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PREFACE

The work reported herein wes conducted for the Us Army Engineer Dis-
trict, Kansas City (CEMRK), and the US Environmental Protection Agency
(USEPA), Region X, by the US Army Engineer Waterways Experiment Station (WES)

under Intra-Army Order No. KC-89-116. Mr. Bill McFarland was the Project
Manager for CEMRK. Mr. Bill Adams was the Project Manager for the USEPA.
This study was conducted as a bench-scale evaluation of the feasibility of
using chemical solidification/stabilization for treating contaminated soils
from the Frontier Hard Chrome site in Vancouver, WA.

The report was prepared by Ms. Elizabeth C. Fleming and Dr. M. John
Cullinane, Jr., of the Water Supply and Waste Treatment Group (WSWIG),
Environmental Engineering Division (EED), Environmental Laboratory (EL), WES.
Waste extractions and chemical analyses were performed by Radian, Inc.

The study was conducted under the direc: supervision of Mr. Norman R.
Francingues, Chief, WSWIG, and under the general supervision of Dr. Raymond L.
Montgomery, Chief, EED, and Dr. John Harrison, Director, EL.

At the time of publication of this report, Director of WES was Dr. Robert

W. Whalin. Commander and Deputy Director was COL Leonard G. Hassell, EN.

This report should be cited as follows:

Fleming, Elizabeth C., and Cullinane, M. John, Jr. 1992. "Evaluation
of Solidification/Stabilization for Treating Contaminated Soils from the
Frontier Hard Chrome Site,” Technical Report EL-92-22, US Army Engineer
Waterways Experiment Station, Vicksburg, MS.
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CONVERSION FACTORS, NON-SI TO SI
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

units as follows:

Multipiy

acres
cubic feet

degrees (angle)
Fahrenheit degrees
feet

gallons (US liquid)
inches

miles (US statute)

pounds (force)
per square inch

pounds (mass)

pounds (imass) per
cubic foot

quarts (US liquid)

square inches

By

To Obtain

4,046,

5/9

A =N WO

l6.

873

.02831685
.01745329

.3048
.785412
.54
.609347
.894757

.4535924

01846

.9463529

6.4516

square meters

cubic meters

radians

Celsius degrees or kelvins*
meters

liters

centimeters

kilometers

kilopascals

kilograms

kilograms per
cubic meter

liters

square centimeters

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use the folilowing formula:

C = (5/9)(F - 32).

ings, use: K = (5/9)(F - 32) + 273.15.

To obtain Kelvin (K) read-
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AN EVALUATION OF SOLIDIFICATION/STABILIZATION FOR TREATING
CONTAMINATED SOILS FROM THE FRONTIER HARD CHROME SITE

PART I: INTRODUCTION

Background

1. Frontier Hard Chrome (FHC) site is an inactive industrial facility
located at 113 Y Street, Vancouver, Clark County, Washington. Figure 1 shows
the general location of the 0.5-scre* site, which is bordered to the east by
Grand Avenue, to the south by Richardson Metal Works, and to the wect by
Y Street. Contamination of the site is the result of industrial chrome-
plating operations conducted for a period of 25 years. From 1958 to 1983, the
site was used for metal-plating operations for several metal fabricators in
the Vancouver area. After that time, the FHC facility and the surrounding
area were leased to neighboring businesses.

2. From 1958 to 1970 the site was used by Pioneer Plating, and from
1970 until 1583 it was used by FHC. During FHC operations, effluent from the
facility was discharged to the sanitary sewer system. In 1975, the Washington
Department of Ecology (WDOE) halted further dis_harges into the sewer system
and required FHC to install a pretreatment system for chromium. At that
point, FHC began discharging the effluent into the dry well located behind the
FHC building.

3. In 1976, FHC was issued & wastewater treatment permit by WDOE to
discharge waters to the dry well; the permit included a plan for chromium
treatment systems to be installed. However, FiC did not install a treatment
system and continued to discharge wastewaters to the dry well.

4. 1In 1982, after extensions of the deadline for installation of the
treatment system had passed, it was found that an industrial supply well
0.25 mile southwest of the FHC site was contaminated with chromium at levels
above the drinking water standard of 0.05 mg/L. The WDOE granted FHC a new
deadline for compliance with the wastewater treatment permit requirements.

FHC again failed to meet the deadline for installation of a treatment system.

In 1983, the FHC site was placed on the National Priority List (NPL) under the

* A table of factors for converting non-SI units of measurement to SI units
is presented on page 7.




Comprehensive Environmental Response Compensation and Liability ACT (CERCLA).

industrial operations at the FHC site ceased.
5. The USEPA authorized the WDOE to begin investigating the cleanup of

the FHC site under the Superfund progrew. In 1987, WDOE contracted with Dames

& Moore to conduct a feasibility study for remediation of rthe FHC site. 1In
1987, a Record ol Decision (ROD) was issued concerning soil contamination at
the site. In March 1988, the US Environmental Protection Agency (USEPA)
regalned the lead control of cleanup investigations at the FHC site and con-
tracted with the US Army Engineer District, Kansas City (CEMRK), to aid in the
investigation. _

6. The contamination of the site is divided into two units: a soils
unit and a groundwater unit. The soils unit is subdivided into two types of
material, a fill and a clay. Primary contaminants of interest are chromium
(Vi) and chromium (III). Contamination at depths up to 16 ft has bteen
identified. Table 1 lists the major soil contaminants found at the FHC site,
as documented in the remedial investigation conducted by the WDOE in the fall

of 1984.

Solidification/Stabilization

Description
7. Solidification/stabilization (S/S) is a process that involves the

mixing of a contaminated soil with a binder material to enhance the physical
and chemical p.operties of the soil and to chemically bind any free liquid
(USEPA 1986b). Typically, the binder is a cement, pozzolan, or thermoplastic.
Proprietary additives may also be added. 1In most cases, the $/3 process is
changed to accommodate specific contaminants and soil matrices. Since it is
not possible to discuss all possible modifications to a S/5 process, discus-
sions of most 5/8 processes have to be reslated directly to generic process
types. The performance observed for a specific §/S system may vary widely
from its generic type, bu~ the general characteristics of a process and its
products are usually similar. Ccmprehensive general discussions of waste §/S

processes are given in Malone and Jones (1979), Malone, Jones, and Larson

(1980), and USEPA (1986¢).

10



Table 1

o) ntration o romium oils alysis Conducted
in the RI

Soil Sample Depth Total Cr(VI)

Designation fc £r, ppm vpm £ Cr(VI)

B85-2 0-1.5 40 0.5 1
5-6.5 15 <0.5
10-10.5 90 5 6
15-16.5 44 NA
20-21(b) 340 110 32
20-21(b) 350 88 25
25-25.3 110 18 16
29-29.8 46 4.0 Y
33.5-33.8 34 NA

B85-3 0-1.5 1,400 41 3
5-6.5 970 16 2
10-10.5 150 5.5 4
15-16.5(b) 25 <0.5
15-16.5(b) 31 <0.5
20-21.5(b) 230 <0.5
20-21.5(b) 160 <0.5
25-25.5 65 <0.5
29-29.3 23 <0.5

B85-4 0-1.5 12 <0.5
5 12 1.5 13
10-11.5 6 <0.5
15-16.5(b) 8 <0.5
15-16.5(b) 7 <0.5
20-21(b) 51 <0.5
20-21(b) 38 <0.5

B85-5 0.5-2.0 75 <0.5
10-11 55 <0.5
15-16.5(b) 200 1.5 1
15-16.5(b) 210 2.5 1
25 63 0.5 1
30 30 <2.5

B85-6 0-1.5 25 <2.5
5-6.5 24 <2.5
10-11.5 35 <0.5
15-16.5(b) 190 <2.5
15-16.5(b) 180 <0.5
20-21.5(b) 200 1.5 1
20-21.5(b) 200 1.5 1
25 67 <0.5
30 43 0.5 1

(Continued)

(Sheet 1 of 3)
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Table 1 (Continued)

Soil Sample Depth Total Cr(Vl)
Mﬂﬂgn__ﬁl_w_nnm__mn
B87-8 0-1 22 <0.5
13 50 <0.5
14 39 <0.5
19.5 28 <0.5
B87-9 1.5 37 0.6 2
12.5 12 <0.5
19.5(b) 40 0.6 2
19.5(b) 38 0.6 2
24.5 21 <0.5
B87-10 0.5 430 <0.5
7.5 28 0.6 2
12.5(b) 41 0.6 1
12.5(b) 44 0.5 1
16.5 56 0.6 1
20.5 45 0.7 2
B87-11 6 17,000 750 4
16.5 12,000 470 4
17.5 3,100 67 2
PW-1A 18.5 20 NA
PW-1B 17.5 88 NA
57 1 6,900 540 -8
2 2,000 170 9
3 1,200 67 6
S8 1 3,900 300 8
2 12,000 430 4
3 9,200 430 5
59 1 610 2.3 0
2 700 3.5 1
S10 1 360 2.4 1
2 26 0.3 1
3 15 0.2 1
s-1-1 1 590 61 10
5-1-3 3 300 NA
5-2-1 1 6,200 1,300 21
$:3-1 1 6,500 400 6
5-3-3 3 230 NA
5-4-1 1 23 0.2 1
§5-4-3 3 10 NA
(Continued)

12
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Table 1 (Concluded)

Soil Sample Depth Total Cr(VI)

esignatio N 4 €r, ppm —ppm % Cxr(VI)

§-5-2 2 330 4.8 1

5-5-4 4 160 22 14

5-6-2 7,800 950 12

$-6-3 1/2 3.5 4,100 1,200 29
(Sheet 3 of 3)
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S/S_treatment systems
8. Solidification/stabilization systems that have potential

application to the FHC soils include:
a. Portland cement processes.
b. Pozzolan processes.

9. Portland cement processes use Portland cement to produce a type of
soil/concrete composite. Contaminant migration is reduced by microencapsula-
tion of the contaminants in the concrete matrix. The addition of soluble
silicates to Portland cement processes may accelerate hardening. As with
lime/fly ash and other pozzolanic systems, metals are also converted to less
soluble forms.

10. Pozzolanic processes use the finely divided, nonerystalline silica
in fly ash and the calcium in lime to preduce low-strength cementation. Waste
containrent is produced by entrapping the waste in the pozzolan concrete
matrix (microencapsulation). Metals are also converted to less soluble forms

that further inhibit leaching.

Obiective and Scope of Study

General objective
11. The general objectives of chis study were to

a. Determine the effects of $/S techniques on contaminated soils
frem the FHC site,

b. Evaluate the physical and chemical properties of the
solidified/stavilized soils to determine if S/S techniques will
substantially reduce the chromium (VI) to chromium (III),
reduce the amount of contaminants in the leachate, and improve
the physical handling properties of the soil.

Specific objective
12. The specific objective of this treatability study was to develop

S/S formulations (one for each type of scil) that, 1f incorporated in a reme-
dial soil 8/S treatment action at the site, will effectively eliminate leach-
ing of chromium from the soils and consequently protect groundwater from

further degradation. The following treatment goals were established for the

S/S process:

a. The treated soils should have a minimum unconfined compressive
strength (UCS) of 50 psi, or the minimum defined by local
building codes, whichever is greater.

14




Chromium in the Toxicity Characteristic Leaching Procedure
(TCLP) extracts of treated soils should not exceed 5.0 mg/L.

o

Chromium concentrations in one extraction of the Monofilled
Waste Extraction Procedure (MWEP-1) extracts should not exceed
0.05 mg/L.

The permeability of the treated soils should be at least two
orders of magnitude less than the permeability of the untreated
soils. The goal of the treatment process is to achieve perme-
ability values of 1 x 10°% em/sec.

The treated soil should exhibit high wet/dry durability. Loss
of 30 percent solids after 12 cycles constitutes failure.

n

o

o

Organization of Report

13, This report 1is divided into four basic sections: !

a. Part I briefly describes the background for this study and %
introduces the concept of S/S. %

b. Part II describes the methods used for sampling, treatment, and
testing of the contaminated soil.

¢. Parts III and IV describe the results of physical and
contaminant mobility testing of the §/S soil.

d. Part V presents conclusions and recommendations based on the 3
results of the testing program.

14. Additional information on the study methods and test results is
presented in seven appendixes: initial screening test by WES (Appendix A), &
results of physical tests on untreated fill and untreated clay (Appen- ﬁ
dixes B and C), results of physical and chemical tests on treated fill and !

treated clay (Appendixes D and E), and Radian, Inc., laboratory procedures

(4ppendix F).

NrrEes e .
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15. This investigation was conducted in the six primary phases sum-

PART I1: MATERJALS AND METHODS

General Approach to the Investigation

marized below and illustrated in Figures 2-4.

a.

o

v

Phase 1: Identification of Vendors, CEMRK advertised in the
Commerce Business Daily (27 February 1990) for vendors inter-
ested in participating in an evaluation of S§/S technology for
application to contaminated soils collected from the FHC site.
Forty-three vendors responded to the initial advertisement.
Following the exchange of fact sheets, seven vendors agreed to
participate in the study. 1In addition, the WES participated as
an eighth "vendor" by preparing a generic S/S mix.

Phase 11: Sample Collection, Five gallons each of clay and
fill material were shipped to six vendors and WES for pre-
testing. Vendor 4 did not receive samples because of logisti-
cal problems within their laboratory. Samples of contaminated
fill and clay were collected and shipped to WES by Radian, Inc.
(the CEMRK contractor), for the vendor demonstration.

Phase I11: Preliminsry Testing, Vendors performed preliminary
tests to determine the additives and additive-to-soil ratios
(ASR, a fraction based on wet weight) for preparation of the
specimens at WES. The preliminary testing results for the
vendors are not presented. WES conducted a preliminary inves-
tigation that included an evaluation of binders and a chromium
reduction study (CRS). The results are presented in a later
section.

Phase IV: Preparatlon of Test Specimens for Detajled Evalua-

tion, Test specimens for detailed evaluation of solidified/
stabilized fill and clay were prepared by WES and vendors.

Phase V: Detailed Fvaluation, Physical characteristics of the
treated soil were evaluated by WES using the UCS, bulk density,
permeability, slump, bleed water, cracking, moisture content,
specific gravity, set time, and wet/dry tests. Contaminant-
release tests were conducted by Radian, Inc., using the TCLP
and MWEP-1. Radian, Inc., also conducted bulk chemistry

analyses.

Pha,e VI; Datg Analyeis and Report Prepavation, Data from WES
and Radilan, Inc., were consolidated and evaluated.
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Figure 2. Schematic of S/S treatability study for £ill

Sample Collection

Materials of interest

16. The materials of interest were contaminated soils obtained from the
FHC site. Contaminants of Interest included chromium (VI) and total chromium
(Cr). Based upon the points of known high contaminant concentration, a com-
posite sample was collected by personnel of Radian, Inc., during the week of
21 May 1990. Samples were collected from the 12- to l4-ft depth for the fill
and the 14- to 16-ft depth for the clay. Five gallons each of clay and fill
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Figure 3. Schematic of S/S treatability study for clay

were shipped to each vendor for development of their S/S process, Clay and
£ill (255 gal each) were collected and shipped te WES, Upon receipt at WES,
the sample was placed in cold storage to await implementation of the $/S eval-
uation protocol.

17. Homogenization of the FHC fill and clay was conducted in the fleld
by Padian, Inc., before shipment to the WES. Homogenization consisted of
manual mixing and mechanical mixing with an auger. The clay and fill arrived
at WES in 102 five-gallon buckets, i.e., 51 buckets of clay and 51 buckets of
fill. WES homogenized the f£ill manually and sieved the material through a
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1/2-in. screen.

sizes allowable for the molds to be used in physical testing.

not homogenized manually due to the texture of the material.

Figure 4.

'

PACKAGE REN MG SOU

$/5 STUOES

Schematic of the S/S process

Selection of a 1/2-in. screen was based upen the particle

The clay was
The fill and

clay were separately placed into three 85-gal drums each and mixed with a

hydraulic mixer.

with the hydraulic mixer fcr both the fill and clay.

18. To ensure that soils collected for S/S studies were in fact contam-

Each set of three drums was intermixed twice and homogenized

inated and for comparison of the results for treated soils, Radian, Inc.,

performed a MWEP-1 and a bulk chemical analysis on the untreated soils col-

lected at the sample points located as shown in Figure 5.

Tables 2 and 3

present the results of these analyses for the £ill and clay, respectively.

Materials classification

19. Clay and fill collected from the site were classified according to

US Geological Survey (USGS) classifications as sandy silt and sandy, silty
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Figure 5. Sample collection points on the FHC site

gravel, respectively. USGS classifications for the clay and £ill werz MH and

GM, respectively.

Preliminary Testing

20. Six vendors and the WES received fill and clay samples to conduct
preliminary testing before preparation of the specimens for detailed evalua-
tion at WES. The results of the preliminary testing conducted by the vendors
were not reported; the methods and results of the WES preliminary tests are

presented in Appendix A. Vendor 4 did not receive samples for the preliminary

testing; however, this vendor did participate in the detailed evaluation

phase.
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Table 2
Results of Chromium Analvsis Conducted on Fill by Radian, Inc.,
for the Frontier Hard Chrome Site

Boring Soil Cr MWEP Cr Soil Cr(VI) MWEP Cr(VIY
No, mg/kg —mg/L —mg/kg —mg/L
RSB-1 51 0.007 ND* ND
RSB-2 11 0.003 0.12 ND
RSB-3 16 ND ND ND
RSB-4 24 ND 0.26 ND
RSB-5 6.3 0.011 : ND ‘ 0.009
RSB-6 22 ND 0.16 ND
RSB-7 3,430 0.168 11 0.174
RSB-8 1,180 1.37 22 ND
RSB-9 62 0.054 0.71 0.053
RSB-10 180 0.239 24 0.206
RSB-11 5,100 0.71% 150 --
RSB-12 170 0.063 0.15 ND
RSB-13 640 0.095 1.4 ND
RSB-14 420 ND 0.73 ND
RSB-15 19 0.004 0.08 ND
Large 1,570 0.395 32 0.354
boring

* Hot detected.
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Table 3

omium alvsis on Clay Conducted by Radian, Inc. .

for the Frontier Hard Chrome Site

Boring

Soil Cr MWEP Cr

No, = _mg/kg _ma/l

RSB-1
RSB-2
RSB-3
RSB-4
RSB-5
RSB-6
RSB-7
RSB-8
RSB-9
RSB-10
RSE-11
RSB-12
RSB-13
RSB-14
RSB-15
Large

47 0.005
23 ND
31 ND
30 ND
37 ND
50 ND
640 .405
1,100 134
66 .13
380 .19
110 .008
580 017
44 .007
84 ND
33 ND
2,630 0.065

O O O w O O O

boring

Soil Cr(VI)

5

0.06

MWEP Cr(VI)
—mg/L
ND
ND
ND
ND
ND
0.008
0.372
0.120
ND
2.67
0.079
ND
ND
ND
ND
0.070

* Nnt detected.
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Initial screening tests
21. The WES conducted preliminary tests that included minimum evalua-

tion of binders and water addition. The objectives of the initial screening

test were threefold: (a) to determine the appropriate water-to-soil ratio
(WSR), a fraction of water to wet soil; (b) to select the binder for prepara-
tion of specimens for detailed evaluation; and (c) to select the appropriate
ASR for detailed testing.

22. Although the clay and fill had considerable moisture content, it
was necessary to add water to the contaminated f£ill and clay for S/S to be
effective. 1Initial screening tests were conducted on a wide range of ASRs and
WSRs. The matrices of test specimeuns prepared for fill and clay during the
WES initial screening test are presented in Appendix A.

23. Determination of the appropriate WSR and ASR for preparation of
clay and fill specimens for detailed evaluation was based on the results of
the cone index (CI) test performed on the initial s<reening test speéimens
after they had cured for 1, 4, 8, and 24 hr. The CI mcasures the resistance
of a material to the penetration of a 30-deg right circular cone. The method
specified in Technical Manual (TM) 5-530 was followed (Headquarters, Depart-
ment of the Army (HQDA) 1971). The CI value is reported as force per unit
surface area (pounds per square inch) of the cone base required to push the
cone through a test material at a rate of 72 in./min. Two cones are available
for this test: 'the standard WES cone having an area of 0.5 sq in. and the
airfield penetrometer having a base area of 0.2 sq in. It was necessary to
use the standard WES cone on material with a CI less than 100 psi and to use
the airfield penetrometer on materials with a CI greater than 100 psi. The
maximum CI value that can be measured by the airfield penetrometer is 750 psi;
therefore, materials having CI values greater than 750 psi are reported simply
as >750 psi.

24, The results of the initial screening test define the appropriate
ASR required to produce physical strength and narrow the range for a selection
of a WSR. Thz test specimens generated during the initial screening test were
not used for further evaluation.

Chromium reduction study

25. The objectives of the WES chromium (VI) reduction study were:
(a) to determine if reagents could be added to the fill and clay to reduce

Cr(VI) to Cr(II1), (b) to determine the dosages of reagent necessary for
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reduction of Cr(VI) to Cr(IlIl), and (¢) to determine the reaction time
required for reduction of Cr(VI) to Cr(III).

26. Blast furnace slag (BFS) and ferrous sulfate were selected as
additives for reduction of Cr(VI). A wide range of ASRs were evaluated to
determine the amount of additive necessary to reduce Cr(VI) to Cr(III). The
minimum BFS to soil ratio and ferrous sulfate to soll ratio was selected based
on stoichiometric ratios of initial Cr(VI) concentrations. The appropriate
ASRs for the clay and fill to be prepaced in the detailed evaluation were
determined by analysis of the treated specimens for Cr(VI) according to SW-846
Method 3060 (USEPA 1986d) with modifications. The reagents used were
0.1N NaOH, 0.1N Na,CO;, 10% H,S0,, and a color reagent (see SW-846 Method
7196). The method of extraction was to add 50 ml each of 0.1N NaCH and
0.1N Na,CO; to 25 g of the clay or fill, tumble for 2 hr, and filter with a
0.45-p filter; the leachate was analyzed according to 3W-846 Method 7196. For
leachate analysis, 3 ml of 10% H,SO, and 2 ml of the color reagent were

diluted to 95 ml according to SW-846 Method 7196.

Preparation of Test Specimens for Detailed Evaluation

General description of S/S process
27. Solidified specimens were prepared by mixing water and additives

with the contaminated clay and fill in a Hobart H600T mixer. The soil and
additives were mixed for 5 min, after which the sides of the container were
scraped to remove material adhering to the sides of the container. After
scraping, the mixture was mixed an additional 5 min. Variations from this
method, if any, are discussed for each vendor in the paragraphs that follow.
Immediately after mixing was completed, a slump test was conducted according
to methods described in ASTM C 143-89 (ASTM 19%0). The remaining water/
additive/soil slurry was poured into molds for physical and chemical testing.
To aid in removing test specimens from the molds, a light coat of grease was
applied to the molds used to cast the UCS specimens. Specimens used for the
‘bulk chemistry, MWEP-1, and TCLP were prepared in ungreased molds. Immedi-
ately after the additive/water/soil mixtures were placed in the molds, they
were vibrated on a Sentron model VP61D1 vibration table to remove voids.
Visual observations of the specimens were recorded for the bleed water test
according to methods in ASTM C 232-87 (1990). For some vendor sample prepara-

tions, the additive/water/contaminated soll mixture was very viscous, and
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vibration was an ineffective method for removing voids. These specimens were
tamped according to ASTM C 109-86 (ASTM 1990) using & model CT-25A tamper.

28. The molded, solidified/stabilized materials were cured in the molds
at 23 °C and 98-percent relative humidity for a minimum of 24 hr. Specimens
were removed from the molds when they developed sufficient strength to be free
standing, and were cured under the same temperature and relative humidity
conditions until further testing.

29. After the solidified/stabilized soil was cured, the physical and
chemical properties of the solidified/stabilized soil were determined. The
UCS, moisture content, bulk density, permeability, specific gravity, set time,
slump, and wet/dry tests were used to determine the physical characteristics,
and the TCLP and MWEP-1 were used to measure the leachability of the contami-
nants from the solidified/stabilized soil.

30. One formulation was prepared by each vendor for each of the clay
and fill materials. Additive systems developed by each vendor were used to
solidify/stabilize the soil and are differentiated by the type of additive
material used in the process. The processes selected by the vendors are
discussed below.

Preparation of f£ill material specimens
31. Vendor 1. Vendor 1 added two proprietary additives (Ensol and

Landtreat) and water. Ensol contains sodium silicate and a chelating agent.
Landtreat is an insoluble polysilicate. Vendor 1 varied the amount of Ensol

among replicates according to the following schedule.

Replicate WSR nso Landtreat
A 0.02 0.04 0.05
B .- 0.04 0.07
o} 0.02 0.08 0.1C

For replicates A and C, Vendor 1 added WSRs of 0.02 but added no water to
replicate B. Vendor 1 added Ensol and Landfreat to the fill and initiated
mixing. During the first 5 min of mixing, they slowly added 400 ml of water
to replicate A. As mixing progressed, Vendor 1 decided to add an additional
150 g of Landtreat powder due to the apparent moisture in the mix. Vendor 1
added Ensol and Landtreat to replicates B and C after initiation of mixing but
did not add water to replicate B. The replicate mixtures were mixed for
5 min, scraped, and mixed for an additional 5 min.

32. Vendor 2, Vendor ¢ added cement and a chemical reducing agent to
the fill at the following ASRs.
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Chemical
Replicate us Cement Reducing Agent

A -- 0.15 0.05
B .- 0.15 0.07
c .- 0.15 0.10

The cement was added at a constant rate of 0.15 ASR for replicates A, B, and
C, but the chemical reducing agent ASR was varied (0.05, 0.07, and 0.10 for
replicates A, B, and C, respectively). The mixing times were consistent among

replicates, and mixing was conducted as discussed in paragraph 27.

33. Vendor 3, Vendor 3 added portland cement, silica, and water to the
fi1l, and ASRs remained consistent for the threse replicates.
Portland
Replicate WSR Cement Silica
A 0.09 0.21 0.14
B 0.09 0.21 0.14
c 0.09 0.21 0.14

Vendor 3 added the silica and one half the water, mixed for 5 min, scraped the
container, and addad the remaining water and portland cemen:t for all
replicates.

34, Vendor 4, Vendor 4 added cement, a metal complexing reagent, a

cementitious reagent, and water at consistent dosages for the replicates.

Metal Cementitious
Replicate WSR Cement Complex Reagent Reagent
A 0.20 0.20 0.08 0.05
B 0.20 0.20 0.07 0.05
C 0.20 0.20 0.07 0.05

Vendor 4 used consistent mixing processes for all replicates and began by
mixing the metal complexing reagent and slowly adding the fill for 5 min. The
container was scraped, and the cement was added. After mixing an additional

minute, the cementitious reagent was added, and the mixture was mixed an addi-

tional 4 min.

35. Vendor 5, Vendor 5 added cement, sodium silicate, and water to the
fill at the ratios listed below.
Sodium
Replicates WSR Cement Silicate
A 0.17 0.25 0.20
B 0.17 0.25 0.20
C 0.17 0.25 0.20
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Vendor 5 mixed the water, £ill, and sodium silicate for 5 min, scraped the
container, and then added the cement and mixed for an additional 5 min.

36. Vendor 6, Vendor 6 added cement, ferrous sulfate, and water to the
£i1l at the ASRs listed below.

Ferrous

Replicates -WSR Cement Sulfate
A 0.25 0.20 0.02
B 0.25 0.20 0.02
C 0.25 0.20 0.02

Vendor 6 began preparation of their specimens by first adding ferrous sulfate
and water to the fill and mixing for 2 min. The cement was then added, and
mixing was continued for 3 min. The container was scraped, and the mixture
was mixed an additional 5 min.

37. V¥endor 7. Vendor 7 used cement, type C fly ash, and Urichem for

their process. Water was added to replicate A only.

Replicates WSR Cement Fly Ash Urichem
A 0.02 0.06 0.30 0.04
B -- 0.05 0.30 0.04
o .- 0.05 0.30 0.04

First, Urichem was added to the f£fill and wmixed for 5 min. The cement and fly
ash were craoposited before they were added to the fill. After mixing, the
container was scraped, and the fly ash, cement, and water were addasd and mixed

an additional 5 wmin.

38. Vendor 8, Vendor 8 added cement, blast furnace slag, and water to
the fill at the following ASRs.
Replicates WSR Cement BFS
A 0.15 0.10 0.40
B 0.15 0.1¢ 0.40
C 0.15 0.10 0.40

The cement, BFS, and water were added to the fill before mixing was initiated.

The fill and additives were mixed for 5 min, the cortainer was scraped, and

e o o e A R o e

the mixture was mixed an additional 5 min.
Prevar.tion of clay material specimens

39, Vendor 1, Vendor 1 varied the amounts of water and additives added

among replicates for the clay according to the following schedule,
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Replicates ¥SR Ensol Landtreat

A 0.07 0.08 0.08
B 0.03 0.08 0.08
c 0.06 0.10 0.10

The additives were mixed according to the methods described for the fill (see

paragraph 31).
40. Vendor 2. Vendor 2 added cement and a chemical reducing agent to

FERAAR S

&

the clay at the following ASRs.

Chemical
Replicates WSR Cement Reducing Agent
A -- 0.15 0.08
B -- 0.15 0.08
c -- 0.10 0.10

Vendor 2 did not add water to any of the replicates. The mixing was conducted
according to the methods described for preparation of fill specimens by Vendor
2 (see paragraph 32).

41. Vendor 3, Vendor 3 added portland cement, silica, and water to the
clay at the ratios listed below.

Portland
ep ates VSR Cement Silica
A 0.23 0.21 0.14
B 0.23 0.21 0.14
C 0.23 0.21 0.14

The clay and additives were mixed according to the methods used by Vendor 3
for the fi1l (see paragraph 33).

42. Vendor 4, Vendor 4 added water, cement, a metal complexing
reagent, and a cementitious reagent to the clay. Vendor 4's cement, metal
complexing reagent, and cementitious reagent additions were consistent among

replicates at the ASRs listed below.

Metal Cementitious
Replicates VSR Cement Complex Reagent Reagent
A 0.21 0.20 0.07 0.05
B 0.23 0.20 0.07 0.05
C 0.26 0.20 0.07 0.05

The water additions varled for replicates A, B, and C. The mixing process was
conducted according to methods used by Vendor 4 for the fill (see paragraph

34),
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43, Vendor 5, Vendor 5 added cement, sodium silicate, and water to the
clay at the following ratios.
Sodium
Replicates WSR Cement Silicate
A 0.23 0.25 0.23
B 0.23 0.25 0.20
c 0.24 0.25 0.20

The cement/sodium silicate/water mixture was mixed according to the same

methods used for the fill (see paragraph 35).
44, Vendor 6, Vendor 6 added cement, ferrous sulfate, and water to the

clay for each of the replicates at the ratios listed below.

Ferrous

Replicates VSR Cement Sulfate
A 0.36 0.20 0.02

B 0.37 0.20 0.02

C 0.37 0.20 0.02

The additive/clay mixtures were mixed according to the same methods used by
Vendor 6 for the fill (see paragraph 36).
45, Vendor 7, Vendor 7's additives were Urichem, fly ash, cement, and

water.

Replicates WSR Cement Fly aAsh Urichem

A 0.11 0.07 0.42 0.04
B 0.11 0.10 0.40 0.04
C 0.12 0.10 0.40 0.04

Additives were added in the order described for the fill and mixed according

to the methods used for the fill (see paragraph 37).
46. Vendor 8, Vendor 8 added BFS, water, and cement to the FHC clay at

the following ratios.

Blast
Replicates WSR Cement Furnace_Slag
A 0.15 0.10 0.36
B 0.15 0.10 0.36
C 0.15 0.10 0.36

The mixture was mixed according to methods described for the mixing methods

for the fill (see paragraph 38).
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Petajled Evaluation Methods

47. The success of a §/S process can be evaluated in a number of ways.
This section describes the protocol of physical and chemical testing methods
used to evaluate the effectiveness of S/S.

si testin
48. The parameters UCS, wet/dry, and permeability were selected to

evaluate the physical effectiveness of S/S. Tests of specific gravity,
moisture content, bulk density, bleed water, slump, and set time were also
used to characterize the treated specimens.

49. Unconfined compressive strength, The UCS test was used to charac-
terize the effects of the S/S process on the strength characteristics of the
clay and f£ill materials. The UCS was determined according to ASTM method
D 2166 (ASTM 1990). The only deviation from this method was vibration or
tamping of the specimens, as previously discussed (see paragraph 27). The UCS
tests were performed in triplicate on 3-in.-diam by 6-in.-long cylinders after
they had cured for 28 days. Triplicate specimens were tested for each vendor
system. The surface area of each cylinder was determined by using a Fowler
Max-cal caliper. The force required to fracture the specimens was measured
with a Tinius Olsen Super L compression apparatus. UCS was reported as the
pounds per square inch required to fracture the cylinder. A UCS goal of
50 psi was chosen based on information found in the Office of Solid Waste and
Emergency Response (OSWER) Policy Directive 9487.00-2A (USEPA 1986d).

50. Wet/dry, ASTM method D 4843-88 (ASTM 1990) was used to evaluate
resistance of the S/S specimens to successive wetting and drying periods. The
wet/dry test simulates the effects of weathering on the integrity of the §/S
specimens after 28 days of cure. The wet/dry test uses a 1-3/4-in.-diam by
3-in.-long cylindrical specimen. Wet/dry results were reported as the average
cumulative, corrected relative mass loss after each cycle. Triplicate test
and triplicace control specimens were subjected to the wet/dry test. One
specimen was evaluated for moisture content according to ASTM method D 2216
(ASTM 1990). Loss of 30 percent of the original dry weight of the specimen
constitutes failure of the test.

51. Permeability., Permeability determinations were made by measuring
the falling head through a specimen with a triaxial cell according to methods
described in Engineer Manual 1110-2-1906, Appendix VII (US Army Corps of

Engineers 1970). Permeability tests were run on 3-in.-diam by 3-in.-long
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cylinders after a minimum of 28 days for curing. Triplicate readings were
performed on each replicate. In some cases, the specimens were shaved in
order for them to adjust to the size of the triaxial cell. Permeability was
calculated as the time required for a certain head loss through the specimen.
A permeability of 1 x 10°® cm/sec or a permeability two orders of magnitude
less than the permeability of the untreated fi1ll/clay was selected as the
criterion for the treated specimens.

52. Specific gravity., The specific gravity of the S/S specimens was
determined according to ASTM method D 854-83 (ASTM 1990). Specific gravity of
the specimens expresses the relationship between air, water, and solids in a
given volume of material and was determined in triplicate for each vendor
formulation after 28 days of cure.

53. Moisture content determinations. Moisture content of the specimens

was reported as the percentage of dry solids as evaluated according to ASTM
method D 2216 (ASTM 1990). Moisture content was used to determine the water
content of the untreated and treated specimens, and established consistency
among replicates. Moisture contents were reported in triplicate for untreated
and treated specimens. Moisture contents of the treated fill and clay were

determined after 28 days of cure.

54. Workability (slump). Workability of the treated specimens was

evaluated using the slump test, ASTM method C 143 (ASTM 1989). Slump was

determined Ly measuring the vertical displacement of the center cf the treated
sample after 2.5 min. Slump measurements were taken in triplicate for the
clay and fill material immediately after preparation of the formulations.

55. Bulk density. The bulk densities were determined based on methods
described in ASA 13 (American Society of Agronomy 1965). For the untreated

material, bulk density was determined on the materials at their Proctor
density in triplicate. The bulk density of the treated specimens was deter-
mined in triplicate for each replicate after 28 days of cure.

56. Set time, Set time was estimated using the cone index (CI) E‘Q
described in TM 5-530 specifications (HQDA 1971). Set time was determined oy ;
measuring the resistance of the treated and untreated fill and clay to pene-
tration of an airfield penetrometer (in psi). The CI measurements were taken
at 2-, 4-, 8-, 24-, and 48-hr intervals for the treated and untreated speci- g

mens in triplicate using 4-in.-diam by 4-in.-long cylinders.
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57. Bleed wateyr, Bleed water was measured immediately after prepara-

tion of the detalled test specimens. Visual observations were noted after the

samples were molded.

58. Cracking, Evaluation of cracking was conducted visually after
extrusion of the specimens from the molds. Surface voids and cracks were
reported after 28 days of cure.

Contaminant release testing
59. The TCLP and MWEP-1 were selected for evaluation of chromium stabi-

lization success. The TCLP standard is 5.0 mg/L for chromium (40 CFR
Part 261), and the MWEP-1 total chromium goal established for the FHC soils

was 0.05 mg/L chromium, based on the drinking water maximum concentration

level for chromium.
60. Toxicity Characteristics lLeaching Procedure, The TCLP extracts

were analyzed for metals according to the methods and within the time con-
straints summarized in the Feders] Regjister (USEPA 1990) and specifiad in

SW-846 (USEPA 19864d).
61. Monofjlled Waste Extraction Procedure-l1, The MWEP-1 was analyzed

for metals according to methods described in the EPA Technical Resource Docu-

ment SW-924., Extraction of the specimens was performed one time.

62. Quality assurance/quality crntrol, The quality assurance/quality
control (QA/QC) for this project was divided between WES and Radian, Inc. The

WES was responsible for preparing the solidified/stabilized soil specimens and

performing physical tests. Radian, Inc., was responsible for laboratory QA/QC
related to the conduct of the MWEP-1, TCLP, and total extractions and chemical

analysis of the resulting extracts. The Radian, Inc., QA/QC reports are pre-

sented in Appendix G.
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PART III: DISCUSSION OF RESULTS FOR FILL MATERIAL TESTING

Analysis of Homogenization

63. A major concern during the conduct of the study was the use of a
homogenized sample for the application of the vendor S/S processes. An
attempt was made to provide each vendor with a statistically homogeneous sam-
ple. The homogeneity of the samples was evaluated by normalizing the total
chrome for dilution effects of binder addition, and conducting an analysis of
variance (ANOVA) on the normalized chromium values.

Normalization process

64. Normalization of the total chromium and Cr(VI) bulk chemistry
analyses indicates the amount of total chromium and Cr(VI) in the samples
presented to the vendors and accounts for dilution due to additives in the
S/S process. The normalized total Cr and Cr(VI) for each vendor was calcu-

lated from the following equat’.n (on a 1 kg dry weight basis):

ter = Ceer

wc.v/l) (1)

NM..r = normalized concentration of total chromium in soil presented to
the vendors

= concentration of total chromium in the S/S soil (dry weight
basis)

M, = 1 kg dry solids (per kilogram dry solids basis)
B, = weight fraction of fill/clay in §/S waste, calculated as

+ H,(W"/,)

g, = s
¢ " M, + M,(ASR)

Wess;s = water content of §/5 fill/clay

65. Normalized mass leached concentration (NMLC) chromium values in the
MWEP-1 and TCLP were calculated to compensate for the dilution effects of

adding water and binder to the fill.
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66. For the untreated fill, the following equatlon was used:

C: €3]

W, x M,

cd, =

where
Cd, = contaminant mass/dry welght untreated waste, mg/kg
C, = untreated fill/clay mass for the centaminant of interest, mg
(calculated as: extract contaminant concentration (mg/L)
«x extraction solution volume, L)
W, = weight of fill/clay extracted, kg
M, = solids content of the untreated fill/clay used in the extraction
expressed as a decimal
67. The equation for treated NMLC was
S — (3
Cde W, x M, x B,
where

Cd, = contaminant concentration/dry weight waste after S/S, mg/kg

C, = S/S fill/clay mass for the contaminant of incerest, mg (calculated
as: extract contamirant concentration (mg/i) * sxtraction
solution volume, L)

W, = welight of wet S/S fill/clay, kg

M. = solids content of the s/s fill/clay used in the extraction,
expressed as a decimal

68. The efficiency of the S/S treatment was calculated from the follow-

ing formula:

Cdr - Cdt A A
Eff. ——-EE—-—xlOO() (4)
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Analysis of Variance
69. An ANOVA conducted on the normalized total chromium concentrations

demorstrated the homogeneity of the samples received by the vendors for their
demonstration. Normalization of the total chromium in the f£ill was performed
to account for dilution effects caused by addition of additives in the mixing
process. The results of the normalization of total chromium and Cr(VI) for
bulk chemistry are presented in Table 4. An analysis of variance was con-
ducted or the treated and untreated fill for normalized total chromium to

determine variability among vendors; these results are presented in Table 5.
ome Reduction Stud

70. The results of the WES chromium (VI) reduction study are presented
in Teble 6 and discussed below. Two additives were tested, BFS and ferrous
sulfate, at varying dosages and reaction times.

Untreated fil1

71. Cr(VI) analyses were conducted in triplicate on the untreated fill.
The average concentration was 7.74 mg/kg.

urnace sla

72, Four ASRs were tested for the BFS: 0.018, 0.1, 0.2, and 0.36. At
the lowest ASR, the average concentration of Cr(VI) remained >10 mg/L after
24 hr. At an ASR of 0.1, the average concentration of Cr(VI) decreased to
4.57 mg/L after 24 hr. The lowest average concentration of Cr(VI) was
3.53 mg/L for an ASR of 0.36. An ASR for BFS/fill of 0.40 was selected for
the detailed evaluation dus to more effective reduction of Cr(VI) in the
BFS-treated fill than in the ferrous sulfate-treated fill. The increase in
BFS from an ASR of 0.36 in the CRS to 0.40 for the detailed evaluation is
based on a direct relationship between increased ASRs to decreased Cr(VI)
concentrations demonstrated in the CRS.

Ferrous sulfate

73. The results of the CRS for ferrous sulfate were not consistent for
an additive-to-soil ratio of 0.00052. The average concentration was initially
3.78 mg/kg, and after 24 hr was 5.94 mg/kg. At the 0.0013 ASR, the initial
average concentration was 3.29 mg/kg and decreased with time to 2.04 mg/kg

after 24 hr.
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Table 4
Results of Noymalizing Total Chromium and Cr(VI) fox
Ireated apd Untreated Frontier Hard Chrome Fill*
Mean Norm. Mean Norm.
Total Cr Total Cr Cr(Vl) Cr(v1)
Vendor mg/kg mg/kg re/kg ng/kg
Untreated Fill
-- 1,567 32.0
Treated Fill
1 1,090 1,277 0.075 0.088
2 1,000 1,268 2.0 2.5
3 790 1,147 3.5 5.1
4 963 1,436 4.5 6.3
5 787 1,297 3.6 6.6
6 1,077 1,438 3.6 4.8
7 1,147 1,710 3.2 4.8
8 643 1,082 0.086 0.10

* Treatment objective was total chromium <0.05 mg/L.

Table 5
Results of ANOVA for Bulk Cnemistrv Conducted

on Untreated Fill

Mean NMLC
Vendor (mg/kg)

7 1,710
-k 1,566
6 1,438
4 1,436
5 1,297
1 1,277
2 1,268
3 1,146
8 1,082

* Untreated fill. %&
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Table 6
Results of Chrome Reduction Study for Fillx

Reaction Time, hr

Additive-to-Soil Ratio -0 _ 2 4 6 24
Blast furnace slag/fill
0.018 11.30 9.48 13.53 10.66 10.34
0.1 12.92 14.84 11.13 4 .86 4,57
0.2 7.70 7.78 7.67 5.58 4.00
0.36 3.44 9.81 7.75 7.44 3.53
Ferrous sulfate/fill
0.0052 3.78 3.7l 1.43 1.57 5.94
0.013 3.29 1.59 1.50 1.30 2.04

Note: Average Cr(VI) concentration in the untreated fill was 7.74 mg/kg.
* Results are presented as mg/kg of Cr(VI).

Initial Screening Test Results

74. The results of the initial screening test on the fill conducted by
WES are summarized below. The detailed results are presented in Appendix A.
Each time a stabilization process was applied, a batch of material was gener-
ated. As shown, 8 batches each of solidified fill were prepared for the
cement, and 15 batches were prepared for the lime/fly ash process.
Cement binder

75. 1In the initial screening test, water ratios of 0.1 and 0.3 were
tested to evaluate the effects of water addition on strength development.
After 24 hr, a 0.1 ASR/0.1 WSR gained strength >750 psi. At ASRs of 0.4 and
0.7 combined with a WSR of 0.1, CI values were >750 psi after 3 hr of cure.
At the 0.1/1.4 WSR/ASR, CI values >750 psi were measured after 1 hr of cure.
A WSR/ASR of 0.3/0.1 had an average CI measurement of 100 psi after 24 hr of
cure. ASRs of 0.4, 0.7, and 1.4 with a WSR of 0.3 had CI values >750 psi
after 24 hr. The 0.1 ASR tested with a WSR of 0.1 gained strengths >750 psi
with sufficient hydration of the sample and was the basis of selection of a
0.1/0.1 WSR/ASR for detailed evaluation.
Lime/fly ash binder

76. The 0.4/0.1 lime/fly ash ASR combined with a WSR of 0.1 was the

only mixture with a CI value approaching 750 psi. The average CI value after
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24 hr for the 0.4/0.1/0.1 lime/fly ash/water ASR/WSR mixture was 703 psi. The
highest average CI value after 24 hr for a WSR of 0.3 was 280 psi. Cement was
selected by WES for evaluation because of its greater strength development

than lime/fly ash., No further evaluations of lime/fly ash treatment of the

FHC fill were conducted.

Results of Phvsical Testing of Fill Material

77. The results of the bulk density, Atterberg limits, Proctor demsity,
UCS, permeability, specific gravity and set time for the untreated fill are
summarized in Table 7. The results of grain size and moisture content analy-

ses for the fill are presented in Appendix B.

UCS results
78. UCS measurements were performed in triplicate for each replicate

after 28 days of cure. Figure 6 presents the results of the UCS tests con-
ducted on the treated £ill. All specimens developed strengths greater than
the 50-psi criterion.

79. Untreated fill, The untreated specimens were prepared at the

Proctor density and cured for 28 days but were not cohesive enough to conduct
UCS tests on the replicates. Specimens were cured for 28 days to enable
direct comparison with the results obtained with the treated specimens, which
were also cured for 28 days. Curing also allowed the evaluation of the
untreated f£ill material for self-setting properties.

80. Vendor 1 The Ensol/Landtreat process did not prcduce cementitious

properties. Extrusion of the samples from the molds damaged the replicates to
such an extent that no UCS measurements could be made.

81. Vendor 2 The average UCS values of replicates A, B, and C were

231, 118, and 105 psi, respectively. UCS measurements were taken on only one
specimen of replicate C due to fracture of two specimens during extrusion,
ASRs for the chemical reducing agent varied zmong replicates, possibily causing
the wide range in UCS results., All specimens evaluated had UCSs >50 psi.

