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1. 0 INTRODUCTION

As part of the S- Area Remedial Program

specified by the Stipulation and Judgment Approving

Settlement Agreement ( Settlement Agreement), Occidental

Chemical Corporation ( QCC) has conducted subsurface

investigation surveys of the S- Area Landfill Site and the

Northern Site ( Study Area) as shown in Figure 1. This

involved the drilling, sampling and testing of various wells

and boreholes as specified in the Settlement Agreement.

Paragraph C( l) - Site Containment System and

Paragraph D( l) - Northern Containment System of the

Settlement Agreement specify that the geologic and hydrologic

characteristics of the overburden at the Study Area be

investigated. The drilling program included boreholes

installed for the purpose of defining the areal extent of a

Confining Layer or a lO- foot Confining Layer beneath the

Study Area. Stratigraphic information from other wells or

boreholes installed as part of the subsurface investigation

or installed prior to the Settlement Agreement was also used

in the definition of the Confining Layer and any Confining

Layer Discontinuities identified therein.

Following data collection and assessment,

with respect to the Confining Layer, the entire Study Area

1



r'
@ , I

iJ

g 6 ~
I~

A:l M ! 6C ,

o
c
z
c

8
o
Z

tD

C

o

cr
0
Q['Tl

9;0
1l['Tl

j:s:::
i)" 8

Q);cn

S')r2
C"'UCJ
tl:;:o-< ::!

l
o ~

Cl G))> ...,
0:;:0 ('

l)Tl
g.5:)> ---"

r I
r i
I l

i
i c:::J
i

g



was modeled. The modeling procedure required the use of two

computer models. The first model, FE3DGW, a

three- dimensional tinite element model, was used to:

i) determine if an upward hydraulic gradient is expected

to be present in the Study Area above lO- foot Confining

Layer following Stabilization,

ii) if an upward gradient is not present throughout the

S- Area Landfill Site, determine the length required, if

any, of a northern portion of the Site Collection

System along the northern Site Barrier Wall alignment.

Subparagraphs C( 2)( f) and ( g)), and

iii) determine if an upward hydraulic gradient is expected

to be created within the area of any Confining Layer

Discontinuity following Stabilization

Subparagraph C( l)( e)( i)).

The second model, the ", s- Area Two- Phase Flow

JYlodel", was used to determine it the upward gradient expected

to be achieved in the area of a Confining Layer Discontinuity

after Stabilization is sufficient to retain NAPL in the

overburden. The water levels generated by the FE3DGW model

were used as input to the S- Area Two- Phase Flow Model

Subparagraph C( l)(e)( ii)).

2



Definitions of Contining Layer and Confining

Layer Discontinuity are presented in Section 3. 0.

If both conditions described in

Subparagraph C( l)( e) are satisfied, the Confining Layer

Discontinuity satisfies the condition for a Confining Layer

Equivalent. If the Confining Layer Equivalent conditions are

not satisfied, the Confining Layer Discontinuity beneath the

S- Area Landfill Site will require sealing by grouting or a

technology which is the performance equivalent.

Sections 2 through 6 inclusive present the

results of the subsurtace investigation surveys and detine

the Confining Layer within the confines of the proposed Site

Barrier Wall and Northern System Barrier Wall based on the

data collected. Section 7 evaluates the impact of the

remedial program on the hydraulic conditions in the Study

Area.

3



2. 0 BACKGROUND INFORMATION

The information used ln the evaluation of the

Contining Layer has been compiled from two sources; a series

of historical hydrogeologic studies conducted in the vicinity

ot the S- Area Landfill Site between 1978 and 1982 ( discussed

ln subsequent paragraphs) and the subsurface investigation

surveys conducted between 1986 and 1988 pursuant to the

Settlement Agreement. Historical information pertinent to

the Confining Layer evaluation and the data from the

subsurface investigation surveys have been compiled and were

presented in the report entitled " Information Summary Report

S- Area Remedial Program - June 1988." The pertinent

information includes the stratigraphic logs of the geologic

strata encountered at each borehole and well, physical

properties of clay and till materials encountered during

drilling and injection test results to determine the

hydraulic conductivity of the overburden overlying the

lO- foot Confining Layer.

Data from the following historical studies

were used in the preparation of this report.

a) In 1979, Leggette, Brashears and Graham undertook a site

investigation of the entire acc Niagara Plant, the City

of Niagara Falls Drinking Water Treatment Plant to the

4



east and the Robert Moses Parkway to the south. A number

of the wells installed during this investigation were

completed in the vicinity of the study area.

Stratigraphic information from the following wells was

used in the compilation of this report:

WSl4A WS43A

WSl5A WS45A

WSl6 WS46A

WSl7 WS47A

WS18 CWl

WS35A CWlB

WS36A SP4A

b) In l~80, Leggette, Brashears and Graham together with

Conestoga- Rovers & Associates ( CRA) installed nine wells

specifically at the S- Area Landfill Site. These wells

were designated OWIS- 80 through OW9S- 80.

c) Later in 1980, CRA augmented the site investigation at

the OCC Niagara Plant and along the Robert Moses

Parkway with additional well installations. Some of

these wells were also within the S- Area Landfill Site and

the Northern Area and the stratigraphic information for

these wells was used as listed below:

5



WS53

WS54

WS89

d) In December 1981, CRA initiated an investigation of the

Confining Layer and NAPL presence which involved the

installation of nine boreholes ( ERl- 81 through a18- 81 and

HH14- 81). Subsequently, in March 1982, the remaining ten

boreholes ( PH 9- 82 and PH 15- 82 through ill 23- 82) were

installed. The stratigraphic information from all of

these boreholes except BR17- 82 and ER18- 82, which were

installed south ot the Robert Moses Parkway, was used in

the compilation of this report.

Data from these drilling installations will

hereinafter be referred to as " historical" well and borehole

stratigraphic information. A complete set of the

stratigraphic logs for each of the wells and boreholes

installed in the vicinity ot the S- Area Landfill Site under

the historical programs is presented ln the report entitled

Information Summary Report - S- Area Remedial Program -

June 1988".

6



3. 0 INVESTIGATION OF THE CONFINING LAYER AND CONFINING

LAYER DI SCONTINUITY

3. 1 DEFINITION OF TEFW1S

As defined in the Settlement Agreement, a

Confining Layer is a " stratum which ( i) has a maximum

permeability of 1 x 10- 7
cm/ sec, ( ii) has a continuous

thickness of at least three feet, and ( iii) does not contain

non- aqueous liquid or solid phase chemicals". A Confining

Layer Discontinuity is subsequently defined as any " portion

ot the Overburden in which the borings drilled... do not

reveal a Confining Layer". To this end, boreholes were

drilled through the overburden materials to the top of the

bedrock and logged for stratigraphy in order to evaluate the

presence and thickness of the various stratigraphic units.

3. 2 INF'ORlvlATION USED IN ' IRE INVESTIGATION

The Settlement Agreement specifies the

installation of boreholes " at approximately lOO- foot

intervals along the proposed alignment of the Site Barrier

Wall and those portions of the Site Collection System which

are not immediately adjacent to the proposed alignment of the

Site Barrier Wall" and " along the proposed alignment of the

Northern System Barrier Wall and the Northern Collection

System" ( EH 100 through m 155 and OW210, OW2l2, OW245 and

7



aVv269). Subsequent to the installation of these 56 boreholes

and four wells, eight additional boreholes were installed

between those boreholes which revealed less than five feet of

Confining Layer materials ( EH194 through EHl96 and EH217

through EH221).

In addition, the Settlement Agreement

specifies the installation of 21 boreholes within the area of

the Site Barrier Wall ( EH156 through EHl76) from which

stratigraphic information was gathered at the time of

sampling for grain size distribution, plasticity and

permeability, where required. This information was used to

define the Confining Layer and la- foot Confining Layer within

the interior of the S- Area Landfill Site.

Prior to commencing the subsurface

investigation surveys and using the available historical

stratigraphic information, acc specified the installation of

an additional eight boreholes within the Site Barrier Wall at

which a Confining Layer Discontinuity was estimated to be

present ( EHl77 through EHl84). During the subsurface

investigation, 29 more boreholes were installed in order to

comply with the Settlement Agreement which specitied that any

Confining Layer Discontinuity " be defined by drilling

additional borings along a grid ot no greater than 50- foot

centers, proceeding away from each boring drilled ... which

revealed a Confining Layer Discontinuity" ( SH185 through

EH193 and BR197 through BH216). The stratigraphic

information from aW2l3 was also used for this purpose.

8



It should be noted that these additional

boreholes were selected using only the low permeability clay

layer at the adjacent boreholes as meeting the requirements

of a Confining Layer. Subsequent laboratory permeability

testing ( see Section 5. 1) has proven that a majority of the

underlying till layer also meets the Confining Layer

requirements. Thus, all of the additional 29 boreholes were

not required and it should not be assumed that the Confining

Layer Discontinuity reaches the outer extremities ot these

additional boreholes.

Figure 2 presents the locations of all the

boreholes and wells used in the definition of the Contining

Layer and Confining Layer Discontinuity. This includes the

installations which are part of the subsurface investigation

surveys as well as any historical wells and boreholes within

the Site Barrier Wall and the Northern Barrier Wall. The

historical wells and boreholes used are listed below:

Wells Boreholes

WS14A

WS16

WS17

WS18

CWl

SP4A

ill 4- 81

BH 5- 81

ffi 14- 81

BH 9- 82

ill 15- 82

PH 16- 82

ffi 19- 82

BH 20- 82

ill 21- 82

PH 22- 82

PH 23- 82

9
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4. 0 OVERBURDEN srRATIGRAmY

The overburden material ln the vicinity of

the Study Area consists of four basic soil units. These soil

units are fill materials, overlying alluvial river deposits,

overlying glaciolacustrine clay, overlying glacial till. The

Intormation Summary Report - S- Area Remedial Program - June

1988" discusses each stratigraphic unit in detail and

includes all of the stratigraphic logs. The following

sections of this report provide a brief description of each

soil unit as it pertains to the ~ tudy Area.

4. I TYPICAL OVERBUhDEN STRA'I' IGRAffi Y

The uppermost soil unit is fill consisting

largely of silty, sandy, gravelly soils, cinders, flyash,

slag and construction rubble including bricks, wood and

concrete. The thickness of fill over most of the S- Area

Landfill Site ranges from eight to eighteen feet with

exceptions at the lagoons and several other locations. There

are apparent depressions in the surface elevation of the

native material underlying the fill at drilling locations

ffl168, BHL03, BH204, wSl5A and WS14A, and these depressions

result in fill thicKnesses of 22. 0 feet, 27. 3 feet,

28. 5 feet, 29. 0 feet and 32. 7 feet, respectively.
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The lagoons are raised in elevation above the

S- Area Landfill Site, and boreholes installed at the

perimeter ot the lagoons indicating 26 to 32 feet of total

fill materials. The Industrial Intake Pipe Trench cuts

through the study area south ot the lagoons and north of the

Robert Moses Parkway with installed boreholes indicating an

average fill thickness of 25 to 26 feet along most ot the

east- west portion of the Industrial Intake Pipe Trench. The

fill thickness along the trench is estimated to increase to

over 40 feet as the intakes turn south and proceed under the

Parkway toward the Intake Structure. The Robert Moses

Parkway is also raised in elevation with the thickness of the

fill material ranging from 24 to 32 feet along the southern

alignment of the Site Barrier Wall.

The fill layer ln the Northern Area is much

more uniform than within the S- Area Landfill Site with the

thickness of fill materials ranging from six to ten feet.

Figure 3 presents an isopach map of fill

contours for the Study Area.

The uppermost native overburden stratum

consists of alluvial river deposits ( hereinatter " alluvium")

underlying the fill material. The alluvium layer consists

predominantly of silty sand with varying amounts of gravel,

clay and cobbles. The thickness of alluvium over most of the

11
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presents an isopach map of the thickness of the alluvium

stratum.

Throughout the majority of the Study Area, a

clay layer is present underneath the alluvium. The clay is

generally a red- brown silty clay of low permeability capable

of meeting the specifications for a Confining Layer. The

thickness of the clay within the S- Area Landfill Site ranges

from 18 teet in the northeast corner to non- existent over

most of the southern third of the Site.

The clay layer in the Northern Area increases

ln thickness as one moves further north. The thickness of

the clay material ranges from 15 to 21 feet.

Figure 6 presents the top of clay contours

for the Study Area. As can be seen on Figure 6, the clay

slopes more steeply to the south than the top of alluvium.

Figure 7 presents an isopach map of clay thickness.

Underlying the clay and overlying the bedrock

is a till layer. The till material is generally a dense

clayey silty sand with varying amounts of fine sand and fine

gravel. The thickness of the till over most of the S- Area

Landfill Site range from 0. 5 feet to 4 feet. Till

thicknesses range from six to eight feet along the southern

alignment of the Site Barrier Wall.
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The till layer in the Northern Area is also

thin with the thickness of the till material ranging from one

to three feet.

Figure 8 presents the top of till contours

for the Study Area. This figure indicates a very gentle

overall till slope to the northeast although there are many

mounds and depressions. Figure 9 presents an isopach map of

till thickness.

The bedrock beneath the S- Area Landfill Site

and the Northern Area is generally a gray dolostone which is

highly fractured in the upper 15 to 30 feet.

Figure 10 presents the top of bedrock

contours for the Study Area indicating a very gentle slope

toward the southwest.

Plans showing the top of unit contours and

unit isopachs for the area within 1000+ feet of the S- Area

Landfill Site have been previously presented in the

Information Summary Report - Volume II - Drawings".

In order to more clearly present the

stratigraphic intormation obtained, four north- south and five

west- east cross- sections have been prepared and are presented

in Figures 12 through 20. The location of these

cross- sections are shown on Figure 11. The cross- sections

also present the underground utilities located in the area

and the locations of observed NAPL and iridescent sheen

presence.
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4. 2 TILL PRESENCE BENEA1~ INDUSTRIAL INTAKE PIPE TRENCH

During the construction of the Industrial

Intake Pipe Trench in the late 1950s, six large utility

conduits were installed to an elevation of 545. 0 feet ~ lSL

see Figures 12 and 13). This trench was supported by timber

walls and I- beams. The excavation was typically to a depth

of 543. 5 feet AMSL with bedrock generally being between 538

and 540 feet ~ lSL. The excavation not only removed the

alluvium layer but also appears to have removed some of the

top portion of the till layer.

In order to determine the thickness of the

remaining till present beneath the Industrial Intake Pipe

Trench, the stratigraphy of eight boreholes ( BRIBI through

ill 188) and one well ( OW269) must be examined. These

installations are all immediately adjacent to the south

timber wall of the Industrial Intake Pipe Trench. It appears

that t i ve of the boreholes ( aq 181, BH 182, H 184, BH 185 and

aI18?) and well OW2b9 may be installed within the trench.

According to the stratigraphic information table ( Table I),

the top of till elevations at five ot these six installations

are between 543. 4 feet and 544. 1 feet N~SL indicating the

presence of approximately 1. 0 to 1. 5 feet of bedding material

beneath the utility conduits. The top of till elevation at

aI187 was observed to be 541. 8 feet N~SL indicating some

possible over- excavation in this area.
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TABLE 1A - STRATIGRAPHIC INFORMATION - S AREA REMEDIAL PROGRAM

WELL/ BH DEPTH TO DEPTH TO DEPTH TO DEPTH TO DEPTH TO THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF

ALLUVIUM CLAY TILL BASE TILL BEDROCK FILL ALLUVIUM CLAY TILL CONF. LAYER

FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET)  ( FEET)

BH174 18. 80 34. 60 34. 60 36. 00 39. 80 18. 80 15. 80 0. 00 1. 40 1. 40

BH175 22. 00 32. 00 32. 00 34. 00 35. 20 22. 00 10. 00 0. 00 2. 00 2. 00

BH176 16. 00 28. 00 28. 00 31.90 34. 30 16. 00 12. 00 0. 00 3. 90 1. 90

BH177 10. 00 26. 00 26. 00 28. 00 28. 30 10. 00 16. 00 0. 00 2. 00 2. 00

BH178 14. 00 29. 70 29. 70 31. 50 33. 50 14. 00 15. 70 0. 00 1.80 0. 30

BH179 27. 50 43. 50 43. 50 44. 60 45. 10 27. 50 16. 00 0. 00 1.10 1.10

BH180 30. 00 41. 80 42. 00 46. 00 47. 50 30. 00 11. 80 0. 20 4. 00 4. 20

BH181 25. 30 25. 30 25. 30 26. 30 28. 20 25. 30 0. 00 0. 00 1. 00 1. 00
BH182 14. 00 26. 00 26. 00 26. 50 31. 50 14. 00 12. 00 0. 00 0. 50 0. 50

BH183 22. 00 22. 00 22. 00 29. 00 30. 00 22. 00 0. 00 0. 00 7. 00 7. 00

BH184 14. 00 24. 30 24. 30 29. 40 29. 40 14. 00 10. 30 0. 00 5. 10 3. 70

BH185 11. 50 25. 00 25. 00 29. 50 29. 50 11.50 13. 50 0. 00 4. 50 3. 00

BH186 14. 10 23. 00 23. 00 28. 90 29. 20 14. 10 8. 90 0. 00 5. 90 3. 00

BH187 26. 70 26. 70 26. 70 28. 60 29. 30 26. 70 0. 00 0. 00 1. 90 0. 00

BH188 20. 00 27. 50 27. 50 30. 80 30. 80 20. 00 7. 50 0. 00 3. 30 3. 30

BH189 15. 70 31. 50 31. 50 34. 00 34. 30 15. 70 15. 80 0. 00 2. 50 2. 50

BH190 26. 00 43. 30 43. 30 47. 30 48. 10 26. 00 17. 30 0. 00 4. 00 0. 70

BH191 26. 50 41.50 41.50 44. 50 46. 00 26. 50 15. 00 0. 00 3. 00 0. 50

BH192 9. 00 23. 90 26. 70 26. 70 28. 50 9. 00 14. 90 2. 80 0. 00 2. 80

BH193 9. 40 24. 50 24. 50 26. 40 28. 00 9. 40 15. 10 0. 00 1. 90 1. 90

BH194 11.00 23. 90 24. 00 24. 70 28. 20 11. 00 12. 90 0. 10 0. 70 0. 80

BH195 9. 20 23. 80 24. 00 24. 30 28. 70 9. 20 14. 60 0. 20 0. 30 0. 50

BHl96 9. 50 23. 90 24. 00 25. 70 27. 70 9. 50 14. 40 0. 10 1. 70 0. 10

BH197 9. 00 24. 00 24. 70 28. 00 28. 70 9. 00 15. 00 0. 70 3. 30 2. 00

BH198 14. 00 24. 30 26. 00 26. 90 28. 00 14. 00 10. 30 1. 70 0. 90 2. 60

BH199 32. 00 42. 50 43. 50 44. 70 48. 00 32. 00 10. 50 1. 00 1.20 2. 20

BH200 17. 50 34. 00 34. 00 37. 10 37. 80 17. 50 16. 50 0. 00 3. 10 3. 10

BH201 14. 00 32. 00 34. 00 35. 30 37. 00 14. 00 18. 00 2. 00 1. 30 3. 30

BH202 14. 20 30. 50 30. 50 34. 30 34. 80 14. 20 16. 30 0. 00 3. 80 3. 80

BH203 27 . 30 33. 50 33. 50 37. 30 37. 60 27. 30 6. 20 0. 00 3. 80 3. 80

BH204 28. 50 31. 00 31. 00 34. 20 36. 80 28. 50 2. 50 0. 00 3. 20 3. 20

BH205 13 . 00 28. 50 29. 50 33. 00 33. 20 13. 00 15. 50 1. 00 3. 50 4. 50

BH206 15. 00 29. 80 30. 00 34. 00 34. 80 15. 00 14. 80 0. 20 4. 00 4. 20

BH207 18. 00 30. 00 31.00 34. 00 34. 70 18. 00 12. 00 1. 00 3. 00 2. 00

BH208 14. 50 31.50 31.50 34. 00 35. 80 14. 50 17. 00 0. 00 2. 50 2. 50

BH209 14. 50 28. 30 30. 00 34. 00 34. 50 14. 50 13. 80 1. 70 4. 00 5. 70

BH210 8. 00 23. 70 24. 00 28. 00 28. 70 8. 00 15. 70 0. 30 4. 00 2. 00

BH211 8. 30 24. 00 24. 00 27. 80 29. 00 8. 30 15. 70 0. 00 3. 80 3. 80

BH212 8. 00 23. 50 23. 50 28. 00 29. 50 8. 00 15. 50 0. 00 4. 50 4. 50

BH213 12. 00 24. 00 25. 00 27. 70 28. 50 12. 00 12. 00 1. 00 2. 70 2. 00

BH214 9. 20 25. 30 25. 30 28. 00 28. 50 9. 20 16. 10 0. 00 2. 70 0. 70

BH215 16. 00 26. 00 26. 00 31.30 31. 70 16. 00 10. 00 0. 00 5. 30 5. 30

BH216 26. 00 35. 50 43. 00 46. 10 47. 00 26. 00 9. 50 7. 50 3. 10 8. 50

BH217 26. 00 34. 90 34. 90 42. 70 43. 60 26. 00 8. 90 0. 00 7. 80 7. 80

BH218 25. 00 33. 40 33. 40 42. 00 42. 20 25. 00 8. 40 0. 00 8. 60 8. 60

BH219 25. 00 33. 40 33. 40 39. 80 40. 20 25. 00 8. 40 0. 00 6. 40 4. 00

BH220 25. 00 38. 50 38. 50 44. 00 44. 00 25. 00 13. 50 0. 00 5. 50 5. 50

BH221 25. 40 33. 50 35. 00 44. 50 44. 60 25. 40 8. 10 1. 50 9. 50 11. 00

BH222 18. 00 18. 00

BH223 18. 00 18. 00

NOTE: * PARTIAL OR TOTAL STRATIGRAPHY DENOTED AT ADJACENT WELL/ BOREHOLE



TABLE 1B - STRATIGRAPHIC INFORMATION - S AREA HISTORIC INFORMAT ION

WELL/ BH GROUND GRID CO- ORDINATES DEPTH TO ELEV. OF DEPTH TO ELEV. OF DEPTH TO ELEV. OF DEPTH TO ELEV. OF NAPL/ SHEEN

ELEVATION NORTH EAST ALLUVIUM ALLUVIUM CLAY CLAY TILL TILL BEDROCK BEDROCK DEPTH OBSERVED

FEET)  ( FEET)  ( FEET)  ( FEET)  ( FEET)

B1 258. 00 2159. 00

B2 368. 00 2106. 00
B3 723. 00 1800. 00

B4 884. 00 1895. 00

B5 1065. 00 1811. 00

B6 307. 00 2306. 00

B7 431. 00 2250. 00

B8 724. 00 2117. 00

B9 888. 00 2045. 00

B10 1090. 00 1960. 00

B11 1033. 00 1697. 00

B12 276. 00 2053. 00

H7 546. 00 - 555. 00 - 93. 00 3. 50 542. 50

H8 546. 10 - 465. 00 - 300. 00 3. 00 543. 10

H9 562. 90 - 63. 00 - 572 . 00 22. 00 540. 90

H16 550. 80 - 872. 00 1205. 00 12. 00 538. 80

SP1A 571. 80 - 116. 00 - 840. 00 20. 50 551. 30 24. 50 547. 30 ND

SP2A 573. 70 - 169. 00 - 74. 00 23. 00 550. 70 ND

SP3A 574. 20 - 187. 00 348. 00 28. 00 546. 20 ND

SP4A 573. 70 - 184. 00 725. 00 24. 00 549. 70 30. 00 543. 70 31.00 542. 70 ND

SP6& 6A 568. 30 - 345. 00 - 825. 00 25. 00 543. 30 26. 00 542. 30 ND

SP7& 7A 572. 80 - 339. 00 - 27. 50 25. 00 547. 80 30. 50 542. 30 ND

SP8& 8A 570. 40 - 347. 90 1080. 90 26. 00 544. 40 35. 00 535. 40 n21- 26

SP9&9A 574. 10 - 360. 00 369. 00 24. 00 550. 10 26. 00 548. 10 29. 00 545. 10 ND

SSl*  571. 00 70. 00 1418. 90 20. 00 551.00 28. 50 542. 50 31.50 539. 50 n30. 5

SS2*  570. 90 45. 70 1430. 80 20. 00 550. 90 28. 50 542. 40 31.50 539. 40 n30. 5

CW1 570. 90 57. 10 1424. 67 20. 00 550. 90 28. 50 542. 40 31. 50 539. 40 n30. 5

CW1A*  569. 90 - 12. 95 1458. 23 13. 50 556. 40 ND

CWIB 569. 90 - 3. 13 1455. 36 13. 50 556. 40 24. 00 545. 90 ND

CW2A 570. 50 347. 00 1348. 00 9. 00 561. 50 17. 50 553. 00 ND

CW3A 571.20 595. 00 1276. 00 10. 50 560. 70 ND

CW4A 571.50 836. 00 1118. 00 6. 00 565. 50 ND

CW5 576. 10 125. 00 1654. 00 32. 50 543. 60 37. 00 539. 10 ND

CW6 575. 40 383. 00 1523. 00 16. 00 559. 40 20. 50 554. 90 33. 50 541.90 36. 00 539. 40 ND

CW6A*  575. 40 373. 00 1527. 00 ND

CW6B*  575. 40 381. 00 1531. 00 16. 00 559. 40 20. 50 554. 90 ND

CW7 570. 70 682. 00 1428. 00 12. 00 558. 70 30. 00 540. 70 30. 50 540. 20 ND

CW7A*  570. 70 688. 00 1434. 00 12. 00 558. 70 ND

CW8A 577. 20 98. 00 1514. 00 22. 50 554. 70 ND

CW9 572. 30 534. 00 1480. 00 16. 50 555. 80 30. 00 542. 30 33. 00 539. 30 ND

CW9A*  572. 30 541.00 1476. 00 ND

CW10 576. 90 269. 10 1574. 00 15. 00 561.90 26. 50 550. 40 36. 00 540. 90 37. 00 539. 90 ND

CW10A*  576. 90 276. 15 1570. 00 15. 00 561.90 ND

CW11 574. 60 513. 00 1618. 00 22. 50 552. 10 25. 50 549. 10 34. 50 540. 10 36. 00 538. 60 ND

CW11A*  574. 60 510. 00 1610. 00 22. 50 552. 10 25. 50 549. 10 ND

CW13 573. 70 576. 18 1731. 45 16. 50 557. 20 33. 00 540. 70 36. 00 537. 70 ND

CW13A*  573. 70 575. 00 1729. 00
ND

OW1S- 80 576. 20 235. 00 1170. 00 18. 50 557. 70 22. 50 553. 70 n6. 5- 12. 5

OW2S- 80 575. 30 92. 00 1138. 00 22. 00 553. 30 31. 70 543. 60 n14- 31. 7

OW3S- 80 573. 20 157. 00 847. 00 18. 00 555. 20 22. 80 550. 40 n13- 22. 8

OW4S- 80 572. 40 82. 00 879. 00 16. 00 556. 40 26. 00 546. 40 n12- 16 n20- 24

OW5S- 80 578. 80 276. 00 1042. 00 18. 00 560. 80 22. 30 556. 50 n8- 22

NOTE: * = PARTIAL OR TOTAL STRATIGRAPHY DENOTED AT ADJACENT WELL/ BOREHOLE
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TABLE IB - STRATIGRAPHIC INFORMATION - S AREA HISTORIC INFORMATION

WELL/ BH DEPTH TO DEPTH TO DEPTH TO DEPTH TO DEPTH TO THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF

ALLUVIUM CLAY TILL BASE TILL BEDROCK FILL ALLUVIUM CLAY TILL CONF. LAYER

FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET)  ( FEET)

Bl
B2
B3
B4
B5
B6
B7
B8
B9

B10
Bll
B12

H7 3. 50

H8 3. 00

H9 22. 00

H16 12. 00

SP1A 20. 50 24. 50 24. 50 20. 50 4. 00 0. 00

SP2A 23. 00 23. 00 23. 00 23. 00 0. 00 0. 00

SP3A 28. 00 28. 00 28. 00 28. 00 0. 00 0. 00

SP4A 24. 00 30. 00 30. 00 31.00 31.00 24. 00 6. 00 0. 00 1.00 1. 00

SP6& 6A 25. 00 25. 00 25. 00 26. 00 26. 00 25. 00 0. 00 0. 00 1. 00 1. 00

SP7& 7A 25. 00 25. 00 25. 00 30. 50 30. 50 25. 00 0. 00 0. 00 5. 50 5. 50

SP8& 8A 26. 00 26. 00 26. 00 35. 00 35. 00 26. 00 0. 00 0. 00 9. 00 9. 00

SP9& 9A 24. 00 26. 00 26. 00 28. 00 29. 00 24. 00 2. 00 0. 00 2. 00 2. 00

SSl* 20. 00 28. 50 28. 50 31.50 31.50 20. 00 8. 50 0. 00 3. 00 3. 00

SS2* 20. 00 28. 50 28. 50 31.50 31.50 20. 00 8. 50 0. 00 3. 00 3. 00

CW1 20. 00 28. 50 28. 50 31.50 31.50 20. 00 8. 50 0. 00 3. 00 3. 00

CW1A* 13. 50 13. 50

CW1B 13. 50 24. 00 24. 00 13. 50 10. 50 0. 00

CW2A 9. 00 17. 50 9. 00 8. 50

CW3A 10. 50 10. 50 10. 50 0. 00

CW4A 6. 00 6. 00 6. 00 0. 00

CW5 32. 50 32. 50 32. 50 37. 00 37. 00 32. 50 0. 00 0. 00 4. 50 4. 50

CW6 16. 00 20. 50 33. 50 36. 00 36. 00 16. 00 4. 50 13. 00 2. 50 15. 50

CW6A*
CW6B* 16. 00 20. 50 16. 00 4. 50

CW7 12. 00 12. 00 30. 00 30. 50 30. 50 12. 00 0. 00 18. 00 0. 50 18. 50

CW7A* 12. 00 12. 00 12. 00 0. 00

CW8A 22. 50 22. 50

CW9 16. 50 16. 50 30. 00 33. 00 33. 00 16. 50 0. 00 13. 50 3. 00 16. 50

CW9A*
CW10 15. 00 26. 50 36. 00 37. 00 37. 00 15. 00 11. 50 9. 50 1. 00 10. 50

CWI0A* 15. 00 15. 00

CWll 22. 50 25. 50 34. 50 36. 00 36. 00 22. 50 3. 00 9. 00 1. 50 10. 50

CWllA* 22. 50 25. 50 22. 50 3. 00

CW13 16. 50 16. 50 33. 00 35. 80 36. 00 16. 50 0. 00 16. 50 2. 80 19. 30

CW13A*
OWIS- 80 18. 50 22. 50 18. 50 4. 00

OW2S- 80 22. 00 31. 70 31. 70 22. 00 9. 70 0. 00

OW3S- 80 18. 00 22. 80 18. 00 4. 80

OW4S- 80 16. 00 26. 00 26. 00 16. 00 10. 00 0. 00

OWSS- 80 18. 00 22. 30 18. 00 4. 30

NOTE: * PARTIAL OR TOTAL STRATIGRAPHY DENOTED AT ADJACENT WELL/ BOREHOLE
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TABLE 1B - STRATIGRAPHIC INFORMATION - S AREA HISTORIC INFORMATION

WELL/ BH DEPTH TO DEPTH TO DEPTH TO DEPTH TO DEPTH TO THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF

ALLUVIUM CLAY TILL BASE TILL BEDROCK FILL ALLUVIUM CLAY TILL CONF. LAYER

FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET)  ( FEET)

WS9 9. 50 18. 50 18. 50 24. 50 28. 00 9. 50 9. 00 0. 00 6. 00 6. 00

WS9A* 9. 50 9. 50

WS10 10. 50 16. 00 16. 00 25. 50 25. 50 10. 50 5. 50 0. 00 9. 50 9. 50

WS10A* 10. 50 10. 50

WSll 9. 00 15. 00 15. 00 24. 00 24. 00 9. 00 6. 00 0. 00 9. 00 9. 00

WSllA* 9. 00 9. 00

WS12 12. 00 21. 00 21.00 26. 50 26. 50 12. 00 9. 00 0. 00 5. 50 5. 50

WS12A* 12. 00 12. 00

WS13 7. 50 21.00 21. 00 27. 00 27. 00 7. 50 13. 50 0. 00 6. 00 6. 00

WS13A* 7. 50 7. 50

WS14A 32. 70 32. 70 32. 70 32. 70 32. 70 32. 70 0. 00 0. 00 0. 00 0. 00

WS14B*
WS15A 29. 00 29. 00 29. 00 0. 00

WS16 19. 50 25. 50 25. 50 31. 00 31.00 19. 50 6. 00 0. 00 5. 50 5. 50

WS16A* 19. 50 25. 50 25. 50 19. 50 6. 00 0. 00

WS17 13 . 50 20. 50 31.00 33. 00 33. 00 13. 50 7. 00 10. 50 2. 00 12. 50

WS17A* 13. 50 20. 50 13. 50 7. 00

WS18 17. 50 17. 50 31.50 33. 00 33. 00 17. 50 0. 00 14. 00 1. 50 14. 00

WS18A* 17. 50 17. 50 17. 50 0. 00

WS19 8. 50 8. 50 24. 00 28. 50 30. 50 8. 50 0. 00 15. 50 4. 50 20. 00

WS19A* 8. 50 8. 50 8. 50 0. 00

WS20 3. 00 8. 00 19. 50 24. 00 25. 50 3. 00 5. 00 11.50 4. 50 16. 00

WS20A* 3. 00 8. 00 3. 00 5. 00

WS21 1.50 8. 50 18. 00 27. 50 27. 50 1. 50 7. 00 9. 50 9. 50 19. 00

WS21A* 1. 50 8. 50 1. 50 7. 00

WS22 3. 00 7. 50 20. 00 21.50 21. 50 3. 00 4. 50 12. 50 1. 50 14. 00

WS22A* 3. 00 7. 50 3. 00 4. 50

WS23 7. 00 7. 00 19. 50 24. 00 24. 00 7. 00 0. 00 12. 50 4. 50 17. 00

WS23A* 7. 00 7. 00 7. 00 0. 00

WS24 5. 00 9. 00 15. 50 18. 50 22. 50 5. 00 4. 00 6. 50 3. 00 9. 50

WS24A* 5. 00 9. 00 5. 00 4. 00

WS28 3. 00 6. 00 9. 00 22. 50 22. 50 3. 00 3. 00 3. 00 13. 50 16. 50

WS2 8A * 3. 00 6. 00 3. 00 3. 00

WS29 3. 00 5. 50 5. 50 21. 00 21. 00 3. 00 2. 50 0. 00 15. 50 15. 50

WS29A* 3. 00 5. 50 5. 50 3. 00 2. 50 0. 00

WS30 1. 50 7. 30 9. 00 24. 00 25. 00 1. 50 5. 80 1. 70 15. 00 16. 70

WS30A* 1.50 7. 30 1. 50 5. 80

WS31 3. 00 6. 00 11.00 23. 50 23. 50 3. 00 3. 00 5. 00 12. 50 17. 50

WS31A* 3. 00 6. 00 3. 00 3. 00

WS32 9. 50 12. 00 20. 00 24. 50 24. 50 9. 50 2. 50 8. 00 4. 50 12. 50

WS32A* 9. 50 12. 00 9. 50 2. 50

WS33A 7. 50 9. 00 7. 50 1. 50

WS34 6. 00 6. 00 12. 00 22. 00 24. 90 6. 00 0. 00 6. 00 10. 00 16. 00

WS34A* 6. 00 7. 50 6. 00 1. 50

WS35A 7. 50 10. 50 7. 50 3. 00

WS36A 12. 00 20. 00 12. 00 8. 00

WS37A 0. 00 8. 00 0. 00 8. 00

WS38A 4. 50 4. 50 4. 50 0. 00

WS39A 5. 50 5. 50 5. 50 0. 00

WS40 3. 00 7. 50 9. 00 22. 00 22. 00 3. 00 4. 50 1. 50 13. 00 14. 50

WS40A* 3. 00 7. 50 3. 00 4. 50

WS40B* 3. 00 7. 50 9. 00 3. 00 4. 50 1. 50

NOTE: * PARTIAL OR TOTAL STRATIGRAPHY DENOTED AT ADJACENT WELL/ BOREHOLE



TABLE 1B - STRATIGRAPHIC INFORMATION - S AREA HISTORIC INFORMATION

WELL/ BH DEPTH TO DEPTH TO DEPTH TO DEPTH TO DEPTH TO THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF THICKNESS OF

ALLUVIUM CLAY TILL BASE TILL BEDROCK FILL ALLUVIUM CLAY TILL CONF. LAYER

FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET) ( FEET)  ( FEET)

WS42A 4. 50 9. 50 4. 50 5. 00

WS43A 7. 50 7. 50 7. 50 0. 00

WS44A 3. 00 9. 50 3. 00 6. 50

WS45A 12. 00 19. 20 12. 00 7. 20

WS46A 15. 00 15. 00 15. 00 0. 00

WS47A 12. 00 27. 00 12. 00 15. 00

WS53
WS54
WS55 7. 00

WS56 8. 00
WS57 8. 00

WS58 4. 00 4. 00 4. 00 0. 00

WS59 6. 00 6. 00 6. 00 0. 00

WS83 7. 00

WS84 7. 00
WS89
WS93 7. 50
WS94 7. 50
WS95 8. 00

WS96 7. 00

WS97 7. 00
WS98 7. 00

WS105 7. 00

WS107 6. 00

WS109 8. 00
WS113 7. 50

BH1 17 . 10 17. 10 33. 90 40. 90 40. 90 17. 10 0. 00 16. 80 7. 00 23. 80

BH2 6. 20 11. 40 28. 60 36. 80 36. 80 6. 20 5. 20 17. 20 8. 20 25. 40

BH3 10. 10 11.50 28. 60 34. 00 34. 00 10. 10 1. 40 17. 10 5. 40 22. 50

BH4 4. 90 8. 20 27. 20 33. 00 33. 00 4. 90 3. 30 19. 00 5. 80 24. 80

BH6 1. 70 6. 10 1. 70 4. 40

BH9 17. 50 33. 60 36. 60 36. 60 16. 10 3. 00 19. 10

OWl- 82 6. 00 10. 00 28. 00 35. 10 36. 10 6. 00 4. 00 18. 00 7. 10 25. 10

OW2- 82 12. 20 24. 20 31.20 34. 00 34. 00 12. 20 12. 00 7. 00 2. 80 9. 80

OW3- 82 16. 80 25. 80 31.80 35. 90 39. 20 16. 80 9. 00 6. 00 4. 10 10. 10

OW4- 82 11.80 11.80 26. 80 33. 30 33. 30 11. 80 0. 00 15. 00 6. 50 21.50

OW5- 82 18. 20 28. 20 28. 20 34. 20 35. 70 18. 20 10. 00 0. 00 6. 00 6. 00

NOTE: * PARTIAL OR TOTAL STRATIGRAPHY DENOTED AT ADJACENT WELL/ BOREHOLE



Examining the stratigraphy at the remaining

three boreholes ( EH 183, EH 186 and EH 188), the top of till

elevations are 546. 8 feet, 545. 9 feet and 545. 6 teet ~! SL,

respectively. These elevations are all above the installed

elevation of the utility conduits at 545. 0 teet &~SL

indicating that these three boreholes are all installed on

the outside of the Industrial Intake Pipe Trench. The

difference in the top of till elevations inside and outside

the trench indicates an average excavation of 2. 5 feet of

till material in this area of the trench.

