATERIAL CONVERSION 
• FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME,(CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

Non-Friable 
(Roofing, 
Siding, 
Flooring). 

158 # cft 5,111 cyd 5,111 10,902 WITS Data 

Ceramic 135 #jeft 327 cft 12 22 WITS Data 
Concrete WITS Data 

Masonry Block 56 	cft 7,300 cyd 7,300 5,519 WITS Data Assume 8" x 
8" x 10" Includes Brick 

Slab 	(Deck*, 
Foundation) 

150 .#/cft 51,514 cyd 51,514 104,316 WITS Data Includes Road 
and Foundations 

Debris' 100 #/cft 190 cyd 190 257 WITS Data 

Glass 162 	# .cft_ -1,284 ,cft, 48 '104 WITS -Data' 
Graphite 1.35 #/cft 492 cft 18 33 WITS Data 

Metal WITS Data 

Conduit .064 cft/lf 
5.793 #/lf 

380,334 	lft 902 1,102 WITS Data 
Assume average diameter 
= 2-1/2 in. 

piping .11 cft/lft 
.15 #/1ft 

558 cft + 
. 	550 tons + 
298,027 	lft 

1,534 2,823 WITS Data 
Assume average diameter 
= 4 in. 

nAusersZjoanneVnyerskquant:wst 



::WA$Tk..."DpANTITIHS-QPARTERLy . RpPORT HTABLZ -.  ,..44,400Mg4g216x  

MATERIAL CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

HVAC Ductwork 490 #/cft 333 ton 63 333 WITS Data 
Use 25% increase in 
volume because density 
gives vol. of solid 
block 

Tanks 5 cyd/ton 995 ton + 
1545 cyd 

6,520 1,304 WITS Data 
Assume 3/8 in. plate 

Misc. 	Equip. 
(process 
equipment, 
trucks, 
forklifts, 
etc.) 

5 cyd/ton 80,778 cft 
+ 7564 tons 

40,812 8,162 WITS Data Used 5 
cyd/ton as average 

Furniture 20 cyd/ton 6,849 cft 254 13 WITS Data 

Side/Roof 
Aluminum 

156 #/cft 2,995 cft 111 234 WITS Data 

Side/Roof 
Carbon Steel 

490 #/cft 890 cft 33 218 WITS Data 

Structural 490 #/cft 7,257 ton + 
24 cft 

1098 7,263 WITS Data 

RR Rails 490 #/cft 293 ton + 
364 cft 

58 382 WITS Data 

Paper 58 #/cft 43 cft 1 WITS Data 

010292 

nAusersZjoanne\myerAquaniwst 
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. 	 . 

QUARTERLY 	 

MATERIAL CONVERSION 
-FACTOR 

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

Pordelain • 20 #/cft 356 cft 13 WITS Data 

Underground • 
Piping (Clay, 
Concrete, etc.) 

.55 cft/lft 
54 Oft 

64,240 	lft 1,309 1,734 WITS Data 
Assume average diameter 
= 12 in. 

Wood (no 
grubbing or RR 
Ties) 

Furniture 20 cyd/ton .  429 cyd 429 21 WITS Data 

Solid 40 '#/cft 1,649 cyd 1,649 890 WITS Data 

pa. RUB]  

• 
010292 

• nAusettAjoannAmyerAquariLwat 



WASTE QUANTXTIESA..)UARTELY...-.RPORT T4BLB:  

CONVERSION 
FACTOR 

ORIGINAL 
AMOUNT_ 

CONVERTED 
VOLUME (CYD)__ 

CONVERTED 
WEIGHT (TON) 

MATERIAL COMMENTS/REFERENCE 

ROADS & 
EMBANKMENTS 
CLOSURE 

Raffinate Pits 
Bottom 
Roads 
Retention Pond 

1.52 ton/cyd 
1.52 ton/cyd 
1.52 ton/cyd 

15,400 cyd 
10,800 cyd 
1,830 cyd 

15,400 
10,800 
1,830 

. 	. 	23,410 
16,420 
2,780 

Mod 8 Estimate 
Mod 8 Estimate 
50% of Mod 8 Estimate 

Vicinity Property 
Femme Osage 
Southeast 
Army 5 & 6 

1.52 ton/cyd 
1.52 ton/cyd 
1.52 ton/cyd 

1,600 
6,750 
1,800 

1,600 
6,750 
1,800 

2,430 
10,260 
2,740 

50% of Mod 8 Estimate 
50% of Mod 8 Estimate 
50% of Mod 8 Estimate 

Chemical Plant 

Ash Pond Bottom 1.52 ton cyd 4,000 cyd 4,000 6,080 Mod 8 Estimate 

Frog Pond 
Bottom 

1.52 ton/cyd 800 cyd 800 1,220 Mod 8 Estimate 

Retention Pond 
Dikes 

1.52 ton cyd 25,900 cyd .  25,900 39,370 50% of Mod 8 Estimate 

Haul Roads 1.52 ton/cyd 16,400 cyd 16,400, 29,930 50% of Mod 8 Estimate 

Quarry Haul 
Road 

1.52 ton/cyd 3,500 cyd 3,500 5,320 25% of Mod 8 Estimate 

TOTAL 4_ 9;i22 

010292 

nAusers2\joanne1myerAquant.vat 
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QUARTERLY FtEVORT 

MATERIAL CONVERSION 
FACTOR .  

ORIGINAL 
AMOUNT 

CONVERTED 
VOLUME (CYD) 

CONVERTED 
WEIGHT (TON) 

COMMENTS/REFERENCE 

. 	. 
PERSONAL 
PROTECTIVE 
EQUIPMENT (PPE) 

7,800 cyd 7,800 Based on 10 year 
estimate uncompacted. 
IOC Myers to Hixson 
May 1, 	1991 
Subject: 	Forecasted 
PPE Usage Quantities 

CONTAINERIZED 11(7/".  l I  
CHEMICALS 	I . ‘ 

)007 )  

1.11 70 cyd 70 RCRA Waste 
55 gal. 	= 7.5 ft 3  WITS 

293 cyd 293 Non-RCRA Waste 
55 gal. = 7.5 ft 3  WITS 

. GRAND TOTAL 

010292 

nAusers2VoannoVnyerAquanLwst 
	 13 
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