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SUMMARY

Geotechnical and geochemical analyses were performed on five Shelby tube samples collected in
the H-Area Retention Basin (HRB) during July and August of 1998. The samples were collected
as part of the HRB characterization study. The test results, which are documented in this report,
will be used to support the HRB contaminant fate and transport modeling/analysis and to
evaluate remedial options. The results will also be used as a base line for future treatability
studies.

The geotechnical testing was performed in the SRTC low-level radioactive soils characterization
laboratory. WSRC/SRTC and Raytheon personnel conducted the test program. ASTM and
EPA test protocols were used. Sample locations are indicated in Figure 1. The physical and
chemical properties of the samples are consistent with the soil types, i.e., clayey sands to sandy
clay. Details of the soil classifications are provided in Table 1. Test results are summarized in
Tables 2 to 11. Data sheets are provided in the Appendices A-1 to A-6.

BACKGROUND
Descriptions of the HRB (281-3H) construction and operating history are provided elsewhere."?

Samples analyzed in this task were collected as part of the 1998 HRB sampling and characterization
program which was conducted to support the Resource Conservation and Recovery Act Facility
Investigation/Remedial Investigation Work Plan (RFI/RI) for the H-Area Retention Basin (HRB)
Operable Unit (OU). Results obtained in this study will berused to support fate and transport analysis,
evaluate remedial action objectives, and support human health and ecological risk assessments involved
in HRB remediation. They will also be used to support future treatability studies.

During the sampling campaign in 1998, Shelby tube samplers were used to collect undisturbed
material from the basin at 3 locations (HRBS-04, -05, and -06) and from three wells (HR3-14C at
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10.0 to 12.0 feet below land surface (ft bis), HR3-15C at 132.0 to 134.0 ft bls,, and HR3-16 DL
at 6.0 to 8.0 ft bls). Five Shelby tubes, which were identified by Environmental Restoration
personnel for this series of tests, were relocated to SRTC, 773-A on 12-28-98. They included
well samples, HRB-14C, HR3-15C and HR3-16DL, and samples collected from the basin bottom,
HRBS-25-01, and HRBS-27-01. The samples were sealed and transported to building 772-7B for
temporary refrigerated storage. Storage in SRTC was under ambient conditions.

L. A. Bagwell, SGS, provided a correlation between the sample locations and the Shelby tube
labels. This information is provided below:

SHELBY TUBE 1D. HR3-15C HR3-16DI. HRBS-25-01 HRBS-27-01 HRB-14C
Corresponding well or bore hole Well Well Hole Hole . Well
HR3-15C HR3-16DL.  HRBS-05 HRBS-06 HR3-14C
Date Sampled 5 Aug. 1998 30 June 1998 23 July 1998 27 July 1998 10 July 1998
Ground Elevation (ft above mean sea level) 2633 2549 ~263 ~263 264.5
Sample Depth (ft below land surface) 132-134 6-7 0-25 0-25 £-10
Sample Elevation (ft above mean sea level) 129.3 -131.3 247.9-2489 260.5-263 260.5-263 254.5-256.5
Approximate Core Length (inches) 12 16 20 15.5 26

The locations of these samples are shown in Figure 1.

~u

Figure 1. H-Area Retention Basin Sampling Locations
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LABORATORY TESTING

Geochemcial properties of the soil samples were determined according to the United States
Environmental Protection Agency (EPA) SW-846 methods. Physical and hydrological parameters
were determined using American Society for Testing and Materials (ASTM) or United States
Army Corps of Engineers (COE) procedures, as applicable. The following tests were conducted:
1. Core Logging
2. Particle Size
a. #200 Sieve Analysis (ASTM D-1140)
b. Sieve Analysis (ASTM D-421)
c. Hydrometer Analysis (ASTM D-422)
Unit Weight and Moisture (SRTC Procedure)
Natural Moisture (ASTM D-2216)
Bulk Density (ASTM D-4531)
Specific Gravity ASTM D-854)
Porosity (calculation )
Falling Head Permeability - Vertical (ASTM D-5084)
pH(US EPA )
10. Exchangeable Acidity (US EPA 305.1)
11. Cation Exchange Capacity (US EPA 9081)

0% NO AW

RESULTS AND DISCUSSION

- Visual Description/Core Logging

The descriptions of the soil/sediment samples in the HRB Shelby tubes are given in Appendix A-1.
The soils were clayey sands to sandy clays. The descriptions are consistent with the soil
classifications based on the particle size data reported below.

Soil Classification Based on Particle Size Analyses

Particle size data generated by sieve analyses (ASTM D-421 and ASTM D-1140) and hydrometer
analyses (ASTM D-422) were used to determine the soil classifications of samples from each of
the HRB Shelby tubes. A summary of these results and the soil classifications is presented in
Table 1. The Data sheets with the test results are given in Appendix 2.

Slight differences in the visual descriptions and the soil classifications were anticipated because
only a small portion (about 3 inches) of the core was selected for the particle size analyses. This
material was also judged to be the most representative of the core.

The most consolidated section of the core was selected for the hydraulic conductivity tests since
the parameter of interest is related to the ability of the strata to act as a confining layer.
Representative material was selected for the other tests. Gravel layers were not intentionally
included since larger samples are necessary to accurately evaluate the amount and distribution of
the gravel and/or cobbles on the physical properties of these soils.
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Table 1. Soil Classification Based on Particle Size Analyses of the
HRB Shelby Tube Samples.

Coarse Mediu Fine
Gravel Sand Sand Sand Siltt Clay Colloid
(WL %)* (Wt.%) (WL%) (Wt %) (Wt % (wi %) (Wt %)* Classification***

Well Samples
HRB-14C 1 1 9 49 | 3 | 37 | (<34)] Clayey Fine Sand
HR3-15C 8 9 8 52 8 15 | (<14) | Clayey Fine to Med.
_ Sand
HR3-16DL 0 0 16 60 | 8 | 16 | (<14) | Clayey Fine Sand
Basin Samples
HRBS-25-01 0 2 20 22 6 50 | (<45) | Sandy Clay or
Clayey Fine to
Med. Sand
HRBS-27-01 2 7 38 24 6 | 23 | (<20) | Clayey Med. Sand

*  The gravel and larger cobble size fractions are under represented in this description because
the small diameter (2 and 5/8 inch diameter) of the Shelby tubes excluded collection of any
larger material which may be present in the strata.

