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1.0 INTRODUCTION

The purpose of this document is to present environmental monitoring data

- collected during the U.S. Department of Energy Limestone Injection Multistage Burner

(DOE LIMB) Demonstration Project Extension at the Ohio Edison Edgewater
Generating Station in Lorain, Ohio. These data were collected by implementing the
Environmental Monitoring Plan (EMP) for the DOE LIMB Demonstration Project

Extension, dated August 1988. This document is the sixth EMP status report to be

published and presents the data generated during February, March and April 1991,
These reports review a three to four month period and have been published since the

project’s start in October 1989.

The DOE project is an extension of the U. S. Environmental Protection Agency’s
(EPA) original LIMB Demonstration. The program is operated under DOE’s Clean
Coal Technology Program of "emerging clean coal technologies" under the categories of
"in boiler control of oxides of sulfur and nitrogen" as well as "post-combustion clean-up."
The objective of the LIMB program is to demonstrate the sulfur dioxide (SO,) and
nitrogen oxide (NO,) emission reduction capabilities of the LIMB system. The LIMB
system is a retrofit technology to be used for existing coal-fired boilers equipped with

electrostatic precipitators (ESPs).

As required in the Cooperative Agreement between DOE and Babcock and
Wilcox (B&W), an Environmental Information Volume (EIV), an Environmental
Monitoring Plan Outline (EMPO), and an Environmental Monitoring Plan (EMP) were
prepared prior to the onset of the DOE project. The EIV was dated May 20, 1987, the
EMPO was dated December 23, 1987, and the final EMP was dated August 11, 1988.

- This report is organized as follows: Section 1.0 is the Introduction; Section 2.0
presents a Summary of the project for the stated reporting period; Section 3.0 discusses

the LIMB Process and the Project Status; Section 4.0 presents Source Monitoring
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Information; Section 5.0 presents Ambient Monitoring Information; Section 6.0 presents
~ the Health and Safety related information; Section 7.0 discusses the Compliance
Monitoring Status; Section 8.0 discusses Quality Assurance/Quality Control Results; and
Section 9.0 presents Monitoring Problems and Recommendations for Change. Support
material related to air emissions, solid waste disposal, and wastewater discharges is

precented in the appendices.
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20 SUMMARY

This section presents a summary of EMP related items which occurred during the

February, March and April 1991 reporting period.

The LIMB system was operated this reporting period to evaluate the flue gas
desulfurization efficiency of two calcium-based scrbents (dolomitic lime and
lignosulfonated lime) during the combustion of two different sulfur content coals
(nominal 1.6 and nominal 3.8 percent sulfur by weight), Three sorbent/coal

combinations were evaluated during the following three injection periods:

e dolomitic lime/nominal 3.8 percent sulfur coal, 02/04 - 02/20/91;
e lignosulfonated lime/nominal 1.6 percent sulfur coal, 02/21 - 04/05/91; and
® lignosulfonated lime/nominal 3.8 percent sulfur coal, 04/06 - 04/30/91.

The monitoring data and air quality modeling data presented in this report are
Fased on emission data that are specific to the coal/sorbent combination utilized during
a specific injection period and the combination of combustion and air pollution control
equipment used at the Lorain facility. To determine LIMB operating efficiencies and
environmental impacts, monitoring and modeling data collected during the sorbent/coal
injection periods were compared to Baselinel C‘data. Baseline was the period from
February 17 to April 22, 1990, where nominal 1.6 percent sulfur coal or "compliance

coal" was fired and no LIMB Extension equipment was in operation.

The Baseline data were collected after circular burners had been replaced with
low NO, burners. An indication of NO, emissions prior to the demonstration can be
found in the paper entitled "Operation of the LIMB/Humidifier Demonstration at
Edgewater," presented at the First Combined FGD and Dry SO, Control Symposium,
October 25, 1988, St. Louis, MO. Some of the data presented in that paper were

collected when the circular burners were still in operation.
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Since the goal of the LIMB Demonstration Program is to test a wide range of
operating conditions, the SO, and NO, emissions averages should not be taken as
representative of long-term, optimized operations. Ranges of SO, and NO, data were
compiled during periods of formal testing and may include both injection and .

non-injection periods within a given day.