The excavation of till material within the

Industrial Intake Pipe Trench has reduced the amount of till

present between the fill layer and the bedrock. The top at

bedrock elevation at the six installations within the trench

ranges trom 537. 9 feet to 541. 1 feet ~ lSL. During the

drilling operations, spoon retusal sometimes occurred prior

to auger refusal. The soil material augered through

following spoon refusal was therefore not sampled and its

specifics are unknown. For the purpose of determining the

thickness ot the till and subsequently the Confining Layer,

the bottom of sampled till was used as the base of the till

elevation and not the top of bedrock elevation which was

identified by auger refusal. This difference between bottom

of sampled till and top of bedrock is usually less than

one foot but at BR181 and BR182 this difference was 1. 9 feet

and 5. 0 feet, respectively. The remaining thickness of till
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at the six installations inside the trench ranges from 0. 5

feet to 5. 1 feet. Three of these measured till thicknesses

were less than the three feet required to meet the definition

of a Confining Layer ( EH182 - 0. 5 feet, EH181 - 0. 6 feet and

BR187 - 1. 9 feet).

4. 3 NAPL PRESENCE IN OVERBURDEN

At the boreholes and wells used to define the

Confining Layer within the Study Area, Non- Aqueous Phase

Liquid ( NAPL) was noted in the overburden in more than

80 percent of the installations. In addition, an iridescent

sheen was noted to be present at an additional ten percent of

the installations although NAPL was not observed. The

stratigraphic information table ( Table 1) presents the noted

observations of NAPL and iridescent sheens along with the

stratigraphic information for each well or borehole.

A review of this data indicates that over

95 percent of the NAPL observations were noted in the fill

and alluvium layers. It was most common for NAPL to be

present in the lower alluvium immediately overlying the clay

or till. However, the observations ot NAPL presence stopped

at the top of the clay layer or at the top of the till layer

when the clay layer was not present) in the majority at the

installations.
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4. 3. 1 NAPL Presence ln Clay/ Till

There were only five observations of NAPL ln

the clay layer and four observations ot NAPL in the till

layer. These observations are summarized in Table 2 along

with the pertinent stratigraphic information. Figure 21

illustrates the locations where NAPL was noted in the clay or

till layers.

At four of the five observations of NAPL in

the clay layer, the NAPL was observed in the top 2. 4 to

4. 7 feet of the layer with 3. 4 to 10. 0 feet of " NAPL- free"

clay and 1.8 to 5. 1 teet of till underlying the NAPL

impregnated clay. ' I'hese four boreholes ( OW212, BR 126, BR 137

and BH138) are in the northwest corner of the S- Area

Landfill Site where the clay is relatively thick. Only BH192

has less than three teet of clay and the NAPL was noted ln

only the top 0. 1 teet of the clay at this installation.

As previously mentioned, NAPL was observed in

the till layer on four occasions. Three of these boreholes

BR143, Hl145 and BR187) are located in the southwest corner

of the S- Area Landfill Site where there was no overlying clay

layer. The final NAPL observation was at WSIB in the

northeast corner of the S- Area Landfill Site where 14 feet of

clay overlies the till layer.
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At two of the boreholes, BH143 and BH145, the

NAPL was evident throughout the entire thickness of the

sampled till material ( 4. 0 and 1. 4 feet thick, respectively).

Consequently, no " NAPL- free" till was observed at these two

locations. At BH187, NAPL was not noted in the 1. 9 feet of

sampled till but was noted in the bottom 0. 7 feet of sample

containing shattered rock tragments. It is therefore assumed

that this NAPL had not penetrated vertically through the till

at this location but was present at EH187 due to horizontal

NAPL migration from an adjacent location via the rock

fragments and bedrock fractures beneath the till. This is

similar to the observation of NAPL at OW228 located

approximately 200 feet southwest ot BHl87. During the split

spoon sampling of the overburden materials at OW228, there

had been no evidence of NAPL presence. However, during the

reaming ot the grout within the overburden casing ( prior to

bedrock penetration) NAPL was observed to be present in the

drilling return water. Consequently, it is assumed that the

NAPL migrated from the fractured bedrock and not trom the

overburden.

At WS18 a " trace black oily substance" was

observed in the 1. 5 feet of till overlying the bedrock but

not in the overlying 14 teet of clay. This NAPL must have

migrated upward from the bedrock as well. It should be noted

that although well WS18 previously contained NAPL, recent

sampling events have not observed any NAPL presence. It

appears that the sampling activities have removed the mobile

NAPL presence at this location.
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these piles penetrated the native till materials and as such

provides a potential vertical pathway tor APL and NAPL

migration through the till layer to the bedrock. Whether the

piles could contribute to vertical NAPL migration is

dependent upon the tower locations. All three of these

towers supported on the bedrock are located south of the

Industrial Intake Pipe Trench which appears to have

restricted lateral migration ot NAPL to the south. From the

stratigraphic information table ( Table 1), it is noted that

NAPL was observed in the alluvium overlying the till at only

a tew boreholes south ot the trench. Consequently, only the

eastern of the three power towers is located within the NAPL

plume in the overburden. The central tower is located near

an area of NAPL presence and the western tower is some

distance trom the area of NAPL presence in the overburden and

theretore is not of concern for vertical NAPL migration.

Further discussion on the presence of NAPL in

the overburden south of the Industrial Intake Pipe Trench and

the probable effect of the Industrial Intake Pipe Trench on

NAPL migration has been presented in the report " Assessment

ot APL/ NAPL Migration trom the S- Area in the Overburden

Toward the Niagara River".
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5. 0 ffiYSICAL TESTING OF SOIL SAMPLES

As previously mentioned ln Section 3. 0, one

of the criteria of a Confining Layer is that the stratum has

a maximum permeability of 1 x 10-
7

em/ sec. It also

states in the Settlement Agreement that " Soils sampled by

split- spoon sampling... which have comparable grain size

distributions and plasticity as soils sampled" for

permeability testing " shall be presumed to have the same

permeability" . In order to assess the soil conditions,

various split- spoon samples and Shelby Tube samples were

submitted for grain size distribution, plasticity and

permeability testing.

5. 1 TES'l1 J.V1ETHODS

During the subsurface investigation surveys,

a total of 311 disturbed ( jar) soil samples were submitted to

Empire Soils Investigations, Inc. ( ESI) for grain size

distribution analysis and plasticity testing. 298 of these

samples were tested for the specified physical parameters.

In addition, 82 undisturbed ( Shelby Tube) and minimally

disturbed ( three- inch Split Spoon Liner) soil samples were

submitted to ESI or Glynn Geotechnical Engineering ( GGE) for

permeability testing as well as grain size distribution and

plasticity testing. Only 73 of these samples were tested for

permeability. In addition, several Shelby Tube samples were

submitted to the EPA/ State for analysis. These results have

not yet been received and therefore, are not included in this
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report. All testing was conducted as specified in

Appendix B - Plans, Specification and Protocols for the

Subsurface Investigation - S- Area/ water Treatment Plant -

S- Area Remedial Program" submitted to the Governmental

Agencies on June 1, 1986. All samples were transported from

the Site by ESI or CRA via properly authorized

chain- of- custody record.

The grain size distribution testing was

completed following the ASTM D- 422- 63 standard method for

Particle- Size Analysis of Soils". The plasticity testing

was completed following the ASTM D- 4318- 83 standard test

method for " Liquid Limit, Plastic Limit and Plasticity Index

of Soils". This method has replaced the ASTM D- 423 and

ASTM D- 424 standard methods previously specified in the

Appendix B document. The permeability testing was completed

following the ASTM D- 2434- 68 standard test method for

Permeability of Granular Soils ( Constant Head) ".

5. 2 ' liES'rING RESULTS

The results of physical properties testing

available at the time of submission of the Information

Summary Report were compiled and submitted as Appendix 5 of

the Information Summary Report. Results received subsequent

to the June 1 submission of Appendix 5 are enclosed with this

document for insertion into Appendix 5.
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Tables 3 through 6 present a summary listing

of all of the physical testing results. Table 3 includes

all of the clay samples while Tables 4, 5 and 6 include

samples identified to consist at fine, medium and

coarse- grained till. The following list indicates the soil

descriptions which were grouped under each category.

Fine Till Medium Till Coarse Till

Silty Clay Clayey Sand Silty Gravel

Clayey Silt C layey Gravel Gravelly Sand

Sandy Clay Sandy Silt Sandy Gravel

Silty Sand

Gravelly Silt

Table 7 summarizes the physical testing results for all four

soil groupings by indicating the minimum, maximum and average

results.

It should be noted that the permeability

results listed on these tables were for a ditferential head

of 10 psi for ESI data and 8 psi for GGE data. These values

were used as opposed to the 5 psi differential head data

because the permeability values were generally more

conservative ( i. e. higher). The difference between the two

permeability values given for each tested sample were small.

Only the sample from EH203 ( 33. 5 - 35. 5 teet) with

permeability values of 1. 1 x 107 and 8. 3 x

10-
8

cm/ sec for the 5 and 10 psi differential head,
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TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH100 20. 0 - 22. 0 Jar 76. 3 22. 6 1.0 O. 1 39 20 19

Eli 1 0 1 10. 0 - 12. 0 Jar 77. 1 17. 3 5. 5 0. 0 NA NA NA

12. 0 - 14. 0 Jar 72. 1 21. 6 4. 3 2. 0 NA NA NA

14. 0 - 16. 0 Jar 71. 1 23. 1 5. 3 0. 4 NA NA NA

16. 0 - 18. 0 Jar 67. 2 29. 2 3. 6 0. 0 37 15 22

18. 0 - 20. 0 Jar 81. 9 15. 5 2. 3 0. 3 45 21 24

20. 0 - 22. 0 Jar 74. 4 22. 5 2. 2 0. 9 40 19 21

22. 0 - 24. 0 Jar 70. 1 26. 9 2. 5 0. 5 36 17 19

24. 0 - 26. 0 Jar 83. 8 14. 7 1.3 0. 2 45 23 22

26. 0 - 28. 0 Jar 82. 4 12. 2 4. 4 1.0 51 28 23

28. 0 - 30. 0 Jar 63. 0 23. 6 11.8 1. 7 35 17 18

BH102 13. 0 - 15. 0 Jar 69. 3 23. 8 7. 0 0. 0 NA NA NA

15. 0 - 17. 0 Jar 72. 4 25. 9 1.8 0. 0 39 20 19

17. 0 - 19. 0 Jar 65. 1 32. 9 2. 0 0. 0 33 13 20

19. 0 - 21.0 Jar 75. 1 22. 4 2. 4 0. 0 40 20 20

21. 0 - 23. 0 Jar 72. 7 25. 6 1.7 0. 0 41 20 21

23. 0 - 25. 0 Jar 70. 0 27. 3 2. 3 0. 4 37 19 18

25. 0 - 27. 0 Jar 80. 2 17. 8 2. 0 0. 0 45 25 20

27. 0 - 29. 0 Jar 80. 7 16. 4 2. 9 0. 0 45 22 23

29. 0 - 31. 0 Jar 81. 2 15. 2 3. 0 0. 6 45 20 25

31. 0 - 33. 0 Jar 63. 0 25. 1 9. 6 2. 2 37 17 20

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH103 16. 0 - 18. 0 Jar 60. 3 31. 3 8. 5 0. 0 28 8 20

18. 0 - 20. 0 Jar 69. 2 20. 3 10. 4 0. 0 NA NA NA

20. 0 - 22. 0 Jar 70. 1 27. 0 2. 9 0. 0 41 18 23

22. 0 - 24. 0 Jar 73. 6 24. 2 1.5 0. 6 38 17 21

24. 0 - 26. 0 Jar 74. 1 24. 0 1.9 0. 0 41 19 22

26. 0 - 28. 0 Jar 76. 6 22. 1 1.4 0. 0 45 25 20

28. 0 - 30. 0 Jar 75. 3 22. 7 2. 0 0. 0 39 18 21

30. 0 - 32. 0 Jar 69. 3 26. 1 2. 6 2. 0 39 19 20

32. 0 - 33. 4 Jar 60. 7 25. 9 11. 8 1.7 38 20 18

BH104 17. 0 - 19. 0 Jar 72. 1 24. 7 2. 7 0. 5 37 17 20

19. 0 - 21. 0 Jar 75. 9 21. 2 2. 7 0. 3 43 17 20

21. 0 - 23. 0 Jar 83. 8 14. 1 2. 0 0. 0 44 25 19

23. 0 - 25. 0 Jar 87. 4 10. 6 1.7 0. 2 49 22 27

25. 0 - 27. 0 Jar 87. 3 10. 7 2. 0 0. 0 52 26 26

27. 0 - 29. 0 Jar 85. 6 12. 6 1.8 0. 0 42 22 20

29. 0 - 31. 0 Jar 71.2 22. 3 5. 1 1.4 40 20 20

BH105 27. 0 - 28. 0 Jar 81.5 15. 3 3. 1 0. 1 47 23 24

BH 11 5 35. 0 - 37. 0 Jar 57. 1 30. 2 9. 7 3. 0 29 10 19

42. 0 - 44. 0 Tube 76. 1 21. 9 2. 0 0. 0 45 21 24 2. 4 x 10-
8

BHl17 40. 0 - 41. 3 Jar 75. 1 17. 7 5. 1 2. 2 45 24 21

73. 0 2. 9 x -
8

BH 117A 40. 0 - 41. 9 Liner 24. 0 3. 0 0. 0 42 24 18 10

continued... .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( ern/ see)

BH123 21. 0 - 22. 0 Jar 86. 7 11.6 1. 7 0. 0 48 24 24

22. 0 - 24. 0 Jar 86. 9 9. 7 2. 7 0. 7 51 23 28

BH124 14. 6 - 16. 0 Jar 66. 4 31.1 2. 5 0. 0 33 19 14

16. 0 - 18. 0 Jar 55. 0 41.4 3. 4 0. 3 32 11 21

18. 0 - 20. 0 Jar 68. 1 28. 6 3. 0 0. 2 40 18 22

20. 0 - 22. 0 Jar 75. 5 23. 4 1.1 0. 0 37 18 19

22. 0 - 24. 0 Jar 76. 3 22. 2 1.2 0. 3 43 20 23

24. 0 - 26. 0 Jar 83. 0 14. 7 2. 3 0. 0 53 26 27

BH125 14. 0 - 16. 0 Jar 67. 3 29. 6 2. 5 0. 6 21 7 14

16. 0 - 18. 0 Jar 77. 2 21.9 0. 8 0. 1 45 19 26

18. 0 - 20. 0 Jar 65. 8 28. 5 4. 0 1. 7 28 13 15

20. 0 - 22. 0 Jar 64. 4 30. 8 3. 4 1. 4 27 13 14

22. 0 - 24. 0 Jar 71. 4 27. 3 1.3 0. 0 39 19 20

24. 0 - 26. 0 Jar 79. 2 19. 7 1.0 0. 1 45 19 26

26. 0 - 28. 0 Jar 81. 2 15. 8 1. 4 1. 5 48 23 25

BH 126 14. 0 - 16. 0 Jar 70. 8 26. 1 3. 0 0. 2 NA NA NA

16. 0 - 18. 0 Jar 61.4 37. 1 1. 5 0. 1 36 14 22

18. 0 - 20. 0 Jar 69. 0 26. 9 4. 2 0. 0 43 21 22

20. 0 - 22. 0 Jar 67. 1 30. 5 2. 0 0. 4 36 17 19

22. 0 - 24. 0 Jar 68. 0 30. 1 1. 9 0. 0 NA NA NA

24. 0 - 26. 0 Jar 80. 9 15. 9 1.9 1.3 48 23 25

26. 0 - 28. 0 Jar 82. 8 15. 6 1.6 0. 0 45 19 26

continued. . ..



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BII127 14. 0 - 16. 0 Jar 61.2 24. 9 12. 8 1.1 34 15 19

16. 0 - 18. 0 Jar 51. 4 27. 7 18. 9 2. 0 30 16 14

18. 0 - 20. 0 Jar 70. 2 26. 3 3. 1 0. 3 44 24 20

20. 0 - 22. 0 Jar 74. 0 24. 5 1.6 0. 0 42 21 21

22. 0 - 24. 0 Jar 69. 1 29. 9 1.0 0. 0 Nil NA NA

24. 0 - 26. 0 Jar 82. 8 15. 8 1.2 0. 2 46 19 27

26. 0 - 28. 0 Jar 81.2 16. 6 1. 2 1.0 47 26 21

28. 0 - 30. 0 Jar 67. 4 24. 9 7. 3 0. 5 41 18 23

BH128 13. 2 - 14. 0 Jar 77. 0 20. 0 3. 0 0. 0 42 20 22

14. 0 - 16. 0 Jar 72. 9 23. 7 3. 5 0. 0 40 18 22

16. 0 - 18. 0 Jar 68. 3 29. 5 2. 2 0. 0 38 19 19

18. 0 - 20. 0 Jar 68. 8 29. 8 1.3 0. 1 36 17 19

20. 0 - 22. 0 Jar 71. 1 26. 6 2. 3 0. 0 41 21 20

22. 0 - 24. 0 Jar 71.9 26. 9 1.3 0. 0 39 23 16

24. 0 - 26. 0 Jar 86. 8 12. 1 0. 8 0. 3 47 30 17

26. 0 - 28. 0 Jar 85. 7 12. 9 1.4 0. 0 46 26 20

28. 0 - 30. 0 Jar 63. 7 23. 1 11. 9 1. 3 36 15 21

BH129 12. 9 - 14. 0 Jar 77. 0 22. 1 0. 8 0. 0 43 18 25

14. 0 - 16. 0 Jar 70. 5 28. 5 1.0 0. 0 39 13 26

16. 0 - 18. 0 Jar 68. 9 30. 1 1. 0 0. 0 38 13 25

18. 0 - 20. 0 Jar 76. 3 22. 8 0. 9 0. 0 18 6 12

20. 0 - 22. 0 Jar 71.0 26. 4 2. 6 0. 0 45 21 24

22. 0 - 24. 0 Jar 71.7 27. 7 0. 6 0. 0 25 9 16

24. 0 - 26. 0 Jar 85. 4 13. 3 1.3 0. 0 28 12 16

26. 0 - 28. 0 Jar 82. 9 16. 1 1. 1 0. 0 31 9 22

28. 0 - 30. 0 Jar 77. 5 19. 5 2. 7 0. 3 43 19 24

30. 0 - 31.0 Jar 74. 6 17. 5 7. 4 0. 5 45 21 24

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plastici ty Plastic Permeabili ty
Number Depth  ( ft) ~ Clay Silt Sand Gravel LJ.mit Index Limit ( em/ see)

BH130 14. 0 - 16. 0 Jar 75. 4 23. 5 1.1 0. 0 42 20 22
16. 0 - 18. 0 Jar 72. 8 26. 8 0. 4 0. 0 39 19 20

18. 0 - 20. 0 Jar 66. 7 32. 3 1.0 0. 0 37 17 20

20. 0 - 22. 0 Jar 74. 9 22. 4 2. 6 0. 1 44 23 21

22. 0 - 24. 0 Jar 69. 7 29. 1 1.2 0. 1 37 17 20

24. 0 - 26. 0 Jar 84. 0 15. 2 0. 8 0. 0 52 27 25

26. 0 - 28. 0 Jar 85. 5 13. 9 0. 6 0. 0 47 25 22

28. 0 - 30. 0 Jar 80. 0 18. 3 1.7 0. 0 49 26 23

BH131 18. 0 - 20. 0 Jar 74. 5 23. 7 1.8 0. 0 42 20 22

BH 132 16. 0 - 18. 0 Jar 74. 2 24. 9 0. 8 0. 1 41 19 22

BH133 22. 5 - 24. 5 Jar 79. 0 18. 0 1. 9 1. 1 41 20 21

BH134 20. 0 - 22. 0 Jar 72. 0 26. 6 1.3 0. 1 38 16 22

BH135 24. 0 - 26. 0 Jar 82. 6 15. 9 1.4 0. 1 45 23 22

BH136 26. 0 - 28. 0 Jar 86. 2 11.8 1.6 0. 4 47 20 27

BH137 14. 0 - 16. 0 Jar 58. 5 39. 8 1.7 0. 0 33 15 18

16. 0 - 18. 0 Jar 59. 4 37. 0 3. 6 0. 0 34 15 19

18. 0 - 20. 0 Jar 72. 8 25. 0 1.4 0. 8 42 21 21

20. 0 - 22. 0 Jar 73. 0 25. 0 1.9 0. 0 41 21 20

22. 0 - 24. 0 Jar 77. 1 20. 3 2. 6 0. 0 43 21 22

24. 0 - 26. 0 Jar 81. 1 15. 2 3. 7 0. 0 48 22 26

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH138 20. 0 - 22. 0 Jar 61.5 34. 1 4. 4 0. 0 34 13 21

22. 0 - 24. 0 Jar 71.7 24. 7 2. 8 0. 7 38 17 21

24. 0 - 26. 0 Jar 67. 9 25. 0 5. 7 1. 3 45 24 21

BH139 28. 0 - 29. 2 Jar 77. 0 22. 1 0. 8 0. 0 18 6 12

BH149 26. 5 - 28. 0 Jar 79. 4 15. 2 4. 7 0. 7 42 20 22

BH154 27. 5 - 28. 0 Jar 72. 6 14. 8 10. 3 2. 3 NA NA NA

BH156 22. 0 - 24. 0 Tube 64. 8 35. 2 0. 0 0. 0 50 29 21 4. 0 x 10-
8

17 . 0 3. 5   -
8

24. 0 - 26. 0 Tube 83. 0 0. 0 0. 0 43 23 20 x 10

57. 6            -
8

26. 0 - 28. 0 Tube 42. 4 0. 0 0. 0 41 25 16 2. 4 x 10

BH157 30. 0 - 32. 0 Jar 66. 4 32. 7 0. 8 0. 1 30 16 14
8

32. 0 - 34. 0 Tube 54. 4 42. 1 3. 5 0. 0 30 13 17 4. 2 x 10

34. 0 - 36. 0 Tube 80. 5 17. 7 1. 5 0. 3 49 26 23 2. 2 x 10-
8

8
38. 0 - 40. 0 Tube 77. 5 20. 3 1.9 0. 3 46 22 24 1.9 x 10

8
40. 0 - 42. 0 Tube 81. 6 17 . 0 1.4 0. 0 50 29 21 1.6 x 10

8
42. 0 - 44. 0 Tube 75. 1 22. 1 2. 8 0. 0 42 22 20 2. 4 x 10

BH 1 58 18. 5 - 20. 0 Jar Sample Not Tested

20. 0 - 22. 0 Tube 75. 8 21.3 3. 0 0. 0 45 22 23 2. 3 x 10-
8

22. 0 - 24. 0 Tube 64. 9 34. 8 0. 3 0. 0 37 17 20 4. 4 x 10-
8

24. 0 - 26. 0 Tube 82. 7 14. 9 2. 4 0. 0 54 32 22 3. 5 x 10-
8

8
26. 0 - 28. 0 Tube 79. 8 20. 0 0. 2 0. 0 55 34 21 3. 4 x 10

32. 0 - 34. 0 Jar 67. 8 30. 7 1.5 0. 0 38 17 21

34. 0 - 36. 0 Tube 82. 4 16. 0 1.6 0. 0 53 34 19 no perm due to voids

BH159 17. 5 - 18. 0 Jar 77. 0 23. 0 0. 0 0. 0 NA NA NA

22. 0 - 24. 0 Jar 72. 8 25. 3 1.9 0. 0 41 19 22

continued.. . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit IndeK Limit ( em/ see)

BH159A 18. 0 - 20. 0 Tube 71.0 27. 0 2. 0 0. 0 39 23 16 4. 6 K 10-
8

20. 0 - 22. 0 Tube 72. 4 26. 7 0. 9 0. 0 48 25 23 4. 0 K 10-
8

24. 0 - 26. 0 Tube 72. 1 26. 9 1.0 0. 0 38 16 22 6. 1 K 10-
8

26. 0 - 28. 0 Tube 78. 3 20. 9 0. 8 0. 0 46 26 20 3. 1 K 10-
8

28. 0 - 30. 0 Jar 78. 8 18. 3 2. 0 0. 8 47 24 23

32. 0 - 34. 0 Tube 68. 6 22. 1 8. 4 0. 9 39 20 19 3. 2 K 10-
8

BH160 24. 0 - 26. 0 Tube 84. 9 14. 1 1.0 0. 0 51 31 20 2. 6 K 10-
8

32. 0 - 34. 0 Tube 63. 5 29. 4 5. 7 1.4 33 23 10 2. 7 K 10-
8

BH161 34. 0 - 36. 0 Jar Sample Not Analyzed
34. 0 36. 0 Tube Not tested as sample contained wood, decaying organics, etc.

38. 0 - 40. 0 Tube 85. 3 n.8 0. 9 0. 0 55 35 20 1. 7 K 10-
8

BH162 24. 0 - 26. 0 Jar Sample Not Analyzed
24. 0 - 26. 0 Tube 87. 4 9. 6 3. 0 0. 0 53 29 24 2. 2 K 10-

8

BH163 22. 4 - 24. 0 Jar 90. 0 7. 4 2. 2 0. 4 49 22 27

BH165 30. 0 - 32. 0 Tube 69. 9 24. 8 5. 3 0. 0 46 21 25 3. 4 K 10-
8

BH166 26. 0 - 28. 0 Tube 88. 6 10. 8 0. 6 0. 0 53 26 27 2. 7 K 10-
8

BH16B 24. 0 - 26. 0 Jar 67. 9 30. 6 1.3 0. 1 36 19 17

26. 0 - 28. 0 Jar 75. 5 20. 8 2. 5 1.2 40 20 20

28. 0 - 30. 0 Jar 66. 6 27. 5 5. 9 0. 0 37 16 21

30. 0 - 32. 0 Jar 77 . 3 21.5 1.2 0. 0 42 18 24

32. 0 - 34. 0 Jar 81.7 17 . 2 1.2 0. 0 46 22 24

34. 0 - 38. 0 Jar 70. 1 19. 3 7. 9 2. 7 43 18 25

continued....



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BII169 23. 0 - 24. 0 Jar 66. 2 30. 7 2. 8 0. 3 37 19 18

24. 0 - 26. 0 Jar 76. 6 21. 2 2. 2 0. 0 41 18 23

26. 0 - 28. 0 Jar 63. 2 28. 2 8. 5 0. 0 32 14 18

28. 0 - 30. 0 Jar 70. 0 27. 2 2. 8 0. 1 37 16 21

30. 0 - 32. 0 Jar 78. 5 20. 3 1.2 0. 0 47 24 23

32. 0 - 34. 0 Jar 83. 9 14. 2 1.9 0. 0 46 24 22

34. 0 - 36. 0 Jar 81.3 15. 3 3. 2 0. 2 45 22 23

Tube              -
8

36. 0 - 38. 0 82. 4 13. 2 3. 5 0. 9 49 23 26 4. 1 x 10

BH 170 22. 7 - 24. 0 Jar Not tested due to high degree of contamination.

24. 0 - 26. 0 Jar Not tested due to high degree of contamination.

26. 0 - 28. 0 Jar Not tested due to high degree of contamination.

28. 0 - 30. 0 Jar Not tested due to high degree of contamination.

30. 0 - 34. 0 Jar Not tested due to high degree of contamination.

34. 0 - 36. 0 Jar Not tested due to high degree of contamination.

BH180 41.8 - 42. 0 Jar 67. 7 20. 0 11 . 5 0. 9 NA NA NA

44. 0 - 46. 0 Jar 64. 5 27. 6 6. 6 1.3 36 18 18

BII182 26. 0 - 26. 5 Jar 74. 9 19. 3 5. 7 0. 1 43 25 18

BH184 24. 0 - 26. 0 Jar 76. 6 17. 5 4. 7 1.2 39 20 19

BH186 24. 0 - 26. 0 Jar 64. 9 24. 2 10. 9 0. 0 33 16 17

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeabili ty

Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/see)

BH192 24. 0 - 26. 0 Jar 53. 6 29. 6 15. 2 1.7 28 13 15

26. 0 - 26. 7 Tube 54. 7 39. 2 6. 1 35 17     -
B

0. 0 18 1.6 x 10

BH194 23. 9 - 24. 0 Jar Insufficient sample to perform testing.

BH206 32. 0- 34. 0. 0 Liner 79. 7 17. 1 3. 2         -
8

0. 0 45 26 19 3. 5 x 10

BH216 34. 0 - 36. 0 Jar 72. 2 25. 0 2. 7 0. 1 NA NA NA

36. 0 - 38. 0 Jar 75. 2 20. 9 3. 9 0. 1 NA NA NA

40. 0 42. 0 Tube 85. 4 14. 0 0. 6 0. 0       -
8

47 23 24 2. 4 x 10

OW210 25. 0 - 27. 0 Jar 84. 3 14. 9 0. 9 0. 0 45 25 20

OW212 12. 0 - 14. 0 Jar 74. 4 25. 1 0. 4 0. 0 30 12 18

14. 0 - 16. 0 Jar 60. 7 37. 8 1. 5 0. 0 31 13 18

16. 0 - 18. 0 Jar 62. 5 36. 1 1. 4 0. 0 32 14 18

18. 0 - 20. 0 Jar 65. 6 32. 0 2. 3 0. 2 33 14 19

20. 0 - 22. 0 Jar 77. 6 18. 9 3. 4 0. 1 44 26 18

22. 0 - 24. 0 Jar 88. 6 9. 6 1.9 0. 0 47 25 22

24. 0 - 26. 0 Jar 68. 0 23. 7 7. 9 0. 4 40 20 20

NA - insufficient sample size

NP - non plastic



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH101 30. 0 - 32. 0 Jar 50. 0 24. 4 17. 0 8. 6 31 14 17

32. 0 - 32. 5 Jar 33. 7 34. 5 25. 9 5. 9 23 10 13

BH 102 33. 0 - 33. 8 Jar 26. 9 34. 3 26. 7 12. 1 20 7 13

BH104 31. 0 - 33. 0 Jar 53. 7 27. 3 16. 1 2. 9 32 16 16

BH10S 28. 0 - 30. 0 Jar 62. 3 16. 2 15. 4 6. 1 35 14 21

30. 0 - 32. 0 Jar 43. 9 23. 1 24. 0 9. 0 27 11 16

BH107 26. 5 - 28. 0 Jar 50. 5 26. 6 17. 6 5. 3 30 16 14

BH109 28. 0 - 29. 3 Jar 27. 8 31. 8 25. 6 14. 7 19 5 14

BHll0 26. 0 - 28. 0 Jar 32. 6 31.1 24. 8 11. 4 22 7 15

BH113 42. 0 - 44. 0 Jar 56. 7 22. 9 17. 9 2. 5 37 20 17

44. 0 - 46. 0 Jar 29. 2 33. 2 27. 7 9. 9 18 3 15

BH115 37. 0 - 39. 0 Jar 33. 0 31.4 24. 5 11. 0 23 10 13

BH 117 38. 0 - 40. 0 Jar 53. 8 23. 9 16. 4 6. 0 32 15 17

8
BH 117A 38. 0 - 40. 0 Liner 49. 0 23. 0 19. 5 8. 5 34 25 9 1.5 x 10

conti nued. . . .