* * The colloidal portion of the sample is a subset of the clay fraction.
*%% ASTM D-422 provides the following definitions for the various size fractions.

Gravel: - Material passing the 3 inch (7.62 cm) sieve and retained on the No. 4 sieve
(4.75 mm).
Sand: Material passing the No.4 sieve (4.75 mm) and retained on the
No.200 (75 mm) sieve.
a) Coarse sand = Material passing the No.4 (4.75 mm) sieve and retained
on the No.10 (2.00 mm) sieve.
b) Medium Sand = Material passing the No. 10 (2.00 mm) sieve and
retained on the No. 40 (425 pm) sieve,
c) Fine sand = Material passing the No. 40 sieve (425 um) and retained on
the No. 200 sieve (75 pm).
Silt Size: Material 0.074 to 0.005 mm in diameter.
Clay Size: Material smaller than 0.005 mm.
Colloids: Material smaller than 0.001 mm.
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Unit Weights of the HRB Shelby Tube Samples As Received and Dried

The unit weights of the samples as received and the unit weights of the dry samples are reported
in Tables 2 and 3, respectively.

Table 2. Unit Weights of As Received HRB Shelby Tube Samples.

Sample ID Wt. Wet Length of Diameter Volume Unit Wt.
Soil (grams) - Wet Soil Soil Core Sangple Wet
(inches) (inches) (f) (pch
Well Samples '
HRB-14C 782.4 3.652 2.875 0.01 125.52
HR3-15C 654.8 2,25 2.875 0.01 170.51
HR3-16DL 412.5 2.18 2.875 0.01 110.86
Basin Samples .
HRBS-25-01 672.6 3.125 2.875 0.01 126.10
HRBS-27-01 518.7 2 2.875 0.01 151.95
pef = pounds per cubic feet
Table 3. Unit Weights of Dried HRB Shelby Tube Samples.
Sample ID Wt. Dry Lengthof  Diameter Volume Unit Wt
Soil Dry Soil Soil Core sample dry
(grams) (inches) (inches) (f3) (pch)
Well Samples
- HRB-14C 625.5 3.652 2.875 0.01 100.35
HR3-15C 460.1 2.25 2.875 0.01 119.81
HR3-16DL 349.5 2.18 2.875 0.01 93.93
Basin Samples
HRBS-25-01 5435.5 3.125 2.875 0.01 102.27
HRBS-27-01 463.9 2 2.875 0.01 135.90

pef = pounds per cubic feet
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Natural Moisture, Specific Gravity and Porosity

Natural moisture was calculated by determining the weight of water in each Shelby tube sample
and calculating the moisture content relative to the dry weight of the sample (mass water/mass
dry soil X 100). The natural moisture contents and the porosities of the samples are listed in
Tables 3 and 4, respectively.

Table 4. Natural Moisture Content, Specific Gravity and Porosity of
HRB Shelby Tube Samples.

Natural Moisture Specific Porosity

Content Gravity Pore

Sample ID ASTM D-2216 ASTM D-854 Fraction
Well Samples ‘

HRB-14C 20.05 224 0.282

HR3-15C 29.73 2.60 : 0.262

HR3-16DL 15.27 2.62 0.426
Basin Samples

HRBS-25-01 18.90 264 0.379

HRBS-27-01 10.56 2.61 0.166

Saturated Vertical Hydraulic Conductivity

Samples for the hydraulic conductivity tests were selected from portions of the core which were
considered to be intact, The least fractured, most consolidated, highest clay content portions of
the core were selected for the hydraulic conductivity tests because it was assumed that the
parameter of interest was the ability of the soil to function as a confining layer. Since the sample
length was at least that of the diameter, some of the samples contained gravel (up to %2 inch),
which was apparent after the samples were removed from the cell, broken up and dried. Minor
defects in the core surfaces (up to 3/8 inch deep and of limited surface extent) were patched with
similar soil from the core. The samples were oriented in the permeability cell, such that, flow
was parallel to the long axis of the core, i.e., vertical conductivities were measured.

Two samples, HR3-15C and HR3-16DL were remolded after no flow was observed after several
hours in the cell. Sample HR3-15C had a very high water content and was compacted as the
result of the cell and head pressure applied to the sample during testing.

The samples were saturated to f values of greater than 0.95 per the ASTM procedure.
Saturation was accomplished in the permeability cell prior to the conductivity measurements.
Results are presented in Table 5. In addition, the final water content after saturation and
completion of the hydraulic conductivity test was determined and reported for each sample used
for the hydraulic conductivity measurement. This information is listed in Table 6 along with the
water content determined on the as received sample. Data sheets are presented in Appendix 4.



WSRC-TR-99-00057
February 8, 1999
Page 70of 11

Table 5. Vertical Hydraulic Conductivities (Ketwated) Of HRB Shelby Tube Samples.

Falling Head Hydraulic Conductivity ASTM D-5084

Run 1 Run 2 k ave.

Sample ID (cm/sec) (cm/sec) (cm/sec)
Well Samples

HRB-14C 1.67E-04 2.03E-04 1.85E-04

HR3-15C 1.06E-06 - 1.06E-06

HR3-16DL 2.67E-05 2.29E-05 2.48E-05
Basin Samples '

HRBS-25-01 4.02E-06 - 4.02E-06

HRBS-27-01 1.73E-05 1.78E-05 1.76E-05

Table 6. Comparison of Water Contents Of As Received and
Saturated Samples From the HRB Shelby Tubes.

Water Contem As Water Content After Saturation

Sample ID Received (from hydraulic conductivity
(from Table 2) data sheets)
(wt. % of solid) (wt. % of solid)
Well Samples .
HRB-14C 20.05 25.2
HR3-15C 29.73 32.9
HR3-16DL 15.27 12.0
Basin Samples
HRBS-25-01 18.90 29.2
HRBS-27-01 . 10.56 17.5
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Soil pH

The pH of the soil is a measurement of the H' ion concentration in the pore fluid, which is in
equilibrium with the soil, i.e., pH = log (1/Cy.). The measurement determines the degree of
acidity or alkalinity of the soil materials suspended in water. Deionized water was used to obtain
these values per the EPA test method 9045A. Results for the HRB Shelby tube samples are
listed in Table 7.