During this reporting period, the average SO, mass emission rate was highest
during the dolomitic lime/nominal 3.8 percent sulfur coal and the lignosulfonated"
lime/nominal 3.8 percent sulfur coal injection periods, and was lowest during the
lignosulfonated lime /nominal 1.6 percent sulfur coal injection period. - The SO, mass
emission rate during this reporting period varied from 880 to 3,400 Ib/hr. The average
SO, mass emission rate for each injection period, which ranged from 1,500 to 2,200
Ib/hr, was higher than average SO, mass emissﬁon rate during the Baseline period of 932
Ib/hr. The median SO, removal efficiency was the highest during the lignosu]fonated
lime /nominal 3.8 perceiit sulfur coal injection period and the lowest during the dolomitic
lime /nominal 3.8 percent sulfur coal and the lignosulfonated lime/nominal 1.6 percent
sulfur coal injection periods. SO, removal efficiencies for the reporting period varied

widely, from 9 to 73 percent.

The average NO, mass emission -2tes for the three sorbent/coal combinations
ranged from 160 to 430 Ib/hr this reporting period. The average NO, mass emission
rates for each injection period, which ranged from 250 to 260 1b/hr, were greater than
the Baseline average NO, emissions of 181 lb/hr. However, with the installation of
B&W XCL low-NO, burners, NO, emissions during this reporting period have decreased
when compared with emissions which occurred prior to the EPA LIMB Demonstration,
Modeled ambient air impacts from SO, and NO, emissions during these three injection

periods will be presented in the next report. Additional information on gaseous emission

monitoring is presented in Section 4.1,
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The wastewater discharge at Outfall 601 was monitored during this reporting
period. All discharge parameters were within National Pollution Discharge Elimination
System (NPDES) permit requirements. The change in concentration from the Baseline
to each sorbent/coal combination for the NPDES discharge parameters is summarized in
Table 2-1. No total phosphorus (P) analyses were performed during this reporting

period. Additional information on wastewater monitoring is presented in Section 4.2.

Fly‘ash samples were composited from October 8 to November 27, 1990 and from
November 28 to December 20, 1990. The ash compositing periods correspond to the
time periods when the pr‘imary‘sorbent coal combinations were dolomitic lime/nominal
3.8 percent sulfur coal and dolomitic lime/nominal 1.6 percent sulfur coal. The resulting
samples were submitted for corrosivity and permeability tests, and were leached using
the Toxicity Characteristic Leaching Procedure (TCLP) and a deionized water (DI)
leaching procedure--American Society for Testing and Materials (ASTM) D3987. These
two leaching procedures will allow for the analyses of the targeted parameters listed in
the EMP. The results from each of these analyses is summarized in Table 2-2. The
corrosivity of the dolomitic lime/nominal 3.8 percent sulfur coal and the dolomitic
lime/nominal 1.6 percent sulfur coal samples were below the detection limit, In
addition, the fly ash samples from both periods were less permeable than the Baseline
period fly ash. The metal concentrations of the TCLP ard DI leachates from both fly
ash samples were below the TCLP maximum contaminant levels (MCL’s) and below the
detection limit for silver (Ag), cadmium (Cd), and mercury (Hg). Additional information

on solid waste monitoring is presented in Section 4.3.

Air quality modeling was performed in this reporting period using the four
sorbent/coal combinations of the previous reporting period. These combinations were
dolomitic lime/nominal 1.6 percent sulfur coal, dolomitic lime/nominal 3.0 percent sulfur
coal, dolomitic lime/nominal 3.8 percent sulfur coal, and limestone/nominal 1.6 percent
sulfur coal. The modeling demonstrated that SO, and NO, concentrations increased over

Baseline period concentrations. With the exception of three injection periods, changes in
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TABLE 2-1. COMPARISON OF NPDES OUTFALL 601 MONITORING DATA
DURING BASELINE AND EXTENSION PERIODS OF OPERATION

SORBENT/COAL COMBINATION
L 'Dbll‘c')mmc_ Lngnosulfonated” ::Lngnosulfonatcd
oo o0 Lime/Nominal - | - Lime/Nomin . ‘-Lune/Nommal
- Parameter (Units). |- '3.8 Percent | 1.6 Percent Sulfur | .38P o
e : Sulfur Coal " Coal " Sulfur Coal
Average /’;s (e/L) - - NA
Average Ca (mg/L) + + ‘ +
Average TSS {mg/L) - - .
Average O&G (mg/L) + - NA
Max pH (s.u.) + + +
Min pH (s.u.) + + ‘ +

+ = increase from Baseline concentration.