82. Vendor 3, Average UCS values for replicates A, B, and C were 455,
481, and 565 psi, respectively. Vendor 3 was consistent in ASRs of Portland
cement and silica to the replicates, and all replicates developed strengths

greater than S50 psi.
83. Vendor 4 The average UCS readings for replicates A, B, and

C were 351, 383, and 153 psi, respectively. Although Vendor 4 added the same
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Table 7 |
Results of Physical Tests Conducted on Untreated Fill

Replicate
Parameter A B RS ¢ S
Bulk density, pcf 86.4 84.2 77.8
Proctor density, pef 149.7 150.3 148.4
Specific gravity 2.70 2.69 2.69
Resistance to 87 113 110
penetration, psi*
Permeability, 8.59E-05 2.83E-04 5.56E-05
cm/sec*
Ucs, psi N/A N/A N/A
Moisture,
$ dry weight** 28.77 26.22 27.45
Atterberg limits
Plasticity index 5 4 10
Liquid limit 37 44 43
Plastic limit 32 40 33
* Represents an average of three replicates.
** Pepresents an average of 33 replicates.
1200
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Figure 6. 28-day UCS results for the
FHC i1l
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amount of binder to each replicate, replicate C developed less strength than
replicates A and B. The reactions within S/S processes are not clearly under-
stood, and explanations for higher/lower strength development are not easily
determined. All replicates developed strengths greater than 50 psi.

84. Vendor 5., The average UCS values for replicates A, B, and C were
620, 324, and 678 psi, respectively. Although Vendor 5 used the same ASR and
WSR for all replicates, two specimens of replicate B had UCSs of 251 and
176 psi, while the remaining UCSs were greater than 500 psi.

85. Vendor 6, The average UCS values were 154, 204, and 97 psi, for
replicates A, B, and C, respectively. Although the same ASRs were used
throughout the Vendor 6 demonstration, the average UCS of replicate B was
twice the average UCS of replicate C. All replicates developed strengths
greater than 50 psi.

86. Vendor 7. The average UCS values for replicates A, B, and C were
195, 125, and 171 psi, respectively. Two specimens of replicate B gained less
strength (88 and 89 psi) than the other specimen (198 psi). Vendor 7 added
ASRs of 0.058 cement and 0.052 cement to replicates A and C, respectively, and
an ASR of 0.049 to replicate B. The lower ASR used for replicate B may have
resulted in the lower UCS values. All replicate UCSs were greater than the
50-psi criteria.

87. Vendor 8 The average UCS values for Vendor 8 were 1,190, 1,175,

and 1,032 psi for replicates A, B, and C, respectively. Vendor 8 ASRs and
WSRs were consistent among replicates. Vendor 8 specimens developed the
highest strengths of any process evaluated. One specimen of replicate

C developed less strength than the remaining replicates (774 psi), but all
replicates gained strengths much greater than 50 psi.

Wet/dry results
88. To determine the durability of the specimens, the wet/dry test was

conducted on three test specimens and three control specimens after 28 days of
cure. Moisture contents were determined on one specimen in order to evaluate
the percent solids loss for the specimens. The specimens were subjected to 12
cycles of wetting and drying, and the weight of the specimen was taken after
each cycle to determine the loss during that cycle. The average results of
the wet/dry test for the fill are presented in Table 8. The detailed results

by replicate are presented in Appendix C.
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Table 8
Results of the Wet/Dry Tests Conducted

e d ome Fil
ACCRML Aftex Test Specimen Control Specimen

Vendor 12 Cycles, g (% Loss) (% Loss)

1 NA 100 100

2 -0.11" 0.32 0.42

3 -0.07%* 0.23 0.30

4 -0.08%* 0.39 0.47

5 -0.11% 0.36 0.47

6 -0.05* 0.49 0.53

7 -0.24% 0.83 1.07

8 0.03 0.17 0.01
Goal - 30 30

* Negative result due to greater average relative mass loss in control sample
than in treated sample.

89. Vendor 1, The wet/dry specimens prepared by Vendor 1 did not
develop sufficient durability and falled the wet/dry test after one cycle. The
test and control specimens deteriorated when subjected to the water-addition
portion of the cycle, and 100 percent of the specimen solids was lost.

90. Vendor 2. The wet/dry test and control specimens prepared by
Vendor 2 passed 12 cycles of the wet/dry test. There was no significant loss
of material from the specimens during the 12 wet/dry cycles. The average
percent solids lost from the test specimens was 0.32 percent, and the percent
solids lost from the controls was 0.42 percent. The average cumulative,
corrected relative mass loss (ACCRML) after 12 cycles was -0.11 g for the
fill. The negative result is due to a greater mass loss in the control
specimens than jin the test specimens,

91. Vendor 3. The test specimens lost 0.23 percent of the solid mass
in 12 cycles, and the controls lost 0.30 percent in 12 cycles. Specimens for
the £ill had an ACCRML of -0.07 g. The control specimens lost more mass than
the test specimens; therefore, the result of the ACCRML was negative, All
test and control specimens passed 12 cycles of the wet/dry test.

92. Vendor 4., The test and control specimens lost averages of 0.39 and
0.47 percent of the solid mass, respectively. The ACCRML results of the wet/
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dry test for the test and control specimens were -0.08 g. The control speci-

mens lost slightly more sample th:z the test specimens, but there was no sig-
nificant loss of sample from the test or control specimens. All specimens
passed 12 cycles of the wet/dry test.

93. Vendor 5. The test and conirol specimens prepared by Vendor
5 passed 12 cycles of the wet/dry test. The average solids loss for the test
and coutrol specimens was 0.36 and 0.47 percent, respectively. There was a
greater mass loss from the controls than the test specimens, which is repre-
sented by an ACCRML of -0.11 g.

94. Vendor 6. The average solids loss from the test and control speci-
mens was 0.49 and 0.53 percent, respectively. The ACCRML for the test and
control specimens prepared by Vendor 6 was -0.05 g. The control specimens
lost slightly more sample than the test specimens, causing a negative ACCRML.
All specimens passed 12 cycles of the wet/dry test.

95. Vendoyr 7, The test and control specimens passed 12 cycles of the
wet/dry test with an average solids loss of 0.83 percent and 1.07 percent,
respectively. The control specimens lost more cumulative sample than the test
specimens, and as a result, the ACCRML was -0.24 g.

96. Vendor 8 The average solids loss for the test and control speci-

mens was 0.17 and 0.01 percent, respectively. The ACCRML for the Vendor 8
test and control specimens was 0.03 g. The test specimens lost more mass than
the control specimens, but all specimens passed 12 cycles of the wet/dry test.

Permeability results
97. The results of the permeability test conducted on the untreated and

treated fill are summarized in Table 9 and represented in Figure 7. Tripli-
cate readings were conducted on each replicate to obtain an average permeabil-
ity after 28 days of cure. Deatailed rasults of permeability testing are

presented in Appendix C. _
98. Untreated fill, The specimens were prepared at the Proctor density

and cured for 28 days. The average perneabilities of replicates A, B, and C
were 8.59E-05, 2.83E-04, and 5.56E-05 cm/sec, respectively. The average
permeability of the replicates is 1.4E-04 cm/sec,

99. Vendor 1, The average results for the triplicate readings of the
permeability tests conducted on replicates B and ¢ were 6.52E-07 and
1.02E-06 cm/sec, respectively. No readings were taken for rep.icate A because
of the destruction of the replicates during extrusion from the molds. Repli-

cate A contained the highest percentage of water added and the lowest
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Table 9

Summary of Permeability Test Results for the Fill

Average Fermeability
gm/sec

.59E-05
.83E-04
.56E-05

NA
.52E-07
.02E-06

.04E-05
.61E-04
.62E-05

.89E-06
.41E-06
.62E-06

.02E-05
.15E-06
.38E-07

.33E-07
.47E-06
.92E-06

.79E-05
.45E-06
.36E-06

.17E-05
.98E-07
.34E-06

.15E-07
NA
.00E-06

E

Vendorx
B

w00

Vendor 1

Vendor 2

Vendor 3

Vendor 4

Vendor 5

Vendor 6

Vendor 7

RO OONE PO ONR HREN WRW o

Vendor 8

OWdP OWwyPr OWP aOwd O AP AWP Owd A

W

* Untreated fill.

percentage of binder added in the soil/additive mixture prepared for the three
replicates. None of the replicates attained the criteria of 1E-08 cm/sec,
100. Vendor 2, The average permeabilities of replicates A, B, and
C were 3.04E-05, 1.61E-04, and 3.62E-05 cm/sec, respectively. The average
permeability of the treated replicates was 7.59E-05 cm/sec. None of the
replicates attained the criteria of 1E-08 cm/sec.
101. Vendor 3, The average permeabilities of replicates A, B, and C
were 2.89E-06, 1.41E-06, and 1.62E-06 cm/sec, respectively. The average
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Figure 7. 28-day permeability results for FHC fill

permeabilities of the triplicate readings of replicate B and C were orders of
magnitude less than the permeabilities of the untreated f£fill. The average
permeabilities of replicates A and C of the treated fill were one order of
magnitude less than the permeabilities of replicates A and C for the untreated
fill. The permeabilities were greater than the 1E-08 cm/sec criteria.

102. Vendor 4, The average permeabilities for the three replicates A,
B, and C were 1,02E-05, 7.15E-06, and 9.38E-07 cm/sec, respectively. None of
the replicates was two orders of magnitude less than the permeabilities of the
untreated £fill, and all were greater than the lE-08 cm/sec criteria for perme-
ability of the treated fill.

103. Vendor 5, Replicate A had an average permeability two orders of
magnitude less than the permeability of the untreated fill at 2.33E-07 cm/sec.
Replicates B and C were one order of magnitude less than the permeability of
the untreated fill at 3.47E-06 and 4.92E-06 cm/sec, respectively. None of the
replicates attained the criteria of 1E-08 cm/sec.

104. Vendor 6 The average permeabllities were 1.79E-05, 7.45E-06, and

6.36E-06 cm/sec for replicates A, B, and C, respectively. All permeability
readings were greater than 1E-08 cm/sec. The reduction in permeability due to

treatment was approximately one order of magnitude.

105. Vendor 7. The average permeabilities for replicates A, B, and

C were 1.17E-05, 9.98E-07, and 1.34E-06 cm/sec, respectively. Compared to the
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untreated £111, the Vendor 7 S/S process reduced the permeability of the fill
by one order of magnitude. The average permeabflity of the three replicates
was 4.68E-6 cm/sec. None of the replicates was permeable at the rate of
1E-08 cm/sec or less,

106. Vendor 8, The average permeabilities of replicates A and C were
1.15E-07 and 3.00E-06 cm/sec, respectively. The operator was unable to satu-
rate replicate B with water and was therefore unable to record permeability
readings for that replicate. None of the replicates had permeabilities less
than 1E-08 cm/sec, and the Vendor 8 treatment process did not reduce the
permeability by two orders of magnitude.

Bulk density

107. The bulk density was measured in triplicate for each replicate,

and the results are presented in Appendix C.
Volumetric change
108. Basad on the bulk density of the treated material and the Proctor

density of the untreated fill, the volumetric change caused by the addition of
binders was calculated and the results are summarized in Table 10 and pre-
sented in Figure 8. The volumetric change was calculated using Equations

5-7 below.

v, = X (5)

where
Vy = volume of fill/clay
W, = weight of fill/clay
D; = Proctor density of the untreated fill/clay

v - Fet XXM (6)
D2
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Table 10
Results of Volumetric Change Calculations for the F{ll
Bulk Density Volumetric
Vendor Replicate 1b/fe? Increase, %

--% A 86 :
B 84
C 78

1 A 149 15
B 148 13
c 143 21

2 A 125 44
B 121 56
c 129 52

3 A 116 74
B 121 69
C 125 72

4 A 106 89
B 160 99
C 98 99

5 A 109 99 S
B 111 98 B
c 110 95 .

6 A 109 68
B 112 64
Cc 113 61

7 A 123 70
B 123 70
C 123 68

8 A 117 93
B 116 95
c 117 90 ;

* Untreated fill. ;
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Figure 8. Volumetric change due to ths addition of
additives for FHC fill

where
V, = volume of binder and fill/clay
R = binder-to-soil ratio (BSR)
D, = bulk density of fill/clay and binder

(v, - v} 0]

% Volumetric Change = =
1

109. It should be noted that the volumetric increases are substantially
higher than those reported in the literature. This results from the use of
the Proctor density as the baseline for measuring the volumetric increase.

110. Untreated fill, The Proctor density for the untreated fill was
149.7, 150.3, and 148.4 1b/ft® for replicates A, B, and C, respectively. The
bulk density for the untreated £i11 was 86.4, 84.2, and 77.8 lb/ft® for repli-

cates A, B, and C, respectively.

111. Vendor 1, The Vendor 1 process increased the volume for repli-

cates A, B, and C by 15, 13, and 21 percent, respectively. Compared to the
remaining vendors, Vendor 1's process produced the smallest volumetric

increase in the fill.
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112. Vendor 2. The Vendor 2 process increased the volume required for
the treatment of the £iil due to the addition of cement and a chemical reduc-
ing agent. The volumetric increases for the average bulk densities were 44,
56, and 52 percent, for replicates A, B, and C, respectively.

113. Vepdor 3. Vendor 3 increased the volume of the fill through the
addition of additives by 74, 69, and 72 percent, for replicates A, B, and C,
respectively, based on average bulk densities.

114. Vendor &4, Vendor 4 added cement, a metal complex reagent, and a
cementitious reagent, causing an 89-, 99-, and 99-percent volumetric incre«se

for replicates A, B, and C, respectively. The addition of binders approxi-

mately doubled the volume of the fill.

115. Vendor 5, Vendor 5 doubled the volume of the fill by adding
cemant and sodium silicate. The volumetric increase was 99, 98, and 95 per-
cent for replicates A, B, and C, respectively, representing the greatest volu-
metric increase for the fill among the vendors.

116. Vendor 6, Vendor 6 had volumetric increases of 68, 64, and
61 percent for replicates A, B, and C, respectively.

117. Vendor 7., Vendor 7 produced volumetric increases of 70, 70, and
68 percent for replicates A, B, and C, respectively, on the basis of average
bulk densities. Vendor 7 added an ASR of 0.30 fly ash to the fill that may
have contributed greatly to the volume increase.

118. Vendor 8, Vendor 8 approximately doubled the volume required for
treatment of the fill. The volumetric increases for replicates A, B, and C
were 93, 95, and 90 percent, respectively. The volumetric increase may be
largely attributed to the 0.40 ASR for blast furnace slag added to the fill.
Slump

119. The slump was measured for each replicate of the fill immediately
after the mixing process was complete. When two consecutive tests showed a
falling away characteristic, the mixture lacked cohesiveness. Thus, the slump
test was not applicable. The results of the slump test are presented in
Appendix C and discussed below.

120. Vendor 1 slumps for replicates A, B, and C were 7, 0, and
1.25 in., respectively. Replicate B showed the least slump, which may be
related to no water being added to the replicate mixture. Slumps of O in.
were calculated for all replicates of mixtures from Vendors 2, 3, 4, and 7.
Vendor 5 slumps werz measured for replicates A, B, and C and were 8, 6.5, and

7.25 in., respectively, and Vendor 8 slumps were 1.25, 0.25, and O in. for
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replicates A, B, and C, respectively. Vendor 6 mixtures were not free-
standing, and slump measurements were not available.
Moisture results

121. The results of molsture content tests conducted on the treated
£i11 are presented in Appendix C. Moisture tests were performed in triplicate
for each replicate of the treated f£ill after 28 days of cure.
Set time

122. The results of the set time conducted on the treated £ill after
2, 4, 8, 24, and 48 hr of cure are presented in Appendix C. CI readings were
taken in triplicate for each curing time.

ec c_gravit

123. The specific gravities were measured in triplicate for the treated
fill after 28 days of cure and are presented in Appendix C.
Bleed water

124. Vendor 1's specimens had a layer of free water approximately 2 mm
thick on the surface of replicate A for the fill. Vendor 5 had a layer of
free water approximately 1 mm in thickness on the surface of the fill speci-
mens. The Vendor 3, 7, and 8 specimens had a layer of free water approxi-
mately 1 mm thick on the surface of the fill specimens. Specimens prepared by
the remaining vendors (Vendors 2, 4, and 6) did not have a layer of free water
on their surface.
Cracking

125. Vendor 1's specimens did not have cementitious properties. The
replicate C specimens deformed when extruded from the molds. One specimen of
replicate C for the fill prepared by Vendor 2 was cracked around the middle
and broke in half during dimensional measurements. Specimens from Vendors 3
and 4 had small voids in each of the replicates for the fill. Vendor 5's
specimens had cracks in three replicates for the fill. Vendor 7‘s specimens
had voids in each of their replicates for the fill. The Vendor 8 specimens
had cracks approximately 2 to 3 mm in length on three replicate fill

specimens.

Results of Zontaminant Release Testin
)4

MWED- esults
126. The results of the mean total chromium and Cr(VI) concentrations

in the MWEP-1 for treated and untreated fill for each vendor S/S process are
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presented in Appendix C. Figure 9 represents the MWEP-1 concentrations for
total chromium, and Figure 10 represents the MWEP-1 results for Cr(VI).

127. Untreated fill, The results of the MWEP-1 run on the untr-ated
£i11 were above the 0.05-mg/L drinking water standard for total chromium by a
factor of 10. Triplicate analyses of the MWEP-1 extracts provided a mean
total chromium concentration of 0.40 mg/L. The mean Cr(VI) concentrati..i was
0.35 mg/L. The majority of the total chromium MWEP-1 concentration exists
as Cr(VI).

128. Vendor 1, Mean concentrations for Cc(VI) and total Cr were
<0.029 and 0.115 mg/L, respectively. The total chromium concentration was
twice the 0.05 mg/L standard assigned to MWEP-1 leachates for total chromium.

129. Vendor 2. Mean concentrations for Cr(VI) and total Cr were
0.147 mg/L, meaning the Cr existed as Cr(VI). The total Cr concentration
tripled the 0.03-ug/L drinkinz water standard designated in the remedial
design objectives.

130. Vendor 3 The mean Cr(VI) and total Cr concentrations vere

0.073 and 0.078 mg/L, respectively. Most of the Cr exists in the extract as
Cr(VI). Total Cr concentrations were above the 0.05-mg/L criterion as a
result of the presence of Cr(VI).

131. Vendor 4, The mean Cr(VI) and total Cr concentrations were
0.12 and 0.13 mg/L, respectively. Total Cr concentration exceeded the
0.05-mg/L criterion as a result of the presence of Cr(VI).

132. Vendor 5. The mean Cr(VI) and total Cr concentrations were
0.099 and 0.10 mg/L, respectively. Most of the total Cr present was in the
form of Cr(VI). The total Cr concentration was twice the 0.05-mg/L criterion.

133, Vendor 6 The mean Cr(VI) and total Cr concentrations were

0.1?2 and 0.11 mg/L, respectively. The total Cr was twice the 0.05-mg/L
criterion. The bulk of the total Cr was in the form of Cr(VI).

134. Vendor 7, The mean concentrations of Cr(VI) and total Cr in the
MWEP-1 extracts were 0.11 and 0.10 mg/L, respectively. The mean concentration
of Cr(VI) exceeded the mean total Cr concentration. One replicate Cr(VI) cnn-
centrat:ion exceeded the total Cr concentration by 0.033 mg/L, causing a

greater mean Cr(VI) concentration. The total Cr was present in the form of
Cr(VI). Total Cr in the MWEP-1 extract exceeded the drinking water standard

of 0.05 mg/L.
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135, Vendor 8, The mean Cr(VI) concentration .a the MWEP-1 extract was
<0.033 mg/L. The mean total Cr concentration was 0.071 mg/L. Two replicates
had concentrations of 0.051 and 0.052 mg/L, only slightly higher than the
0.05-mg/L criterion. Total Cr concentration exceeded the 0.05-mg/L criterion
established in the remedial design objectives. Most of the Cr present in the
MWEP-1 extract was in the form of Cr(1Il).

CLP results fo
136. The mean concentrations of total chromium and Cr(V1) in the TCLP

conducted on treated and untreated FHC fill are presented in Appendix C and
discussed below. Figures 11 and 12 represent the results of the TCLP for

total chromium and Cr(VI).
137. Untreated fill, The criterion for total chromium concentration in

TCLP leachates is 5.0 mg/L (40 CFR 261). The concentration of total chromium
in the replicates was 0.16, 0.16, and 0.081 mg/L, with a mean of 0.13 mg/L.
Cr(VI) concentrations were all <0.020 mg/L. The replicate total chromium and
Cr(VI) concentrations were all below the 5.0-mg/L criterion for total
chromium.

138. Vendor 1. The replicate total chromium concentrations in the Ven-
dor 1 leachates were 2.0, 2.3, and 2.2 mg/L. The mean total chromium concen-
tration in the TCLP leachates was 2.2 mg/L. Cr(VI) concentrations of the
replicates were <0.020 mg/L. The chromium present was in the trivalent form.

139, Vendor 2 The replicate total chromium TCLP concentrations in the
Vendor 2 leachates were 0.049, 0.065, and 0.026 mg/L.. The replicate Cr(VI)

concentrations wexe 0.028, 0.038, and <0.02> mg/L. The TCLP concentrations

were below the 5.0-mg/L criterion for chromium in the TCLP.

140. Vendor 3 The concentrations of Cr(VI) in the TCLP conducted on
the treated fill were 0.068, 0.058, and 0.050 mg/L. The concentrations were
below the criterion of 5.0 mg/L. The total chromium concentrations were
0.079, 0.032, and 0.062 mg/L.

141, Vendor 4, The mean total chromium concentration for the repli-

cates was 0.12 mg/L. The replicate concentrations were below the 5.0-mg/L
criterion. The chromium present in the leachates was in the trivalent form,
shown by concentrations of Cr(VI) of <0.0620, <0.020, and 0.042 mg/L.

142. Vendor 5. The concentrations of total chromium in the TCLP were
0.62, 0.63, and 0.33 mg/L. The concentrations of Cr(VI) were 0.61, 0.67, and

0.32 mg/L. The chromium present was in the hexavalent form.
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143. Vendor 6 The concentrations of total chromium were 0.11, 0.028,

and 0.032 mg/L. Two replicate concentrations of Cr(VI) were <0.020 mg/L, and
The concentrations of

the other replicate concentration was 0.033 mg/L.
chromium in the TCLP were all less than 5.0 mg/L.
The concentrations of Cr(VI) were all <0.020 mg/L. The
Chromium is

144. Vendor 7
concentrations of total chromium were 4.7, 3.7, and 4.1 mg/L.

present in the trivalent form. The total chromium concentrations were below

the 5.0-mg/L criterion.
145. Vendor 8. The Cr(VI) concentrations were all <0.020 mg/L.
Chromium was

The

total chromium concentrations were 1.8, 1.8, and 1.9 mg/L.

present as Cr{(III). The mean total chromium concentration was 1.8 mg/L, and

all concentrations were <5.0 mg/L.

Effects of Dilution on Leaching

MWEP-1 results for fill
146. Untreated fill, The mean NMLC for total chromium and Cr(VI) was

5.01 and 4.48 mg/kg, respectively. Based on the NMLCs for MWEP-1 conducted on
the fill for total chromium and Cr(VI), the efficiency of the treatment pro-

cesses was evaluated.
147. Vendor 1 The mean normalized mass total chromium leached

(MNMTCL) in the MWEP-1 was 1.742 mg/kg, 65 percent less than the MNMTCL in the
mean MWEP-1 for the untreated fill. Normalization of the MWEP-1 Cr(VI) con-

centrations presented Cr(VI) leached at a mean of 0.443 mg/kg, representing a
90-percent reduction in the mean normalized mass Cr(VI) leached (MNMCSL) com-
pared to the untreated fill.

148. Vendor 2 The MNMTCL in the MWEP-1 presented was 59 percent less
and the MNMCSL

than the MNMTCL in the MWEP-1 conducted on the untreated f£ill,

was reduced by 54 percent compared to the untreated fill.
149. Vendor 3 Reductions of 75 and 74 percent were noted for MNMTCL

and MNMCSL, respectively, from the MWEP-1 conducted on the treated fill in

comparison with the MWEP-1 conducted on the untreated £ill. The reduction in
total chromium was mainly a representation of reduction in Cr(VI).

150. Vendor &4, The Vendor 4 S/S process reduced the MNMTCL concentra-

tion by 54 percent for total chromium and the MNMCSL by 52 percent for Cr(VI)

compared to the untreated fill. The reduction of 54 percent of leachable

total chromium was mainly represented by a reduction of leachable Cr(VI).
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151. Vendor 5, There was a 63-percent reduction in the leachable total
chromium based upon the MNMTCLs for treated and untreated fill. The MNMCSL
was reduced by 59 percent, based on the MNMCSL for the untreated fill and the
fill treated by Vendor 5.

152. Vendor 6, The mcan NMLC for the f£ill was 1.905 mg/kg total chro-
mium and 1.992 mg/kg Cr(VI). Compared to the mean NMLC for the untreated
fill, the Vendor 6 efficiency for total chromium was 62 percent and for
Cr(VI), 56 percent.

153. Vendor 7. The mean NMLC for the total chromium was 1.734; the
mean NMLC Cr(VI) was 1.896 mg/kg. The MNMICL was reduced by 65 percent, and
the MNMCSL by 58 percent.

154, Vendor 8 The mean NMLC for total chromium and Cr(VI) was
1.291 and 0.601, respectively. The Vendor 8 process reduced the MNMICL by

74 percent and the MNMCSL by 87 percent.
TCLP results

155. Normalization of the TCLP results was calculated according to the
methods described for normalization of the MWEP-1 in paragraph 68, and the
results are presented in Appendix C for the fill.

156. Untreated £ill, The mean NMLC, which represents the normalized
amount of total chromium and Cr(VI) leached, was 3.377 and 0.507 mg/kg,
respectively. The NMLC for Cr(VI) is based on the detection limit of
<0.020 mg/L. Based on the NMLCs for total chromium and Cr(VI), the efficiency
of the treatment processes for each vendor was calculated.

157. Vendor 1. The Vendor 1 process represented an increase in the
MNMTCL of 1,806 percent and an increase in the MNMCSL of 17 percent based on
the MNMTCL of 64.358 mg/kg and the MNMCSL of 0.047 mg/kgz. The MNMCSL was

calculated based on the concentration for all replicates of <0.020 mg/L.

158. Vendor 2. Vendor 2's process efficiency for the MNMTCL was

61 percent based on a MNMTCL of 1.317 mg/kg; the MNMCSL was increased by
60 percent based on a MNMCSL of 0.809 mg/kg.

159. Vendor 3. The mean NMLCs for total chromium and Cr(VI) were
1.841 and 1.885 mg/kg, respectively. Vendor 3 reduced the MNMICL by 45 per-
cent but increased the MNMCSL by 272 percent.

160. Vendor 4, The mean NMLC for total chromium was 4.299 mg/kg, and
the mean NMLC for Cr(VI) was 0.965 mg/kg. Based on the NMLCs, Vendor 4

increased the MSMTCL in the TCLP by 27 percent and increased the MNMCSL by

90 percent,
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161. Vendor 5, Compared to the untreated £ill, Vendor 5 increased the
total chromium leached in the TCLP by 472 percent and increased the Cr(VI) in
the TCLP by 3,760 percent. The MNMICL was 19.310 mg/kg, and the MNMCSL was
19.553 mg/kg. The chromium present was in the form of Cr(VI).

162. Vendor 6. The mean NMLCs for total chromfium and Cr(VI) were

1.932 and 0.827 mg/kg, respectively. The Vendor é process reduced the MNMTCL

by 43 percent for total chromium and increased the MNMCSL by 63 percent for

the Cr(VI).

163. Vendor 7, The MNMTCL was 136.684 mg/kg, and the MNMCSL was 0.656
mg/kg. The MNMCSL was calculated frcm the concentration of 0.020 mg/L based
on the detection limit. The process produced a 3,947-percent increase in the

MNMTCL and an increase in the MNMCSL of 29 percent.

164. Vendor 8, The Vendor 8 process produced an increase in the MNMTCL
of 1,879 percent and an fiicrease in the MNMCSL of 44 percent based on a MNMTCL i
of 66.815 mg,kg and a MMCSL of 0.729 mg/kg. All Cr(VI) concentrations were x
below the detection limit, <0.020 mg/L. The detection limit was the basis for

a calculation of the MNMCSL.

Standard Deviation and Relative Standard Deviation

165. Standard deviation was calculated for the fill and clay from the

following equation:

s=\J_§ (x; - x)? (8)

n-1

where

s = standard deviation of n observations 3
x,=~ observation
¥ = mean of the observations

n = number of .bservations ]

166. The relative standard deviation D) was calculated from the ff

following equation:
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RSD = £ x 100 9
X

MWEP - total chromium
167. Untreated, The NMLCs for the untreated £ill were 5.00, 5.68, and

4.36 mg/kg for replicates A, B, and C, respectively. Based on the NMLC, the
standard deviation was 0.661 and the RSD was 13 percent for the fill.

168. Vendor 1, Vendor 1 varied the amount of additive used among its
replicates; therefore, precision of the results must be based on the NMLC.
The NMLC for the fill was 1.38, 1.10, and 2.75 mg/kg for replicates A, B, and
C, respectively. The standard deviation of the NMLC for fill was 0.883. The
MUZP-1 concentrations for the treated f£ill had in average precision of
51 percent based on NMLC calculations.

169. Vendor 2 The NMLCs for replicates A, B, and C were 1.84, 2.11,

and 2.27 mg/kg, respectively. Precision of the NMLC for the fill was 11 per-
cent. The standard deviation of the NMLC calculated for the fill was 0.22.

170. Vendor 3, The NMLCs were 1.24, 0.73, and 1.75 mg/kg for repli-
cates A, B, and C, respectivels. The NMLC standard deviation for the fill was
0.51. Based on the NMLC, the precision of the fill was 41 percent.

171. UVendor &, The NMLCs for replicates A, B, and C were 2.92, 1.76,
and 2.26 mg/kg, respectively. The NMLC standard deviation for the fill was
0.58, and the NMLC RSD was 25 percent.

172. Vendor 5. The NMLCs for replicates A, B, and C were 2.33, 2.39,
and 0.86 mg/kz, respectively. Vendor 5's MMLC standard deviation for the fill
was 0.87, and the NMLC RSD was 47 percent. One replicate had a concentration
one order of magnitude less than the other two replicates, causing the RSD to
be increased.

173. Vendor 6 The NMLCs for replicates A, B, and C were 3.44, 1.26,

and 1.02 mg/kg, respectively. The NMLC standard deviation for the fill was
1.33, and the NMLC RSD based on the mean NMLC concentration was 70 percent.
The highest fill concentration was 0.20 mg/L; the other concentrations were
0.072 and 0.063 mg/L, causing a higher NMLC RSD.

174. Vendor 7 The NMLCs for the fill replicates were 0.68, 3.84, and

0.68 mg/kg. The NMLC standard deviation was 1.82 with a NMLC RSD of 105 per-
cent. The NMLC RSD was >100 percent due to one concentration being one order

of magnitude greater than the other concentrations.
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175. Vendor 8, One concentration of the £ill was 0.1l mg/L, approxi-
mately twice the concentration of the other replicates (0.052 and 0.051 mg/L).
The NMLC standard deviation was 0.60, and the NMLC RSD was 47 percent.

MWEP - chromium (VI)

176. Untreated, The NMLCs were 4.87, 4.08, ond 4.49 mg/kg, respec-

tively, for replicates A, B, and C. The NMLC standard deviation was 0.398,

and the NMLC RSD was 9 percent,.
177. Vendor 1, The NMLCs were <0.44, <0.37, and <0.52 ng/kg, respec-

tively, for replicates A, B, and C. The NMLC standard deviation, calculated

based on the detection limit, was 0.072; the NMLC RSD was 16 percent.

178. Vendor 2, The NMLCs for the replicates were 1.70, 2.25, and
2.27 mg/kg. The NMLC standard deviation was 0.33 with an NMLC RSD of
16 percent,

179. Vender 3. The NMLCs for the replicates were 0.76, 0.84, and
1.91 mg/kg, with an NMLC standard deviation of 0.64 and NMLC RSD of 55 per-
cent. One concentration was double the other two concentrations, causing the
NMLC RSD to be 55 percent.

180. Vendor 4, The concentraticns of the Cr(VI) in the fill were
0.13, 0.10, and 0.13 mg/L. The NMLCs for the replicates were 2.38, 1.76, and
2.26 mg/kg. Based on the NMLC concentrations, the standard deviation was
0.33 and the NMLC RSD was 15 percent.

181. Vendor 5, The NMLCs for the replicates were 2.15, 2.57, and

0.84 mg/kg. The NMLC standard deviation for the fill was 0.90, and the NMLC
RSD was 49 percent. One concentration was one third less than the other two,

causing the NMLC RSD to be 49 percent.
182. Vendor 6 Vendor 6's NMLC standard deviation was 1.55, and the
MMLC RSD was 78 percent. The NMLCs were 3.78, 1.22, and 0.98 mg/kg. One con-

centration was considerably higher than the other two, causing an NMLC RSD of

78 percent.

183. Vendor 7., One concentration among the replicates was one order of

magnitude greater than the other concentrations, causing a relatively high
NMLC RSD. The NMLCs were 1.23, 3.84, and 0.62 mg/kg. The NMLC standard devi-
ation was 1.55, and thLe NMLC RSD was 78 percent.

184, Vendor 8., Two concentrations for the f£ill were <0.027 and
<0.025 mg/L; the other concentration was 0.047 mg/L. The NMLC were calculated

based on the detection limit listed for that concentration and were 0.51,
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based on the jetection limit Yisted for that concentration and were 0.51,
0.45, and 0.85 mg/kg. The NMLC srandard deviation was 9.218 mg/L, and the
NMLC RSD was 36 percent.

b t omium

185. Uptreated, The total chromium concentrations for the fill were
0.160, 0.160, and 0.081 mg/L and were normalized to 4,102, 3.952, and
2.077 mg/kg, respectively. The NMLC standard deviation was 1.129, and the
NMLC RSD was 33 percent,

186. Vendor 1, The NMLC standard deviation for the fill was 6.5. The
NMLC RSD for the fill was 10 percent. The concentrations for the fill were
within 0.3 mg/L among replicates, providing an NMLC RSD of 10 to 1l percent.
The NMLCs were 58.12, 63.83, and 71.13 mg/kg.

187. Vendor 2, The £i11 NMLCs were 1.385, 1.827, and 0.738 mg/kg €or
the replicates, providing an NMLC standard deviation of 0.547 and an NMLC RSD

of 42 percent.

188. Vendor 3, The NMLCs for the fill were 2.49, 1.058, and
1.976 mg/kg. Based on the NMIC concentrations, the NMLC RSD was 39 percent.

189. Vendor 4 One of the replicate concentrations was one order of
magnitude greater than the other replicates. The NMLC concentrations were
9.14, 0.493, and 2.266 mg/L vith an NMLC RSD of 103 percent.

190. Vendor 5, The concentrations of total chromium in the TCLP con-
ducted on the fill were 0.62, 0.63, and 0.33 mg/L. The NMLC was 22.21, 23.13,
and 12.60 mg/kg, respectively, with a standard deviation of 5.83 and an NMLC
RSD of 30 percent.

191. Vendor 6. The concentrations of total chromium in the fill repli-
cates were 0.11, 0.028, and 0.032 mg/L and were normalized to 3.78, 0.98, and
1.04 mg/kg, respectively. BRased on the NMLC, the standard deviation was 1.60
and the NMLC RSD was 83 percent. One concentration (0.1l mg/L) was approx-
imately four times the other replicates, causing a high NMLC RSD.

192. Vendor 7 The concentrations of total chromium in the fill were

4.7, 3.7, and 4.1 mg/L and were normalized to 156.60, 123.50, and
129.95 mg/kg, respectively. Based on the NMLC, the standard deviation was
17.55 and the RSD was 13 percent. ’

193, Vendor 8 For the fill, the concentrations of total chromium were

1.8, 1.8, and 1.9 mg/L. These concentrations were normalized to 67.5, 64.3,
and 68.7 mg/kg, respectively, with an NML” standard deviation of 2.3 and an

NMLC RSD of 3 percent.
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194. Untreated., The concentrations of Cr(VI) in the £f11l were
Based on the detection limit of 0.020 mg/L,

<0.020 mg/L for all replicates.
The NMLC standard

the NMLCs were calculated as 0.513, 0.494, and 0.513 mg/kg.
deviation for the f£ill was 0.011, and the NMLC RSD was 2 percent.

195. Vendor 1., The concentrations of Cr(V1) for the fill were all
<0.020 mg/L. The NMLCs were 0.581, 0.555, and 0.647 mg/kg, respectively, with
an NMLC standard deviation of 0.047 and an NMLC RSD of 8 percent.

196. Vendor 2. The concentrations of Cr(VI) in the fill were 0.028,
0.038, and <0.020 mg/L. Vendor 2 mobilized Cr(VI) based on the concentrations
in the untreated fill and clay. Based on the concentrations in the fill, the
NMLCs were 0.792, 1.068, and 0.568 mg/kg with a standard deviation of 0.251
and an NMLC RSD of 31 percent.

197. Vandor 3, Based on the concentrations of Cr(VI) in the untreated
fill, Vendor 3 mobilized Cr(VI). The concentrations of Cr(VI) in the fill
replicates -rere 0.068, 0.058, and 0.05 mg/L, corresponding to NMLCs of 2.143,
1.918, and 1.593 mg/kg, respectively. The standard deviation of the NMLCs

were 0.276, and the NMLC RSD was 15 percent.

198. Vendor 4 For the fill, two replicate concentrations were
Normaliza-

<0.020 mg/L and the other replicate concentration was 0.042 mg/L.

tion of the concentrations presented 0.731, 0.704, and 1.459 mg/kg of Cr(VI)

leached, with a standard deviation of 0.429 and an NMLC RSD of 44 percent.
199. Vendor 5 The concentrations of Cr(VI) in the £ill TCLP extracts

were 0.61, 0.67, and 0.32 mg/L and were normalized to 21.85, 24.60, and
12.21 mg/kg, respectively. Based cn the NMLCs, the standard deviation was

6.50 and the NMLC RSD was 33 percent.
200, Vendor 6. The NMLCs for the fill replicates were 1.134, 0.697,

and 0.651 mg/kg with a standard deviation of 0.267 and an NMLC RSD of 32 per-
cent. Two concentrations in the fill leachates were <0.020 mg/L, and the
other concentration was 0.030 mg/L. NMLC concentrations were calculated based

on the detection limit of 0.020 mg/L for the two replicates.

201. Vendor 7. The concentrations of Cr(VI) in the fill leachates were
all <0.020 mg/L. Normalization was based on 0.020 mg/L for the £ill, and the
NMLCs were 0.666, 0.668, and 0.6346 mg/kg with a standard deviation of
0.019 and an NMLC RSD of 3 percent.

202. Vendor 8 The Vendor 8 concentrations in the TCLP extracts for

the f£ill wers all <0.020 mg/1.. NMLCs were calculated based on a concentration
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of 0.020 mg/L. Based on the NMLCs for the fill, the standard deviation was
0.019 and the NMLC RSD was 3 percent.
a varjance for MWEP-1 and

203, MWEP-1. The results of an ANOVA conducted on the MWEP-1 for the
£111 are presented in Table 11. The ANOVA on the MWEP-1 showed two groups:
the untreated MWEP-1 data and the data of the samples treated by the vendors.
The MWEP-1 conducted on the untreated fill is significantly different from the
treated fill,

204. TCLP., The results of an ANOVA conducted on the TCLP for the fill
are pregsented in Table 11. For the f£ill, an ANOVA conducted on the TCLP data
provided four groups of data that are different. Vendor 7's TCLP is different
from the remaining vendors. Vendor 5 is significantly different from the
remai: Ing vendors. Vendors 8 and 1 are not significantly different, but

Vendors 7, 8, and 1 are different from the remaining vendors.

Table 11
Results of ANOVA for TCLP and MWEP-1 for the Fill

_ Mean NMLC
Vendor mg/kg Group

MWEP-1

.420
.314
.072
.905
.858
.742
.734
.291
.242

ICLP
136.684

b 3
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66.
64,
19.
.013
.299
.932
.841
.317

- e

815
358
310
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Untreated fill.
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PART 1V: DISCUSSION OF RESULTS FOR CLAY MATERIAL TESTING

Analysis of Homogenization

205. A major concern during the conduct of the study was the use of a
An attempt was

The

homogenized sample for the application of the S/S processes.
made to provide each vendor with a statistically homogeneous sample.
homogeneity of the samples was evaluated by normalizing the total chrome for

dilution effects of binder addition and by conducting an ANOVA on the normal-

ized chromium values.

Normalization process
206. Normalized mass leached concentration chromium values, which were

calculated to compensate for the dilution effects of adding water and binder
to the clay, are presented in Appendix E. Normalization of the bulk analysis
was calculated for the untreated and treated clay using Equations 1 and 2.
The results of the normalization of total chromium and Cr(VI) for bulk chemi-
stry are presented in Table 12.

Analysis of variance
207. The results of the ANOVA conducted on the clay are presented in

Table 13. The ANOVA presents five groups that are significantly different.
Vendor 6's sample was different compared to the remaining vendors and was the
highest in total chromium (5,140 mg/kg). The samples from Vendors 5 and

4 were not significantly different and had normalized total chromium values of
4,390 and 3,767 mg/kg, respectively. The third group contains Vendors 2,

1, and 7 and the untreated clay, and are not significantly different with
normalized total chromium concentrations of 2,944, 2,633, 2,440, and

2,386 mg/kg, respectively. The normalized total chromium values for Ven-

dors 8 and 3 were 2,125 and 1,830 mg/kg, respectively. The fourth group

contains the untreated clay and Vendors 7, 1, and 8; the fifth group contains

Vendors 7, 8, 1, and 3.

Chrome Reduction Study

208. The results of the WES CRS are presented in Table 14 and discussad
below. Two additives wers tested, BFS and ferrous sulfate, at varying dosages

and reaction times of 0, 2, 4, 6, and 24 hours in triplicare.
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Results of Normalizing Total Chromium and Cr(VI) for

Table 12

Treated and Untreated Frontier Hard Chrome Clay*

Mean Norm. Mean Norm.
Total Cr Total Cr Cr(VI) Cr(VI)
Vendor -mg/kg —mg/kg pg/kg —ng/kg
--%% 2,633 10
1 1,867 2,386 0.014 0.017
2 2,267 2,944 7.3 .5
3 1,167 1,830 6.9 10.7
4 2,467 3,767 8.4 12.6
5 2,267 4,390 8.4 13.5
6 3,567 5,140 3.6 .0
7 1,300 2,440 3.2 .20
8 1,267 2,125 0.140 .10
* Treatment objective was total chromium <0.05 mg/L.
** Untreated clay.
Table 13
Results of Anova for Bulk Chemistry Conducted on Untreated Clay
Mean NMLC
Vendor mg/kg Group
6 5,140 1
5 4,390 2
4 3,767 2
2 2,944 3
-k 2,633 3,6
7. 2,440 3,4,5
1 2,386 3,4,5
8 2,125 4,5
3 1,830 5

* Untreated clay.




Table 14

M [o) e ome Reductio

Study Conducted on the Clay*

Reaction Time, hr

Additive-to-Soil Ratio 0 2 4 6 _24_
Blast furnace slag/clay
0.006 2.29 2.51 6.13 1.97 2.88
0.12 1.49 1.57 2.05 1.17 2.53
0.24 0.51 0.86 0.71 1.10 0.68
0.36 0.46 0.50 0.48 0.78 0.43
Ferrous sulfate/clay
0.000026 3.45 2.25 2.87 3.30
0.00052 6.38 2.98 3.23 2.65 4.53
0.0013 4.11 2.07 3.63 2.55 2.00
0.0026 1.93 2.20 2.39 1.94 3.93

.

Note: Average Cr(VI) concentration in the untreated clay was 3.67 mg/kg.
* Results are presented as mg/kg of Cr(VI).

Untreated clay
209. Triplicate analyses of the untreated clay were conducted to

compare the treated and untreated results for reduction of Cr(VIl). The
average of the replicates was 3.67 mg/kg Cr(VI).

Blast furnace sla
210. The ASRs tested were 0.006, 0.12, 0.24, and 0.36. The lowest

average concentration after 24 hr was 0.43 mg/L at an ASR of 0.36. BFS
reduced Cr(V1) more effectively than ferrous sulfate and was selected as the
additive for the detailed evaluation of clay at an ASR of 0.36.

Ferrous sulfate

211. Four ASRs were tested for ferrous sulfate. At the highest ASR,
0.0026, the average concentration was initially 1.93 mg/kg but reached
3.93 mg/kg after 24 hr. The other ASRs had average concentrations of
3.30, 4.53, and 2.00 mg/kg after 24 hr.

Initial Screening Test Results

212. The results of the initial screening test for the clay conducted
by WES are summarized below. The detajled results are presentad in Appendix

A. Each time a stabilization process was applied, a batch of material was
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generated. As shown, 8 batches of solidified clay were prepared for the
cement and 15 batches were prepared for the lime/fly ash process.

Cement binder
213. Two WSRs and four ASRs were evaluated. After 8 hours, the 0.4 and

0.7 ASRs with a WSR of 0.1 had CI readings >750 psi. The 1.4/0.1 ASK/WSR
mixture had CI measurements >750 psi after 1 hr. The 0.1/0.1 ASR/WSR mixture
had an average CI reading of 487 psi after 24 hr. The 0.3 WSR produced CI
values >750 psi for ASRs of 0.4, 0.7, and 1.4. A cement ASR of 0.1 with a WSR
of 0.1 was selected for the preparation of specimens for detailed evaluation.
Lime/fly ash binder

214, WSRs of 0.1 and 0.3 were evaluated in the initial screening test.
Four ASRs were evaluated with each WSR. None of the ASR/WSR combinations
provided average CI values >267 psi. Lime/fly ash treatment of the FHC clay
was not evaluated further, and cement was selected as the binder to be evalu-

ated in the detailed evaluation.

Results of Physical Testing of Clay Material

215. The results of tests on bulk density, Atterberg limits, Proctor
density, UCS, permeability, specific gravity, and set time for the untreated
clay are summarized in Table 15. The results of grain size and moisture con-

tent analyses for the clay are presented in Appendix D.