Table 7. ph Values for the HRB Shelby Tube Samples.

. pH pH pH

Sample ID sample 1 sample 2 Average
'Well Samples :

HRB-14C 8.7 8.2 8.45

HR3-15C 8 7.28 7.64

HR3-16DL 59 5.14 5.52
[Basin Samples .

HRBS-25-01 8.7 7.88 8.29

HRBS-27-01 5.7 475 5.22
Exchangeable Acidity

Exchangeable acidities of the HRB Shelby tube samples were determined according to EPA
Method 305.1. This test measures the mineral acidity of the sample plus the acidity resulting
from oxidation and hydrolysis of polyvalent cations, such as, salts of iron and aluminum. Results
are summarized in Table 8, and the data sheets are presented in Appendix 4.

Table 8. Exchangeable Acidity of the HRB Shelby Tube Samples.

Acidity (ueq/L)  Acidity (ueg/L) Acidity (ueq/L)

Sample ID Sample A Sample B Average
Well Samples

HRB-14C 90.3 170.5 130.4

HR3-15C 360.1 494.5 427.3

HR3-16DL 2514 240.8 246.1
Basin Samples :

HBRBS-25-01 170.0 180.1 160.5

HRBS-27-01 140.9 105.3 123.1
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Cation Exchange Capacity
The cation exchange capacity (CEC) is a measure of the negative charges carried by the soil
particles, organic matter and sesquioxides. US EPA Method 9081 was used for these

determinations. Results are summarized in Table 9 and analytical data for sodium concentrations
of tests solutions are presented in Appendix 5.

Table 9. Cation Exchange Capacity of the HRB Shelby Tube Samples.
CEC (Caolo/kg soil) CEC (Coaws/kg soil) CEC (Canies/kg soil)

Sample ID . Sample A Sample B Average
Well Samples .
HRB-14C : 3.20 3.28 3.24
HR3-15C 4.76 3.47 4,12
HR3-16DL 1.95 1.17 1.56
[Basin Samples '
HRBS-25-01 4.42 4.16 429
HRBS-27-01 - 3.36 2.71 3.04
CONCLUSIONS

The HRB Shelby tube samples analyzed in this study are clayey sands. One sample from the
bottom of the basin, HRBS-25-01, is sandy clay. Geotechnical and geochemical test results
obtained in the test program are consistent with the soil types and are summarized in Tables 10
and 11, respectively. Data sheets are included in the Appendices A-1 to A-6. '
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Table 10. Summary of the Geotechnical Properties of the HRB Shelby Tube Samples.

Natural Vertical

Ground Sample Sample Specific Unit Wt Moisture Hydraulic
Elevation Depth Elevation Gravity  Porosity as UnitWt % H20  Conductivity
Sample ID Ftabove Ftbelow Ftabove MSL ASTM Pore received dry ASTM K ave.
MSL land surface D-854  Fraction {(pch (pcf) D-2216 (cm/sec)
Well Samples
HRB-14C 264.5 8to 10 254.5 to 256.5 2.24 0.282 125.52 100.35 20.05 1.85E-04
HR3-15C 263.3 132t0 134 | 129.3to 131.3 2.6 0.262 170.51 119.81 29.73
HR3-16DL 254.9 6to7 247.9 to 248.9 2.62 0.426 110.86 93.93 15.27 2 48BE-05
Basin Samples
HRBS-25-01 ~263 0to2.5 260.5 to 263 2.64 0.379 126.10 | 102,27 18.90 4.02B-06
HRBS-27-01 ~263 0t02.5 260.5 to 263 2.61 0.166 151.95 | 135.90 10.56 1.76E-05

Table 11. Summary of the Geochemical Properties of the HRB Shelby Tube Samples.

Exchangeable Cation Exchange

Sample ID pH (ave.) Acidity (ave.) Capacity (ave.)

Well Samples

HRB-14C 8.45 130.4 3.24

HR3-15C 7.64 427.1 4.12

HR3-16DL 5.52 246.1 1.56
Basin samples

HRBS-25-01 8.29 160.5 4,29

HRBS-27-01 5.22 123.1 3.04
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QUALITY ASSURANCE

Testing was conducted in accordance with ASTM standard practices and SRS procedures.
Results are recorded in Laboratory Notebook WSRC-NB-98-00204. The Task Technical Plan
and Task Quality Assurance Plan for this effort are documented in WSRC-RP-99-00122 and
WSRC-RP-99-00121, respectively. The Chain of Custody documentation for the Shelby Tube
Samples is provided in Appendix 6.
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Visual Descriptions of the HRB Shelby Tube Samples

HRB-14C

Approximately 26 inches of core was recovered from the Shelby tube The upper 7 inches was
disturbed and contained about 60 volume % large (up to 1.5 inches) quart?.lte gravel plus sand,
silt and clay. The gravel is subangular, hard and dense. This section of core is mottled
yellow/red/white.

The lower 19 inches is a silty clayey sand and contained no gravel. A few of the largest particles
were less than 0.5 inches. The structure of this portion of the core is uniform and the color is
mottled yellow/red/white.

HR3-15C

Approximately 12 inches of core was recovered from this Shelby tube. A few pieces of
quartzite gravel were recovered from the top of the sample. The first 7 inches consisted of an
organic rich silty sand which was grayish brown in color, mottled, and contained black charcoal
particles (up to 3/8 inch), soft white agglomerates of white clay and clear quartz sand, light gray,
dense quartzite (up to 3/8 inch).

The next 2 inches was a sandy silt which was similar to the material directly above it except this
layer did not contain the carbon and the quartzite gravel was larger (up to 0.5 inches).

The bottom 3 inches of this core was very wet fine silty sand. It is greenish yellow and is not
cohesive. This layer contains no gravel.

HR3-16DL

Approximately 16 inches of core was recovered from the Shelby tube. The upper 13 inches
consists of wet mottled gray brown silty sand. It contains a small amount of light gray, dense,
subangular quartzite gravel up to 1.5 inches in size. This section of core also contains a few root

or twig fragments.
The bottom 3 inches of this core consists of wet, yellowish silty sand with orange mottling.