TABLE 4

FINE TILL PHYSICAL TES'l'ING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH119 37. 0 - 38. 0 Jar 48. 8 28. 8 20. 0 2. 5 26 9 17

38. 0 - 40. 0 Jar 41.8 29. 0 22. 0 7. 2 28 10 18

BH120 34. 5 - 36. 0 Jar 46. 0 23. 8 19. 5 10. 6 34 17 17

36. 0 - 36. 5 Jar 37. 3 28. 1 23. 8 10. 7 26 8 18

BH121 23. 3 - 24. 0 Jar 36. 4 34. 8 26. 9 1. 9 NA NA NA

BH124 26. 0 - 27. 6 Jar 41.2 28. 1 24. 7 6. 1 28 19 9

BIl125 28. 0 - 28. 5 Jar 37. 4 38. 6 19. 4 4. 5 24 12 12

BIl126 28. 0 - 29. 8 Jar 44. 5 30. 1 18. 7 6. 6 NA NA NA

BIl130 30. 0 - 32. 0 Jar 38. 9 34. 2 21.8 5. 1 24 10 14

BH137 26. 0 - 28. 0 Jar 58. 1 24. 2 10. 2 7. 5 37 18 19

BH138 26. 0 - 28. 0 Jar 52. 7 15. 7 20. 4 11. 2 NA NA NA

BH140 26. 8 - 28. 0 Jar 49. 4 26. 2 22. 7 1.7 27 13 14

BH144 24. 5 - 26. 0 Jar 48. 3 27. 1 18. 8 5. 9 NA NA NA

continued. . . .



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticit.y Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH146 27. 0 - 28. 0 Jar 48. 2 27. 6 19. 7 4. 5 29 13 16

28. 0 - 30. 0 Jar 64. 2 16. 9 11. 4 7. 4 42 24 18

BH147 26. 0 - 28. 0 Jar 37. 1 31.6 24. 8 6. 5 20 10 10

BH148 26. 0 - 28. 0 Jar 37. 3 35. 7 19. 0 7. 9 22 9 13

28. 0 - 29. 8 Jar 33. 0 41.9 21. 3 3. 8 20 9 11

BH149 25. 0 - 26. 0 Jar 28. 2 35. 1 28. 0 8. 7 NA NA NA

BH151 28. 0 - 29. 7 Jar 39. 1 35. 1 22. 4 3. 4 26 12 14

BH153 30. 0 - 30. 4 Jar 34. 6 21.6 31. 7 12. 2 25 9 16

BH154 28. 0 - 29. 0 Jar 48. 8 24. 4 19. 4 7. 4 31 17 14

30. 0 - 31. 0 Jar 36. 9 31.2 23. 8 8. 1 24 10 14

BH156 30. 0 - 32. 0 Tube 43. 5 20. 0 31.4 5. 1 24 12 12

7. 1   -
8

BH157 44. 0 - 45. 3 Tube 49. 7 30. 2 10. 8 9. 3 22 8 14 x 10

BH163 24. 0 - 26. 0 Jar 60. 8 23. 2 14. 0 2. 0 35 17 18

7. 9   -
8

26. 3 - 27. 0 Tube 27. 6 37. 7 26. 5 8. 2 19 6 13 x 10

BH165 32. 0 - 34. 0 Tube 53. 9 25. 6 16. 8 3. 7 31 14 17 3. 6 x 10-
8

continued....



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH166 29. 0 - 31. 0 Tube 54. 7           -
8

26. 5 16. 0 2. 8 30 15 15 2. 1 x 10

BH167 24. 0 - 26. 0 Jar 28. 3 36. 9 18. 0 16. 8 22 9 13

BHlo8 38. 0 - 39. 2 Jar 33. 0 41.2 22. 4 3. 3 21 6 15

BH 177 26. 0 - 28. 0 Jar 43. 7 22. 9 19. 6 13. 7 25 11 14

BH 179 43. 5 - 44. 0 Jar 61.0 22. 9 13. 3 2. 9 42 20 22

BH183 26. 0 - 28. 0 Jar 65. 2 22. 7 8. 9 3. 2 33 12 21

BH184 26. 0 - 28. 0 Jar 40. 2 30. 8 20. 2 8. 8 25 11 14

BH185 26. 5 - 28. 0 Jar 61. 1 23. 5 14. 6 0. 8 24 10 14

BH186 23. 0 - 24. 0 Jar 39. 1 34. 7 18. 5 7. 8 24 9 15

BH188 28. 0 - 30. 0 Jar 47. 1 25. 8 18. 7 8. 4 27 11 16

BH190 43. 3 - 44. 0 Jar 39. 3 35. 5 17. 7 7. 5 28 14 14

BH193 24. 5 - 26. 0 Jar 29. 2 31.5 26. 0 13. 3 18 5 13

BH198 24. 3 - 26. 0 Liner 32. 5 47. 0 19. 5 1.0 37 27 10 No perm. - disturbed
8

26. 8 - 26. 9 Liner 47. 5 14. 5 24. 5 13. 5 35 24 11 2. 1 x 10

continued. . . .



TABLE 4

FINE TILL PHY SICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plastici ty Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH200 34. 0 35. 3 Liner 32. 4 7. 9       -
8

35. 6 24. 1 21 12 9 3. 4 x 10

BH200A 36. 0 - 37. 1 Jar 69. 7 18. 8 8. 9 2. 6 37 18 19

47. 5 35. 7            -
8BH201 32. 0 - 34. 0 Liner 13. 0 3. 8 36 18 18 3. 1 x 10

BH204 30. 0 - 31.5 Jar 69. 3 19. 8 7. 8 3. 1 34 15 19

31. 5 -             3. 0   -
8

33. 5 Liner 29. 8 32. 0 28. 4 9. 8 22 11 11 x 10

18. 4          -
8BH207 30. 0 - 32. 0 Liner 41.1 36. 4 4. 1 23 9 14 6. 4 x 10

38. 5 17      -
8BH208 32. 0 - 34. 0 Liner 16. 0 36. 0 19. 5 13 4 1.4 x 10

27. 5 3. 1   -
8BH209 30. 0 - 32. 0 Liner 35. 0 23. 0 14. 5 24 21 3 x 10

BH211 24. 0 - 26. 0 Liner 26. 0 50. 5 18. 0 5. 5 22 14 8 No perm. - disturbed

26. 0 - 27. 8 Liner 19. 5 53. 5 19. 0 8. 0 NP NP NP No perm. - disturbed

BH212 23. 5 - 24. 0 Jar Not tested due to high degree of contamination

BH213 24. 0 - 25. 0 Jar 38. 5 29. 1 28. 3 4. 0 18 8 10

1.3   -
8

BH217 38. 0 - 40. 0 Liner 68. 5 13. 0 14. 0 4. 5 39 20 19 x 10

continued. ...



TABLE 4

FINE TILL PHYSlf:AL TESTING RESULTS

Well/

Borehole Sample Samp Ie Percent Percent Percent Percent Liquid P last ici ty Plastic Permeabili ty
Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( ern/ see)

BH220 38. 5 - 39. 0 Jar 28. 8 26. 2 25. 9 19. 1 NP NP NP

39. 0 - 41. 0 Jar 24. 6 31.7 23. 6 20. 1 16 5 11

41.0 - 43. 0 Liner 72. 5 7. 0 19. 0 1.5 42 25 17    -
8

1.4 x 10

43. 0 - 44. 0 Jar Sample Not Analyzed

BH221 37. 0 39. 0 Liner 35. 0 49. 5 12. 5        -
8

3. 0 40 22 18 1.8 x 10

OW212 26. 0 - 27. 4 Jar 38. 1 26. 0 25. 3 10. 5 23 10 13

NA - insufficient sample size

NP - non plastic



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH183 28. 0 - 29. 0 Jar 25. 4 37. 8 25. 7 11. 0 17 5 12

BH185 28. 0 - 29. 5 Jar 12. 7 27. 7 34. 4 25. 2 15 6 9 *

BH186 26. 0 - 28. 0 Jar 15. 2 28. 4 44. 0 12. 4 NP NP NP *

BH189 32. 0 - 34. 0 Liner 18. 5 33. 5 31.5 16. 5 16 12 4 No perm. - dl.sturbed

BH190 44. 0 45. 3 Jar 12. 3 21.9 52. 8 13. 0 NP NP NP *

47. 0 - 47. 3 Jar 18. 4 38. 3 26. 4 16. 9 16 4 12

BH191 41.5 - 42. 0 Jar 22. 0 29. 3 32. 2 16. 6 NA NA NA

42. 0 - 44. 0 Liner 11.8 32. 0 46. 0 10. 2 20 2 18 1.4 x 10-
7

BH193 26. 0 - 26. 4 Jar 14. 6 35. 9 40. 6 9. 0 NA NA NA

BH196 24. 0 - 25. 7 Jar 14. 0 28. 5 36. 3 21.3 NA NA NA *

BR197 24. 0 - 26. 0 Liner 20. 5 34. 0 37. 0 8. 5 NP NP NP 4. 0 x 10-
8

726. 0 - 28. 0 Liner 13. 5 33. 0 29. 0 24. 5 27 23 4 1.2 x 10

BH199 42. 0 - 44. 0 Jar 25. 8 36. 9 29. 4 7. 9 15 10 5

BH201 34. 0 - 34. 5 Liner 18. 4 31. 6 30. 9 19. 1 17 7 10 8. 0 x 10-
8

35. 0 - 35. 3 Jar 17 . 6 35. 6 30. 2 16. 6 18 5 13

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

42. 0 Tube 27. 4 37. 3 3. 7 17      -
8

BH161 40. 0 - 31. 6 4 13 8. 5 x 10

42. 0 44. 0 Tube 23. 1 34. 6 19. 2       -
8

23. 1 16 4 12 3. 8 x 10

44. 0 - 45. 0 Tube 18. 5 35. 3 26. 9 19. 3 16 5 11 3. 7 x 10-
8

44. 0 - 45. 0 Jar 17. 8 33. 4 24. 9 23. 8 18 4 14

Tube 35. 7 3. 5 x  -
8

BH162 28. 0 - 30. 0 21.2 23. 5 19. 6 24 8 16 10

BH167 26. 0 - 26. 3 Jar 20. 0 34. 4 17. 8 27. 8 NA NA NA

28. 0 - 29. 5 Jar 20. 8 34. 9 26. 7 17. 7 17 8 9

BH169 38. 0 - 39. 6 Tube 17. 9 39. 8 27. 7 14. 6 18 3 15 3. 5 x 10-
8

39. 6 - 39. 7 Jar 21.6 35. 7 32. 2 10. 5 17 7 10

BH170 38. 0 - 39. 0 Jar 24. 6 33. 0 28. 6 13. 9 19 9 10

BH171 27. 6 - 28. 0 Jar 25. 2 32. 5 31.0 6. 3 18 6 12

28. 0 - 29. 7 Jar 25. 7 35. 8 31. 1 7. 4 19 6 13

BH 172 45. 0 - 46. 8 Jar 23. 0 25. 0 28. 0 23. 9 22 6 16

BH 173 43. 5 - 44. 0 Jar 26. 0 31.6 26. 5 16. 0 22 9 13

BH 176 30. 0 - 31. 9 Jar 17 . 2 31.5 31.0 20. 4 17 6 11

BH180 42. 0 - 44. 0 Jar 20. 7 24. 3 38. 6 16. 4 20 9 11

BH1Sl 24. 0 - 26. 0 Jar 25. 6 22. 0 30. 0 22. 4 25 14 11

continued. . ..



TABLE 5

MEDIUM TILL PHY SICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Number Depth  ( ft) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH150 25. 8 - 26. 0 Jar Insufficient sample to perform testing

26. 0 - 28. 0 Jar 19. 6 28. 5 26. 5 25. 4 NA NA NA

28. 0 - 29. 9 Jar 19. 5 30. 8 28. 7 21. 0 20 11 9

BH151 25. 0 - 26. 0 Jar 25. 6 34. 5 29. 2 10. 7 NA NA NA

26. 0 - 26. 3 Jar 20. 3 25. 7 34. 1 20. 0 18 6 12

26. 0 - 26. 3 Jar 18. 7 36. 3 31.4 13. 6 16 4 12

28. 0 - 29. 7 Jar 22. 6 28. 9 35. 5 13. 0 16 3 13

BH152 25. 8 - 26. 0 Jar 26. 0 32. 2 34. 8 7. 1 NA NA NA

BH153 26. 0 - 28. 0 Jar 20. 0 31. 4 31. 1 17. 6 15 5 10

28. 0 - 29. 8 Jar 24. 4 28. 0 34. 8 12. 8 NP NP NP

BH154 26. 0 - 27. 5 Jar 16. 3 30. 0 31. 3 22. 5 17 5 12

31. 0 - 31. 3 Jar 13. 4 28. 4 38. 7 19. 6 NA NA NA *

BH155 29. 4 - 30. 0 Jar 17. 8 32. 8 31.6 17. 8 NA NA NA

30. 0 - 32. 0 Jar 17. 0 27. 4 32. 6 22. 9 NA NA NA *

32. 0 - 33. 3 Jar 18. 2 32. 7 35. 7 13. 4 16 5 11

8
BH159A 34. 0 - 36. 0 Tube 16. 1 36. 3 31.4 16. 2 17 5 12 4. 0 x 10

8

BH160 34. 0 - 36. 0 Tube 26. 2 27. 9 19. 6 26. 3 25 11 14 2. 6 x 10

36. 0 - 37. 6 Jar 26. 2 29. 3 29. 5 15. 0 19 6 13

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

WeIll

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limi t ( cm/ sec)

BHl18 38. 0 - 40. 0 Jar 13. 6 27. 2 40. 5 18. 8 13 3 10 *

40. 0 - 42. 0 Jar 11. 3 26. 9 41.7 20. 1 NP NP NP *

BH119 40. 0 - 40. 5 Jar 15. 7 28. 7 41. 0 14. 6 20 7 13 *

8H120 36. 5 - 38. 0 Jar 12. 9 29. 3 37. 6 20. 2 15 2 13 *

BH122 24. 0 - 26. 0 Jar 23. 4 32. 5 33. 8 10. 4 NA NA NA

BH123 24. 0 - 26. 0 Jar 24. 4 39. 6 30. 3 5. 7 20 5 15

26. 0 - 27. 9 Jar 21. 2 36. 7 34. 6 7. 5 15 5 10

BH137 28. 0 - 29. 1 Jar 26. 7 31. 2 28. 8 13. 3 23 10 13

BH138 28. 0 - 30. 0 Jar 17. 3 33. 0 32. 5 17. 2 16 3 13

30. 0 - 31. 1 Jar 18. 6 33. 6 29. 3 18. 4 17 5 12

BH139 26. 0 - 28. 0 Jar 20. 2 34. 1 28. 9 16. 8 19 7 12

BH140 28. 0 - 30. 0 Jar 23. 5 31.5 29. 3 15. 7 23 10 13

30. 0 - 30. 8 Jar 25. 8 24. 6 41. 5 8. 1 21 8 13

BH141 30. 0 - 30. 5 Jar 18. 5 26. 6 33. 1 21. 9 22 9 13 *

BH147 25. 0 - 26. 0 Jar 27. 8 34. 4 31.0 6. 8 19 9 10

28. 0 - 29. 6 Jar 24. 2 25. 0 39. 0 11. 8 16 3 13

BH149 28. 0 - 29. 9 Jar 21. 4 29. 1 30. 7 18. 7 19 7 12

continued.. ..



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( it) ~ Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH104 33. 0 - 33. 4 Jar 18. 8 33. 2 31. 4 16. 6 17 3 14

BH106 29. 0 - 30. 0 Jar 18. 9 33. 7 34. 6 12. 9 19 5 14

30. 0 - 32. 0 Jar 17 . 3 31. 0 32. 3 19. 4 NA NA NA

32. 0 - 32. 6 Jar 16. 7 32. 6 31. 1 19. 6 NP NP NP

BH109 26. 0 - 28. 0 Jar 20. 9 29. 7 26. 1 23. 3 17 6 11

BH110 28. 0 - 30. 0 Jar 21. 8 29. 7 25. 5 23. 0 20 8 12

30. 0 - 31. 1 Jar 15. 6 30. 6 35. 6 18. 1 16 5 11 ..

BH111 28. 0 - 30. 0 Jar 14. 9 29. 2 33. 7 22. 2 16 9 7 ..

BH 112 39. 5 - 40. 0 Jar 21.9 32. 1 28. 9 17. 2 22 9 13

40. 0 - 42. 0 Jar 17. 8 29. 1 30. 0 23. 0 NA NA NA

44. 0 - 45. 0 Jar 22. 6 31.4 33. 5 12. 5 NP NP NP

BH113 39. 5 - 40. 0 Jar 16. 4 28. 6 33. 2 21. 8 18 7 11 ..

40. 0 - 42. 0 - Jar 24. 4 33. 2 30. 0 12. 4 20 8 12

46. 0 - 46. 4 Jar 15. 1 28. 7 36. 2 20. 0 NA NA NA ..

BH114 36. 0 - 38. 0 Jar 15. 7 29. 2 31.5 23. 6 NP NP NP ..

38. 0 - 40. 0 Jar 18. 2 29. 2 29. 1 23. 6 16 4 12

43. 0 - 44. 6 Tube 14. 3 27. 9 32. 7 25. 1 14 5 9 ..

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft)  Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH202 32. 0 - 33. 2 Liner 18. 5 34. 5 32. 0 15. 0 NP NP NP 1. 5 x 10-
7

33. 5 -   Liner 15. 9 27. 8 37. 6 6. 1   -
8

34. 3 18. 7 15 7 8 x 10

BH203 35. 5 - 37. 3 Liner 18. 5 28. 0 37. 0 16. 5 29 24 5 4. 4 x 10-
8

BH205 30. 0 - 30. 7 Liner 16. 3 30. 3 27. 5 25. 9 17 5 12 9. 3 x 10-
8

BH212 24. 0 - 26. 0 Liner 20. 5 47. 5 27. 5 4. 5 21 14 7 2. 9 x 10-
8

BH213 24. 5 - 26. 0 Jar 16. 4 45. 8 20. 3 17. 5 16 3 13

26. 0 - 27. 0 Jar 15. 7 28. 0 42. 4 13. 9 12 5 7 *
7

27. 0 - 27. 7 Liner 2. 5 42. 5 48. 0 7. 0 NP NP NP 4. 0 x 10

BH214 25. 3 - 26. 0 Jar 35. 2 18. 2 20. 6 26. 0 27 13 14

BH215 28. 0 - 30. 0 Jar 23. 5 37. 2 30. 1 9. 2 17 6 11
8

30. 0 - 31.3 Liner 24. 0 28. 5 25. 0 22. 5 18 14 4 1. 6 x 10

BH216 42. 0 - 44. 0 Tube 18. 3 32. 4 30. 8 18. 5 17 6 11 3. 1 x 10-
8

7
44. 0 - 45. 0 Liner 16. 5 30. 5 27. 0 26. 5 NP NP NP 2. 2 x 10

7
BH219 39. 0 - 39. 8 Liner 15. 5 25. 0 37. 0 22. 5 NP NP NP 5. 3 x 10

BH221 35. 0 - 37. 0 Jar 20. 3 33. 5 36. 4 9. 7 12 4 8

40. 0 - 42. 0 Liner 22. 0 33. 5 32. 0 12. 5 43 24 19 2. 0 x 10-
8

NA - insufficient sample size

NP - non plastic

Estimated permeability > 1 x 10-
7

em/ see ( see text)



TIiBLE 6

COARSE TILL PHYSICAL TEST RESULTS

WeIl/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH108 28. 0 - 30. 0 Jar 15. 2 25. 5 29. 8 29. 5 16 5  " ..

BH111 26. 0 - 28. 0 Jar 11.5 20. 0 36. 1 32. 4 18 10 8 ..

BH112 42. 0 - 44. 0 Jar 12. 4 21.5 32. 3 33. 9 NA NA NA

BH120 38. 0 - 40. 0 Jar 10. 1 25. 3 31.1 33. 5 17 4 13

BH121 24. 0 - 26. 0 Jar 16. 5 28. 2 26. 4 28. 8 14 3 11

BH139 24. 0 - 26. 0 Jar 15. 3 26. 0 27. 9 30. 9 15 4 11

BH146 30. 0 - 31.0 Jar 17. 0 14. 2 38. 2 30. 7 22 11 11 ..

BH149 26. 0 - 26. 5 Jar 20. 6 29. 3 22. 8 27. 2 16 5 11

BH153 25. 5 - 26. 0 Jar 15. 5 26. 0 26. 8 31. 6 20 8 12

BH159A 36. 0 - 36. 5 Jar 15. 8 27. 3 26. 2 30. 6 NA NA NA

BH171 29. 7 - 30. 0 Jar 8. 7 19. 5 28. 1 43. 8 15 2 13

30. 0 - 31. 0 Jar 12. 3 24. 2 26. 4 37. 1 16 5 11

BH173 44. 0 - 45. 0 Jar 10. 5 26. 3 32. 3 30. 9 13 3 10 1<

BH 176 28. 0 - 30. 0 Jar 14. 3 25. 0 33. 0 27. 7 17 6 11 ..

continued. . ..



TABLE 6

COARSE TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeabi Ii ty
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH 178 29. 7 - 30. 0 Jar 15. 1 13. 1 29. 8 42. 0 NA NA NA

30. 0 - 31.5 Jar 8. 4 13. 0 41.6 37. 0 NA NA NA *

BH 179 44. 0 - 44. 6 Jar 12. 2 20. 1 33. 6 34. 1 21 5 16

BH194 24. 0 - 24. 7 Jar 8. 1 16. 3 31.0 44. 6 NA NA NA

BH200A 34. 0 - 36. 0 Liner 15. 1 27. 3 19. 8 37. 8 18 10 8 2. 3 x 10-
B

BH203 33. 5 - 35. 5 Liner 12. 7 20. B 17 . 5 49. 0 lB 5 13 B. 3 x 10-
B

7. 7   -
8

BH204 33. 5 - 34. 2 Liner 12. 6 20. 5 25. 7 41.2 17 7 10 x 10

7
BH207 32. 0 - 34. 0 Liner 20. 5 14. 5 34. 5 30. 0 16 12 4 1.1 x 10

BH209 32. 0 - 34. 0 Liner 16. 0 17 . 0 25. 5 41.5 15 12 3 3. 3 x 10-
8

7
BH210 24. 0 - 26. 0 Liner 11. 0 17 . 0 49. 5 22. 5 22 16 6 2. 6 x 10

26. 0 - 2B. 0 Liner 20. 0 1B. 0 5. 0 57. 0 NP NP N,P 9. 9 x 10-
8

BH214 26. 0 - 28. 0 Jar 10. 1 18. 0 39. 7 32. 2 12 3 9 *

BH21B 37. 0 - 39. 0 Liner 19. 5 17. 5 31. 5 31. 5 NP NP NP No perm. - disturbed

NA - insufficient sample size

N P - non plasti e

7
Estimated permeability > 1 x 10 em/ see ( see text)



TA.BLE 7

SUMMARYoOF PHYSICAL TESTING RESULTS

Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Clay Silt Sand Gravel Limit Index Limit ( cm/ sec)

CLA.Y minimum 51.4 9. 6 0. 0 0. 0 18 6 10 1.6 x 10-
8

maximum 90. 0 42. 4 18. 9 3. 0 55 35 28 6. 1 x 10-
8

1            -
8

average 73. 7 22. 8 3. 1 0. 4 41 20 21 2. 9 x 10  ( n 29)

n = 180)

FINE TILL minimum 19. 5 7. 0 7. 8 0. 8 17 3 3 1.3 x 10-
8

maximum 72. 5 53. 5 36. 0 19. 5 27 22 7. 9   -
8

42 x 10

1            -
8

average 43. 2 29. 0 20. 4 7. 4 28 13 15 2. 7 x 10  ( n 15 )

n = 73)

MEDIUM TILL minimum 2. 5 18. 2 17. 8 3. 7 12 5 1.6   -
8

2 x 10

maX:lmum 35. 2 47. 7 52. 8 27. 8 43 24 16 5. 3 x 10-
7

1

10-
8

average 19. 6 31.7 32. 0 16. 7 18 7 11 6. 3 x ( n 22)

n = 100)

8
COARSE TILL minimum 8. 1 13. 0 5. 0 22. 5 12 2 3 2. 3 x 10

16 2. 6   -
7

maximum 20. 6 29. 3 49. 5 57. 0 22 16 x 10

1            -
8

average 14. 0 21.2 29. 7 35. 1 17 7 10 7. 6 x 10  ( n 7 )

n = 27)

Note: Arithmetic average except for permeability which is geometric mean.



respectively, had permeability values above the 1 x

10-
7

em/ see criteria at 5 psi but below 10 psi.

The Settlement Agreement allows that soils

with comparable grain size distribution and plasticity, as

soils for which permeability testing has been conducted,

shall be presumed to have the same permeability. In order to

concisely present the grain size distribution results, all of

the samples were grouped as either clay, fine till, medium

till or coarse till.

Permeability tests of 44 samples of clay and

fine till showed that all had permeabilities less than the 1

X 10-
7 / ..

em see crIterIa. Permeability testing of 22

medium till samples and seven coarse till samples showed that

six medium till and two coarse till samples had

b 1 t t t'nan 1 x 10- 7 /
permea i i ies grea er em sec. These

results necessitated a detailed look at the grain size

distribution and plasticity testing results in order to

correlate these properties with the high permeabilities and

then apply this correlation to the samples for which no

permeability testing was conducted.
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5. 2. 1 Summary of High Permeability Results

Referring to Tables 5 and 6, there are four

samples with permeabilities greater than

1 x 10- 7
em/ sec. These samples are listed below.

Borehole Sample Depth Permeability

BH 219 39. 0 - 39. 8 ft 5. 3 x 10- 7
cm/ see

EH213 27. 0 - 27. 7 ft 4. 0 x 10-
7

em/ see

EH210 24. 0 - 26. 0 ft 2. 6 x 10-
7

em/ see

EH216 44. 0 - 44. 5 tt 2. 2 x 10-
7

em/ see

There are four other samples which have

permeability values only slightly above the

1 x 10- 7
em/ see criteria. These samples are listed

below will be discussed further in the following paragraphs.

Borehole Sample Depth Permeability

EH 202 32. 0 - 33. 2 ft 1.5 x 10-
7

em/ see

EH 191 42. 0 - 44. 0 it 1.4 x 10-
7

em/ see

EH197 26. 0 - 28. 0 ft 1.2 x 10-
7

em/ see

EH 207 32. 0 - 34. 0 ft 1.2 x 10-
7

em/ see
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In order to determine whether the actual

permeabilities of the second group of tour samples were

higher or lower, a comparison was made with other samples

having similar physical characteristics. It was found that

the BH 202 ( 32. 0 - 33. 2 feet) sample had phys ical

characteristics similar to three other samples, but the

resultant permeability values of the other three samples were

all well below the 1 x 10- 7
cm/ see criteria. The

following three samples have clay, silt, sand and gravel

percentages averaging within three percent of the

corresponding percentages for the two previously- mentioned

samples.

Borehole Sample Depth Permeabi 1 i ty

IE l59A 34. 0 - 36. 0 ft 4. 0 x 10-
8

cm/ sec

BB. 197 24. 0 - 26. 0 ft 4. 0 x 10-
8

cm/ sec

IE2l6 42. 0 - 44. 0 ft 3. 1 x 10-
8

cm/ sec

Due to the similar physical characteristics

of all the above- mentioned samples and the low permeability

values of these samples, it is postulated that the sample

from BH202 ( 32. 0 - 33. 2 feet) should be classified as a

sample having a permeability less than 1 x 10-
7

crn/ sec.

The other three samples, with borderline

permeability values have physical characteristics more

closely resembling the four samples which definitely have

permeabilities greater than the 1 x 10-
7

em/ sec

criteria.
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The next subsection of this report

characterizes the physical properties of the samples which

had permeability values greater than the 1 x 10-
7

cm/ sec

criteria, and it will be confirmed that the three remaining

borderline samples will have permeabilities greater than

1 x 10- 7
cm/ sec.

5. 2. 2 Characterization of High Permeability Results

Initially, all the samples with permeability

values greater than 1 x 10- 7
cm/ sec were classified with

respect to clay content. The 22 samples with clay content

less than 21 percent are listed in Table 8 in order of

increasing clay content from the top to the bottom. Three of

the samples with permeabilities much greater than

1 x 10- 7
cm/ sec as well as two of the borderline

permeabilities are included in the first eight samples with

the lowest clay content. The three remaining samples in the

top 8 samples have permeabi1ities less than the

1 x 10-
7

cm/ sec criteria. The last identified sample

having a permeability greater than 1 x 10- 7
cm/ sec ( BH207

32- 34') is listed on Table 8 as having a clay content of 20. 5

percent. However, 13 samples having lower clay contents have

permeabilities of less than 1 x 10- 7
cm/ sec. Therefore,

classifying all samples by only clay content does not provide

a satisfactory method for identifying samples having

28



TABLE 8

LOwEST CLAY CONTENT PHYSICAL TEST RESULTS

Well/

Borehole Sample Percent Percent Percent Percent Permeability
Number Depth  ( ft) Clay Silt Sand Gravel ( em/ see)

BH213 27. 0 - 27. 0 2. 5 42. 5 48. 0 7. 0 4. 0 x 10- 7 *

BH210 24. 0 - 26. 0 11.0 17. 0 49. 5 22. 5 2. 6 x 10- 7 *

BH191 42. 0 - 44. 0 11.8 32. 0 46. 0 10. 2 1.4 x 10- 7 *

BH204 33. 5 - 34. 2 12. 6 20. 5 25. 7 41.2 7. 7 x 10- 8

BH203 33. 5 - 35. 5 12. 7 20. 8 20. 8 49. 0 8. 3 x 10- 8

BH197 26. 0 - 28. 0 13. 5 33. 5 28. 5 24. 5 1.2 x 10- 7 *

BH200A 34. 0 - 36. 0 15. 1 27. 3 19. 8 37. 8 2. 3 x 10- 8

BH219 39. 0 - 39. 8 15. 5 25. 0 37. 0 22. 5 5. 3 x 10- 7 *

BH202 33. 5 - 34. 3 15. 9 27. 8 37. 6 18. 7 6. 1 x 10- 8

BH209 32. 0 - 34. 0 16. 0 17. 0 25. 5 41.5 3. 3 x 10- 8

BH159A 34. 0 - 36. 0 16. 1 36. 3 31.4 16. 2 4. 0 x 10- 8

BH205 30. 0 - 30. 7 16. 3 30. 3 27. 5 25. 9 9. 3 x 10- 8

BH216 44. 0 - 45. 0 16. 5 30. 0 27. 0 26. 5 2. 2 x 10- 7 *

BH169 38. 0 - 39. 6 17. 9 39. 8 27. 7 14. 6 3. 5 x 10- 8

BH216 42. 0 - 44. 0 18. 3 32. 4 30. 8 18. 5 3. 1 x 10- 8

BH201 34. 0 - 34. 5 18. 4 31.6 30. 9 19. 1 8. 0 x 10- 8

BH203 35. 5 - 37. 3 18. 5 28. 0 37. 0 16. 5 4. 4 x 10- 8

BH202 32. 0 - 33. 2 18. 5 34. 5 32. 0 15. 0 1.5 x 10- 7

BH161 44. 0 - 45. 0 18. 5 35. 3 26. 9 19. 3 3. 7 x 10-
8

7 *
BH207 32. 0 - 34. 0 20. 5 14. 5 34. 5 30. 0 1.2 x 10

BH197 24. 0 - 26. 0 20. 5 34. 0 37. 0 8. 5 4. 0 x 10-
8

BH212 24. 0 - 26. 0 20. 5 47. 5 27. 5 4. 5 2. 9 x 10-
8

Permeability   -
7

em/ see1 x 10



permeabilities greater than 1 x 10- 7
em/ see but does

emphasize the importance of clay content on the

permeability.

Another attempt to classify the high

permeability samples involved grouping according to the

combined sand and gravel content. Table 9 lists 15 samples

with coarse content ( sand plus gravel) greater than

50 percent in decreasing order of coarse content. This list

includes all seven high permeability samples along with the

eight samples which pass the 1 x 10-
7

em/ see criteria.

Upon further examination, it is noted that for all the high

permeability samples, the sand content is larger than the

gravel content. The opposite is true for seven of the eight

passing samples. The only exception is the EH202 ( 33. 5 -

34. 3) sample. It will be assumed that since its physical

characteristics are similar to the high permeability samples

that this sample may be classified as having a high

permeability.

This examination of the soils' physical

properties led to the development of the following criteria

to be used in determining the permeability status of the

remaining samples for which only grain size distribution and

plasticity testing was conducted:

i) clay content < 21 percent, and

ii) coarse content > 53. 5 percent with sand content exceeding

gravel content.
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TABLE 9

HIGHEST COARSE CONTENT PHYSICAL TEST RESULTS

Well/

Borehole Sample Percent Percent Percent Percent Percent permeabili ty
Number Depth  ( ft) Clay Silt Sand Gravel Coarse ( em/ see)

7 "*
BH210 24. 0 - 26. 0 11. 0 17. 0 49. 5 22. 5 72. 0 2. 6 x 10

BH209 32. 0 - 34. 0 16. 0 17. 0 25. 5 41.5 67. 0 3. 3 x 10-
8

BH204 33. 5 - 34. 2 12. 6 20. 5 25. 7 41.2 66. 9 7. 7 x 10-
8

BH203 33. 5 - 35. 5 12. 7 20. 8 17. 5 49. 0 66. 5 8. 3 x 10-
8

BH207 32. 0 - 34. 0 20. 5 14. 5 34. 5 30. 0 64. 5 1.2 x 10-
7 "*

BH210 26. 0 - 28. 0 20. 0 18. 0 5. 0 57. 0 62. 0 9. 9 x 10-
8

BH219 39. 0 - 39. 8 15. 5 25. 0 37. 0 22. 5 59. 5 5. 3 x 10-
7 "*

BH200A 34. 0 - 36. 0 15. 1 27. 3 19. 8 37. 8 57. 6 2. 3 x 10-
8

BH202 33. 5 - 34. 3 15. 9 27. 8 37. 6 18. 7 56. 3 6. 1 x 10-
8

BH191 42. 0 - 44. 0 11.8 32. 0 46. 0 10. 2 56. 2 1.4 x 10-
7 "*

BH 2 13 27. 0 - 27. 7 2. 5 42. 5 48. 0 7. 0 55. 0 4. 0 x 10-
7 "*

BH197 26. 0 - 28. 0 13. 5 33. 0 29. 0 24. 5 53. 5 1.2 x 10-
7 "*

BH216 44. 0 - 45. 0 16. 5 30. 0 27. 0 26. 5 53. 5 2. 2 x 10-
7 "*

BH205 30. 0 - 30. 7 16. 3 30. 3 27. 5 25. 9 53. 4 9. 3 x 10-
8

BH203 35. 5 - 37. 3 18. 5 28. 5 37. 0 16. 0 53. 0 4. 4 x 10-
8

Permeability > 1  -
7

em/ seex 10



These criteria included all samples with permeabilities

t th 1 X 10- 7 / h'grea er an em see, except t e prevlously

discussed sample from BH202 ( 32. 0 - 33. 2 feet) and includes

one sample from BH202 ( 33. 5 - 34. 3 feet) that had achieved a

maximum permeability of 1 x 10-
7

ern/ see during testing.