UCS results

216. Measurements of UCS were performed in triplicate for each repli-
cate after 28 days of cure. Figure 13 presents the results of the UCS tests

conducted on the treated clay.

217. Untreated clay. The untreated clay specimens were prepared at

Proctor density and allowed to cure for 28 days. The specimens fractured upon
removal from the molds; therefore, UCS tests were not conducted.

218. VYendor_ 1, The Ensol/Landtreat process did not produce cementi-
tious properties. Removal of the specimens from the molds damaged the speci-
mens because there was no strength gain. No UCS measurements were taken.

219. Vendor 2. The average UCS values of replicates A, B, and C were
265, 271, and 200 psi, respectively. ASRs for the cement and chemical reduc-
inz agent varied slightly among replicates, possibly causing the UCS variabil-
ity. Lower average UCS values for replicate C may be attributed to a smaller

amount of cement¢ addition., Replicates A and B had cement ASRs of 0.15, and
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Table 15

Results of Phvsical Tests Conducted on Untreated Clay

Replicate
Parameter 1 2 —_

Bulk density, pcf 97.2 101.5 105.8
Proctor density, pcf 134.1 137.2 134.1
Specific gravity 2.66 2.65 2.65
Resistance to 50 47 48

penetration, psi*
Permeability, N/A N/A 3.95E-05

cm/sec*
UCs, psi N/A N/A N/A
Moisture,

$ dry welght¥* 46.13 46.14 47.14
Atterberg limits

Plasticity index 24 25 27

Liquld limit 58 57 59

Plastic limit 34 32 32

* Represents an average of three replicates.
** Represents an average of 33 replicates.
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Figure 13. 28-day UCS results for FHC clay
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replicate C had an ASR of 0.1 for cement. Replicate C had a larger ASR for
the chemical reducing agent (0.1), while replicates A and B had an ASR of

0.08.
220. Vendor 3 The average UCS values for replicates A, B, and C were

124, 28, and 49 psi, respectively. Omne B replicate fractured when extruded
from the mold. Vendor 3 was consistent in the addition of portland cement and
silica to the replicates, but only replicate A developed strengths greater

than 50 psi.
221. YVendor &4, The average UCS values for replicates A, B, and C were

86, 191, and 13 psi, respectively. Vendor 4 increased the ASRs for water with
each replicate, from 0.21 to 0.23 to 0.26 for replicates A, B, and T, respec-
tively. Replicates A and B had UCSs above the 50-psi criterion, but replicate

C did not.
222. Vendor 5, The average UCS values for replicates A, B, and C were

478, 378, and 428 psi, respectively. Vendor 5 added 0.23 ASR of sodium sili-
cate for replicate A and 0.20 ASR sodium silicate for replicates B and C. The
cement ASR remained constant, and all replicates gained strengths greater than

50 psi.
223. Vendor 6 The average UCS values were 97, 81, and 93 psi, respec-

tively. Vendor 6 was consistent in the ASRs added among replicates. All
replicate UCSs were greater than 50 psi.
224, Vendor 7, The average UCS values for replicates A, B, and C were

74, 247, and 154 psi, respectively. The average UCS of replicate B was three
times the average UCS of replicate A. The cement ASRs for replicates A and B
were 0.07 and 0.10, respectively, possibly causing the difference in average
UCS readings. All replicares nhad UCS values greater than 50 psi.

225. Vendor 8 The average UCS values were 496, 541, and 639 psi for

replicates A, B, and C, respectively. Vendor 8 was consistent among repli-
cates in the addition of ASRs and water, but the average UCS values varied by
143 psi from replicate A to replicate C. Vendor 8 specimens gained the great-
est strengths among processes evaluated, and all UCS readings were >50 psi.

Wet/dry results

226. To determine the durability of the specimens, the wet/dry test was
conducted on three test specimens and three control specimens after 28 days of
cure. The specimens were subjected to 12 cycles of wetting and drying, and
the weight of the specimen was taken after each cycle to determine the loss

during that cycle. Moisture contents were determined on one specimen in order
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to evaluate the percent solids loss for the specimens. A total weight loss of
30 percent constitutes failure of the specimen (ASTM 1990). The average
results of the wet/dry test for the clay are presented in Table 16. The

detailed results by replicate are presented in Appendix E.

Table 16
Results of the Wet/Dry Tests Conducted

on _Frontier Hard Chrome Clay

ACCRML After 12 Test Specimen Control Specimen
Vendor Cvcles, g (% Loss) (% loss)
1 NA 100 100
2 -0.31* 0.58 0.89
3 -0.22% 1.20 1.43
4 0.31 1.95 1.65
5 -0.20% 0.33 0.53
6 0.14 1.41 1.28
7 -0.15% 0.60 0.75
8 -0.04% 0.30 0.34
Goal -- 30 30

* Negative result due to greater average relative mass loss in control
sample than in treated sample.

227. Vendor ], The specimens prepared by Vendor 1 did not have cemen-
titious properties and failed the wet/dry test after one cycle. All of the

specimens suffered 100 percent solid mass loss.

228, Vendor 2, The average percent solid mass loss from the test and

control specimens was 0.58 percent and 0.89 percent, respectively. The speci-
mens prepared by Vendor 2 passed 12 cycles of the wet/dry test. The ACCRML
was -0.31 g, representing a greater mass loss from the controls than the test

specimens.

229. Vendor 3, The average percent solid mass loss from the test and

control specimens was 1.20 percent and 1.43 percent, respectively. Vendor 3's
specimens had an ACCRML of -0.22 g. The specimens passed 12 cycles of the

wet/dry test, with more sample mass loss from the controls than from the test

specimens.
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230. Vendor 4., The average percent solids loss from the test and con-
trol specimens was 1.95 percent and 1.65 percent, respectively. The test
specimens lost more mass than the controls, which is represented by a positive
ACCRML of 0.31 g. No specimens experienced a mass loss =30 percent, and tha

specimens passed 12 cycles of the wet/dry test.
231. Vendor 5, Vendor 5's test and control specimens passed 12 cycles

of the wet/dry test. There was no significant loss of material from the spec-
imens during the 12 wet/dry cycles. The average percent solids mass loss for
the test and control specimens was 0.33 percent and 0.53 percent, respec-
tively. The ACCRML for the specimens was -0.20 g, meaning there was a greater
mass loss from the control specimens than the test specimens.

232. Vendor 6. The test specimens lost more mass than the contiol

specimens, which is indicated by a positive ACCRML of 0.14 g. The test and
control specimens’ average percent solids mass loss was 1.41 percent and
1.28 percent, respectively. The test and control specimens passed 12 cycles
of the wet/dry test.

233. Vendor 7., The ACCRML for the wet/dry specimens was -0.15 g. The
average percent solid mass loss frcm the test and control specimens was
0.60 percent and 0.75 percent, respectively. More mass was lost from the
control specimens than the test specimens, and the specimens passed 12 cycles
of the wet/dry test.

234. Vendor 8, The Vendor 8 specimens had an average ACCRML of
-0.04 g, indicating a greater mass loss from the control specimens than the
test specimens. The average percent solid mass loss from the test and control
specimens was 0.30 percent and 0.34 percent, respectively. The specimens
passed 12 cycles of the wet/dry test,

Permeability results

235. The results of the permeability test conducted on the untreated
and treated clay are summarized in Table 17 and illustrated in Figure 14,
Triplicate readings were conducted on each replicate to obtain an average
permeability after 28 days of cure. Detalled results of permeability testing
are presented in Appendix E.

236. Untreated clay. The permeability specimens were prepared at Proc-

tor density and allowed to cure for 28 days. Only one permeability specimen,
replicate C, was cohesive enough for permeability testing, with a permeability

of 3.95E-05 cm/sec. Replicates A and B fractured upon removal from the mclds.
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Table 17

a of Permeab t es or the Cla

esults

Average
Permeability

cm/sec

NA
NA
.95E-05

.56E-05
.80E-07
.43E-06

.63E-06
.61E-06
.87E-06

.67E-08
.66E-07
.38E-05

.73E-05
.01E-07
.16E-06

.54E-04
NA
.57E-07

.96E-06
.43E-06
.61E-07

.30E-06
.26E-07
.63E-07

.14E-07
.61E-07
.37E-06

Replicate
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Permeability znal was 1E-08 cm/sec or two orders of magnitude less
than untreated clay.
* Untreated clay.

Note:
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Figure 14. 28-day permeability results for FHC clay

237. Vendor 1., The average permeabilities of replicates A, B, and C
were 7.56E-05, 4.80E-07, and 1.43E-06 cm/sec, respectively. The additions of
water and binder to the clay varied among replicates, possibly causing the
variance among the permeability readings. Treated replicate B had a perme-
ability two orders of msgnitude less than the permeability of the untreated
clay replicate C. YNone of the permeabilities was less than 1E-08 cm/sec.

238. Vendor 2, The average permeabilities of Vendor 2’s replicates
were 7.63E-06, 2.61E-06, and 4.87E-06 cm/sec, for A, B, and C, respectively.
The permeabilities of these specimens were one order of magnitude less than
the untreated clay replicate permeability. None of the permeability readings
was less than 1E-08 cm/sec.

239. Verdor 3. The first permeability reading for replicate A was
5.52E-08 cm/sec, five times the permeability goal of 1E-08 cm/sec. The
average permeablility of replicate A was 8.57E-08 cm/sec, approximately three
orders of magnitude less than the permeability of the untreated clay. Repli-
cate B had an average permeahbility two orders of magnitude less than the
untreated permeability, but replicate C had an average permeability of
7.38E-05 em/sec, twice the permeability of the untreated clay sample. None of
the permeabilities was equal to or less than 1E-08 cm/sec, and replicate C was
not two orders of magnitude less than the untreated clay.

240, Vendor 4., The average permeabilities of replicates A, B, and

C were 1.73E-05, 6.01E-07, and 1.16E-06 cm/sec, respectively. The
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permeabilities were consistent among replicates, but were not equal to or less
than 1E-08 cm/sec, the goal for permeability of the treated clay, nor were the

permeabilities two orders of magnitude less than the untreated clay

permeability.
241. Vendor 5, The average permeabilities of replicates A and C were

9.54E-04 and 1.57E-07 cm/sec, respectively. The operator was unable to
saturate replicate B; therefore, no permeability readings were recorded. The
average permeability of replicate A was one order of magnitude greater than
the permeability of the untreated clay, but the average permeability of repli-
cate C was two orders of magnitude less than the permeability of the untreated
clay. Vendor 5 representatives added more sodium silicate to replicate A (at
a ratio of 0.23 g sodium silicate/g wet clay) than replicates B and C (at
0.20 g sodium silicate/g wet clay), which may explain the difference in per-
meabilities. However, Vendor 5 representatives added the same amounts of
cement and sodium silicate to replicates B and C, but no permeability reading
was recorded for replicate B.

242. Vendor 6, The average permeabilities of replicates A, B, and
C were 6.96E-06, 2.43E-06, and 4.61E-07 cm/sec, respectively. One permeabil-
ity reading on replicate C was two orders of magnitude less than the perme-
ability of the untreated clay, and no permeability readings were less than or
equal to 1E-08 cm/sec. The permeabilities did not meet the designated
criterion.

243. Vendor 7, The average permeabilities for replicates A, B, and

C were 4.30E-06, 4.26E-07, and 6.63E-07 cm/sec, respectively. The average
permeability of replicate B was approximately two orders of magnitude less
than the permeability of the untreated clay. The permeabilities among repli-
cates remained consistent, but no individual permeabilities were less than or

equal to 1E-08 cm/sec.
244, Vendor 8 The average permeabilities were 2.14E-07, 1.61E-07, and

1.37E-06 cm/sec for replicates A, B, and C, respectively, Two replicates, A
and B, had permeabilities two orders of magnitude less than the permeability
of the untreated clay, but the average permeability of replicate C was only
one order of magnitude less than the permeability of the untreated clay. No

permeability readings were equal to or less than 1E-08 cm/sec.

Bulk density
245. The bulk density was measured in triplicate for each replicate,

and the results are presented in Appendix E.
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Volumetric change
246. Based on the bulk density of the treated material and the Proctor

density of the untreated clay, the volumetric change caused by the addition of
binders was calculated as described in the fill section. These results are
summarized in Table 18 and represented in Figure 15.

247. Untreated clay, The Proctor densities of the untreated clay were
134.1, 137.2, and 134.1 1b/ft®, for replicates A, B, and C, respectively, and

were the basis for volumetric increase calculations. The bulk densities of

Table 18
Results of Volumetric Change Calculations for the Clay
Bulk Density Volumetric
Vendor Replicate 1b/ft3 Increase, %
-k A 97
B 102
C 106
1 A 120 29
B 126 28
c 121 33
2 A 125 51
B 121 56
o 129 46
3 A 116 77
B 121 79
C 125 77
4 A 106 86
B 100 63
C 98 62
5 A 109 104
B 111 102
o] 110 98
6 A 109 71
B 112 79
c 113 70
7 A 123 89
B 123 96
c 123 95
8 A 117 87
B 116 85
C 117 84

* Untreated clay.
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Figure 15. Volumetric change resulting from the addition

of additives for FHC clay
the untreated clay were 97.2, 101.5, and 105.8 1b/ft?, for replicates A, B,
and C, respectively, and were the basis for volumetric increase calculations.
248. Vendor 1. The volumetric increases for replicates A, B, and
C were 29, 28, and 33 percent, respectively. Vendor 1 had the lowest volume

increase of any of the vendors.
249. Vendor 2, The volumetric increase caused by the addition of addi-

tives for replicates A, B, and C were 51, 56, and 46 percent, respectively.

250. Vendor 3 The Vendor 3 process increased the volume based on the

average bulk densities for replicates A, B, and C by 77, 79, and 77 percent,
respectively.

251. Vendor 4. The volume increase for replicate A was 86 percent, and
the volume increases for replicates B and C were 63 and 62 percent, respec-
tively. The higher volume increase for replicate A may be attributed to any
number of factors. The variable factor in the mixing process was a 0.21 WSR
for replicate A and WSRs of C.23 and 0.26 for replicates B and C,
respectively.

252. Vendor 5. Vendor 5's process doubled the volume required for the
treated material. The volumetric increases were 104, 102, and 98 percent for

repiicates A B, and C, respectively. Vendor 5’'s volumetric increases

resulted main.y from additions of 0.25 cement and 0.20 sodium silicate.
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253, Vendor 6. Vendor 6 increased the volume occupied by the untreated
material by 70, 79 an. 70 percent for treated replicates A, B, and G,
respectively.

254. Vendor 7. Vendor 7 increased the volume of the clay by 89,

96, and 95 percent for replicates A, B, and C, respectively, approximately
doubling the volume required for the clay. The volumetric increase may be
largely due to the 0.42 ASR of fly ash added to the clay.

255. Vendor 8, The Vendor 8 process increased the volume of the clay
for replicates A, B, and C by 87, 85, and 84 percent, respectively. Vendor
8 added a 0.36 ASR of blast furnace slag to the clay, which may have largely
contributed to the volumetric increase.

Slump

256. The slump was measured for each replicate of the clay immediately
after the mixing process was complete. When two consecutive tests showed a
falling away characteristic, the mixture lacked cohesiveness and the slump
test was not applicable. The results of the slump arc presented in
Appendix E.

257. Vendor 1 slumps for the replicates were 6, 5, and 6.25 in. for
A, B, and C, respectively. Slumps of O In. were calculated for all replicates
of mixtures from Vendors 2, 3, 4, 7, and 8. Vendor 5’'s replicate A had a
slump of 0.5 in., and Vendor 6 slumps were 6 in. for replicate C and 5 in. for
replicates A and B.

Moisture results

258. The results of moisture content tests conducted on the treated
clay are presented in Appendix E. Moisture tests were performed in triplicate
for each replicate of the treated clay after 28 days of cure.

Set time

259. The results of the set time conducted on the treated clay after
2, 4, 8, 24, and 48 hr of cure are presented in Appendix E. CI readings were
taken in triplicate for each curing time.

Specific gravity

260. The specific gravities were measured In triplicate for the treated
clay after 28 days of cure and are presented in Appendix E.
Bleed water

261. Vendor l's specimens had a layer of water approximately 2 mm thick
on the surface of the one specimen, replicate A. Vendor 5 had a layer of

water approximately 1 mm in thickness on the surface of all the specimens.
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Specimens prepared by Vendors 3, 7, 2, 4, and 6 did not have a layer of water

on their surface.

Cracking
262. Vendor 1’s specimens did not have cementitious properties. The

replicate C specimens deformed when extruded from the molds. The Vendor 3 and

Vendor 4 specimens had small voids in each of the replicates. Vendor 6's

specimens had small voids on replicates B and C for the clay. The Vendor 7

specimens had voids in each of the replicates for the clay. The Vendor 8
specimens had cracks approximately 2 to 3 mm in length on all three replicates

for the clay.

Results of Contaminant Release Testing

MWEP-1 results for clay
263. The results of total chromium and Cr(VI) in the MWEP-1 for treated

and untreated clay for each vendor S/S process are presented in Appendix E.

Figures 16 and 17 represent the results of MWEP-1l concentrations of total

chromium and Cr(VI), respectively.
264. Untreated clav. The replicate concentrations for the MWEP-1

leachates were 0.081, 0.071 and 0.049 mg/L for total chromium, and 0.091,

0.069, and 0.0537 mg/L for Cr(VI). Replicate A shows a greater concentration

of Cr(VI) than total chromium, apparently an anomaly in the results. Most of

. the total chromium present in the leachates was in the form of Cr(VI).
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265. Vendor 1. The MWEP-1 concentrations of total chromium were all
above the MWEP-1 0.05-mg/L criterion. The mean MWEP-1 concentration was

0.11 mg/L, and the mean Cr(VI) concentration was <0.038 mg/L.
266. Vendor 2 The MWEP-1 concentrations were all above the 0.05-mg/L

drinking water criterion for chromium. The chromium present was in the form
of Cr(VI). The mean Cr(VI) concentration was 0.74 mg/L, and the mean total

chromium concentration was 7.757 mg/L.
267. Vendor 3 The mean MWEP-1 concentration was 0.12 mg/L total

chromium, and the mean Cr(V1) concentration was 0.12 mg/L. The chromium pres-

ent was in the hexavalent form and caused the replicate concentrations to be

above the 0.05-mg/L criterion.
268. Vendor 4, The mean concentration of the replicate total chromium

was 0.28 mg/L, and the Cr(VI) was 0.29 mg/L. The concentration of Cr(VI) was
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Figure 16. Results of MWEP-1 ccrcentrations of total
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Figure 17. Results of MWEP-1 concentratiens of Cr(VI)
in treated and untreated clay
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greater than the concentration of total chrowjum. The chromium in Vendor 4's
specimens was in the form of Cr(VI).

269. Vendor 5, The concentrations of total chromium in the MWEP-1
leachates were 0.46, 0.18, and 0.32 mg/L for all replicates. The concentra-
tions were above the 0.05-mg/L criterion for the MWEP-1. The mean total chro-
mium concentration was 0.32 mg/L, and the mean Cr(VI) concentration was
0.26 mg/L, indicating a majority of the chromium exists as Cr(VI).

270. Vendor 6, The total chromium concentrations o* the MWEP-1
replicates were 0.59, 0.51, and 0.62 mg/L. The total chromium replicate coun-

centrations were above the 0.05-mg/L criterion. The mean total chromium con-

centration and the Cr(VI) concentration were 0.57 mg/L, Indicating that
chromium that was present in the hexavalent rfora.

271. Vendor 7. The concentrations of total chromium in the MWEP-1
replicates were 0.10, 0.042, and 0.056 mg/L. The concentrations of Cr(VI)

were 0.10, 0.021, and 0.017 mg/L. The second replicate total chromium concen-

traticn was less than the 0.05-mg/L criterion, but the remaining concentra-

tions weve greater than the 0.05-mg/L criterion.
272. Vendor 8, The mean MWEP-1 concentration of total chromium in the

replicates was 0.24 mg/L, and the mean MWEP-1 Cr(VI) concentration was

<0.028 mg/L. The chromium existed in the leachates as Cr(II1I1). The replicate
leachate concentrations were above the 0.05-mg/L concentration designated for
the MWEP-1.

TCLP results for clay
273. Tne results of the TCLP conducted on treated and untreated clay

for total chromium and Cr(VI) are presented in Appendix E. Figures 18 and 19
represent the results of the TCLP for total chromium and Cr(VI), respectively.

274. Untreated clay, The Cr(VI) TCLP concentrations for untreated clay

were all <0.020 mg/L. The total chromium concentrations were 0.22, 0.18, and
0.18 mg/L, with a mean total chromium concentration of 0.19 mg/L. The concen-
trations were below the 5.0-mg/L criterion for the TCLP.

275. Vendor ), The Vendor 1 process produced toctal chromium concentra-
tions of 4.4, 4.2, and 4.4 mg/L. Cr(VI) concentrations were all «<C.020 mg/L,
meaning the chromium present was in the trivalent form.

276. Vendor 2 The total chromium concentrations in the TCLP conducted
on clay treated by Vendor 2 were 0.094, 0.063, and 0.11 mg/L, with a mean of
0.089 mg/L. The concentrations of Cr(VI) were 0.075, 0.C46, and 0.10 mg/L,

producing a mean concentration of 0.074 mg/L Cr(V1}.
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Figure 18. Results of TCLP concentrations of total chromium
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The total chromium conceutrations were 0.062, 0.12, and
The

277. Vendor 3.
0.004 mg/L; the Cr(VI) concentrations were 0.069, 0.19, and 0.18 mg/L.
Cr(VI) concentrations were higher than :he total chromium concentrations,

apparently representing an anomaly in the results. The mean concentrations
for Cr(VI) and total chromium were 0.15 and 0.062 mg/L, respectively.

278. Vendor 4, The total chromium cencentrations for the clay were

0.012, 0.019, and 0.21 mg/L. The Cr(VI) concentrations were <0.020, 0.049,

and 0.038 mg/L for replicates 1, 2, and 3, respectively.
279. Vendor 5, The chromium present in the leachates was in the hexa-

valent form. The TCLP conducted on the treated clay had concentrations of
0.57, 0.53, and 0.62 mg/L for total chromium and 0.61, 0.56, and 0.69 mg/L for
Cr(VI). The Cr(VI) coucentrations were higher than the total chromium concen-

trations for all replicates.
280. Vendor 6. The chromium present in the TCLP conducted on the

treated clay was in the trivalent form. The concentrations of total chromium
were 0.072, 0.17, and 0.050 mg/L; the Cr(VI) concentrations were 0,021,
0.061, and <0.020 mg/L. The concentrations of total chromium were all below
the 5.0-mg/L criterion for total chromium designated by the TCLP.

281. Vendor 7 Cr(V1) concentrations in the TCLP conducted on the
treated clay were all <0.020 mg/L. The total chromium concentrations were
7.3, 8.1, and 10 mg/L. The concentrations of total chromium in the TCLP
leachate are above the 5.0-mg/L criterion for total chromium in the TCLP.

282, Vendor 8 The Cr(VI) concentrations in the TCLP were all

<0.020 mg/L, and the total chromium concentrations were 4.5, 3.8, and

4.4 mg/L. The concentrations were below the 5.0-mg/L criterion for total

chromium in the TCLP.

Effects of Dilution on lLeaching

MWEP-1 results for clay

283. Untreated clay., The mean NMLCs of total chromium and Cr(VI) were

0.977 and 1.053 mg/kg, respectively. Based on the NMLC for total chromium and

Cr(VI), the efficiency of the vendor processes was evaluated.

284, Vendor 1, Normalization of the total chromium concentrations pre-
sented a MNMTCL of 1.938 mg/kg. The mean MMLC of the MNMTCL increased by
98 percent, and the MNMCSL was decreased by 38 percent. Vendor.l decreased

mobilization of Cr(VI) but increased mobilization of Cr(IIll).
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285, Vendor 2. The mean NMLC of total chromium was 11.74 mg/kg,

resulting in an increase in the MNMTCL of 1,102 percent. The mean NMLC for
Cr(VI) was 11.41 mg/kg, representing an increase in the MNMCSL of 984 percent.

286. Vendor 3., The mean NMLC for total chromium was 2.249 mg/kg, and
the mean NMLC for Cr(VI) was 2.291 mg/kg. The Vendor 3 process caused an
increase in the MNMTCL of 130 percent and an increase in the MNMCSL of
118 percent.

287. Vendor 4 Based on the mean total chromium NMLC (5.883 mg/kg),
and the mean Cr(VI) NMLC (6.001 mg/kg), there was an increase in the MNMTCL of
502 percent and an increase in the MNMCSL of 470 percent. The presence of
Cr(VI) caused the increase in the MNMTCL.

288. Vendor 5. Based on the MNMICL of 7.207 mg/kg, the increase in
MNMTCL was 638 percent. The MNMCSL was 5.842 mg/kg, causing an increase in

MNMCSL from the untreated clay of 455 percent.

289. Vendor 6 Compared to the mean normalized concentration of the

untreated MWEP-1 leachate, there was an increase of total chromium in the
treated leachate of 1,115 percent and an increase in Cr(VI) of 1,020 percent.

290. Vendor 7. The second replicate represented an increase in the

MNMTCL of 60 percent when compared to the untreated MWEP-1 concentration for
that replicate. There was an increase in the MNMICL of 40 percent and a
decrease in the MNMCSL of 9 percent.

291. Vendor 8, The Vendor 8 treatment process caused an increase in

the MNMTCL of 366 percent and a decrease in the MNMCSL of 50 percent. Vendor
8 successfully reduced Cr(VI), but Cr(III) remained mobile.
TCLP results

292. Normalization of the TCLP results was calculated according to the
methods described for normalization of the MWEP-1 (paragraph 206). These
results are presented in Appendix E.

293. Untreated clay, The NMLCs were 5.603 mg/kg total chromium and

0.578 mg/kg Cr(VI) in the TCLP. Based on the NMLCs for the untreated clay,
the efficiency of each vendor process was calculated as a percentage of the
untreated NMLC.

294, Vendor 1 The mean NMLC of total chromium was 146.8 mg/kg

chromium, producing a 2,520-percent increase in the MNMICL in the TCLP for
clay. The concentcrations of Cr(VI) were all <0.020 mg/L. The mean NMLC for
Cr(Vl) was 0.678 mg/kg based on the detection limit, producing a 17-percent
increase in the MNMCSL.
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295. Vendor 2. Normalization of the total chromium produced masses of
2.863, 2.013, and 3.384 mg/kg, respectively, for the replicates. Vendor 2
reduced the MNMTCL in the treated TCLP by 51 percent and increased the MNMCSL

by 294 percent.

296. Vendor 3. Based on total chromium concentrations, Vendor 3
reduced the MNMTCL by 39 percent and increased the MNMCSL by 843 percent. The
MNMTCL was 2.303 mg/kg, and the MNMCSL was 5.455 mg/kg.

297. Vendor 4, The mean normalized total chromium leached was
2.586 mg/kg, producing a 54-percent reduction in the MNMTCL compared to the
total chromium leached in the TCLP conducted on the untreated clay. The mean
NMLC for Cr(VI) was 1.348 mg/kg, resulting in a 133-percent increase in the
MNMCSL.

298. Vendor 5 The mean NMLCs for total chromium and Cr(VI) were

25.666 and 27.764 mg/kg, respectively. The Vendor 5 process increased the
NMICL for the treated clay compared to NMICL for untreated clay by 358 per-
cent. The MNMCSL was increased by 4,701 percent.

299. Vendor 6, T.e mean NMLC of total chromium was 3.999 mg/kg,

decreasing the MNMTCL by 29 percent. The mean NMLC for Cr(V1) was 1.397
mg/kg, resulting in a 142-percent increase in the MNMCSL.
300. Vendor 7, The NMLC was 347.174 mg/kg total chromium, representing

a 6,097-percent increase in total chromium leached in the TCLP. All Cr(VI)
concentrations were <0.020 mg/L. The mean NMLC for Cr(VI) was 0.823 based on
the detection limit, an increase in the MNMCSL of 42 percent.

301. JVendor 8 The MNMTCL was 158.328 mg/kg, representing a
2,726-percent increase in the MNMTCL in the TCLP. All Cr(V1) concentrations

were <0.020 mg/L. Based on the detection limit, the mean NMLC for Cr(VI) was
0.749 mg/kg, an increase in the MNMCSL of 30 percent.

Standard Deviation and Relative Standard Deviation

MWEP - total chromium
302. Untreated, The NMLCs for replicates A, B, and C were 1.21, 1.06,

and 0.66 mg/kg, respectively. The MMLC standard deviation for the clay was

0.283 with a NMLC RSD of 29 percent.
303, Vendor 1 Vendor 1 varied the amount of additive used among their

replicates; therefore, precision of the results must be based on the NMLC.

The NMLCs for replicates A, B, and C were 1.09, 2.18, and 2.54 mg/kg,
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respectively. The standard deviation of the NMLC for clay was 0.76. The

MWEP-1 concentrations for the treated clay had an average precision of 39

percent for the clay, based on NMLC calculations.
304, Vendor 2 The NMLCs for replicates A, B, and C were 9.75, 1G.86,

and 14.61 mg/kg, respectively. Precision of the NMLC for the clay was 22
percent. The standard deviation of the NMLC calculated for the clay was 2.55.
305. Vendor 3 The NMLCs for replicates A, B, and C were 2.48, 2,20,

and 2.07 mg/kg, respectively. The NMLC standard deviation for the clay was
0.21. Based on the NMLC, the precision of the clay was 9 percent.

306. Vendor &, The NMLCs for replicates A, B, and C were 0.34, 11.76,
and 5.55 mg/kg, respectively. The NMLC standard deviation for the clay was
5.88, and the NMLC RSD was 97 percent. Two replicate concentrations were
0.57 and 0.26 mg/L. The other replicate concentration for the MWEP-1 was
0.02 mg/L, causing a large NMLC RSD.

307. Vendor 5, The NMLCs were 10.47, 3.90, and 7.25 mg/kg for repli-

cates A, B, and C, respectively. The clay NMLC standard deviation was
3.29 with an NMLC RSD of 46 percent.

308, Vendor 6. The NMLCs were 12.20, 10.37, and 13.04 mg/kg for repli-
cates A, B, and C, respectively. Based on NMMLC concentrations, the standard
deviation was 1.36 and the NMLC RSD 11 percent.

309. Vendor 7, The NMLGs were 2.12, 0.86, and 1.12 mg/kg for repli-

cates A, B, and C, respectively. The NMLC standard deviation for the rlay was

0.66 and the NMLC RSD was 43 percent.
310. Vendor 4 The NMLCs were 4.93, 4.80, and 3.93 mg/kg for repli-

cates A, B, ari C, respectively. The NMLC standard deviation for the clay was
0.54 and the NMLC RSD was 12 percent.

MWEP - chromium (VI)
311. Untreated., The NMICs for replicates A, B, and C were 1.36, 1.03,

and 0.77 mg/kg, respectively. The NMLC standard deviation for the clay was

0.295 with an NMLC RSD of 28 percent.
312. Vendor 1 The NMLCs for replicates A, B, and C were <0.39, <0.83,

and <0.74 mg/kg, respectively. The NMLC standard deviation was 0.233, and the

NMLC RSD was 35 percent.
313. Vendor 2. The NMLCs for replicates A, B, and C were 9.90, 9.27,

and 15.08 mg/kg, respectively. The NXLC standard deviation for the clay was

3,19, with an NMLC RSD of 28 percent.
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314. Vendor 3, The NMLCs for replicates A, B, and C were 1.68, 2.75,
and 2.45 mg/kg, respectively. The NMLC standard deviation for the clay was

0.55, and the NMLC RS. was 24 percent.
315. Vendor 4. The NMLCs for replicates A, B, and C were 1.11, 11.35,

and 5.55 mg/kg, respectively. The NMLC RSD was 86 percent. The high NMLC RSD
for the clay was the result of one concentration that was one order of magni-
tude less than the remaining two. In calculating the NMLC RSD, the detection
limit was used with the other two replicate concentrations.

316. Vendor 5, The NMLCs were 6.83, 3.90, and 6.80 mg/kg for repli-

cates A, B, and C, respectively. The NMLC standard deviation was 1.68 with an

NMLC RSD of 29 percent.
317. Vendor 6. The concentrations of the clay replicates were (.62,
0.51, and 0.58 mg/L, all within a 0.1l1-mg/L difference. The MMLCs were 12.82,
10.37, and 12.20 mg/kg for replicates A, B, and C, respectively. For the
clay, the NMLC standard deviation was 1.27 and the NMLC RSD was 11 percent.
318. Vendor 7 The Nf{LCs were 2.11, 0.43, and 0.34 mg/kg, for repli-

cates A, B, and C, respectively. OCne concentration among the replicates was
one order of magnitude greater than the other concentrations, causing a rela-
tively high NMLC RSS. The NMLC standard deviation was 1.00 with an NMLC RSD
of 104 percent.

319. Vendor 8, For the clay, the concentrations were <0.027, <0.029,
and <0.028 mg/L. Based on the detection limit concentrations, the NMLC con-
centrations were calculated. The NMLCs were C.49, 0.56, and 0.52 mg/kg for
replicates A, B, and C, respectively. The NMLC standard deviation was 0.032,
and the NMLC RSD was 6 percent.

TCLP - total chromium

320. Untreated, The replicate concentrations were within 0.03 mg/L
among replicates. The NMLCs for replicates A, B, and C were 6.57, 5.37, and
4.86 mg/kg, respectively. The MMLC standard deviatioa was 0.875, and the NMLC
RSD was 16 percent.

321. Vendor 1. The NMLCs for replicates A, B, and C were 128.15,
152.30, aad 160.00 mg/kg, respectively. The KMLC standard deviation was
16.61. The NMLC RSD clay was 11 percent.

322. Vendor 2. The NMLCs for replicates A, B, and T were 2.86, 2.01,
and 3.38 mg/kg, respectively, providing a NMLC RSD for the clay of 25 percent.

323. Vendor 3, The NMLCs were 2.37, 4.39 and 0.151 mg/kg for repli-

cates A, B, and C, respectively. The lowest NMLC was based on a TCLP
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concentration of 0.004 mg/L and was two orders of magnitude less than one of
the replicates. The NMLC RSD was 92 percent.

324. Vendor 4. The concentrations of chromium in the clay were 0.012,
0.019, and 0.21, which normalized to 0.511, 0.784, and 6.46 mg/kg, respec-
tively. Based on the NMLC concentrations, the NMLC RSD was 130 percent.

325. Vendor 5, TCLP concentrations of 0.57, 0.53, and 0.62 mg/L nor-
malized to 25.95, 22.95, and 28.10 mg/kg, respectively. The NMLC standard
deviation was 2.59 with a NMLC RSD of 10 percent,

326. Yendor 6 The TCLP concentrations were 0.07, 0.17, and 0.05 mg/L,
which correspond to NMLCs of 2.98, 6.91, and 2.10 mg/kg, respectively. The
NMLC standard deviation was 2.56, and the NMLC RSD was 64 percen%.

327. Vendor 7., The total chromium concentrations in the clay repli-
cates were 7.3, 8.1, and 10.0 mg/L. The NMLCs were 309.26, 331.91, and

400.35 mg/kg, respectively. The NMLC standard deviation was 47.4, and the
NMLC RSD was 14 percent.
328. Vendor 8, The concentrations of total chromium in the clay were

4.5, 3.8, and 4.4 mg/L and were normalized to 164.3, 146.0, znd 164.7 mg/kg,

respectively. Based on the NMLC, the standard deviation was 10.7 and the NMLC
RSD was 7 percent.
TCLP - chromium (VI)

329. Untreated, The concentrations of Cr(VI) in the clay were

<0.020 mg/L for all replicates. Based on the detection limit of 0.020 mg/L,
the NMLCs were calculated as 0.60, 0.60, and 0.54 mg/kg for the clay. The
NMLC standard deviation for the clay was 0.033, and the NMLC RSD was

6 percent.
330. Vendor 1 The concentrations of Cr(VI) for the clay were all

<0.020 mg/L. The clay NMLCs were 0.58, 0.73, and 0.73 mg/kg with a standard
deviation of 0,083 and NMLC RSD of 12 percent.
331. Vendor 2. The NMLCs for clay were 2.28, 1.47, and 3.08 mg/kg with

a standard deviation of 0.803 and NMLC RSD of 35 percent.

332, Vendor 3. Based on the concentrations of Cr(VI) in the untreated
clay, Vendor 3 mobilized Cr(VI). The concentrations of Cr(VI) were 0.07,
0.19, and 0.18 mg/L and were normalized to 2.63, 6.96, and 6.78 mg/kg, respec-
tively. The NMLC RSD was 45 percent.

333. Vendor 4. The NMLCs for the clay were 0.85, 2.02, and 1.17 mg/kg

with a standard deviation of 0.605 and NMLC RSD of 45 percent.
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The concentrations in the TCLP extracts were 0.61,

334. Vendor 5,
The NMLCs were 27.77, 24.25, and 31.28 mg/kg of Cr(VI)

0.56, and 0.69 mg/L.
leached with a standard deviation of 3.515 and NMLC RSD of 13 percent.

335. Vendor 5 The NMLC standard deviation and NMLC RSD for the clay

were 0.939 and 67 percent, respectively, based on NMLCs of 0.87, 2.48, and

0.84 mg/kg.
33€. Vendor 7, The concentrations of Cr(VI) in the clay leachates were

all <0.020 mg/L. Normalization based on 0.020 mg/L for the clay resulted in

NMLCs of 0.85, 0.82, and 0.80 mg/kg. The NMLC standard deviation was 0.023,

and the NMLC RSD was 3 percent.
337. Vendor 8., The Vendor 8 concentrations in the TCLP extracts for
NMLCs, which were calculated based on a

the clay were all <0.020 mg/L.
The NMLC

concentration of 0.020 mg/L, were 0.73, 0.77, and 0.75 mg/kg.
standard deviation and NMLC RSD for the clay were 0.019 and 3 percent,
respectively.
Analysis of varfance for MWEP-1 and TCLP

338. MWEP-1. The results of the ANOVA conducted on the clay for the
An ANOVA conducted on the MWEP-1 data

MWEP-1 are presented in Table 19,
Verdors 6 and 2 are not significantly different,

showed four groups of data.
Vendors &4, 8, 3, 1, and

and Vendors 4 and 5 are not significantly different.
7 are intertwined in groups that are not significantly different.
339. ICLP, The results of an ANOVA conducted on the clay on the TCLP

are also presented in Table 19. For the clay, the TCLP data contains three

groups. Vendor 7 is significantly different from the remaining vendors.

Vendors 8 and 1 are not significantly different and are the second group.

Group 3 contains the remaining vendors, which are not significantly different.
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Table 19

esults o OVA for TCLP and MWEP- o otal Chromium in the Cla
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

340. A bench-scale study conducted on FHC fill and clay was conducted
to evaluate the effectiveness of $/S technologies on immobilization of chro-
mium and Cr(VI). The physical tests conducted on the untreated fill and clay
were moisture content, UCS, bulk density, permeability, grain size analysis,
Proctor density, specific gravity, Atterberg limits, and resistance to pene-
tration. The physical tests conducted on the treated fill and clay were mois-
ture content, UCS, bulk density, permeability, specific gravity, set time,
bleed wacer, slump, cracking, and wet/dry durability. Chemical characteriza-
t'on ccasisted of MWEP-1, TCLP, and bulk chemistry analyses for the treated
2 . un< :ated fill and clay. Tables 20 and 21 present the results of the
pbys:cal and chemical tests for the f£ill and clay, respectively, on a

pass/.ail basis. Conclusions based on these results are summarized below.

Table 20

Results of Physical and Chemical Tests Conducted on

Frontier Hard Chrome Fill

Criterion
Permeability -
1E-08 cm/sec Wet/Dry -
Uucs - or 2 Orders of 30% Solids MWEP-1 - TCLP -
Vendor >50 psi Magn, < Untreated Loss 0.05 mg/L, 5.0 mg/L
~-% Fail Fail#*x NA Fail Pass
1 Fail Fail Fail Fail Pass
2 Pass Fail Pass Fail Pass
3 Pass Fail Pass Fail Pass
4 Pass Fail Pass Fail Pass
5 Pass Fail Pass Fail Pass
6 Pass Fail Pass Fail Pass
7 Pass Fail Pass Fail Pass
8 Pass Fail Pass Fail Pass

* Untreated fill.
** The permeability results for the untreated fill were not <1E-08 cm/sec.
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Table 21
Results of Physical and Chemical Tests Conducted on

Frontier Hard Chrome Clay

Criterion
Permeability -
1E-08 cm/sec Wet/Dry -

ucs - or 2 Orders of 30% Solids MWEP-1 - TCLP -

Vendor >50 psi Magn. < Untreated Loss 0.05 mg/L 5.0 mg/L
.-k Fail Fall** NA Fail Psss
1 Fail Fail Fail Fail Pass
2 Pass Fail Pass Fail Pass
3 Fail Fail Pass Fail Pass
4 Fail Fail Pass Fail Pass
5 Pass Fail Pass Fail Pass
6 Pass Fail Pass Fail Pass
7 Pass Fail Pass Fail Fail
8 Pass Fail Pass Fail Pass

* Untreated clay.
** The permeability results for the untreated fill were not <1E-08 cm/sec.

Binders can be added to the fill and clay to produce UCS
values above the 50-psi criteria. The following vendors
were successful in meeting the 50-psi criteria for the fill
and clay: Vendor 2, Vendor 5, Vendor 6, Vendor 7, and
Vendor 8.

None of the vendors was successful in reducing the perme-
ability of the fill and clay to 1E-08 cm/sec or two orders
of magnitude less than the permeability of the untreated
£fill and clay.

The S/S processes applied in this investigation can produce
specimens that pass 12 cycles of the wet/dry test. Vendor 1
specimens failed to pass the wet/dry test, but the remaining
vendors were successful.

I

o

o

Although a large portion of the fill contains debris, the
fill and clay can be mixed with the binders.

(=%

The treated fill and clay can pass the 5.0-mg/L TCLP crite-
rion for chromium. Excluding Vendor 7, the remaining ven-
dors passed the TCLP.

o

£f. The S/S processes applied in this investigation did not pass
the 0.05-mg/L criterion for chromium in the MWEP-1.

g- Cr(VI) can be reduced by reagents added to the S/S process.
Cr(VI) concentrations in the untreated fill and clay were
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341.

below.

Recommendations based on results of this s

o

<0,020, indicating that reactions with the acetic acid
leachate fluid may reduce Cr(V1) without treatment. In the
MWEP-1, three vendors were successful in reducing Cr(VI) in
the fill and clay: Vendor 1, Vendor 7, and Vendor 8.
Although Cr(VI) was reduced, the total chromium concentra-
tion did not meet the criterion for the MWEP-1.

Becommendations

tudy are summarized

The criteria designated for the permeability were not met.
Discussions during the design phase of the bench-scale
investigation revealed that the criteria may not be within
reach. Reevaluation of the criteria may be necessary.

Although some of the S§/5 processes reduced the leachability of
chromium in the MWEP-1, the 0.05-mg/L criterion was not
achieved. Determinations as to whether this criterion is
applicable must be mace before preceding with application of
the §/5 technologies demonstrated in this jinvestigation.

Based on the bench-scale evaluation, application of some of
the S§/S technologies investigated in this study improves the
physical handling properties of the soils and reduces Cr(VI),
indicating success might be attainable in a field investiga-
tion. However, the chromium concentrations in TCLP anc MWEP-1
leachates were greater after treatuent than they ware before
treatment, indicating that S/S technologies should mnot be
applied to improve chemical properties of the soils.
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APPENDIX A: INITIAL SCREENING TEST RESULTS, WES
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Table A2

Results of the Initial Screening Tests Conducted by

WES on Frontier Hard Chrome Fill

Binder/Soil Ratio Water/Soil Ratio *Cone Index Value, psi
Cement/soil (Cure Time, hr)
1. 4 8 24

; 0.1 0.1 0 60 247 750+
3 0.4 0.1 37 177 750+ 750+
3 0.7 0.1 137 703 750+ 750+
¥ 1.4 0.1 750+ 750+ 750+ 750+
s 0.1 0.3 0 0 293 100
3 0.4 0.3 0 0 30 750+
;; 0.7 0.3 0 20 643 750+
2 1.4 0.3 17 490 750+ 750+
Q

L Lime/fly ash/soil

. 0.1/0.1 0.1 35 25 40 63
v 0.1/0.4 0.1 10 27 23 33
2 0.1/0.7 0.1 87 158 150 217
% 0.4/0.1 0.1 287 357 583 703
& 0.4/0.4 0.1 183 340 193 83
b 0.4/0.7 0.1 192 607 700 307
% 0.7/0.1 0.1 527 517 505 500
X 0.1/0.1 0.3 0 0 0 0
F o 0.1/0.4 0.3 0 0 0 3
£ 0.1/0.7 0.3 v 0 0 7
% 0.4/0.1 0.3 20 20 30 30
e 0.4/0.4 0.3 73 133 103 207
N 0.4/0.7 0.3 147 247 223 280
2 0.7/0.1 0.3 207 250 190 297
: 0.7/0.4 0.3 180 180 133 217
3 0.7/0.7 0.3 153 173 160 203

* Represents an average of three replicates.

Wi s s




v
[
3
=1
Rl
O
@
v A e e R el R R e s I e R P S R RPN
p—
4y
e . .o
— ~
b ot @
@ o o i
o, ) o o
m [ |
SR
2 JR T
o~
o &
0
of
e
v
a o
o
N I
™
o
< 3 .
@ o F ArH AN NM 0 ke K K R K K K K K R ) M
P «©
2 e o cococococooco cCoocCcOoo00O000OoOOoOoo
o
| )
o |
= Py
v L
m e 4
E
ol
@
o)
5 @
(o] )
o «
) —
I (3]
<4 ~
o .w B AN R R SR B RN
B oIS AL NS T COCOO00OCO000000 O
— NN RN AN N NN N NN NNNNN
S ﬂOOOlOOOl h41114/44111/41..~14777
b m :ﬁOOOOOOOOOOOOOOO
< Q Q
< H =]
O N
[&] =




R e d

R LS kS S e e

Bkt

iy

YR R s
i

S STOIEETrL i pet s,

JETIN

e

Results ~f the Initial Screening Tests Conducted by

Table A4

WES ou Frontier Hard Chrome Clay

Binder/Clay Ratio

Water/Clay Ratio

Cement/clay

HOoOOOrROOO
J N e Ry

Lime/fly ash/clay

=Ee=NeoNoNeRNoNoNoNoNoNeNoNeN oo

.1/0.
.1/0.
.1/0.
.4/0.
.4/0.
.4/0.
.1/0.
.1/0.
.1/0.
.4/0.
470,
.4/0.
.7/0.
.7/0.
.7/0.