HRBS-25-01
Approximately 20 inches of core was recovered from the Shelby tube. Several pleces of

quartzite gravel were present at the very top of the tube sample.

The remaining sample is a clayey, silty sand containing 5-10 volume % hard, dense light gray
quartzite gravel up to 1.5 inches in size plus soft aggregates (less than 1 inch in size) of clear
quartz sand. The quartz sand aggregates break/crumble very easily. The core is mottled
red/yellow/orange and tends to fracture along the red mottling. Some layers have more sand
than the others. The core fractured along the red (weathered) zones both perpendicular to and
diagonal to the long axis of the core.
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HRBS-27-01 :
Approximately 20 inches of core was recovered from the shelby tube. Black organic rich liquid
was observed above the top plug in the tube. About 3 inches of sand and gravel coated with
black organic material was recovered just below the plug. This material was not sampled.

The next 5 inches of core contain fine clayey silty sand without gravel. It is mottled. This
section is similar to the bottom 5 inches of this core except the sand is finer. -

The next 4 inches of core consisted of a clayey, silty sand which contained about 20 volume % of
the dense quartzite gravel and also about 20 volume % of the soft clear quartz sand agglomerates
in a white clay matrix. The color of this core is mottled yellow/red/white.

The next 2 inches consist of a few large quartzite gravel. This material was unconsolidated after
removing it from the tube.

The bottom 5 inches of this core consisted of calyey, silty sand containing and soft clear quartz
sand agglomerates up to 1.5 inches in size.
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HRB Shelby Tube Samples
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. Mdl?'e,l 'o«'c{/o(‘ﬂ%&. mo H”"l.'q qﬁ&ﬁé’ﬁ&l’t#ﬁf‘|nx » .

3y
Bottom  'HRBS-25-01 20inches .  Top m_“"

10

0 glergy Sme Sine. 73’:1‘ ;':jﬁ *: clasyey $0.5and 19 19
L«wﬁ'ed. Y“/Q/uhutr? Oi !

Bottom HRB5-27-01 155inches  ~  Top

mo H“CJ yet/red/ux-nv “3“‘:7'77‘ /b racom

sandy clag o clagey fn Sand 17 Sandy clayey sravel 26

mottled yel/redfuahite. ( Omwt’s ez é’ DJ

Il R NS BN AN =S A N B AR A B EE D By B AE B
O

Bottom HR-14 26 inches




WBKC-‘A‘KMS%

Sample: UR™> - ;4 Date: /-/-77  Technician: C. Laa-nén_ YA Mﬁ-«nﬁb

Distance from bottom of core | o~ ¢ 30 192 [ ”

1 | Soil group name _ [%2%° '!'é'm'i“aj w sandsy_ ol 5 Lape |
2 | Group Symbol !
3 | Vol % Cobbles - o dqsand -
fine/course 1Ya 4 L0
4 | Vol % Sand o
fine/med/course “%0- 40 X2
5 Vol % fines L —70 77 30 7
6 | Particle angularity
Angular/subang/
subround/round - Sud- 4
7 | Particle shape -
Flat, clongated, flat | — Ef o
and elongated Trropo
8 | Maximum particle y # chept for "
SiZG hd vcsswng // :I ! ?
S | Hardness of course
sand and large L .
particles
10 Plasticity of fines Med
P‘o (19 "t(.- p’ﬂ‘s {'lc.

11 Dry Strength o
None, tow, med., 1417 h ”'7"‘ wfo ;j"
high, v. high _

12 Dilatancy .

' None, slow, rapid ~ -

13 Toughness - —
Low, med., high .

14 Color moHled gy red, | motiled
(in moist condition) |whr& d«, red whha

15 Odor Nene N oS,

16 Moisture _ .

Dry, moist, wet Mors t we t+

17 Reaction withi :

HCL —_ —
, none, weak, strong
18 Consistency
. V. SOﬁ, SOﬁ, ﬁml, v. g.rm . DIC_J‘UI'ID&J
hard, v. hard
19 Structure Uysfrrr Disdurbed.
20 Cementation , weak 1n
- { Weak, mod. strong iod -Skread wek ot fo,

21 Local name ,

23 |Comments lpwtiled Distor bed (ed
roots, oles,
mica, surface Mom-%ka,
coatings on coarse Aatho eonadr )
grains, caving of
hole, difficulty
excavating

1



WSRC-TRO0057
AGG:

Samples HR 3 -/S C.

Date:

|
1-2(-97 Technician: C. Lavch ¥ B.

Distance from bottom of core

1

- Bmbs] 3-S5

Il A

s
Vi

ey A

2

Soil group name -@g,z% Sancl
Group Symbol

% S Hq
B A

Qr a:#e.'

3

Vol. % Cobbles
fine/course

O

. R0 e

28 7

100 A

Vol % Sand
fine/med/course

?O _/oo

20 P

S 7

U

Vol. % fines

S 210

£0=5 7>

5

Particle angularity
Angular/subang/
subround/round

Qb an vlar
y sob raonded

‘Particle shape
Flat, clongated, flat
“and elongated

-Pl ot 4o Irrngq

Maximum particle
size

L’é"

, %H

Hardness of course
sand and large
_particles

anr‘liif"
hor d

Qacrﬁ"*t
hord

_Qoar ""%lt
l'\a.rﬂL ) '

10

Plasticity of fines

N0+ PI-&;J'JC.

Sﬁ.mi:..

Sam-e

B @y

11

Dry Streagth
None, low, med.,
high, v. high

low

low

NK&

iz

Dilatancy -
None, slow, rapid

13

Toughness .
Low, med., high

——

—

14

Color
(in moist cond:tlon)

yellow: "~ -
forize

gme-mh £

e bet

15

Odor

N_ne

foanﬂ.

16

Moisture
Dry, moist, wet

Sebone Lad

V. wet

. ~ A - . ' A

NZ\“

17

Reaction with
HCL
none, weak, strong

18

Consistency
v. soft, soft, firm,
hard, v. hard

sag'v i

G ;4‘

sa bt

NA.

19

Structure

.a_n|§oatv\. ':n‘h

i 5@.m-¢

‘Dl-ffoﬁ btj

N A

20

Cementation
Weak, mod. strong

ap——

ot cokescved )

2]

Local name

——

23

Comments
roots, root holes,
mica, surface
coatings on coarse
grains, caving of
hole, difficulty -

excavating

botlom +€
Shel by Hob=
Saon f"'"’ In

W»ﬂlea/ $h.