5. 2. 3 Expected Permeability of Untested Samples

Using the two criteria for estimating

permeability, all of the physical testing results were

examined. Tables 5 and 6 include an asterisk in the

permeability column indicating those samples for which

permeability testing was not conducted but due to their grain

size distribution would be expected to exceed the

1 x 10- 7
cm/ sec criteria.
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6. 0 DEFINITION OF CONFINING LAYER & CONFINING LAYER EQUIVALENT

6. 1 BACKGROUND

In order to determine the areal extent of any

Confining Layer Discontinuity, the thickness of the Confining

Layer must be evaluated using the three criteria ot a

Confining Layer as stated in Section 3. 0 ot this report.

The first criteria specifies that the stratum

has a maximum permeability of 1 x 10-
7

cm/ sec". rI'his

required laboratory testing tor permeability as well as grain

size distribution and plasticity as described in Section 5. 1

of this report. The testing results indicate that not only

did the material in the clay layer meet this criteria but

that most of the sampled material from the till layer

84 percent of all samples) also had a permeability of less

than 1 x 10-
7

cm/ sec.

In order to determine the till thickness

which would meet the 1 x 10- 7
cm/ sec criteria, each

borehole stratigraphic log had to be examined. There are

intervals at various boreholes which did not have samples

submitted for physical testing and these had to be

interpreted from their descriptions whether or not they would

be expected to meet the 1 x 10-
7

cm/ sec criteria.
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Special attention was given to the quantity of sand and

gravel indicated and whether clay was indicated as being

present in trace amounts or not present at all. Physical

testing results from adjacent samples were also considered ~ n

the evaluation. Table 10 lists all the boreholes and the

respective information indicating the till thicknesses which

d t h 1 10-
7 / ..

o no meet t e x cm sec cr~ter~a. The remaining

clay/ till thickness can be utilized to meet the second

criteria that the stratum " has a continuous thickness of at

least three feet".

From this remaining clay/ till thickness, any

material containing " non- aqueous liquid or solid phase

chemicalS" must not be included in order to meet the third

and last criteria of a Confining Layer. The sampled clay and

till materials containing NAPL were discussed previously in

Section 4. 2 and have been deleted from the clay/ till

thickness ~ here appropriate.

Figure 22 presents the top of Confining Layer

contours by combining the top of clay contours with the top

of till contours, where clay was not present, and excluding

all clay or till material above any observed NAPL except:

at BH187 where the NAPL appears to be in the top fractured

rock and not the till layer; and

at WS18 where the NAPL appears in the till layer but not

the overlying clay layer.
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Based upon the previous discussions,

Figure 23 presents an isopach map of the Confining Layer

thickness.

Two plans are also enclosed with this report

showing the top of Confining Layer and isopach of Confining

Layer contours based on all available data. These plans

should replace the previously submitted Plans 4 and 10

contained in the " Information Summary Report - VOlume II -

Drawings".

There are several drilling installations

which indicate definite and possible routes of NAPL migration

to the bedrock. As previously mentioned in section 4. 3. 1,

two boreholes ( EH143 and EH145) contained evidence of NAPL

throughout the entire thickness of sampled till with no

overlying clay. This presence indicates a definite route for

potential vertical NAPL migration to the bedrock.

Another definite area for potential vertical

NAPL migration is in the area of WS14( A/ B). No clay or till

materials were found at this drilling location. Adjacent

boreholes ( BH 4- 81, BH 5- 81, BH 14- 81 and BH 141) indicate only

0. 2 to 0. 5 feet of till material present with no overlying

clay layer. During the drilling of WS14 in 1979, NAPL was

noted from 28. 5 to 30. 5 feet below ground surface with a

strong odor detected below this to the bedrock surface at

32. 7 feet. EH4- 81 and BH5- 81 indicated NAPL presence in the
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alluvium to the alluvium/ till contact and NAPL was present at

ffi 14- 81 wi thin 1. 5 feet of the alluvium/ t i 11 contact. IE 141,

installed during the recent subsurface investigation, also

had NAPL present over much of the alluvium to the

alluvium/ till contact. This hole in the Confining Layer at

WSl4 is a definite route for potential NAPL migration with

evidence of available NAPL in the vicinity.

possible routes for potential vertical NAPL

migration are through the disturbed materials adjacent to the

power tower foundation piles driven to bedrock. These routes

previously discussed in Section 4. 3. 2 are to be evaluated by

future tracer studies.

A final possible area of potential vertical

NAPL rnigrat ion is the I ndustr ial I nt ake Pipe ' I'rench. The

limited aata available indicates the presence of 0. 5 to

5 feet of till remaining above the bedrock below the trench.

There may be areas along the trench where the top of the

bedrock elevation increases or areas where the till was

overexcavated thus reducing the till thickness.

6. 2 EXTEN'l' OF 1 a- FOOT CONFINING LAYER

To illustrate the extent of the la- foot

Confining Layer at the Study Area, the la- foot isopach is

highlighted on Figure 23. The area north of the la- foot
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isopach contour 1S the defined area illustrating a lO- foot

Confining Layer presence. As can be seen on Figure 23, the

northern half of the S- Area Landfill Site as well as the

entire Northern Area meets the criteria of a lO- foot

Confining Layer.

6. 3 EX'I'ENT OF CONFINING LAYER DI.sCONTINUI' I'Y

To illustrate the extent of the Confining

Layer Discontinuity at the 8- Area Landfill Site, the area

within the three- foot isopach contours are shaded on

Figure 23.

This is the area which, if determined not to

be a Confining Layer Equivalent, as defined in Section 6. 3,

shall be sealed by plugging the Bedrock beneath such

Confining Layer Discontinuity with appropriate grouting

material, or its performance equivalent".

With regards to the Northern Area, there 1S

no Confining Layer Discontinuity present. Figure 23

indicates that approximately 16 to 24 feet of Confining Layer

material is present across the entire Northern Area. It

should be noted that the majority of this Confining Layer is

composed of clay material and that NAPL was not present in

the clay except at BH126 directly adjacent to the S- Area

Landfill Site. Even at BH126, the Confining Layer was still

11.8 feet thick.
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6. 4 DETERMINA' IiION OF CONlnNING LAYER EQUIVALENT

6. 4. 1 Definition of Terms

An overburden area without a Confining Layer

as defined in the Settlement Agreement is a Contining Layer

Discontinuity but it is possible for a Confining Layer

Discontinuity to be a Confining Layer Equivalent. The

Settlement Agreement defines a Confining Layer Equivalent as

a Confining Layer Discontinuity which, following

implementation and stabilization of the Site Containment

System, is expected to be effective as a Confining Layer in

preventing the downward migration of aqueous and non- aqueous

phase liquids containing chemicals from the Landfill Site".

In order to determine if the identified Confining Layer

Discontinuity can be deemed a Confining Layer Equivalent, the

S- Area Two- Phase Flow lYlodel" ( Arthur D. Little, Inc.,

May 1983) was applied to the S- Area Landfill Site utilizing

water table elevations and the results of injection test

permeabilities undertaken during the subsurface

investigation surveys. The following sections present the

water table information and injection test results. The

discussions regarding the modeling follow in Section 7. 0.
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6. 4. 2 Water Level Measurements

Figures 24 and 25 illustrate the water table

elevations for the Study Area as recorded on February 8 and

April 18, 1988.

The water levels reflect the overburden

groundwater table on these dates. The groundwater contours

indicate a flow towards the south and the Niagara River but

there is also an obvious mound beneath the S- Area lagoons.

The groundwater mound results in radial flow in all

directions within the area proposed to be enclosed by the

Site Barrier Wall.

6. 4. 3 Injection Test Results

The Settlement Agreement specifies that " at

eight appropriate locations throughout the area within the

Site Barrier Wall which has a 10- foot Confining Layer, Hooker

aCe) shall conduct constant- rate injection tests in the

Overburden above such 10- foot Confining Layer and, utilizing

the results of the tests, shall calculate the permeability of

such Overburden". During the drilling of the eight boreholes

highlighted on Figure 23, the specified injection tests were

conducted. It is to be noted that, as shown on Figure 23,

the Confining Layer at EH162 was not in excess of 10 feet
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thick ( 7. 2 feet). The reason for this is that the boreholes

utilized for injection testing were selected based on data

from surrounding existing boreholes. Thus, it was

interpolated, based upon data available at that time, that

the Confining Layer was 10 feet thick at the selected

location. The exact thickness of the Confining Layer,

following the approved procedure, could only be confirmed

upon completion of the borehole. The tests were conducted

following penetration of the fill and alluvium layers and

prior to penetration of the clay and till layers. A full

description of the test methods used is contained In the

Information Summary Report. Table 11 lists the

permeabilities calculated for the overburden materials

tested. These hydraulic conductivity values are used in the

modeling described in Section 7. 0.

The hydraulic conductivity values obtained

trom the injection tests are all consistent with

expectations. The values range from 3. 1 x 10-
5

to

6. 1 x 10-
4

em/ see with a geometric mean value of

1. 0 x 10-
4

em/ sec. This value is three orders of

magnitude higher than the maximum allowable permeability for

the Confining Layer. This indicates that groundwater within

the Site Barrier Wall will tend to flow laterally through the

overburden to the Site Collection System as opposed to

vertically through the Clay/ till towards the bedrock.
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TABLE 11

INJECTION TEST PERMEABILITY RESULTS

S- AREA LANDFILL

Borehole Ground Top of Sandpack Bottom of Screen Bottom of Sandpack Hydraulic

Number Elevation Depth Elevation Depth Elevation Depth Elevation Conductivity
it)  ( it)  ( it )   ( em/ see)

586. 2 577. 2 557. 2    -
5

BH157- 88 9. 0 28. 5 557. 7 29. 0 3. 1 x 10

4

BH158- 87 576. 1 7. 8 568. 3 18. 0 558. 1 18. 5 557. 6 1.4 x 10

BH159- 87 575. 1 571. 9 557. 6    -
4

3. 2 17. 0 558. 1 17. 5 6. 1 x 10

BH 160- 8 7 578. 1 7. 0 571. 1 21.0 557. 1 21.9 556. 2 1.3 x 10-
4

5
BH161- 88 585. 9 7. 2 578. 7 33. 4 552. 5 34. 0 551. 9 6. 2 x 10

5
BH162- 88 573. 2 3. 4 569. 8 23. 0 550. 2 22. 8 550. 4 9. 9 x 10

4

BH169- 87 578. 8 6. 0 572. 8 22. 8 556. 0 23. 0 555. 8 1.1 x 10

5

BH170- 87 578. 3 5. 9 572. 4 22. 4 555. 9 22. 7 555. 6 4. 8 x 10



7. 0 CONTAINMENT SY STEMS MODELING

7. 1 INTRODUCTION

Two numerical models are used to assist in

the evaluation ot the proposed containment systems tor the

S- Area Landfill Site. The use of models is considered to be

advantageous for at least two reasons:

1) they assist in understanding the response of the

hydrogeologic regime to the system parameters, and

2) they assist in the assessment of remedial alternatives to

control chemical migration.

The first model used is a groundwater flow

model, FE3DGW, which is a three- dimensional finite element

model, used to:

i) determine if an upward hydraulic gradient is expected

to be present throughout the area of the IU- foot

Contining Layer following Stabilization,

ii) determine the length required, if any, for the northern

portion at the Site Collection System along the

northern Site Barrier Wall alignment it an upward
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gradient is not present throughout the area of the

lO- foot Confining Layer ( Subparagraphs C( 2)( f) and

9 ) ), and

iii) determine if an upward hydraulic gradient is expected

to be created within the area of any Confining Layer

Discontinuity following Stabilization

Subparagraph C( l)( e)( i)).

l"he second model, the
II

S- Area 'l'wo- Phase Flow

r"lodel", was used to determine if the upward gradients

expected to be achieved in the areas at a Confining Layer

Discontinuity after Stabilization are sufficient to retain

NAPL in the overburden. The water levels generated by the

FE3DGW model were used as input to the Two- Phase Flow Model

Subparagraph C( l)( e)( ii)).

The following sections present more detail on

the conceptualization of the Site, on the use of the models,

ana model results.

7. 2 GkOUNDWATER FLOW NODEL

The FE3DGW ( Finite Element 3- Dimensional

Ground Water) model was developed for analyzing flow through

large, multilayered groundwater systems. The model has the
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table problems. This is accomplished through the iterative

execution of WTABLE, PROG2 and PROG3.

7. 3 S- AREA ' l'WO- ffiASE FLOW rtlODEL

The S- Area Two- Phase Flow Model is a

one- dimensional model developed by Arthur D. Little Inc.

ADL) to analyze the simultaneous flow of aqueous phase

liquids and non- aqueous phase 1 iqu ids ( NAPL). Thus, tIle

model analyzes the simultaneous flows of two immiscible

fluids in the porous medium domain. The mOdel uses the IMPES

implicit pressure- explicit saturation) method to solve the

combined multi- phase flow equation and calculate the NAPL and

water saturations. The interfacial surface tension between

the wetting phase and non- wetting phase fluid is nonzero with

a capillary pressure difference existing across the

fluid- fluid interface. The capillary pressure representation

in the model is a non- hysteretic function of the degree of

saturation of the wetting fluid. No phase changes are

assumed to occur within the system.

The model was developed to aid in the

analyses of the conditions at S- Area Landfill Site and assess

possible downward migration of NAPL from overlying

unconsolidated deposits into the underlying bedrock. To

verify the computational accuracy of the numerical model, ADL
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1983) included a mass balance routine to provide an

independent calculation of changes in fluid saturation and

fluid phase inflow and outflow. In addition, the model has

been shown to develop comparable results to those of Osborne

1984).

7. 4 MODEL INPUTS

7. 4. 1 FE3DGW

Site hydrogeology has been previously

presented in the " Information Summary Report" and in the

various assessment reports submitted to date. In general,

the area of investigation consists of three major

hydrogeologic units, the fill/alluvium layers overlying a

clay/ till aquitard overlying the Lockport dolomite.

The geographic area simulated by the FE3DGW

model, as shown on Figure 1, is approximately 1, 550 feet wide

and 1, 450 feet long. The areal discretization consists of

539 elements and 574 nodes. The grid layout is shown on

Figure 26. The overall model consists of 2, 124 nodes and

1, 535 elements.

The vertical discretization consists of three

unitsi fill, alluvium and the clay/ till aquitard with the top

of the bedrock assigned as a prescribed- head boundary. It is
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iv) columns with no NAPL present or NAPL present only above

the water table were not modeled and were classified as

a Confining Layer Equivalent.

7. 5 MODEL CALIBRATION

The groundwater flow tor the mOdeled system

was assessed using the FE3DGw model for steady- state

conditions.

The groundwater levels measured on

February 8, 1988 were used for calibration purposes.

Inspection of available historical water levels in the

overburden in the vicinity of the Site indicate that the

range of fluctuation in the overburden water levels is on the

order of approximately two feet with the February water

levels generally midrange. Thus it was assumed that the

February 1988 data was representative of average

steady- state) conditions.

Calibration ot the FE3DGW model was performed

by adJusting recharge estimates, source and sink terms, and

hydraulic conductivities.

The calibrated hydraulic conductivities for

the fill and alluvium are shown on Figures 27 and 28

respectively. The calibrated recharge, including the source

and sink areas, are shown on Figure 30.
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To assist in reproducing the measured

phreatic surface, the modeled area was divided into areas ot

developed ( buildings, asphalt, concrete) and vegetated land.

The infiltration values shown on Figure 30

are less than the initial recharge estimate from the HELP

model. This is an expected result due to:

i) the conservative assumptions and procedures in the

HELP model generally estimate high values of

infiltration

ii) previous studies, in which both the HELP model and a

numerical model were used, indicate that the HELP

model generally produces higher estimates of

intiltration than the calibrated numerical model.

The final rates that were deemed

representative of the natural conditions are summarized

below:

General Site Infiltration

Developed Area Infiltration

Lagoon Infiltration

over 26, 188 sq. ft.)

Filtration Plant B Infiltration

over 11, 851 sq. ft.)

Sink flux rate ( over 5, 329 sq. tt.)

2 inches/ year

0. 5 inches/ year

8 inches/ year

44

136

inches/ year

inches/ year
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The calibrated hydraulic conductivities

generally follow the pattern of measured hydraulic

conductivities. As stated previously, most of the measured

hydraulic conductivities were obtained from short- term tests

and thus retlect conditions local to the tested well. It is

then not unexpected that the calibrated values, which are

more representative of larger scale conditions, would vary

from the measured values.

Due to the manner in which till was placed in

the landtill, it is not possible to identify vertical

layering in the fill material. Thus ~ was assumed equal

to KV. The ~: KV ratio of 10: 1 assumed tor the

alluvium and clay/ till strata is consistent with previous

analyses ot similar materials. As previously stated, the

clay/ till unit was modeled as one hydrogeologic unit.

Layering was observed in the clay but not in the till,

however, the use ot ~ = 1 x 10-
7

em/ see and the above

ratio resulted in a KV ot 1 x 10-
8

em/ sec.

Figure 31 illustrates the calibrated phreatic

water table contours overlain with the interpolated water

table contours using the February 8, 1988 data set. It

should be noted that the water table contours tor the

February 8 data set, in the vicinity of the lagoons, have

incorporated data from boreholes installed during the time

frame surrounding February 8, 1988. A comparison between
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i) the recharge rate through the lagoons may be too low,

ii) there may be a band of low permeability material along

the south and west sides of the lagoon, or

iii) a combination of the above.

Measured hydraulic conductivity values ( Figure 27) along the

south and west sides of the lagoon range from 1. 9 x 10-
6

to 9. 9 x 10-
5

cm/ sec with no distinct trend to indicate

a band of low permeability material for the till. No

measured values in this area are available for the alluvium

Figure 28). As shown on Figure 27, the calibrated hydraulic

conductivities in this area for the fill are in the range

from 1 x 10- 5
to 1 x 10-

4
cm/ sec.

Further simulation to decrease the difference

between the measured and modeled phreatic surfaces in the

area of the lagoons was not deemed necessary as:

i) regardless of whether the lagoons are relined are

relocated, this source of increased recharge will be

eliminatea, and

ii) the proposed bite Collection System, without the northern

leg, will be installed on both sides of the band of low

conductivity. Therefore, the band will act as a divide

barrier wall effect) with flow on each side of the band
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flowing to a portion of the Site Collection System.

Further discussion is provided in Section 7. 7. 1.

The results are deemed to be adequately close

to the existing conditions. Although the contours do not

exactly correspond in all areas, the represented flow vectors

are consistent with the existing ones.

7. 6 SENSITIVITY ANALYSIS

Two additional computer runs were made to

test the sensitivity of the model to parameter perturbations.

The changes made for each run are:

i) kun 1 - Increase BH trom 1 x 10-
7

cm/ sec to

1 x 10- 6
cm/ sec tor the clay/ till unit. This

correspondS to an increase trom 1 x 10-
8

cm/ sec to

1 x 10-
7

em/ sec tor KV. It is noted that none of

the tested clay/ till samples had a hydraulic

conductivity higher than 1 x 10-
6

cm/ sec and only a

few had hydraulic conductivities exceeding

7 /
1 x 10 crn sec ( see Tables 3 to 6).

ii) Run 2 - Decrease the recharge to the area of the lagoons

tram 8 inches/ year to 6 inches/ year.
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The modeled phreatic surface for the

additional Runs 1 and 2 are shown on Figures 32 and 33,

respectively.

The results for Run 1 indicate a minimum and

maximum absolute difference between modeled and measured

phreatic head of 0. 04 and 3. 85 feet, respectively, with a

RMSD of 1. 35 feet. The pattern of overburden groundwater

flow is generally the same as tor the calibrated case. The

peak elevation in the area of the lagoons decreased from

570. 0 to 569. 0 feet.

The results tor Run 2 are essentially the

same as for the calibrated case, except that the maximum

modeled peak has decreased from 570. 0 to 569. 4 feet.

7. 7 SIMULA'I' ION OF HYDRAULIC CONDITIONS

FOLLOWING REMEDIATION

This section presents the modeled results

simulating the effect of the barrier walls and collection

s} stems as detined in the Settlement Agreement on the

groundwater flow regime in the overburden at the Study Area.
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7. 7. 1 Groundwater Flow Assessment

The groundwater conditions were evaluated

after construction and operation as appropriate of the

following remedial activities as defined in the Settlement

Agreement:

1) the S- Area Landfill Site Barrier Wall and the Northern

System Barrier Wall,

2) the S- Area Landfill Site Collection System, as shown on

Figure C- 3 of the Settlement Agreement,

3) the Northern Area Collection System,

4) the Pump Station Collection System,

5) asphalting of the area north of the Pump Station, and

6) capping the areas within the Site Barrier Wall and the

Northern System Barrier Wall.

These activities are shown on Figure 34.

To model the etfect of the barrier walls, a

harmonic mean of the hydraulic conductivities was used tor

those elements which contained the barrier walls. The

physical basis of this was to produce the same total head

loss through an element with the harmonic mean as the

summation of the actual head losses of the individual

materials ln the element. The principles utilized to obtain

the harmonic mean are presented in Appendix A.
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The tile collection systems were modeled by

prescribing tile nodes as prescribed head nodes using the

elevation ot the tile invert. The tile collection systems

are shown, in cross- section, on Figures 13, 14, 15, 16, 35

and 36.

The HELP model was used to estimate the

quantity of recharge percolating through the proposed cap

over the Study Area. The estimated value was

1. 5 inches/ year. This is higher than the recharge assigned

to developed areas ( 0. 5 inches/ year) during initial modeling

but was used in the remedial evaluation design to provide

conservative estimates within the region encircled by the

proposed barrier walls. The zones of recharge tor remedial

activity evaluation are shown on Figure 37.

Due to the eftect of remedial actions, the

water table, ln certain locations, was drawn down below the

base of the surface element. The available FE3DGW model

produces errors when this situation occurs, or when the water

table is above the top of the surface element. Due to this

model restriction, surface elements were removed, as

required. Thus, the remedial alternative model consisted of

1, 896 nOdes and 1, 317 elements.

The modelea remedial activity phreatic

surface tor ~ = 1 x 10-
7

cm/ sec and

1 x 10-
6

cm/ sec is shown on Figures 38 and 39,
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respectively. The isopachs of head differential between the

modeled phreatic surface and measured bedrock potentiometric

head are presented in Figures 40 and 41 tor

i = 1 x 10-
6

em/ see and ~ i = 1 x 10-
7

em/ see,

respectively. These results indicate that throughout the

area of the la- toot Contining Layer, within the Site Barrier

Wall, an upward gradient exists except for small areas in the

northwest and northeast corners. These areas can be

addressed by installing a 200- foot length of tile drain

running east trom the northwestern end of the Site Collection

System and a lOa- foot length of tile drain running west trom

the northeastern end of the Site Collection System.

For the modeled remedial activities, the

water table is essentially within the alluvium. For the

small areas where the water table is still within the fill,

the saturated fill thickness is on the order of 0. 5 feet and

the till and alluvium hydraulic conductivities are similar.

Thus, local fluctuations in the fill hydraulic conductivity

values will only influence the remedial flow patterns very

slightly.

Generally, the model run using

1 x 10-
6

em/ see for the clay/ till has less upward

gradient than the I~ = 1 x 10-
7

em/ see run. The

vertical head pattern along the alignment of the Site

Collection System is the same for both runs. In areas of the
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Contining Layer Discontinuity adjacent to the Site Collection

System, the upward head tor KH = 1 x 10-
6

em/ see IS

approximately 2 feet less than for KH = 1 x 10-
7

em/ sec. This difference gradually diminishes to zero toward

the north in conjunction with thickening of the clay/ till.

The decrease in upward head is due to the increased clay/ till

hydraulic conductivity and subsequent additional upward flux

from the bedrock to the alluvium through the areas where the

clay/ till is thin.

In the Northern Containment Area, the top of

clay elevation ranges from 558 to 562 teet AMSL. In the same

area, the bedrock potentiometric elevation ranges trom 560 to

559 teet AMSL. Therefore, it is ditficult, if not

impossible, to create an upward gradient throughout a large

portion ot the Northern Area. Complete dewatering of the

till/alluvium would still result in a downward head

difference ranging from 0 to 2 feet as shown on Figures 40

and 41.

7. 7. 2 NAPL Migration Assessment

For the model i ng, NAPL dens i ty was taken as

100. 5 lb/ tt3 and viscosity as 0. 000118 Ibf. s/ ft2

5. 6 centipoise). In addition, for the two- phase flow

modeling, the vertical hydraulic conductivities were taken

as:
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KV ( Alluvium/ fill) = 1 x 10-
5

ern/ see

KV ( clay) = 1 x 10-
7

em/ see

KV ( Bedrock) = 1 x 10-
3

ern/ see

Porosity was assumed as 0. 30. Residual concentrations were

assumea as follows: for water, 0. 20 and for NAPL, 0. 10.

A total of 54 columns were evaluated using

the criteria indicated in Section 7. 4. 2 regarding the

determination of which portions ot the Confining Layer

Discontinuity can be classified as a Confining Layer

Equivalent. Summary results of the analyses are indicated in

Figure 42. Failure of the Confining Layer Discontinuity to

act as a Confining Layer Equivalent was determined at the

following boreholes:

B:il18

BH 187

PH 196

BH199

These regions of the Confining Layer Discontinuity indicate

failure to act as a Confining Layer Equivalent in preventing

the downward migration of NAPL. These regions have been

delineated on Figure 43. To obtain a Confining Layer

Equivalent 1n these areas, grouting or a technology which is

a performance equivalent would be required.
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8. 0 ADDITIONAL DATA REQUIREMENTS

The boreholes located on an approximate

50- toot grid across the entire area of the Confining Layer

Discontinuity were sufficient to define the discontinuity.

Therefore, no further field data are required to adequately

define the areal and vertical extent of the Confining Layer

Discontinuity.

No further hydraulic and hydrogeologic data

are required to complete the modeling regarding the lO- foot

Confining Layer. A sufficient number of injection tests were

completed over the area ot the IO- foot Confining Layer to

fully define the hydraulic conditions.

No further NAPL testing is required to

complete the modeling regarding NAPL migration. The known

physical characteristics regarding NAPL have been

incorporated into the ADL model results.
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9. 0 CONCLUSIONS

Based upon the information collected to date

and the assessments described in this report, the following

conclusions have been formulated:

1) The Northern Site contains a Confining Layer under all of

the site.

2) The S- Area Landfill Site contains a Confining Layer

Discontinuity under a portion of the site which has been

defined.

3) Based upon the modeling results during operation of the

Northern Collection System, a consistent upward gradient

in the Northern Site will not exist due to the elevation

of the perched overburden water table on top of the clay

stratum and the typical elevations of the bedrock

groundwater table. This will not affect the design of

the Northern Containment System as described in the

5ettlement Agreement.

4) Based upon modeling results during operation of the

proposed Site Collection System, an upward gradient will

be present over a majority of the area of the 10- foot

Confining Layer within the Site Barrier Wall. Two small
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areas exist in the northeast and northwest corners of

this area where an upward gradient will not be present.

An upward gradient would be created in these areas by the

installation of two short sections of collection tile as

follows:

i) a 200- foot length of drain tile running east from

the northwestern end of the Site Collection System,

and

ii) a 100- foot length of drain tile running west from

the northeastern end of the Site Collection

System.

5) Based upon modeling results during operation of the

proposed Site Collection System, three portions of the

Confining Layer Discontinuity identified under the S- Area

Landfill Site will not act as a Confining Layer

Equivalent. To prevent the downward migration of NAPL in

these areas, would require the use of grouting or another

technology which is the performance equivalent.

6) All permeability testing ot clay samples indicated the

permeability of the clay beneath the S- Area Landfill Site

was less than the 1 x 10-
7

em/ see hydraulic

conductivity criteria, as required for definition as a

Confining Layer.

61



19

suo1snl0UOOa~~ a~eP1IeAu1PInOOsuo1~1PuOOasaq~ u1

sa6ueqo ~ueo1~1u61sAUeIsnq~ .~oo~paqaq~ U1SU01~1pUOO

o11ne~pAq6u1~s1xasamnssema~SAS ~uamu1e~uoJa~1S

aq~ ~Oaouem~o~Jadaq16u1P~e6a~ suo1snlouooaAoqeaqili (L



10. 0 REFERENCES

Arthur D. Little Inc., " S- Area Two- Phase Flow Model", report

to Wald, Harkrader and Ross, Washington, D. C., May 1983.

Gupta, S. K., Cole, C. R., Bond, F. W., and Monti, A. M.,

Finite- Element Three- Dimensional Ground- Water ( FE3DGW) Flow

Model: Formulation, Computer Source Listings, and User' s

Manual", ONWI, Baltelle Memorial Institute, Columbus, Ohio,

October 1984.

Osborne, M., " Numerical Modeling of Immiscible 'l'wo- Phase Flow

in Porous Media", M. A. Sc. Thesis, Dept. of civil Engineering,

University of Waterloo, Waterloo, Ontario, 1984.

Schroeder, P. R., Morgan, J. M., Walsk, T. M. and Gibson, A. C.,

I'he Hydrologic Evaluation of Landfill Performance ( HELP)

Model: Volume 1 User' s Guide for Version 1", ( U. S.) Army

Engineer Waterways Experiment Station, Vicksburg, MS,

June 1984.

63



1'1VMNI'ii;T,"\.TOJMIO):{ f) 1l,l,I.'v1S,T~N';{ T/J:;I'1,;{

CIO,q- X.LI^I,1JOGNO;) JI'IDVNQXH

N\l::~nI'JJnWTAT'-lVHLifONOL1V'IOJ'IVJ

vXrGN:;IddV





Schematic A shows three elements, with the middle element

containing a grout curtain wall with lower hydraulic

conductivity than the porous media.

Lg

ti
h4

h3

h2

hi

L

The head lOSS profile 1S indicated in Schematic A

illustrating that for one dimensional tlow and a constant q,

a larger head loss occurs through the grout curtain wall.

For constant q the following can be stated:

q = K ( h4- hl)
ave

L

K ( h3- h2)
g L

g

K ( h4- h3) =
L

L
l:{

K ( h2- hl)
L

L
L

A- l)

where: q = Darcy flux ( L IT )

L = Length of element ( L)

Lg = Thickness of grout curtain ( L)

LK = Thickness of element to the right of the grout

curtain ( L)

LL = Thickness at element to the left at the 9 r au t

curtain ( L)

Kg = Hydraulic conductivity at grout curtain ( L / 'r)

KL = Hydraulic conductivity of porous media ( LIT)



Rearranging terms In Equation ( A- I) give:

L
h h  ( A- 2 )q    =

K 4 1
aye

L
h h  ( A- 3)q 9 =

K 3   ~
g

q LR = h4 - h  ( A- 4)

KL
3

q LL = h2 - hI ( A- 5 )

K
L

Therefore

L L~ L L
q ~ + q 1:\ = q L = q

K KL KL K
9 ave

A- 6)

Deleting q, ~ quation ( A- 6) is rewritten as:

L L LR + LL5I. + A- 7 )

K
aye

Since LR + LL = L- Lg

L L L- L
5I. = 9

K Kg KLaye

A- 8 )

Equation ( A- 8) was employed to calculate the harmonic mean

hydraulic conductivity for those elements which contained a

grout curtain wall.
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r. SILT

28. 1

i:: CLAY
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MATERIAL DESCRIPTION

o CLAY SOME SILT SOME SAND TRACE GRAVEL

USCS

CL

AASHTO

Project No.: BD- 86- 90

Project: "" S"" AREA REMEDIATION

o Location: BH - 124- 87, S- 14 26. 0'- 27. 6'

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILSIHVESTIGATIONS,

I Date: '

I

Remarks:
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II He · 
J Fig. No. 10
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Project: No.: BD- b6 - 90

Project: " S" AREA REMEDIATION

I 0 Location: BH - 130- 87, 5- 7, 14. 0'- 16. 0'

II D",.te: 6- 10- 88

r GRAIN SIZE DIST~ IBIjTION TEST REPORT
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I
I Fig. ~~o . 3
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h MATERIAL DESCRIPTION

c CLAY LITTLE SILT TRACE SAND

LL

47
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oJ

Des D60 Die I Cc CU

I-  I
I I
I

1uscs AASHTO

rl

I

DS0 D3e D15

I

I

II
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11
Ii
il
II
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Project No.: BD- 86- ge

Project: " 8>> AREA REMEDIATION

o Location: BH - 130- 87, S- 13, 26. 0'- 28. 0'

Remarks:

JAR SAMPLE

G~- 269

A- 229

GRAIN SIZE DISTRIBUTION TEST REPORT

Fig. No. 4

I
I

I!
II
II
II Date: 6- i0- 88
II
II
II

I~ MPIR~ SOILS INVESTIGATIONS,
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MATERIAL DESCRIPTION uscs~ AASHTO

o CLAY SOME SILT SOME SAND TRACE GRAVEL CL

I

Pro,led:  No.: BD- llJ6- 90

II
Rem~ rks:I

II Pr-oject: .... 8.... AREA REMED I AT I Ot-~    .
JAR SAMPLE

II .... . . u _ 1"T _ 0-' C_ 1 " T '_" T,,") . II
II 0 Loc...t ..on. B' I .......

0...."..... ..
5, .....0. e .......... e

II
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Da.te: 6- i0- 88

1'
1 GRAIN SIZE D.ISTRIBUTION TEST REPORT

lEMPIRE SOILS_ INVESTI~ ATION~,

II
II
II

II
II

I Ne. JI Fig. No. 2.
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LL
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MATERIAL DESCRIPTION uses I AASHTO

o CLAY SOME SILT TRACE SAND CL I

Ojec't    ~
I

L
I-~o. : BD- 8 6-9121 II Remarks:

P~ oject: NSN AREA REMEDIATION

II ~ . ~~_~~~~. ~ u _ 1~ 1_ 0' C_ 1~ '... R.~....'_?
a.....~'

II
v L......'-..............,.. ...... ... .... ... .... (, .... ....... , - - U

II

I Date: 6- 10- 88
I

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS,

A'")

PI

0

Des D6e DSfl I
I

CuD30 D1S D1fl Cc

INC..

II
II . JAR SAMPLE
II

II
II
II

J Fig. No. 5
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GRAIN SIZE - mm

01 001
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10' 10 I 0. a I e. e I 1. 7 I 39. 8 I 58. 5 I
I I

I

LL PI Des 1 D60 DS0 D30 D1S D10 Cc Cu

0 ~~  15 0. 00oj oj

I
I I I II

I MATERIAL DESCRIPTION

I 0 CLAY AND SILT TRACE SAND

I
r. 0 ject--N~~ BD- 86 - 90 ---

Project: >> S>> AREA REMEDEATION

o Location: BH - 137- 87, 5- 8, 14. 0'- 16. 0'

USCS

CL

AASHTO

JAR SAMPLE

l~ ate: 6- 13- 88

GRAIN SIZE DISTRIBUTIOH TEST REPORT
II

II EM~ IR~ SOILS INVESTIGATIONS,

I
I
I

III N~_
J!