N NP N P DD

[aNeNeNoNoNoNoNa]

COO0O0OCO00OOOQOOOO
W W W W W W W e o

W NN s

*Cone Index Value, psi

1

25
160
245
750+

18
43
127

60
130
35
117
75
102

43
180
140
167
217
157

(Cure Time, hr)

4

147
348
190
750+
55
262
150
408

67
173
63
160
103
133

50
193
153
163
163
150

8

347
750+
750+
750+
127
387
447
750+

183
190

53
143
133
167

20

30
190
187
193
357
223

487

750+
750+
750+
217

750+
750+
750+

63
193
65
203
180
195
13
10
37
100
263
197
217
267
150

*

Represents an averape of three replicates.
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APPENDIX B:

RESULTS OF PHYSICAL TESTS CONDUCTED ON UNTREATED FILL




Table Bl

Results of Moisture Content Conducted on Fill

Sample Moisture*
—I — (%)
Replicate A
UC-SA-Bl1 29.75
UC-SA-B2 24.22
UC-SA-B3 25.05
UC-SA-B4 29.36
UC-5A-B5 28.71
UC-SA-B6 28.87
UC-SA-B7 28.34
UC-SA-BS 27.23
UG-SA-B9 29.96%%
UC-SA-B10 27.25
UC-SA-Bl11 28.18
Average 27.9
Replicate B
UC-SB-B1 23.07
UC-SB-B2 23,88
UC-SB-B3 22.77
UC-SB-B4 24.21
UC-SB-B5 20.92
UC-SB-B6 20.04
UC-SB-B7 17.11**
UC-SB-B8 24.31
UC-SB-B9 17.33
UC-SB-B10O 22.90
UC-SB-B11 22.47
Average 21.7
Replicate C
UC-SB-B1 23.75
UC-SB-B2 26.94
UC-SB-B3 24.95
UC-5C-B4 24.93
UC-5C-B5 24.07
UC-SC-B6 24.37
UC-8C-B7 23.68
UC-SC-B8 22.71%%
UC-SC-B9 25.64
UC-SC-B10O 24.51
UC-sC-B11 28.28
Average 24.8
* Moisture based on wat weight/dry solids.
*%* These buckets were used by WES for initial screening

tests and Cr(V1) reduction studies,.
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Table B2

Results of Moisture Contents Cenducted on Sieved Fillx

Sample Moisturex*
—3iDp —(z
UC-SA-Bl 40.36
UC-SA-B2 42,16
UC-SA-B3 42,31
UC-SA-B4 41.31

| UC-SA-B5 33.89
UC-SA-B6 43,50
UC-SA-B7 41.76
UC-SA-BS 39.59
UC-SA-B9 40.29
UC-3A-B10 40.64
UC-SA-Bl1 38.98
UC-SB-B1 32.84
UC-SB-B2 35.80
UC-SB-B3 37.76
UC-SB-B4 37.50
UC-SB-B5 35.94
UC-SB-B6 38.26
UC-SB-B7 30.84
UC-SB-B8 33.04
UC-SB-B9 35.94
UC-SB-B10 35.85
UC-SB-Bl1 37.61
UC-SC-B1 37.50
UC-SC-B2 34,53
UC-SC-B3 39.11
UC-SC-B4 37.37
Uc-SC-15 35.94
UC-SC-B6 39,08
UC-SC-B7 38.12
UC-SC-B8 38.71
UC-SC-BQ 38.31
UC-SC-B10O 38.62
UC-SC-B11 39.12

* Sieved through a No. 10 (2.C-mm) sieve.

** Moisture based on wet weight/dry solids.
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Table B3
Particle Size Analysis for Frontier Hord Chrome Fiil

Weight Sieve Size (in.) Opening Percent Cumulative
—s or Number _.mm _Einer ~.Percent
Fill Replicate 1
0.00 1.5 37.50 100.00 0.00
93.90 1 25.00 98.50 1.50
708.70 3/4 19.10 86.90 13.10
927.70 1/2 12.50 71.80 28.20
654.30 3/8 9.50 61.20 38.80
405,80 No. 3 6.35 54.60 45.40 :
216.90 No. & 4.75 51.10 48.90
6.00 No 3.35 46.40 53.60
15.60 No. 10 2.00 39.00 61.00
20.80 No. 16 1.18 35.00 65.00
23.80 No. 20 0.85 32.70 67.30
26.70 No. 30 0.60 30.40 69.60
29.90 No. 40 0.43 28.00 72.00
33.6C No. 50 0.30 25.10 74.90
36.30 No. 70 0.21 22.80 77.20 :
39.00 No. 100 0.15 20.90 79.10 .
40.60 No. 140 0.11 19.70 80.30 %"
41.80 No. 200 0.08 18.80 81.20
% Gravel = 43.9 Liquid limit = 37
$ Sand = 32.3 Plasticity limit = 32
% Fines = 18.8 Plasticity index = 5
Specific gravity = 2.70
(Continued)
(Sheet 1 of 3) ?
L




%)

Table B3 (Continued)

Weight Sieve Size (im.) Opening Percent Cumulative
-2 or Number —mm _Einer -Percent
e ate

0.00 1.5 37.50 100.00 0.00
101.30 1 25.00 98.20 1.80
317.30 3/4 19.10 92.70 7.30
733.90 1/2 12.50 79.90 20.10
536.00 3/8 9.50 70.50 29.50
518.30 No. 3 6.35 61.50 38.50
315.30 No. 4 4.75 56.00 44 .00
5.80 No. 6 3.35 52.20 47.80
18.70 No. 10 2.00 43,80 56.20
27.00 No. 16 1.18 38.30 61.70
31.90 No. 20 0.85 35.10 64.90
36.40 No. 30 0.60 32.20 67.80
41,50 No. 40 0.43 28.90 71.10
48.20 No. 50 0.30 24.50 75.50
53.20 No. 70 0.21 21.20 78.80
37.10 No. 100 0.15 18.60 81.40
59.90 No. 140 0.11 16.80 83.20
62.00 No. 200 0.08 15.40 84.60

% Gravel = 44.0 Liquid limit = 44

% Sand = 40.6 Plasticity limit =~ 40

% Flnes =~ 15.4 Plasticity index =~ &

Specific gravizy = 2.69

(Continued)
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Table B3 (Concluded)

Weight Sieve Size (in.) Opening Percent Cumulative
£ op Number mm ~Einer —Percent
Fill Replicate 3
0.00 2 50.00 100.00 0.00
50.90 1.5 37.50 99.20 0.80
122.90 1 25.00 97.30 2.70
328.20 3/6 19.10 92,20 7.80
860.60 1/2 12.50 78.90 21.10
648 .40 3/8 9.50 68.90 31.10
588.00 No. 0.35 59.80 40.20
447,70 No. 4 4.75 52.90 47.10
7.70 No. 3.35 48,30 51.70
19.00 No. 10 2.00 41.60 58.40
27.80 No. 16 1.18 36.30 63.70
32.90 No. 20 0.85 33.30 66.70
37.50 No. 30 0.60 30.63 69.40
42.60 No. 40 0.43 27.50 72.50
49.00 No. 50 0.30 23.70 76.30
54.10 N.. 70 0.21 20.70 79.30
57.90 No. 100 0.15 18.40 81.60
60.80 No. 140 0.11 16.70 83.30
63.00 No. 200 0.08 15.40 84.60
$ Gravel = 47.1 Liquid limit 43
$ Sand = 37.5 Plasticity limit 43
t Fines = 15.4 Plasticity index 10
Specific gravity 2.69
(Sheet 3 of 3)
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APPENDIX C:
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RESULTS OF PHYSICAL AND CHEMICAL TESTS ON TREATED FILL
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Tuble C1
Results of the Wet/Dry Test Conducted op
Erontier Hard Chrome F{1ll

Vendor ample Replicate
1 Test

Control

2 Test

Control
3 Test
Control
4 est
Control
b) Te st
Control

6 Test

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
k}
1
2
3
1
2
3
1
2
3
1
2
3
Control 1
2
3

(Continuead)

c3

Total

& LO"‘-S

NA

100.
100.

NA

100.
100.
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0.42
1.29
0.78
1.01
1.19
1.01
0.18
0.09
0.23
0.13
0.04
0.22

Total
3 lost
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Table C1 (Concluded)
o

Test
Control
Test
Control
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Table C2
Results of Molsture Content, Specific Gravity, and Slump

Tests Conducted on Fronticr Hard Chrome Fill

R e T R

EE

ATBGr e S i

Moisture Specific S1lump
Vendoy Replicate R Gravity in.

44,29 2.71 7
48.59

45.87

36.74 2.72 0
35.31

37.15

36.98 2.76 1.25
39.13

39.41

13.55 2.8 0
12.61
10.92
13.61
13.70
12.80
15.23 2.82 ¢
15.72
15.95
39.41
18.07 2.64 0
18.68
19.20
17.55 2.65 0
17.07
15.75
11.48 2.66 0
14.81
13.9¢8

36.68 2.78 0
36.59

36.09

Ja. 64 2.89 0
33.80

35.74

34,42 2.92 0
35.25 :
35.186

Sy

3

.82 0
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Table C2 (Concluded)

R _licate

HMnisture

—_—

25.61
25.22
25.48
26.80
25.88
26.97
31.86
30.04
32.75

47.66
47.26
47.12
52.97
52.83
53.45
47.25
47.97
47.65

25.04
25.18
24.98
26.52
2b.46
26.38
25.25
25.52
25.37

21.39
21.73
22.5%
17.03
17.57
17.31
18.47
23 .48
18.50

W R LD R L N P WD W NN WA HWRN=WERF WR WO W -

Specific
Gravity
2.78

2.78

2.79

Slump

6.5

7.25

NA

NA

NA

Cé




Table C3
Results of Set Time Tests Conducted on

Frontier Hard Chrome Fill

Sample

V1-SA
V1-SB
V1-sC
V2-5A
V2-SB
v2-8C
V3-sa
V3-SB
V3-sC
V4-SA
V4-SB
V4-8C
V5-54A
V5-SB
V5-5C
V6-SA
V6-SB
V6-5C
V7-SA
V7-SB
V7-5C
V8-SsaA
V8-SB
V8-sC

Average Cone Index, psi

(Time. hr)
2 b - R4 48
0 0 0 0 0
27 48 85 117 47
25 35 32 38 57
397 497 490 750+ 750+
427 620 750+ 750+ 750+
412 487 53¢ 750+ 750+
133 333 750+ 750+ 750+
167 360 750+ 750+ 750+
185 460 750+ 750+ 750+
20 25 38 107 173
12 25 28 98 183
17 12 22 52 117
58 170 290 750+ 750+
95 167 750+ 750+ 750+
113 137 750+ 750+ 750+
0 0 10 47 292
0 0 7 73 323
0 0 3 58 283
273 283 350 550 593
132 363 300 527 517
227 247 197 507 620
108 260 400 750+ 750+
137 357 543 750+ 750+
157 340 487 750+ 750+
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Table C&4
Results of UCS, Bulk Density, and Permeability. Conducted

on Treated Frontier Hard Chrome Fill

Bulk Volume
: Density Increase Permeability
v eplicat Averaze UCS, psi pef K] cm/sec
Vendogr 1
A 1 NA 140 NA
2 NA 142 NA
3 NA NA 145 15 NA
B 1 NA 148 6.82E-07
2 NA 149 6.62E-07
3 NA NA 146 13 6.13E-07
C 1 NA 143 9,60E-07
2 NA 145 8.38E-07
3 NA NA 146 21 1.25E-06
Vendor 2
A i 467 124 2.90E-05
2 102 128 3.01E-05
3 124 231 123 44 3.21E-05
B 1 131 118 1.64E-04
2 100 119 1.62E-04
3 122 118 127 56 1.56E-04
c 1 NA NA 3.75E-05
2 105 129 3.38E-05
3 NA 105+ NA 52 3.71E-05
Vendor 3
A 1 486 117 2.87E-06
2 496 117 2.71E-06
3 382 455 114 74 3.10E-06
B 1 552 122 1.51E-06
2 462 129 1.35E-06
3 429 481 121 69 1.38E-06
c 1 621 123 1.68E-06
2 446 125 1.55E-06
3 627 565 126 62 1.63E-06
¥ Vendoxr 4
A 1 353 106 1.053E-05
3 2 389 111 1.04E-05
b 3 311 351 101 89 9.76E-06
i B 1 371 100 8.13E-06
i 2 411 99 6.90E-06
3 267 383 100 39 6.43E-06
c 1 141 100 9.47E-07
i 2 171 97 8.640E-07
3 146 153 93 99 1.03E-06
3 (Continued)
& Cc3
i

i




Table 74 (Concluded)
Bulk Volume
Density Increase Perm:-bility
Vendor/Replicate Averags UCS, »si pef % cm/sec¢
Vendo
A 1 562 109 2.18E-07
2 643 106 2.36E-07
3 655 620 111 99 2.45E-07
B 1 251 106 3.40E-06
2 545 111 3.53E-06
3 176 324 112 98 3.42E-06
C 1 671 109 5.09E-06
2 664 110 4 .54E-06
3 698 678 111 95 5.14%-06
Vendor 6
A 1 157 112 1.79E-05
2 155 106 1.86E-05
3 151 154 108 68 1.72E-05
B 1 213 116 7.41E-05%
2 208 109 7.42E-06
3 192 204 110 64 7.53E-06
(o} 1 94 ) 114 6.19E-06
2 92 114 6.65E-06
3 104 97 110 61 6.24E-06
Vendor 7
A 1 223 126 1.26E-05
2 188 118 1.16E-05
3 175 195 125 70 1.09E-05
B 1 88 125 1.15E-06
2 89 123 8.44E-07
3 198 125 120 70 1.0CE-06
c 1 179 126 1.45E-06
2 153 117 1.29E-06
3 182 171 126 68 1.298-06
endo
A 1 1,233 120 1.53E-07 i
2 1,269 111 9.74E-08 3
3 1,068 1,190 119 93 9.44E-08 L
B 1 1,189 119 3.67E-06 \
2 1,050 112 2.80E-06
3 1,285 1,175 117 95 2.52E-06 h
c 1 1,233 124 f
2 774 111
3 1,090 1,032 116 90
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APPENDIX D: RESULTS OF PHYSICAL TESTS CONDUCTED ON UNTREATED CLAY
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Table D1

Results of Moisture Content Conducted on Clay

Sample Moisture*
ID (%)
UC-CA-Bl 37 .24%%
UC-CA-B2 47.94
UC-CA-B3 45.10
UC-CA-B4 47.59
UGC-CA-BS 49.73 5
UC-CA-B6 49.08 :
UC-CA-B7 45.31 i
UC-CA-B8 50.17 3
UC-CA-BY 44 .45 ?
UC-Cca-B10 43.22 ;
UC-CA-Bl1 47.62 3
UC-CB-Bl 50.17 %
UC-CB-B2 40 . 04%* f
UC-CB-B3 45.76 f
UC-CB- B4 48.99 3
UC-CB-BS 49.26 ‘i
UC-CB-B6 39.73 3
UC-CB-B7 47 .87 3
UC-CB-B8 49.21 %
UC-CB-B9 45.29 '
UC-CB-B10 44,77 %
UC-CB-B11l 46.40 g
Uc-cc-B1 49.02 %
UC-CC-B2 46.57 ﬂ
UC-CC-B3 47.37 :
UC-CC-B4 45.97 .
Uc-CC-B3 46 .94 3
UC-CC-B6 47.09 A
Uc-cC-B7 46.80 3
UC-CC-B8 46.47 -4
UC-CC-B9 51.99 %
UC-CC-B10O 41 .32%%
UCc-CC-B11 48.97 '
o
L

* Moisture based on wet weight/dry solids.
** These buckets were used by WES for initial screening
tests and Cr*® reduction studies.
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Table D2

Particle Size Analvsis for Frontier Hard Chrome Clay

Weight Sieve Size (in.) Opening Percent Cumulative
- or_Number mm _Finer . Parcent
Clay Replicate 1
0.00 3 75.00 100.00 0.00
9.90 2 50.00 99.90 0.10
164.90 1.5 37.50 98.00 2.00
87.10 1 25.00 97.10 2.90
97.10 3/4 19.10 96.00 4.00
190.30 1/2 12.50 93.80 6.20
156.70 3/8 9.50 92.10 7.90
166.2° No. 3 6.35 90.20 9.80
107.00 No. 4 4.75 89.00 11.00

1.30 No. 6 3.35 87.40 12.60
2.70 No. 10 2.00 85.70 14.30
3.80 No. 16 1.18 84.40 15.60
4.50 No. 20 0.85 83.60 16.40
5.10 No. 30 0.60 82.90 17.10
5.90 No. 40 0.43 81.90 18.10
6.90 No. 50 0.30 80.70 19.30
7.60 No. 70 0.21 79.90 20.10
8.30 No. 100 0.15 79.00 21.00
9.00 No. 140 0.11 78.20 21.80
10.10 No. 200 0.08 76.90 23.20

$ Gravel = 11.0 Liquid limit 58

$ Sand = 12.1 Plasticity limit 34

% Fires = 76.9 Plasticity index 24

Specific gravity 2.66
{Continued)
(Sheet 1 of 3)
D4

T TTenp s ey

o

I B A s e uge e

[




* ‘)\k
Table D2 (Continued)
Weight Sieve Size (in.) Opening Percent Cumulative
- or Number mm nexr __Percent
Clay Replicate 2
/ 0.00 2 50.00 100.00 0.00
120.10 1.5 37.50 98.20 1.80
23.60 1 25.00 97.90 2.10
176.60 3/4 19.10 95.30 4.70
211.40 1/2 12.50 92.20 7.80
111.60 3/8 9.50 90.60 9.40
161.00 No. 3 6.35 88.20 11.80
82.10 No. 4 4,75 87.00 13.00
1.80 No. 6 3.35 85.20 14.80
4.20 No. 10 2.00 82.80 17.20
5.60 No. 16 1.18 81.40 18.60
6.40 No. 20 0.85 80.60 19.40
7.20 No. 30 0.60 79.80 20.20 :
8.10 No. 40 0.43 78.90 21.10 :
9.30 No. 50 0.30 77.70 22.30
10.20 No. 70 0.21 76.80 23.20 g
11.00 No. 100 0.15 76.00 24.00
11.70 No. 140 0.11 75.40 24.60
12.80 No. 200 0.08 74.30 25.70
y ]
/ =
, § Gravel = 13.0 Liquid limit =~ 57 s
$ Sand = 12.7 Plasticity limit = 32 ;
$ Fines = 74.3 Plasticity index = 25 §
Specific gravity =  2.65 5
{Continued) i
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Table D2 (Concluded)
Weight Sieve Size (in.) Opening Percent Cumulative
—8 or Number mm _Finer _ Percent
Clay Replicate 3
0.00 3 75.00 100.00 0.00
138.30 2 50.00 97.90 2.1
0.00 1.5 37.50 97.90 2.10
73.30 1 25.00 96.80 3.20
146.10 3/4 19.10 94,60 5.40
199.60 1/2 12.50 91.50 8.50
140.70 3/8 9.50 89.40 10.60
125.70 No. 6 3.35 87.50 12.50
79.90 No. &4 4.75 86.20 13.80 .
1.00 No. 6 3.35 85.00 15.00 »
2.50 No. 10 2.00 83.10 16.90 &
3.50 No. 16 1.18 81.80 18.20
4.10 No. 20 - 0.85 81.10 18.90
4,80 No. 30 0.60 80.20 19.80
5.50 No. 40 0.43 79.30 20.7C
6.20 No. 50 0.30 78.40 21.60
7.00 No. 70 0.21 77.40 22.60
7.60 No. 100 0.15 76.70 23.20
8.00 No. 140 0.11 76.20 23.80
8.80 No. 200 0.08 75.20 24..80
[
[
% avel =~ 13.8 Liquid limit = 59 \
Sand = 11.1 Plasticity limit =~ 32
% Fines = 75.2 Plasticity index = 27
Specific gravity = 2.65 ;
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Table D3
Moisture Content* of Frontier Hard Chrome Clay 4
Container Number f
Replicate _1 2 3 4 5 6 7 8 9 _10_ _11 ;
A 37.2 47.9 45.1 47.6 49.7 49.1 45.3 50.2 44.4 43,2 47.6 é
Average: 42.1 HQ
B 50.2 40.0 45.8 49.0 49.3 39.7 47.9 49.2 45.3 44.8 46.4 >
| Average: 46:1 é\%
o 49.0 46.6 47.4 46.0 46.9 47.1 46.8 46.5 52.0 41.3  49.0 g
Average : 47.1 i
Overall clay average: 45.1 ‘
‘ * ’
i
f
* Expressed as ratio of water content to content of dry material. Lo
k ;
=
b
D7 oo
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|
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APPENDIX E: RESULTS OF PHYSICAL AND CHEMICAL TESTS ON TREATED CLAY »




Results of the Wer/Drvy Test Cenducted on

Table El

Frontier Hard Chrome Clay

Verndor

Sample

Test

Control

Test

Control

Test

Control

Test

Control

Test

Control

Test

Control

(Contirved)

E3

Replicate

W R W RN (VS s W RN W N [ RS I R VU I N W R W

A PO rt L N e

Total
$ lost

100.
100.
100.
100.
100.
.00

r—
(=]
o

= O N OW ONH-+- OO0 QOO0 OO0O

SO QOOoOO

P e s s RO

00
00
00
00
00

.46
.61
.68
.23
.73
.72

Y
A4S
.72
.10
.32
.87

.33
.85
.68
.76
.64
.56

.38
.30
.30
.53
.61
LS

.10
.01
.13
.22

o]
&

.09




Table E1 (Concluded)

Total

Vendor Sample Replicate 3 lost
.12
.46
.23
.18
.62

7 Test

Control

W RPN
OO r-+ OO r

.23
.28
.28
.28
.23
.33

8 Test

Control

WA o R
[oNeoNoNoNoNol

E4




Results of Moisture Content,

Table E2

Specific CGravity, and Slump

Tests Conducted on Frontier Hard Chrome Clay

Replicate

A

WA 2 W N LN e L R B e VE RS BB WS I N e (VR0 S O B VU B VOO K )

WA D R e W R

Moisture

—_—

52.
53,
52.
49,
50.
50.
54,
53.
52.

49,

21
27
36
95
01
11
02
29
84

.50
.92
.56
.05
.76
.98
.99
.54
.57

.05
.72
.40
.85
.68
.82
.34
.32
.56

.08
.33
.94
.28
.78
.76

26

.94
.50

(Continund)

Specific
Gravity
2.72

2.73

2.76

2.9

2.9

2.92

Slump
in,

6.25
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Table E2 (Concluded)

Vendoxr

Replicate

WR WA WA W WRRWR R WR W WR

L R B Y N I VS S B

Moisture
—_—

63.72
40.48
40,86
24.77
43.19
41.01
45.64
45.41
45.68

66,98
66.34
67.11
61.47
60.73
60.63
62.55
63.07
62.30

34.46
34.60
34.59
31.32
31.35
31.79
33.76
30.92
31.26

29.24
29.44
29.42
29.72
29.61
30.02
26.30
28.17
27.95

Specific
Gravity
2.74

Slump
in,
0.5

0.5
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Table E3
Results of Set Time Tests Conducted on

Frontier Hard Chrome Clay

Average Cone Index, psi

(Time, hr)
Sample
-ID 2 b -8 24 _48
V1-CA 15 40 30 35 45
V1-CB 8 38 30 37 32
V1-CC 30 37 22 32 38
V2-CA . 313 347 407 750+ 750+
V2-CB 283 317 353 633 700
V2-CC 257 320 353 560 700
v3-ca 92 103 167 323 567
V3-CB 28 53 58 90 137
V3-cC 48 88 127 220 273
V4-CA 30 53 40 42 103
V4-CB 23 42 42 68 103
V4-CC 12 12 18 32 43
V5-CA 140 227 750+ 750+ 750+
V5-CB 97 310 750+ 750+ 750+
V5-CC 130 250 750+ 750+ 750+
V6-CA 0 0 32 165 170
Vé6-CB 0 0 25 133 170
V6-CC 0 0 15 133 167
V7-CA 68 110 150 200 343
V7-CB 225 330 367 420 727
V7-CC 200 257 270 393 513
V8-CcA 97 207 360 750+ 750+
Vg-C3 102 233 343 750+ 750+
v8-cC 123 247 320 750+ 750+
2
E7 i’
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Table E4
Results of UCS. Bull Densitv, and Permeability, Conducted

on Treate.. Frontier Hard Chrome Clay

Bulk Volume
Density Increase Permeability )
Vendor/Replicate Average UCS, psi pcf % cm/sec b
Vendor 1 ¢
A 1 NA 120 8.56E-05
2 NA 121 7.35E-05
3 NA NA 121 29 6.77E-05 B
B 1 NA 126 6.65E-07 |
2 NA 124 3.11E-07 i
3 NA NA 122 28 4.63E-07 i
c 1 NA 121 9.07E-07 B
2 NA 120 1.95E-06 ¢
3 NA NA 123 33 1.43E-06
Vendor 2
A 1 243 108 7.24E-06
2 283 110 9.13E-06
3 272 266 110 51 6.53E-06
B 1 264 108 2.75E-06
2 285 111 2.47E-06
3 264 271 112 56 2.61E-06
C 1 200 110 6.34E-06
2 198 108 4 .05E-C6
3 203 200 113 46 4.22E-06
Vendor 3
A 1 101 102 5.52E-08
2 146 105 1.38E-07
3 125 124 102 17 6.69E-08
B 1 34 103 9.13E-07
2 22 105 6.66E-07
3 NA 28%* NA 79 7.19E-07 s
C 1 61 103 7.56E-05 “
2 47 101 7.53E-05
3 40 49 103 77 7.05E-05
Vendor 4
A 1 8¢ 91 1.72E-05
2 92 98 1.69E-05
3 83 86 96 86 1.78E-05
B 1 225 112 6.25E-07
2 151 109 5.62E-07
3 198 191 1ic 63 6.17E-07
c 1 16 110 1.44E-06
2 6 108 9.77E-07
3 16 13 110 62 1.06E-06
{(Continued)
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Table E4 (Concluded)

Bulk Volume
Density Increase Permeability
Vendor/Replicate Average UCS, psi pef % cm/sec
Vendor 5
A 1 462 96 1.32E-03
2 459 98 9,14E-04
3 514 478 98 104 6.32E-04
B 1 359 97 NA
2 423 101 NA
3 351 379 98 102 NA
c 1 465 97 2.42E-07
2 380 99 1.11E-07
3 438 428 99 98 1.20E-07
Vendor 6 q
A 1 94 95 6.87E-06 il
2 92 98 7.18E-06 :
3 104 97 94 71 6.83E-06
B 1 69 94 2.47E-06
2 88 96 2.50E-06
3 87 81 91 79 2.33E-06 F
o 1 92 96 4.05E-07
2 94 96 6.16E-07 s
3 93 93 97 70 3.63E-07
Vendor 7 0
A 1 93 113 4,19E-06 2
2 60 105 4.56E-06
3 70 74 107 89 4.14E-06 4
B 1 313 108 4,49E-07 ¢
2 230 106 3.96E-07 £
3 198 247 109 96 4.33E-07
c 1 133 106 7.06E-07
2 135 107 6.54E-07
3 195 154 105 95 6.30E-07
Vendor 8 -
A 1 459 109 2.96E-07
2 456 103 1.35E-07
3 573 496 103 87 2.10E-07
B 1 554 109 1.10E-07 £
2 592 109 1.86E-07 P
3 476 541 107 85 1.88E-07 L
c 1 534 105 1.27E-06 b
2 615 109 1.08E-06 L
3 767 639 105 84 1.77E-06
[
=
[
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APPENDIX F:

RADIAN, INC., QUALITY ASSURANCE/QUALITY CONTROL
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Table F1
Sumary of Blank Results, Frontiar Hard Chrome
. IR I IR EATT A TIRILEXAATERAXVERS -k wszy
Trus Det  Measured X

Dete value Flag Value Recovery
Method: ICP Metals by SW4010
Metrix: Sotid
Anslyte: lron
Type of Control Sampi=: Calibration Control Sarple. contimued
17+ dLn-90 5.000 mg/L $.020 my/L 100.40
19+ Jun-90 5.000 mgsL 5.050 mg/L 101.00
19+ Jun-90 5.000 mg/L 5.090 mg/t 101.20
19+ Jun-90 $.000 mg/L $.160 mg/L 101.80
19+ 4un-90 5$.000 mg/L 5.10C mg/L 102.00
19-Jun-90 5.000 mysL 5.030 mg/L 101.80
20~ Jun-90 $.000 mg/L $.130 mg/L 102.60
20-Jun+90 5.000 my/L $.140 mg/L 102.80
20-Jun-90 5.000 mg/sL $.020 my/L 100.40
20-Jun~90 $.000 mg/L 4.990 mg/L 99.80
21-Jjun-90 5.000 mysL $.020 m/L 100.40
21« 4un-90 5.000 my/L 5.100 my/L 102.00
25-Jun-90 $.000 myst $.340 m/L 106.80
25-Jun-50 5.000 my/L 5.210 mg/L 104.20
11-Jut-90 5.000 mgst 5.060 mg/L 101.20
11-Jul 50 5.000 mysL $.050 m/L 101.00
12-Jul-90 5.000 my/sL 5.650 ma/L 109.20
12-Jul-%0 5.000 mg/L 5.400 m/L 108.00
12-Jul-90 $.000 wmysL 5.130 mg/L 102.40
12-4utl-90 5.000 mg/L $.450 mg/L 109.00
12-Jul-90 5.000 my/L 5.010 mg/L 100.20
12+Jut <50 5.000 my/L 5.050 my/L 101.¢00
12-Jul-90 5.000 mg/L $.110 ma/L 102.20
12-Jul-90 $.000 mg/L 5.120 my/sL 102.40
13-J4ul-90 5.000 my/t 5.130 my/L 103.40
13-Jut-90 5.000 mg/L $.190 mg/L 103.30
17-4ul-90 £.000 mg/L 4.960 mg/L 99.20
17-Juil-90 5.000 mg/t $.100 mg/L 102.¢0
17-Jut-90 5.000 mgsL $.150 my/L 103.00
17-Jut~90 5.000 mg/L 5.040 mg/L 100.8¢
24-Jul-50 200.0 mg/L 200.000 mg/L 100.00
26-Jut-90 $0.0 ma/L 48.900 mg/L 97.80
24-Jul-90 50.0 mg/L 47.600 mg/L 97.00
24+ Jui-90 50.0 mg/L 47.900 mg/L 95.80
26-Jut-90 50.0 mg/L 48,500 mg/L 97.00
25-Jul <90 50.0 mg/l 50.400 my/L 101.20
25-Jul-90 50.0 mgsL 49.CC0 mg/t 98.00
25- Jul-90 0.0 mgst 49.900 my/t 99.80
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Table F1 (Continued)
SUMMARY OF BLANK RESULTS FOR MATRIX = ) EP LFALHATE; Submatrix = N/A
pethod Total Nurber Total Nurber Corcentration Haximm !
Type : of sove Rarge Detection =
Parameter Blanks Detection Limit Minimm - Meximm Limit Units
chromium by ICPES
Field Slark
Chromium 16 15 0.0030 - 0.067 0.0030 mg/L
fron by SW6310
Field Blank
iron 16 16 0.210 - 21.0 0.0070 /L
1CP Metals by SW&010
Precaration
Chromium 3 [} 0.0030 g/l
fron 4 (] 0.0079 m/L :
' Lead 3 0 0.062 m/L "
4 Nickel 3 ] 6.015 m/L
ickel by Sus010 S
Field Blank
Mickel 4 4 0.015 - 0.015 0.015 ma/t A
Lesd by $W6010 o
‘ Field Blank
Lesd 4 3 0.042 - 0.042 0.042 mg/t
»
L3 ‘ 5
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Table F1 (Contim:=!;
SIMPURY OF BLANK RESULTS FOR MATRIX = SCLID; Subretrix s #f
: 1} AL ER 2L 42y T e e e T b
Method Total Nurler Total Nuoer Corcentration Maximem
Type of above Range Detection
Paramet. r Blarks Detection Limit Minimoe - Maximm Limit Units
Chrome VI by SW7156
Preparation
Chromiun V; 3 0 0.0050 ng/L
1
.
P
.
i
(l
+
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Table F1 (Continued)

SLMMARY OF BLANK RESULTS FOR MATRIX » SOLID; Submatrix = N/A

a
A N N L NN N T S TSNS S I A PN AR NN RS EE S USSR LSS U ENNANRIRAN S LSS N UN B INT ANy

Method Total Wuvoer Total Wumber Concentration Maximun
Tvpe of stove Range Detection
Parometer Slanks Detection Limit Minims - Maximum Limit Units
Comnauctivity (E120.1)
Method Blank
Comuctivity 1 0 1.0C0 umhos/c
Preparation
Conactivity 2 0 1.000 urhos/c
Ch'orice by IC (E300.0)
Nethod Blank
Chiorice 1 0 0,020 my/xg
Preparation
Chlorice s 0 $.000 mngy/Kg
, ICP Metals by sSws010
Preparstion
Chromium " 0 1.000 m/Kg
fren 1" 1 2.400 - 2.4 4.C00 m/xXg
Lead 1" 0 5.000 mg/Xg
Nickel 13 0 2.000 my/Xg
Chrome VI by SW719%
Field Blank
Chromitm v 15 3 0.0050 - 0.010 0.190 mg/Lg
Preparation -
Chremium vi 10 0 0.200 ™/Xg
Sulfate by 1C (£300.0)
Preparation
1 0 12.5 mG/Xg

Sulfate

xI--‘In-a::a--:-x:-ul:llv:t::trx:lx::t::t:xx::ln-l:ltla't:--nxxl!:ta:l:::-x:xs:l:tt!az::txxi:t:zx:s:x:tz::x:l---:l:ttlt:ltt
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Table F1 (Conti~wed) T

SUMURY OF BLANK RESULTS FOR MATRIX = TREATED: submetrix ® Md

v enasunn “wzn --IUIII!'-.‘-s‘l'l""'-l--l'll-l.'l‘--I!lllII".-.lllI'II’IIIII.lIIIlllll.I‘l'.l.Ill
" Hethod Total Numoer  Totsl Number Concentration naximm o
Type ot sbove Range petection ¥ ’

Limit Units

A}
Pacameter Slanks Detection Limit Winimam «  Maximm

1CP Metals by SWSO10

Preceration
Chremiue & 1 0.0085 - 0.0080 0.020 /L ,
Iron 3 '] 0.040 ~/4
Lesd . 3 0 0.050 /L .
Nicke!l 3 [¢] 0.020 m/L

Chrome Y1 by SW7196 .

Preparation

Chromium Vi, 1 0 0.0050 /L ‘
¥

.
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a L
r g
3 + 4
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Yable F1 (Concluced)

SUMMARY OF BLANK RESULTS FOR WATRIX » TREATED; Submatrix = T

PR AR IR TN EN AN RS TR I IR AN R IR TA AT AN TIAS AT AT IRIAINAT AT AN NG TR A AT SRARATR I ATA

Method Total Numter Total Nurber Concentration Maximum
Type of sbove Rarge Detection
Pursmater Slanks Detection Limit Minimm - Mexioum Limit Units
Arsenic by AA (£206.2)
Precaration
Arsenic 2 0 0.0040 g/
Coraxctivity (£120.1)
Methog 3ta~x
Consxctivity 1 (] 1.0C0 umhos/cr
sreparstion
Cormaxctivity 1 0 1.000 urhos/er
Mercury by Cold vapor AA (E245.1)
Precarstion
Mercury 1 1 0.00020 - 0,£0020 [ VA

ICP Metals by SWeG10

Preparation
Sarium 3 0 0.010 ™~/
Camnium 3 1 0.0093 - 0.0093 0.0C%50 n/L
Chramiue [ 1 0.0040 - 0.0040 0.010 mng/t
fron b 2 0.040 - 0.081 0.040 "™/t
Lend [] b ] 0.0%0 my/L
Nickel s Qq 0.020 L TAN
Silver 3 1 0.013 « 0.013 0.010 ng/\
Selenium by AA (£270.2)
Prevers’ion
Selenmium 2 1] Q.0050 L TAR
Chrome vI by SW7194
fSreparstion
Chromium V! 3 '] 0.020 ~/0
Sulfete by IC (£302.0
Nethon Blank
Sulfate 1 [} 0.0%0 /L
Pregeration
Sulfate 1 0 12.0 ~g /4

R A NS I TN Y YRR AP F TR, IR T TSI T PR T A AN PV TN N IR N T N NN A A TSNS N T TR AN NI N VI PR PV NN RO RN N NS RN T IS AN RPN QIR ANAN AT RRY
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Table F2
Detaited Listing of Blank Results, Frontier Mard Chrome

SLMMARY OF BLANK RESULTS FOR WATRIX = TREATED: Subratriy = K/A
T N T T I L S Y A N AR M NI T USRS AR NS RN A S S S I NPT NN T NN AN TSN AN TR USRAS A A MWt

Meximum

Method Tots! Numper Total Xurper Concentration
Type of atove tange Detection
Paremeter Blarks Detection Limit ¥inimm - Waximum Limit Units
Arsenic by AA (£204.2)
Preparstion
Arsemic [l o Q.C0k0 ~/eg
Chloride by IC (£300.0)
3 Precaration
Chlorioe ) 0 5.000 ~/Xg
ICP Metmis by SWA010
PFQCH!‘.!'M
Chromum s 3 0.0080 -« 0.40 0.300 n/xy :
F—— tron 5 2 0.040 « 8.9 4.0C0 ~/Xg &
Lead 4 0 5.000 m/Cy :
Wickel 4 ] 2.¢c00 ~/Kg
Setenium by AA (£273.2)
Presacation
Selearum 1 0 ¢.c0 ~y/Kg
Chrome VI bv SW7104
Preparation
Chrorrum Vi 1 0 0.00%0 ~/Xy
Sulfate by 1C (E350.0)
Preparstion
Sulfate 1 b} 12.5 ~g/Xg
i
£
¥4

T e i g s
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Table F2 (Contimued)

glank Results for Matrix s MJ EP LEACHATE; Sratrix = N/A

L]
SEEETAFRSTANEXAAIITRETILRATN I’III”'!‘II:."'!!’!II'!l!!‘t’l!l"!'\'t!i'l"“liltilillll’lltl‘"l!l:’lllll'llltl' E ]

Dete Type of Blank Datection Flag Result petection Limit Units E
Method: Chromium by 1CPES
Anatyte: Chromium b
28-May-90 Ffield Blank 0.0030 0.0030 m/L
28-May-90 field Blank <$X 0.0030 0.0030 my/L
28-May-90 Field 8lank <5X 0.0140 0.0030 mg/L
29-May-90 field 8lank 0.0180 0.0030 ma/L
29-May-90 Field 8lank «Sx 0.0110 0.0030 my/L
29-May-90 Field Blank <«S¥ 0.0070 0.0030 my/l
02:-Jun-90 Field Blank 0.0240 0.0033 mg/L
02-Jun-90 Field Blank <«5X 0.0140 0.0030 /L i
02-Jun-90 Field. Blank «5Y 0.0120 0.0030 /L
02-3un-90 field Slonk 0.0380 0.0030 mg/L
02-Jun-90 field Slank 0.0030 0.0030 mg/L 3
18-4un-90 Ffield Blank «$X 0.0060 0.0030 my/L
18-Jun-90 Field Blank «“x 0.6049 0.9030 /A
18-Jun-90 Field Slark 0.0200 0.c030 my/t
18-Jun-90 Fleld Blenk 0.0670 0.0C30 my/i :
18-Jun-90 Field Blank 0.0220 0.0030 mg/L X
Totsl Numoer of Glanks = 14 Corcentration farge 0.0330 - 0.067

Totsl Mumder sbove Detection Limit = 14 Maximum Decection Limt ¢

ARSI E RN S N SR N NN T YA R A T T AT O E IR SN TN E TS SR RN DAV IN A AT A F RS TARIARTAR AR AL WA RS wR AR

Method: lron by $WeN10
Aralyte: iron

28-Mey-90 field Slank ¢.21c0 0.0070 ~y/\
28-¥ay-90 Fierd Bisra 0.4200 9.¢070 148
28-May-90 Field Rlarnk 0.4400 0.0070 mq/L =
29-Mey-90 fleld laemk 3.3000 0.0079 /L
29-Ray-90 field Blamk 0.4800 g.core ™/
29-May-90 Field dlardk §.8000 0.0070 my/L
02-4un-90 Field &lonx ) 1.2000 0.c070 L TAN
0.-4un-90 Field $lara 2.3C00 0.0070 mg/L
02-4un-90 Field Blark 2.50Q0 0.0070 Lo TAN
02:4un-90 Fleld 3lank 21.00C0 0.0070 mg/
02-4un-90  Field $lenk 3.6000 0.0070 "~/
18-4un-90 Fiald Alank 0.3800 0.C070 L-T4N
18-Jun-99 Field 8lank 2.x220 9.0070 mg/L
18- 5un-90 field Biank 2.3000 0.0070 ~/L ;
18:4un-90 Field Biwat 3.cc00 0.corQ 1A

PP e D T e P T T T LT T AL DL LA S L R L LR AL LA DA bbb bbb bbb bbb
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Table F2 (Continued)
Blank Results for Matrix = My EP LEACHATE; Sutmatrix = N/A
REARSERET EIRAR RTINS INRBTAEIRNETY AEXEE
Oate Type of 3lank Detection flag Result fetection Limit Units
Analyzis for iron by Sw&010
Analyte: Iron continued
18-Jun-90 Field Blank 1.5000 0.0070 mg/t
Totsl Nuroer of Blanks = 18 Corcentration Rarge  0.210 - 21.0 =
Total Number sbove Detection Limit = 14 Maximm Detection Limit
sugzeen PR B R R e e R e P I PP EL P TFTTZT xuRmRsSS
Methed: 1CP Metals by $W6310 &
Anatyte: Chromium ‘
23-May-90 Preparstion X0 0.0030 0.0030 my/L
01-Jun-90 Preparation ] 0.0030 0.0030 mg/L ‘
02-Jun-90 Preparation | o] 0.0030 0.0030 mg/L g
17-0ut-90 Preparstion X0 0.0030 0.0030 m/L
Totsl Number of Slanks » & Concentration Renge %C
Total NunbDer sbove Detection Limit = 0 Maximum Detection Limit = 0,0030
Method: 1CP Metals by sus010 :
Analyte: lron 3
-
O-May-90 Preparation %0 0.0070 0.0070 g/ v ;
01-Jun-90 Preparation %0 0.0070 0.0070 mg/L o]
02-Jun-90 Preparation 0 0.0070 0.0070 mg/L ;
17-Jul-90 Precaration [~ ] 0.0070 0.0070 mg/L
Total Xumcer of Slanks » & Corcentration Range MC 2
Total Nurter soove Detection Limit » 0 Maximum Detection Limit » 0,0070
Method: ICP Metsls by Susd10
Analyte: Lesd
23-¥ay-90 Preperation no 0.0420 0.0420 mg/L &
01-Jun-90 Preparation w0 0.0:20 0.0420 m~/L
02-Jun-90 Preperation ] 0.0420 0.0420 mg/t

R P e L T T L R e L R R T L L P e S S T S AP L st R R L PR L I
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Table F2 (Continued)

Blonk lesults fnr Matoix = MJ EP LEACNATE; Submatrix » N/A

sREI WL 7R KX

Dat: Type of Blank Detection flay

3 R RN R ANRREN I ARSI T AITE I T AR TAIIN R ATSTLAY

Result

RITXAR

Detection Limit Units

Annt-3is for 1CP Metals by Sw4010
Anatyte: Lesd continued

Total Nurber of Bisnkg = 3
Total Numder above Detection Limit =

Method: {CP Metals by Suw6010
Aalyte: Nickel

27-Wny-50 Preparation
{1-iun-90 Preparation
§2-,ur-90 Preparstion

L]
L 1+]
MO

Corcentration Range  NC
Maximam Detection Limit

0.0150
0.0150
0.0150

2 0,042

0.0150
0.0150
0.0150

my/t
/L
ma/L

Total Number of Blanks 2 3

Total Wurber asdove Detection Limit s Q

Methed: Rickel by SWs010
Analyte: Nickel

28-%ay-50 Field Blank
29-May-90 Field Blank
02-Jun-90 Fietld Blark
18-Jun-90 Field lank

Concentration Range  NC

Maximm Detection Limit

0.0150
0.0150
0.0150
0.0150

= 0.015

0.0150
0.0153
0.0150
0.0150

AT E IR R IE YR YR I A YN YT E I IR R I NS AN IEFIY TR N E I AATATIAITTRNEINTXLLITIATRNR S

=T3¢
mg/L
m/L
m3/L

Total Numper of Blanxs s &

Totsl Numpoer above Detection Limit = 4

R N N R I Y I IR YT I YIS N A T NN RN YN TSR A NI T R EN N AT NI IR AABLTAICENNITETINR

Method: Leed by SWws010
Analyte: Lead

28-Mey-90 Field Blank
29-May-90 Field Blesrx
02-Jun-90 Field Blanx
18-Jun-90 Field Blank

Corncentraticon iange 0.01S - 0.015

Maximm Qetection Limie

0.0420
0.0420
9.0420
0.0420

0.0420
0.0420
0.0%20
0.0420

A R A N NN TR T A AT I TS N RN X I S R A NS S AR TN S S N AN T VNI TSN IR ATEIIIANTITANNRIRIIAIINS AR IS
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Table F2 (Continued)

Slank Results for Matrix = MW gp LEACKATE; Subymatrix = N/A

N N I YNNI AE AT IA LTI ETETIETTTRLITTIIXNLSRACRS
Detection Limit Unirs

Detection fFlag Result

RATEN T

Date Type of Blank

Analysis for Lead by SU&Q10
Aralyte: Lead continued

Corcentration Range 0.042 - 0.042

Total Nurter of Blanks = &4
Maximm Detection Limit =

Total Numeser above Detection Limit = &

A N S N Y Y R R N I AT NS TN TN SN IR I XTI AARAETS TEIXARARER

N N T R Nl S Y N I N S NS AT ST TR A N I NN SN TN IS S AN SR N T IR IR SN U R AN AR NR!
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Table F2 (Continued)

glank Results for Matrix = SCLID; Sukmatrix =

Date  Type of Blank Datection Fleg Result Detection Limit Units
Method: Chrome VI by SW7196
Ansiyte: Chromium V!
15-May-90 Precaration %0 0.0050 0.00S0 my/L
16-Mey-90 Preperaticn %0 0.0050 0.0050 mg/L
17-May-90 Presaration O 0.0050 0.0050 mg/L
*0 0.0050 0.0050 mg/L