V. [mscshind

blac k. partrcles
ave charco

F.H-p(,"vr‘;

S’a."tf le= J‘S{OM\. -




WSRC-TR:
| ALT

Sample: 1R % -)LpL  Date: /-21-7¢ Techmcian-c Lmlmt?s Mh e

—

Distance from bottom of core

o - "

1

Soil group name

‘5[,4&” é

2

Group Symbol

397

meddo coorse

c.-!m,c:) srand

Q{a; ga Sand

2 - 16 7 !

3

Vol. % Cobbles
fine/course

L ) o

1523

Vol % Sand
fine/med/course

50 %

SOt

1°Rs

Lh

Vol. % fines

S0 7=

T 5D .

Particle angularity
Angular/subang/

subround/round

< vh ang vler

Sdb rauru’eacl
_Qugrtrte

Samec_

Same,

Particle shape
Flat, elongated, flat
and elongated

Amrzah.n
Cf.:ﬁ.\n“‘

Maximun particle
size

g:j/g "

Same,

Hardness of course
sand and large
particles

Hond

Fam <

10

Plasticity of fines

11

Dry Strength
None, low, med.,

high, v. high

Ted

Sain L,

12

Dilatancy .
None, slow, rapid

—

113

Toughness
Low, med., high

A

14

Color
{in moist condition)

eilow ¢
y -brocon .

15

Odor

No-np

Brown lS"l

tﬂ'e_ﬂdab b rown

None _

Noye

16

Moisture
Dry, moist, wet

wet

wet

u..):‘F

17

Reaction with
HCL
none, weak, strong

18

Consistency .
v. soft, soft, firm,
hard, v. hard

F\fM ’

Firm

S rmn

19

Structure

Ak S

RIS m

Mo+
A & Sl

20

Cementation
Weak, mod. strong

21

Local name

23

Comments

roots, root holes,
mica, surface
coatings on coarse
grains, caving of
hole, difficulty

excavating

Se.u fOO'LS

A ;15




‘ WSRG-'IR%

Sample: §R0S-250© |

Distance from bottom of core

Date: ;-2/-99 Technician: C.Lovadnn

o~go"

1

Soil group name

2

Group Symbol

0] Co

b

Co

e

h s B_JM |
/

3

Vol. % Cobbles
fine/course

I. o5t
2. goartz: fe Grape

e, fincivsroas

5%

Yol % Sand
fine/med/course

Go-70

L7, ]

Vol. % fines

Particle angularity
Angular/subang/
subround/round

¢o- 30
Sub &

Particle shape
Flat, elongated, flat
and elongated

nl-
|ﬂ‘ﬁdl“ [l

Maximum particle
size

14

| }ﬁ) H

Hardness of course
sand and large
particles .

rvarte =l
?)l‘fhf"c= ‘\.-"J‘

hard

10

Plasticity of fines

Pla s'hc

11

Dry Strength
None, low, med.,
high, v. high

“ :41"1

12

Dilatancy A
None, slow, rapid

13

Toughness
Low, med, high

—

14

Color
(in moist condition)

.o filed fg{, lrgllou:

ey

15

Odor

None

16 -

Moisture
Dry, moist, wet

Mors T

17

Reaction with
HCL
none, weak, strong

18

Consistency
v. soft, soft, firm,

‘| hard, v. hard

Fiem

19

Structure

Heriaortal parting|plardd

20

Cementation

S-har\t,

21

Weak, mod. strong
Local name '

23

Comments

roots, root holes,
mica, surface
coatings on coarse
grains, caving of
hole, difficulty

excavating

uor |%°ﬂ‘l1-ﬂ. ﬁ-aduqc_s

aleng red zeney

HAsm 1L

Mere. ﬁn‘ d‘m‘g‘(—b




ALy

t _ Date: /-2/,-99 Technician: C

Sample: HRS -27-0 L;,.., 2B
Distanoeﬁo?tbottomofoom -0 =5” S-9 N 2—n” W%
; (S_i:)lgroup nat;le %ML gourterle Ao g[gﬁ send M&:{_M
u : T
p Symbo :ﬁ;b;::.s - 3;-.". a5 !
-4 ,
] -
3 f‘i:i AC:bbles —? 3:;':,::,:‘“ 5| 80- 9305 ‘7'; ;s:f: ::»n 2% exept 7:;4-4“*
COours: 2 - 0 Je S!II I j<, - pe
4 | Vol % Sand ' . z -
fine/med/course 60 2> lo-18 Ho-60 fine ]
5 VOL % fines 20 7o ‘5’_—/0_ 10-30
6 | Particle angularity f"—-f"" “y «
Angular/subang/ s j:ai, Sub 3 Same «f
subround/round cvartz Send, o5 Same
-7 | Particle shape "o soby
Flat, clongated, flat | umelaives Q
and elongated ﬁ' hear g ) \ Samp
8 | Maximum particle v
size ! ”Q i 'éz I ’{;{ \ ("
9 | Hardness of course | gand groms = Hag AR
sand and large Sandqran ncosonst B V-hard
particles Sl o™ Vehard  Jeoqachibeoiad ' vorferty
10 Plasticity of fines _ ' . _
ty Pk.S'f 1< pk‘s )L,(__ j PLS“IQ
11 [ Dry Strength " ' ‘
None, low, med., MeJ —_ Med.
high, v. high Med
12 Dilatancy _ -
' Noune, slow, rapid - - -
13 Toughness _ . -
Low, med., high -
14 Color imetiled - . matriy same =S st chSrans| - 14 - "
T gl;l moist condition) 9!'“'7 whala. 5‘;"?}“ te :ﬁqﬁ,};# Lwhl-l.lq_ b,’:ﬂ?l 7“7‘
or None Rose ] Nona Mi
16 | Moisture , PO =
Dry, moist, wet Mors T - Mols‘i'
17 Reaction with ' '
HCL — ‘ -
none, weak, strong : -
18 COIlSistency cd re &]l an"r h
v. soft, soft, firm, | €.e t | webls such o furbed
< hard, v. hard lm Des
19 Structure YorrserTl Lermmtved Fraddeed Torriorf T |
- AfA . s oS - . A 215 ' DJSJWM_
20 Cementation et drirfor e . fotchbee Buweatidal
Weak, mod. strong | _rMad] weat e ged- -
21 Local name - _
23 Comments 9 Huk 2me horizon{st Qontains
roots, root holes, wedor erjire
o concaty «F [ Brahrey e,
coa%ngsoncoarsc sg‘ ::2_""(’“" e Deile | besed on
grains, caving of v € red) lavers odor
hole, dxﬁ:ﬁfy and aGuw cmaller g black
excavating preces, < 7vﬂfﬁt“ﬁ- <slor
atriy
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APPENDIX 2.
Particle Size Analyses (Sieve and Hydrometer),
Soil Classifications
and