GS- 276

A- 236

Fig. Ho. 3
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1-_
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LL PI Des D6e Dse
0. 00

D3e

o 34 15

MATERIAL DESCRIPTION

Q CLAY AND SILT TRACE SAND

AASHTO

Ii Project No.: BD- 86- 90 -

P~ oject: NSN AREA REMEDEATION

0 Location: BH - 137- 87, 5- 9,

II

Rem~.r k s :

JAR SAMPLE
I
I

16. 0'- 18. 0'

I Date: 6- 13- 88

GS- 277

A- 237

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.~ Fig. No . 2
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I
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r---------,
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MATERIAL DESCRIPTION

Q CLAY SOME SILT TRACE SAND

Project No.: BD- 8() -9121

Project: .... S.... AREA REMEDEATION

o Location: BH - 137- 87, 8- 1121, 18. 13'- 213. 121'
JAR SAMPLE

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.
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I', Date: 6- 13- 88
II
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Ii Fig. No . 1
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I GRAIN SIZE DISTRIBUTION TEST REPORT

I EMPIRE SOILS INVESTIGATIONS,
L--------...-- --.. . --- -.. . _. .----.... .--.- --. --- -.... ----. -.-.- - ..------.--.. ...-

INC. Fig. No. 8
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r1ATERIAL DESCRIPTION USCS AASHTO
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I '" .... .....' ..... - 1'T-'_ O-' <:'_ 1 "": I" '_"":10 t::l. 1/

II v l....
c C'.... 10, I. BH ... oJ i V I' oJ ... 4, ..... v. 0 .......... u

II

II Date: 6- 10- 88

Ir--- GRAIN SIZE DISTRIBUTION TEST REPORT
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MATERIAL DESCRIPTION

o CLAY SOME SILT LITTLE SAND TRACE GRAVEL

21313 lee le. e 1. €I e. l . el . ee

GRAIN SIZE - mm

Tes.t %+ 3....  % GRAI,)EL   % SAND T % SILT :%: CLAY I
0 16 e. e 2. 13 14. e I 23. 2 613. 8 I

I I           -----

1j  - ! I

I I I I - I . - I - I - I I - I ..

CD ~

I' r.ll I I I
II I I I

11111 I
III I I I

I
I

1

D31:1 DiS D1~ I Cc
I

I
I I
I I

USCS ~_ AASHTO_~_

CL

u

I

I Project No.: BD- 86- 90

I Project: NSN AREA REMEDEATION

I

II
o Loc~ tion: BH - 163- 87, S- 14, 24. 0"- 26. 0"

Ir Date: 6- 13- 88
n--

GRAIN SIZE DISTRIBUTION TEST REPORT

I EMPIRE SOILS INVESTIGATIONS,

I
II

II
II

II
II
II

INC., JI

Remarks:

JAR SAMPLE

i==
GS- 273

A- c.33

Fig. No. 9
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MATERIAL DESCRIPTION USCS AASHTO
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Pr-oject: "' S'" AREA REMEDIATION
SHELBY TUBE
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Fig. No. 12
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GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. II . F i Q. No _ 1 4
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Q CLAY LITTLE SILT TRACE SAND CL

Remarks:Project No.: BD- 86- 90
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MATERIAL DESCRIPTION USCS AASHTO
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GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.      Fig. No. 15
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MATERIAL DESCRIPTION USCS AASHTO

o SILT SOME SAND SOME CLAY TRACE GRAVEL CL- ML

Project No.: BD- 86- 90 Remarks:

Project: NSN AREA REMEDIATION   .
JAR SAMPLE
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o Locat ion: BH - 171- 87, S- 13B, 27. 6~- 28. 0~ 

I GS- 295
A- 252 ~ I
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I
GRAIN SIZE DISTRIBUTION TEST REPORT

IEMPIRE SOILS INVESTIGATIONS, INC.   Fig. No. 14
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I MATERIAL DESCRIPTION I USCS AASHTO
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Project: NSN AREA REMEDIATION
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o Location: BH - 171- 87, S- 14A, 28. 0'- 29. 7'     
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Da.te: 6- 13- 88
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GRAIN SIZE DISTRIBUTION TEST REPORT

I EMPIRE SOILS INVESTIGATIONS, INC. I Fig. No. 13
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MATERIAL DESCRIPTION USCS AASHTO

GRAVEL SOME SAND LITTLE SILT TRACE CLAY 8M

Project No.: BO- 86- 90 Rema.rks.:

P.....oject:  .....S..... AREA REMEDIATION
JAR SAMPLE

o Locat ion: BH - 171- 87, S- 14B,  29. 7'- 30. 0'      
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Da.te: 6- 13- 88

GRAIN SIZE DISTRIBUTION TEST REPORT I

EMPIRE SOILS INVESTIGATIONS, INC. I Fig. No. 11
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MATERIAL DESCRIPTION USCS AASHTO
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GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 12
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MATERIAL DESCRIPTION

o SILT SOME SAND SOME CLAY LITTLE GRAVEL

USCS AASHTO

CL

Project No.: BD- 86- 90

Project: NSN AREA REMEDIATION

o Location: BH - 173- 87, S- 22B, 43. 5~- 44. 0~

Remarks:
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GS- 299
A- 256 ( I")

Date: 6- 21- 88

6RAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS ~ NVESTIGATIONS, INC. Fig. No. 16
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MATERIAL DESCRIPTION

o SAND SOME GRAVEL SOME SILT LITTLE CLAY
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Project No.: BD- S6- ge

Pr-oject: NSN AREA REMEDIATION

o Location: BH - 173- 87, 8- 23, 44. 0'- 45. 0
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Date: 6- 21- S8

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. fig. No. 17
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MATERIAL DESCRIPTION USCS AASHTO

o GRAVEL SOME SAND LITTLE CLAY LITTLE SILT GM

Project No.: 80- 86- 90

Project: "' S'" AREA REMEDIATION

o Location: BH - 178- 87, S- 15B, 29. 7~- 30. 0~

Date: 6- 13- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.

Remarks.:

JAR SAMPLE

INSUFFICIENT MATERIAL

FOR ATTERBERG)

GS- 301 c

Fig. No. 16
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MATERIAL DESCRIPTION USCS AASHTO
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INSUFFICIENT MATERIAL

FOR ATTERBERG)
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GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.     Fig. No. 17
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GRAIN SIZE DISTRIBUTION TEST REPORT
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CLAY
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PI
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121. 58

D60 DS0
121. 1211

D3e D15 D10 Cc Cu

MATERIAL DESCRIPTION

o CLAY AND SILT LITTLE SAND TRACE GRAVEL

USCS

CL

AASHTO

Project No.: BD- 86- 90

Project: "' 8'" AREA REMEDIATION

o Location: BH - 19121- , 5- 21, 42. 121'- 44. 121'

Remarks:

JAR SAMPLE

Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

1PIRE SOILS INVESTIGATIONS, INC_..
1

GS- 338
A- 289

F-

Fig. No. 3
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MATERIAL DESCRIPTION

o SAND SOME SILT LITTLE GRAVEL LITTLE CLAY

USCS AASHTO

SM

Project No.: BD- 86- 90

Project: .... S.... AREA REMEDIATION

o Location: BH- 190- , 5- 22, 44. 0'- 45. 3'

Remarks:

JAR SAMPLE

GS- 339
A- 290

I Date: 6- 22- 98 ' III I

1'
1

GRAIN SIZE DISTRIBUTION TEST REPORT. I
I EM~ IRE SOILS IHVESTIGATIOHS_~ INC. I Fig. No. 1
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MATERIAL DESCRIPTION USCS AASHTO

o SILT SOME SAND LITTLE CLAY LITTLE GRAVEL CL- ML

I

Project No.: BD- 86- 90 I Remarks.:
I

P~ ojeet: NSN AREA REMEDIATION II . TAR ~ AMPI F

0 Loc~tion: BH - 190- .

I

Q-,,)~
1 ......1, 47. e' - 47.,..3. II -.... _.....--

II
I
I
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Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 2



100

90

813

713

CI:': 
6eUl

z

La..

513

ffi
J
0:: 

40Ul
u..

30

213

10

GRAIN SIZE DISTRIBUTION TEST ; REPORT

s
I ~

S S _ S ~ ~ ~
i

CD

N .!. - ~ -    :  ; ~   ~ ; Ii!

l"l :]
I

IIIIl ~ ~

II
I

I'   
I

Ilo..  
I

j                  \ ,
I

lii],

IIIIl
lQ

o

200 100 10. 0 1. 0 0. 1

GRAIN SIZE - mm

01 001

Test ; 1.+ 3.... I

o 5 121. 121

o

LL

NA

I. GRAVEL

16. 6

r. SILT

29. 3

I. SAND

32. 2

I. CLAY

22. 121

PI

NA

DS0
e. 07

CuD60
0. 14

D3e
0. 012

D10Des
5. 75

D1S Cc

MATERIAL DESCRIPTION

o SAND SOME SILT SOME CLAY LITTLE GRAVEL

USCS

ML

AASHTO

Project No.: BD- 96- 90

P~ oject: HSH AREA REMED! ATIOH

o Location: BH - 191-, 5- 20, 40. 0' - 42. 0'

Remarks:

JAR SAMPLE

INNSUFFICIENT MATERIAL

FOR ATTERBERG

GS- 319Date: 6- 21- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 18
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MATERIAL DESCRIPTION I USCS AASHTO
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GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Ii
II Fig. No. 18
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MATERIAL DESCRIPTION I uses AASHTO
1---. .

o SILT SOME CLAY SOME SAND LITTLE GRAVEL Ct.. - ML

II
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I
Remarks:

Pr-oject: " ,...."  AREA REMEDEAT I O~~
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BRRIN SIZE DISTRIBUTION TEST REPORT

IEMPIRE SOILS INVESTIGATIONS, INC. I1.
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Fig. No. 1 9
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MATERIAL DESCRIPTION

I
Q SAND AND SILT LITTLE CLAY TRACE GRAVEL

I
I
w=,'

1
Project No.: BD- 86- 90

Project: .... 5.... AREA REMEDEATION

0 Location: BH - 193- 87, 8- 13, 26. 0'- 26. 4'

USCS

I
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I I
II '

I' 
Rem~.1"" k s:

II . JAR SAMPLE

INSUFFICIENT SAMPLE

AASHTO

r1 l
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I
I
I

FOR ATTERBERG)

Da.te: 6- 13- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS,

S- 2()9

II Ne · JI Fig. No. 20
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MATERIAL DESCRIPTION I USCS AASHTO
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Rema.rks:Project No.: BD- 86- 90

Project: "' SN AREA REMEDIATION

o Location: BH - 196-, 5- 13, 24. 0'- 25. 7'
JAR SAMPLE

INSUFFICIENT MATERIAL
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GRAIN SIZE DISTRIBUTION TEST REPORT

II EMPIRE SOILS INVESTIGATIONS, 
INC..

Fig. No. 11
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P~ oj~~t: NSN AREA REMEDIATION II . JAR SAMPLE

I o Location: BH - 204- , 8- 2, 30. 0'- 31. 5'

GS- 290
A- 247

Da. t e : 6- 21- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.   Fig. No. 14
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Project No.: BD- 87- 90

Project: NSN AREA REMEDIATION
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o Loc~ tion: BH - 204 , 8- 3, 31. 5'- 33. 5'
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A- 216Date: 6- 8- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

Ii Et1PIRE SOILS INVESTIGATIONS, INC.
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Fig. No. 11
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I

II
r

o Location: EH - 204- 88, 8- 4, 33. 5'- 34. 2'

I,
II
II Date : 6- 8- 88
II
II GRAIN SIZE DISTRIBUTION TEST REPORT

I! EMP I RE SO I LS I N\ JEST I GAT IONS, INC.

GS- 257

A- 217
P- 35

Fig. ,,~O . 10



s
100  ...,

9B
I
I

80 I

Cl: 
60 Iw

z:

II.L.

II- 50

W
U
0:: 

4121w

Iu...  I

I 30 I
I I
I I

I 20
I

I

10

GRAIN SIZE DISTRIBUTION TEST REPORT

c. 5.s
5.sS . s;

I' ~
of -,..,. ..

l!3

I
I ' :

I I
1\\\ 11 1:\ ',':.. 

II : I' I ' 1
1 I I : i

11' 11 I I I I. I

IU' III I:
l\ I I .

I:
I:
I:

I

1111111 I
III I I I I I
I1I1 I I I I
II1II I I I
II I

I

I \, 1. 1111: 
I,. 

11I I' I I: .'
IILII 1 I. I. I'

111: 11 1 I. I. I
i I 1

I:
I

11\ 1111: ) 1PI I I I I: I1111 \: I
U III I' I I

I I:

I ~ 
I
1

o

200 100 10. 0 1. 0 0. 1

GRAIN SIZE - rom

001

o

H
I I
I I
I .
I

101
o

I

GRAVEL

25. 9

SAND SILT

30. 3

CLAY

16. 327. 5

I
I

cu~

I
I

LL D60 I DSid
r.lI '") ~ I r.lI r.lI9
u.~ u

i
U. U

MATERIAL DESCRIPTION

o SILT SOME SAND SOME GRAVEL LITTLE CLAY
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I

GRAIN SIZE DISTRIBUTION TEST REPORT

s
5 - s.s

5.5~. 5"'1 ~ P" ......

I:
i :lee '"

90

I! III

I

I..
Ilt 60

z:

I!'""'  I
ILL.  I

I~ 
se

0:: 
40I.J.J

Il..

313

213
I
I

10

I

01 ~

11: 111 I :
I i'll' I :
i: I:

1
L

1 I I 11

200 100

1: IIIU!
10. 0

lid I II :1

11=' 1 1: 1
I II

I
I

111: 11 I I
lIU II I
HlJ I I I

0. 1

IIIII I I

111111 I
01

I
I
I

I I

I I001,

I

I. :

Ill" II I~
III~ I I I I: I: I'

I IIi III I: I" IJ

II

1.0

GRAIN SIZE - mm

Tes.t %+ 3'" r. GRAVEL r. SAND  % SILT ! % CLAY I I

0 11 0. 0 0. 0 3. 2 17. 1 I 79. 7

l

LL PI Des I D6e I Dse I D3B DiS Die I Cc
I

CuI
0 45 26 I  !  I I I

I I I 1 1 I I I I
I
I

t MATERIAL DESCRIPTION

I Q CLAY LITTLE SILT TRACE SAND
I CL

I
I

i
I
I
I
I

I

AASHTO

I
I
I
I
I
I
I

USCS

I
P~ oject No.: BD- 87- 90

P~ oject: "' S'" AREA REMEDIATION

I 0 Location: BH - 206~88, 8- 17,

II
I'

Ii
II
II
II
II
II
II

32. 0'- 34. 0'

I

Rem:a.~ ks:

I UNDISTURBED SAMPLE
I
I ( DENNISON TUBE)

II
II GS- 261

Ii A- 221
II
II

P- 39II
INC. II fig. No. ")

I! .....

Da.te: 6- 8- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS,



GRAIN SIZE DISTRIBUTION TEST REPORT

s

c c c
c c ~ c.... .........

i-~~~ t i ~
I I E I     '!"" i loll I  , , I    ,  ' I , , ~   

I
I I I

I
I I

I
IIII ~ -  

II Iuo........         ,

I Ii I I I:'  1 ~ ,... ~  H I 1 I 1
I I

I I I

1\

I'               ,  I!        " I1
1    !!    .!

I I                      !
I I

I    . ! I'     

n 11:! I   : 1, 1  '
I    : 1 Ii I

I ~ ~ I I

I I1': 11 I I:   I'     ' I I II!
j ill: !  !!  !:I! I !!: I !   : i' ! ! :! !  ! '

I ' I: I !   t-l I

I I d I I

I! 
I H  " I I I

I! I I

I 1: 1 I , 
I

II I
I   ): 11 I I     '~ II I'  I: I I I I I I         ~

I I'  I I    : 1 I   : I

I~        I,   :   

I   ,
I I

I I I I

I ~       ' I    : 1 I 1 I I I

I                    ;a

200 100 10. 0 1. 0 0. 1

GRAIN SIZE - mm

01 001

I I
I I Tes.t

IOj 18,

II

I .~+ 3N I
I ". I
1 0. 13 I
I I
I I

GRAVEL

4. 1

SAND

18. 4

SILT

36. 4

CLAY

41.1

I
LL PI Des D60 DSel D30 D1S D10 Cc Cu

0 23 9 0. 19 0. 01

I

I I I I I I

MATERIAL DESCRIPTION USCS I AASHTO

Q CLAY AND SILT LITTLE SAND CL

II
I

III Project No.: BD- B6- 90

P~ oject: NS>> AREA REMED1ATION

0 Location: BH - 207- 88, 5- 16, 30. 0'- 32. 0'

I
II

II
Remarks:

II
DENNISON SAMPLE

Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC.

GS - 326
A- 279
P- 51

c__<~

Fig. "~ o. 18



n = ~
I =

IIN
0 ~
I II

1""1

f

n =

I~ i
I~ ;

I I n
0 { n, ;;

G') .... I1-', la. 
f0

rti

gI

zl iI
0   - I;
z

n i'
c c:o III

0 '. ~ I
n

rr1 .... r- 

J
C'I

fJ) Cl'l r- :
11

Z
N ,...  II

N
III

i

I I:

I
r

i
III

III
11
III

i'

Ii'    ."
fit

5 2:  0 G')
CD ....  n ....

III n ~
lQ  ....

I
IN III Q. ::s

t; {n CD
III ::- :: s . G')

@
I-'  rt CD .
D " Ij t; III 0 ...
c:o III CD .... rt Iic:o .... III CD

0
I-'  n n ~
tIl t'I :: r ::r

III ~. :: s

z  :: s ....

t.. " 
2: Q. n
CD HI n III

c:o C .... III I-'
c:o I-' I-'

i n to< I-'  tI:l
m N 0 n ::sU1
i c:o t;  0 lQ

Z' V1 ~  t; t;

Gl I   ' 0 en
0   . .

0 ....
3:
1l

Z

Z

PERCENT FINER BY WEIGHT

N III II 80  -      0 0 0 0 0

1

I i
I

I I

I           .-

V
I j I 7   .

I"'""'"

I

I I ,       I

I
I

1/           .
J

1/

J

I

I J

rV I
I

8

o

o

o

o

2

o

8

z

z

c

Z
II

o III

z
o

z ·
o ~

o ~

III

N
III

z
o

o

z
o

N

8



l/'lt: l:l ~-
1= : I
1-' 1 ' 2.
C1\ l\l It

0 ~

ICD

w ,."
l\l f,

I ~ !
w

I
t:l:l
I"'f

G') ~
n

n

I~ 
i>>

m. 
fc gl/'l

DI

It =  I
0 '<
Z

l/'l
H

n 109 i'
C I-' III

u \
D -

l\l

I-' ~ 

Ien ..,
J ~  Gl

I

I-' "U
i

w ~   Ul

N

I
i
E

I c:
g

I

i'

i'

l:.I

5
CD z  ~ ~

I-'
I-' DI l'l ~
w I.Q  ~.

I .. DI  ~ =
11 l/'l CD

@
I-' DI I = ~ !
D  >' rt CD
CD ' llI I"'f DI 0
CD DI CD' I-' rt Ii

I-' DI CD ~
I-'  n l'l

0
0'1 ~ : r :r

z' .. 
DI ~ =

I '- l' z: Q, ~. l'l
llo CD CD ~ l'l DI
r- CD IE: ~. DI I-'
I n I-' I-'
m l\l I( I-'  till
en CD 0 n =I tJ'I I"'f 0 I.Q
Z 1 IIf  .

a I"'f
0 III ,-
I-'    .

0
s:
D
l>,
Z

Z

PERCE",T FINER BY WEIGHT

N III CD

0 0 0 0 0 0

I

I I
III

1             -        
i

I I               .

j
I

i  ,    i

I I      .

1-.     ~. "'--    =- -- --  ...        7' :z

7

7
Z
0

I     .
z

p

I J
is

I 1

J Z

I     ....-   0

I a

I         .
I

J          . - Z

P
N

I 8I

J

1

I

J

I

I rII I

8

is

o

o

o

9

o

8

c

ctI

CIl

z
o

I
o

Ul

CIl

N
III



tntll g'
I, = 3
1-' 1 " 9-
UlN 19

Q
ZD
p

I "'
1 f

1 sa !
N

I
I( . til'

I.... I'll
rt 0 ~

Gl :
Y.! 

i
u ~

I
i?

r~
f

II

tC
lD Illl j [

tnl
1'1D11

it DI :: s

I,0 ~ ,'<I-'
Z tn

0
t"'
loB

C N

I)  
C7\

l!I

r'1 N r- 

lm  ~ 
r- "

II

N " 0 Z
I-' r-  "

III

W ::! 

I
z
K

I, ,..i
III

III
II
II

f

r
l'.4

5
lD ! 2:  0 In

n I-'
I-' DI n

iI
w II)  ",.

DI  ~
1'1 tn m

@
I-' DI I In IIID  ) I rt lD
Q) Illl 1'1 DI 0 -
Q) DI tP I-' rt Ii

I-' III tP
e0

I-'  9 n
rn t"' g ...

z
III ~-
s ....

2: ~ .... n
go Q) lD I'tl n III
r- Q) -.: .... , Ill I-'
I n I-' I-'
m N 10( I-'  till
Ul Q) 0 n =I

Z
UI 1'1 0 \ Q

I Ill'  .
a 1'1

Cl 0 III
0 I-'    .
0

U
l>

fl~ -,0

fOE" CENT FINE" BY WEIGHT

II IIo,jIol
0 0 0 0 0 0 0

i.              ,

I

8' !          
i I'           [

Iol

i

I I             .
I

I I i      ....
r-- - -r- r-- .-     

II t7 ~

0
V

I
z

r--            
0

z
p

0

I I
I

I

z
I -    p

I     ~

I

V   ,

z

p
N

7 8

V
V

V      [

1/          ,

I  )

r I

II I

o

o

o

9

o

8

c

VI

4

Z
o

II
o

III

III



o
iii

lJ-

III:
III
Z

k:

Z
III

U
III:
III
IlL

U S. STANDARD SUEVE SIZE

8

IN.   . IIN. . NO. 4 NO. 10 HO. 40 . . NO. 200

I

I I I
0   \

I I

I
0

i   .........    I I

I ............          I
0

1---   
I   ......""'--

I I   ---- I

f.,J I
I I I r--.........

I         "" I

I l"-

II I I     ........ -......:...

I I I r--.......
c

I  !            I-...

I I I     ........... "-
I(        

I               - i I

I II
0       , .

I . .   I I

100

80

7

50

4

3

2

1000 100 10 1. 0 01

GRAIN SIZE IH MILLIMETER.  
I'

I ' I

SAIIIl

Ctn I ~ ,..

II Pl PI

15 12 3

0.01 0001

Sample No. EIeY or

a8.fS
cum

c:.. I r..

Classification
Glynn Geotechnical Enqrs.

Occidental Ch~ ca'l Corp. 
i

i

5- Area Landfill

88- 209

5- 16

SIlT 01 QAY I

32. -:}~.

GRADATION CURVES

Hiaqara Palls, I
Hew York

DMI June 13, 1988 JOI H.. 88C285- 0l

@
J & L TESTING COMPANY, INC,

r... I"' 1

iii'



m tr:l ~
I =
1""'1 < 3Wt;,)
I"'" l-e

z
l

t;,) -
Pt

ollo f
I ~ !
t;,)
rI

I
tr:l

111
I

0 I

C) ::
r ~ :

In I n0 :: s

II
I C'

ID '" I I.I

0 ~ m i ~
1

J'I < Irt .

0
ID
1"""

tIl

Z ~

n
c t1I

0 . rI'

rrI
Cl

J)    Jl
0

i
I"'" ,..  "
rI

N
III

rI ::! 

f
z
K

II e
c
III
4
III

I

f

0 G')
n I"'"

III n .~
I"'" '

g  ~.W Co :: s

I  .. 11 m ID
III ~ :: s ~

@
I"'"  rt ID !
D '" ... III 0
CXl III fD I"'" ,r; IiCXl I"'" III

I"'"  
9 n

g0 III l:"4 gIII ~
s ~.

2:. Q, ~. n
ID 1'1'\ n' III

po " CXl .: ,... III I"'"
ICXl I"'" I"'"

I n to< I"'"  t\lm '" 
0 n :: sen

CXll 11 0 lQ
IJl l'I"  11 ...z ,   '

t:l 01c;) 0   . .
I"'"

0
3:

Z

Z

ptEIlltCENT FINER BY WEIGHT

0 is
N

o o 8lit
o oo

l

I'

I

II

I

I            / i- .

1--     -- '" t  -. ~-
I

I

I               /

I I

0

1--_       -

V   ,      .

V-
0          ./

1/

J.    
I

0

9
I                 ,

I I

I       ,0 /

lit

Z

z

c

z ! II
o "

4
0
z
o

z ·
o ~

is II

iii

III

N
III

z
o

8

z
o

III

8



I

@
r-

I
m
U'J

z
Cl

o
1:
l

Ii ~

entl:l
1=
1-' 1

1\,)
I-'
o

a: 

I
tl:l '

i
rt 0 '

I~ i
D

i I~. i
1-':

C rt:
en r< I

Ij')
5 ,

Q. ~!'

Z ~'

0   .. 1
C z

W III

D '. - 0\ ~--
0

fY1 z r- 

rJ) ,~ r- C!
ill

D Z
r-  III

N
III

2 , Z
z

r

i
III

III
ill

Co!

5 z 0 ( j')CD ,...  
C'l I-'

I-' ~  C'l ,~
W \ Q  ,..,

Q. =
en ~

I-' ~ oJ- = ( j')  '
IlllD rt ~

Ill ., ~ 0  -co
co e, 1 CD I-' rt 8

0 I-'  n C'l
Cll ~ : r :r ,

z  ~ ~." =

Z Q. C'l
CD HI C'l ~
a: ,... ~ I-'

I-' I-'

0: I-'  tlIl
n =
0 \ Q

tl Ul

00.

PERCENT FINIER BY WEIGHT

o
II 8w

s0 0 0 0 0 0 0
c
c

I
I

8   !            
I    ,    )

I I  ;/    I
I   :        /   I

I
i I    .

7 .-  '"",    .-.
J

I

t.-- 1-- ..~-

I I

I I

Z

a

I

Z
I            ~

I

8II

I I

1/

I

I

1/          -

I I l

V
r I    [ II I

w

i

i

c

Z
III

o III

z
o

z >
o ~

6 ~

III

III

N
III

o

o

2

o



tI'l tl:l ~
I = : I

I " 2-
WN ft

Z

N ,.,

f

I sa
0\

tl:l
1"'11
0,

C) 
I~ :

ItI'll (')
u Dl' i>>

I. 
J

Q,!

0 i g,
l It -

I0
io!I

Z

n
c N

u ~

N v-
N v- I " 31

V Z
V-  III

N
III

I
z
I
F

I ,..i
III
4
III
31
III

i'

i
g : r::

Dl

I
W \ Q

Dl
1"'1

@ ~ 
Dl

J:l "
111CD

CD Dl

0 ~
III

1% .

r::
po  ~

r- 
CD (
CD

m

0=Vl (')
N

Z CD ~
C> VI

I

0
0

0
l>
Z

Z

0 Cil
n ~
n ]

a.
tI'l ~

I = ~ !
rt

t1 Dl 0
8rt

Dl  ~ ~

t"I 9 C'l

Dl !. g
a. C'l
I1'l n Dl

Dl ~

n
0 \ Q
11 11
0 III

PERCENT FINER BY WEIGHT

1\1 g
IIIII

0 0 0 0 0 0 0

1

8  !

I

I
i

I

I I I     .

lF'"" -- -- ,- --

c.     ,              - I

I

I

I I

I
I
I I

0

I

I   %

L
I 9

t

J    .

I 9
1\1

8

V

V

I 1/

J
V

J'

o

o

g

o

8

III

Z

z

C

III

o III
4

z
o

z >
o ~

is ~

III

III

N
III



tntll frI =, 
3

I/l>IV ' 2.
It

I""" 
Z

IV J9'l

0'1 f
I ~ !

rv
J

co

tnlZl
I~ i"l'
l:'I 0:

C') ~ ~ I 0I
III

1

I J
tJ,

i
tn "

4 ~ t:3
Q.

0
Z

0
c:

I'll
en

z
d

f

i '- " -' --.
I!

5 lZ\  0 Ci)
n """

f>>  n

iI,Q. ....

w f>>  Q.

I  .. 
i"l tn ~
f>> ~ = ~

@ ....  
rt

JID ~ i"l f>> 0
f>> ~ """ rt ...Q:) .... 

III lb IIC7J """  (") 
n

III t"l ::r ::r ~
0 .. III ~, , :: l

z lZ\ Q. .... ~
c.... " lb t'll n
po Q:) c "", III l-'

l-' """
r Q:) -< """  

f1i n 0 nm IIJ
i"l 0 \ QIf> 

Q:)  ~ . c-
i l'l'  i"l i"l
Z VI   " 0 en

I
C> 0   . .

0
l:

Z
1 ()

ptIERCr",T "'", Ii" BY Wr'GHT

N III g
II
o o

III
on 0 0 0

c  ~    ~

H

I                   ,  "

I

I

I                     , ,

III

z
T           ,  ,

i                       -

I I     .
Ia;-

I

I.   
Z

T   ..

j

I    'Z

I
0

I I

0

I Z

j Z0

N

8
lo"

V

0             ]

2

I

0 I i

8

o

C'l
1II

i

N
III

i -
E

t:
E
III
of
II
lII
III

8

c:

II
III
of

Z
o

1II
o

III

III

II

N
III



I I [= 1C/)=:

I

I ,
L.l N
I-'

JI
I , N

I

I
I

NI
oil'-

I .

I'
IN!
0\,

i !

In
1=,

t~I

G) 
iEl ' Ill
I.... n IAI I

r-

r
1

ell I ,

0

i :~ rj t"l '
lot !

0 I

Z
I In

c

II~u
IN

JTI N

J)   ....   Cl
21

II-'   
l>

oil'-   
Z
III

N
III

f
2
E

I
r

i
III

III
21
III

0

0

3:-
z:  0 ~

n I-'
AI n ~

OQ  ~.

I
AI Q. ='
l ' t/'l Illl
AI I = ~

@  > 
I"'t ell IS

I'I:l "'l Cl 0   -
Cl ell I-' I"'t 8I-' Cl ell

n   ~
III t"l ::' :: r ,

Cl III =
El I~.

z: Q. ~. n
l>> III P"I'l n Cl
r- ! I( ~. Cl ....

i ;
t< .... 

I-'
m ....  tIl
Ul , 0   =
i

1*   
OQ

Z   "' l
Cl tIl

0 ,....
i::
1J

orZ   ~

i :<

12i () ~

JltEptCEl'IT FINER BY WEIGHT

0 o o 8III
o o

o
oo 8o

o

I

I 1    ,

i     :       I

I I     ,     :     I I

I i   :  I 1

I j I I I
1 I

I i     :     I I
i

I I

I     ,     
I I

I     !     I

t
1

II I I i I

1--       ~

1                   -- r-        ,  1

1         .

I -  II 1      !    i I

I  ,  !     i          , I

I     ,    I ,      I         .i     !   I

r- --     -,   - ~  
roo  '

1- -       -- T.I
I

C . 
I                         /

T

I I I 1
1-- - --  -    ....   i-";'  ~-

I

I
I J I

I
1

I I I

0

I      ~ 2

o-      Il....    
9

I II       .. 0

j       .
V

2
0

Pol

8
II         ~

Vi""

I

I

7            ,

1/            I I

I 1/         
I roj I I

III

i

z

c:

2
III

o III

l>

2
o

Z
l>

o ~

o ~

III

VI

N
III

o

o

g



P~ oject No.: BD- S6- 90
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I

j MATERIAL DESCRIPTION USCS I AASHTOI

c CLAY AND SILT TRACE SAND CL I
I

Project No.: BD- 86- 90 Remarks:

Project: "' S'" AREA RH1EDIATION
JAR SAMPLE

o Location: OW - 212- 87, S- 8, 14. 0"- 16. 0"

GS- 327
A- 280

I
Date: 6- 22- 88

GRAIN SIZE DISTRIBUTIOH TEST REPORT

1EMPIRE SOILS INVESTIGATIONS, INC.    Fig. No. 6



Test ~+ 3""

o 7 0. 0

100

90

S0

70

U:: 
60UJ

z

lJ...

I- 50
z
LLI
u
a::: 

40LLI
0..

30

20

10

I
I I

o

LL

32

GRAIN SIZE DISTRIBUTION TEST REPORT

c ,,;_,,
c. c ~ c." -

I:~ S~ J i ~ m

I     :
I  , 

II    :                I
I ,    

II
1

lit        .,   I II I

Iii I r   : I:        ~ I I     : d I II I I I: 

r
r I I !. I I I I I

11
I I I 'I I I

I
I I I 11 I I I I I

I:   I I I I I     ' I I I    ~

II!         : 1 I       ~
I I           .. I

I I I I
I I

I     : 1 I H I II I I I     , I I i,o

200 100 10. 0 1. 0 0. 1

GRAIN SIZE - mm

SAND

1.4

01 001

GRAVEL
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14

D6e I Dse
0. 00

CuD3e I r
IDiS I Die IDes Cc

MATERIAL DESCRIPTION

o CLAY AND SILT TRACE SAND

USCS

CL

AASHTO

Project No.: BD- S6- 90

Project: HSH AREA REMEDIATION

o Location: OW - 212- 87, 5- 9, 16. 0.- 18. 0.

Remarks:

JAR SAMPLE

GS- 328
A- 281

Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 7
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Test %+ 3'"
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32. 13

CLAY

65. 6

LL

0, 33

PI

14

Des D60 DS0
0. 00

D30 D1S D1e Cc Cu

MATERIAL DESCRIPTION

o CLAY SOME SILT TRACE SAND

USCS

CL

AASHTO

Project No.: BD- S6- 90

Project: NSN AREA REMEDIATION

o Location: OW - 212- 87, 8- 10, 18. 0~- 20. 0~

Remarks:

JAR SAMPLE

GS- 329
A- 282

Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 8
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Des D6e Dse D30 D1S D10 Cc Cu

MATERIAL DESCRIPTION

o CLAY LITTLE SILT TRACE SAND TRACE GRAVEL

USCS

CL

AASHTO

Project No.: BD- 86- 90

Project: " SN AREA REMEDIATION

o Location: OW - 212 , S- 11, 20. 0.- 22. 0.

Remarks:

JAR SAMPLE

G5- 330
A- 283

Date: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS IHVE~TI6ATIO~S, INC. Fig. No. 1
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MATERIAL DESCRIPTION

Q CLAY TRACE SILT TRACE SAND

USCS

CL

AASHTO

I Project No.: BD- 86- 90

Project: ""' S"" AREA REMEDIATION

o Location: OW - 212- 87, S- 12, 22. 0~- 24. 0~

i Date: ~- 22- S8

I
GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS,

Remarks:

JAR SAMPLE

GS- 331
A- 284

INC..

I

I
II

I Fig. No. ' 9
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MATERIAL DESCRIPTIOH I USCS AASHTO

Q CLAY SOME SILT SOME SAND LITTLE GRAVEL CL

P""oject No.: BD- S6- 90 I Rema.,...ks:
Pt'oj~(:t: NSN AREA REMEDIATION

I . T~ ~~ PI

GRAVEL

10. 5

CLAY =138. 1

j
SAND

25. 3

SILT

26. 0

5- 14, 26. 0~- 27. 4~
HR _.. M._ E

I 0 Loc~ ticn: OW - 212- 87,

GS- 332
A- 285

Da.te: 6- 22- 88

GRAIN SIZE DISTRIBUTION TEST REPORT

EMPIRE SOILS INVESTIGATIONS, INC. Fig. No. 113 ~
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SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 117A

DESCRIPTION: S- 3

38- 40

TUBE

DATE: JUNE 15 1988

JOB No.: 88C285- 01

CELL NO.: 13 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRT~..............................