- = decrease from Baseline concentratio.s,

NA = no analysis during test period.
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TABLE 2-2. COMPARISON OF ASH LEACHATE COMPOSITION DATA DURING
BASELINE AND EXTENSION PERIODS OF OPERATION

SORBENT/COAL COMBINATION

Total Phenolics ‘ - NA : - NA
pH + NA + NA
Calcium + NA + NA
Chloride + NA + NA
Fiuoride + NA . NA
Potassium + NA + NA
Sodium - NA - NA
Nitrate - NA + NA
Sulfate - NA - NA
Total Hardness NA NA NA NA
Total Alkalinity as CaCO, + NA + NA
Acidity , NA NA NA NA
Bicarbonate NC NA NC NA
Carbonate + NA + NA
Chemical Oxygen Demand (COD) + NA +, NA
Total Organic Carbon (TOC) - NA ‘ - NA
Total Dissolved Solids (TDS) + NA + NA
Iron NA ‘ NA NA NA
Copper NA NA NA NA
Magnesium ‘ - NA NA NA NA
Silver a b a b

Arsenic + + - -

Barium + + + +

Cadmium b b

Chromium + + - +

Mercury NC NC NC NC
Lead ‘ + b + a

Selenium + + +

+ = Increase from Baseline concentration,

- = Decrease from Baseline concentration.

NC = No change from Baseline concentration.

NA = No analysis during test period.

a = Both Baseline and test period concentrations are below detection limits, No comparison between Baseline
and test periods concentrations is possible, for test period detection limit is higher than the Baseline
detection limit,

b = Test period concentration is below detection limit. No'comparison between Baseline and test periods is

possible, for detection limit of the test period is greater than the Baseline concentration.



model predicted concentrations were below the ambient air significance levels, as defined
in the Prevention of Significant Deterioration (PSD) air regulations (40 CFR
51.165(b)(2)). During the screening or initial modeling, the 3:hour (25 ug/m?), 24-hour
(5 pg/m’) and annual (1.0 ug/m?) significance levels for SO, were exceeded during the
dolomitic lime/nominal 1.6 percent sulfur coal (11/1 - 11/12/90), dolomitic
lime/nominal 3.0 percent sulfur coal, dolomitic lime/nominal 3.8 percent sulfur coal
injection periods. Additional modeling, using the Industrial Source Complex Short Term
(ISCST) dispersion model, was conducted to determine compliance with the National
Ambient Air Quality Standard (NAAQS) for SO, during the November and

December 1990 and January 1991 reporting p'eriod. The modeling results demonstrate
that the SO, NAAQS were not exceeded during any of the sorbent/coal injection
periods. Additional information on dispersion modeling is presented in Section 5.1. Air
dispersion modeling will be conducted in the next reporting period, using emission data
from the dolomitic lime and lignosulfonated lime sorbent injection periods in this

_reporting period.

The employee health and safety monitoring specified in the EMP was completed
in the November and December 1990 and January 1991 reporting period. No additional

employee health and safety monitoring was conducted during this reporting period.

The facility’s compliance monitoring status was reviewed for this period. No air or
NPDES permit values, as monitored by Ohio Edison and Radian, were exceeded during

this reporting period. Additional information on compliance monitoring is presented in
Sections 7.0 and 9.0.
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3.0 PROJECT STATUS

The section presents information on the background of the LIMB project as well

as the current project status.

3.1 Overview

The DOF LIMB Demonstration Project Extension is a continuation of a LIMB
technology demonstration sponsored by the EPA. The purpose of the LIMB system is to
reduce SO, and NO, emissions from existing utility power generation plants using cost
effective retrofit technologies. Specific goals of the EPA program were to demonstrate
50 to 60 percent reduction of SO, emissions based on incoming coals containing a
nominal 3 percent sulfur. NO, emissions were expected to be less than 0.5 Ib/million
Btu heat input. LIMB has the potential to reduce SO, emissions at a much lower cost
than flue gas desulfurization (FGD) systems, or switching to low-sulfur coals imported

from other regions.