Specific Gravity Data Sheet




WSRC-TR-00057

. | A22
orseor S RAYTHEON Englneers & Constructors ~ Paee 2 _or L8
. Particle-Size Analysis
ASTMD 75 Aljj X ASTMD 422-)p © AsTMC 136 A )
Report #: MWM_ . Work Package No.: M{ZA
ProjectWAD #: Z2 U0 2E QCIR No.: A{/t?
we.___ N Labe: _ HRL -/4C Date Tested: ?fé{/é*?’
Material Description: _ 7/ a2y £ QP
Location: _H [&ZrEnlmon] B
Sieve ¥ Cumulative WI. ¥ Cumuistive Aflczt Acceptance
Size . Retained, grams %RetainedM % Passing Criteria
3@ 7 29 A 49 Njp
Hip %7 lt5.L 9%
#70 /.0 A/ 47
#4p 9. 652 49
) 6.5 6.7 40
#/dp 194 373 &2
A0 4% 285 | 4
LTI\ | 29\
(962 /- _/
oz | [ 27 |
| agzz \ Lom Htpdbas = Beqodse 37 STF
058 : ‘ 27 \\
W XA 2 %5 -
2y ' . . ¥
_ “ W
Pan Weight: G757 grams Specific Gravity: ' 2,55
Oven Dry Weight: __ (7Z5. ?/ 7.2 grams Fves Do
{MTE /)24 |cAL DUE DATE: u[mﬁq Procedure: (?_ 1127~/
NCR #: JA. Rev: 2]
Test , 2 .
Result El Conforming  [] Nonconforming X na :CN'" L
Remarks: *ﬁ ﬂ’(bl 2/43@9 ™ Pt éft?"mzl??“b R::_ﬁ //
L2 Elle. ENALLATIN . - 4
¥z prapeir 75 Son sl éce@w@d DoFs: A
‘ . Design Category: /_ _
nspecior; &2 = Level: 2= Date: o -2~ %%
eviewer: ﬁﬂ. ‘, Level: _ 77T Date: azéﬂ



o RAYTHEON Engineers & Constructors  rw4 oz
Grain Size Distribution Curve
Gravel | Sand Fines ,
0. C0a _Fine__Coarse Medium __Fine | _Silt Clay
: . : *—-—-a--‘,_\\
- ~
'® N\,
7 N
2w S
s o N
S Y\ _
2 =
> - X
ic - —~—
g = }
O 25
O p. o}
= 15

3 2158 1t 7% 5 38 4\ 8 10 16 20 30 40 50 60 70 100 140 200 0.05 0.01 0.005 - 0.001

Sleve Opening, Inches U.S. Standard Sfeve Numbers Determined by Hydrometer

Grain Size
" Report #: $- Fhe3100 58 20! Project #: H Berenmion] Bazm/ Lab # H72C -14¢

£5000-B10USM. |




ot AN | RAYTHEON Engineers & Constructors . PAct [l or (&
: ' Particle-Size Analysis '
ASTMD TS N ) ASTM D 422465/ f " ASTMC 136 WA )
Repot#: 99 - P /0028 2V Work Package No.: I{k
ProjectWAD ¢ _FAL 40 5% QCIR No.: Q/A
TWC: /\I/A Lab#: __ HRB-/5C Date Tested: 70‘4'57

Material Description: ___ (/44 Y. Zarle>

Location: __ 4 PasrEafioy Basenl

Sleve * Cumulative WL, x-Cumulative 1455 Acceptance
Size " Retained, grams x %—Reta!nedﬂ‘ Lol % Passing Criteria
Ha" 9.5 dep.i 94 o
#d 26.7 4zzd 497 71
(0 4%.2 200, Z 4%
20 LG 1057 | gz
dp &.D 27.Z 75
Lo __15.3 8|4 4%
\ BAr70) 4d.c . %74 Z9
240 7.6 293 25
2.0%29 iy R /9 f?
O Z(05 / /7 /
potzdp | [ w |
022877 | \ st dygberee ZeaomiGe (6 \¥&z
0, 006024 I\ /S
0. L0ZA \ i \ ¥
DO B/ . s / «//
14
Pan Weight: U459 Le grams Specific Gravily: 7,40
Oven Dry Weight: 45’7-&//Z?/ grams Ddves [Ino
MSTE:  (yl. 74 [cALDUEDATE: 1)) 7899 Procedure: (7. 157/
NCR# fJ/,4 . | ' Rev: , ' |
;::tult: D Confotming [ Nonconforming |Z| N!A &L=

Specs:

Remarks { /W 40@@‘? i TUTH  SUBHITED /2, —
éa Eyieyaiiod. XC g cendr p= Soc

éi:-’z :[ 2/2{’ DCFs:

Dwgn Category:

eviewer: AR ika : Level: Date: }%_

tJ




e RAYTHEON Engineers & Constructors  rese/Zzotl&
Grain Size Distribution Curve
Gravel - Sand Fines ..
._Coarse Fin's Medium Fine_ Sit Clay
- N_ ' ' i
= ~ \
& \!\—‘\_
” ~ .
2 ™ \ ‘
> = AN
5 o N
3 0
2 A
- . N\
: T \
3 s AN
T s N__"-":