INITIAL HEIGHT: 3. 220 in FINAL HEIGHT: 3. 974 in

INITIAL DIAMETER: 2. 0:300 in FINAL DIAMETER: 2. 0000 in

NITIAL WET WEIGHT: 405. 2 gm FINAL WET WEIGHT: 428. 9 gm

WET DENSITY = 1413. 0 pc.f WET DENSITY . 130. 8 pc' f

MOISTURE CONTENT: 23. 7 %  MOISTURE CONTENT: 20. 4 %

DRY DENSITY:  119. 6 pc.f DRY DENSITY: 108. 6 pc: f

NITIAL SATURATION: 156. 7 ./  FINAL SATURATION: 99. 9 :~

INITIAL '.1010 RATIO: . 408310 FINAL ' JOID RATIO: . 5: 5134::

7EST PAR~ METERS........_.............................

CELL PRESSURE:

HEAD ~ I)ATER:

TAIL WATER:

5:5. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

00

00

00

5:

psi
5:'

PERHERBILITY INPUT DRTR.............................

FLOvl ( Q) :   '":".'" . 5{) . 00 . 00 e-

l.....ENGTH ( L) . ..:. . 97 :. 97 . 00 . 00 in

REr=\ (r~ ) :  .~ 14 14 . 00 . ( H) ' Swl ~

HE::ljD ( h) :  
c:- OO 8. 00 . 00 . 00 psi

TIME ( t) :  500. 00 4<;-'0. 00 . 00 . 00 rn i r.

aMPUTED PERME~ BILIT~ @ ~ O degrees Centigrade.......

TEST ND. t ~ ,.- 1 . 51 11~'- OOe CiTI/ 52::

TEST NO. ...,  1'- 1 S06E- 008 cm/ -5e=

TE~3T !\II] . ..;.. ~ k:::  . 0001;:+000 crn/-: 5:==

TEST NO. 4~ 1_"-   OOOE+ OOO c:..n ;' -.:::i.:-r"_-  . :: --



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXV PROJECT

SAMPLE NO.: BH- 117A

DESCRIPTION: S- 4

40- 41. 9

TUBE

DATE: JUNE 15 1988

JOB Nc.: 8BC285- 01

CELL NO.: 1 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRT~........ ......................

INITIAL HEIGHT: 4. 076 in FINAL HEIGHT: 3. 948 in

INITIAL DIAMETER: 2. 0400 in FINAL DIAMETER: 2. 0200 in

INITIAL WET WEIGHT: 413. 7 gm FINAL WET WEIGHT: 404. 0 gm

WET DENSITY = 118. 2 pc.f vJET DENSITY . 121. 5 pcf
1'10 I STURE CONTENT: 32. 0 %  MOISTURE CONTENT: 29. 1 %

DRY DENSITY:  139. 5 pc.f DRY DENSITY: 94. 1 pc::f

INITIAL SATURATION: 98. 0 %  FINAL SATURATION: 99. 5 ' 1
I.

II'HT U~L VOID Rf" T 10: . 1381624 FINAL VOID RATIO: . 7139677

TEST PRRRMETERS.....................................

CELL PRESSURE:

HEAD WATEF~:

TA IL vJr~ TEF::

55. 00

50. 00

42. 00

50. 00

45. 00

40. 00

00

00

00

00

00

00

ps:

psi
psi

PERM~ RBILITY INPUT DRTR.............................

FLOVJ ( 0) :  1. 10 1. 00 . 00 . 00 (--

LENGTH ( U : 3. 95 - oC' . 00 . 00 inJ

I~ REI" ( A) :  ::;. 2( J : 3. 2() . 00 . 00 ~:; q i 1-:

HEAD ( h) :  8. 00 5. 00 . 00 . 00 pSl

TIME ( t) :  600. 00 800. 00 . 00 . 00 mir:

COMPUTED PERHE~ BILITY a ~ o degrees Centigrade.......

TEST NC. ~  1"- ..,  ,:,: 34!:;:'--0013 c: m/$ e::

EST NO. ..,  \.,- ,~  ~ 37 4E- 008 em/ see

TEST NO. .,..  1"-   OOOE'H) OO c: m.l SE!::

EST NO. 4~ k=  . () OOE +000 em/ see



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 157- 88

S- 17

32' - 34'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

30

17

13

BEFORE

CONSOLIDATION

2. 83

4. 02

25. 80

66

107. 00

103. 20

AFTER

CONSOLIDATION

2. 80

3. 90

21. 10

58

100. 60

108. 80

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)
HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 4. 17 X 10 - 8

95

90

80

10

4. 17 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 157- 88

S- 18

34' - 36'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION ( i.)

DRY DENSITY ( PCF)

CL

49

23

26

BEFORE

CONSOLIDATION

2. 87

4. 02

46. 50

1. 24

103. 20

76. 70

AFTER

CONSOLIDATION

2. 81

3. 61

34. 10

93

101. 20

89. 00

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)
AT TOP OF SPECIMEN 80

PSI)
HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 2. 09 X 10 - 8

95

90

80

10

2. 19 X 10- 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 157- 88

S- 20

38' - 40'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

46

24

22

BEFORE.

CONSOLIDATION

2. 78

5. 16

40. 10

99

111. 20

86. 20

AFTER

CONSOLIDATION

2. 75

4. 95

32. 40

87

103. 00

92. 00

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95
BACK PRESSURE

AT BOTTOM OF SPECIMEN 85
PSI)

AT TOP OF SPECIMEN 80

PSI)
HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 9. 53 X 10 - 9

95

90 .

80

10

1.91 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SREET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 157- 88

S- 21

40' - 42'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

50

21

29

BEFORE

CONSOLIDATION

2. 82

5. 51

47. 80

1. 26

104. 30

75. 90

AFTER

CONSOLIDATION

2. 76

5. 04

36. 80

97

104. 50

82. 30

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)
AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 1. 38 X 10 - 8

95

90

80

10

1.63 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 157- 88

S- 22

42' - 44'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

42

20

22

BEFORE

CONSOLIDATION

2. 81

4. 75

37. 30

1. 01

101. 70

85. 50

AFTER

CONSOLIDATION

2. 79

4. 40

29. 60

83

98. 00

94. 00

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)
AT TOP OF SPECIMEN 80

PSI)
HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 2. 32 X 10 - 8

95

90

80

10

2. 43 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 159A-/38

S- 4

24' - 26'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

CL

38

22

16

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 83
4. 59

39. 70

1. 09
100. 30

82. 10

2. 80

4. 40

34. 60

97

98. 60

89. 30

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80
PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 6. 39 X 10 - 8

95

90

80

10

6. 06 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 159A
S- 5

26' - 28'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

46

20

26

BEFORE

CONSOLIDATION

2. 80
4. 44

45. 70

1. 23

102. 00

76. 90

AFTER

CONSOLIDATION

2. 74

4. 27

38. 60

1. 04

101. 60

83. 90

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PS I) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 2. 50 X 10 - 8

95

90

80

10

3. 07 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 160
S- 13

24' - 26'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

CH
51

20

31

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT{%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 79

3. 69

49. 10

1. 30

103. 30

74. 50

2. 74

3. 50

40. 80

1. 11

101.40

81. 50

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80
PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 2. 10 X 10 - 8

95

90

80

10

2. 58 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 160- 88

S- 17

32' - 34'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

33

10

23

BEFORE

CONSOLIDATION

2. 81

3. 68

34. 20

89

106. 10

91. 00

AFTER

CONSOLIDATION

2. 79

3. 52

28. 50

78

100. 50

96. 40

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 2. 39 X 10 - 8

95

90

80

10

2. 68 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 161- 88

S- 19

34. 0' - 36. 0'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

EFFECTIVE CONSOLIDATION PRESSURE ( PSI)

PERMEABILITY DATA

CELL PRESSURE ( PSI)

BACK PRESSURE

AT BOTTOM OF SPECIMEN

PSI)
AT TOP OF SPECIMEN

PSI)
HYDRAULIC GRADIENT

PERMEABILITY ( CM/ SEC)

Remarks: Sample contained wood, decaying organics and del-

eterious material.

No sample available for test.



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 161- 88
S- 21

38' - 40'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CH

55

20

35

BEFORE

CONSOLIDATION

2. 83

4. 43

44. 30

1.18

103. 60

78. 90

AFTER

CONSOLIDATION

2. 82
4. 08

36. 20

99

100. 70

86. 20

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 1. 18 X 10 - 8

REMARKS: Shelby Tube

95

90

80

10

1.74 X 10- 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 161- 88

S- 22

40' - 42'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL- ML

17

13

4

BEFORE

CONSOLIDATION

2. 85
4. 73

17. 20

43

112. 90

120. 10

AFTER

CONSOLIDATION

2. 86
4. 70

14. 20

42

96. 70

121. 20

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 8. 29 X 10 - 8

95

90

80

10

8. 54 X 10 - 8



S- AR,EA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 163- 87

26. 3' - 27.0'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

CL- ML

19

13

6

SPECIMEN DATA

BEFORE

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 78

4. 73

17. 20

42

112. 60

120. 90

AFTER

CONSOLIDATION

2. 79

4. 59

13. 80

39

98. 00

123. 60

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 9. 32 X 10 - 8

95

90

80

10

7. 93 X 10 - 8



SUMMARY OF TRIAXIAL PERMEABILITY
TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 197

DESCRIPTION: S- 13

24- 26

TUBE

DATE: JUNE 15 1988

JOB No.: 88C285- 01

CELL NO.: 15 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRT~..............................

INITIAL HEIGHT:

INITIAL DIAMETER:

INITIAL WET WEIGHT:

WET DENSITY =

MOISTURE CONTENT:

DRY DENSITY:

INITIAL SATURATION:

INITIAL VOID RATIO:

3. 747 in

2. 0800 in

489. 7 gm
146. 4 pcf

8. 1 i.

135. 4 pc-f

99. 1 i.

215~534

FINAL HEIGHT:

FINAL DIAMETER:

FINAL WET WEIGHT:

WET DENSITY :

MOISTURE CONTENT:

DRY DENSITY:

FINAL SATURATION:

FINAL VOID RATIO:

3. 716 in

2. 0500 in

478. 2 gm
148. 4 pcf

7. 2 i.

138. 4 pc-f

100. 4 f.

1f39131

TEST PRRRMETERS.....................................

CELL PRESSURE:

HEAD WATER:

TA IL WATEF::

55. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

P~'

psi
psi

0( 1

00

00

PERMERBILITY : HPUT DRTR.............................

FLD\lJ ( 0) :  1  "":!' C' '"' 00 00 . 00 c:::1 ~. .

LENGTH ( Ll : -  ,,",  72 00  ()() inI '-' . . .

I=iRE!= i ( A) :  .,..  : 30 .,. 30 00 00 ~; o i I"'10. ''':' 1 . . .

HEAD ( h) .  5. 00 8. 00 . 00 . no p 5i

T I 1' 11:: ( t :  700. 00 650. 00 00 . 00 rn:~ :~

OMPUTED PERMERBILITY 8 20 degrees Centigrade.......

TE: ST I'J[J . 1 ~-- 4. 0:S2E'-( ll)! 3 (: m/ se::

TEST NO. .., ~--= 4. 041E- 008 em/ see

TEST I'IC. ~ k':: . 0001:: 1- 000 crn/~ i;!=

TEST NO. 4, k= . OOOE+ OOO ern/ see



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 197

DESCRIPTION: S- 14

26- 28

TUBE/ MANY STONES AND DRY

DATE: JUNE 15 1988

JOB Na.: 88C285- 01

CELL NO.: 14 FLUID: DEAIRED WATER B- Parameter: 0. 99

I' HYSICRL PROPERTY DRTR.,............................

INITIAL HEIGHT:

INITIAL DIAMETER:

INITIAL WET WEIGHT:

WET DENSITY =

MOISTURE CONTENT:

DRY DENSITY:

INITIAL SATURATION:

INITIAL VOID RATIO:

3. 442 in

2. 1500 in

495. 1 gm
150. 8 pcf

6. 1 %

142. 1 pcf
y(l. 8 Y-

180558

FINAL HEIGHT:

FINAL DIAMETER:

FINAL WET WEIGHT:

WET DENSITY :

MOISTURE CONTENT:

DRY DENSITY:

FINAL SATURATION:

FINAL VOID RATIO:

3. 50!) i (j

2. 1200 in

495. 1 gm

152. 5 pcf
6. 3 ;~

143. 5 pcf
1 ()() . () :~

169384

TE..:.:":r P~ Rt:lME. TE.RS................ .",....................................................

CELL F'RESSUF:E:

HE-:I~ D WI~ TEF::

TAIL WATER:

55. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

psi
ps::.

pSl

00

00

00

PERME~ B.rLITY . rNPL! T DAT~.............................

FLOW ( Q) :  c:- 70 8. 00 . 00 00 ec

LENGTH ( L.) . :::. ~ 5() 3. 5t) . 00 . 00 in

AREA ( A ;. :  ""':" 
C.-'.':~ =~ . 00 . 00 Sql;1oJ...,:, '':''. ~._ I

HEI~D ( 11 ; :  ~ S . 00 8. 00 . 00 . 00 ps:'.

TIME ( t) :  800. 00 750. 00 . 00 . 00 min

co{"'PUrE.D PEP.fT/E/ UJJL.Tr:' (~? . 20 dl?9rl?(?S Ct-..-'nt. i') rad.:-.......

TEST NO. 1  ~--= 1 31 ~3E - 007 em/ seeJ. .

TE!H i'!(J. ""'  1..- l  :: 341:;---007 ccn/ s\~=

TEST NO. -  k-=   () OOE +000 c: i"n / ~; ec

TE~5T Ne. - l, ,.-  . OOOE+(JI)(' \-: lTi --' ::: 2::



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 198
DESCRIPTION: S- 13

26. 8/ 27. 9

tLlbe !Sampl E!

DATE: JUNE 7 1988
JOB Nc.: 88C285- 01

CELL NO.: 12 FLUID: DEAIRED WATER B- Parameter: 1.

PHYSICAL PROPERTY DATA... ...........................

INITIAL HEIGHT: 2. 465 in FINAL HEIGHT: 2. 473 in

INITIAL DIAMETER: 1 . 91300 in FINAL DIAMETER: 1. 91300 in

INITIAL WET WEIGHT: 266. 5 gm FINAL WET WEIGHT: 268. 9 gm

WET DENSITY = 133. 6 pcf WET DENSITY . 134. 4 pl: f

MOISTURE CONTENT: 16. 9 %  MOISTURE CONTENT: 18. 0 %

DRY DENSITY:  114. 3 pcf DRY DENSITY: 113. 9 p(: f

INITIAL SATURATION: 94. 9 %  FINAL SATURATION: 99. 9 ./

INITIAL VOID RATIO: . 484635 FINAL VOID RATIO: . 4(;10050

7EST PRRRMETERS.....................................

CELL PRESSURE: 55. 00 55. 00 . 00 . 00 ps:

HEAD WATER: 50. 00 50. 00 . 00 . 00 psi
TAIL WATER: 45. 00 42. 00 . 00 . 00 psi

PE..U" El~BILI7:' INPUT nnTR.............................

FLOlIJ ( 0) : 1. 10 1. 78 . 00 . 00 (--

LENGTH ( L) : 2. 47 2. 47 . 00 . 00 in

AF(Er~ ( A) : 3. 08 3. 08 . 00 . 00 sqlr1

HEi:m ( h) : 5. 00 8. 00 . 00 . 00 p-'

TII"1E ( t) : 800. 00 BOO. ( ll) . 00 . 00 mil;

COMPUTED PERME~ BILI7Y @ 20 degrees Centigrade.......

TEST NIJ. ,  ,..- 2. 061E'- 001:1 (: m/ se;::

TEST ~ m. ~  k- 2. 084E- 008 em/ see:

TE~3T I' JO . '-' . ~..- . OO( IE' i-OOO em / ~:; e;:

TEST NO. 4~ f'-  OOOE+ OOO em/ 5ee



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 202

DESCRIPTION: S- 16

DATE: JUNE 15 1988

JOB Nc.: 88C285- 01

32- 33. 2

TUBE SAt' fPLE

CELL NO.: 3 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT: 4. 084 in FINAL HEIGHT: 4. 030 in

INITIAL DIAMETER: 2. 2800 in FINAL 01 AMETEF: : 2. 2800 in

INITIAL WET WEIGHT: 650. 9 gm FINAL WET WEIGHT: 647. 5 gm
WI~ T DENSITY ::: 148. 6 Pl:. f ~ IET DENSITY . 149. 8 Pl:-f

MOISTURE CONTENT: 8. 1 .,  MOISTURE CONTENT: 7. 6 %I.

DRY DENSITY:  137. 4 pc.f DRY DENSITY: 139. 2 pcf
INITIAL SATURATION: 98. 8 %  FINAL SATURATION: 99. 7 %

INITIAL VOID RATIO: . 220344 FINAL VOID RATIO: . 2() 4933

TEST PRR~ METERS.....................................

CELL PRESSURE: 50. 00 55. 00 . 00 . 00 psi
HEAD WATER: ' 45. 00 50. 00 . 00 . 00 pSl
TAIL l.tIATER: 40. 00 42. 00 . 00 . 00 psi

PER,/"ERB 1 L I n' INPUT nf:l T R. " .. , , ., , , , , , . , , ., , , . ., ., . ., ., , 1/1 ., ., ., .,

FL0/;1 ( Q) : 1. 10 6. 60 . 00 . 00 r:::

LENGTH ( L) : 4. 03 4. 03 . 00 . 00 in

I~ RE?\ ( A) : 4. 013 4. 08 . 00 . 00 sqin
HEAD ( h' : 5. 00 8. 00 . 00 . 00 psi
TIME ( t) : 140. 00 500.(10 . e)e) . e)e) min

COMPUTED PERMERBILITY @ 20 degrees Centigrade.......

TEST NO. 1 ~ k= 1. 447E-( H) 7 l: m/ se'::

TEST NO. ~ 1--= 1. 520E- 007 cm/' 5ec

TE:3T f\J[J . -. 1"- . e)OOE.+OOO r:m/' S(-: c

TEST f\JO. 4, k= . OOOE+ OOO cm/:; ec



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 202
S- 17

33. 5' - 34. 3'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SC - SM

15

8

7

SPECIMEN DATA

BEFORE

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 28

4. 15

7. 40

22

92. 30

140. 50

AFTER

CONSOLIDATION

2. 26
4. 06

6. 80

17

108. 50

146. 40

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80
PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 5. 05 X 10 - 8

95

90

80

10

6. 12 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 203- 88

S- 17

33. 5' - 35. 5'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

GC - GM

18

13

5

SPECIMEN DATA

BEFORE

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 34

4. 10

8. 90

20

124. 50

143. 90

AFTER

CONSOLIDATION

2. 36

3. 88

7. 00

15

127. 00

149. 00

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 1. 07 X 10 - 7

95

90

80

10

8. 33 X 10 - 8



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 203

DESCRIPTION: S- 18

DATE: JUNE 16 1988

JOB Nc.: 88C285- 01

35. 5- 37. 4

TUBE ~ 5At~IPLE

CELL NO.: 2 FLUID: DEAIRED WATER 8- Parameter: 0. 98

PHYSICAL PROPeRTY DATA..............................

INITIAL HEIGHT: 3. 686 in FINAL HEIGHT: 3. 605 in

INITIAL DIAMETER: 2. 0200 in FINAL DIAMETER: 1. 9900 in

INITIAL WET WEIGHT: 408. 0 gm FINAL WET WEIGHT: 399. 5 gm
WET DENSITY = 131. 5 pcf WET DENSITY . 135. 6 pc.f

MOISTURE CONTENT: 19. 5 r.  MOISTURE CONTENT: 17. 0 r.

DRY DENSITY:  110. 0 pc.f DRY DENSITY: 115. 9 pc'f

INITIAL SATURATION: 98. 0 r.  FINAL SATURATION: ' 99. 9 %

INITIAL VOID RATIO: . 540:571 FINAL VOID RAT IIJ: . 4621.65

lEST PRRRMETERS.....................................

CELL PRESSURE:

HEAD WATER:

TAIL WATER:

55. 00

50. 00

45. 00

55 . ell)

50. 00

42. 00

00

00

00

00

00

00

psi
psi
psi

PERMEREILITY INPUT DRTR.............................

FLOvJ ( 0) .  1. 00 1 Qr::' . 00 . 00 (--J

LENGTH ( U : 3. 61 3. 61 . 00 . 00 in

AREf~ ( A) .  '. 11 3. 11 . 00 . 00 ! sq: i n

HEAD ( h) :  =:. 00 8. 00 . 00 . 00 psi
TIl'lE ct) :  500. 00 600. 00 . 00 . 00 rnir.

COMPUTED PERMERBILITY 9 20 degrees Centigrade.......

TEST NO. 1 . k::: 4. 326E- 008 (: mlSF.!::

TEST NO. .... ~.,- 4. 394E- 008 em/ see:

TEST NrJ. ...;. ~ k::: . 000/::+000 em/ see

rEST NO. 4~ ~'- . OOOE+ OOO em/ see



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 204
S- 3

31.5' - 33. 5'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

CL

22

11

11

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 40

4. 58

15. 60

41

103. 40

121. 30

2. 45

4. 15

12. 50

34

102. 60

128. 50

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PSI) 95
BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 3. 11 X 10 - 8

95

90

80

10

2. 97 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 204

S- 4

33. 5' - 34. 2'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

GC - GM

17

10

7

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 36

4. 22

9. 40

25

104. 10

137. 30

2. 36

4. 14

8. 30

22

104. 20

140. 80

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PS I) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5
PERMEABILITY ( CM/ SEC) 1. 01 X 10 - 7

95

90

80

10

7. 65 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 205- 88

S- 16

30' - 30. 7'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SC - SM

17

12

5

SPECIMEN DATA

BEFORE

CONSOLIDATION

AFTER

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 36

4. 15

11. 70

32

101.50

130. 40

2. 40

3. 77

9. 20

25

103. 10

137. 80

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

PERMEABILITY DATA

CELL PRESSURE ( PS I) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 8. 75 X 10 - 8

95

90

80

10

9. 28 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE
DEPTH ( FT)

BH- 206- 88

S- 17

32' - 34'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

SPECIMEN DATA

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

CL

45

19

26

BEFORE

CONSOLIDATION

2. 33

3. 46

33. 50

87

106. 10

91. 80

AFTER

CONSOLIDATION

2. 35

3. 27

29. 60
79

102. 10

95. 50

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95
BACK PRESSURE

AT BOTTOM OF SPECIMEN 85
PSI)

AT TOP OF SPECIMEN 80

PSI)

HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 3. 19 X 10 - 8

95

90

80

10

3. 51 X 10 - 8



S- AREA LANDFILL

PERMEABILITY SUMMARY SHEET

BOREHOLE

SAMPLE

DEPTH ( FT)

BH- 207- 88

S- 16

30. 0' - 32. 0'

UNIFIED CLASSIFICATION

LIQUID LIMIT

PLASTIC LIMIT

PLASTICITY INDEX

CL

23

14

9

SPECIMEN DATA

BEFORE

CONSOLIDATION

DIAMETER ( IN)

HEIGHT ( IN)

WATER CONTENT(%)

VOID RATIO

SATURATION (%)

DRY DENSITY ( PCF)

2. 35

3. 41

23. 90

60

110. 70

107. 60

AFTER

CONSOLIDATION

2. 40

3. 13

19. 00

51

101. 90

113. 40

PERMEABILITY DATA

EFFECTIVE CONSOLIDATION PRESSURE ( PSI) 10 ( average)

CELL PRESSURE ( PSI) 95

BACK PRESSURE

AT BOTTOM OF SPECIMEN 85

PSI)
AT TOP OF SPECIMEN 80

PSI)
HYDRAULIC GRADIENT 5

PERMEABILITY ( CM/ SEC) 6. 54 X 10 - 8

95

90

80

10

6. 37 X 10 - 8



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 207

DESCRIPTION: S- 17

DATE: JUNE 16 1988

JOB Nc.: 88C285- 01

TUBE

CELL NO.: 16 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT: 3. 070 in FINAL HEIGHT: 3. 040 in

INITIAL DIAMETER: 2. 0150 in FINAL DIAMETER: 2. 0100 in

INITIAL WET WEIGHT: 379. 0 gm FINAL WET WEIGHT: 377. 1 gm
JET DENSITY = 147. 3 pcf WET DENSITY . 148. 8 p(: f

MOISTURE CONTENT: 8. 7 %  MOISTURE CONTENT: 8. 2 %

DRY DENSITY:  135. 6 pl: f DRY DENSITY: 137. 5 pcf
INITIAL SATURATION: 98. 2 %  FINAL SATURATION: 100. 0 %

INITIAL VOID RATIO: . 238276 FINAL VOID RATIO: . 220604

TEST PRRRMETERS.....................................

CELL PRESSUF\E: 55. 00 55. 00 . 00 . 00 psi.
HEAD WATER: =: 0. 00 50. 00 . 00 . 00 psi
TAIL WATER: 45. 00 42. 00 . 00 . 00 p~:ii

PERMERBILIT'I INPUT D{:/ 7f:1. ...,...,.... .... .....,,,,,,,,,,,,,,,..,,,,,,,,..,,,,,,,,

FLOW ( Q) : 6. 00 7. 90 . 00 . 00 c:=

LENGTH ( L) : :::. 04 3. 04 . 00 . 00 in

AREr:) U~) : 3. 17 3. 17 . 00 . 00 sqin
HEAD ( h) : 5. 00 8. 00 . 00 . 00 psi
Tlr1E ( t) : 1300. 00 750. 00 . 00 . 00 ml ;,

COMPUTED PERMEHBILIT'I @ 20 degrees Centigrade.......

TEST I'J(J. 1 ~.- 1.: 341E- 007 c: m/ se~:

TEST NO. ~ k= 1. 177E- 007 cm/ sec

TEST I'J(J. -' , J..:::: . 0001::+000 em/ see:

TEST NO. 4~ k= . OOOE+ OOO em/ sac



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 208

DESCRIPTION: S- 16

DATE: JUNE 15 1988

JOB No.: 88C285- 01

32- 34

TUBE SAI"IPLE

CELL NO. : 10 FLUID: DEAIRED WATER B- Parameter: l. 0

PHYSICAL PROPERTY DATR..............................

INITIAL HEIGHT: 2. 738 in FINAL HEIGHT: 2. 669 in

INITIAL DIAMETER: 2. 0000 in FINAL DIAMETER: 1. 9800 in

INITIAL WET WEIGHT: 294. 5 gm FINAL WET WEIGHT: 289. 5 gm

WET DENSITY = 130. 3 pcf ~ JET DENSITY : 1 : 34. 1 pc: f

MOISTURE CONTENT: 19. 2 /.  MOISTURE CONTENT: 17. 3 %

DRY DENSITY:  109. 3 pcf DRY DENSITY: 114. 3 pc.f

INITIAL SATURATION: 97. 0 %  FINAL SATURATION: 100. 0 %

INITIAL VOID RATIO: . 530839 FINAL VOID RATIO: . 4<S4109

7E~~7 pnRRMETERS.....................................

CELL. PRESSURE:

HEAD WATER:

HIlL W\TER:

55. ( ll)

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

H) pSi

00 psi
00 psi

PERMERBILITY INPUT DRTR.............................

FLOvJ ( 0) :  . 50 . 20 . 00 . 00 <::=

LENGTH ( L) . 2. 67 ~. ~: J7 . 00 . 00 in

AREA ( A) :  3. 08 3. 08 . 00 . 00 ~:; qi n

HEAD ( h) :  5. 00 B. OO . 00 . 00 pSl

Tlf'lE ( t) :  500. 00 140. 00 . 00 . 00 mi I""

COMPUTED PERME~ EZL! TY @ 20 degrees Centigrade.......

TEST f'J(J. 1 k= 1 61l3E'-( H)( 3 (: m./ ! 52::

TEST NO. ...,  k= 1. 444E- 008 em/ see

TEST NC. -  ,"- . OOOE+ OOO cm/ se=

EST N( J. ~~ I.' -= . OOOE+ OOO em/ 52C



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 209

DESCRIPTION: S- 15

DATE: JUNE 16 1988

JOB Nc.: 88C285- 01

30- 32

TUBE SAt' IPLE

CELL NO.: 14 FLUID: DEAIRED WATER B- Parameter:. 99

PHYSIC~ L PROPERTY DRTR..............................

INITIAL HEIGHT: 2. 709 in FINAL HEIGHT: 2. 680 in

INITIAL DIAMETER: 2. 0000 in FINAL DIAMETER: 1. 8900 in

INITIAL WET WEIGHT: 279. 1 gm FINAL WET WEIGHT: 263. 8 gm

WET DENSITY = 124. 8 pef WET DENSITY . 1::)3. 5 pef
trtO I STURE CONTENT: 26. 6 /.  MOISTURE CONTENT: 19. 7 %

DRY DENSITY:  98. 6 p(:. f DRY DENSITY: 111.6 pef
INITIAL SATURATION: 97. 9 /.  FINAL SATURATION: 99. 4 %

INITIAL VOID RATIO: . 752476 FINAL VOID RATIO: . 548770

lEST PARRMETERS.....................................

CELI_ PRESSURE:

HEAD ~ IlATER:

TAIL WATER:

55. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

00 psi
00 psi
00 psi

PERHERBILITY INPUT DRTR.............................

FLOLoJ ( 0) :  . 90 1 . 40 . 00 . 00 (--

LENGTH ( U : 2. 68 2. 68 . 00 . 00 in

ARE!-":\ (I~ ) .  2. 131 2. 81 . 00 . 00 ~ sqi ~

HEAD ( h) :  =:. 00 8. 00 . 00 . 00 psi
TIl'lE ( t) .  : 500. 00 500. 00 . 00 . 00 min

COMPUTED PERHERBILITY I~ I"' t'
l..:. _ ",'degrees Centigrade.......

TE!3T NO. 1 . ,.- ...... : 20<:;l1~- 0(l8 (: m/ ! 5e(:

EST NO. ,..,  k=  12() E - 008 em/ see

rr:: ~3 T N[J. -.' . 1"
0. . OOOE....OOO ern./ Sf.;!\:

7"CST ~ m. " l ~ k= . () OOE+ nOO em/ sec



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 209

DESCI~ IPT ION: S- 16

DATE: JUNE 16 1988

JOB No.: 88C285- 01

TUBE SAMPLE

CELL NO.: 15 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRT~..............................

INITIAL HEIGHT: 2. 660 i. n FINAL HEIGHT: 2. 631 in

INITIAL DIAMETER: 2. 0000 in FINAL DIAMETER: 1 . 91?0l) in

INITIAL WET WEIGHT: 324. 1 gm FINAL WET ~ oJEI GHT: 321. 3 gm

WET DENSITY = 147. 6 pcf WET DENSITY . 149. 4 pcf
f"IOISTURE CONTENT: 8. 7 %  MOISTURE CONTENT: 7. 8 %

DRY DENSITY:  135. 8 pcf DRY DENSITY: 1 :38 . 6 pcf
INITIAL SATURATION: 99. 8 %  FINAL SATURATION: 100. 2 %

INITIAL VOID RATIO: . 23,Q 197 FINAL VOID RATIO: . 2090(13

TEST f~ARnMETERS.....................................

CELL PRESSURE:

HEAD WATER:

TAIL WATER:

55. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

00

00

00

ps:.

pSl

psi

PERHERBILITY INPUT DRTR.............................

FLOVl ( 0) .  1. 20 2. 00 . 00 . 00 (::=

LENGTH ( U : 2. 63 ~. 63 . 00 . 00 in

I~ REI~ ( A) :  ..: J . 11 ..: Jo. 11 . 00 . 00 sqi r.

HEAD ( h) :  5. 00 8. 00 . 00 . 00 psi
TIME ( t) :  600. 00 600. 00 . 00 . 00 rnin

COMPUTED PERMEABILITY @ 20 degrees Centigrade.......

TEST I'll] . I
k::= ...;, . 1 :S7E.-() 013 (: m./ se~:

TEST N(J. ,...., k'-  : 289E- 008 cm/~; ec

TEST NO. -..' "  f..:::: . OOOE+ OOO c: rnlse;:

TE~ST NO. 4, k= . OOOE+ OOO cm/~; ec



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNrCA~

PROJECT LDCATIDN: DXY PROJECT

SAMPLE NO.: BH- 210

DI;:SCRIPTION: 5- 1:

4- 26

TUBE

DATE: JUNE 16 1988

JOB No.: 88C285- 01

CELL NO.: 19 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSIC~ L PROPERTY V~ T~... ...........................

NITIAL HEIGHT: 3. 287 in FINAL HEIGHT: ~ ..., oC'  inU~

II'II T I AL DIAMETER: 2. 0300 in FINAL DIAMETER: 2. 1100 in

NITIAL ~-JET WEIGHT: 392. 4 gm FINAL ~oJET WEIGHT: 420. 0 gm
vJET DENSITY .- 140. 4 p(:. f WET DENSITY . 139. 2 pc-f

O I ':3TURE CONTENT: 6. 6 .,  MOISTURE CONTENT: 14. 1 %

DRY DEN!:; I TY :  131. 7 pc.f DRY DENSITY: 122. 0 pc-f
INITIAL SATURATION: 63. 8 ~~  FINAL SATURATION: 99. 8 %

I NIT I r~ l_ '., JOID RATIO: ""''''' OI].C)"":'!"  FINAL VOID RATIO: . : 3! 31296J ,._, "_,

TEST PRRRHETERS.....................................

CELL PRESSURE: 55. 00 55. 00

HEAD WATER: 50. 00 50. 00

T(~ IL "' Jr~ TER : L15. l)(J 42. 00

00

00

00

00

00

00

03:

osi

P~.l.

PERMERBILJT~' INPL! T ~ RTR.............................

FLOl.J ( 0 ) :  ...  10 7  :()  00 O(! c=i . . . .

LE~JGTH ' I ... :   29 .':' 1. 29 00 t.) C~ . , ,

r; REf=l ( i~U :  3. ~5~) ""  5(:  00 00 ' 50i n

HE:.:!tD ( h ) :  
c:  00 8. 00 00 00 - ~...

TIME Ct : :  ~ SOO. 00 300. (~O . 00 . 00 m::.:;

CHPUTEry PEAME~ 2IL! T~ } t"\

j29re~s Centi9r~de.......

rE~::; f'H]. i

E:ST rJo. -

n::!::- 1(' ,- 1..-
r

4.

4(:' OE.- 00-;-

630E- 007

0001:::+000

ern/ '; E2-=I:~

k=

T ~ m. .!., k-" OE ~I_ l)()()

m:'S2C

In / '; r= '::

0:' :;:'=



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 210

DESCRIPTION: S- 14

26- 28

TUBE

DATE: JUNE 15 1988

JOB No.: 88C285- 01

ELL NO.: 18 FLUID: DEAIRED WATER B- Parameter:. 99

PHY::.ICPlL PFUJPERTY D~ Tf-;..............................

INITIAL HEIGHT: :::. 680 i. n FINAL HEIGHT: 3. 679 in

INITIAL DIAMETER: 1. 9400 in FINAL DIAMETER: 1. 9400 in

INITIAL WET WEIGHT: 415. 8 gm FINAL WET WEIGHT: 429. 5 gm
vJI::T DENSITY = 145. 5 pc.f WET DENSITY . 150. 3 pcf
OISTURE CONTENT: ::. 6 ./  MOISTURE CONTENT: 7. 1 %I.

DRY DENSITY:  140. 4, pcf DRY DENSITY: 140. ' l pcf
NITIAL SATURATION: 51. 1 %  FINAL SATURATION: 100. 4 :~

INITIAL 1,) 010 RATIO: . 1138602 FINAL VOID RATIO: . 181?: 40

TEST PRRRMETERS..,..................................