3.2 Edgewater Facility Description

The LIMB Technology Demonstration is taking place at the Ohio Edison
Edgewater Steam Electric Generating Plant located on Lake Erie in Lorain, Ohio. The
Edgewater facility has a total net demonstrated power capability of 214 MW and consists
of three pulverized coal-fired boilers serving two turbines and two oil-fired combustion
turbine generators. The LIMB system was installed in 1986 on Edgewater Unit No. 4,
which has a nameplate capacity of 105 MW. The boiler associated with Unit No. 4
turbine generator is Boiler No. 13. This unit is a B&W, front wall-fired boiler capable of
burning 42.5 tons per hour (tph) of coal. Particulate emissions from Unit No. 4 are

controlled with a Lodge-Cottrell ESP, which was retrofitted to the system in 1982,
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Prior to the LIMB Demonstration, the Edgewater facility burned eastern
bituminous coal (nominal 1.6 percent sulfur). Total station coal consumption is
approximately 70 tph with all units in operation. The coal is delivered by truck. The
facility utilizes 110 million gallons per day (MGD) of once-through cooling water taken
from Lake Erie, and discharges 1.1 MGD of wastewater to the lake from the fly ash
settling ponds. During LIMB Extension activities, fly ash from Unit No. 4 is trucked to a
municipal landfill located in the Dover Township. Figure 3-1 presents a simplified

schematic of the Edgewater facility layout.

Additional information on the Edgewater facility can be found in the EIV and

previously prepared reports for this project.
3.3 The LIMB Process

The LIMB process utilizes low-NO, burners to control the formation of NO,
emissions. To accomplish this reduction, Unit No. 4’s original circular register burners
were replaced with B&W XCL low-NO, burners. The burner replacement was

completed in 1986 during the EPA Demonstration, and these burne's remain in use.

Sorbent is injected into the combustion gas stream to provide sites for SO,
sorption with downstream particulate collection by the ESP. Two injection systems are
currently in place at the Edgewater facility. The first system injects sorbent directly into
the boiler, EPA LIMB Demonstration tests were completed using this configuration,
with a flue gas humidifying chamber installed in a bypass duct downstream of the boiler.
The objective was to increase particulate removal efficiency of the ESP. By decreasing
the flue gas temperature, the residence time of the flue gas in the ESP was increased,
thereby allowing more time for particulate removal. Also, the resistivity of the fly ash
was decreased, which allowed for greater particle-ESP plate attraction and hence,
removal. The humidifying chamber was constructed in a bypass duct so that it could be

isolated during system upsets and not reduce the generation capability of the unit.
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The DOE LIMB Demonstration Project Extension adds a sorbent injection point
located upstream of the flue gas humidification to the original boiler. The
Demonstration system, known as the "Coolside" process, involved sorbent injection
upstream of the humidification chamber and was used in the initial stages of the LIMB
Extension project. In addition to solid sorbent injection, a sodium hydroxide solution
was added to ihe humidifying water to enhance SO, removal. Figure 3-2 presents a
generalized schematic of the current sorbent injection configurations present at the

Edgewater Facility.

In order to accurately document and analyze SO, and NO, reduction efficiencies,
as well as boiler operational efficiencies, a variety of parameters are monitored. Boiler
operation measurements such as fluid temperatures, pressures, and flow rates are
continuously monitored, as are stack gas concentrations of SO,, NO,, oxygen (O,), carbon
dioxide (CO,), carbon monoxide (CO), and opacity. The boiler parameters are
monitored by B&W using -a computer-based data acquisition system (DAS) known as the
Boiler Performance Diagnostic System 140. ‘Up to 1000 data points are scanned and
recorded on magnetic media every 60 seconds. System 140 also performs several
hundred data calculations using the input measurements. All flue gas component
concentrations -- SO,, NO,, CO, O,, and CO, -- are monitored at the ESP outlet. .
Radian also monitors and records component concentrations with a separate personal
computer (PC)-based DAS. Data from both DAS’s are used in determining stack gas

emission rates.

3.4 Project Design and Background

The EPA LIMB Demonstration was initiated in September 1984, B&W, as the
prime contractor, has subcontracted with Radian Corporation to perform environmental
monitoring throughout the Demonstration. The following testing phases were conducted

during the EPA Demonstration:
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Baseline Tests - Conducted prior to any modifications to Unit No. 4. The
term "Baseline" in this report also refers to a period when sorbent was not
injected into Boiler No. 13 or downstream ductwork.