18-%ay-90 Precarstion

Total Wurper of Blanks = &
Total ¥uzoper above Cetection Limit = 0

TEEERIEELE

Corcentration Rarge  NC
Maximum Detsction Limit = 0.C050

TYTIAETLTAIRITAZARTITXSIB ARSI

EEARATETIRLXLTINTN o=z
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Table F2 (Continued)
Slank Resutts for Matrix » SOLID; Submatrix = N/A

THEAATRWE RS IEXTAEA VTR AUTE RN XIWARATD AR AT FATAZATITAAATIALABATARATRCXN AT
Date Type of Blank Detection Flag Result Detection Limit Units
Method: Conductivity (E120.1) 1 p
Analyte: Conxtivity .
26-Jul-90 Method Blank %0 1.0000 1.0000 urhos/cm :
26-Jul-90 Preparstion NO 1.0000 1.0000 umos/ca
04-Sep-90 Preparstion NO 1.0000 1.0000 umhos/cm
Tota! Mumoer of 8lanks 3 3 Concentration Range NG 1
Total Nurber sbove Detection Limit = Q Maximum Detection Limit = 1.0 f

AT IR IR RS NI T AN ATIATINSRANATINI XTI IATXTTS ETXRXUIY

- =z

Method: Chioride by [C (E300.0)
Analyte: Ch'oride

09-Jul-90 Method Blank ¥0 0.0200 0.0200 n/Xg o

09-Jul-90 Preparation ] $.0000 5.0000 mg/Kg *

14-5ep-90 Preparation %0 5.00C0 $.0000 my/Kg 3
Concentration Rarge  ¥C ] ’;‘

Totsl Nurtar of Blarks = 3

Total Huwer sbove Oetection Limit = 0 Maximgm Detection Limit = 5.0

AR EANEE RIS R R AFAITEITIINTXXACTXA IS TN BTTACA RS

s EmzsEww (ST TPTTEEE EaEERANRIEERY

Method: ICP Metals by $w6010 T
Aralyte: Chromium i

21-Kay-90 Preparation X0 0.30¢c0 0.3000 my/Ke

23-May-90 Preparation %0 0.3000 0.3000 ™3/Kg 2
31-May-90 Preparation 0 0.3000 0.3000 mg/Xg '
15-Jun-90 Preparation ¥ 0.3000 0.3000 mg/Kg
21-Jun-9C Preparation ) 0.3000 0.3000 mg/Xg ;
11-Jul-$0 Preparation ") 0.3000 0.3000 mgy/Xg g
12-Jul-90 Preparation %0 0.3000 0.3600 ng/ky !
17-Jul-90 Preparation N0 0.3000 0.3000 mq/Kg !
24-Jul-90 Preparation NO 1.0000 1.0000 mg/xg § A
25-Jul-9Q0 Preparation %D 0.0100 0.0100 my/KQ

26-4ul~%0 Precaration ND 0.3000 0.30c0 mg/Xg

AN AN NS Y NN RN I A N NS R Y N S NI R AN AN NN S r I AT ISR NI EIINAURITLAIIRAATITNRAS
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Table F2 (Continued)

Blank Results for Matrix = SCLID; Subratrix = M/A

2esult Detection Limit Units

Date Type of Blank Detection Flag

Anslysis for 1CP Metais by SwW&010
Analyte: Chromium continued

Concentration Range  NC

Total Number of Blanks = 11
Maximrs Detection Limit = 1.0

Total Nuner above Detection Limit =

Method: [CP Metals by SWwéC10
Analyte: iron

21-May-90 Preceraticn ND G.7000 g.70C0 mg/Xg
23-May-50 Preperstion ) 0.7000 0.700¢C ma/Xg
31-Kay-90 Preparation «SX 2.4000 m/Kg
15-Jun-90 Preperation D 0.7000 0.7000 m/K9
21-Jun-5%0 Preparation NO 0.7000 a.7c00 m3/Kg
11-Jul-90 Preparation s} 0.7000 0.7000 my/Kg
12-Jul-90 Preparation o] 0.7000 0.7c00 m/Xg
17-1ul-90 Preparstion X0 ,7000 0.7000 ma/Xg
24~Jul-70 Preparation %0 4.0000 4.0c00 m3/xXg
25-Jul-90 Preparatien %) 0.0400 0.0400 mg/Xg
26~Jul-90 Preparstion NO 0.7000 Q.7000 mg/Kg
Total Nuroer of Blanks = 11 Concentration Range 2.400 - 2.4
Total Mummer stove Detection Limie = Maximm Defection Limit = 4.0
Kethod: [CP Metals by Sw010
Anslyte: Lead
21-%ay-90 Preparstion ] 4.2000 4.2000 mg/XQ
23-#ay-90 Preparation [T) 4.2000 4.2000 mg/Kg
31-May-90 Pregaration ] 4.2000 4.2000 my/Kg
15-4un-9Q Preparation X0 4.2000 4.2000 my/K9
21-Jun-90 Precarstion w0 4.2000 4.2000 my/Kg
11-Jul-90 Presaration 0 4.2000 4.2000 my/Xg
12-4yl-90 Preparation %0 4.2000 4.2000 mg/Xg
17-Jul-90 Preparation L]} 4.2000 4£.2000 my/X9
24-Jul-50 Preparation %0 $.0G00 5.0000 mg/Kg
25-Jul-9Q Preperation u0 0.05S00 0.0500 mg/Kg
26-dul-90 Preparation 1] 4.2000 4.2000 my/Kg

R AN A NN S S NNy Iy N S I T I NN T R IR T I I R I N AR I T I AS A XX BAENAACEITIRNEXSERS

{Continued)

F16

A T A b, s g

A st s T

ety

bin




Table F2 (Continued)
Blank Results for Ratrix = SOLID; Submatrix = N/A

Oate Type of Blank Detection Flag Resuit Detection Limit Units
Anslysis for ICP Metgls by SW5010
Aralyte: Lexd continuved
Total Number of 8lanks = 11 Concentration Renge  KC
Total Number above Detection Limit = 0 Maximus Detection Limit = 5.0
Method: [CP Metals by SWs010
Aralyte: Nickel
21-Hay-90 Preparstion %0 1.5009 1.5000 m/K9
23-Hay-90 Preparstion ™) 1.5000 1.5000 mg/Kg
31-Mey-90 Preparation ") 1.5000 1.5000 ng/Kg
15-Jun-90 Preparation O 1.5000 1.5000 mg/Xg
21-Jun-90 Preparation ND 1.5060 1.5000 ny/Kg
12-Jul-90 Preparation ND 1.5000 1.5000 mg/Xg
17-Jul-90 Preparstion ) 1.5000 1.5000 mg/Xg
24-4ul-90 Preparation X0 2.0000 2.0000 mg/Xg
25-Jul-90 Preperation %0 0.0200 0.0200 mg/Xg
26-Jul-90 Prepararion NO 1.5000 1.5000 my/Xg
Tatal Number ot Blanks = 10 Concentration Range  NC
Tots! Number above Detection Limit = 0 Maximum Detection Limit = 2.0

A I N R I NI IR RFETIIERTIINTIINTECIISETARER zx

Rethod: Chrome VI by SW7196
Analyte: Chromium V([

15-Mey-90 Field Blank %0 0.02C0 0.0200 ngy/Xg
15-say-90 Field Blak %0 0.00%0 0.0090 ng/Xg
15-May-90 Field 8lmnk | ) 0.0200 0.0200 mg/Ky
15-May-20 Field Slank uo 0.0050 Q.0050 my/KQ
15-Hay-50 Field Slamk X0 0.1900 0.1900 /K¢
16-May-90 Fleld Glark X0 0.0050 0.0050 my/Kg
16-May-90 Field 8iank 0.0100 mg/Kg
16-May-90 Field Blank %O 0.00S0 0.0050 mg/Kg
16-May-90 Field Blamk NO 0.0050 0.0050 m/x9
17-Mey-50 Field Blonk NC 0.0050 0.0050 mg/Kg
17-May-90 Field Blenk u9 0.0050 0.0050 mg/Xg
17-May-90 Field Blank Ll 0.0050 0.Co50 mgy/Xg
17-%ay-90 Field Slerx 0.0040 . mg/Kg
18-May-90 Field Blamk L1 0.0050 0.0050 m~m/Kg

R N N N N N N N TN T Y NN YN R IR YT T SN N AT N TN A S AR AN IT I I AN RS E A RSN T E T T s
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Table F2 (Continued)

Blenk Results for Matrix w SOLID: Submatrix = N/A

T LTS R AR AN AN RIETEERTURTRITIRIIR WS

SEEEEINTTIITXASSSANIETARTCANNS Y

Date Type of 8lank Detection Flag Result Detection Limit Units
Aratysis for Chrome VI by SW715¢
Anslyte: Chromium V1 continued

18-May-90 Field Blank 0.0050 mg/Xg
15-May-90 Preparation L] 0.0050 0.0050 mng/Kg
16-Nay-90 Preparation NO 0.0050 0.C050 my/Kg
17-May-90 Preparation O 0.00s0 0.0050 mg/xg
17-May-90 Precaration NO 0.0050 0.0150 m3/Kg
17-May-90 Precarstion [T} 0.0050 0.00%0 mq/r3
18-May-90 Preparation L] 0.0050 0.00%50 mg/KQ
18-May-90 Preparation X0 0.0050 0.00s¢C mg/xXg
18-May-90 Precaration ND 0.0050 0.0050 mg3/Xg
22-4ul-50 Preparation ND 0.2000 0.2000 mg/Kg
23-Aug-90 Preparation LT 0.0800 0.0800 mg/Kg

Total wurper of Blanks = 25
Total Nuroer above Detectionm Limit = 3

Concentration Ramge  0.0050 - 0.010
Maximum Detection Limit = 0,20

ETETEIEIEAANSTAIITIYIICRRAR:

A N R N YIRS IAATITIIAITINIFTCRLITTTA LRI

Method: Sulfate by IC (£300.0)
Anaivte: Sulfate

14-Sep-90 Preparstion 1]

12.5000 12.5000

mg/Kg

Total Numer of glanks = 1
Totat Numoer above Detection Limit =z 0

Corcentration Range NG
Maximum Qetection Limit = 12,5

x:::::-x!:z:lzx:xxst:x::x::zs::x:z::xx::x-:ax::x:sl::x::x::xx:t:a!s::::-na::sx:-:-s:::::::z::::t:u::xxzxx::-:---

='n-x-:x:1:::.-:;:1¢::-lt-l:sxi:::xaa:xn:::z:::z::::x:x:x::n-:::t:-xi::sl-xnxixln:::zxx::x::::-x:z-l:s::::1:ns:x
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Table F2 (Continued) i
Slank Resuits for Matrix = TREATED; Suomatrix » wy ‘
t-sul-l-t--lll"-lttl--'l-lal’lIl!!“Illan::t--:wnn--xn:lx-:::l-::nt-:-nuil-I:r:-l----t-:::-::--:-::-lllll!lslll ‘ ‘j,
Date  Type of Blank Detection Flag Result Detection Limit Units .
Methoad: ICP Petals by SWs010 1
Ansiyte: Chramum X
19-Se0-90 Preparation %0 0.0038 0.0030 m/L
19-Sep-90 Preparation up 0.0030 0.0030 mg/l
25-Sep~90 Preparation L1} g.0200 0.0200 ma/t ;
26-S¢p-90 Preparation <X 0.0080 /L 3
Total Mumoer of 8lanxs = & Corcentration Range G.CC80 - 0.0020
Total Nuroer above Detection Limit = 1 Maximum Detection Limit = 0.020 - i
Method: ICP Metals by SwsD10 :
Analyte: Iron
19-Sep-50 Preparation N0 0.0400 0.0400 ng/L | :
20-5¢0-90 Preparation %0 6.0400 0.0400 ma/L 3 ;
26-5ep-90 Preparation ND 0.0400 mg/L

Concentration Range NG

Total Nuroer of Blasnks = 3
Maximum Detection Limit = 0.040

Total Wumber acove Detection Limit = O

Method: [C? Metals by SWS010
Analyte: Lend

19-Sep-90 Preparation " 0.0500 0.0%00 mg/L )
20-Sep-90 Preparstion KO 0.0500 0.0500 mg/1 i
26-Sep-90 Preparation %0 0.0500 m/L .

Concentration Range %C ¢

Totsl Wumber of Blanxs = J
Total Numoer stove Jetection Limit 3 0 Maximum Oetection Limit = 0,050 L

Method: 1CP Metats by SW&G10
Analyte: wickel

19-5e0-90 Preparation ND 0.0200 0.0280 mg/L
20-520-90 Preparation ] 0.0200 0.0200 mg/L
X0 0.0200 my/L

26-5e0-90 Preparation

RN N AN NS NS AN AN S AN I NN T T X IR XN IT I I A YNNI S N I I NN SR I SN R TR R I N IR IFINAXTR AU IATIATLTITEST
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Table F2 (Continued)

Slank Results for Matrix = TREATED; Sutmatrix = W
.-Il.‘.l'.l'.i‘l.l'l'.'lll.ll-llllilll'lliltlIlt"ltl'.lll!.'.:.g".“.-.g-’---1-'!3_‘”!!'.3!!‘)..lllll.l!llllt’l
Detection Limit Units

Date Type of Slark Detection Flag Resutt

Analysis for 1CP Netals by SWA010
Anatyte: Mickel contirued

Corcentraotion Rsnge  NC

Total Numoer of Blanks » 3
Xaximus Detection timit 2 0.020

Total Numtser sbove Detectisn Limit =2 0

YRR AN NN RN AR A XTI R IR AR NN IS IR AT AR NS ARSI RNSUES TN IR TR EIRIATISATARAS AR T AR LA RS Y
Method: Chrome ¥i by SW7196
Aralyte: Chromium V]
0 0050 0.005C mg/L

19-May-90 Precaration ND

Concentration Range  XC

Totsl Wuroer of Slanks x 1
Maximum Detection Limit = 0.0050

Total Nurber above Qetection Limit = O

AR R R A RN AN I RIS I I E NI IR IR T NS R I AN ITIIFNIITTILINITI XA TATAITNIXRRS

R R N I N R T I Y T I I T T I N I Y Y X I PN TR I N I R AN Y E RS Y L T YIS NP I I XTI F AN INTINER RS SY
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Table F2 (Continued)

Slank Results for Matrix » TREATED; Submatrix = 7

LLER LR L b L e L e D L L L L L LA P L bl L AL S I TR PETTP TR T T L LT L L L LT T LT 1 S i e g P e e e P P PR P T T )

Patection Limit Units

Date Type of Blank ODetection Fleg Resuit
Method: Argzenic by AL (E206,2)
Analyte: Arsante
27-Au9-90 Preparation ] 0.0040 0.0040 m/L
16-0¢t-90 Preparation %0 0.0040 ~m/L

Concentration Range NG

Total Muroer of Blanks s 2
Maximum Detection Limit » 0,0040

Total Numoer above Detection Limit = 0

R N R N N N N N N NN TR R N N N NN RSNy RN T SN IS SN E NN E NN NS NN Ia ISR AEN SRS SN NN TN RN

Method: Concactivity (E120.1)
Anslyte: Comauctivity

1] 1.0000 1.0000 uhos/ev

12-Jul-90 Method 8lank
1.00¢C0 1.0009 umhos/cm

12-Jul-90 Preparstion %0

Corcentration Range NG

Total Nurer of Blanks = 2
Maximum Detection Limit = 1.0

Total Number abowve Detection Limit » 0O
ll".'!lllj!!l..l'lIIIX-!!IllllilI‘l'!'IIIll’l!lI’:'!lll-Illl“!llllll!l"l.li!l!,‘!:"I:IIII'-II-IIII.‘IIIISIIII-II.'- L
Method: Mercury by Cold Vager AA (E245.1)
Analyte: Mercury

16-0ct-90 Preparation 0.0002 my/L

Totsl ¥umber of Slanks = Concentration Range 0.00023 - 0,00020

Total humber above Detection Limit = 1 Maximuw Detection Limit =

:s-gttt:t::l!t-:tnl----xl-::--:--:-:.-x::x:.-:-x:n:--::::t:ttn-::::x:1-1:-:-.:-x.-xut::az--x-:lttta:::1:!-::::11:-:1

Method: ICP Metails by sué010
Anslyte: Sariue

27-Aug-90 Preparation NO 0.01C0 0.0100 m/L
C4-5¢0-90 Preparation ND 0.01C0 0.01cQ m~y/L
03-0ct-90 Preparstion [} 0.0100 mg/L

N N A N N R S T N AN Y TN I TN T T AT TN TN NS NN T NN B RSN AR A NIIARETFRSIARNEARARTTAIRNSRAEN

(Continued)

F21

reenr  resag smgas

| R e L o ——

~




Table ¥2 (Continued)

Slank Results for Matrix = TREATED; Sutmatrix = T

EwszaREsuEe
t:::-.:ta:a::::x:--lrguuaut::-xga::x-:::-:x:::-axs::xx;t:sttt-x::tt:x-sn-:--a::r::i!!ll”’2"”ﬂ""'

Date Type of ?lanx

Cetection flag

Result Qetection Limit Units

Araiysis for ICP Metsts by SWUAGYD
Ansiyte: 3arium contirmued

Total Nurber of Rlankg = 3

Totst Mumper soove Détection Liait = O

Methoo: ICP Metais by SWAD10
Anstyte: Caamium

27-2u9-90 Preparstion &%
Ch-5e0-90 Preparst'on L]
03-0¢t-90 Preparstion NO

Corcentration Range  NC
Maximum Qetection Limit = 0.010

0.C093 m/L
0.0050 0.00350 mg/L
9.0050 m~/L

Tote! wuwer ¢ &1, 00 1 3
Total Yumtwe sg v Cel® T, on Limit =

Methe,: (7P Maty.) by S0\ Q
Aralyte: CReorim

27-hug-30 Precaration %0
G4 30090 Preparation %G
03-0ct-%0 Prevaretion <3V
Gh-0ct-90 Preparation 20
04-0nt-90 Precarstion [N
C8-Oct-90 Freparstion -

Comcentration famge  0.CC9Y - 0.C393
Maximem Detection Limit » 0.C0%0

0.0100 c.0100 74N
0.0030 0.0¢30 m~/
0.0040 /e
0.0038 0.00%0 L T2Y
0.0030 0.C030 L TAS
0.0030 9.0030 ~g/L

Totat wumeser of Jisrrs s &
Totsl Wumper sonve Detection Lirit = 1§

Methond: 1CP Metals by SWO1Y0
Anaiyte: fron

G Swp-00 Prucaration %]
03-2¢t-% Preparation «x
Cl-0ce o Preparstion (3}
-0t 90 Creparst.on w0
G9-Cet-20 Preneration 0

Cocentration fenge  0.2040 - 0.0040
Manimen Qetection Limit 2 0,910

Q.0409 £.0400 m~/L
0.0400 L TR
0.5810 /L
0.0400 3.04C0 La-T4N
0.0400 2.0430 ~/

B P NN I P RN AT N O TN AN PR NG a TN SRS T T E LIV U NI TN S RN TN I TN C A ST R VAN N OA TS AU P P NP ISP T RN A THINNIr PRI RATAdRN TR v N
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Table F2 {Continued)

Slank Resulte for Metrix = TREATED; Submatrix = ¢

:---:::1:--:::-::-:n----.--nnn:r---a:x---:-n-::-:-:til:xn:::t::a--s-::::n-t-:-a-i:::!"!l”!"’*"""“

Date Type of 8lank

Detection Flag

EAWAS

Result Detection Limit Units

Aralysis for ICP Wetals by SWS01C
Analyte: [rom contirued

Totsl Nuebder of Blarks = 5
Total tumcer sbove Detection Limit » 2

Method: [CP Metsls by $456010
Anslyte: Lead

27-Aup-90 Preparation 3]
04-Sep-90 Precaration NO
03-0ct-90 Preparation 1]
03-0ct-9Q0 Preparation 1]
04L-0ct-90 Preparation "1+]
08-0ct-90 Preparation o]

Concentration Range 0.040 - 0.031
Maximsw Detection Limit = 0,040

0.0500 0.05¢0 mg/L
0.0500 0.0sC0 my/L
0.6500 0.0500 /L
0.050% 0.0500 ™/t
0.0500 0.0500 m/L
0.0500 0.0500 m/t

Total Nurter cf Blerks = 6
Total WumDer soove Cetection Limit » Q

Method: 1CP Metals by Sus010
Analyte: Nicket

Oh-Se0-90 Preparation
03-0ct-90 Preparstion
03-0ct-90 Preparution
C4-0ct-9) Preparation
08-0ct-90 Preparstion

5858588

Corcentration farnge NG
maximum Oetection Limit » 0.050

0.02C0 0.02¢0 - TAN
0.0200 0.02c0 g/t
0.02¢0 0.0200 LU TAS
0.0200 0.0200 my /L
0.0200 0.0200 ™~/

Totnt auwoer of Blsrvs = %
Totsl Nuster atove Oetection Limit ¥ 0

Method: [CP Metets oy Swi310
Anstyte: S${lver

27-Aug-%0  Preperstion X
Oh-5en-90 Precarstion %0
03-0ct-90 Preparation »0

Concentration Rasge NG
Maximsm ODetection Limit » 0.020

0.0130 /L
0.0100 Q.01c0Q ~q/L
0.0%C0 my/L

Tt ey e e L I R L L A LA R L L LS A AL L A AL AA S h bbbl bl Aol
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Table F2 (Contirued)

Blank Results for Matrix = TREATED; Sucmatrix x 1
.--...."-’.‘".'.""-"""."‘.'1Illlil-t-.ttn-t‘!"li‘ll'!!.lll.ll-l:t:'.!lllt.!!lll!.l'll"tl’lt.llll.!'lll
Detection Limit Units

Date Type of Blank Detection Flay Result

Anglysis for [CP Wetals by SwS010
Anslyte: Silver contirued

Corncentration Range 0.013 - 0.013

Totsl Numper of 8laras = 3
Mexismpe Detectio’ Limit = 0,010

Total Kumber sbove Detection Limit = 1

RSN N YA RNEREI TN RTINS YIS NA IR AR AN IR T RN IR II AT IRRARNEAIAD FERTATMIATARRNMASATRAERAN AL

Method: Selenium by AA (E270.2)
Aralyte: Seienmium

L 0.00s0 0.0050 /L

27-Ag~90 Preporstion
0.0050 /L

14-0¢t-90 Preparstion %0

Corcentration Range  NC

Total Numoer of Blangs = 2
Naximzm Detection Limit = 0.0050

Total Murper above Detection Limit = 0
FRYITETI LA LA

PR T e e R e I T PR RS AT R R LAl L L bbb btttk

Methori: Chrowe Y1 by SW719%
Analyte: Zheomium VI

06-Jul P20 Precarstion ] 0.0209 0.0200 mg/L
06-Jul-90 Preperstion 0 0.0200 0.0200 /L
LY 0.0200 0.02C0 w3/l

23-Aug-9Q Preparstion

Coxentrstion dange NC

Tots! Nuoer of Blerks = 3
Meximm Detection Limit s 0.020

Total Nueper sbove Detection Limit » Q

A NS I N AR RN T RN TR AN SNSRI A I NIRRT I YN B AT IR ATIE NN IR TNTCIAITIRITIATIALBNIUN SR RNTNUTS

Method: Sulfate by 1C (E30C.0)
Anatyte: Sulfate

%0 T 0.0500 0.0500 m/L

10-4ul-90 Methodt Blark
12.00C0 12.0000 mg/L

10-Jul-90 Prepsration ) %]

Corcentration Range [T
Maxism Detectron Limit « 12,0

Total Nusber of 8ianky s 2
Total Wumber above Detection Limit 2 0

I I RN Y AT NN NN RS I AR T KT I AT AT IR NI PN UNAI N IS I AN I IR U IR R AR LA TV RAVE AN I A RMIITTNARCIARNY

RN NN NS YN SN SR SN N~ FYS TSI NN I RN TSI N EST

(Contirued)
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Table F2 (Continued)

Blank Results for Matrix = TREATED; Sumetrix = W/A
B N N N S N NS N S N S AN T I NI I NN N I R T I I R NN N Y AN Y I N R T IR RS AR T Y RS I TN NS ISEEIIFUENIATRATSARTY

Detection Limit Units

Date Type of Blenk Detection Flag Result
Method: Arsenic by AA (£206.2)
Anslyte: Arsenic

20-Sep-90 Preparation %0 0.0040 0.0040 mg/Xg

Carcentration Renge  XC

Total Nuwber of 3lanks = 1§
Maximum Detection Limit = 0.0040

Total Xumorar sbove Detection Limit = 0

N A N R TS N s s  TI AN ST T2 I NN N IR TN YT TN IR N eI T TN r T A SN ErZTIRITI TN IR S SR a AN U E R RTINS

Method: Chiorice by 1C (E300.0)
Analyte: Chlerice

28-Sep-90 Preparstion %0 $.0000 5.0000 g /Ke

Corcentration Range G

Total Nusoer of Slanks = §
Maximum Detection Limit 3 5.0

Total Numoer above Detection Limit 2 0

llt"!lﬂIIIIl‘-.ll.Il.Iltlll'lllIIll'lll!l'll!l"iil!!ll-lltltﬂliililtul’llx:-:'-litllllIII‘IHI!ll'IlllI"'!ll"It!

Wathod: 1CP Metals ty SWS010
Arslyte: Chrowium

20-Sep~90 Preparation <5x 0.4000 mg/Xg
25-5¢9-90 Precaration L] 0.0800 0.0800 . mg/Kg
24-5¢p-90 Prepuration <X 0.4800 rg/Kg
28-3¢0-90 Precaration ] 0.3600 my/xg
28-5¢0-90 Precarstion £33 4 0.0080 ny/Xg
03-0¢ -90 Preparstion w0 0.3¢00 0.3000 mg /X9

Concentration Ramge  0.0030 - Q.40

Totsl Wumcer of Siarey = 4
Maxirem Detection Limit = 0,30

Totsl Number above Detection Limiy s 3

Methad: 1CP Metals by $W4010
Anatlyte: [ron

25-500-90 Precaration ") 4.0cC0 4.0000 m~y/LQ
28-Se0-50 Precaration «3x 8.90C0 m3/Xg
01-0ct-90 Preparaticn <5y 2.0600 ~/Tg

4.C000 4.0000 ~y/Kg

03-0ct-90 Preparation 0
03:-¢ct-90 Preparation 0 9.34460 ~y/Lg

lnﬂlillll!'lllll-tn--lu---l-llttllIluvllttt-!ll-lti!‘::-1I-ll!ll'lllil--ll"'t.-l-!u:nsillllll:-ltilllnnlil:l!l!l
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Table F2 (Concluded)

Glank Resuits for Matrix = TREATED; Submatrix x W/A

TEEIWRREAATLYTSL SEnEsIRE

Detection Flag Result

Date Tyre of Slark Detection Limit Units

Anslysis for [CP metals by SW&010
Ansalyte: [ron continued

Corcentration Range 0.040 - 8.9

Total Nuster of Blanks » 5
Maximgm Detention Limit = 4.0

Total Numcer above Oetection Limit =z 2

Method: [CP Metals by SWé010
Anslyte: Lesd

26-5e0-90 Preparation %0 5.0000 §.00C0 mg/XQ
28-5e0-90 Prepcarstion ND - $.0000 my/K9
03-3¢t-90 Preceration NG $.0000 $.0000 mg/Kg

L1} 0.0500 mg/Xg

03-Cct-90 Preparation

Corcentration Range  NC

Total Numoer of Slanks = &
Maximsm Detection Limit » 5.0

Tota!l Number sbove Detection Limit = 0

Method: [CP Metsls by Sw&010
Analyte: Nickel

26-Sep-9) Precaration X0 2.0000 2.0000 mg/Kg
28-5ep-90 Preparation o 2.0C00 m3/Kg
01:-0¢2-90 Prepwration L] 0.0200 mg/Xg
03-0ct-90 Preparstion w0 2.0000 2.0000 mg/Kg

Concentration Range  KC
Maxims Detection Limit 2 2.0

Total Number of Blanxs = &
Total Wumber sbove Oetection Limit » O

BRI TN I S AN AN P Y R I I IS T I N Y Y I TP I I T NI IR I I I PN AN N I P R R I T I NI R ICI TN TAIIRET AT NND
Methad: Selenium oy AA (E270.2)
Anslyte: Selenium

20-5ep-90 Preparation (] 0,0000 0.9000 m3/Ky

Corcantration 2ange NG
Maximem Detection Limit = 0.3C0CO

Total Numper of Blarxs « 1§
Total Mumber above Detaction Limit = Q

2NN N R N N N S S AN NS I IR T PN S N ST R N T N VA AN A A N PN AN SN F TR AP SIBR A AN TR TN

A S T N I NS I S TN T NI T N RN IR T NN U N I AN N N NPT I R R R RSN AT U N AR TR I TN RNTYIRS

TN gy

e T e g e e it e s




Table F3
Summary of Quality Control Check Sample (QCCS)

Results, Frontier Hard Chrome

8lank Results for Matrix » TREATED; Submatrix a ¥/A
AN AT AT AN I I N AT I NI RTINS N YR AN AN AT I I AT AT TANIRA R AN NN TT TR SN AR
Detection Limit Units

zREX

Cate Type of Blark Cetection Flag Result

Method: Chrome VI by SW7196
Analyte: Chromium V1

20-Sep-90 Precaration %0 0.0050 0.0050 mg/X3
Total Numoer of Slanxs = 1 Comcentration Ramge NG
Total Number sbove Detection Limit 3 O Maxirum Detection Limit » 0.0050

R N N Y S S Y N A Iy I N N T I I I IITINIIITIINIIT AT IS FSCANZSTIIITTLA S RATA ARG A TTNSAEXANNAT

Method: Sulfate by IC (E300.0)
Analyte: Sulfate

28-5ep-90 Preperation XD 12.50C0 12.5000 ng/Kg
Total Nurper of 8lanes = 1 Corcentration Range  KC
Total Nurcer above Detection Liait = 0 Meximum Detection Limiz = 12.5

A N S AN A N S N TN R Y N N N Y I TN AT I TN I R TS F NN AN N AR N NN R EAETET IINI U AT L AT DU NG R TR

RN AN N NN TN AN NN R A RA TN R TN Y AN IS I T XA T TSN RPN I I I NI NNV P F RN T I XS I T IS IR NS I TSN NS NN SR RN A I XS N ACRARANKETT
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Table F3 (Continued)
SLMMARY OF QCCS RESULTS FOR MATRIX = W EP LEACRATE
S xasxs = o
Kumber .
of Mean X R
Parameter Samoles Recovery LV (D) ;
SRR
1CP Metals by SW&010 .
Calibration Contrat Sample :
Chromium 5 8.9 1.3 o
Iron 7 98.2 1.3 .
Lead 7 97.5 1.0 ;
Wickel 7 97.9 1.3 ,‘: i
3 |
9 2
Y
o
X
g
f
B
IIDIII‘I.'IIIIXI”I‘!IISZX‘IIIIStI,ll,,,l!!t:’!’!t!!!ll!’:!l‘!l!j”l!!tlﬂ!l‘t!,n’:22323“!:’2132111231.111 é 3
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Table F3 (Continued) §
SUMMARY OF GCCS RESULTS FOR MATRIX = Solid T
AR EREAEE IR AR ANITAILTIT IR EIITITY xz R YA TSI T I AMAIATATFATXIILITIIAINRI IR TR N 3 -\
Number )
of Menn X . ‘
Paremeter Saroles Recovery v (X} ’

Arsenic by AA (E206.2)

Calibration Control Sample ]
Arsenic 5 $6.8 6.0 -

Conckxctivity (£120.1)

Calibration Control Sample ;
cono 5 98.5 2.0 k
Conductivity 5 100.0 b

Chloride by IC (£3C0.0)

Catibration Control Sawle 4
Chloride 7 98.3 1.0 ;
Mercury by Cold Vapor AA (£245.1) S

Calibraticn Control Samole 3 ;
Mercury 3 98.3 1.5 }

1CP Metals by 5wWe010

Calibrstion Control Sampsle .
Barium 4 97.0 1.6 3
Cadmium 4 95.9 2.4 :
Chremium ™~ 101.4 3.3 )
fron bes 100.9 33 . 3
Lesd 80 101.7 3.3 “
Nickel 2 101.3 3.4 :
Silver 4 97.5 1.1 3 i

Laboratory Control Samole ;
Chromius 2 9.0 4.4 :
iron 2 104.8 3.8
Lead 2 $4.7 4.9 ;
Nickel 2 90.9 14.2 s

Selenium by AA (E279.2) :

Calibration Control Samote

Selenium S $5.8 3.1
Chrome V|

Catibration Control Samote 1

Chromium vi 3 $8.9 1.3 :
II"I'II".’.‘.IH"'.‘IIlﬂt‘)"'l‘.l!ll!l"l!"’=l’l'l!!”I'!!!l111’!’:.!.l"]I!!!'II:III:I:IIII!.".‘I'
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Table F3 (Continued)

SLMMURY OF GCCS RESULTS FOR MATRIX = Solid

Numdwr
of Meenn X
Parsmter Swroles kecovery v (%)
Chrome VI
Laboratory Control Samle
Chromium V1 27 98.0 3.7
Sulfste by 1C (E300.0)
Calibration Control Sarple
5 97.7 1.2

Sulfate

AR NN RSN R T KRN T I AR N I R Y Y NI R I I I N KNI R I IR AN BN P XN T AN UEAITIIIEARST IR RN
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Table F3 (Concluded)

RY OF OCCS RESULTS FOR MATRIX = TREATED
SUMBA

B A N R N T Y A AR NN TR I TN YN I I A I N AR AT ST ST IIRNAITTASCSADENAMLENS

Kurter
aof Mean X
Parameter Samoles Recovery Y (X)
Arsenic by AA (E204.2)
Calibeation Control Suole
Arsenic s 99.4 8.5
Laboratory Centrel Sawole
Arsenic 1 114.4
Conuctivity (£120.1)
Calibration Controtl Samnie
Comaxctivity 12 100.2 .9
Chloride by 1C (E300.0)
Calibration Control Sanple
Chlorice 14 98.0 2.5
Mercury by Cold Vapor AA (E245.1)
Calibrazion Control Samole
Hercury 4 9a.1 2.6
1CP Netsis by $uUs010
Calibration Control Sarmple
Barium 9 9.5 1.4
Cactsium 9 5.4 3.5 .
Chromiun &b 1€0.7 2.1
Chromium vi 1 102.0
Iron 133 98.7 2.0
Lea! &2 101.8 5.2
Mickel 39 101.8 4.9
Silver 9 97.8 2.5
Laboratory Contrel Sample
Bariue 1 102.0
Caciaium 1 102.C
Chromum 8 94.6 6.8
lron é 91.8 10.3
Lesd 7 .o 7.2
Mickel 7 90.7 9.9
Silver 1 9.7
PN by SWICLS

N R A RN I TR AT AT AN TN N GRET

A N IR E AN RN RN AT NSNS N T IR T TINRIIIITIARISIY Su
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Table F4
Detailed Listing of Quality Control Check Sample (QCCS)
Results, Frontier Hard Chrome

SUMMARY OF QCCS RESULTS FOR MATRIX = TREATED

IR ISR AN RN I SIS IR A AN E Y RN RSN TSN RN AT AR ININ RN IS EEAXTXATFRER 3
Nurber o
of Mean X
Parameter Sarples Recovery v (%)
S
o by SWS04S 4 '
Calibration Control Sample
o 3 100.9 .8
Selenium by AA (£270.2) 1
Catibration Control Sample ;
Selenium S 9.7 3.8
Laborstory Control Sample
Selenium 1 83.%
Chrome VI ) R
Calibeation Control Swole g 1
Chromium V1 3 102.1 2.1 -
Sulfate by I1C (£3C0.0) : :
Calibration Control Sample . ;
sulfate 15 97.0 2.4 1.7

b
3
P
ﬂ
A AT A NI S I N I R R N RN IR I E N TN NS C T A NS IS S F I IR EITAITIREY T TAMERE IR AN LTINS TIRITIELINTRE 5
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Table F4 (Continued)

BN R R N Y N N RN NSNS I RS IR NN N N A TSN NSy TN CENEE YN IR RN UK I AN S IR SN RN EET

True Det  Mepsured X 3
Cate Yaiue Flag Vslue Recovery :
Method: Arsenic by AA (E206.2) 5
Matrix: Solid
Analyte: Arsenic J
Type of Control Samole: Calibration Contro. Sample. ,,
27-Aug-90 0.050 mg/i 0.052 mg/L 104.00 |
27-Aug-90 0.050 mg/L 0.049 mg/L 98.00 ; ;
06-5ep-90 0.050 mg/L 0.046 my/L $2.00 :
08-5ep-90 0.050 mg/L 0.050 mg/L 100.00 )
06-Sep-90 0.050 my/t 0.045 mg/L 90.00 ;
6.0

Murter of Samples = § Mesn X Recovery = 946.8 CY (%) =

N R N TN AN Y N T NN A I E N N N RS NN NNy g YN TSI RN T TN E RN RSN R RS

Method: Arsenic by AA (£204.2)
Matrix: TREATED :
Analyte: Arsenic L

Type of Control Samole: Calibration Control Sample.
06-Sen-90 0.050 mg/L 0.050 mg/L 100.C0 !
06-Sep-90 0.050 g/t 0.046 mg/L $2.00 4 :
04-$ep-90 0.050 mg/t 0.045 mg/L $0.00 i v;
16-0¢t-9Q 0.050 ma/L 0.053 my/t 105.00 ; ;
16-0ct-90 0.050 mo/L 0.055 my/t 110.00
Type of Control Samole: Laboratory Control Samole.
14-0¢ct-90 0.050 mg/t 0.057 mg/1 114,40 ‘
Auroer of Samoles 3 & Mesn X Recovery = 101,79 Y (X)) =x 9.8 L

1!:-:-::--l:x:--:s:a::-xttztx---I!t:xxlx:z::-:x::x:xx:r::::-xxu--x:zx:::==xzzll:xt:x:::-lxnxx=x-ux:--n-=:

N N R N A Y Y NN NN T S T IS IR RIS IS E LI NS N N AN NSNS AT AN R E T YR AN TINUSRINATSNAS N

TR AT o e ot e e
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Table F4 (Continued)
Ll L] -::talt-:-n:n--tln:!:-lrl-:-l.tt:-n::n-tt:l::\x:iltll::ui'u::!llll-tn.------ll -
True Det Messured X
Date Valie Flag  Value Recovery
Method: Conductivity (£120.1)
Metrix: Solid
Analyte: COND
Type of Control Samole: Calibration Controtl Sample.
12-dul-90 1403.0 umos/cm 1334 .000 mhos 98.65
12-dul-90 1403.¢ umocs/cn 1409.CC0O mhos 100.43
12 Jul-90 1403.0 umos/cm 1405.000 mos 100.14
26-Jul-90 1403.0 umos/cem 1345.000 mnos 95 .87
26-4ul-90 1403.0 umos/em 1345.0C0 mhos 97.29
Nuroer of Samoles = 5 Kean X Recovery = $8.5 Y (X) = .0
Method: Conductivity (E120.1)
Natrix: Solid
Analyte: Conuctivity /
Type of Control Sample: Calibration Controt Sample,
04-Sep-90 1400.0 umorrcm 1395.000 urhos/em 99,64 ;
04-Sep-90 1400.0 umos/em 1409.000 umos/em  100.¢4 i
04+ Sep-50 1400.0 umos/cm 1298.000 wnos/cm 99,846 ;
05-Sep-90 1400.0 umos/em 1399.C00 umos/cn 99,93
05-Sep-90 1400.0 umhos/cm 1397.000 umos/em  99.79 4
Hurter of Samoles » 5 MNean X Recovery = 100.0 v (X) = .0 ,
] i
AN A R AN TN N Y I Y P N NI I I I N N N S N IS F IR N IR AT I YA IS ARTTINC NI TITAS KR \
i
Method: Conauctivity (£120.1) ﬁ E
Matrix: TREATED :
Analyte: Corductivity ; 3
X
Typs of Control Samole: Calibration Control Samole, P J
04-5e0-90 1400.0 umnos/cm 1409.C000 umes/cm 100,464
04-Sep-50 1400.0 umos/em 1209.000 umnos/em 100.64 g
04-Sep-54 1400,0  umnos/cm 1398.000 urosscm  99.84 o
04-Sep-90 1450.0 umos/em 1395.0C0 umos/em  99.5% F ) ot
04-Sep=90 1£00.0 umos/em 1395.000 umossem  $9.6% bl
04+ Sep-90 W00.0 umos/ena 1398.000 ummas/cm  99.84 b
NSNS E RN A I NN NN N N E R IS N T M I A Y N I A I I I X N R I R Y R I N X SR IS S I I Y X I AN NI - “ AT TIEY AT XTI EIRT 4 .‘",
¥
§
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Table F4 (Continued)

SNSRI NS N N N N AR NN USRS S ARSI RN AN AN RN AN O FLANEF AN B GENSEENTENNNSSURFIRIRRRERY

True Det Measu'ed X

Date Value Fleg Value Recovery
Method: Chlorice by IC (E300.0)
Matrix: TREATED
Analyte: Chlorice
Type of Control Sacoie: Catibration Control Sarole.
14-Sep~90 8.000 my/sL 7.841 mo/L 98.01
14-Sep-90 8.000 my/L 7.890 mg/L 98.63
14:5ep-90 8.000 mgsL 7.840 mg/L 98.00
14-Sep-90 8.000 myst 3.010 mg/L 100.13
14-5e0+90 8.000 mg/L 7.890 mg/L 98.43
14-Se0-90 8.3C0 mg/L 7.841 mg/L 98.01
14-Sep~90 8.000 most 7.890 my/L 98.43
16-5Sep-92 8.000 mg/L 8.010 mg/L 100.13
28+-5ep-90 8.000 mg/L 8.210 mg/t 102.63
28-Sep-90 8.000 mg/sL 7.940 mg/L 99.25
28+-Sep-90 8.000 mg/L 7.750 mg/L 6.88
03-6¢t-90 8.000 mg/L 7.543 mg/1 94.29
03-0ct-90 8.000 mg/L 7.581 mg/1L 94,74
03-0ct-90 8.000 mg/L 7.51& mg/t 93.95

Nurper of Sarpies = 14 Mean % Recovery = $3.0 CV (%) = 2.5

AN RN I N I N AN IR YA NN I P T T I IR A SN AN IR Y I R TR I NI TN CIT TSR AAIAY IS TITIANTINL R A

Method: Meccury by Cold Vapor AA (E245.1)
Matrix: Solid
Analyte: Mercury

Type of Control Somole: Calibration Control Sampie.

27-Aug-90 0.0040 my/L 0.004 mg/L 100.00

27-A9-90 0.0040 mg/L 0.004 my/L 97.50

04-Sep-20 0.0040 mg/L 0.004 mgsL v/7.50
Xuroet of Sampley = 3 Mesn 1 Recovery s 98,13 vV (X) = 1.5

NIRRT I I Y R PRI NI TN AN R NI I IR I N I NN RN NI NI UN I XTI IR NN A I I I X SMARAN IR AN R T INT"

S RN N NN AN AR AN AN TS AN I R TR Y I X IR I N T A RN TR RN AN IS AN I I IR R T IR RIS TTITIRNBLSANWERRARN:
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Table F4 (Continued)

FEMCSAILYIACTIEARTITADES

= BEXE XX =
True Det  Measured %
Date Value Flag Value Recoviry

s Wethed: Chiorice by IC (E30Q.0)

L Matrit: TNEATED

y Analyte: Chloride

.— E Type of Control Sarole: Calibration Control Sarcle.

P 14-5e0-50 8.000 =/l 7.841 ma/t 98.01

- 14-5e0-90 8.000 mg/v 7.890 ma/L 9B.43
14-520-90 8.000 mg/L 7.840 mg/L 98.60
1e-Se-90 8.000 mg/L 8.010 my/L 100.13
16-Sep-90 8.000 mg/L 7.890 mg/l $3.E3
16-Se0-90 8.000 mg/t 7.861 my/L 98.01
14°5ep-50 £.000 mg/L 7.890 ma/L 98.63
14-Sep-90 8.000 mg/L 8.010 mg/L 100,13
28-5ep-90 8.00C mg/L 8.210 mg/L 102.43
28-Sep-%0 8.000 mg/L 7.940 my/L 99.25
28-Sep-90 8,00 mgsL 7.750 mg/L
03-0ct-90 8.000 mg/L 7.563 mg/t 94.29
03-0ct-90 8.000 mg/L 7.581 mg/i 94.76

\ 03-0ct-99 8.000 my/L 7.516 oo/ 93.93

Nurber of Samples = 16 Mesn % Recovery = $3.0 v (X)) = 2.5
TAXIT=TTTITRXX TFXITTTTX® = R S EE I AT NI R ARIJMI BRI LR IS LTI TSNS

Method: Mercury by Cold Vapar AA (E245.1)
Matrix: Solid
Anaiyte: Mercurw

Type of Control Sarpie: Calibration Control Sample.