CELL PRESSURE: 55. 00 55. 00

HEAD ~-JATER : 50. 00 50. 00

TAIL vIATER: 45. 00 4::. 00

00

00

00

0(..

00

00

P ,--t_

Clsi

psi

ERMERBILITY INPUT DRTR.............................

FLOvJ ( a) :  ., 00 '"" 40 00 0(,' (- -

JG TH ( L) :  68 68 00 00 . - I

ARE!:' ( A) :  " C? t; .., 06 00 O(~ ':; en

HE:~D : h) :  c: 00 8. 00 00 00 : J S 1

TIt'1E Ct ) :  ~ 5f)(~ . 00 5(J(~ . O(~ . 00 . 00 , n: r,

JMPL! TED P[ RME~ EZLI7~; J 20 degrees Canti~ rade.......

TE~:;: ,,' n 1 1'- a  ~29 1 E.- OOE = m;, 52=I ~ 1._  ~

T"r.::-CT ~ JC  .,  k= ,.,  ~ 372:: -
f:)()

8 ~ m/~-= r=

it:""{='- ~JC L=   0001::+000 = r: 1/ 52::1I..o.0o,.... . .    .

E ':; T r-JO . ~. k=  . OOOE+ OOO =: n/ sa::



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICA~

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 212

DESCRIPTION: S- 1?

24- 26

TUBE

DATE: JUNE 15 1988

JOB Nc.: 88C285- 01

CELL NO.: 19 FLUID: DEAIRED WATER B- Parameter: O. 99

PHYSICAL PROPERTY VAT~..............................

INITIAL HEIGHT: :::. 158 i. n FINAL HEIGHT: 3. 010 in

INITIAL 01 AMETEF:: 1. 9300 in FINAL DIAMETER: 1. 9100 in

NITIAL WET WEIGHT: 335. 2 gm FINAL WET WEIGHT: 326. 1 qm
vJET DENSITY .- 138. 1 pc' f WET DENSITY . 143. (7' pcf

O HHURE CONTENT: 14. 2 .,  MOISTURE CONTENT: 11. 1 .,

DRY OEM:; I TY :  120. (;1 pc.f DRY DENSITY: 1 '::' 0 ':: 
pc{

NITIAL SATURATION: 98. 0 %  FINAL SATURATION: 100. 4 .,

INITIr=\L VOID RI=\TIO: . :;;'( 7' 018:::  FINAL VOID I:;: ATIO: . 297718

TEST PnRRHE7ERS...~ r................................

CELL PRESSURE: 55. 00 55. 00

EAD ~~ ATEF~: 50. 00 50. 00

TAII_ IIJr:HER: 45. 00 ' 42. 00

00

00

00

0( 1

00

00

J:;O _

1-1:""

0'5:

PERHERBILITY INPUT DRTR.............................

FUJ(JJ CO) :   70 1 40 00 O(! c: ::

E\I(~ TH ( L) : - 01 ..,.  01
I.)()  ~)~) 

i -I. . . i;

AREr=; (A) :  .., [:: l""T ..,  0-'  OC 0( 1 : 5~ i ;-oJ , ...... '-', . .

I Eq D ( h) :  c- OO ': 3. 00 00  ()() csi

T II'1E ( t ) :  5~)(J . 00 600. ( 1(1 . 00 00 { T'i i r:

OHPUTED PERHE~ E! L! T~ @ ZO degrees ~ entigrade.......

TE~3T ~ J(J . ~  1.:= '-'  " 7,~ :::::: '--0 0 E! (: m/ ::; e=

5T NO  ..,  1,-::: -,  ~ 3S9E -') 08 '= m/ se~

rEST ~ fI"    I ."   1) 001::+000 CiTl " S2=4\... .    .

T NO c.l. . ~.-  . ') OOE+') OO em/ sac





SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 215

DESCRIPTION: S- 4

30- 31. 7

TUBE

DATE: JUNE 16 1988

JOB No.: 88C285- 01

CELL NO.: 27 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT: 3. 093 in FINAL HEIGHT: 3. 022 in

INITIAL DIAMETER: 2. 0000 in FINAL DIAMETER: 1 . 9900 in

INITIAL WET WEIGHT: 360. 6 gm FINAL WET WEIGHT: 355. 8 gm
WET DENSITY = 141. 2 pc.f WET DENSITY . 144. 1 pc.f

MOISTURE CONTENT: 12. 2 %  MOISTURE CONTENT: 10. 7 %

DRY DENSITY:  125. 9 pcf . DRY DENSITY: 130. 2 pef
INITIAL SATURATION: 98. 8 %  FINAL SATURATION: 99. 8 %

INITIAL VOID RATIO: . 331619 FINAL VOID RATIO: . 287998

TEST PRRRMETERS..............~......................

CELL PRESSURE:

HEAD WATER:

TAIL WATER:

55. 00

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

00

00

00

00

P <="

psi
psi

PERMERBILITY INPUT DRTR.............................

FLO!JJ ( Q) : . 45 . 14 . 00 . 00 (--

LENGTH ( L) : 3. 02 3. 02 . 00 . 00 in

AREA ( A) . .~ . 11 3. 11 . 00 . 00 ~ 5ai n

HEAD ( h) : 5. 00 8. 00 . 00 . 00 psi
TIME ( t) : 500. 00 100. 00 . 00 . 00 rnin

COMPUTED PERHERBILITY g ~ O degrees Centigrade.......

TEST ND. , ~.- 1. 63:21::- 008 cm/ se=

TEST NO. .., k= 1. 587E- 008 em/ see

TEST NO. .... . 1'- . OOOE-i-OOO cm/!:;F.!c

TEST ~ 1O . 4~ ~= . OOOE+ OOO .:: m/ sec



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 216

DESCRIPTION: S- 22

44- 45

TUBE

DATE: JUNE 16 1988

JOB No.: 88C285- 01

CELL NO.: 18 FLUID: DEAIRED WATER B- Parameter: 0. 98

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT: 3. 840 in FINAL HEIGHT: 3. 850 in

INITIAL DIAMETER: 2. 1 (100 in FINAL DIAMETER: 2. 0800 in

INITIAL WET WEIGHT: 507. 7 gm FINAL WET WEIGHT: 504. 5 gm
WET DENSITY = 145. 3 pcf WET DENSITY . 146. 8 pcf
1"10 I STURE CONTENT: 8. 7 %  MOISTURE CONTENT: 8. 1 %

DRY DENSITY:  133. 7 pcf DRY DENSITY: 135. 8 pcf
INITIAL SATURATION: 99. 0 .,  FINAL SATURATION: 100. 5 ' J

f.  f.

INITIAL VOID RATIO: . 23202( 1 FINAL VOID RATIO: . 212767

TEST P~ R~ HETERS.....................................

CELL PRESSURE:

HEAD LoJATER:

TAIL WATER:

55. 0(1

50. 00

45. 00

55. 00

50. 00

42. 00

00

00

0(1

00 ps:

00 psi
00 psi

PERMERBILITY INPUT DRTR.............................

FLOvl ( Q) : 5. 7(1 . 85 . 00 . 00 (--

LENGTH ( l) : 3. 85 3. 85 . 00 . 00 in

REA ( A) : 3. 40 3. 4( J . 00 . 00 !:; qi Ii

HEAD ( h) : 5. 00 8. 00 . 00 . 00 psi
TIME ( t) : 500. 00 50. 00 . 00 . 00 min

COMPUTED PERMERB! LITY @ 20 degrees Centigrade.......

TEST NO. 1 ~ k= ~ 41 1E-( I07 cm/ se=

TEST NO. '"' k.= '"' 247E- 007 em/ see

TEST 1' 10. ..,. 1:-::  0001:: +000 cm/ se::

T rm. 4. k.:::  '...) OOE+ OOn ,:. il /;; 2C



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 217

DESCRIPTION: S- 7

38- 40

TUBE

DATE: JUNE 15 1988
JOB No.: 88C285- 01

CELL NO.: 16 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICAL PROPERTY DAT~..............................

INITIAL HEIGHT: 3. 166 in FINAL HEIGHT: 3. 273 in

INITIAL DIAMETER: 2. 0500 in FINAL DIAMETER: 1 . 9700 in

INITIAL WET WEIGHT: 328. 4 gm FINAL WET WEIGHT: 323. 7 gm
JET DENSITY = 119. 6 pcf WET DENSITY . 123. 5 pcf

MOISTURE CONTENT: 29. 1 %  MOISTURE CONTENT: 27. 2 %

DRY DENSITY:  92. 7 pcf DRY DENSITY: 97. 1 pef
INITIAL SATURATION: 96. 0 .,  FINAL SATURATION: 99. 9 %

INITIAL VOID RATIO: . 818410 FINAL VOID RATIO: . 735293

TEST PRRRMETERS......,..............................

CELL PRESSURE: 55. 00 55. 00 . 00 . 00 psi
HEAD WATER: 50. 00 50. 00 . 00 . 00 psi _
TAIL WATER: 45. 00 42. 00 . 00 . 00 psi

PERMElIE1LIT'! INPUT DR 7 R" , , ., " , ., .. , , , , , .. , , ., , , .. ., , " ~ ., ., 111 ., .,

FLOli-J ( Q) : --  . 20 . ()() . ( H) c:=J

LENGTH ( L) : ~"' 7 ""!' ~"' 7 . 00 . 00 inI "-'. ... ~

AREA ( A) : - 3. 05 3. 05 . 00 . 00 <:; qi n

HEAD ( h) : S. OO 8. 00 . 00 . 00 psi
TIME ( t) : 500. 00 200. 00 . 00 . 00 mir.

COMPUTED PERMEABILITY 9 20 degrees Centigrade.......

TEST I'll]. 1 !' 1-- 1. 323E- 008 em/ se=

TEST NO. ""' k= 1. 253E- 008 em/ see

TEST NO. "-' ~ k= . OOOE+ OOO cm/ se=

TEST NO. 4, k-,:: . OOOE+ OOO em/ see



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT
SAMPLE NO.: BH- 219

DESCRIPTION: S- 8

DATE: JUNE 16

JOB No.: 88C285- 01

39- 39. 8

TUBE

CELL NO.: 25 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT:

INITIAL DIAMETER:

INITIAL WET WEIGHT:

WET DENSITY =

MOISTURE CONTENT:

DRY DENSITY:

INITIAL SATURATION:

INITIAL VOID RATIO:

2. 715 in

2. 04( 1) in

342. 7 gm
147. 0 pc.f

6. 4 t.

138. 1 pcf
89. 9 t.

187051

FINAL HEIGHT:

FINAL DIAMETER:

FINAL WET WEIGHT:

WET DENSITY :

MOISTURE CONTENT:

DRY DENSITY:

FINAL SATURATION:

FINAL VOID RATIO:

2. 740 in

2. 03( 1) in

345. 0 gm
148. 1 pcf

7. 1 t.

138. 3 pcf
100. 3 t.

186109

TEST PRRRMETERS.....................................

CELL PRESSURE: 55. 00 55.( 1) . 00 . 00 ps::. .

HEAD WATER: 50. 00 50. 00 . 00 . 00 psi
TAIL ~JATER : 45. 00 42. 00 . 00 . 00 psi

PE.RME.RBILITY INPUT DR T {:I. ., . ., ., ., . ., ., . ., ., ., ., ., . ., ., ., ., ., ., ., ., . . . . .,

FLO~J CO) : 13. 00 8. 00 . 00 . 00 e=:

LENGTH < L) : 2. 74 2. 74 . 00 . 00 in

AREA C A) : 3. 24 3. 24 . 00 . 00 sair.

HE(~D ( h) : 5. 00 8. 00 . 00 . 00 psi
TIME ( t) : 400. 00 150. 00 . 00 . 00 min

COMPUTED PERMEHSILITY ~ 20 degrees Centigrade.......

TEST NO. 1 ~ k= 5. 135E- 007 em/ 5e=:

TEST I'lo . ,.., k= 5. 267E- 007 em/ seeIi

TEST NO. - ~.= . OOOE+ OOO em/ S8=:

TEST NO. 4, k= . OOOE+ OOO em/ see



SUMMARY OF TRIAX1AL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 220

DESCRIPTION: S- 9

41- 43

TUBE

DATE: JUNE 15 1988

JOB No.: 88C285- 01

CELL NO.: 22 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSICRL PROPERTY DRTR..............................

INITIAL HEIGHT: 2. 810 in FINAL HEIGHT: 2. 860 in

INITIAL DIAMETER: 2. 1000 in FINAL DIAMETER: 2. 0700 in

INITIAL WET WEIGHT: 313. 8 gm FINAL WET WEIGHT: 303. 2 gm

WET DENSITY = 122. 7 pe:f WET DENSITY . 119. 9 pe:f

MOISTURE CONTENT: 31.1 %  MOISTURE CONTENT: 31.0 %

DRY DENSITY:  93. 6 pe:f DRY DENSITY: 91.5 pe:f

INITIAL SATURATION: 105. 5 %  FINAL SATURATION: 100. 0 %

INITIAL VOID F:ATIO: . 793218 FINAL VOID RATIO: . 833949

TEST PARRMETERS.....................................

CELL PRESSURE: 55. 00 55. 00 . 00 . 00 psi
HEAD WATER: 50. 00 50. 00 . 00 . 00 psi
TAIL WATER: 45. 00 42. ( II) . 00 . 00 psi

PERMERBILITY IHPUT Dt:J TR. ., .. ., ., ., ., ., ., . ., .. ., .. ., .. ., .. .. . . .. . ., . .. .. .. .

FLOW ( Q) :  . 44 . 75 . 00 . 00 e:e:

LENGTH ( L) : 2. 86 2. 86 . 00 . 00 in

AREA ( Al: .,.. ~.., 3. 37 . 00 . ( II) ~:; q i l"'lj . .... ,

HEAD ( h) : 5. 00 8. 00 . 00 . 00 psi
T II'lE ( t) : 500. 00 550. 00 . 00 . 00 min

OMPUTED PERME~ BILITY 9 20 degrees Centigrade.......

TEST NO. t ~ k::: 1. 396E- 008 l: m/ sec::

TEST NO. '" ~..= 1. 352E- 008 em/ see

TEST NO. '-' ~ k= . OOOE+ OOO e:m/ see

TEST NO. :. l~ k= . OOOE+ OOO em/ see:



SUMMARY OF TRIAXIAL PERMEABILITY
TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 221

DESCRIPTION: S- 7

27- 29

TUBE

DATE: JUNE 16 1988

JOe No.: 88C285- 01

CELL NO.: 19 FLUID: DEAIRED WATER B- Parameter: 1.

PHYSICRL PROPERTY DRTA..............................

INITIAL HEIGHT: 3. 393 in FINAL HEIGHT: 3. 447 in

INITIAL DIAMETER: 2. 0500 in FINAL DIAMETER: 2. 0000 in

INITIAL WET WEIGHT: 388. 2 gm FINAL WET WEIGHT: 382. 7 gm

WET DENSITY = 131.9 pcf WET DENSITY . 1: 34. 5 pc' f

MOISTURE CONTENT: 18. 8 %  MOISTURE CONTENT: 17. 1 I.

DRY DENSITY:  111. 1 pcf DRY DENSITY: 114. 9 pc'f

INITIAL SATURATION: 99. 3 I.  FINAL SATURATION: 100. 1 .,

INITIAL VOID RATIO: . 508462 FINAL VOID RATIO: . 458417

TEST P~ RRHETERS.....................................

CELL PRESSURE:

HEAD WATER:

TAIL WATER:

55. 00

50. 00

45. 00

55. 00

5Q. 00

42. 00

00

00

00

00

00

00

p5~

pSl

p51

PERMERBILITY INPUT DRTR.............................

FLOW ( Q) : . 44 . 70 . 00 . 00 co- -

LENGTH eL) : 3. 45 3. 45 . 00 . 00 in

I; REA CA) : 3. 14 3. 14 . 00 . 00 ~:; qi Ii

HEAD ( h) : S. OO 8. 00 . 00 . 00 psi
TIME (... \ . 500. 00 500. 0Cl . 00 . 00 min

COMPUTED PERME~ B! LITY & 20 degrees Centigrade.......

TEST NO. I, ~,-- I. !302E-( H)! 3 cm/ 5e.::

TEST NO. ..., k- 1. 792E- 008 em/ see

TEST NO. '-' ~ 1-- . 0001::+000 cm/ s(~r.:

TEST NO. 4, k= . OOOE+ OOO em/ sec:



SUMMARY OF TRIAXIAL PERMEABILITY

TEST RESULTS

CLIENT: GLYNN GEOTECHNICAL

PROJECT LOCATION: OXY PROJECT

SAMPLE NO.: BH- 221

DESCRrPTrON: S- 8

40- 42

TUBE

DATE: JUNE 16 1988

JOB No.: 88C285- 01

CELL NO.: 17 FLUID: DEAIRED WATER B- Parameter: 0. 99

PHYSIC~ L PROPERTY V~ T~..............................

INITIAL HEIGHT: 3. 148 in FINAL HEIGHT: 3. 244 in

INITIAL DIAMETER: 2. 04( 1)  in FINAL DIAMETER: 2 . ( ltXlI) in

INITIAL WET WEIGHT: 317. 9 gm FINAL WET WEIGHT: 321. 6 gm
WET DENSITY = 117. 6 pc.f WET DENSITY . 120. 1 pc-f

MOISTURE CONTENT: 28. 9 %  MOISTURE CONTENT: 30. 4 f.

DRY DENSITY:  91.2 pcf DRY DENSITY: 1? 2. 1 Pl:. f

INITIAL SATURATION: 93. 0 f.  FINAL SATURATION: 99. 9 f.

INITIAL VOID RATIO: . 832384 FINAL VOID RATIO: . 814936

7EST PRRRMETERS.....................................

CELL PRESSURE: 55. 00 55. 00 . 00 . ( 1I) psi
HEAD WATER: 50. 00 50. 00 . 00 . 00 psi
TAIL WATER: 45. 00 42. 00 . 00 . 00 ps:'..

P E..e!HEf./ B IL I n' INPUT DRTR.............................

FLOvJ ( D) : ....., 1. 40 .( 1) . ( 1I) c:=I -'.

LENGTH < L) : 3. 24 3. 24 . 1)0 . 00 in

AREA ( A) : 3. 14 3. 14 . 00 . 00 sqi I,

HEr~D ( h) : 5. 00 t3. 00 . 00 . 00 psi
TIME ( t) : 650. 00 8:50. 00 . 00 . 00 rnin

COMPUTED PERMERBILITY @ 20 degrees Centigrade.......

TEST NO. t ~ k= ,., 135E- 008 c:m/ se::

rEST NO. -. k= 1. 984E- 008 em/ seeI

TEST NO. ,-' !' k:= . 0001:::'+000 cm/ se.:

rEST NO. 4~ ~.- . OOOE+ OOO cm/:: ee
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TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( crn/ sec)

BH100 20. 0 - 22. 0 Jar 76. 3 22. 6 1.0 0. 1 39 20 19

BH101 10. 0 - 12. 0 Jar 77. 1 17. 3 5. 5 0. 0 NA NA NA

12. 0 - 14. 0 Jar 72. 1 21.6 4. 3 2. 0 NA NA NA

14. 0 - 16. 0 Jar 71.1 23. 1 5. 3 0. 4 NA NA NA

16. 0 - 18. 0 Jar 67. 2 29. 2 3. 6 0. 0 37 15 22

18. 0 - 20. 0 Jar 81.9 15. 5 2. 3 0. 3 45 21 24

20. 0 - 22. 0 Jar 74. 4 22. 5 2. 2 0. 9 40 19 21

22. 0 - 24. 0 Jar 70. 1 26. 9 2. 5 0. 5 36 17 19

24. 0 - 26. 0 Jar 83. 8 14. 7 1.3 0. 2 45 23 22

26. 0 - 28. 0 Jar 82. 4 12. 2 4. 4 1.0 51 28 23

28. 0 - 30. 0 Jar 63. 0 23. 6 11. 8 1.7 35 17 18

BH102 13. 0 - 15. 0 Jar 69. 3 23. 8 7. 0 0. 0 NA NA NA

15. 0 - 17. 0 Jar 72. 4 25. 9 1.8 0. 0 39 20 19

17. 0 - 19. 0 Jar 65. 1 32. 9 2. 0 0. 0 33 13 20

19. 0 - 21.0 Jar 75. 1 22. 4 2. 4 0. 0 40 20 20

21.0 - 23. 0 Jar 72. 7 25. 6 1.7 0. 0 41 20 21

23. 0 - 25. 0 Jar 70. 0 27. 3 2. 3 0. 4 37 19 18

25. 0 - 27. 0 Jar 80. 2 17. 8 2. 0 0. 0 45 25 20

27. 0 - 29. 0 Jar 80. 7 16. 4 2. 9 0. 0 45 22 23

29. 0 - 31.0 Jar 81.2 15. 2 3. 0 0. 6 45 20 25

31.0 - 33. 0 Jar 63. 0 25. 1 9. 6 2. 2 37 17 20

continued. . ..



TABLE 3

CLAY PHYSICAL TESTING RESULTS

well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH103 16. 0 - 18. 0 Jar 60. 3 31.3 8. 5 0. 0 28 8 20

18. 0 - 20. 0 Jar 69. 2 20. 3 10. 4 0. 0 NA NA NA

20. 0 - 22. 0 Jar 70. 1 27. 0 2. 9 0. 0 41 18 23

22. 0 - 24. 0 Jar 73. 6 24. 2 1.5 0. 6 38 17 21

24. 0 - 26. 0 Jar 74. 1 24. 0 1.9 0. 0 41 19 22

26. 0 - 28. 0 Jar 76. 6 22. 1 1.4 0. 0 45 25 20

28. 0 - 30. 0 Jar 75. 3 22. 7 2. 0 0. 0 39 18 21

30. 0 - 32. 0 Jar 69. 3 26. 1 2. 6 2. 0 39 19 20

32. 0 - 33. 4 Jar 60. 7 25. 9 11.8 1.7 38 20 18

BH104 17. 0 - 19. 0 Jar 72. 1 24. 7 2. 7 0. 5 37 17 20

19. 0 - 21. 0 Jar 75. 9 21.2 2. 7 0. 3 43 17 20

21.0 - 23. 0 Jar 83. 8 14. 1 2. 0 0. 0 44 25 19

23. 0 - 25. 0 Jar 87. 4 10. 6 1.7 0. 2 49 22 27

25. 0 - 27. 0 Jar 87. 3 10. 7 2. 0 0. 0 52 26 26

27. 0 - 29. 0 Jar 85. 6 12. 6 1.8 0. 0 42 22 20

29. 0 - 31. 0 Jar 71.2 22. 3 5. 1 1.4 40 20 20

BH105 27. 0 - 28. 0 Jar 81.5 15. 3 3. 1 0. 1 47 23 24

BH 1 1 5 35. 0 - 37. 0 Jar 57. 1 30. 2 9. 7 3. 0 29 10 19

42. 0 - 44. 0 Tube 76. 1 21.9 2. 0 0. 0 45 21 24 2. 4 x  -
8

10

BH 11 7 40. 0 - 41. 3 Jar 75. 1 17. 7 5. 1 2. 2 45 24 21

BH 117A 40. 0 - 41. 9 Liner 73. 0 24. 0 3. 0 0. 0 42 24 18 2. 9 x  -
8

10

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number I:l~12! h  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH123 21.0 - 22. 0 Jar 86. 7 11.6 1.7 0. 0 48 24 24

22. 0 - 24. 0 Jar 86. 9 9. 7 2. 7 0. 7 51 23 28

BH124 14. 6 - 16. 0 Jar 66. 4 31.1 2. 5 0. 0 33 19 14

16. 0 - 18. 0 Jar 55. 0 41.4 3. 4 0. 3 32 11 21

18. 0 - 20. 0 Jar 68. 1 28. 6 3. 0 0. 2 40 18 22

20. 0 - 22. 0 Jar 75. 5 23. 4 1.1 0. 0 37 18 19

22. 0 - 24. 0 Jar 76. 3 22. 2 1.2 0. 3 43 20 23

24. 0 - 26. 0 Jar 83. 0 14. 7 2. 3 0. 0 53 26 27

BH125 14. 0 - 16. 0 Jar 67. 3 29. 6 2. 5 0. 6 21 7 14

16. 0 - 18. 0 Jar 77. 2 21.9 0. 8 0. 1 45 19 26

18. 0 - 20. 0 Jar 65. 8 28. 5 4. 0 1.7 28 13 15

20. 0 - 22. 0 Jar 64. 4 30. 8 3. 4 1.4 27 13 14

22. 0 - 24. 0 Jar 71.4 27. 3 1.3 0. 0 39 19 20

24. 0 - 26. 0 Jar 79. 2 19. 7 1.0 0. 1 45 19 26

26. 0 - 28. 0 Jar 81.2 15. 8 1.4 1.5 48 23 25

BH126 14. 0 - 16. 0 Jar 70. 8 26. 1 3. 0 0. 2 NA NA NA

16. 0 - 18. 0 Jar 61.4 37. 1 1.5 0. 1 36 14 22

18. 0 - 20. 0 Jar 69. 0 26. 9 4. 2 0. 0 43 21 22

20. 0 - 22. 0 Jar 67. 1 3 O. 5 2. 0 0. 4 36 17 19

22. 0 - 24. 0 Jar 68. 0 30. 1 1.9 0. 0 NA NA NA

24. 0 - 26. 0 Jar 80. 9 15. 9 1.9 1.3 48 23 25

26. 0 - 28. 0 Jar 82. 8 15. 6 1.6 0. 0 45 19 26

continued. . ..



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft ) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH127 14. 0 - 16. 0 Jar 61.2 24. 9 12. 8 1.1 34 15 19

16. 0 - 18. 0 Jar 51.4 27. 7 18. 9 2. 0 30 16 14

18. 0 - 20. 0 Jar 70. 2 26. 3 3. 1 0. 3 44 24 20

20. 0 - 22. 0 Jar 74. 0 24. 5 1.6 0. 0 42 21 21

22. 0 - 24. 0 Jar 69. 1 29. 9 1. 0 0. 0 NA NA NA

24. 0 - 26. 0 Jar 82. 8 15. 8 1.2 0. 2 46 19 27

26. 0 - 28. 0 Jar 81.2 16. 6 1.2 1.0 47 26 21

28. 0 - 30. 0 Jar 67. 4 24. 9 7. 3 0. 5 41 18 23

BH128 13. 2 - 14. 0 Jar 77. 0 20. 0 3. 0 0. 0 42 20 22

14. 0 - 16. 0 Jar 72. 9 23. 7 3. 5 0. 0 40 18 22

16. 0 - 18. 0 Jar 68. 3 29. 5 2. 2 0. 0 38 19 19

18. 0 - 20. 0 Jar 68. 8 29. 8 1.3 0. 1 36 17 19

20. 0 - 22. 0 Jar 71. 1 26. 6 2. 3 0. 0 41 21 20

22. 0 - 24. 0 Jar 71.9 26. 9 1.3 0. 0 39 23 16

24. 0 - 26. 0 Jar 86. 8 12. 1 0. 8 0. 3 47 30 17

26. 0 - 28. 0 Jar 85. 7 12. 9 1.4 0. 0 46 26 20

28. 0 - 30. 0 Jar 63. 7 23. 1 11. 9 1.3 36 15 21

BH129 12. 9 - 14. 0 Jar 77. 0 22. 1 0. 8 0. 0 43 18 25

14. 0 - 16. 0 Jar 70. 5 28. 5 1.0 0. 0 39 13 26

16. 0 - 18. 0 Jar 68. 9 30. 1 1.0 0. 0 38 13 25

18. 0 - 20. 0 Jar 76. 3 22. 8 0. 9 0. 0 18 6 12

20. 0 - 22. 0 Jar 71.0 26. 4 2. 6 0. 0 45 21 24

22. 0 - 24. 0 Jar 71.7 27. 7 0. 6 0. 0 25 9 16

24. 0 - 26. 0 Jar 85. 4 13. 3 1.3 0. 0 28 12 16

26. 0 - 28. 0 Jar 82. 9 16. 1 1.1 0. 0 31 9 22

28. 0 - 30. 0 Jar 77. 5 19. 5 2. 7 0. 3 43 19 24

30. 0 - 31. 0 Jar 74. 6 17. 5 7. 4 0. 5 45 21 24

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeabili ty
Number Depth  ( ft;l Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH130 14. 0 - 16. 0 Jar 75. 4 23. 5 1.1 0. 0 42 20 22

16. 0 - 18. 0 Jar 72. 8 26. 8 0. 4 0. 0 39 19 20

18. 0 - 20. 0 Jar 66. 7 32. 3 1.0 0. 0 37 17 20

20. 0 - 22. 0 Jar 74. 9 22. 4 2. 6 0. 1 44 23 21

22. 0 - 24. 0 Jar 69. 7 29. 1 1.2 0. 1 37 17 20

24. 0 - 26. 0 Jar 84. 0 15. 2 0. 8 0. 0 52 27 25

26. 0 - 28. 0 Jar 85. 5 13. 9 0. 6 0. 0 47 25 22

28. 0 - 30. 0 Jar 80. 0 18. 3 1.7 0. 0 49 26 23

BH131 18. 0 - 20. 0 Jar 74. 5 23. 7 1.8 0. 0 42 20 22

BH 13 2 16. 0 - 18. 0 Jar 74. 2 24. 9 0. 8 0. 1 41 19 22

BH 133 22. 5 - 24. 5 Jar 79. 0 18. 0 1.9 1.1 41 20 21

BH134 20. 0 - 22. 0 Jar 72. 0 26. 6 1.3 O. 1 38 16 22

BH135 24. 0 - 26. 0 Jar 82. 6 15. 9 1.4 0. 1 45 23 22

BH 1 36 26. 0 - 28. 0 Jar 86. 2 11.8 1.6 0. 4 47 20 27

BH137 14. 0 - 16. 0 Jar 58. 5 39. 8 1.7 0. 0 33 15 18

16. 0 - 18. 0 Jar 59. 4 37. 0 3. 6 0. 0 34 15 19

18. 0 - 20. 0 Jar 72. 8 25. 0 1.4 0. 8 42 21 21

20. 0 - 22. 0 Jar 73. 0 25. 0 1.9 0. 0 41 21 20

22. 0 - 24. 0 Jar 77. 1 20. 3 2. 6 0. 0 43 21 22

24. 0 - 26. 0 Jar 81.1 15. 2 3. 7 0. 0 48 22 26

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid P lastiei ty Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH138 20. 0 - 22. 0 Jar 61.5 34. 1 4. 4 0. 0 34 13 21

22. 0 - 24. 0 Jar 71.7 24. 7 2. 8 0. 7 38 17 21

24. 0 - 26. 0 Jar 67. 9 25. 0 5. 7 1.3 45 24 21

BH 1 39 28. 0 - 29. 2 Jar 77. 0 22. 1 0. 8 0. 0 18 6 12

BH149 26. 5 - 28. 0 Jar 79. 4 15. 2 4. 7 0. 7 42 20 22

BH154 27. 5 - 28. 0 Jar 72. 6 14. 8 10. 3 2. 3 NA NA NA

BH156 22. 0 24. 0 Tube 64. 8 35. 2 0. 0 0. 0 50 29 21    -
8

4. 0 x 10

24. 0 26. 0 Tube 83. 0 17. 0 0. 0 0. 0 43 23 20    -
8

3. 5 x 10

26. 0 28. 0 Tube 57. 6 42. 4 0. 0 0. 0 25     -
8

41 16 2. 4 x 10

BH157 30. 0 - 32. 0 Jar 66. 4 32. 7 0. 8 0. 1 30 16 14

32. 0 34. 0 Tube 54. 4 42. 1 3. 5 0. 0 30 13 17    -
8

4. 2 x 10

36. 0 Tube 80. 5 17. 7 1.5 0. 3 49 26 23    -
834. 0 -   2. 2 x 10

38. 0 40. 0 Tube 77. 5 20. 3 1.9 0. 3 46 24    -
8

22 1.9 x 10

40. 0 42. 0 Tube 81.6 17. 0 1.4 0. 0 50 29 21    -
8

1.6 x 10

42. 0 44. 0 Tube 75. 1 22. 1 2. 8 0. 0 42 22 20 2. 4   -
8

x 10

BH158 18. 5 - 20. 0 Jar Sample Not Tested

20. 0 22. 0 Tube 75. 8 21.3 3. 0 0. 0 45 22 23 2. 3   -
8

x 10

22. 0 24. 0 Tube 64. 9 34. 8 0. 3 0. 0 37 17 20    -
8

4. 4 x 10

24. 0 - 26. 0 Tube 82. 7 14. 9 2. 4 0. 0 54 32 22 3. 5 x 10-
8

26. 0 28. 0 Tube 79. 8 20. 0 0. 2 0. 0 55 21    -
8

34 3. 4 x 10

32. 0 - 34. 0 Jar 67. 8 30. 7 1.5 0. 0 38 17 21

34. 0 - 36. 0 Tube 82. 4 16. 0 1.6 0. 0 53 34 19 no perm due to voids

BH159 17. 5 - 18. 0 Jar 77. 0 23. 0 0. 0 0. 0 NA NA NA

22. 0 - 24. 0 Jar 72. 8 25. 3 1. 9 0. 0 41 19 22

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity plastic permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( cm/ s ec )

BH159A 18. 0 - 20. 0 Tube 71 . 0 27. 0 2. 0 0. 0 39 23 16 4. 6 x 10-
8

20. 0 - 22. 0 Tube 72 . 4 26. 7 0. 9 0. 0 48 25 23 4. 0 x 10-
8

24. 0 - 26. 0 Tube 72 . 1 26. 9 1 . 0 0. 0 38 16 22 6. 1 x 10-
8

26. 0 - 28. 0 Tube 78. 3 20. 9 0. 8 0. 0 46 26 20 3. 1 x 10-
8

28. 0 - 30. 0 Jar 78. 8 18. 3 2. 0 0. 8 47 24 23

32. 0 - 34. 0 Tube 68. 6 22. 1 8. 4 0. 9 39 20 19 3. 2 x 10-
8

BH160 24. 0 - 26. 0 Tube 84. 9 14. 1 1 . 0 0. 0 51 31 20 2. 6 x 10-
8

32. 0 - 34. 0 Tube 63. 5 29. 4 5. 7 1. 4 33 23 10 2. 7 x 10-
8

BH161 34. 0 - 36. 0 Jar Sample Not Analyzed
34. 0 - 36. 0 Tube Not tested as sample contained wood, decaying organics, etc.

38. 0 - 40. 0 Tube 85. 3 13. 8 0. 9 0. 0 55 35 20 1. 7 x 10-
8

BH162 24. 0 - 26. 0 Jar Sample Not Analyzed
24. 0 - 26. 0 Tube 87. 4 9. 6 3. 0 0. 0 53 29 24 2. 2 x 10-

8

BH163 22. 4 - 24. 0 Jar 90. 0 7. 4 2. 2 0. 4 49 22 27

BH165 30. 0 - 32. 0 Tube 69. 9 24. 8 5. 3 0. 0 46 21 25 3. 4 x 10-
8

BH166 26. 0 - 28. 0 Tube 88. 6 10. 8 0. 6 0. 0 53 26 27 2. 7 x 10-
8

BH168 24. 0 - 26. 0 Jar 67. 9 30. 6 1.3 o . 1 36 19 17

26. 0 - 28. 0 Jar 75. 5 20. 8 2. 5 1 . 2 40 20 20

28. 0 - 30. 0 Jar 66. 6 27. 5 5. 9 0. 0 37 16 21

30. 0 - 32. 0 Jar 77. 3 21. 5 1.2 0. 0 42 18 24

32. 0 - 34. 0 Jar 81. 7 17 . 2 1.2 0. 0 46 22 24

34. 0 - 38. 0 Jar 70. 1 19. 3 7. 9 2. 7 43 18 25

continued. . . .