Low NO, Burner Tests - Conducted after installation of the low-NO,
burners,

LIMB Optimization and Demonstration - Conducted after installation of the
boiler sorbent injection system. Final testing of this phase was completed
with the bypass humidification chamber in place.

Preparation for the DOE sponsored LIMB 6emonstration with the Coolside
testing configuration started in July 1989. A shakedown period was conducted for
several months to determine optimum operating conditions. The DOE Coolside tests
started in October 1989 and were completed on February 16, 1990. During the period
from February 17 to April 22, 1990, a non-LIMB operation or Baseline period was in
progress. Following the Baseline period, the DOE LIMB Demonstration Project
Extension commenced. The Extension involves sorbent injection into the boiler in
conjunction with the humidification chamber operation to maintain ESP performance.

When load conditions permit, tests are run close to saturation.

3.5 Project Status

Coolside process tests ended on Febrhary 16, 1990. During the weeks following,
the system was reconfigured to accommodate boiler injection. The Baseline period
occurred from February 17 to April 22, 1990. An equipment/operational shakedown
period then followed, during which lignosulfonated lime was used while nominal 3.0
percent sulfur coal was burned. This condition was chosen in order to establish that the

system would perform as it had prior to the Coolside test period.

The LIMB Extension system was started on April 23, 1990. System performance
was monitored in the April to July 1990 reporting period for the following sorbent/coal

combinations: (1) lignosulfonated lime/nominal 3.0 percent sulfur coal;
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(2) limestone/nominal 3.0 percent sulfur coal; and (3) limestone/nominal 1.6 percent
"sulfur coal. The system was then shut down on July 21, 1990 for a scheduled

rmaintenance outage.

The LIMB Extension system was again started on August 14, 1990. When low
sulfur coal was burned, a number of short sorbent/coal injection test periods (each less
than 8 hours per day) followed, a format which has continued to date. When high sulfur
coal was burned, the injection system was run full-time and data were collected
continuously. The coal and sorbent combinations tested during the August to October
1990 reporting period were: (1) dolomitic lime/nominal 1.6 percent sulfur coal; and (2)
dolomitic lime/nominal 3.0 percent sulfur coal. The coal and sorbent combinations
tested during the November and December 1990, and January 1991 reporting period
were: (1) dolomitic lime/nominal 1.6 sulfur coal; (2) dolomitic lime 3.0 percent sulfur
coal; (3) dolomitic lime/nominal 3.8 percent sulfur coal; and (4) limestone/nominal

1.6 percent sulfur coal.

The LIMB system was operated this reporting period to evaluate the flue gas
desulfurization efficiency of two calcium-based sorbents (dolomitic lime and
lignosulfonated lime) iduring the combustion of two different sulfur content coals
(nominal 1.6 and 3.8 percent sulfur by weight). The following three sorbent/coal

combinations were evaluated during three injection periods:

e dolomitic lime/nominal 3.8 percent sulfur coal, February 4 - 20, 1991,

e lignosulfonated lime/nominal 1.6 percent sulfur coal, February 21 - April 5,
1991; and

e lignosulfonated lime/nominal 3.8 percent sulfur coal, April 6 - 30, 1991.
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40 SOURCE MONITORING

| The Edgewater facility has several environmental discharge streams that are

affected by the DOE LIMB program. This section divides the diécharge source
monitoring reporting into three areas. Unit No. 4 gaseous emissions are covered in
Section 4.1; wastewater discharges are covered in Section 4.2, ana solid waste discharges
are covered in Section 4.3, Monitoringv of pollution control limits and equipment is

discussed in - Section 4.4,

4.1 Gaseous Emissions Monitoring

There are two stacks at the Edgewater facility. Exhaust gases from Unit No. 4 are
emitted through a stack located on the roof of the Unit No. 4 boiler house. Unit No. 3
flue gases are emitted through a brick chimney located adjacent to the northern side of
the boiler house. As a part of the DOE LIMB Extension test matrix, Unit No. 4 flue gas
concentrations of NO,, SO,, CO, CO,, and O, as well as oi)acity measurements are
continuously monitored. No manual stack gas tests were conducted for total particulate
matter (PM), total particulate matter below 10 microns (PM,;) and particle size

distribution tests,

A summary of average air emissions data are presented in Table 4-1, by test
period. Average values in the table for the three coal/sorbent combinations and the
overall reporting period average are arithmetic means of nonzero daily values recorded
or calculated on days when Unit No. 4 and the sorbent injection equipment were
operating at least some period of time. The goal of the demonstration program is to test
a wide range of operating conditions, iherefore, these averages should not be taken as
representative of long-term, optimized operations. For this reason, ranges of SO, data
have been shown and may include both injection and noninjection periods within a given
day. A detailed analysis that breaks down emission monitoring data into shorter

averaging periods is outside the scope of the EMP reporting requirements.
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6-qtremp 4-1