5 27-Aug-90 0.0040 mgy/L 0.004 my/L 100.00
f 27-Aug-50 0.0040 mgst 0.004 rgrt 97.50
3» 04-5ep-90 0.C40 =y/L 0.004 mg/t 97.50
.

i Nuroer of Samples = 3 Mesn % Recovery *  98.3 v (X) = 1.5

Y RITIIETII NI AN I RN A I I R T Y I AR AT YL IR ARSI TR R I ITNCERENITIEENSEINACOLOANAR

YA R NN AT AN AT RN YN R N I R N X E Y N N RS AN N N R T R R I NN S AR SRR IR NT R L SRR TCRER AP N DY
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Table F4 (Continued)
True Det Measured z
Date Value Flag Value Recovery
Method: Mercury by Cold Vaper AA (£245.1)
Matrix: TREATED
Anslyte: Mercury
Type of Control Samcle: Calibration Control Sample.
04-Sep-90 0.0N40 mg/L 0.004 mg/L 95.00
04-Sep-90 0.0040 my/L 0.004 mg/L $7.50
16-0ct-90 0.0040 mg/L 0.004 mg/1 99.00
16-0ct-90 0.0040 mg/L 0.004 my/1 101,00
Numper of Sarples 3 & Mean X Recovery = 98,1 CV (%) = 2.6
=x ZENERERTSALURRNEVT AL ALEEINTRTLR ERCNIR FEAXATH - RIARS
Method: 1CP Metals by SW4010
Matrix: My EP LEACHATE
Analyte: Chromium
Type of Control Sarple: Calibration Control Sample,
18-Jun-50 5 000 mg/L 4,980 my/t 99.560
18- Jun-90 5.000 mgsL 5.000 mg/L 100.00Q
18- 3'n-90 5.000 mg/L 4.890 mg/L 97.80
18- Jun-90 5.000 mg/L 4.850 my/t 97.20 ,
18-Jun-940 S.000 mg/L 4.990 mgy/L 99.80
Huroer of Sarples = § Meen X Recovery » 98,9 CVY (X) = 1.3
Method: [CP Metals by SW4010
Matrix: M EP LEACHATE
Analvte: lren
Type of Control Samote: Calibration Control Sample.
18- Jun-50 $.000 mgsL 4.880 mq/L 97.80
18- Jun-90 $.000 mgsL 4. ALD my/ .80
18-3un-9 $.000 wmg/L 4.980 agsL $99.60
18- un-90 5.000 mg/L 6.95C mg/L 99.00
18- Jun-93 $.000 mo/L 4.960 my/t 99.20
18- Jun-90 5.000 mysL 4.940 mg/t 98.20
18- 4un-90 $.000 mgsL 4.820 mg/L 96.40
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Table f& (Continued)
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True Det Measured X
Date Value Flag Value Recovery
Method: ICP Metals by SWwsd10
Matrix: Md EP LEACHMATE
Analyte: lron
Type of Control Samole: Calibration Control Sample. contimued
NUTDer of Sarples = 7 Wesn X Recovery s 98,2 Y (%) = 1.2
Method: ICP Metais by SW&010
Matrix: MY EP LEACHATE
Analyte: Lesd
Type of Contral Sample: Calibration Control Samole.
18- Jun-9G $.000 mg/L £.830 mg/L 96,40
18-Jun-90 5.000 mg/L ’ 4.890 my/t 97.80
18-Jun-90 5.000 my/L &4.610 my/L 94.20
18- Jun-90 5.000 mg/L &.840 mg/L 97.23
18- Jun-90 5.000 my/L 4.950 mg/L $9.00
18- Jun-990 5.000 mg/L 4.910 my/L 98.20
18- Jun-90 5.000 mgL 4.830 wg/L 97.60
Nuroer of Sampley = 7 Mean X Recovery = 97.5 CV (X) = 1.9
Method: {CP Werals by $U4G10
Matrix: W EP LEACHATE
Acmiyte: wickel
Tyoe of Control Samoie: Calibration Comtrol Sampie.
18- Jun-90 5.000 mg/L 4 .830 my/tL 96,60
18- Jun-99 5.000 mg/t 4,890 mg/L 97.80
18- Jun-90 5.000 mg/L 4.730 mo/L 95.60
18- Jun-90 5.000 mg/L 4,560 m/L 99.20
18- iun-90 $.000 my/L 4,940 mg/L 93.80
18- 3un-90 5.000 mg/L 4,920 mg/L 98.40
18-Jun-90 5.000 my/L 4.930 mgsL 98.40
Kuroer of Saroles 3 7 Mesa X lecovery * 97,9 oV (3) = 1.3
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Table F&4 (Continued)
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frue Det  Messured X
Date Value Flag  vatus Recavery
Method: ICP Ketais by $W&010
Matrix: Solid
Analyte: Barium
Typs of Control Saple: Calibration Control Sarole.
27-Aug-90 $.000 mg/L 4,790 my/L 95.80
27-Aug-90 5.000 mg/L 4.310 mg/L $6.20
27-Aug-50 5.000 mg/L 4,830 my/L 96.60
i 27-Aug-50 10.0 mg/L 9.930 my/L 99.30
& Nurcer of Satotes = & Mean X Recovery = 97.0 V(X e 1.6
)
i Method: 1CP Metsls by SW010
% Matrix: Solid
'3% Anslyte: Cadmium
i
3 Type of Contrul Sarole: Calibration Control Sampole.
27-Aug-90 $.000 mg/L 4,740 my/t 94.80
27-Aug-90 10.0 mg/L 9.940 my/L 99.40
27-Aug-90 5.0C0 mg/L 4,720 mg/L $4.40
27-Aug-90 5.000 mg/t 4.750 mg/L 95.00
Number of Serples = & Mean X Recovery »  95.9 CY (%) = 2.6
Method: 1CP Metsls by SwW6010
Metrix: Solid )
Analyte: Chromium
Type of Control Samplc: Calibrstion Control Sample.
21-May-90 5.000 my/L $.130 mg/t 102.460
21-May-50 5.000 mg/L $.130 mg/t 102.80
23-May-90 5.000 mg/L 5.480 mg/L 109.80
23-May-90 $.000 my/L $.200 my/L 104.00
28-May-90 $.C00 my/L $.140 my/L 102.80
28-May-90 §.000 mg/L 5.070 mg/t 101,40
29-May- 90 $.000 my/L 4.4650 my/L 93.00
29-Nay-90) $.000 wmg/4 4,740 my/y 94,20
29 -Hay-90 5.000 mg/L 4.740 mg/L 84 .80
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Table F4 (Continuad)
ATETZLAIXTIITZIATNTITITI L 0w * kel
True Det Measured x

Date value Flag Value Recovery
Mathod: ICP Metals by SWS010
Matrix: Solid
Anslyte: Chromium
Type of Control Sarole: Calibration Controtl Samole. contirwed
29-May-90 5.000 wg/L &.770 m/t 95.40
29-may-5Q A . 5,000 mgsL 4.390 my/L 97.80
29-Nay-59) 5.000 mg/L 4.810 my/L 96.20
29-Hay-9Q) 5.000 mg/L 4,830 my/t $6.60
31-%ay-50Q 5.060 mgsL 5.140 mg/L 102.82
31-#ay-90 $.000 mg/L 5.110 mg/L 102.20
01-Jun-90 . 5.000 mg/L 5.100 mg/L 102.00
01- Jun-90 5.000 mgsL 5.110 mg/t 102.20
01-2un-90 5.000 my/L 5.090 my/L 101.80
02-Jun-%0 5.000 mg/L 5.120 mg/L 102.40
02-Jun-%90 5.000 mg/L 5.010 mg/L 100.20
02-dun-%0 5.060 mg/L 5.030 mg/L 100.60
03-Ju-90 5.000 mg/su 5.130 my/t 102.60
03-Jun-90 $.000 mgsL §.170 ma/t 103.40
03-Jjun-90 5.000 mg/L 5.180 mg/L 103.50
03-Jun-90 5.000 st 5.070 mg/L 101.40
14- Jun-90 5.000 mg/L 4.980 mg/t 99.60
14-dun-90 $.0C0 my/L 5.070 mg/L 101.40
17- dun-90 $.000 my/L 4.983 mg/L 99.60
17-Jun-90 $5.000 my/tL 5.060 mg/L 101,20
19+ Jun-90 5.000 ma/L 5.120 mg/L 102.40
19-Jun-90 5.000 mgsL $.140 mg/L 102.8
19-Jun-9C $.000 mg/L - 5,070 mg/L 101.40
19-Jun-50 5.000 mg/L $.050 eg/l 101.20
19-Jun-9Q 5.000 mg/tL $.190 mgsL 101.40
19« Jun-90 $.000 wy/L $.050 mg/L 101.00 .
20-Jun-90 $.000 mg/L 5140 g/t 103.20 ’
20-Jun-90 3.000 mo/L $.140 mg/L 102.80
21-dun-90 5.000 mgsL 5.140 ma/L 102.83 ;
21-Jun-99 5.0¢0 mg/t $.130 my/t 102.60 !
25- dun-90 5.000 mgsL 5.390 mg/L 107.80
25-Jun-%0 5.000 mg/t 5.240 mg/t 104.83
11-Jdul-90 $.000 my/L $.030 mg/L 101.80
11-Jut-90 $.000 mg/L 5.090 mg/L 101.80
12-dul-90 $.000 mg/L 5.190 my/L 103.80
12-4ul-90Q $.000 mg/L 5.140 mg/L 102.30
12-4ul-%9 5.000 mg/L 5.020 mg/L 100.40
12-4ut-90 $.0C0 mq/L §.540 wg/L 110.80
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Table F4 (Continued)
xmEX E2IXIATITXAXACANTTRE sanz xTIRTER:
True Det  Messured X !

Date Value Flag Value Recovery
Method: ICP Metals by SW4010
Matrix: So'id
Aratlyte: Chromium
Type of Controt Samoie: Calibration Control Samole. contimued
12-Jul-50 $.000 wmg/L 5.030 my/L 101.40
12-dut =90 5.000 mg/L 5.510 mg/t 110.20
12-4ul+90 5.000 mg/L 5.430 mg/L 109.60
12-Jul-90 5.000 mg/tL $.180 mgsL 193,60
13-Jul-99 5.000 mg/t 5.190 mg/L 104.60
13-4ul-90 5.000 my/t 5.230 mg/L 104.60
17-Jut-90 5.000 mgst $.030 mo/L 100.60
17-Jut-50 5.000 mg/L 5.150 mg/L 103.00
17-dul-9Q 5.000 mg/L 5.180 mg/L 103.40
17-Jul-90 5.000 mg/L 4,940 mg/L 99.20
2&-dul-90 10.0 my/L 10.100 mg/t 101.00
24-Jut-%90 5.000 mg/L 4.940 mo/L 98.80
26-Jut-0 5.0060 mosL 5.100 mg/L 102.00
26-44yl-90 5.000 mg/t 4.910 mg/L 98.20
24-Jul -50 5.000 mg/L $.100 my/L 102.00
25-4ut-90 10.0 mg/L 10.200 mg/L 102.00
25-Jul-90 $.000 mg/L 5.1%0 mg/L 103.30
25-Jul-90 5.000 mg/L 4.960 m/L 99.20
25+ Jut 90 $.000 mg/L 5.210 mg/L 104.20
25-dut-90 $.000 mg/L 5.080 mg/L 101.60
26-Jul-50 5.000 mg/L 5.230 mgsL 104.80
25+ Jut-90 5.060 my/L 5.200 my/t 104.00 '
26+ Jut -90 $.000 mg/L $.010 mgstL 100.20
28-Jut-90 5.000 mg/t 5.190 mg/L 103.80
&t Jul-90 10.0 mg/t 10,100 mg/L 101.00
27-Aug-90 5.000 mg/t 4.790 my/L 95.80
27-Aug-90 10.0 mg/L 9.920 my/L $9.20
27-Aug-90 5.0C0 wmgsL 4.840 my/L $6.83
27 Aug-90 5.000 ng/L &.770 my/L 95.40
C8-Cct 90 10.0 mg/L 9.960 mg/L 99.60
08-0ct-9G $.000 mg/L 4.390 mg/L 97.%0
C8-0ct-90 5.000 mgst 5.180 mg/L 103.20
Tyte of Control Sample: Laboratory Control Samole.
8- dut-90 1.000 myt 0.930 my/L 93.00
26+ Jul -90 1.6 /L 0.990 mg/L §7.C0
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Table F4 (Continued)

True Det Messured %
pate Value Flag Value Recovery

Method: ICP Metals by 5W0180

Matrix: Solid

Analyte: Chromium

Type of Control Sarpte: Laboratory Control Samle. continued

Nurber of Samotes a 81 Neen X Recovery = 101.5 v (X) 2 3.4
Method: [CP Metals by SWs010
Matrix: Solid
Analyte: lron

Type of Control Sample: Calibration Controt Sazmple.

21-Mey-90 5.000 my/L 5.120 mg/L 102.40
21-May-90 5.0C0 mgsL 5.110 moy/L 102.20
Z3-May-90 5.000 mgst 5.430 mg/L 108.40
B-May-90 $.008 mg/L 5.180 my/L 103.80
28-May-90 5.000 mg/t 5.050 mg/L 101.00
28-%ay-90 5.000 mg/t 5.150 mg/L 103.00
29-Nay-90 5.000 mg/L 4.710 mysL 9%.20
29-May-90 5.000 mg/L 4.610 mg/L 92.20
29-May-90 5.000 mg/L 4,830 mg/t 97.480
29-May-99 5.000 mgsL 4,730 mg/L 94.80
29-May-99 5.0600 my/L 4.780 my/L 95.560
29-May-90 5.000 mg/L 4.820 my/L 96.40
29-May-90 5.000 mg/L 4.720 my/L 94.40
31-May-90 5.C00 mg/L 5.130 mg/L 102.40
31-May-50 $.000 mg/L 5.180 my/L 103.80
01-Jun-90 5.000 my/t 5.080 mosL 101.40
01-Jun-50 $.000 mg/sL 5,210 my/L 164.20
01-Jun-90 5.000 mg/L $.170 mg/L 103.40
01-Jun-%0 $.00C my/L 5.130 my/L 103.40
02-Jun-9' $.006 myst $.050 wg/L 10%.00
G2+ Jun-90 5.000 wmy/L 4,960 mg/L 99.20
0%+ Jun-50 5.000 mg/L 5.160 mg/L 103.20
03 Jun-X 5.000 mg/L 5.080 my/L 1.0
03-Jun-50 5.000 mg/L 5.120 mq/L 102.40
03-Jun-50 5.000 mgsL 5.020 oyt 100.40
03+ Jun-%0 5.000 most $.100 mg/t 102.C0
14-dun-90 5.0C0 mg/sL 4.940 myg/L 98.30
14-Jun-90 5.000 wngsL 5.020 mg/L 100.40
17-Jun-90 5.000 mg/b 4.599 myst $9.00
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Table F4 (Continued)

True Det Messured X
Dete Velus flag Value Recovery

Method: [CP Metals by SUs010

Matrix: Sotid

Analyte: [ron

Type of Control Sarole: Calibration Contral Sample. contimued

25-Jul-90 200.0 mg/L 202.000 mg/L 161.00
25-Jul-50 i 50.0 mg/L 48,200 mg/L 96.40
26-Jul-90 200.0 mg/L 202.000 g/l 101.00
26-Jdui-90 $.000 my/L 5,180 my/L 103.40
26-Jul -90 5.000 mg/L $.210 my/L 104,20
26-Jut-90 50.0 mg/t 47.0C0 mg/L 94.00
26-Jul-50 $0.0 mg/t 49.200 my/L 98.40
09-0ct-90 50.0 wg/L 49.500 g/t .00
09-0ct-90 200.0 mg/L 192.000 my/L 96.00
09-0ct-90 $0.0 mg/L $0.200 mg/t 10G.40

Type of Control Sewple: Laboratory Control Sample.

26-24t-50 15700.0 mg/Yg 16600.000 mg/Kg 107.64
28~4ul-9Q 16.0 mg/L 10.200 mg/L 102.00
Nurber of Sarples » 79 Mean X Recovery = 101.0 Cv (X) = 3.4

Method: ICP Metals by SW&010
Matrix: Solid
Anaiyte: Lead

Type of Control Sample: Calibration Control Sample.

21-May-90 5.000 mg/L 5.160 mo/L 103.20
21-Mev-90 5.000 mg/t 5.150 mg/L 105.00
23-Nay-50 5.000 mgiL 5.070 my/L 101.40
23-Mav-90 5.000 mg/t .40 mg/L 109.20
28-May-90 5.000 mg/L 5.150 mg/L 103.00
28-May-50 5.030 mg/t 4.900 my/L 98.00
29-May-90 5.000 mo/t 4.620 m/L §2.40 :
29-May-590 5.000 g/l 4,730 rg/L 95.00
29-May-90Q 5.000 mg/t 4.730 mgsL 94.60
29-May-50 5.000 my/L 4.820 my/L 9.40 ¥
29-May-50 5.000 mg/L 4,850 my/L 97.20
29-May-90 5.000 mg/t 4.890 mg/t 97.20
29-May-50 5.000 mg/L 4.760 mysL $5.20
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Table F4 (Continued)

AR B e e

True Det  Measured X
Date value Flag Value Recovery

Method: 1CP Metals by SWs010

Ratrix: Solid

Anslyte: Lead

Type of Control Sarple: Catibration Control Sample. contirued

R T

I1-May-90 5.000 mg/L 5.110 mg/L 102.20
31-May-40 $.000 mg/L 5.060 mg/L 101.20
01-Jun-50 5.000 mg/L 5,100 mg/t. 102.00
01 - Jun-90 5.000 mg/L 5.070 my/L 101 &0
01-Jun-90 $.000 mg/L 5.120 mg/L 102.40
02-Jun-90 5.000 mg/L &£.950 mg/L 99.20
02-Jun-99 5.000 mg/L 4.940 mg/L $8.80
02-Jun-50 $.000 mng/L 4.990 my/L 99.80
03-4un-50 5.000 my/L 5.120 my/L 102.40
03~ Jun-90 $.000 mg/t 5.060 my/L 101.2)
03-Jun-90 5.000 my/L 5.030 my/L 100.40
03-Jun-50 5.000 mg/t 5.050 mg/L 121.00
1he Jun-90 5.000 masL 5.050 mo/L 101.00
14-Jun-90 5.900 mg/L 4.900 mg/L 98.00
17-3un-50 5.000 mgsL 5.060 mg/L 101.20
17-Jun-90 5.000 mgsL 4,910 my/L $8.20
19-Jun-90 S.000 =g/ 5.100 mg/L 102.00
19-Jun-90 5.000 mg/L 5.060 ng/L 101.20
19-Jun-90 5.000 my/L $.170 mg/L 103.40
19-Jun-90 $.000 my/t 5.130 my/L 102.60
19- Jun-50 $.000 g/t 5.110 o/t 102.20
19-Jun-90 5.000 mo/L 5.150 /L 103.00
20- Jun-90 $.000 mg/L 5.120 mqg/L 102.40
20-Jun-90 5.000 mg/L 5.110 mgsL 102.20
21+ 4un-90 5.000 mgsL 5.180 mgsL 103.20
21-Jun-50 5.000 mg/L 5.170 mg/L 103.40
25-3un-50 5,000 mg/L 5.210 mysL 104.20
25+ Jun-90 5.000 mg/L 5.360 mysL 107.20
11-Jul-90 $.000 wmg/sL 5.130 my/L 102.40
11-dul-50 5.000 mg/L $.150 mo/sL 103.00
12-3ul-90 $.000 mg/L 5.030 mysL 100,60
12-J4ul-90 5.000 mg/t 5.130 s/t 102.40
12-2ul-%0 : 5.0C0 wy/L 5.110 mg/L 102.20
12-Jul -0 5,000 mg/L 5.120 mg/L 102.40
12-Jul-90 5.000 /L 5.220 my/L 104.40
12-ut-%0 5.000 wg/L 5.500 mg/y 110.00
12-Jul-90 5.000 my/L 5.430 my/L 108.40
12-Jul-90 5.000 wg/t S.4%0 masL 109.30
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Table F4 (Continued)
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True Det  Messured X

Date Value Flag Value Recovery

Method: CP Metals by SW&010

Matrix: Solid

Analyte: Leed

Type of Control Sample: Calibration Control Sample. continued :

13-dut+90 5.000 mg/L §.230 my/L 104 .60
13-Jul-90 $.000 my/L 5.110 mg/t 102.20
17-dul-90 $.000 mg/L 5.170 mg/L 103.40
17-4ul-90 $.000 mgsL 5,270 my/t 105.40
17-Jul-90 $.000 mgsL 5.190 mg/t 103.80
17-Jul-90 5.000 mg/L $.130 my/t 102.60
26+ 4ul-90 5.000 mg/L $.200 mg/L 104.00
24-Jul-90 10.0 mg/L 10.100 m/L 101.00
26-4ul-90 $.000 my/L 4.890 mg/L 97.80
2-Jul-90 5.000 mg/L 5.010 mg/L 100.20
26-Jul 90 5.000 mg/L 4.990 my/L 99.80
25-Jut-90 10.0 my/L 10.100 mg/L 101.00
25-Jut-90 5.000 g/t 4.880 /L 97.60
25-1ut-90 5.000 mg/L $.020 my/t 1C0.40
25-4ut-20 5.000 mg/L 5,179 mg/L 103.40
25-4ul-90 $.000 mg/L 5.110 my/t 102.20
26-Jul-90 10.0 mg/L 10,100 mg/L 101.00
26-4ul-90 5.000 mg/L 5.090 my/L 101.80
26-Jul-$0 5.000 mg/t 5.270 mg/L 105.40
26-Jul ~90 5.000 mg/L 5.170 mg/L 103.40
26-Jul-99 $.000 mg/L $.280 mg/L 105.60
27-Aug-90 5.000 mg/L 4.830 mg/L 97.80
27-Aug-50 $.C00 mg/L 4.910 mg/i 93.20
27-Aug-90 10.0 mg/L 9.980 my/L 99.80
27-Aug-90 5.000 mg/L 4. 770 my/t 95.40
08-1ct-90 10.0 mg/L 9.950 mg/L 99.50
08-0ct-90 5.000 mg/L $.260 my/L 105.20
08-0ct-90 5.000 mg/t $.110 mgst 102.20
03-0ct-90 $.000 mg/L 5.370 mg/L 107.40

Type of Control Samole: Laberstory Centrol Samcle.

24-Jul-90 117.0 mg/Kg 107.0C0 mg/x5 91.45
26-Jui-90 1.000 =g/t 0.980 mg/L 98.00 3
¢
Wuroer of Samoies = 82 Mesn X Recovery = 101.5 LV (X) = 3.5 g
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Table F4 (Continued)
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True ' Messured X

Cate Value . Value Recovery
Method: 1CP Metals by SW,010
Matrix: Salid
Anatyte: Nickel
Type of Control Samtle: Calibrstion Control Satple.
21-May-90 5.000 mg/L S.070 my/L 101.40
21-May-90 . 5.000 mg/L 5.100 mg/L 102.00
B-May-90 5.000 mg/L 5.160 mg/L 193.20
23-May-90 5.C00 mg/L 5.520 my/L 110.40
28-Meoy-90 5.000 mgsL 4,990 mg/L 99.80
28-May-90 5.000 mgsL 5.050 mg/L 101.00
29-Hay-90 5.000 mg/L 4.750 ma/L ¥5.00
29-¥ay-90 5.000 mg/L 4.,7C0 mg/L $4.00
29-May-90 5.000 mgsL 4.780 mg/L 95.60
29-May-90 5.000 mg/L 4,580 mg/L 91.60
29-May-90 $.000 mg/L 4,700 mg/t 94,00
29-May-50 5.000 mosL 4.700 my/L 94,00
29-May-50 $.090 mg/L 4,840 my/L 96.80
31-uay-90 $.000 mg/L 5.040 mg/L 100.80
31-May-9Q 5.000 mgsL 5.030 mg/L 101.80
01-Jun-50 $.000 mg/L 5.070 mg/L 161,40
01-Jun-90 3.000 mg/L 5.090 mg/L 101.80
01-Jun-90 S.000 mg/t 5.050 mg/L 101.00
01-2un-90 5.000 mg/L 5.120 mg/L 192.4G
02-Jun-90 5.000 mg/L 5.150 mgst 103.00
02-Jun-90 5.000 mg/t 5.080 mg/L 101.80
02-Jun-90 5.000 mg/t 4.900 mg/L 99.60
03-Jun-90 $.000 mg/L 5.040 mg/L 100.28
U3+ Jun-50 5.000 mg/L 5.240 mgsi 104.80
03-Jun-90 $.000 mgsL 5.250 mq/t 105.C0
03-Jun-90 5.000 my/L 5.220 mg/L 104,40
14+ Jun-90 5.000 mg/L 4.380 mg/L 97.60
14+ 4n-90 5.000 mg/L 5.010 m/y 100,20
17-4un-90 3.000 mg/s 4,920 mg/1L 98.40
17-Jun-9Q 5.000 mgsL 5.010 mg/L 100.20
19-Jun-9Q 5.000 mg/t 5.150 mqsL 103.C0
19-Jun-9Q 5.000 mgsL 5.130 mg/L 102.40
19-Jun-59 5.000 mg/L 5.040 my/L 100.80
19-Jun-90 $.000 mg/L S.110 mg/L 132.20
19-3un-90 S.000 mg/L 5.000 mg/L 1¢0.0G
20-4un-90 5.000 mg/L $.110 mg/L 102.20
20-Jun-90 5.000 mg/L 5.090 mg/L 101.20
21-Jun-90 5.000 mg/L 5.050 mg/L 101.00
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Table F& (Continued)

NNAERRNIRIAACUSR

SXRERZN .,"ll’n"'l’-.’l-’.l'l RERSTRATRRTARY
Troe Det  Massured X
Date velue Flag Velue Re.uve

Method: ILP Metals by SWs010
Matrix: Solid

Anslyte: Nickel
Type of Control Semple: Calibraticn Control Sample, contirmad

21-Jun-50 5.000 mg/L 5.010 . st 1wt

25-Jun-90Q $.000 mg/sL §.00 L L naLrs

25-Jun-50 5.000 mg/L §.22C M0 el

12-Jut-90 5.000 mg/L 5.00) mus YL

12-Jut-90 5.003 mg/L 5,120 mg/t w!

12-Jul-90 $.000 mg/L 95.410 mgsL vl

12-Jut-%0 £.063 mg/L £.080 g/l ¢ -0

12-Jut-90 5.000 my/L 5.440 mo/L ‘¢80

12-Jut-90 $.000 x;/L 5.040 mg/L +10.80

12-Jut-90 §.000 mg/L $,400 =¢/L 108.00

12-dut-90 5.000 my/L 5.120 =/t 102.48

17-Jul-90 5.000 mg/% 4.910 ng/L 98.20

17-3ut-99 $.000 mgsL 5.070 mg/L 101.40

17-Jut-90 5.000 mg/L 5.040 my/L 100.80

17-Jut-90 5.000 =g/L 5.120 /L 102.40

24-Jul -9 5.000 mg/L 5.200 mg/L 1€4.00 y
24-Jdut -« 5.000 wmy/L 5.200 my/L 104.00 =
26-dul-90 $.000 mg/L 4.930 m/L 98.50 o
24-J4ut-90 5.000 mg/t 4.988 =/t 99.60

24-3ul-90 10.0  wg/L 10.100 =g/t 101.00

25-Jui-90 10.0 mg/L 10.100 mg/L 101.00

25-Jut-90 5.000 mg/L £.990 mg/L 99.80

25-dul-90 5.000 my/L 4,830 mosL 94.60

25-Jul-50 5.000 mg/L 5.080 =g/t 101.60

25-dul-Sy 5.000 my/L 5.130 my/L 102.60

26-Jut -9 $.000 mysL 4.970 agsL 99.40

26-Jul-90 10.0 mg/L 10.100 mg/L 101.00

26-4ul-90 5.060 mg/L $.120 m/t 102.40

26-Jul -90 $.000 mg/L S.AT0 mg/L 103.40

26-Jul-90 5.00C mgsL 5.180 mg/L 103.50

03-Cct-90 5.000 mgsL 5.350 /L 107.00

03-0ct-920 5.000 mg/L 5.080 mg/L 101.80°

08-0ct-90 5.000 =g/l 5.180 my/L 103.60

08-0ct-90 10.0 wmy/L 9.540 mg/L 99.40
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Table F4 (Continued)
wERLRTN EBATRTEEATZTTRITLITICRIRATYER PR IATTIAFT XA TTXIETITR LTI ATARRY
True Det  Mansured %
Date Value Flag Value Recovery

Method: ICP Metals by SWQ10

Matrix: Solid

Analyte: Nickel

Type of Controtl Sarole: Ladoratory Control Satole. continued

Type of Contrul Sample: Laboratory Control Samole,

24-4ul-90 225.0 ro/xs 184.000 mg/Kg 31.78
26-Jul -9 1.000 my/L 1.000 mg/t 100.00
Nurper of latples = 74 Mesn X Recovery = 101.0 CV (%) = 4.1

Method: ICP Wetals by Sw010
Metrix: Solid
Analyte: Silver

Type of Control Samole: Calibration Contral Samole.

27-hug-90 $5.000 my/tL £.830 my/L §7.60

27-Aug-50 10.0 mg/L 9.8%0 my/L 98.50

27-Aug-%0 $.000 mgsL 4.820 mg/L 96.40

27-hug-90 5.000 mg/L 4,860 mg/L 97.20
Nurzer of Samples 7 & Mean X Recovery 3 97.5 CV (%) = 1.1

R AT R NN A N N N N IR I I T TN Y 2N Y I NI R I N R I NI IR YRR T P FYRIAINSELIRZIT XN ERNRS

Method:s 1P Metsls by SW4010
Matrix: TREATED
Aratyte: 3arium

Type of Control Samole: Calibration Control Sarole.

0 -Sep-50 $.000 mgsL $.050 masL 101.00
04 -Sep-90 5.000 mgsL 5.040 mg/L 100.80
0k -Sep-50 10.0 mg/L 9.Y40 mg/L 99.40
04-Sep-90 5.000 mg/L 4.890 mg/L 97.80
03-0¢t-990 10.0 mg/t 9.820 my/1 98,20
03-0ct-50 $.000 most 4.960 mg/t ©9.20
03-0¢t-90 5.000 mg/L 5.040 my/t 100.80
03-0Cct-90 5.C00 mg/sL 5.030 mo/i 100.40

ST IR I RN IS IR IR I NI I N R I P I I P IR S ST N AR I N AR R I AR ANL A IIRERNTIRS NSRRI YRR
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Table F&4 (Continued)

EEREREARRARY Tew TERW x TXXTE xEX bkl
True Det  Measured 2
Date Value Flag Value Recovery
Method: ICP Metals by SW&010
Matrix: TREATED
Ansiyte: Sarius
Type of Control Ssmple: Calibration Conmtrol Sample. contirued
03-0ct-90 5.060 mg/L 4.870 mg/L 97.40
Tvpe of Control Samdle: Laborstory Control Samolte.
03-0ct-90 1.000 mg/t 1.020 mg/L 102.00
Nuroer of Samoles = 10 Mean X Recovery = 997 V(%) = 1.6
Method: ICP Metats by Swd010
Matrix: TREATED
Analyte: Cadmium
Tyr2 of Control Samole: Calibration Control Sample.
04-Sep-90 5.000 mg/L 4.980 mg/L .60
0h-Sep-90 10.0 mg/L 9.950 my/L 99.50
04 Sep-90 5.000 my/t 4.850 mysL 97.00
04 -Sep-90 $.000 mg/L 4.850 mg/t 97.20
03-0ct-90 5.000 mg/L 4.650 mg/L 93.00
03-Cet-90 5.000 mg/L 4.610 my/1 §2.20
03-0ct-50 1.0 mg/L 9.830 mg/1 98.30
03-0ct-90 5.000 /L 4.550 mg/t 91.60
03-Cet-90 5.000 my/t &4.610 mg/L 92.20
Type of Control Samole: Laboratory Comtrol Sampie.
03-0ct-90 1.000 mg/L 1.020 m/1 102.00
Nuroer of Samplss o 10 Memn X Recovery s O4 3 CY (%) = 3.9
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Table F4 (Continued)
- » nzw % P sz AvERETRTY nonx Tz ke
True pet NMeasured X
pate value Flag Value Recovery
Method: 1CP Metals by SW&010
matrix: TREATED
Analyte: Chromium
Type of Control Sarmoie: Calibration Control Samole.
Oh-5e0-90 5.000 my/L 5.080 ma/L 101.60
=500 10.0 mg/L 9.950 mg/L 99.50
0h-5e0-90 5.000 ma/L 6.970 my/L 99.40
19-Se0-90 10.0 m/L 19,000 mg/L 190.00
19-5ep-30 5.000 mg/L $.080 my/t 101.60
19-Sep-90 5,000 mg/L 5.060 my/L 101.20
) 19-5¢0-90 10.0 mg/L 10.000 mg/L 100.00
19-5¢0-90 $.000 mo/L £.910 my/t 102,20
19-5ep-90 $.000 mg/L 5,200 m/L 104.00
i 19-5e0-90 $.000 mgst 5.330 mo/L 108,50
? 19-5e0-90 $.000 mg/L 4.970 mg/L $9.40
19-5ep-90 $.000 m/L 5.070 ma/L 101.40
= 19-5e0-90 5.000 mo/t 5.030 mg/t 100.80
& 26-5e0-90 5.000 ma/L 5,190 mo/L 103.80
26-5e9-90 $.000 ma/L $.170 masL 103.40
26-Seo-90 $.000 /L 5.090 m/t 101.80
26-$e5-90 10.0 my/L 10.200 mo/t 102.C0
24-Sep-90 $.000 ma/L 5,140 mg/L 102.80
26-Seo-9Q 5.000 mg/L $.160 my/t 103.20
26-Sep-90 5.000 mg/L §.040 mg/i 100.80
26-5¢p-90 10.0 s/l ' 9.920 mg/t $9.20
3 2630090 5.000 my/L 5.090 wg/l 101.30
& 26~%20-90 £.000 my/L 5.120 ngst 102,40
! 26-5ep-90 $.000 mg/L $.080 my/\ 101.50
28+Sep- 90 $.000 mg/L &.850 my/1 97.20
: 28-5e0-90 10.0 mg/L 10.000 mg/L 100.50
28-500-90 $.000 mosL 4.829 my/t 99.54
/ 28-Sep-90 $.000 mg/L 4,680 myst 93.20
ke 03-0ct-90 5.000 /L 5,040 w9/t 109,50
2 03-0ct-90 $.000 mg/t 5.070 m/L 101.40
03-0ct-50 5.000 mgst 3,000 wo/L 100.60
. 03-0ct-90 $.000 mg/tL 4.970 mg/L $9.40
b 03-0ct-90 $.000 my/L 5,020 my/t 101.80
F 03-0et-90 5.000 wq/L 4,540 mgsL $8.80
e £3-0tt-90 10.0 mq/L 10.060 /L 100.02
i 03-Cet-$0 $.000 mg/L $.000 m/t 100.00
23-0ct-90 10.0 myst 9.900 my/t 9.00
:‘ “ !III'I.IIIII!l']"'!‘ll.l""‘"."..lll"""l"ll!.‘!"'i'I‘.I!."t-‘lﬂ'!!-ll“ltﬂ’-:".Il'l‘ll‘l‘l"“'\l
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Table F4 (Continued)

LTZAXEATTITRXIREN

Troe Det  Meayured b4

Date Value flaa ‘salue Recovery
Method: [CP Metals by SWSO10
matrix: TREATED
Anatyte: Chromiun
Type of Control Semple: Calibration Control Satole. contirued
03-0ct-90 5.000 wy/t 4.950 mg/L 99.00
03-0ct-90 5.000 wg/L 4£.940 mg/1 $8.80
04+0ct-90 5.000 mg/L $.C10 mo/L 100.20
04-0ct-50 $.000 ma/t 5.020 mg/L 100.40
04-0ct-90 5.000 mg/L 4.950 mg/L 99.00
04-0ct-90 10.0 my/L 9.960 my/i 99.60
04-0ct-90 1.000 mg/L 1.010 mg/L 101.00
Type of Control Sample: Laboratory Control Sarole.
19-Sep-90 0.200 ma/L 0.19% mg/L 97.00
26+ See-90 1.600 mgst 0.940 mg/t 94.00
26-Sep-90 67.0 mg/Kg 43.500 mg/Kg 94.73
26+ Sep-30 0.560 mgsL 0.4858 mg/L 97.20
28-Sep-50 1.000 =g/ 0.856 my/1 35.60
28-Sep-90 67.0 =y/Kg 57.000 ma/kg 83.07
03-0ct-90 67.0 mg/L 67.100 mg/L 100.1%
03-cct-90 1.000 mgsL 1.030 my/t 103.00

Nutber of Samoles = 52 Mesn X Recovery = 59,7 CV (X) = 3.8
Method: ICP Metals by SWsl10
Metrix: TREATZD
Anslyte: Ihromium vl
Type of Control Semole: Catibration Control Samole.
26-Sen-50 10.0 mg/L 10,200 mg/L 102.00
NumDer of Sampies a2 Hean % Recovery » 102.0 CY (%) =
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Table F4 (Continued)

TEXIILEE x> AXXXTTER =8 T
True Dert  Messured X
Date Value Flag Valve Recovery
Methad: ICP Metsls by $WA010
Matrixs TREATED
Anaiyte: lren
Type of Control Samole: Calibration Control Samole.
04-5ep-90 $0.0 mg/L 49.200 mg/L 98,40
04-Sep-90 $0.0 mg/L 48.4600 mg/L 97.20
04-5e0-50 200.8 mg/L 195.000 my/L 97.50
04-520-7) S0.0 mg/L 48.170 mg/L $5.20
19-520-90 $0.0 mgsL 50.200 mg/t 100.40
19-Se0-90 0.9 mg/L 50.0C0 my/L 100.00
19-5e0-90 50.0 mg/L 49.800 my/L 99.60
19-Sen~90 200.0 mg/st 199.000 mosL 99.50
19-Sep~90 50.0 mg/L 49,000 mg/t $8.00
19-Sep-90 $0.0 mg/t 49.900 my/L 99.80
20-Se0-50 50.0 mg/L 43.2C0 mg/t 94.40
20-Sec-90 50.0 mo/L 49.500 mg/L 99.80
20-Sep-50 $0.0 mg/L 49,000 mg/L 98.00
20-Sep-90 200.0 mg/L 199.000 mg/L 99.50
20-Seo-50 50.0 mg/L 49,850 mg/L §9.60
20-5ep-9M $0.0 mgysyL $0.200 mq/L 100.40
24-5e0-90 200.0 mgsL 204 .00 my/L 102.00
26-Sep-99 50.0 mg/L 50.300 my/L 100,40
25-Se0-90 50.0 mg/L 49.200 my/L 98.40
26-Se-90 50.0 wmg/L 49.400 my/L 98.80
26-Sec-90 50.0 mysL 49.900 rg/L [
26-Se0-90 0.0 mg/L 49.800 my/L 99.20
28-Sen-90 $0.0 my/L &47.500 mg/\ 95.20
28-Sep-50 200.0 mgsL 200.0C0 my/ L 100.00
28-Sep-90 $3.9 wmg/L +8.300 mg/t 94.60
28-5e0-90 $0.0 my/L 47.500 mg/L ¥5.00
01-0ct-90 S00.0 my/L 193.000 mg/\ 96.53
01-0ct-90 50.0 mg/v 43.7C0 mg/l 97.40
01-0ct-%0 50.0 =/t A8.400 mg/L 96.80
01-0ct-50 50.0 mg/L 47.700 mg/t 95.40
03-0ct-99 50.0 mgsi 48,900 mg/t 97.80
03-00t-90 50.0 mg/L 43.800 s/, 97.40
03-0ct-90 200.0 my/L 201,000 =g L 100,50
3-0ct-90 50.0 mysL 49.500 my/L 99.20
) 03-0ct-%0 50.0 mqsL $0.100 'my/L 100.20
93-0ct-90 200.0 my/L 195.000 mg/t 97.50
03-0ct-90 50.0 mg/L 49,005 my/sL 53.00
%‘ .l‘lll'll'!ll!.IIII"-"I!i.l.l‘l!’lIll'!‘l"l"’l’l“l‘ll’!'ﬂ’l‘.'!ﬁIll’l"'t"!"l'II!U'I!Illll!lll’l!ll'llli
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Table F4 (Continued)

Lt bl WEWSRX - NP YIRS YN AR TTIEERAT AT EXATXIZIATRXS

True Det Measured X
Date Value fiag Value Recavery

Kathod: 1CP Wetats By SWOO10Q

Matrix: TREATZD

Anelyte: lron

Type of Contryl Savple: Calibration Control Satpie. contirued

03-0¢t-%0 $0.0 wo/i 49,100 mg/L 98.20

03-0ct-90 . 0.0 mosi 50.100 ng/L 100.20

03-0ct- 90 200.0 mg/L 158.000 m/5/t 99.60 '
03-0c2-90 50.0 mgst 49.500 m5/L 99.20

04-0ct-90 200.0 most 198,000 ma/L 99.00

04-0ct-90 $0.0 mg/t 49.600 mg/L 99.20

3%-0c2-50 $0.0 mg/tL $3.500 mg/L 107.00

O4-0ct-90 $0.0 mg/L 49.100 masL 58.20

Type of Control Sarole: Lsborstory Control Samole.

26-Sep-90 10.0 my/L 9.560 mg/L 95.60
28-Sep-90 15700.0  my/<3 15500.000 m3/K9 98.73
28-$20-90 15700.0  mysKg 148C0.C00 ma/kg 94.27
28-Sep-50 10.0 mg/L 8.550 mg/t 85.50
03-0ct-90 15700.0 mg/L 11900.000 ma/L 75.80
03-0ct-90 10.0 mgiL 10,150 mg/L 101.00
Nurper of Saroles = 51 Mean % Recovery = $7.9 CY (X) = 4.3

Method: [CP detals by SWO10
Matrix: TREATED
Analyte: Lend

Type of Control Samole: Calioration Control Sarple.

04 -Se0~ 90 5.000 mg/L 4.950 mg/L 99.00
04 - Sep-90 5.0C0 my/L 4.920 mg/L ¢8.40
04 -Sep-90 §.000 g/t 5.090 mg/L 101.89
04 - Sep-90 10.0 mg/L 9.950 mg/L $9.90
19-Sep- 90 5.000 mast 5.430 my/L 109.60
19-Sep-920 10.0 my/L 9.990 my/L 99.90
19-Sen-50 5.060 most §.410 my/L 108.20
19-Sen-90 5.000 mesy 5.490 mg/L 109.89
19-Sen-90 5.000 wmgst $.310 my/L 164.20
19-Sap-90 5.000 my/t 5.490 my/t 109.80
19-Sep-90Q $.050 my/i 5.253 my/L 107.22
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Table F4 (Continued;
2N TTRTEILIAT AEXE z ‘:sggzggg‘”!lﬁ’:B!St!tlt‘l:!!.1825!&"!’!
Troe Det Measured %

Oate Value Flag Veive R2covery
Metnod: 1CP Metals by SW6010
Matsix: TREATED
Ana.yte: Lead
Type of Control Samie: Calibration Control Samie. contirued
15 -Sep-90 5.000 s/l 5,330 mg/L 107.60
19-Sep-90 . . 10,0 my/L 9.950 my/L 59.50
28-560-90 10.0 my/Kg 10.100 mg/K9 101.00
25-500-90 $.000 mg/L 5.450 mg/L 109.00
26-5€3-90 5.000 mo/L 5,290 mg/L 105.80
25-5ep-50 5.000 mq/L $.440 mg/L 108.20
25-560-50 £.000 mg/t 5,480 mg/L 109.20
28-Sep-90 5.000 mg/L 5.100 mg/t 102.00
25-5e0-90 $.000 mg/L 5,310 mysl 106.20
28-Sep-90 5.000 mg/t £.990 mg/l 99.20
01-0ct-50 5,000 mg/t 4.820 my/L 96.40
01-0ct-90 5.000 mg/t 4,760 mg/t 94.80
01-0ct-90 5.000 mo/t 4,820 mg/t 96.40
01-0Dct-90 10.0 mg/L 10,100 mg/L 101.00
03-0ct-90 5.000 my/L 4.720 mg/t 94,40
03-0ct-50 5.000 mg/L 4.450 mg/t 93.00
03-0ct-90 5.000 mg/L 4. 770 my/L 95.40
03-0ct-90 ) 10.0 mg/L 9.930 mg/l 99.33
03-0ct-90 5.000 mg/L 4,750 mg/L 95.40
03-0ct-90 5,500 mg/L 4,750 m/L 95.00
03-0ct-90 5.000 mg/L 4.710 mg/L 94.20 '
G3-0ce-50 10.0 mg/L 10.000 my/L 100.00
03-0c2-90 $.000 mg/L 4,720 mg/ 94.40
03-0ct-90 10.0 mg/L 9.730 myg/t 97.50
03-0ct-50 $.000 mast 5.170 mo/t 103.40
03-0ct-90 5.000 mg/L 5.080 mg/l 101.40
03-0ct-90 $.000 mgsL 5,150 mg/t 103.00
0h-0ct-90 10.0 mg/L $.890 =g/l .
Okb-0ct-90 5.000 mgsL $.340 m/ 104.30
04-0ct-50 £.007 mg/L 5,490 mg/L 109.20
04-0ct-90 5.000 mg/L 5.200 mg/L 104 .00
Type of Contr.' Samole: Laboratory Controt Sarole.
26-Se0-90 1.0C0 mg/L 0.908 mg/t 90.80
24-Se0- 90 117.0 m/xg 116,000 mg/Xg $9.15
25-5e0-90 1.000 mg/L 0.873 m/\ 87.30
28-Se0-90 17.0 my/xg 168,000 mq/%g 92.31

ltl:::l!!nl:xal-::1!::::::1:::1!’::::::1!l2::3:1:!:si:x-:n:lx!iat‘xli::1::t-:xsl--ry::snx:ltn:txnnl:ltll:tt\
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Table F4 /Continued)

True Det Measured X

Date Value Flag Vvalue Reccovery
Method: [CP Natsls by SU&CI0
Matrix: TREATED
Analyte: Lead
Type of Cuntrol Semle: Lidoratory Control Samcie. contimued
03-0ct-90 117.0 m/t 123,200 mg/L 105.13
03-0ct-90 1.000 s/t 1.053 mg/L 105.C0
03-0ct-90 0.500 ma/t 0.477 =g/t 95.40

Nurcer of Sargles = 4§ #ean % Recovery *+ 101.0 LY (%) = 5.7

Method: [CP Metals by SwS010
Matrix: TREATED
Analyte: Mickel
Type of Control Sanple: Calibration Conmerat Sample.
04-S¢0-90 $.000 mg/L 4,930 mg/\ 98.60
04-560-90 5.000 mg/L 5.040 ag/L 100.80
04-Sep-90 10.0 mg/L 10.100 mg/L 100.00
04-Sen-90 $.000 =g/t 4.950 mg/L 99.00
19-Sep-90 5.060 mgsL 5.270 mg/L 105.40
19-Sep-90 10.0 mystL 10.000 mg/L 100.00
19-Sen-%0 5.000 mgsL 5.350 mg/L 197.C0
19-Sen-90 5.000 msL $.330 my/L 106.40
19-Cep-90 5.300 mg/t 5.430 mg/L 108.42
19-Sep-50 5.000 ma/L 5.430 mg/L 103.60
19-5ep-90 10.0 mg/L 10.000 mg/L 166.00
19-Sen- 50 3.000 mgsL 5.330 mg/L 107.40
19-Sep-90 5.000 mgsL 5.350 my/L 107.00
26-Se0-90 5.000 wg/L 5.440 myst 108.80
26-Sep-90 5.000 wmgsy $.410 my/L 108.20
26-Se0-90 5.000 mqst $.430 w/t 108.50
26-5Se0~90 10.0 mg/L 10.200 mg/t 102.00
26-Sep-50 2.000 mgsL $.340 mgsL 1046.80
25-Sep-9C 5.000 mgsL 5.680 mg/L 109.20
28-5en-90 S.GC0 gL 4.370 my/1 97.40
28-5e0-90 10.0 mg/sL 9.9%0 my/1 $9.80
28-5e0-50 5.000 mgsL $.170 mg/t 103.40
28-5e0-90 5.C00 mgsL $.150 mg/t 103.c0
01-0c2-%0 10.0 wmy/L 9.750 my/L 97.40
01-Cct-90 5.000 mase 4.750 mgs\ 95.00
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Table Fé4 (Continued)

Txmwran ax ERERIATITEAXT TR T A ERRRUUTULN
True Det  Measured X
Cate Vaive flag value Recovery

Method: 1CP Metals by SWwé010

Ratrix: TREATED

Analyte: Wickel

Type of Control Saole: Calibration Control Samole. continued

01-0ct-90 5,000 mg/L 4,700 mg/l 94.00
C1-0ct-90 . $.C00 mg/L 4,740 mg/t 94.30
03-0c2-59 5.000 mg/L 4,830 mg/L 96.60
03-0ct-50 5.000 mg/L 4.810 my/L 96.20
03-Get-90 10.0 mg/L 9.890 mg/t 98.90
03-0ct-90 5.000 mg/L 4,850 mg/L 97.20
03-Gct-90 $.000 mg/L 4,850 my/L 97.00
03-0c2-90 5.600 mg/L 4.800 mp/t $6.00
03-0ct-90 5.000 mg/L 4.760 m/L 95.20
03-0¢ct-90 10.0 mgsL 10.000 mg/iL 100.00
04-0ct-99 ‘ 5.000 mg/L 5,450 my/L 109.20
04-Oct-90 $.000 mesL 5.270 me/L 105.40
04-0ct-90 $.000 mg/L 5.200 mg/L 104.00
04-0cz-90 10.0 mg/L 9.230 mg/L 98.30

Type or Control Saroie: Laboratery Control Samole.