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH169 23. 0 - 24. 0 Jar 66. 2 30. 7 2. 8 0. 3 37 19 18

24. 0 - 26. 0 Jar 76. 6 21.2 2. 2 0. 0 41 18 23

26. 0 - 28. 0 Jar 63. 2 28. 2 8. 5 0. 0 32 14 18

28. 0 - 30. 0 Jar 70. 0 27. 2 2. 8 0. 1 37 16 21

30. 0 - 32. 0 Jar 78. 5 20. 3 1.2 0. 0 47 24 23

32. 0 - 34. 0 Jar 83. 9 14. 2 1.9 0. 0 46 24 22

34. 0 - 36. 0 Jar 81. 3 15. 3 3. 2 0. 2 45 22 23

36. 0 38. 0 Tube 82. 4 13. 2 3. 5 0. 9 49 23  -
8

26 4. 1 x 10

BH170 22. 7 - 24. 0 Jar Not tested due to high degree of contamination.

24. 0 - 26. 0 Jar Not tested due to high degree of contamination.

26. 0 - 28. 0 Jar Not tested due to high degree of contamination.

28. 0 - 30. 0 Jar Not tested due to high degree of contamination.

30. 0 - 34. 0 Jar Not tested due to high degree of contamination.

34. 0 - 36. 0 Jar Not tested due to high degree of contamination.

BH180 41.8 - 42. 0 Jar 67. 7 20. 0 11. 5 0. 9 NA NA NA

44. 0 - 46. 0 Jar 64. 5 27. 6 6. 6 1.3 36 18 18

BH182 26. 0 - 26. 5 Jar 74. 9 19. 3 5. 7 0. 1 43 25 18

BH184 24. 0 - 26. 0 Jar 76. 6 17. 5 4. 7 1.2 39 20 19

BH186 24. 0 - 26. 0 Jar 64. 9 24. 2 10. 9 0. 0 33 16 17

continued....



TABLE 3

CLAY PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH192 24. 0 - 26. 0 Jar 53. 6 29. 6 15. 2 1.7 28 13 15

26. 0 - 26. 7 Tube 54. 7 39. 2 6. 1 0. 0 35 17 18 1.6 x 10-
8

BH194 23. 9 - 24. 0 Jar Insufficient sample to perform testing.

32. 0- 34. 0. 0 Liner 79. 7 17. 1 3. 2 0. 0 45      -
8

BH206
26 19 3. 5 x 10

BH216 34. 0 - 36. 0 Jar 72. 2 25. 0 2. 7 0. 1 NA NA NA

36. 0 - 38. 0 Jar 75. 2 20. 9 3. 9 0. 1 NA NA NA

40. 0 42. 0 Tube 85. 4 14. 0 0. 6 0. 0 47 23     -
8

24 2. 4 x 10

OW210 25. 0 - 27. 0 Jar 84. 3 14. 9 0. 9 0. 0 45 25 20

OW212 12. 0 - 14. 0 Jar 74. 4 25. 1 0. 4 0. 0 30 12 18

14. 0 - 16. 0 Jar 60. 7 37. 8 1.5 0. 0 31 13 18

16. 0 - 18. 0 Jar 62. 5 36. 1 1. 4 0. 0 32 14 18

18. 0 - 20. 0 Jar 65. 6 32. 0 2. 3 0. 2 33 14 19

20. 0 - 22. 0 Jar 77. 6 18. 9 3. 4 0. 1 44 26 18

22. 0 - 24. 0 Jar 88. 6 9. 6 1.9 0. 0 47 25 22

24. 0 - 26. 0 Jar 68. 0 23. 7 7. 9 0. 4 40 20 20

NA - insufficient sample size

NP - non plastic



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH 1 0 1 30. 0 - 32. 0 Jar 50. 0 24. 4 17. 0 8. 6 31 14 17

32. 0 - 32. 5 Jar 33. 7 34. 5 25. 9 5. 9 23 10 13

BH 102 33. 0 - 33. 8 Jar 26. 9 34. 3 26. 7 1 2. 1 20 7 13

BH104 31. 0 - 33. 0 Jar 53. 7 27. 3 16. 1 2. 9 32 16 16

BH105 28. 0 - 30. 0 Jar 62. 3 16. 2 15. 4 6. 1 35 14 21

30. 0 - 32. 0 Jar 43. 9 23. 1 24. 0 9. 0 27 1 1 16

BH 107 26. 5 - 28. 0 Jar 50. 5 26. 6 17. 6 5. 3 30 16 14

BH109 28. 0 - 29. 3 Jar 27. 8 31. 8 25. 6 14. 7 19 5 14

BH 110 26. 0 - 28. 0 Jar 32. 6 31.1 24. 8 11.4 22 7 15

BH 1 1 3 42. 0 - 44. 0 Jar 56. 7 22. 9 17. 9 2. 5 37 20 17

44. 0 - 46. 0 Jar 29. 2 33. 2 27. 7 9. 9 18 3 15

BH 11 5 37. 0 - 39. 0 Jar 33. 0 31.4 24. 5 11. 0 23 10 13

BH 11 7 38. 0 - 40. 0 Jar 53. 8 23. 9 16. 4 6. 0 32 15 17

BH 117A 38. 0 - 40. 0 Liner 49. 0 23. 0 19. 5 8. 5 34 25 9 1. 5 x -
8

10

continued. . . .



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH 11 9 37. 0 - 38. 0 Jar 48. 8 28. 8 20. 0 2. 5 26 9 17

38. 0 - 40. 0 Jar 41.8 29. 0 22. 0 7. 2 28 10 18

BH120 34. 5 - 36. 0 Jar 46. 0 23. 8 19. 5 10. 6 34 17 17

36. 0 - 36. 5 Jar 37. 3 28. 1 23. 8 10. 7 26 8 18

BH121 23. 3 - 24. 0 Jar 36. 4 34. 8 26. 9 1.9 NA NA NA

BH124 26. 0 - 27. 6 Jar 41.2 28. 1 24. 7 6. 1 28 19 9

BH125 28. 0 - 28. 5 Jar 37. 4 38. 6 19. 4 4. 5 24 12 12

BH126 28. 0 - 29. 8 Jar 44. 5 30. 1 18. 7 6. 6 NA NA NA

BH130 30. 0 - 32. 0 Jar 38. 9 34. 2 21.8 5. 1 24 10 14

BH 1 3 7 26. 0 - 28. 0 Jar 58. 1 24. 2 10. 2 7. 5 37 18 19

BH138 26. 0 - 28. 0 Jar 52. 7 15. 7 20. 4 11. 2 NA NA NA

BH140 26. 8 - 28. 0 Jar 49. 4 26. 2 22. 7 1.7 27 13 14

BH144 24. 5 - 26. 0 Jar 48. 3 27. 1 18. 8 5. 9 NA NA NA

continued. . . .



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH146 27. 0 - 28. 0 Jar 48. 2 27. 6 19. 7 4. 5 29 13 16

28. 0 - 30. 0 Jar 64. 2 16. 9 11. 4 7. 4 42 24 18

BH147 26. 0 - 28. 0 Jar 37. 1 31.6 24. 8 6. 5 20 10 10

BH148 26. 0 - 28. 0 Jar 37. 3 35. 7 19. 0 7. 9 22 9 13

28. 0 - 29. 8 Jar 33. 0 41.9 21.3 3. 8 20 9 1 1

BH149 25. 0 - 26. 0 Jar 28. 2 35. 1 28. 0 8. 7 NA NA NA

BH151 28. 0 - 29. 7 Jar 39. 1 35. 1 22. 4 3. 4 26 12 14

BH153 30. 0 - 30. 4 Jar 34. 6 21.6 31.7 12. 2 25 9 16

BH154 28. 0 - 29. 0 Jar 48. 8 24. 4 19. 4 7. 4 31 17 14

30. 0 - 31.0 Jar 36. 9 31.2 23. 8 8. 1 24 10 14

BH156 30. 0 - 32. 0 Tube 43. 5 20. 0 31.4 5. 1 24 12 12

BH157 44. 0 45. 3 Tube 49. 7 30. 2 10. 8 9. 3 22 8 14 7. 1   -
8

x 10

BH163 24. 0 - 26. 0 Jar 60. 8 23. 2 14. 0 2. 0 35 17 18

26. 3 27. 0 Tube 27. 6 37. 7 26. 5 8. 2 19 6 13 7. 9   -
8

x 10

BH165 32. 0 34. 0 Tube 53. 9 25. 6 16. 8 3. 7 31 14 17    -
8

3. 6 x 10

continued. . . .



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

29. 0 31.0 Tube 54. 7 26. 5 16. 0 2. 8 30 15 15 10 -
8

BH166 - 2. 1 x

BH167 24. 0 - 26. 0 Jar 28. 3 36. 9 18. 0 16. 8 22 9 13

BH168 38. 0 - 39. 2 Jar 33. 0 41.2 22. 4 3. 3 21 6 15

BH 1 77 26. 0 - 28. 0 Jar 43. 7 22. 9 19. 6 13. 7 25 1 1 14

BH 179 43. 5 - 44. 0 Jar 61. 0 22. 9 13. 3 2. 9 42 20 22

BH183 26. 0 - 28. 0 Jar 65. 2 22. 7 8. 9 3. 2 33 12 21

BH184 26. 0 - 28. 0 Jar 40. 2 30. 8 20. 2 8. 8 25 11 14

BH185 26. 5 - 28. 0 Jar 61.1 23. 5 14. 6 0. 8 24 10 14

BH186 23. 0 - 24. 0 Jar 39. 1 34. 7 18. 5 7. 8 24 9 15

BH188 28. 0 - 30. 0 Jar 47. 1 25. 8 18. 7 8. 4 27 11 16

BH190 43. 3 - 44. 0 Jar 39. 3 35. 5 17. 7 7. 5 28 14 14

BH193 24. 5 - 26. 0 Jar 29. 2 31.5 26. 0 13. 3 18 5 13

BH198 24. 3 - 26. 0 Liner 32. 5 47. 0 19. 5 1.0 37 27 10 No perm. - disturbed

26. 8 26. 9 Liner 47. 5 14. 5 24. 5 13. 5 35 24 11    -
8

2. 1 x 10

continued. . . .



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

WeIll

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( cm/ sec)

BH200 34. 0 35. 3 Liner 32. 4 35. 6 24. 1 7. 9 21 12 9    -
8

3. 4 x 10

BH200A 36. 0 - 37. 1 Jar 69. 7 18. 8 8. 9 2. 6 37 18 19

BH201 32. 0 34. 0 Liner 47. 5 35. 7 13. 0 3. 8       -
8

36 18 18 3. 1 x 10

BH204 30. 0 - 31.5 Jar 69. 3 19. 8 7. 8 3. 1 34 15 19

31. 5 - 33. 5 Liner 29. 8 32. 0 28. 4 9. 8 22      -
8

1 1 11 3. 0 x 10

BH207 30. 0 32. 0 Liner 41.1 36. 4 18. 4 23      -
8

4. 1 9 14 6. 4 x 10

BH208 32. 0 34. 0 Liner 38. 5 16. 0 36. 0 19. 5 17      -
8

13 4 1.4 x 10

BH209 30. 0 32. 0 Liner 27. 5 35. 0 23. 0 14. 5 24 21 3 3. 1   -
8

x 10

BH211 24. 0 - 26. 0 Liner 26. 0 50. 5 18. 0 5. 5 22 14 8 No perm. - disturbed

26. 0 - 27. 8 Liner 19. 5 53. 5 19. 0 8. 0 NP NP NP No perm. - disturbed

BH212 23. 5 - 24. 0 Jar Not tested due to high degree of contamination

BH213 24. 0 - 25. 0 Jar 38. 5 29. 1 28. 3 4. 0 18 8 10

BH217 38. 0 - 40. 0 Liner 68. 5 13. 0 14. 0 4. 5 39 20 19 1.3   -
8

x 10

continued....



TABLE 4

FINE TILL PHYSICAL TESTING RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH220 38. 5 - 39. 0 Jar 28. 8 26. 2 25. 9 19. 1 NP NP NP

39. 0 - 41. 0 Jar 24. 6 31.7 23. 6 20. 1 16 5 11

72 . 5 7. 0 19. 0 1.5 42 25 17 1.4   -
8

41.0 - 43. 0 Liner x 10

43. 0 - 44. 0 Jar Sample Not Analyzed

39. 0 Liner 35. 0 49. 5 12. 5 3. 0 40      -
8

BH221 37. 0 -  22 18 1. 8 x 10

OW212 26. 0 - 27. 4 Jar 38. 1 26. 0 25.3 10. 5 23 10 13

NA - insufficient sample size

NP - non plastic



TABLE 7

SUMMARY OF PHYSICAL TESTING RESULTS

Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Clay Silt Sand Gravel Limit Index Limit ( em/ see)

CLAY minimum 51.4 9. 6 0. 0 0. 0 18 6 10 1.6 x 10-
8

90. 0 42. 4 18. 9 55 35     -
8

maximum 3. 0 28 6. 1 x 10

1           - 8
average 73. 7 22. 8 3. 1 0. 4 41 20 21 2. 9 x 10  ( n 29)

n = 180)

19. 5 7. 0 7. 8 17      -
8

FINE TILL minimum 0. 8 3 3 1.3 x 10

maximum 72. 5 53. 5 36. 0 19. 5 42 27 22 7. 9 x 10-
8

1           - 8
average 43. 2 29. 0 20. 4 7. 4 28 13 15 2. 7 x 10  ( n 15 )

n = 73)

MEDIUM TILL minimum 2. 5 18. 2 17 . 8 3. 7 12 2 5 1.6 x 10-
8

35. 2 47. 7 52. 8 27. 8 43 24 16 5. 3   -
7

maximum x 10

1           - 8
average 19. 6 31.7 32. 0 16. 7 18 7 1 1 6. 3 x 10  ( n 22)

n = 100)

COARSE TILL minimum 8. 1 13. 0 5. 0 22. 5 12 2 3 2. 3 x 10-
8

20. 6 29. 3 49. 5 57. 0 22 16 2. 6   -
7

maximum 16 x 10

1

10-
8

average 14. 0 21.2 29. 7 35. 1 17 7 10 7. 6 x ( n 7 )

n = 27 )

Note: Arithmetic average except for permeability which is geometric mean.



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plastici ty Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH183 28. 0 - 29. 0 Jar 25. 4 37. 8 25. 7 11.0 17 5 12

BH185 28. 0 - 29. 5 Jar 12. 7 27. 7 34. 4 25. 2 15 6 9 *

BH186 26. 0 - 28. 0 Jar 15. 2 28. 4 44. 0 12. 4 NP NP NP *

BH189 32. 0 - 34. 0 Liner 18. 5 33. 5 31.5 16. 5 16 12 4 No perm. - disturbed

BH190 44. 0 45. 3 Jar 12. 3 21.9 52. 8 13. 0 NP NP NP *

47. 0 - 47. 3 Jar 18. 4 38. 3 26. 4 16. 9 16 4 12

BH191 41.5 - 42. 0 Jar 22. 0 29. 3 32. 2 16. 6 NA NA NA

42. 0 44. 0 Liner 11.8 32. 0 46. 0 10. 2 20 2 18 1. 4 x  -
7

10

BH193 26. 0 - 26. 4 Jar 14. 6 35. 9 40. 6 9. 0 NA NA NA

BH196 24. 0 - 25. 7 Jar 14. 0 28. 5 36. 3 21.3 NA NA NA *

BR197 24. 0 26. 0 20. 5 34. 0 37. 0 8. 5       -
8

Liner NP NP NP 4. 0 x 10

26. 0 13. 5 33. 0 29. 0 24. 5 27      -
7

28. 0 Liner 23 4 1.2 x 10

BH199 42. 0 - 44. 0 Jar 25. 8 36. 9 29. 4 7. 9 15 10 5

BH201 34. 0 34. 5 Liner 18. 4 31.6 30. 9 19. 1 17 7 10 8. 0   -
8

x 10

35. 0 - 35. 3 Jar 17 . 6 35. 6 30. 2 16. 6 18 5 13

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( cm/ sec)

BH161 40. 0 - 42. 0 Tube 27. 4 37. 3 31.6 3. 7 17 13 8. 5 x  -
8

4 10

42. 0 44. 0 Tube 23. 1 34. 6 23. 1 19. 2 16 12 3. 8   -
8

4 x 10

44. 0 - 45. 0 Tube 18. 5 35. 3 26. 9 19. 3 16 5 11 3. 7   -
8

x 10

44. 0 - 45. 0 Jar 17 . 8 33. 4 24. 9 23. 8 18 4 14

28. 0 - 30. 0 Tube 21.2 35. 7 23. 5 19. 6 24 16 3. 5 x  -
8BH162 8 10

BH167 26. 0 - 26. 3 Jar 20. 0 34. 4 17. 8 27. 8 NA NA NA

28. 0 - 29. 5 Jar 20. 8 34. 9 26. 7 17. 7 17 8 9

BH169 38. 0 - 39. 6 Tube 17 . 9 39. 8 27. 7 18 15 3. 5 x  -
8

14. 6 3 10

39. 6 - 39. 7 Jar 21.6 35. 7 32. 2 10. 5 17 7 10

BH170 38. 0 - 39. 0 Jar 24. 6 33. 0 28. 6 13. 9 19 9 10

BH171 27. 6 - 28. 0 Jar 25. 2 32. 5 31.0 6. 3 18 6 12

28. 0 - 29. 7 Jar 25. 7 35. 8 31.1 7. 4 19 6 13

BH172 45. 0 - 46. 8 Jar 23. 0 25. 0 28. 0 23. 9 22 6 16

BH 1 73 43. 5 - 44. 0 Jar 26. 0 31.6 26. 5 16. 0 22 9 13

BH176 30. 0 - 31. 9 Jar 17 . 2 31. 5 31.0 20. 4 17 6 11

BH180 42. 0 - 44. 0 Jar 20. 7 24. 3 38. 6 16. 4 20 9 11

BH181 24. 0 - 26. 0 Jar 25. 6 22. 0 30. 0 22. 4 25 14 11

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( cm/ sec)

BH150 25. 8 - 26. 0 Jar Insufficient sample to perform testing

26. 0 - 28. 0 Jar 19. 6 28. 5 26. 5 25. 4 NA NA NA

28. 0 - 29. 9 Jar 19. 5 30. 8 28. 7 21.0 20 11 9

BH151 25. 0 - 26. 0 Jar 25. 6 34. 5 29. 2 10. 7 NA NA NA

26. 0 - 26. 3 Jar 20. 3 25. 7 34. 1 20. 0 18 6 12

26. 0 - 26. 3 Jar 18. 7 36. 3 31.4 13. 6 16 4 12

28. 0 - 29. 7 Jar 22. 6 28. 9 35. 5 13. 0 16 3 13

BH152 25. 8 - 26. 0 Jar 26. 0 32. 2 34. 8 7. 1 NA NA NA

BH153 26. 0 - 28. 0 Jar 20. 0 31.4 31.1 17. 6 15 5 10

28. 0 - 29. 8 Jar 24. 4 28. 0 34. 8 12. 8 NP NP NP

BH154 26. 0 - 27. 5 Jar 16. 3 30. 0 31. 3 22. 5 17 5 12

31.0 - 31.3 Jar 13. 4 28. 4 38. 7 19. 6 NA NA NA *

BH155 29. 4 - 30. 0 Jar 17 . 8 32. 8 31.6 17. 8 NA NA NA

30. 0 - 32. 0 Jar 17. 0 27. 4 32. 6 22. 9 NA NA NA *

32. 0 - 33. 3 Jar 18. 2 32. 7 35. 7 13. 4 16 5 11

BH159A 34. 0 36. 0 Tube 16. 1 36. 3 31.4 16. 2 17 5 12 4. 0   -
8

x 10

BH160 34. 0 36. 0 Tube 26. 2 27. 9 19. 6 26. 3 25      -
8

1 1 14 2. 6 x 10

36. 0 - 37. 6 Jar 26. 2 29. 3 29. 5 15. 0 19 6 13

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability

Number Depth  ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( cm/ sec)

BH 118 38. 0 - 40. 0 Jar 13. 6 27. 2 40. 5 18. 8 13 3 10 *

40. 0 - 42. 0 Jar 11.3 26. 9 41.7 20. 1 NP NP NP *

BH 119 40. 0 - 40. 5 Jar 15. 7 28. 7 41.0 14. 6 20 7 13 *

BH120 36. 5 - 38. 0 Jar 12. 9 29. 3 37. 6 20. 2 15 2 13 *

BH122 24. 0 - 26. 0 Jar 23. 4 32. 5 33. 8 10. 4 NA NA NA

BH123 24. 0 - 26. 0 Jar 24. 4 39. 6 30. 3 5. 7 20 5 15

26. 0 - 27. 9 Jar 21.2 36. 7 34. 6 7. 5 15 5 10

BH137 28. 0 - 29. 1 Jar 26. 7 31.2 28. 8 13. 3 23 10 13

BH138 28. 0 - 30. 0 Jar 17. 3 33. 0 32. 5 17. 2 16 3 13

30. 0 - 31. 1 Jar 18. 6 33. 6 29. 3 18. 4 17 5 12

BH 139 26. 0 - 28. 0 Jar 20. 2 34. 1 28. 9 16. 8 19 7 12

BH140 28. 0 - 30. 0 Jar 23. 5 31.5 29. 3 15. 7 23 10 13

30. 0 - 30. 8 Jar 25. 8 24. 6 41.5 8. 1 21 8 13

BH141 30. 0 - 30. 5 Jar 18. 5 26. 6 33. 1 21.9 22 9 13 *

BH147 25. 0 - 26. 0 Jar 27. 8 34. 4 31.0 6. 8 19 9 10

28. 0 - 29. 6 Jar 24. 2 25. 0 39. 0 11.8 16 3 13

BH149 28. 0 - 29. 9 Jar 21.4 29. 1 30. 7 18. 7 19 7 12

continued....



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( c!U/ sec)

BH104 33. 0 - 33. 4 Jar 18. 8 33. 2 31.4 16. 6 17 3 14

BH106 29. 0 - 30. 0 Jar 18. 9 33. 7 34. 6 12. 9 19 5 14

30. 0 - 32. 0 Jar 17. 3 31.0 32. 3 19. 4 NA NA NA

32. 0 - 32. 6 Jar 16. 7 32. 6 31.1 19. 6 NP NP NP

BH109 26. 0 - 28. 0 Jar 20. 9 29. 7 26. 1 23. 3 17 6 1 1

BHll0 28. 0 - 30. 0 Jar 21.8 29. 7 25. 5 23. 0 20 8 12

30. 0 - 31.1 Jar 15. 6 30. 6 35. 6 18. 1 16 5 11 *

BH 1 1 1 28. 0 - 30. 0 Jar 14. 9 29. 2 33. 7 22. 2 16 9 7 *

BH 11 2 39. 5 - 40. 0 Jar 21.9 32. 1 28. 9 17. 2 22 9 13

40. 0 - 42. 0 Jar 17. 8 29. 1 30. 0 23. 0 NA NA NA

44. 0 - 45. 0 Jar 22. 6 31. 4 33. 5 12. 5 NP NP NP

BH 11 3 39. 5 - 40. 0 Jar 16. 4 28. 6 33. 2 21.8 18 7 11 *

40. 0 - 42. 0 Jar 24. 4 33. 2 30. 0 12. 4 20 8 12

46. 0 - 46. 4 Jar 15. 1 28. 7 36. 2 20. 0 NA NA NA *

BH 114 36. 0 - 38. 0 Jar 15. 7 29. 2 31.5 23. 6 NP NP NP *

38. 0 - 40. 0 Jar 18. 2 29. 2 29. 1 23. 6 16 4 12

43. 0 - 44. 6 Tube 14. 3 27. 9 32. 7 25. 1 14 5 9 *

continued. . . .



TABLE 5

MEDIUM TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft)   Type Clay silt Sand Gravel Limit Index Limit ( cm/ sec)

32. 0 33. 2 Liner 18. 5 34. 5 32. 0 15. 0       -
7

BH202 -     NP NP NP 1.5 x 10

33. 5 - 34. 3 Liner 15. 9 27. 8 37. 6 18. 7 15 7 8 6. 1 x 10-
8

BH203 35. 5 - 37. 3 Liner 18. 5 28. 0 37. 0 16. 5 29 24 5 4. 4 x 10-
8

BH205 30. 0 - 30. 7 Liner 16. 3 30. 3 27. 5 25. 9 17 5 12 9. 3 x 10-
8

BH212 24. 0 - 26. 0 Liner 20. 5 47. 5 27. 5 4. 5 21 14 7 2. 9 x 10-
8

BH213 24. 5 - 26. 0 Jar 16. 4 45. 8 20. 3 17. 5 16 3 13

26. 0 - 27. 0 Jar 15. 7 28. 0 42. 4 13. 9 12 5 7 *

27. 7 Liner 2. 5 42. 5 7. 0       -
7

27. 0 48. 0 NP NP NP 4. 0 x 10

BH214 25. 3 - 26. 0 Jar 35. 2 18. 2 20. 6 26. 0 27 13 14

BH215 28. 0 - 30. 0 Jar 23. 5 37. 2 30. 1 9. 2 17 6 11

30. 0 - 31.3 Liner 24. 0 28. 5 25. 0 22. 5 18 14     -
8

4 1.6 x 10

BH216 42. 0 - 44. 0 Tube 18. 3 32. 4 30. 8 18. 5 17 6 11 3. 1 x 10-
8

44. 0 - 45. 0 Liner 16. 5 30. 5 27. 0 26. 5 NP      -
7

NP NP 2. 2 x 10

BH219  - 39. 8 Liner 15. 5 25. 0 37. 0 22. 5       -
7

39. 0 NP NP NP 5. 3 x 10

BH221 35. 0 - 37. 0 Jar 20. 3 33. 5 36. 4 9. 7 12 4 8

40. 0 - 42. 0 Liner 22. 0 33. 5 32. 0 12. 5 43 24 19 2. 0 x 10-
8

NA - insufficient sample size

NP - non plastic

Estimated permeability > 1 x 10-
7

cm/ sec ( see text)



TABLE 6

COARSE TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth  ( ft ) Type Clay Silt Sand Gravel Limit Index Limit _ icm/ sec)

BH 108 28. 0 - 30. 0 Jar 15. 2 25. 5 29. 8 29. 5 16 5 1 1 *

BH 1 1 1 26. 0 - 28. 0 Jar 11. 5 20. 0 36. 1 32. 4 18 10 8 *

BHl12 42. 0 - 44. 0 Jar 12. 4 21.5 32. 3 33. 9 NA NA NA

BH120 38. 0 - 40. 0 Jar 10. 1 25. 3 31.1 33. 5 17 4 13

BH121 24. 0 - 26. 0 Jar 16. 5 28. 2 26. 4 28. 8 14 3 11

BH139 24. 0 - 26. 0 Jar 15. 3 26. 0 27. 9 30. 9 15 4 11

BH146 3 0. 0 - 31. 0 Jar 17. 0 14. 2 38. 2 3 O. 7 22 1 1 11 *

BH149 26. 0 - 26. 5 Jar 20. 6 29. 3 22. 8 27. 2 16 5 11

BH153 25. 5 - 26. 0 Jar 15. 5 26. 0 26. 8 31.6 20 8 12

BH 1 59A 36. 0 - 36. 5 Jar 15. 8 27. 3 26. 2 30. 6 NA NA NA

BH171 29. 7 - 30. 0 Jar 8. 7 19. 5 28. 1 43. 8 15 2 13

30. 0 - 31.0 Jar 12. 3 24. 2 26. 4 37. 1 16 5 11

BH173 44. 0 - 45. 0 Jar 10. 5 26. 3 32. 3 30. 9 13 3 10 *

BH176 28. 0 - 30. 0 Jar 14. 3 25. 0 33. 0 27. 7 17 6 11 *

continued. . ..



TABLE 6

COARSE TILL PHYSICAL TEST RESULTS

Well/

Borehole Sample Sample Percent Percent Percent Percent Liquid Plasticity Plastic Permeability
Number Depth ( ft) Type Clay Silt Sand Gravel Limit Index Limit ( em/ see)

BH178 29. 7 - 30. 0 Jar 15. 1 13. 1 29. 8 42. 0 NA NA NA

30. 0 - 31 . 5 Jar 8. 4 13. 0 41.6 37. 0 NA NA NA *

BH179 44. 0 - 44. 6 Jar 12. 2 20. 1 33. 6 34. 1 21 5 16

BH194 24. 0 - 24. 7 Jar 8. 1 16. 3 31.0 44. 6 NA NA NA

BH200A 34. 0 - 36. 0 Liner 15. 1 27. 3 19. 8 37. 8 18 10 8 2. 3 x 10-
8

BH203 33. 5 - 35. 5 Liner 12. 7 20. 8 17 . 5 49. 0 18 5 13 8. 3 x 10-
8

BH204 33. 5 - 34. 2 Liner 12. 6 20. 5 25. 7 41.2 17 7 10 7. 7 x 10-
8

BH207 32. 0 - 34. 0 Liner 20. 5 14. 5 34. 5 30. 0 16 12 4    -
7

1.1 x 10

BH209 32. 0 - 34. 0 Liner 16. 0 17. 0 25. 5 41.5 15 12 3 3. 3 x 10-
8

BH210 24. 0 - 26. 0 Liner 11.0 17. 0 49. 5 22. 5 22 16 6 2. 6 x 10-
7

26. 0 - 28. 0 Liner 20. 0 18. 0 5. 0 57. 0 NP NP NP 9. 9 x 10-
8

BH214 26. 0 - 28. 0 Jar 10. 1 18. 0 39. 7 32. 2 12 3 9 *

BH218 37. 0 - 39. 0 Liner 19. 5 17. 5 31.5 31.5 NP NP NP No perm. - disturbed

NA - insufficient sample size

NP - non plastic

7
Estimated permeability > 1 x 10 em/ see ( see text)



TABLE 8

LOwEST CLAY CONTENT PHYSICAL TEST RESULTS

Well/

Borehole Sample Percent Percent Percent Percent Permeability
Number Depth  ( ft) Clay Silt Sand Gravel ( cm/ sec)

BH213 27. 0 - 27. 0 2. 5 42. 5 48. 0 7. 0 4. 0 x 10- 7 *

Bh210 24. 0 - 26. 0 11. 0 17. 0 49. 5 22. 5 2. 6 x 10- 7 ' It

BH191 42. 0 - 44. 0 11.8 32. 0 46. 0 10. 2 1.4 x 10- 7 *

BH204 33. 5 - 34. 2 12. 6 20. 5 25. 7 41.2 7. 7 x 10- 8

Bh203 33. 5 - 35. 5 12. 7 20. 8 20. 8 49. 0 8. 3 x 10- 8

BH197 26. 0 - 28. 0 13. 5 33. 5 28. 5 24. 5 1. 2 x 10- 7 ' It

BH200A 34. 0 - 36. 0 15. 1 27. 3 19. 8 37. 8 2. 3 x 10- 8

BH219 39. 0 - 39. 8 15. 5 25. 0 37. 0 22. 5 5. 3 x 10- 7 *

BH202 33. 5 - 34. 3 15. 9 27. 8 37. 6 18. 7 6. 1 x 10- 8

BH209 32. 0 - 34. 0 16. 0 17. 0 25. 5 41.5 3. 3 x 10- 8

BH159A 34. 0 - 36. 0 16. 1 36. 3 31.4 16. 2 4. 0 x 1 0- 8

BH205 30. 0 - 30. 7 16. 3 30. 3 27. 5 25. 9 9. 3 x 10- 8

BH216 44. 0 - 45. 0 16. 5 30. 0 27. 0 26. 5 2. 2 x 10- 7 *

BH169 38. 0 - 39. 6 17 . 9 39. 8 27. 7 14. 6 3. 5 x 10- 8

BH 216 42. 0 - 44. 0 18. 3 32. 4 30. 8 18. 5 3. 1 x 10- 8

BH201 34. 0 - 34. 5 18. 4 31.6 30. 9 19. 1 8. 0 x 10- 8

BH203 35. 5 - 37. 3 18. 5 28. 0 37. 0 16. 5 4. 4 x 10- 8

BH202 32. 0 - 33. 2 18. 5 34. 5 32. 0 15. 0 1.5 x 10- 7

BH161 44. 0 - 45. 0 18. 5 35. 3 26. 9 19. 3 3. 7 x 10-
8

Bh207 32. 0 - 34. 0 20. 5 14. 5 34. 5 30. 0 1. 2 x 10-
7 *

BH197 24. 0 - 26. 0 20. 5 37. 0 4. 0  -
8

34. 0 8. 5 x 10

BH212 24. 0 - 26. 0 20. 5 47. 5 27. 5 4. 5 2. 9 x 10-
8

permeability > 1  -
7

cm/ secx 10



TABLE 9

HIGHEST COARSE CONTENT PHYSICAL TEST RESULTS

Well/

Borehole Sample Percent Percent Percent Percent Percent P ermeabi li ty
Number Depth  ( ft) Clay Silt Sand Gravel Coarse ( em/ see)

7 *
BH210 24. 0 - 26. 0 11. 0 17. 0 49. 5 22. 5 72. 0 2. 6 x 10

BH209 32. 0 - 34. 0 16. 0 17. 0 25. 5 41. 5 67. 0 3. 3 x 10-
8

BH204 33. 5 34. 2 12. 6 20. 5 25. 7      -
8

41.2 66. 9 7. 7 x 10

BH203 33. 5 - 35. 5 12. 7 20. 8 17 . 5 49. 0 66. 5 8. 3 x 10-
8

BH207 32. 0 - 34. 0 20. 5 14. 5 34. 5 30. 0 64. 5 1.2 x 10-
7 *

BH210 26. 0 - 28. 0 20. 0 18. 0 5. 0 57. 0 62. 0 9. 9 x 10-
8

BH219 39. 0 - 39. 8 15. 5 25. 0 37. 0      -
7

22. 5 59. 5 5. 3 x 10  *

BH200A 34. 0 - 36. 0 15. 1 27. 3 19. 8 37. 8 57. 6 2. 3 x 10-
8

BH202 33. 5 - 34. 3 15. 9 27. 8 37. 6 18. 7 56. 3 6. 1 x 10-
8

BH191 42. 0 - 44. 0 11.8 32. 0 46. 0 10. 2 56. 2 1.4 x 10-
7 *

BH213 27. 0 - 27. 7 2. 5 42. 5 48. 0 7. 0 55. 0 4. 0 x 10-
7 *

BH197 26. 0 - 28. 0 13. 5 33. 0 29. 0      -
7 *

24. 5 53. 5 1.2 x 10

BH216 44. 0 - 45. 0 16. 5 30. 0 27. 0 26. 5 53. 5 2. 2 x 10-
7 *

BH205 30. 0 - 30. 7 16. 3 30. 3 27. 5 25. 9 53. 4 9. 3 x 10-
8

BH203 35. 5 - 37. 3 18. 5 28. 5 37. 0 16. 0 53. 0 4. 4 x 10-
8

permeability > 1  -
7

em/ seex 10
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