TABLE 4-1. SUMMARY OF AVERAGE AIR EMISSIONS DATA?

o
—

Average, Maximum and Average, Maximum &
Minimum 8O, Emission Minimum NOy Emissions
p--n---—-—-uw---—.unn-- ---uun-n—-nw-uq--—unu
Average Average
Coal Higher Median, Maximum
Firing Heating -Average & Minimum SO,
Rate Value Opaclty Removal Efficlency o
(kib/hr) | (Btu/ib) (%) | b/MMBtw) | @b | @) (Ib/MMBtu) | (ib/br)®
Dolomitic Lime/Nominal 3.8 Percent Sulfur Coal: 02/04 through 02/20/91,
Average 49 12,355 3.6 3.6 2,200 23 042 250
Maximum 44 3,400 34 047 430
Minimum : 21 1,000 21 0.36 170

Lignosulfonated Lime/Nominal 1.6 Percent Sulfur Coal: 02/21 through 04/05/91,

Average 53 12431 24 2.2 1,500 23 0.37 250
Maximum 33 2,200 73 0.44 330
Minimum LS 900 9 0.30 160
Lignosulfonated Lime/Nominal 3.8 Percent Sulfur Coal: 04/06 through 04/30/91,

Average 52 12,269 1.5 i 34 2,200 39 0.41 260
Maximum 41 3,100 ‘ 56 043 360
Minimum 29 1,500 3 0.38 180
Overall Reporting Perlod Average 02/04 through 04/30/91,

Average 55 12,388 23 . 28 1,900 23 0.40 280
Maximum 44 3,400 73 0.48 430
Minimum 1.5 880 9 0.30 160
Baseline Poriod: 02/17 through 04/22/90.9

Average 53 11,680 13 14 932 NAE 0.28 181
Maximum

Minimum

All emissions are calculated fot cach day, as shown In Appendix A, The values represent the average of those daily calculated values,
Average Ib/hr values for each reporting period can be verified using the formula in footnote "b",

Values calculated as lbs/hr = [(Ibs/MMBtu)(klb/hr)(Btu/Ib)(1000 lb/l\'lb)/(lﬂ6 Btu/MMBtu)).

Values presented here are not a direct Indication of system performance. Calculations incorporate recorded dats taken only during days
when there was at least some LIMB operation. Zero values for off-line days were not used in calculating averages.

The data for baseline perlod results are presented In the report for the period of February, March and April 1990,

NA = Not applicable,
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The summary of average air emissions data for the Baseline period are also
arithmetic means of daily values recorded or calculated on days when Unit No. 4 was
operating, However, the quality of these arithmetic means cannot be verified. As a
result, the Baseline emission averages presented in Table 4-1 may be lower than actual
emissions. An indication of NO, emissions prior to the demonstration can be found in
the technical paper "Operation of the LIMB/Humidifier Demonstration at Edgewater,"
presented at the First Combined FGD and Dry SO, Control Symposium, October 25,
1988, St. Louis, MO. This paper indicates that with B&W XCL burners, NO, emissions
range from 0.39 Ib NO,/MMBtu at a main steam flow of 425,000 Ib/hr, to 0.48 Ib
NO,/MMBtu at a main steam flow of 775,000 1b/hr. |

Air emissions data for O, and CO, are not included in the summary table, since
they are not considered pollutants, Data for CO is only used as a measurement of
combustion efficiency and is tnerefore also not included in the summary tables.
Monitoring data for O,, CO,, and CO are only evaluated and reported if modeled
ambient air concentrations of SO, or NO, are higher than the NAAQS. The results from
total hydrocarbon (THC) testing, which were below 1 ppmv for the U.S. EPA portion of
the Base LIMB Testing project (Baseline Report, 1988), demonstrated that no further

THC monitoring was required.

The testing which occurred during this reporting period was largely performed
during short time periods (2 to 6 hours per day). This method of testing was employed
thrbughout most of this reporting period. However, when high sulfur coal was burned,

testing took place continuously.