26-Sep-90 1.000 mg/L 0.927 mg/L 92.70
26-Sep-90 225.0 mo/x3 194.00Q mg/Ky £4.22
28-Sep-9C 1.000 mg/t 0.850 mg/! 85.00
28350090 225.0 mg/Xg 170.1C0 mg/kg 75.56
01-0ct-90 0.300 mg/L 0.487 mg/L 97.54
03-0zt-90 225.0 my/L 214,000 my/L 56.00
03-Oct-90 1.000 mg/L 1.020 mg/L 102.00
Numer 0f Samoiles « 44 Wepnt X Recovery = 100.1 CY (%) » 6.9
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Table F& (Continued)
PP ZTTaERER xw - habtabd
True Det Messured %
Date Vaiue Flag Velue Recovery
Method: I1CP Metals by SW4Q10
Matrix: TREATED
E Analyte: Silver
Type of Control Sarcle: Calibration Contral Sarole.
04-Sep-90 10.0 me/L £.950 mg/L 90.50
04-Sep-90 $.000 mg/L $.000 mg/L 100.090
. 04-Sep-90 5.000 mg/L $.110 mg/L 102.20
04 - Seo-90 5.000 mg/t 4.910 mg/L ¢8.20
03-0ct-90 5,000 mg/t 4,820 mg/t 96.40
03-0ct-90 5.000 mo/L 4£.840 mg/L 96.80
03-0ct-90 10.0 mg/L 9.790 mg/t 97.90
03-0ct-90 $.000 mg/L 4.740 mg/1 94.80
03-0ct-%0 5.000 mg/L 4,740 my/sL 94.80
Type of Control Szmple: Laboratory Control Sample.
03-0ct-%0 1.000 woq/L 0.997 mg/L $9.70
¥utoer of Seroles s 10 Mean X Recuvery =  §8.0 oV (X) = 2.4
TIRTTECARAN R IAEAT AT RN AN SRS R RN A RU A TTCENE RN ANERN hnbakd
Method: pH by SWOO4S
Matrix: TREATED
Aratyte: pH
Type of Control Sarple: Calibration Control Samole.
192500 7.000 pM units 7.099 pH units 101,41
19-%ep-90 7.000 pH units 7.093 pi units  101.33
19-Sep-90 7.000 put units 7.003 pit units 100,04
Hurder of Sarpies » 3 Mesn X Recovery = 100.9 CV (X) = .0
SEESY YN SN U E NN T ENE RSN TN T R Y N N N N N R N I Y I R S AN AT NN R AN SN AN ENONUNNS - - ==u
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Yable F4 (Contirwed)

True Det  Measured b

Date Yalue Flag Value Recovery

wethod: Selenium by AA (E270.2)
Metrix: Solid
Anatyte: Stlenium

Type of Control Samole: cativration Control Sampls,

27-40g3-90 . 0.050 mg/L 0.048 my/L 96.00
T-43-90 0.050 mg/L 0.050 mg/L 100.00
05-520-90 : 0.050 mg/L 0.047 my/L 94.00
05-Sep-90 0.050 mg/L 0,047 my/t. %4.00
05-5¢p-90 0.050 mg/L 0.050 mg/t 100.00
Numoer of Saroles * 5 Mean X Recovery = 56.8 e (X) = 3.1

Method: Selenium by AA (E270.2)
Matrix: TREATED
Analyte: Selenium

Type of Control Sample: Calibration Control Sacle.

05+Sep-50 0.050 mg/L 0.047 mg/L %.00
05-Sep-90 0.050 my/L 0.047 mQ/L 94.00
05-Sen-50 ' 0.050 mgsL 0.050 wg/L 106.00
16-0ct-99 0.050 mg/L 0.047 m/l 94.20
16-0¢2-90 0.050 mg/L 0.051 myst 101.40

Type of Contral Sample: Lavorstory Control Samole.

146-0ct-90 0.050 mg/L 0.0:2 mgst £3.60
Number of Samoles =2 6 Mesn % Recovery = 4.5 oV (X) = 6.6
]m'.lI“'II'.IX“"!".I'!(I’I!II’II ZETEAXES TR TR YNTANARES - REARCXAR -u--,x-----Ill'l'.'.l’!‘-ll
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Table F4 (Continued)

True Det  Meesured X

Date Value Flag Value Recovery
Method: Chrome VI by SW7198
Metrix: Solid
Anslyte: Chromium V1
Type of Control Sample: Calibratien Control Sample.
06-Jut -90 0.500 mg/L 0.450 mg/L 98.00
22-Jul-90 0.300 mg/t 0.360 mg/L 100.00
26-Jul-90 0.400 mg/L 0.390 mg/L 97.50
26-J4ut-90 0.400 mg/L 0.400 mg/L 100.00
Type ot Control Sample: Laboratary Controtl Sarole.
15-May-50 0.300 mg/L 0.322 my/L 107.33
15-Nay-90 0.300 my/L 0.312 mg/L 106.67
15-Hay-50 0.300 mg/L 0.320 mg/L 104.67
14-May-90 0.800 mg/L 0.786 mg/L 98.25
16-May-50 0.800 mg/L 0.793 mg/L 99.13
16-May-90 0.300 wmg/L 0.287 mg/L 95.87
16-May-90 0.300 mg/L 0.289 my/L 95.33
16-May-90 0.300 wgsL 0.289 mg/L 9,33
16-Ray-90 0.30¢ mg/L 0.278 my/L 92.67
16-May-90 0.300 my/L 0.252 my/L 97.33
16-may-90 0.300 mg/L 0.28%% mg/L 94.67
16-Hay-90 0.360 my/L 0.300 mg/L 100.00
14-Ray-90 0.200 mg/L 0.200 mg/L 100.00
17-May-90 0.300 mgsL 0.299 mg/t 6.67
17-mey-90 0.200 mg/L 0.190 mg/L 95.00
17-May-90 0.300 wmg/L 0.290 my/t 94,47
17-May-59 0.300 mg/L 0.301 mo/t 96.67
17-May-90 0.300 mg/L 0.290 my/L 96.67
17-May-90 0.300 wmy/L 0.290 my/t 08,67
17-Hay-50Q G.300 mgsL 0.290 mg/tL 96.47
17-May-90 0.330 wmg/L 0.290 mg/L 96.87
18-Mey- 90 0.300 my/L 0.29% mg/L 9C.47
18-may-90 0.300 my/L 0.292 mg/L 97.33
18-Mey-90 0.300 mg/L 0.28 ag/L ©5.33
18-Hey-90 0.300 mg/L 0.28 my/L $5.33
12-May~90 0.300 mg/t 0.292 m/L 97.33
18-May-90 0.300 mysL 0.294 mg/L §8.00

Huroer of Saroles o 31 Mezn I Recovery = 98,1 eV (%) = 3.4
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Table F§ (Continued)

True Measured

Date value Yalue Recovery
Mathod: Chrome VI by SW7194
Matrix: Solid
Analyte: Chromium VI
Type of Control Sample: Laboratory Control Swole. contirued
Method: Chreme VI by SU7194
Matrix: TREATED
Ansiyte: Chromium Vi
Type of Controt Sample: Calibration Control Sample.
3-Aug-50 0.500 mg/L 0.511 mg/L 102.20
3-Aug-90 0.500 mg/L 0.512 mg/L 102.40
23-Aug-50 0.500 mg/L 0.485 mgsL 97.00
L3-Aug-50 0.500 mgsL 0.493 my/L 99.60
10-Sep~90 0.500 mg/L 0.503 ma/L 100,60
10-Sep-90 0.500 mg/L 0.500 mg/L 100.06
11-Sep-90 0.800 myst 0.840 mg/L 105.00
11-Sep-90 0.300 my/L 0.820 m/L 102.50
11-Sep-90 0.300 mg/L 0.800 mg/L 100.00
12-Sep-90 0.800 mg/L 0.830 mg/L 103.75
12-Sep-90 0.200 mg/L 0.210 mg/L 105.00
12-Sep-90 0.200 mg/L 0.840 mg/L 101.25
12-Sep-90 0.300 mg/L 0.840 mg/) 105.00
13-Sep-90 0.550 mg/L 0.519 my/L 103.20
13-Sep-90 0.700 my/L 0.520 my/L 164,00
13-5e0-50 0.500 wmysL 0.523 my/L 104,450
19-Sep-90 0.500 wy/L 0.495 mg/L 59,00
19-3ep-50 0.5%0 mg/t .45 rg/0 99.20
19-Sep-90 0.500 mg/sL 0.497 my/1 99.40
20-Sep-90 0.200 my/L 0.820 mg/\ 102,50
20-Sep~90 0.200 wmg/L 0.200 mg/1 100,00
25-Sep~90 0.500 my/i 0.506 mg/i 101,10
29-Sep-90 0.500 mg/L 0.507 mg/t 121,38
25-Sep-90 0.500 mgsL 0.508 my/L 101,82
27-Sep-90 0.500 mgsL Q0.510 mysi 102,04
27T-Sep-90 0.300 mg/L 0.510 mg/t 102.04
27-Se0-90 0.500 my,L 0.517 m/1 103,46
27-Se0-%0 0.500 mg/1L 0.510 mgst 102.04
27-Sen-90 0.500 mg/t 0.519 mg/t 103.84
29-Sep-9¢ 0.500 my/L 0.528 mg/L 105.60

!!l-l----mnl::n-n'.':na-a--'---a:-xlnzlt:lts:lni-l'2-tl-la:st--:n---a-::--:n-xn-x:u-lnn:tttntul!'tﬂl!-"-

(Continued)

F&0

4-{,:’@3 pigitend 3

YTy

Ry

et

7

§ s g i

Y

" e




L T T e

Table F4 (Continued)

XxXx AEATVTYZARTRREY EEEISENR
True Det Messured %
Date Value Flag Value - Recovery

Method: Chrome VI by SW719%

Metrix: TREATZD

Analyte: Chromiua Vi

Type of Control Sample: Calibration Control Sampte. continued

29-Sep-90 0.500 mg/L 0.525 my/L 105.¢0 -
Nuroer of Swtizs = 31 Megn % Recovery =  102.1 v ()= 2.1 1
Exax 2IEIIIATITINSTALIT T LXAENAEE. sazamy ARRALLTER
Method: Sulfate by IC (E300.0)
Matrix: Solid
Analyte: Sulfate
Type of Control Saxrple: Calibration Control Samle.
10~ Jul -0 40.0 mg/t 38,940 mg/L 97.335
10-Jul-%0 40.0 my/L 39,040 my/L 97.60
14-Sep-90 40.0 mg/t 39.890 mg/L 99.73
14-Sep-X) L0.0 mg/L 38.820 mg/L 97.05
14-Sep-90 49.0 mg/L 38.720 mg/L 96.80
Numoer of Samples = S Mesn X Recovery = 97.7 oV (%) = 1.2

EREAI T TR TEEEERTENXERATTIRNY -
Method: Sulfate by IC (£300.0)
Matrix: TREATED
Aralyte: Sulfate
Type of Contral Sarple: Calibration Control Sample.
14-Sep-90 43.0 mqy/L 38.320 mg/L $7.08
14-Sep-90 0.0 ag/L 39.290 mg/L .73
14-Sep-90 40.0 ng/L 38.720 my/L ©4.80
14-Sep-50 40,0 my/L 38.820 mg/L 97.0%
14-Sen~70 40.0 mq/L 38,720 my/t .80
14-Sep-90 40.0 egsL 38,720 my/L %, 80
14-Sep-90 40.0 mg/L 318.320 my/L 97.05
14-Sep-90 40,0 Mgy 19.290 mg/L $9.73
28-Sep-70 40.0 rmp/t 40.010 =g/ 100.03
28-Sep-90 20.0 mysL 12,950 mg/L §4.90
ARSI NSNS P RN YN R SN AN U I A R I A A S TN I AN R AT AR NR AN IS T ANEXTBIXTSE EAXARINER
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Table F4 (Concluded)

True et  Measured 3
Date Value Flag Velue Recovery
Methodd: Sulfate by [C (E300.0)
Matrixs TREATED
Analyte: Sulfate
Type of Control Sarcle: Calibration Control Somple. contirued
28-5ep-50 40.0 ma/L 40.370 mg/L 100.93
03-0ct-50 40.0 wg/t 37.670 mg/L 94.18
03-0ct-90 48,0 mg/L 37,626 mg/L 9.06
03-0ct-90 40.0 mg/L 37.469 mg/t 93.67
03-0ct-50 40.0 mg/sL 38.302 mg/t 95.76
Murcer of Saroles * 15 ¥esn X Recovery = §7.0 V(s 24
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Teble 6

Detailed Listing of Matrix Soike Results Frontier Hard Chrome

%

ZETXXTTXTUTRATY

Spiked
Sample Sampte Spike X
Date Lab 10 Llab fraction Flag Result Resutt Added Recovery
Method: Arsenic by AA (E206.2)
Metrix: Solid Submetrix: T
Spiked Anslyte: Arsenic
Type of Spike = Predigestion Matrix Spike.
27-Aug-90 5008041 00 0.00 mg/L 0.048 mg/L 0.050 mg/L 96.00
Total Mumoer of Spikes = 1 Below acceptarce s O
Nurber of Samples Used For Statistics » 1 Above sccaptarce = 0
Meon X Recovery = 9% Within sccentance = 1
Starddard Deviation = Acceptance Criteria  75.C0 - 125.00
Method: Arsenic by AA (E206.2)
Matrix: TREATED Submatrix: K/A
Spiked Analyte: Arsenic
Type of Spike = Method Spike (Into Blank),
04-Sep-90 90082C4 1 0.00 m3/Xg 0.044 mg/Kg 0.050 mg/Kg 92.00
06-Sep-90 $00R204 0 0.00 m3/Xg 0.0486 mg/Xg 0.050 mg/Xa 92.00
Total Mumoer of Spikes = 2 Below acceptarce = 0
uumer of Saroles Used For Statistics = 2 Above scceptance = 0
Mean X Recovery = 92 Vithin scceptarce = 2
Standard Deviation w .00 Acea tarce Criteria  75.00 - 125.00
SEVTEEAXARIXTAEYE ANWERERER s RETEEW *RRRNN £ 3 b+
Method: Chioride by [C (E300.0)
Matrix: Sotid Sutmatrix: N/A
Spiked Analyte: Chloride
Type of Spike = matrix spika,
09-Jul-90 007340 038 143.0 my/Xg 1213.7 my/Kkg 1273.9 mg/Xg 8.05
09-Jut-90 9007040 O0IC 143.0 m/Kg 1198.7 mg/Kg 1273.9 mysxg 22.88
14-Sep-90 90CA282 068 268.4 my/xg 26487.0 my/xg 3500.0 masxg 89.67
16-Sep-90 008252 0&C 248,46 mg/Kg 2848.5 mg/xKg 3500.G  my/Kg 74.88
Totst Nurer af Spthes » & delow acceptance 2 2
Nuoer of Sarples Used Sor Statistics = 4 Above scceptarce = Q
R A TSN TR IRV NE R R S YN RN T X I I R Y R S N S P I I T N R I IR I N R Y P AR TN 2 I R IR NS TR RN W NI TR AN LA AN AR NN Y
Statistics calculated only for seroles with 3 velid recovery NC: Not Calculable
{Continued)
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Table F6 (Continued)

RETTTAXEXTTANTEE

Date Lab 10 Lab Fraction

Soiked
Sarole Sarole
Flag Result Result

Spike X
Added Recovery

Method: Chloride by 1€ (E300.0)
Matrix: Solid Submatrix: N/A

Araiyte: Chloride

Type of Spike: matrix spike. continued

Mesn % Recovery = 7
Standard Deviation = 4.81

Methed: Chlorice by IC (£300.0)
Matrix: TREATED Submatrix: N/A
Spiked Analyte: Chlcrice

Type of Spike = matrix spike.

14-Sep-90 9008399 07A
14-Sep-90 9008399 084
14-Sep-90 9008204 03A
14-Sep-90 9008204 02
03-0ct-90 9009103 0&A
03-0ct-90 9009103 C4&a

vithin acceptance = 2
Acceptance Criteris

80.00 - 120.00

Total Nuer L} Spikes = &

Nunber of Sanples Used for Statistics = 6 Above ascceptance s 0

Mean X Recovery = 97
Stardard Oeviation = 4.93

AR R T AN A N Y A I T AN TS AL AN NN _ ENNS IR IS TS AN YRIAINAIRS

Method: Mercury by Cold Yapor AA (E245.1)
Matrix: TREATED Submatrix: N/A

Spiked Anslyte: Mercury

Type of Spike = Method Spike (Into Blank).

0h-Sep-90 9008204

262.8 mg/xg 2644.0 my/xg 2831.6 my/xXg 90.56
262.8 mg/Kg 2783.2 mysK§ 2531.6 my/Kg 95.77
296.0 mg/Kg 2720.0 my/xg 2500.0 mg/xg 96,94
296.0 mg/Kg 2650.0 my/x5 2500.0 mg/Xg 94.14
3478.4 my/Kg 9044.8 my/KQ $2868.86 mg/Kg 101,84
3478.4 mg/Xg 9152.3 mg/X3 $268.46 my/Xg 103.90
felow scceptance = Q
Within scceptarce = & ,
Acceptance Criteria 80,00 - 120.00
0.500 mg/xy 97.58

0.0C mg/xq 0,638 mgy/tg

Total Number of Spikes = 9

Nunber of Samples Used For Statistics = 9

Mean X Recovery = 97
Standard Devigtion =

A N N AN AR NN RN RSN I RN IS N I NI I N N N A T Y R RN TN A I NN N AR N A AR PR AN NP AN U AR INARR S I ATNARA T ENE

NN AV A A N YN T A R AN AN I NS D N AT I R P N N RS TN NS N I NN N N A RSN NN I N TSN E TN AR R AN R AN R ZA TR DR

Gelow scceptance * 0
Above scceptarce « Q
Vithin acceptance = 1
Acceptance Criter:s

Statistics calculated onty for samoles with 8 valid recovery.nG: Not Calcutchble

B2 B O e

(Contirued)
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Table £6 (Continued)

Spiked
Sarole sample Spike z
vate Lab 1D Lab Fraction flag Result Result Added Recovery
Metnod: [CP Metals by 5Swo010
Matrix: MW EP LEACHATE Sutmatrix: N/A
Spiked Anslyte: Chromium
Type of Spike = Method $pike (Intc 8lank).
12-Jul-90 SO07C47 00 0.00 my/L 0.212 my/n 0.200 mg/t 106.00
Type of Spike s matrix spike.
01-Jun-90 SO05159 45A 0.00 mg/L 0.200 mg/L 0.200 mgsL 1c0.co
01-Jun-90 S005159 450 0.00 mort 0.200 mg/L 0.200 mg/t 109.00
18-Jun-90 5005189 11a 1,100 =g/t 1.300 my/L 0.200 mg/L 100.00
18-4un-90 SO05189 104 1.100 mg/L 1.330 my/L 0.200 mg/L 115.00
Total Numoer of Spikes = 5 Gelov escwptance = O
Nurber of Samoles Used For Statiscics = § Above scceptance = 0
Mean % Recovery s 104 Within acceptarncs = §
Starncard Deviation = 6.57 Acceotance Criteria 75,00 - 125.00
Method: ICP Metals by SWd010
Matrix: MW EP LEACMATE Sutmatrix: /A
Spiked Analyte: [rom
Type of Spike » Method Spike (Into Blenk),
12-Jul-90 s007C47 00 0.00 mg/L 1.040 mg/L 1.000 mg/L 104.00
Type of Spike 3 matrix spike.
01-4un-90  SCO5159 454 0.450 my/L 1.500 mg/L 1,000 mg/L 118.00
01-Jun-90 $005159 45D 0.400 mg/L 1.4C0 mq/\ 1.000 mast 100.00
18-Jun-90  S005129 10 0.230 mg/L 1.110 mg/L 1.000 mg/L 23.00
18- jui-90 3005189 t1a 0.230 mg/L 1.500 mg/t 1.000 mg/L 127.00
12-Jul-90 SOO70L7  22a 0.059 mgsL 1.120 mg/t 1.000 mg/L 104,10
12-4ul-90 SOO7CL7 22D 0.059 my/L 1,200 my/L 1.000 mg/L 114,10 k
Total Nurcer of Spikes = 7 Below scceptance » 0 ‘
Kurber of Sarvles Used For Statistics » 7 ADove scceptarce = | :3
Nean X Recovery = 107 Within ascceptamce = &
Starciardg Deviation = 12,10 Acceotance Criteris  75.00 - 125.00

12T I AN AN AN NI NS IR TN Y A I R T N IR Y XA I R AT S N N T NN AT A S NS Y NN IR UR AN ISR AN UNNARN TS AN RS R T DYDY

Statistics calculated onty for samotes with 8 valid recovery wC: Not Caleuladle
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Table F6 (Centinued)

xS

Spiked
Saple Sample Spike z

Date Lab 1D Lab Fraction Flag Result Resull Added Recavery
nethod: [CP Metals by 5uws010
Matrix: MJ EP LEACHATE Submatrix: M/A
Spiked Analyte: Lesd
Type of Spike = matrix spike.
01-Jun-90 SC0S1S9 450 0.00 mg/L 0.500 m/L 0.500 mg/t 100.00
01-Jun-90 5005159 4&5A 0.00 mg/L 0.500 mgst 0.500 mg/L 100.00 P
18-Jun-%0 SC05189 104 X0 0.042 my/L 0.510 mg/L 0.500 mg/L. 97.20
18-Jun-90 5005139 11A %0 0.042 mg/L 0.490 mg/L 0.500 mg/L 93.30

Total Nuroer of Spikes » & Below sccestance » O

Murper of Samples Used For Statistics x & Above scceptarnce » O

Mesn % Recovery s 97 Within acceotance = 4 2

Starciard Deviation » 2.92 Acceptance Criteria  75.00 - 125.00 3
Method: ICP Metals by SW&O10 f
Matrix: WW EP LEACHATE Sutmatrix: N/A Yo
Spiked Analyte: Mickel =
Type of Spike » metrix spika.
01-Jun-90  SCOS1SP 45 ' 0.00 mast 0.500 masL 0.500 my/t 100.00 ¥
01-Jun-90 S0JS159 450 0.00 g/t 0.500 m/L 0.500 my/L 100.00
18-Jun-90  SOCS189 112 ) 0.015 mg/t 0.500 v/ 0.500 mg/L - 98.50
18-Jun-90 S0CS129 10A NO 0.015 mg/L 0.510 my/L 0.500 mgsL 100.50

Total Nuper of Spikes = & Below scceptarce = 0

Nurber of Samples uUsed for Statistics = 4 Above acceptence * 3

Meon % Recovery s fed within sceeptance = &

Stancerd Devistion = R Acceptance Criterie  75.00 - 125.00

AN AN AN TS N NN R N RS I AN T TN R A AN I TN It I T NN T R N N I I NN AN SN I RSN I PR A ST IR AN NAAANATULAARAXR IR RNCAL LAY

Statistics calculated only for sarcles with 2 valid recovery wC: Not Calculadle
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Table F& (Continrued)

Spiked
Sarple Saplie spike z
Date Lab ID Lab Fraction Flag Result Resutt Ackded Recovery
Method: [CP Metsls by SW5010
Matrix: Solid Sibmetrix: T
Spiked Analyte: Barium
Type of Spike » Method Spike (Inte Blank).
27-Au3-90 9008041 00 0.00 my/L 0.959 mg/L 1.000 mg/L 95.90
Total wurcer of Spikes = 1 Selow acceptance = 0
Nurber of Saroles Used For 3tatistics = ) Above scceptance = O
Hesn X Recovery = 95 Vithin acceptance = |
Stancard Deviation = Acceptance Criteris 75,00 -~ 125.00
Method: 1CP Metals by SW&010Q
Matrix: Sotid Suwatrix: T
Spiked Ansliyte: Cacmium
Type of Spike = Method Spike (Into 8lank).
27-Aug-90 90L04Y GO 0.00 mg/L 0.929 mg/L 1.000 mg/L 92.90
Total Wuroer of Spites = Balow acceptance = 0
Hurber of Saoles Used For Statisticg = Above scceptance = 0
Hean X Recovery = 92 Within acceptamce » 1
Stardard Deviation = Acceptance Criteria 75,00 - 125.00
Method: 1CP Metals by 5WE010
Matrix: Solid Sulmaetrix: T
Spiked Anatyte: Chremium
Type of Spike » Mothed Spike (Into Slank),
27-Aug-90  900804% GO 0.00 mg/L 0.949 mo/L 1.000 mgsL 9+.90
04-0ct-90 9008252 00 0.00 mg/L 1.010 mg/L 1.000 mgsy 101.00
08-0ct-90 9008262 00 0.00 mg/L 0.995 mg/L 1.000 mgsL §9.50
Type of Spike » matrix spike.
25-Jut-90 9007040 224 0.391 m/L 1.370 my/L 1.000 mgrL 97.90
25-Jul-90 9007040 228 0.391 mg/t 1.370 my/L 1.000 mqsy 97.50
25-Jul-90 9007040 194 0.081 mg/L 1.040 mg/L 1.000 mgyy 95.90

AN AT RIS AR ARSI SRS TR RGN R X N T X Yy NI N Y N TRy AT L A RN Y TN AN IR SRR E NI AR ETE INEREBARIAG

Statistics calculated only for saroles with a valid recovery.uC: Not Calculable
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Table F6 (Continued)

TEINEENNIARTENANTIY NS LT RTRS

EEERTEREN

Spiked
Sarole Samole Spike x

Date Lab 1D Lab Fraction Flag Result Result Added Recovery
Method: ICP Metals by SH&Q10
Matrix: Solid Sutmetrix: T
Analyte: Chromium
Type of Spike: matrix spike. continued
26-Jul-90 9007040 198 0.08% mg/L 1.050 my/L 1.00C mg/L 96.90

Total Numer of Spikas = 7 Below acceptarce = G

Nunber of Saroles Used fFer Statistics = 7 Above acceptarce = 0

Mean X Recovery = 97 Within acceotance = 7

Standard Deviation = 2.07 Acceptance Criteris 75,00 - 125.00
Method: (CP Metals by Sus010
Matrix: Solid Submetrix: T
Spiked Analyte: Iron
Type of Spike = Method Spike (Into Blank).
03-0ct-90 §008262 00 0.00 mg/L 9.810 my/L 10.0 mg/L 98.10
09-02t-90 9008242 00 0.00 =g/t 9.930 mg/L 10.0 mg/L $9.30
Type of Spike = matrix spike.
25-Jul-90 9007040 198 3.920 my/L 13.4 mg/L 10.0 mg/L 94,89
25-Jul-90 900740 194 3.920 m/L 13.6 mg/L 10.¢ mg/L 96.80
25-Jul-90 $007040 224 0.153 mg/L 10.2 mg/L 10.0 mg/L 100.47
25-Jul-90 9007040 228 0.153 my/t 10.1 mg/L 10.0 mg/L 9.47

Total Mumper of Spikas = §

Nurber of Samoles Used For Statistics = &

58
2.07

Kesn X Rrcovery =
Stendard Deviation »

R N S N NS O N N A N AN A T I N R N I Y N I I NN I AR R I PR N Y T T LTI T ISR TN NI NI~ RS TN RN ERT

Selow acceptance = 0
Above scceptence s
Within acceptance = §
Acceptance Criteria

Statistics caiculated only fer semoles with a valid recovery XC: Not Calculable
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Table F6 (Continued)
TRXRN =% 23T
Spiked
Sample Sarole Spike k4

Date Lab 1D Lab Fraction Flag Result Result Added Recavery
Method: [CP Metals by SWSD10
Metrix: Solid Submatrix: T
Soiked Anatyte: Lesd
Type of Spike = Method Spike (Inco 8lank),
27-40g-90 9008341 GO 0.00 mg/L 0.961 mg/L 1.000 mg/L 96.10
04-0ct-90 9008282 00 0.00 mg/L 0.991 mg/L 1.000 mg/L $9.10
08-0ct-90 9008252 00 0.00 mg/L 0.978 ma/L 1.000 mg/L 97.80
Type cf Spike = matrix spike.
25-Jul-90 9007040 224 ] 0.050 mg/L 0.948 mg/L 1.000 my/t 92.30
25-4ul-90 9007C40 228 x0 0.050 mg/L 0.968 mgsL 1.000 mg/L 94.30
26-Jul-90 9007040 19A %0 6.100 mg/L 0.937 mysL 1.000 mg/t 83.70
26~3ul-90 9007040 198 1] 0.100 mg/L 0.949 mg/L 1.000 mg/L 89.50

Total Numper of Spikes = 7 Below acaeptance = 0

Kurtxer of Samples Used For Statistics = 7 Above acceptamce » 0

Mesn % Recovery s 94 Within acceptance = 7

Standarg Daviation » 3.93 Acceptarce Criteria 75,00 - 125.00
Method: ICP Metals by SW&10
Matrix: Solid Submatrix: 7
Spiked Analyte: Xickel
Type of Spike = Method Spike (Into Blank:.
04-0ct-90 9008242 0O 0.00 my/L 1.000 mgyL 1.000 mgsL 100.00
08-0ct-90 9003282 00 0.00 mgsy 1.020 mg/L 1.000 mgsL 102.00
Type of Spike = matrix spike.
25-Jul-90 9007040 228 ND 0.020 mg/L 0.971 mysL 1.0C0 mgsL 96.10
25-Jut-%0 9007040 22a L] 0.020 mg/L 0.968 mg/L 1.906 mqg/L 95.80
26-Jul-20 S007OLE  19A 0.165 mg/L 1.100 mgst 1.000 mgsy 93,40
268-1ul-90 9007040 198 0.166 g/t 1.130 my/L 1.000 mgst 96,40

Total Nuroer of Spikes x 6 8elow accentance @ 0

Nuroer of Samoles Used For Statistics = 6 Above sccettance = O

Mean % Recovery = 97 Within accep: ance 3-4
!tnut:!ax::sxz:x---::g-xzxx:z:::::x!=x=:===x===2==x::::xg:::xl::x:x:x:!::::x:l:xy:-xxza:z:::::::::::lnt:l:l:zx:zx::u.:
Statistics calcutated only for samoles with a valid feccvery NC: Not Caleulable

{Continued)
F76




e A st B b e

Fie

Table F& (Continued)

AR ARIRAITRZAXWRATINERLRNR XSRS XN

Spiked
Sarple saole Spike %

Date Lab I0 Lab Fraction Flag Resul: Result Added Recovery
Method: [CP Metals by SW&010
Matrix: Solid Submatrix: T
Analyte: Nickel
Type of Spike: matrix spike. continued

Stardard Deviation = 3.13 Acceptance Criteria  75.00 - 125.0C
Method: [CP Metals by 3$W6010
Matrix: Solid Sutmatrix: T
Spiked Analyte: Silver
Type of Spike = Method Spike (Into 8lank).
27-Aug-S0 9008041 00 0.00 mg/L 0,910 mg/L 1.000 mg/tL 91.00

Total Nurtser of Spikes = 1§ Below acceptance = Q

Nurber of Samples Used for Statistics = Above acceptance = 0

Mesn X Recovery = Mithin accentance = 1

Stancard Deviation = Acceptance Criteris  75.00 - 125.00
Method: 1CP Metais by SWS010
Matr-ix: Solid Submatrix: N/A
Spiked Analyte: Chromicm
Type of Spike = Method Spike (into 8lank),
11-Jul-90 $CO7047 00 0.00 mg/Xg 0.212 mg/Ky 0.200 my/Kg 106.00
11-Jul-90 $007044 QOA 0.00 mg/Xg 0.210 mg/Kyg 0.200 mg/Xg 105.00
26-5¢0-90 $0082462 00 0.00 my/Xg 0.940 mq/Kyg 1.000 mg/K3 94.00
Type of Spike = matrix spike.
21-May-90 $005159 344 312.2 mg/Xg mg/Xg 27.9 my/xg
21-May-90 005159 35A 312.2 my/Kg /%9 7.4 my/xg
21-Mey-90 S005159 37A 8%.5 m/Xq ny/Xg 25.9 mg/Kg
21-May-90 5005159 3I9A 163.8 mg/Kg my/Xg 26.3 mgsxg
21-May-90 $S00$159 384 163.46 m/Xg my/Kg 24.84 my/xyg
21-May-90 $005159 364 85.5 my/Xg mg/Xg 8.6 my/Ky
29-May-90 S005184 104 10.7 my/xg 9.1 my/xg 19.4 mg/Kg 93.a3
29-May-9Q 005184 114 10.7 mg/Xg 30.2 mg/xXg 18.8 mysxg 103.72
02-Jun-90 S00S184 254 11.6 mg/Xy 30.2 my/K3 19.4 mysxg 95,83

AN RN AT RN E AT I R Y R R A Y A AR T I T N AN N YT I AT AN E N PN NPT ST NN R AN RSN YT TNER IR RAIZITNRLR LI T AN XA

Statistics calculated only for samles with 8 vaiid recovery HC: Not Caleculsble
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Table F& (Contirued)

S A A R ey AR

Spiked
Sarple sarote Spike %
o Date Leb 1D Lab fraction Flag Resul: Result Added Recovery
;%’ Method: ICP Metals by Sw6010
A: Matrix: Solid Submatrix: N/a
% Analyte: Chromium
‘ Type of Spike: matrix spike. continued
02-Jun-90  SC0S184 250 11.6 my/xXg 28.1 mg/Kg 18.0 my/Kg M.67
15-5un-90  S00S786 O5A 4.6 my/Kg 108.0 mg/Kg 26.4 mg/xg 240.15
15-Jun-60  SO0S185 05D 4.6 my/Kg 57.9 mg/Kg 25.0 mg/xg 53.20
17-Jun-90  SU0S190  10A 586.2 mg/Xg mg/Kg 721.0 mg/Xg
17-Jun-90  SCOS150  09A $86.2 my/Kg mg/Kg 25.5 my/Kg
18-Jun-50 S00S190 284 48.6 my/Kg 82.6 my/xQ 31.4 mg/xg 108.28
18-4un-90 5005190 27A 43,6 mg/xg 105.7 mg/Ks 2.5 mg/xg 193.56
19-Jun-90  SQ0S247 25A 1595.5 mg/KQ my/Kg 26.0 my/xg
19-Jun-90 $00S247 23A 4530.5 mg/Kg mg/Kg 27.9 mg/Kg
19-Jn-90 5005247 27A 4530.5 mg/Xg /Xy 25.0 mg/xg
19-4un-90 SQ0S247 26A 1595.5 my/Xg ~/Xg 2.6 mg/x3
19-Jun-90  S0O5247 29A 4450.8 my/Xg m™/Kg 26.5 mgsKg
19-0un-90  S005247 30A 4550,8 mg/Kg m9/Kg 27.6 mg/xs
11-Jul-90 SOC70L6 12a 4166.0 mg/X3 6616.9 mg/Xy 271.6 mgrxg 107.89
11-Jul-80 SOO7TLS 13 4165.0 mg/XQ 4384.5 mg/Kg 2198.7 mgiKg 9.54
11-3ul-90  S007046 15A 3350.0 my,xg 4691.5 my/Kg 2173.8 my/xg 1.7
11-Jul-90  SCOT046 164 3350.0 my/Xg T270.1 my/Xg 2973.9 ma/Xg 189.29
11-4ut-90 $007046 10, 1288.0 mg/Xg 1759.0 m/xg 572.4 mgsKg 82.43
11-4ul-50 $007CLs 094 1286.0 mg/xXg 1378 /Ko S4h.6 my/Ky” 156.37
12-3ul-90 8007047 134 28.0 my/Xg 149.7 my/xXg 72.3 mg/Kg as.34
12-Jul-%0  SCO7047 01D 551.0 my/K9 821.4 my/Xg 227.7 mg/Ky 118.84
g 12-Jut-90 S007IXT 01A 551.0 mg/Xg 752.0 my/xg 233.5 my/xyg 86,08
% 12-Jul-90 8007047 130 88.0 my/Xa 143.8 m3/xg 49.8 my/Kg 9.9
12-Jut-90 S0Q7047 G7D 28.0 mg/xq 71.8 my/xg 38.9 mg/vg 112.60
g 12-4ul-50  $007047 O7 28.0 mg/Kg &1 my/Kg 35.5 m/Xg 101.49
17-Jul-90 SO07C4? 04D 48.0 mg/Xg 154.9 my/xg 91.3 ~g/Kg 117.09
17-Jut-90 SOOTOLT  O04A 48.0 mg/xg 145.7 my/xg 93.5 mg/xXg 104,49
17-Jul-90 SOO7L7 144 231.0 mgsxg 457.5 mg/xg 122.5 mg/Ke 184.90
17-ul-90  SOCTT4AY 14D 231.0 my/Kyg 355.4 mg/xg 117.3 my/Kg 106.03
24-Jul-90 90Q7040 038 1223.0 mg/xg L4l0.0 my/xg ITSN.0 my/xKg £5.79
26-Jul-90 9007040 Q3A 1223.0 mg/K3 4030.0 mg/xg 3050.0 my/Kg 93.57
26-4ut-90 SCOTBLT 10A 7699.0 mg/Kg 11334.4 mo/xkg 4764.5 my/xg $3.74
26-Jul-90 SOC7C47 10D 7499.0 ma/Ky 11234.5 mg/Kg 6776.0 mg/xg 52.18
Total Nuroer of Sotkes 4 4§ Below accestarce = 19
Nureer of Somoles Used For Statistics = 31 Abuve acceptarce = §
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Statistics calculated onty for sampies with & velid recovery (s Not Calculable
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Table F6 (Continued)

23 ES7IXXXEITRITT TxT == rEER:
Spiked
Saole Saole Spike x
Date tab {0 Lab Fraction Flag Resutt Result Added Recovery
Method: 1{P Mezals by $wW&010
Matrix: Solid Sucmetrix: M/A
Analyte: Chromium
Type of Spike: matrix spike. contirueda
Mean X Recovery = 105 Wwithin acceotarce = 7
Standard Deviation = 46.38 Acceptance Criteria  75.00 - 125.00
Method: ILP Metals by SWC10
Matrix: Solid Sutmetrix: N/A
Spiked Analyte: lron
Type of Spike = Method Spike (Into Blank),
11-4ul-90  S007046 00A 0.00 my/xg 1.021 my/Kg 1.000 mg/Xy 102.10
11-Jul-90 $CO7047 00 0.00 mg/xg 1.040 ma/X9 1.000 my/Kg 104.C0
26-Lep-50 9002262 00 0.00 mg/<q 9.560 mg/Xq 10.0 mg/Xg 95.40
Type of Spike = matrix spike.
21-May-90 S305159 344 26405.2 my/Ky mg/Kp 142.8 mg/Kg
21-May-90 $S005159 354 10.5 mg/Kg n/KQ 137.1 mg/X9
21-Hey-90 SO05159 39A 5783.6 mg/Xg ny/Xg 121.4 mg/KQ
21-May-90 SGCS159 37A 24405.2 mg/Xy my/X9 129.56 wy/Kg .
21-May-90 5005199 38a 5783.46 mg/Xg /%9 124.1 mg/Xg
21-May-50 $0Q5159 344 10.5 mg/K3 11.1 ing/KQ 139.3 mg/Kg 0.43
29-May-90 SCCS184 114 ng/Xg 15900.0 my/xg 93.9 mg/Kg
29-May-90 SC05134 10A /Xy 151C0.0 my/Xy 97.9 mg/Kg
02-Jun-90 SCO5184  25A ng/Xg 10200.0 mg/xy 96.8 mg/Xg
02-Jun-90 3005184 250 ng/XQ 15900.0 mg/Xg 93.9 my/Kg
15-Jun-90 5005184 054 238734 /Xy my/Xg 97.8 mg/Xg
15-Jun-90  S0CS184 0S5O 23873.4 mg/Kg mg/Xg 92.6 my/Xa
17-dun-90  SOG5190 094 8096.6 my/Lg m/Xq 127.5 my/Xg
17-3un-90  SOT5190 104 6094.6 my/Xg my/Xg 7135.3 my/Kg
18-Jun-20  SCQ5190 284 26485.0 my/xg mg/XQ 156.9 my/Xg
18-4un-9Q  $005190 27A 24685.0 mg/Xg my/Xg 147,46 my/Kg
19-Jun-90 5005247 27 30101.8 mg/xg mg/Kg 130.0 my/X3
19-Jun-90 S005247 224 30101.8 mg/xyg mq/Xg 159.6 mgy/Xg
19-Jun-90  SC0S267 294 31938.3 my/xg mg/Xg 132,64 mgy/Xg
19-J1n-90  SCO5247 254 34577.3 mq/xyg my/Xy 120, my/xg
19-Jun-90  S005247 264 34577.3 mg/xg ™/X3 11,7 =g/
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Statistics calculated only for samoles with & velid recsvery NC: Not Calculsdle
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Table Fé (Continued)

ZEXITR

TTIIEW

Spiked
Saole Sarpie Spike

Date Lab ID  Lab Fraction Flag Result Result Acdec Recovery
Method: 1CP Metals by SW&010
Matrixs Solid Submatrix: N/A
Analyte: lron
Type of Spike: matrix soike. continued
19-Jun-90 005247 30A 31938.3 my/Kg mg/XQ 137.9 mg/Kg
11-Jul-90 007048 $2A 20927.0 mg/xg mny/Xg m3/Kg
19-Jul-90 S007044 15A 21425.0 mg/Kg mg/Xg m3/Kg
11-Jul-90 $007C46 O9A 1351.0 my/xg mg/Xsg m3/Kg
12-Jul-90 $007047 O1a 7179.0 mg/xg 9443.4 mg/Kg 2335.3 ma/Kg 96.96
12-Jul-90 $007047 010 7179.0 my/xg 8725.1 mg/Kg 2276.6 mg/Kg 67.91
17-0ul-90  SCOTOL7  15A 6897.0 mg/xg 10201.7 mg/Xg 3474.2 mg/xg 89.94
17-Jul-90 SCO7TOL7 1& 6897.0 mg/Kg 10135.0 mg/xXg 3519.0 mg/Kg 92.01
26-Jul-90 007047 100 28471.0 mg/Kg 40022.2 mg/Kg  13552.0 mg/Xg 85.24
26-Jul-90 SO07047 10A 28471.0 mg/Xg 37857.2 mg/kg 13529.0 mg/Kg 69.33

Total Numoer of Soikes = 34 Below scceptance = 27

Nurber of Saroles Used for Sta*istics = 10 Above acceptance = 0

Mean X Recovery = -] Within acceptance = -17

Standard Deviation = 30.45 Acceptance Criteris  75.00 - 125.00
Nethod: ICP Metals by SW010
Matrix: Solid Sucmatrix: N/A
Spiked Analyte: Lead
Type of Spike = Method Spike (Into 3lank).
11-ul-50 $S007044 00A Q.00 my/xg 0.518 mg/X3 0.500 my/xyg 103.40
11-Jul-90 $007047 00 0.00 mg/xg 0.531 mg/Xg 0.500 mg/xg 106.20
26-Sen-90 90CB252 €O 0.00 mg/<y 0.908 my/Kg 1.C00 mg/xg $0.80
Type of Spike = matrix spike.
21-May-50 5005159 334 8.900 mg/xg 49.6 mg/Xg 62.0 my/Kg 101.13
21-Mey-29  SO005159 34A 0.00 my/x3 1.700 my/Xg 69.7 mg/Kg 2.44
21-May-90 SCOS159 394 6.900 mg/Kg 69.0 mg/xg 63.7 mys3y 102.31
21-May-9G 5005159 354 0.00 mg/x5 102.5 myixg 63.5 my/Kg 149.64
21-May-90 SC05159 34 Sé.4 mg/xg mg/Xg T1.6 my/xg
71-May-20 SC051%% 37A $6.4 mg/xy my/xXg &6 .8 my/Kg
29-May-90 SCOS184 104 43.4 ng/eg 79.1 my/Ky 49.0 mg/xg 2.8
29-Mey-90 SC05184 13A 43.4 mg/xg 99.2 mg/Xg 6.9 my/Kg 113.98
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Statisrics calculated only for samples with o vaiid recovery.NC: Not Catculsbie
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Table F§ (Continued)