3 215 1t 75 5 28 4\ 6 10 16 20 30 40 s0 60 70 100 140 200 0.05 001 0.005 0.001

Sleve Opening, Inches

Report #: 4 - AR 5(00 28 2/

U.S. Standard Sleve Numbers
Grain Size

Determined by Hydrometer

Lab# _HR3./50

Project #: Y Bereatrond B

£5000-91-08SM




WSRC-TR-00057

S5 18172 (o RAYTHEON Engineers & Constructors eoc 9 or (B A
Particle-Size Analysis
AsTMD 75 Nfp ): ASTMD 422:¢2) @ ASTMC 1364 A )
Repotts: _ Y. VAL DS 0/ Work Package No.: MNA
ProjectWAD #: __FAL B100%% QCIR No.: Nia
we:___A £ labe__HRZ -l Date Tested: _Z/2 277
Material Desciiption: L i, AN |
Location: 77 O~ : w~
Sieve ¥ Cumuletive-Wt. Gumulative AA55 | Acceptance
Size Retained, grams %-Retained 3, .4 % Passing Criteria
e 2 _dod e N/A
=4 Z/ 46/ 3 2
10 116 ez 7 100
Zo 0.4 72.2 Vi
40 g1/ 8.1 24
A (0 2.3 2.5 6%
$ (40 25.0 25.% 2Z
_ XD ' 6.0 /9.9 74
b-pocltl marl ) 2/ N
2/1 Zo /
ppzazd ' (7 /
o o7/ Lﬂkxﬂ?f%@ /7 A7
| 0.00647 (G.
pooz | | 1.
0.201 2wl / . A '
| T /4
Pan Weight ____dGo.F grams Specific Graviy: 7,67
Oven Dry Weight: 4(9%4[2»/.6 ____ grams ves LINo
MATE  |y/-24 CALDUEDATE: ilfj7/¢¢ Procedure: (7_ 7. 2/
NCR# W& Rev: o _
;:tult: I;I Conforming ] Nonconforming IE*{WA :"N's’ 4
— cS:
Remarks: '2%{2[ g% ,*’ DATA SLZa 117820 8. Rl:n 4/
LM, E b aTion], i
¥2 Penscilr oF <ot (i Saerensen pors: Z
' Design Category,
W Level: __ ZZ—  Date: F27-22
e Lot et T ae: P{BH_
v

.
N



o RAYTHEON Engineers & Constructors = P2 o1&
Grain Size Distribution Curve
Gravel B Sand Fines ,
1: Coarse Fine _Coarse Mefjlum _ Fine _ Silt Clay__
20 \
N
z '\\
5 . S
O 4 N\
2 & N
> \
0 s
5 - -\
S o \\
i _
e . N
8- =
| & 2 =
| o 1NN
’ 3 215 1 l.75 S5 .38 4V 6 10 16 20 30 40 50 60 70 100 140 200 005 0.01 0005 0.001
Sieve Opening, Inches U.S. Standard Sleve Numbers Determined by Hydrometer ,
| | Grain Size |
Report #: _q- PAL 200 2B-cp/ Project #: _H_7227ENTION Pt/ Lab#: _HR%-)o DL

&TV

£5000-2L-0USM




mmm

o W RAYTHEON Engineers & Constructors  PAf~L2 o L8 e
Particle-Size Analysis
ASTMD 754 H/f : ASTMD 4226 3)(@5  asmmc 136 A4 )
Reporté: _ 49— FLL 200 255- 220/ Work Package No.: _N/A
ProjectWAD # _ 2 240 35 QCIR No.: LI’/A
we:___ NJg vt __HRP 75 -0 pate Tested: 27
Material Description: _ 2 A/ /EM/@/D
Location: (ol 754//&/
Sieve ¥« Gumuiztive Wt. * Cumulative M55 Acceptance
Size Retained, grams %Retainedgz,.,. 1 % Passing Criteria
g/ 0 S & (e N/
#4 7.0 S5 . (80 '
18] 1.2 522.3 74
20 15 w9 75
4 (e 49.% 76
2%, 2.6 dz.z Lolo_
—alf 14p 5.5 3.7 57
700 .2 35,5 o
| 0.5%55 a] 5% )
04932 11/ 53/
ponze [ i |
000203 | | [ Foon yrpomelee Beapwas = S#
& \ s\
lo.azezy | ) 4% |
p.0izou |,/ 4z / F
= Np
Pan Weight: L7 grams Specific Gravity: Z,Gef |
Oven Dry Weight: ”f\{gfp [6%9 _grams Yes No
METE: 14, 24 CAL DUE DATE: "//7;;1 Procedute: (7-(Y/0..LZ/
NcR#: A4 Rev: p
;?stutt /‘ g Fonformﬁ'lg D Nonconforming _ ’l‘sl;Av :;N'; A -
Remarks: * . Z 74 ‘fﬂﬁmﬂ Rev: M
M_M&édﬂﬂw . )
*Z Teafedr o Con éueﬁadérad pefe: LR
A - |{Design Category: /
nspects o . 4¢u./ Level: & Date: ,i:i £ 7
eviewer: { : f'f’ Level: Date: _géﬂ_

v o



-y Ee B Em EE N = =N = .

Fm RAYTHEON Engineers & Constructors roge Bl 012
Grain Size Distribution Curve
Gravel | _ ~ Sand Fines
Coarse Fine arse Medium Fine Silt Clay
1\ ‘
N
, \\ . ‘ S .
N

AN

=

Percent Finer by Weight

ocn 3 a B R8S K A48 888 3AIBRRBRJ

3 215 1 75 5 38 4 68 10 16 20 30 . 40 S50 B0 70 100 140 éoo 0.05 001 0.005 0.001
" Sleve Opening, Inches U.S. Standard Sleve Numbers Determined by Hydrometer
Grain Size
Report#: _ 49- FAR2(O00%Z - ol Project # _ H 7Rz7eimow Pderr/  Lab#: RSB -25-01