The SO, mass emission rate during this reporting period varied from 880 to
3,400 Ib/hr. The average SO, mass emission rate was highest during the dolomitic
lime/nominal 3.8 percent sulfur coal and lignosulfonated lime/nominal 3.8 percent sulfur
coal injection periods, and was the lowest during the lignosulfonated lime /nominal

1.6 percent sulfur coal injection period. The average SO, mass emission rate for each

kam /005
O-qtremp 4-3



injection period, which ranged from 1,500 to 2,200 Ib/hr, was higher than average SO,
emissions during the Baseline period of 932 Ib/r. The median SO, removal efficiency
was highest during the lignosulfonated lime/noniinal 3.8 percent sulfur coal injection
period and lowest during the dolomitic lime/nominal 3.8 percent sulfur coal and
lignosulfonated lime/nominal 1.6 percent sulfur coal injection periods. SO, removal

efficiencies for the reportiug period varied widely, from 9 to 73 percent.

The average NO, mass emission rates for the three sorbent/coal combinations
ranged from 160 to 430 1b/hr this reporting period, The average NO, mass emission
rates for each injection period, which ranged from 250 to 260 1b/hr, were greater than
the Baseline éverage NO, emissions of 181 Ib/hr. With the installation of B& W XCL
low-NO, burners, NO, emissions during this reporting period have decreased when
compared with emissions which occurred prior to the EPA LIMB Demonstration,
Ambient air impacts from SO'2 and NO, emissions during these three injection periods

will be evaluated in the next report.

The average opacity during each dolomitic lime injection period ranged from |
1.5 to 3.6 percent, as compared to average opacity during the Baseline period of
1.3 percent. The opacity remained well below the State of Ohio permit limit of 20
percent. The average opacity during all injection periods was slightly higher than the
average opacity during the Baseline period. The average higher heating value (HHV) of

the coal increased this reporting period over the Baseline period.

Daily emission rate data are presented in Appendix A. No manual flue gas testing
was conducted for PM and particle size distribution during this reporting period. This
type of testing has been previously performed and reported in LIMB Demonstration
Extension: Emission Test Report Calcium Chloride Injection Study and the Draft LIMB
Demonstration Extension Quality Assurance Project Plan, Testing for PM and PM,,
requires that the boiler and air pollution control equipment be operating at steady

conditions for a minimum of 4 and 24 hours respectively. The injection of sorbent in
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4-8 hour periods precluded the PM or PM,, tests from being performed on a regular

basis.

42 Wastewater Monitoring

The wastewater discharge points at the Edgewater facility are shown in Figure 4-1.

The wastewater QOutfalls are listed below:

1.  Outfall 001 - consists of condenser cooling water and discharges to Lake Erie.

2. Outfall 002 - consists of intermittent storm water runoff from the fuel tank
spill containment basin area, and also discharges to Lake Erie,

3. Outfall 601 - discharges secondary ash pond effluent. Outfall 601 consists of
all major plant wastewater streams and storm water runoff, including runoff
from the truck loading area.

4.  Outfall 606 - consists of intermittent boiler blowdown discharge and drains to
the Outfall 001 tunnel.

Orly Outfall 601 contains any additional effluent or pollutant loadings as a result
of the Coolside or LIMB Demonstration Preject Extension testing. Compliance
monitoring was conducted as required by the NPDES permit. Monthly discharge reports
are submitted by Ohio Edison to the Ohio EPA for Outfalls 601, 606, 001, and 002 for
the following parameters: pH, total suspended solids (TSS) (referred to in the permit as
nonfilterable residue), flow, oil and grease (O&G), P, and As. TSS, pH, and flow were
measured twice a week; O&G, and As were measured once a month. Total P was not
analyzed during this reporting period. Outfall 601 was monitored daily for pH and
temperature. Daily wastewater samples were also composited during the three
sorbent/coal combinations for Ca analyses. Appendix B provides NPDES analytical data
for the months of February, March and April 1991.
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Temperature and pH data are shown in Appendix C for the period of February, March
and April 1991. The Outfall 601 Ca analyses are shown in Appendix D.