Spiked
Sampole Sample Spike x
Date Lab 10 Lab Fraction Flag Result Result Added Recovery
Method: [CP Meta's by SWS010
Matrix: Solid Submatrix: N/A
Analyte: Lead
Type of Spike: matrix spike. contirued
02-Jun-90 SO0S184 254 14.9 mgsxg 1.9 mg/xg 8.6 mg/Kg 97.1
02-Jun-50 005184 250 14.9 my/xg 55.8 mg/Xg 4.9 mgrey 91.09
15-Jun-90  S005186 050 31.4 my/Kg 104.5 mg/Xg 82.6 my/xy 11e.77
15-Jun-90  $0CS184 OSA 31.4 mg/xg 106.4 mg/xg .1 mg/Xg 113.48
17-Ju-90 5005190 09A 7.100 mg/Xg 9.8 mg/xg 43.8 mg/Kg 98.28
17-Jun-90  $COS190 10A 7.100 mg/Kg 9.7 my/Xg 60.9 mg/Ky 102.79
18-Jun-90  SCOSYIP0 284 30.6 mg/Kg 109.3 mg/Kg 78.5 mg/Xg 100.2%
18-Jun-90 S005150 27A 30.6 mo/Xg 167.2 mg/Xg 73.7 mg/xg 103.93
19~Jun-90  SU0S247 3CA 332.6 mg/Kg ”/X9 9.0 mg/Xg
19-Jun-90  SOC5247 29A 332.46 mgsXg m/Kg 65.2 mg/Xg
19-Jun-90  $005247 284 347.1 mg/Kp mo/Kg 55.9 mg/X9
19-Jun-90  S005247 28A 7.1 /K9 297.3 mg/Xg 69.8 mgy/Xg 312.461%
19-Jun-90  $005247 27A 79.1 m/Kg 359.8 mg/Kg 65.0 mg/Kg 431.85
19-Jun-90  $005247  25A 347.1 m/xg 414.5 my/xg 0.1 wg/Kg 112.15
11-Jul-90  S007048 144 4k .0 mg/Kg 1517.8 my/Xg 1380.6 m/Xy 77.78
11-Jul-90 5007044 154 & 0 mg/Kg 1548.5 ma/xg 1649.2 mg/Kg 76.10
11-Jul-90  SOO704é6 09 242.0 my/sKg 1520.0 mgsxg 1089.1 mg/Ky 117.34
113Ut -90  S007048 10A 242.0 myg/xg 1395.1 my/Kg 1144.8 mg/Kg 100.73
11-Jul-90 $OQ704S 124 356.0 m/Xg 1676.1 my/Xg 1514.46 mg/Xg 87.17
11-Jul-90  $CO7048  13A . 3%56.0 my/xg 1538.5 mg/Ky 1665.8 mg/xg 80.647
12-J4u-90  SOO7D47 10 28.0 mg/Kg 0.1 m9/Kg 49.0 mg/Kg 125.73
12<Jul-90 sCO7B47 130 58.0 mg/Kg 146.9 my/xq 97.8 mg/Xg 940.50
12-Jul-90 3007047 13a 53.0 my/Xg 155.1 my/Kg 101.2 mg/kg 95.95
12-ut-90  S007047 19A 28.0 my/xg 81.5 my/xg $2.0 mg/Xg 102.23
26-Jul-90 9007040 033 454.0 my/xg 528.0 mg/Kg 312.5 mg/Kyg 21.44
26-Jul-%0 9007040 03A 481.0 my/Kg 507.0 mg/xg 250.0 mg/Kg 18.40
H 26-Jul-90 SO007U4L7  10A 448.0 my/Xg 703.5 my/Kg 1352.9 mg/Kg 438.460

26-ul-90 $007047 1MO 48.0 mg/Ky 715.0 mg/Kg 1555.2 mg/Kg 49.37

Total Nuter of Spikes » 39 Below scceptance s 12

Nurder of Samoles Used far Statistics = 34 Above scceptance = &

Mean X Recovery = 106 Within acceptarnce = 18

Starciard Oeviation = 5.6 Acceptance Criterias 75.00 ~ 125.00

A N R N N R N A N RN AT T AT SN AR AN SN N N NN A I T NN TR AN NS SN U TR AT T 2T wa v N An s

Statistics calcutated only for samoles with 2 valid recovery.uC: Not Calculsble
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Table F6 (Continued)

Spiked
Saple Samole Spike

Date Lab 1D Lab Fraction Result Result Added Recovery
Method: ICP Wetals by 5W6010
Matrix: Solid Sutrmatrix: N/A
Spiked Analyte: Mickel
Type of Spike = Method Spike (Into Blank),
11-Jut-90 S007047 00 0.00 my/Xg 0.515 mg/Kg 0.500 mg/Kg 103.00
28-Sep-90 9008262 00 0.00 mg/Xg 0.927 mg/Xg 1.000 mg/Kg 92.70
Type of Spike = metrix spike.
21-May-90  $005159 39A 6.900 mg/Xg 71.1 my/xg 60.7 mg/Kg 105.77
21-May-50 5005159 384 6.900 my/Kg 72.2 my/Kg 62.0 ma/Kg 105.32
21-May-50 $005159 354 51.3 mg/xp 118.4 mg/Kg 68.5 my/Kg 97.96
21-May-50 SCOS159 344 51.3 mg/Kg 110.4 mg/Kg 9.7 mg/xe &.79
21-Mey-50 SO00S159 364 26.2 my/Kg ma/K9 7.4 mg/Kg
21-Mey-Q0 S005159 37A 24.2 my/%g mg/Kg 5.3 my/Kg
29-May-90 $005134 1A 15.5 my/xXg 62.5 mg/x3 44.9 my/Xg 100.21
29-May-90 SCOSI% 104 15.5 mg/xXg 65.1 mg/Kg 49.0 mg/Kg 101.22
02-Jun-90  S005184 25A 10.6 mg/xg 60.9 mg/Xg 48.6 mg/Xg 103.93
02-Jun-90 SOCS184 250 10.6 mg/Kq 57.7 my/Xg 46.9 mg/Xg 104.90
15-Jun-90  $005186 QSA 18.C mg/xg B4.0 my/Kg 5.1 mg/Kg 98,84
15-Jun-90  S005125 05D 18.8 my/Kq 79.4 my/Xg 62.6 mg/Rg 96.81
17-Jun-90 S00S190 O9A 6.600 my/xg 8.9 m/Kg 63.8 mg/xg 97.65
17-Jun-90  SOCS190 104 6.500 mg/xg 71.0 mg/Lg 60.9 mg/xg 105.75
18-Jun-90 S005190 27A 20.3 mg/Kg 96.2 mg/Kg 73.7 my/xQ 102.99
18-Jun-90 SC0S190 234 20.3 mg/Ky 99.8 my/Kg 78.5 mg/Kg 101.27
19-Jun-90  $005247 30A 40.8 my/xg 132.4 mg/Xg 69.0 my/xg 132.73
19-Jun-90  $005247 27A 32.1 my/xg 97.7 my/Kg 65.0 mg/Xg 100,97
19-Jun-90  SCCS247 224 32.1 myrxg 108.56 mg/xg 69.8 mg/Kg 109.40
19-Jun-90  $CCS247 25A 37.7 masxg 102.8 my/Xg 8.1 mg/x3 108.32
19-3un-90  $00S247 29A 40.8 mg/xg 100.6 mg/Xg 65,2 mg/Kg 90.33
19-Jun-90 $005247 284 37.7 my/xXg 78.8 my/Xg §5.9 m3/xX9 73.52
12-Jut-90 SCC7047 13A 23.0 my/xg 113.2 my/xg 101.2 mg/Kg 29.13
12-Jutl-90 5007047 130 23.0 mg/Kg 109.1 mgsxg 97.8 mg/Xg 28,02
24-Jul-90 9007040 038 32.5 my/x9 65.8 mg/Xg 3.8 mg/xg 75.57
26-Jul-30 9007040 03A 32.5 mg/Kg 6.7 mg/Kg 35.0 mg/¥g 97.72%

Totsl wumper of Spikes = 28

Number of Samoples Used For Statistics = 2%

Mepn % Recovery =

98

Selow acceptarce = 3
Above acceptamce = 1|
Within scceotar-+ 2 22
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Statistics calculated only for samotes with a valid recovery . uC: ¥ot Cilculable
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Table F& (Continued)
Spiked
Sample samle Spike

Date Lab ID  Lab Fractien Flag Result Result Added Recovery
Method: 1CP Metals by SW&010
Matrix: Solid Submatrix: N/A
Anslyte: Mickel
Type of Spike: metrix spike. continued

Standard Devistion = Acceptance Criteria 75,00 - 125.Q0
Method: ICP Metals by SW8310
Matrix: TREATED Submatrix: MW
Spiked Analyte: Chromium
Type of Spike = Method Spike (Into Blank).
19-Sep-90 9008204 0 0.€0 mg/L 0.943 mg/t 1.000 my/L 96.30
19-Sep-90 9008327 - 0.00 mg/L 1.010 my/L 1.C00 mg/L 101.00
26-5ep-90 9009182 (00 0.00 mg/L 0.942 mg/L 1.000 mg/L 94.20
Type of Spike = matrix spike.
19-Se0-50 9009045  15¢ 0.042 my/L 0.235 mg/L 0.200 mg/t 96.50
19-Sep-90 9009045 198 0.042 mg/L 0.224 mg/L 0.200 mg/L 91.00
19-5e0-90 $002399 21C «5x 0.086 mg/L 0.271 my/t 0.200 mg/t 92.30
19-5ep-90 9008399 218 <5% 0.086 my/L 0.269 my/L 2.200 mg/L 91.5¢0

Totsl Nureer of Spikes = 7 Below scceptance = Q

Nunber of Swroles Used for Statistics = 7 Above sccoptance = 0

Mesn X Recovery = Vithin scteptarce = 7

Starddard Deviation = Acceptance Criteria  75.00 - 125.00
Nethod: [CP Metals by SW&010
Matrix: TREATED Submatrix: mw
Spiked Anslyte: (ron
Type of Spike » Method Spike (lnte 8tank).
19-Sen-90 9008327 - 0.00 my/L 9.810 mg/L 10.0 mgsL 98.10
20-Sep-90 9008204 O 0.00 my/L 9.610 my/L 10.0 mgsL 94.10

Totsl Nurper of Spixes = 2

Kunber of Samples Used For Statistics = 2

Xean X Recovery »

Selow acceptance s 0
Above scceptance = §

Within scceptarce s

.2
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Statrstics catculated ontly for samoies with 8 valid recovery.wNC: Mot Calgulabte
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Teble Fé (Continued)
. Spiked
Saple Sarole Spike X
Oate Lab 1D Lab Fraction Flag  Result Result Added Recovery
Method: 1CP Hetals by SWS010
Magrix: TREATED Submatrix: M
Analyte: lron
Type of Spike: vethod Spike (Into Blank). continued
Stancard Devistion = 1.41 Acceptance Criteria  75.00 - 125.00
Method: ICP Metals by $W6310
Matrix: TREATED Subrmatrix: MW
Spiked Analyte: Lead
Type of Spike » Methed Spike (Into Blank).
19-Sep-90 9008327 - 0.00 mo/L 0.991 mg/t 1.000 mg/L 99.10
19-Sep-90  $008234 0 0.00 ma/t 0.935 my/L 1.000 my/L 93.50
Tozal Nurper af Spikes = 2 Below acceptance = 0
Numter of Samples Used For Statistics = 2 Above acceptance = 0
Mean X Recovery = 96 Within scceotarce = 2
Starciard Devistion = 3.95 Acceptarce Criteria  75.00 - 125.00
Method: ICP Metals by $Ws010
Matrix: TREATED Subrwtrix: s
Spiked Anelyte: Wickal
Type of Spiks » Method $pike (Ilnto Blank).
19-Ser-50 UGAI27 - 0.00 my/L 1.000 mg/t 1.000 mg/L 100.00
19-Sep-90 9008204 0 0.00 mg/sL 0.95% mg/L 1.000 mgsL ¥5.10
Total Numoer of Spikes » 2 Selow scceptance = O
Nuaber of Samoles Used For Statistics » 2 Above scceptarnce = 0
Mesn X Recovery = 97 Vithin scceptarce = ¢
Starxiard Deviation s 3.48 Acceptance Criteris  75.00 - 125.00
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3tatistics calculated only for samoles «ith & velid recovery NC: Mot Calculsole
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Table F6 (Continued)
Spiked
Saple Saple Spike X
Date Lab 10 Lab Fraction Flag Result Result Added Recovary
Method: [CP Metals by SW&Q10
Matrix: TREATED Sutmatrix: T
Spiked Analyte: Sarium
Type of Spike = Method Spike (Into Blank).
04-5e0~90 9008204 O 0.00 mg/L 0.983 my/L 1.000 mg/L 98.30
Total Numwer of Spikes = 1 delow acceptarce = 0
Nuroer of Samoles Used For Statistics = 4 Above acceptarce = 0
Kesn X Recovery » 98 Within scceptarce = 1
Standard Deviation = Acceptance Criteris  75.00 - 125.00
Method: [CP Metals by SWé310
Matrix: TREATED Sutratrix: T
Spiked Analyte: Cacmium
Type of Spike = Method $pike (Into 8lank).
04-Se0-90 900820« O 0.00 mg/L 0.987 my/L 1.000 mg/L 98.70 -
Total Numowr of Spikes s 1 8elow acceptance = 0 3
Kurcer of Samples Used for Statistics » ¢t Above scceptarce = 0
Meant I Recovery @ o8 Vithin acceptance »
Starcierd Oeviation = Acceptance Criteria  75.00 - 125.00
Method: [CP Wetals by SW010
Matrix: TREATED Sutratrix: T
Spiked Analyte: Chromium
Type of Spike » Methoed Spike (Into 8lank),
C4-Sep-90 $0C82%% O 0.00 mg/t 0.583 mg/L 1.000 mg/L 98.30
03-0ct-90 009182 00 0.C0 my/sL 1.030 mgsL 1.000 mg/L 103.00
03-0ct-90 ©008327 - 0.00 my/L 0.943 mg/sL 1.000 mgy/L 94.30
Type of Spuike = matrix spike,
¢
03-0ct-99  $CCP103 194 9.940 mgsL 10.7 my/t 1.000 masL 74.00 i
G3-Cct-90 009103 199 9.960 m5/L 11.0 mg/L 1.000 mg/L 104.00 H
£
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Statiaticy calculated only for samocies with & valid recavery dC: Wot Calcylsble g §
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Tabte F& (Continued)
Spiked
Sawie Sample Spike b4

Date Lab 1D Lab Fraction Flag Resutl Result Added Recsvery
Method: 1CP Metals by SWS010
Metrix: TREATED Submatrix: T
Analyte: Chremium
Type of Spike: matrix spike. continued

Total Number of Spikes = § Below acceptance = 1

Number of Sarples Used For Statistics = S Above scceptance = 0

Mean X Recovery = 95 Within scceptance = &

Standard Deviation = 12.23 Accepiance Criteria  75.00 - 125.00
Method: 1CP Metals by SW&010
Matrix: TREATED Submatrix: 7
Spiked Analyte: tron
Type of Spike » Method Spike (Into Slank),
04-Sep-90 $008204 0 0.00 mg/L L1700 mg/L 10.0 my/L 91.70
03-0ct-90 9009182 €O 0.00 mg/tL 10.1 m/t 10.0 mosL 101.00
03-0ct-90 9008327 - €.00 mg/L 9.610 my/L 10.0 mg/L 96.10
Type of Spike = matrix spike,
03-0ct-90 9009103 198 114.0 mg/tL .0 mg/L 10.3 mg/L 100.00
03-0ct-90 9009103 194 114.0 mg/L 122.0 mg/L 10.0 mg/L 30.00

Total Numoer of Spikes = § Selow acceptance = O

Number of Samoles Used For Statistics » § Above scceptance = )

Mesn X Recovery s 93 Vithin ecceptante = §

Standard Devistion = 4.52 Acceptance Criteria 75,00 - 125.00
Method: ICP Metais by SWO010
Matrix: TREATED Subxatrix:
Spiked Anslyte: Lead
Type of Spike » Nethed Spike (lnto 8lank),
04-Sep-90 9C0R204 0 0.00 mg/L 1.010 mg/L 1.000 mgry 101.00
03-0ct-90 90CA327 - 0.00 my/L 0.935 my/L 1,000 mgsL 93.50
03-0ct-90 9009182 00 0.00 mg/L 1.050 mg/L 1.000 mgsL 105,00
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Statiatics caloulated only for samoles with 8 valid recovery wC: Mot Calculable
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Table Fé (Continued)
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Spiked
Savple Sarple Spike X

Date Lab 10 Lsb fraction Flag Result Resuit Added Recovery
Method: ICP Metals by $SWS010
Metrix: TREATED Submetrix: T
Analyte: Lead
Type of Spike: matrix spike. continued
Type of Spike = matrix spike.
03-0ct-90 9009103 198 0.250 mg/L 1.150 mg/L 1,000 mg/L $0.00
03-0c2-50 9009103 19A 0.250 mg/L 1,130 mo/L 1.000 mg/L 42.00

Totsl Nurber of Spikes = S Below scceptarce = 0

Wunber of Samples Used For Statistics = § Above scceptance = 0

Mean X Recovery » 95 Within acceptarce = §

Standard Deviation = 7.2% Accentance Criteria 75.00 - 125.00
Method: [CP Metals by SWs010
Matrixs TREATED Sumatrix: T
Spiked Anatyte: Mickel
Type of Spike » Methud Spike (Into Blank).
04-Sep-90 9008204 0 0.00 my/L 1,000 my/L 1.000 =g/t 100.4L0
03-0ct-90 SGCRI2T - 0.00 my/L 0.951 mg/L 1.000 =g/t 95.10
03-Cet-90 9009182 CO 0.00 my/L 1.020 mgsL 1.000 mg/L 102.00
Type of Spike = metrix spike.
03-0ct-90 009103 194 0.491 my/t 1.340 my/L 1.000 mg/t 84.90
03-0ct-9C 9009103 198 0.491 my/L 1.350 mg/L 1.000 mg/L 85.90

Total Nuroer of Soikes * §

Huntrer of Samples Used for Statistics v §
Mear X Recovery s 93

Starxiard Deviation = 7.8

Below scceptance * Q
Above acceptarce : G
Within acceptarce » §
Acceptance Criteria 75,00 - 125.00
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Statistics calcutated only for sampies with & valid recovery . uC: Yot
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Table F6 (Lontinued)

tpiked
Sample Sarple Spike X

Dete Lab 1D Lab Fraction Flag Result Result Acded Recovery
Method: 1CP Metals by SW010
Matrix: TREATED Submatrix: T
Spiked Analyte: Silver
Type of Spike = Methed Spike (Into 8lank).
04-Sep-50 008204 O 0.00 mg/L 0.939 mg/L 1.000 mg/L 93.9¢

Total Number of Spikes = Selow acceptance = 0

Nurber of Sarples Used for Statistics = 1 Above acceptance = 0

Mean X Recovery = 93 vithin acceptance = 1

Standard Deviation = Aczeptarce Criteria  75.00 - 125.00
Method: ICP Matals by $w010
Matrix: TREATED Sutynmtrix: W/A
Spiked Analyte: Chromium
Type of Spike = Method Spike (Into Blank).
28-Sep-90 9009182 00 0.00 mg/Xg 0.856 my/xg 1.000 my/Kg 85.460
Type of Spike = matrix spite,
26-Se0-90 9003399 21C 954.0 mg/Kg 298.0 mg/XQ 110.0 mg/Kg «  596.38
26-Sep-90 ©0CA3®9 218 954.0 my/Xg §12.0 m/Kg 103.0 mgsXg - 429.13
03-0ct-90 90Ca204 03A 1640.0 my/Xg 3830.0 mg/Xg 2703.0 my/X9 75.47
03-0ct-90 9003204 02A 1640.0 my/Xg 3920.0 mg/Kg 2778.0 mg/Xg 82.07

Total durper of Spikes = §

Nurter of Samoles Used For Statistics = §
Mesn I Recovery =- 156

Stancard Devietion = 330,58

Selow acceptance = 2
Above scceptarce = 0
Within scceptarnce = 3
Acceptance Criteria 75,00 - 125.00

AN AR AN TR N I N N T I I N RIS TN TN N NN A A NN R YRS TE I RN SR TR TR UNEAR SRR RSB RANR LS

Statistics calculated only for samoles with 8 valid recovery NC: Not Calculabie
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Table Fé6 (Continued)

an ERTERTTRIBN AEXEEXA TN e ] L 2 1] «,
Spiked o
Sacple Sanplc Spike 2 .

Date Lab ID  Labh freetion Flag Result Result Added Qecovery

Method: [CP Metals by SW&010
Matrix: TREATED Submetrix: N/A !
Spiked Anaiyte: iron o
Type of Spike  Methed Spike (Into Blank). n
8.550 my/Xg 16.6 mg/Kg 25.50

28-S20-90 900582 00 0.00 mg/Xg S

Type of Spike = matrix spike.
mg/Kg - 8262.72

116000 mg/Xg 31100.0 mg/Kg 130.0
mg/Ky - B&A3.H

26-Sep-90 9008399 218
207C0.0 mo/Xg 1100.0

26+Sep-20 9008399 21C 116000 mg/Kg
03-0ct-90 90C8204 024 104.0 my/Kg 314.0 my/Kg 815 mo/Kg 90.7% ‘
03-0ct-50 $0082C4 L3A 104.0 mg/Kg 38,0 my/Kg 255.2 mg/Xg 79.94 . r

Selow acceptance = 2 L

Total Numper of Spiktes = 5

Nurter of Samples Used For Statistics = § Above scceptance = 0
Mean % Recovery s~ 3330 Within scceptance = 3 3
Steriard Devistion =« 4479.1 Accsptance Criteria  75.00 - 125.00 3
i
TOF
Wethod: 1CP Metais by Sw010 .
Matrix: TREATED Sutynatrix: N/A .
Spiked Anslyte: Lead ‘
Type of Spike = Method Spike (I1nto Blsnk).
28-Sep-90 90C9182 00 0.00 mg/X3 C.873 my/xg 1.000 mg/Xg - 87.30
01-0ct-70 9009182 Q0 G6.00 mg/Ky 0,471 my/xXg 0.500 mg/Kg 94,20
Tyte of Spike » matrix spike.
26-5ep-90 9008399 21C 110.0 mg/Xg 151.0 mg/Kg 110.0 mg/Kg 37.27 SR
26-5ep-90 9008359 218 110.0 mg/xg 258.0 my/Kg 103.0 ma/Kg 13,49
Total Numoe~ of Spikes = & 8alow scceptarce = | SRS
Nuroer of Samoles Usad For Statistics = & Above scceptance = | § B 4
Mesry X Racovery = 90 Within scceotance s 2 g
Standard Devistion = 53.53 Acceptance Criteria  75.00 - 125.00 :
=
Lo
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Statistics calculated only for swoles with & valid recovery Al: Not Calcutadle F; b
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Table F& (Continued)

z3 EEETAREW ---x-x:::::::txx-xa-::::z:-:x:n-:x:::atsz:t:g::x::x:t-n:z::xlxt:zx:x'lll’3“’3“"’
Spiked
Sarole Sample Spike X
Date (sb [0 Lab Fraction Flag Result Result Added Recovery
Method: 1C? Metals by $W010
Matrix: TREATED Submatrix: W/A
Spiked Analyte: MWickel
Type of Spike = Method Spike (Into 8lank),
23-Sep-90 9009182 00 0.00 mg/xg 0.850 mg/xg 1.000 mg/Xp 85.00
01-0ct-90 9009182 00 0.00 my/Kg 0.488 mg/Xg 0.500 my/Kg 97.60
Type of Spike = matrix spike,
26-5e0-90 9008399 21€ 16.8 m/X3 107.0 my/kg  110.0 my/Kg 82.c0
28-Sep-90 9004399 218 16.8 mg/xXg 108.0 my/xg 103.0 mg/Xg 84.54
03-0ct-90 $003204 034 20.2 ma/Kg 23.0.0 me/xg  3153.5 mg/Xg 89.42
03-0cT-90 $008204 02A 20.2 mg/xg 2920.0 mg/kg 3241.0 my/Ke 39.47
Total Numoer of Spikes » 6 Belcw scceptance = 0
Nurer of Samoles Used For Statistics = & Above acceptance s
Mesn X Recovery a 5. Within scceptance = 6
Starcard Deviation = 5.27 Acteptance Criteria  75.00 - 125.00
R NN R I IR NS RN I R IEAE R T TR I AR XA RTANRRTTSAR * aux » U 28T
Method: Selenius by AA (E270.2)
Matrix: Solid Sutmetrix: 7T
Spiked Anslyte: Selenium
Type of Spike » Predigestion Matrix Spike.
27-Aug-90 9003041 0 0.00 my/L 0.048 mg/L 0.050 mg/L 96.00
Total Mumcer of Spikes = 1 Below acceptance = 0
Murer of Satples Used For Statistics = 1 Above scceptance = 0
Mesn % Recovery » ) Within acceptance = |
Stardard Oeviation = Acceptarce Criteris  75.00 - 125.00

IR T I YIS T AT RN Y T T RSN I T I I I AR NN A R U N IR I TR AN I NI T I T IR L IR IR AN RSAEIRT LTI RWY

Statistics caiculated only for samples with 8 valid recovery NC: Xot Calculanie
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Table F6 (Continued)

=Ex EIXINXABNTTEAIXY F 3 =% EXAXXEX TN AT
Spiked
Sarole Sample Spike X

Date Lab 10 Lsb Fraction flag Result Result Added Recovery
Method: Selenium by AA (E270.2)
Matrix: TREATED Sutmatrix: K/A
Spiked Anslyte: Selenium
Type of Spike » Method Spike (Into Blank).
04-Sep-90 9008204 1 0.00 mg/Xg 0.488 mg/Kg 0.050 mg/Xg 976.20
05-Sep-90 9008204 0 0.00 mg/Xg 0.050 mg/Kg 0.0580 mg/Xg 100.00
04-Sep-90 9008204 O 0.00 mg/Kg 0.050 mg/Xg 0.050 mg/Xg 100.00

Total Numper of Spikes = 3 Below scmeptance » Q

Numer of Samoles Used For Statistics = 3 Above scceptance s 1

Nean X Recovery = 392 Within scceptarce = 2

Standard Oeviation = 506.22 Accentance Criteris  75.00 - 125.00
H RN NN N NN A I I N I N I I I PR A AR A AR ETIFA TN RS AR RS
Nethod: Chrome VI by SW7196
Matrix: Solid Submetrix: T
Spiked Analyte: Chrcmium V{
Type of Spike = metrix spike.
04-Jul-90 POO70L0 198 N0 0.020 mg/L 0.104 mg/L 0.100 mg/L %94.00
06-Jul-90 9007040 228 0.347 mg/L 0.560 mg/L 0.200 mgy/L , 104,50
06-Jul-90 9007040  19C ND 0.020 mg/L 0.1086 my/L 0.100 mg/L 94.00
06-Jul-90 9007040 22¢ 0.347 mg/L 0.560 my/L 0.200 mg/t 106.50

Total Mureer of Sprkes = & Below scceprance = J

Mumber of Samnles Used For Statistics = 4 Above scceptaxce = O

Mennt X Recovery = 100 Within scceptarce = &

Starxiard Deviation = 7.2% Acceotance Criteris 75,00 - 125,00

R N NN N N AN I Y AT S Iy T I RN T Y I I T R IR T IR I A N AR R T IR XA TAIIAA IR LN TIARCANTTTINLAIRRAN

Statistics calcutated only for swmles with o vaiid recovery nC: Wot Calculable
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Table F6 (Continued)

2ITT

Spiked
Sarole Samole spike x

Dete Lad 10 Lab Fraction Flag Result Result Added Recovery
Method: Chrome Vi by SW71948
Matrix: Solid Submatrix: X/A
Spiked Anslyte: Chromium Vi
Type of Spike = matrix spike,
22-Jul-90  $0G5247 10O 18.2 mg/Kg 61.5 mg/X3 49.2 mo/Kg 87.93
22-Ju(-90 $00S247 04A 3.100 my/xg 70.2 my/K9 60.8 mg/K9 110.30
22-Jut-90 S005246 22 5.510 my/Kyg 69.4 mg/xg 61.2 mesxg 104.35
22-4ul-90 $005247 040 3.100 mg/Kg 70.6 mo/Xg 6.8 m/Ke 118.9
22-Jul-90 $0052¢6 22A 5.510 my/xg 49.0 mg/Xs 61.2 ma/xq 103.46
22-4ul-90 $00S267 10A 18.2 mg/Kg 81.2 mg/ka 49.2 m/Ke 87.24
26-Jut-%0 9007040 038 27.4 my/xg 154.6 m3/K9 126.7 ma/Ks 100.33
26-Jul-90 9047043 03C 27.4 my/xg 132.6 ma/Xg 119.3 my/Xg 83,14
23-Aug-90 9008262 028 1.723 my/xg 6.122 mg/Xg 4975 ma/Xg 88.42
23-Aug-90 9008252 C2C 1.73 mg/xg 4.230 mg/X9 5.000 ma/Kg 90.14

Totat Numper of Spikes = 10 Salow acceotance = 0

Murber of Serples Used For Statistics = 10 Above acceptance = O

Mean X Recovery = Within scceptance = 10

Stangard Devistion = 9.76 Acceptance Criteris  75.00 - 125.00
Method: Chrome VI by SW7166
Matrix: TREATED Siubmatrix:
Spited Analyte: Chremium VI
Type of Spike » matrix spike.
29-Aug-90 9008327 198 <5X 0.079 m/L 0.420 mg/tL 0.400 my/L 85.25
29-4ug-90 $CCTI27  19¢C <X 0,079 mgy/L 0.408 mg/L 0.400 my/L 82.25
11-Sep-50 9005204  19C ND 0.020 mg/L ¥ 0.020 mg/L 0.400 my/L 2.50
11-Sep-90 9003204 193 NO 0.020 my/L N0 0.020 mg/L 0.400 mg/L 2.50
19-Se0-90 9009103 198 L] 0.020 mg/L 1.010 mg/L 1,000 mg/L 100,00
19-520-90 9009103 194 ®O 0.020 mg/t 1.000 mg/L 1.000 mg/L 99.00
20-Sep-90 $C09182 143 5} 0.020 mg/L 0.199 mg/L 0.340 mg/l 52.50
20-S2p-90 9009182 144 ND 0.020 my/L 0.327 my/L 0.30 myg/L 8304
Type of Spike = Predigestion Matrix Spike.
20-S2p-90 90CAIPP 1 0.243 my/L 0.AkL mq/L 0.400 mgsL 100.25

AR RN N AN IR Y RN IR I I NI S A I X R I AN I AR ST AN I IS IR AN S TN A N Y NI A I T IR ITICH AL A ANVE AR NAR IS ARN

Statistics calcylared only for sarotes with a valid recovery, nC: ot Calcutsble
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Table F6 (Continued)

=X | E2-£ 2 XTI ZI3XXAAXNETLZAXTITER
Spiked
Sample Somole Spike X

Date Lab 1D Lab Fraction Flag Result Result Adced Recovery
Method: Chrome VI by SW7196
Matrix; TREATED Submstrix: MW
Anatyte: Chromium VI
Type of Spike: Predigestion Matrix Spike. continued

Yotal Number of Spikes = 9 Below scceptance = 3

Number of Sarples Used For Statistics = 7 Above scceptance = 0

Mesn X Recovery = 84 Within scceptance = &

Standard Deviation = 16.91 Acceptance Criteria 75.00 - 125.00
Method: Chrome VI by SU71%4
Matrix: TREATED Submatrix: T
Spiked Analyte: Chromium vl
Type of Spike = matrix spike.
29-Aug-90 9008327 AL <5X 0.08% mg/L 0.175 mg/L 0.100 mg/L 107.00
29-Aug-90 $OCA327 023 <5X 0.048 mg/L 0.175 mgsL 0.100 mg/L 107.00
13-Sep-90 9009045  13C ND 0.020 mg/L 0.504 mg/L 0.500 mg/L 98.80
13-Sep-90 $OCPCLS 133 ) 0.020 mg/L 0.506 mgsL 0.500 mg/L 99.20
13-Sep-90 S0CP011 138 0.439 my/t 1,852 my/L 1.000 mg/L 97.30
13-Sen-90 009011 13C 0.639 my/L 1.667 mg/L 1.000 mg/L 97.80
20-Sep-90 9OO9I03 098 0.182 my/L 90.511 my/tL 0.360 mg/sL 91.39
20-Sep-90  $0C9103 094 0.182 my/L 0.519 mg/L 0.350 mgsL 93.61

Total Nuntxer of Spikes = § Selow scceptarce = 0

Number of Sampies Usea for Statistics = 8 Above acceptance = 0

Mesn X Recovery » 9% Within scceptarnce = 8

Starciard Deviation » 5.59 Acceptance Criteria  73.00 - 125.00
Method: Chrame VI by SW7194
Matrix: TREATED Suometrix: N/A
Spiked Ansiyte: Chromium Vi
Type of Spike = Analyticsl.
23-Sep-90 009011 03 0.103 my/xg 0.194 mg/xyg 0.099 mg/xg 92.01
25-Sep-90 9009011 C4 8.034 mg/xg 8.164 mg/KQ 2.558 my/Kg 5.08
25-5¢p-90 9009045 05 17.9 mg/xg 18.8 my/xg 2.498 mg/xg 33.9
27-Sep-90 9009103 GlA 3.151 my/xg 5.489 mg/xg 2.658 mg/xg 37.92

A AN NN NS A N R N R I R N N N A SR IS TN I I RTINS TSN IR SN AN A AN AN U AT R U R UALANNR RN T

Stavistics calculsted onty for samples with 3 valid recovery sSC: Not Calculable
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Table F6 (Continued)

axm *ERR TR ERS

Spiked
Sample Savole Spike X

Date Lab 10 Lab fraction Flag  Result Result Added Recovery
Methed: Chrome VI by SW7196
Metrix: TREATED Sutratrix: M/A
Anslyte: Chromium V1
Type of Spike: Method Spike (Into Blank). contimued
Type of Spike = Method Spike (Into Blank).
06-Sep-90 9008204 O 0.00 mg/xg 0.488 my/Kg 0.500 mg/X3 97.68
Typs of Spike = matrix spike.
23-Ag-50 9008204 02A <5% 0.023 mg/Xg '0.074 mgsxg 3.995 mo/Kg 1.29
TAg-90 9002204 034 <5X 0.023 mg/Xgy 0.08 mo/Kg 3.995 mg/Kg 1.53
10-5e0-90 SO0EIF9 07A 4.158 mo/Kg 7.304 mg/xg 3.846 mg/Kg 81.35
10-Sep-90  $0CAIFS  CAA 4,158 mg/xy 7.050 mo/Xg 3.842 mg/Kg 75.53
Type of Spike = Predigestion Matrix Spike.
25-Sep-90 9009C1Y - 0.00 »g/Xy 0.150 mg/Kg 0.140 mgsKg 100.00

Totsl Number of Spikes = 10 ‘Salow scceptwxce W &

Humber of Samoles Used For Statistics = § Above scieptence = 0

Mewn X Recovery = &9 Within acceptace = 2

Standard Devistion = 43.88 Acceptornce Criteris 75,00 - 125.00
Method: Sulfnte by IC (E300.0)
Matrix: Sotid Submetrix: N/A
Spiked Anailyte: Sulfate
Type of Spike » metrix spike.
10-Jul-90 9007040 0O3C 995.5 mg/Xg 4545.5 my/xg 6389.6 mg/Xg 88.35
10-Jut-90 9007040 033 995.5 mg/Xg 64623.9 mq/KQ 4369.4  mg/Xg 88.34
16-Sep-90 002242 048 L815.1 mg/%g 17534.1 my/%g 12987.0 mi/Xs 97.94
14-Sep-90 008242 04C L815.1 =g/Xg 18415.3 my/Kp 12947.0 my/X3 104.72

Total Ny ver of Spikes = & Below acceptance * 0

Number of Samoles Used For Statistics = 4 Above scceotwce ¢ 0

Mesn X Recovery = 94 Vithin scgeptance = &

Stardiard Devistion « 7.58 Acceptance Criteris  20.00 - 120.00
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Statistics csiculated onty for samples with a valid recovery MC: Xot Calculable
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Table F6 (Concluded)
ARTEN "
Spiked
Samole Sample Spike 2
Date Lab ID Lab Fraction Flag Reault Result Added Recovery
Methcd: Sulfate by IC (£300.0)
; Matrix: TREATED Submetrix: ¥/A
4' Spiked Analyte: Sulfste
|
1\ Tyre of Spike = Anelytical.
03-0ct-90 9009103 044 999.4 my/xg 13922.6 mesxkg  13171.4 mg/Xg 93.12
Type of Spike = matrix spike.
14-Sep-90 9008284 024 9760.0 mg/xg 22048.0 mg/Kg  12500.0 mg/Ka 98.30
14-Sep-90  $O0K399 OM $900.0 mg/Kg 19125.3 me/kg  13053.0 em/Ka 101.32
14-5ep-90 9008204 034 9760.0 mg/X35 20444 .0 mg/kg  12500.0 mg/Xg 117.47
14-Sep-90 UORIFY 074 $960.0 my/Xg 15009.8 ma/kg  13053.0 rg/Xg 100.44
| Total Muwder of Spikes = 5 Selow pcceptance = 0
; Mumber of Seples Used For Statistics = § Above acceptance = 0
Hesn X Recovery = 103 Within acceptance = 5
Stordard Deviation = 8.13 Acceptamce Criteria  80.00 - 120.00

Prremeepaeaappemenpepepspper e L e L e T R L e P R R L E L R L b e LAt it Tl]

Statistica calculated only for swrpies with 8 velid recovery, nC: Not Calculabie
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Table £7

Precision Estimates by Source of Variability, Frontier Hard Chrome

vatrix = MV EP LEACHATE; Jubmatrix = N/A

TURIZTALIRT AR SENNTOABNENY
8 of Range of Pooled pooled
Paramater Pairs Nesns 0 o
chromium by ICPES
Field Duplicate _
chromium 4 0.0030 - 0.074 mg/t 0.00 45.5
%
tron by SW010 5
fiald Duplicate
fron 4 0.093 - 0.705 mg/L .25 49.3 &
1CP Metals by SWGO10
Analyticat Do (Al Instrument) W
Chromiue 5 W - 0.119 mo/L 0.03 28.1 $
Tron 5 0.180 +  1.325 ma/L 0.12 20.0
Lead 4 w - N0 NC NC
Kickel & ¥ - NO NC KC
Matrix Spike Duplicste
Chromium 1 107.5 - 107.5 my/L 10.61 Q.9
tron 1 107.5 - 107.5 ma/L 27.58 5.7
Lead 1 9.8 - 95.8 mg/L 2.83 3.0 L
Kickel 1 .5 - 9.5 my/L 1.61 1.4 %
Mickel by Sw6010
field duolicate
Nickal 4 §.915 - 0.015 masL 0.00 0.0
Lesd by Su&010 :i
Field Dupticate e
Lesd 4 0.062 - 0.062 me/t 0.00 0.0 &
NC: Mot Calcuisole
i
(Continued) it
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Matrix s SOLID; Submatrix = Mé
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Table F7 (Continued)

s EEE DL LTI TEEEE PY xx2 =¥ P sExRBNX
# of Rarge of Pooled Pocled
Parameter pairs Neans L] cv
Chrome VI by SU7194
Aralytical Dup (At Instrument)
Chromium VI 2 %O - NO NC NC
Field Duolicste
Chromius VI 3 NO - %0 NC NC
Predigestion Duplicate
Chramium VI 3 ND - 0.0338 my/L 0.c0 &7.1
NC: Not Calculable
(Cont inued)
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Table F7 (Continued)
Matrix = SOLID; Submetrix « ¥
# of Range of Pooled
Parsmeter Pairs Nears cv
Chrome Y1 by SW71946
Analytical Dup (At Instrument)
Chromium Vi 2 W - 7.273 m/t 0.7
MC: Mot Calzuladte
(Continued)
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Matrix = SOUID; Submatrix = W/A

Table F7 (Continued)

# of Rarge of Pooled Pooled
Parameter Pairs Means SD cv
Chromitm by [CPES
Field Duwplicate
Chromivm 10 9.800 -  550.0 mg/Kg 14.03 8.5
Chromium by [CPES
Field Dupolicate
Chromium 4 0.0030 -  0.074 my/x3 0.00 45.5
Chloride by 1€ (E300.0)
Analyticat Dup (AT [nstrument)
Chloride 1 250.1 - 6.1 mg/Xe 16.52 6.4
Matrix Spike Diclicate
Chlorice 1 3.5 - 43.5 mg/xy 0.a83 1.0
iron by SW010
Fleld duplicate
tron 10 6400.0 - 39500.0 my/Xg 2554.40 g.?
tron by sSWs010
Field Duplicate
fron 4 0.093 - 0.705 mg/Kg 0.25 49.3
1CP Metals by SW6010
Ansiytical Duo (At Instrument)
Chremium 7 0.620 - 605 mys<s 13.99 22.2
fron 7 7000.0 - 357C0.0 mysKg 5013.54 20.6
Leed 7 7.£55 - 8.3 my/Kg 3.99 21.5
Nickel 7 6.105 - 4.9 my/Ke 2.99 i%.0

Matrix Spike Duplicate

NC: Mot Calculabte

AP S T

(Continced)
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Matrix = SOLID; Sibmatrix = N/A

Table F7 (Continued)

XY

# of Range of Pooled Pooled
Parameter Pairs Means O cv
Chromium 16 53.0 - 150.9 mg/Kg 50.41% 45.3
Iron 5 77.3 - 100.0 mg/Kg 10.51 12.9
Lead 16 19.9 - 372.2 mg/Kg 34,87 38.0
Nickel 14 856.6 - 111.5 mg/Xg 11.70 11.8
Percent moisture imoeganic
Fiald Dunticate
Percent moisture 10 4.000 - 39.2 mg/Xg 2.73 15.0
Nickel by Sws010
Field Duwoticate
Nicket 10 6.100 - 32.5 m/Xg 3.9 18.4
Nicket by SWs010
Field Duplicate
Nickel 4 0.015 - 0.015 mg/Kg Q.00 0.0
Lead by SWA010
field Owolicate
Lead 10 7.050 - 280.0 wy/KQ “4.75 16.9
Lesd by SWé&O10
Field Duntlicate
Lead 4 0.042 - 0.042 my/Xg 0.00 Q.0
Chrome V1 by SW7196
Aralytical Oup (At [nstrument)
Chromium V1 22 %0 - 23.0 mg/Kg 0.34 38.5
field Dunlicate
NC: Mot Calculadle
(Continued)
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Table F7 (Continued)
Matrix = SOLID; Sutmstrix = N/A
= EZASREITATTAETINAUNTNS £ $ 4 EXINAINEN et
# of Range of Pooled pPooled
- cameter Pairs Kesns b o
Chromium V1 7 %0 - 47.9 my/Kq 1.58 41.3
Matrix Spike Duplicate
Chromium VI 6 87.6 - 110.6 my/K3 3.53 3.7
Predigestion Duwolicate
Chremium V1 1 0.063 - 0.043 mg/Xg 9.05 8.3
Sulfate by IC (E£300.0)
Analytical Dup (AL Instrument)
Sulfate 1 4816.3 - 4816.3 mg/Kg 1.73 0.0
Metrix Spike ODuolicate
sulfate 1 8.4 - 884 rg/Xg .00 0.0
KC: Not Calculsdie v
i
B
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P
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Table F7 (Continued)
Matrix = TREATED; Submatrix = oy
# of Rarge of Pooled Pooled
Parameter Pairs Nears S0 cv
1CP Metals by SW6010
Anslytical Dup (At Inatrument)
Chremium 1 0.090 - 0.090 mgsL 0.07 a3.3
fron 1 0.437 - 0.437 mg/L 0.38 59.1
Lend 1 No - N0 XC L]
Nicket 1 MO - L] NC NC
Cheome VI by SW7196
Analytical Dw (AT Instrument)
Chromium V! 4 X0 - 0.080 mg/tL 0.06 77.9
i
%C: Wot Catculable : . .
i i
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Table F7 (Continued)

Matrix = TREATED; Submetrix = T
RRWEARMY € --tt’-x-
# of Rarge of pooted Poaied
Parameter Fairs Mesns 0 o
Concdxetivity (E120.1)
Analytical Ouwp (At Instrument)
Conuctivity 2 7655.0 - 30150.0 wrhos/cm 150.08 0.5
PH by SWOOLS
Analytical Dup (At !rnstrument)
[ 1 5.014 - 5.014 mg/L 0.08 0.1
Carome Y1 by SWN719%
Aralytical Dup (At Irstrument)
0.01 6.8

Chromium V1

%0 - 0.691 wg/L

®C: Mot Calcutadble
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Table F7 (Continued)
Metrix = TREATED; Sucratrix = N/A

= anwen ARTTTARYXS: ssxw xTRAL ZnEw
# of Range of Pooted Pooled
Parsmeter Pairs Mesrs o v
Corductivity (E120.1)
Anatytical Oup (At Instrument)
Corductivity 2 1995.9 - 2600.0 uwhos/cm 11.18 0.5
Chloride by IC (£300.0)
Analyticat Cup (At Instrument)
Chioride 1 85.3 - 85.3 mg/Kg 11.08 13.0
Metrix Spike Suolicaze
Chlorice . 2 93.2 - 95.6 mg/Ka 2.96 3.2
1CP Metals by SW010
Matrix Spike Duptlicate
Chromiun 3 -512.7 - §2.0 my/Kg 43.33 13.8
lron 2 -8453,2 - 85.3 mg/xg 210.53 6.8
Lead 1 90.5 - 90.5 mg/Xg 75.25 33.2
Nickel R 8s.3 - 9.4 mg/L3 3.27 3.8
pH by SW904S
Anslytical Dup (At Instrisment)
= 1 11.2 - 11.2 mg/Xg 0.00 0.0
Chreme V1 oy SWT16%
Aralytical Sup (At Irstrument)
Chromum v 4 % - 7.108 w»g/Kg g.12 4.9
Matrix Spike Duwpolicate
Chromium VI ) 1,614 - 107.0 mg/xXg 2.03 5.5
KC: Mot Calculsdie
{Continued)
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Matrix = TREATED; Submatrix = N/A

Table F7 (Concluded)

PRI

# of Range of Pooled Pocled
Parameter pairs Kears S0 o
Sulfste by IC (E300.0)
Anatytical Dup (At lnstrument)
Sulfate 2 70%.0 - 944.0 ma/Kg 6464 7.5
Matrix Spike Duwplicate
Suifate 2 100.9 - 107.9 mg/Xg 9.59 8.9

NC: Not Calculsole
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