1S000°23°0USA



WSRC-TR-00057
- A2-10

Frogre oA RAYTHEON Engineers & Constructors pace _7_or (8
' Particle-Size-Analysis
ASTMD 754 WJj ); ASTMD 422-67%)(®f: ASTMC 136+ n/A )
Report #: - VAL S0 - Work Package No.: /\7]4
ProjectWAD & __ PAL. 21005 38 QciRNo: __ A/#
TWC: )\//4 Labi _ l‘hz% -Z27-0/ Date Tested: 2,/0$?
Material Description: CLAYE . SAND |
Location: ETIToN BAANNS
Sieve # Gumulative-Wt. ¥ Gumulatve 4455 Acceptance
Size Retained, grams %-Retainedpy, ;. % Passing Critetia
EA 0 42d 4 /60 W
4 49 dedo™ 7% *
1o 226 d20.3 9/
20 &% 6.5 Y-l
4p /9.2 273 5%
lob 9.7 2%/ _ b
140 ted 2{.7. 2/
<+ 7200 L7 2.5 79
005475 ya 27\
pozitd |1} 2¢ )
) OIZ55 | | 26 [
p.eopad | |\ soou iorsmerie Beapmss 24 \ %z
0037 1| - 23 {
b.oor1 g |\ 2/ \
| ©_o01 24 zo J v
' it
PanWeight ___ d{z%.9 grams Specific Gravity: .o/
- Qwen Dry Weight: f&'g’ﬁzrﬁ-i _____grams EY&G DNO
MTE:  /.Zd CALDUE DATE: (1/-7/79 Pracedure: (1-CYP.0Z/
NCR # ol Rev: »

;:tuﬂ: [ conforming  * ] Nonconforming [ﬁ N/A %ﬁ
Remarks:*ﬂ’ -_’4{4' M ¥/ DUTR Sapat it uggg i L
i, EyaLudmnion] e V4

L (o) e fTRceE OF Ziss 1K Simiensmvd N K
_ ' — . Design Category'/
. Level: ZZ—  Date: Z:7-57_
Level: IZL - Date: :ﬁﬁ&f




WSRC-TR-00057

A2l
praprpey A RAYTHEON Engineers & Constructors  pact /3 or /2
Summary Report of Testing Activities Continuation Sheet
Report Title: ”MM Baot/ Report No.; 79-FHE HoO2F-crry/

ftem# Remarks

Woreadere Coninpa7r iy TE =75 - Az 5084 (30)
Flriider HERD. (ReER T8 Pl & 1</ 18)

- SAMNPLE. A i ERac 1g Conlaednvay
HIZB-14C ' [, 85 X0~ ¥ cat/5=C
g HR&- -Z‘-:a'—t)/ H.0Z X 16°%Cpl /4ea
HRES. 2700 1.95X10 “Z Cat/5EC.
H23-tooL- Z.0teX 17 2Cut 5.
HZ%-i5¢ /. 6 X 10" Ceut o

Remarks:




o RAYTHEON Engineers & Constructors = rweZ otz
Grain Size Distribution Curve

Gravel Sand | Fines ‘
10 Coarse Fine arse Medium Fine _Silt_ _Clay
= —
0 \L
. 5 \
a0 \\
i
- n N\
5 A\
D =
O A\
S =
>
0 &0
5 AN
g o \
ol I
g 20 \
O %
| .
g = —
15
10
5 3
0 - .
3 295 1 75 5 38 4 €6 10 18 20 30 40 sS0 60 70 100 140 200 005 0.01 0.005 0.001 3
Sieve Opening, Inches . U.S. Standard Sieve Numbers Determined by Hydrometer E
Grain Size 3
Report #: _ 41 AL 500 ZE - 222/ Project #: _H Zerz/7r0x/ Bert/ Lab # 255 - Z7-0/ g%
|




ASR 18-250 (7/8)

Report Tite: _H AEn RETENTIoN. Zhse!

RAYTHEON Engineers & Constructors  race _Z or ____
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APPENDIX 3.

Vertical Hydraulic Conductivity Data Sheets for Saturated
HRB Shelby Tube Samples
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Summary of Data Sheet for Exchangeable Acidity Tests

Vol Vol. 0.0IN pH after H202 Boiling Vol. 0.02 N Exchangeable
Sample Sample corrected Initial  H2S03 addition Added Time NaOH  Final Acidity
Sample ID volume weight forsolids pH {ml) of H2804 (drops) (min) {ml) pH mg/L
HRB-14-C 50 }150.15371 49.85 4.42 0.50 3.60 5 4 0.70 8.22 90.3
HR3-15C 50 50019} 4998 6.24 4.00 4.00 55 38 3.80 8.22 360.1
HR3-16DL. 50 [502715] 49.73 5.89 1.50 3.70 10 11 2.00 8.21 251.4
HRBS-25-01} S0 | 50.001 | 50.00 8.23 8.50 4.01 30 30 5.10 8.21 170.0
HRB5-27-01}1 50 1503164} 49.69 8.56 4.80 4.00 30 30 3.10 8.20 140.9
Blank 50 50 50.00 5.41 0.10 4.01 5 4 0.20 8.2 30.0
Vol Vol. 0.0IN pHafter H202 Boiling Vol. 0.02 N Exchangeable
Sample Sample corrected Initial  H2So3 addition Added Time NaOH  Final Acidity
Sample ID volume weight for solids pH (ml) of H2804 (drops) (min) (ml) pH mg/L
HRB-14-C 50 150.1588] 49.84 4.43 0.30 4.00 3 4 1.00 8.22 170.5
HR3-15C 50 50.05 49,95 6.46 3.30 4.01 10 13 2.80 8.22 494.5
HR3-16DL 50 }50.1623{ 49.84 3.91 1.00 4.00 15 18 1.70 8.21 240.8
HRBS5-25-01§ SO §50.0375] 49.96 8.24 200 4.02 5 5 1.90 8.21 180.1 .
HRBS-27-01] 50 {50.1228] 49.88 8.6 1.75 4.01 10 13 1.40 8.20 105.3

(A 44

6661 ‘8 Axeniqaj

LEBON-6A-W.T-IHSM




WSRC-TR-99-00057 -

February 8, 1999
Page AS-1

APPENDIX §.

Sodium Concentrations for Cation Exchange Capacity Calculations
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Tuesday February 09, 1999
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14C-8 300122472 NA 131.4818
25-A 300122473 ANALYST NAME 506
25=4 300122473 NA 174, 5450
25-B 300122474  ANALYST NAME 5C6
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27-A J0Q122875 ANALYBT NAME 5C5
27-A 300122475 NA 135.0148
27~-B 300122476 ANALYST NaAME 5C6
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BLANK 300122479 ANALYSET NAME 5CG
BLANK 300122479 NA 1.9914
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Chain of Custody for the HRB Shelby Tube Samples
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