Wastewater discharges at Outfall 601 were monitored during this reporting period.
All discharge parameters were within NPDES permit requirements. Table 4-2 shows a
comparison of the Baseline values versus the average, maximum, and minimum values
for each parameter during the month indicated. Table 4-3 provides Outfall 601
wastewater quality data categorized by sorbent/coal combination. Table 4-4 presents the
supplemental pH and Ca concentration data for Outfall 601 with the data categorized by'
sorbent/coal combination. It is important to note that Radian and Ohio Edison perform
wastewater pH monitoring at different locations and times. As specified in the EMP,
Radian takes daily pH measurements at the 601 outfall into Lake Erie. Ohio Edison
monitors the pH as the wastewater flows from the primary settling pond to the secondary
settling pond. Because of the differences in time and location of data collection, pH
measurements are likely to differ. The pH may change as operations change at the
facility. For example, the pH may fluctuate in the settling ponds when ash trucks are
loaded or sorbent is unloaded. Therefore, the values in Tables 4-3 and 4-4, hence
Appendix B and C, are not necessarily the same. Generally, the pH data in the two

tables are within 0.5 pH units, a variation that is expected in neutral wastewater.,

In addition, the monitoring data summarized in each report is from a variety of
sources. Depending on the medium being sampled and the type of monitoring being
performed, the dates of sampling may not match the sorbent/coal injection period. The
dates of air emission and wastewater sampling recorded in Tables 4-1 and 4-3 match the
injection period. The sampling dates recorded in Table 4-4, however, differ from other
sampling episodes, in that wastewater samples are being composited for calcium analyses
on a weekly basis (as per the EMP). Therefore, if a sorbent/coal injection period does

not start on a Monday, then the injection period will not match the sampling period.
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TABLE 4-2, NPDES OUTFALL 601 MONITORING DATA -
FEBRUARY, MARCH AND AFPRIL 1991

Parameters
Reporting | pH |  TSS Flow | 0&G P As
Period : (su.) . ~(mg/L) (MGD) (mg/L) | l(mg/L) ; (ug/L)
Sampling Frequencies 2/week 2/week 2/week 1/month 1/month 1/month
Permit
Requirements
Daily Limit 6-9 100 - 20
Monthly Limit 6-9 30 - 15
February 1991%
Average -- 7 1.1 1€ NA® 25¢
Maximum 8.5 16 13 1¢ NA® 25¢
Minimum 7.1 3 0.7 1¢ NA® 25¢
March 1991°
Average - 10 14 d NA® 38
Maximum 8.2 24 2.6 d NA® 43
Minimum 74 4 0.8 d NA® 33
April 1991%
Average - 13 1.1 d NA® NA®
Maximum 8.1 41 1.6 d NA® NA®
Minimum 7.0 2 0.7 d NA® NA®
Baseling®
(2/17-4/22/90)
Average - 14 19 1 0.15 )
Maximum 7.70 26 2.1 1 0.25 90
Minimum 7.40 7 0.2 d 0.05 . 48

o a N o o

Analytical data shown in Appendix B,

Analytical data from February, March and April 1990 Reporting Period.
Single data point for the month,

Below detection limits,

Not analyzed during test period.
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TABLE 4-3. SUMMARY OF NPDES OUTFALL 601 MONITORING DATA

DURING BASELINE AND EXTENSION PERIODS OF OPERATIONS

— —— —
Reporting Parameters
Period
Average, pH TSS Flow 0&G P As
Maximum, and (su.) (mg/L) (MGD) " (mg/L) (mg/L) (ug/L)
Minimum ‘
Sampling
Frequencies 2/week 2/week 2/week 1/month 1/month 1/month
Permit
Requirements
Daily Limit 6-9 100 - 20 - -
Monthly Limit 6-9 30 - 15 - -
Dolomitic Lime/Nominal 3.8 Percent Sulfur Coal: 02/04 through 02/20/91*
Average 55 11 1° NAY 25°
Maximum 7.6 8 13 1° NA® 25°
Minimum 7.4 3 0.7 1° NA® 25°
Lignosulfonated Lime/Nominal 1.6 Percent Sulfur Coal: 02/21 through 04/05/91%
Average - 12 14 d NAP 38
Maximum 85 41 2.6 d NA® 43
Minimum 7.1 4 08 d NA® 33
Lignosulfonated Lime/Nominal 3.8 Percent Sulfur Coal: 04/06 through 04/30/91°
Average - 10 1.0 NA? NAY NAD
Maximum 8.1 24 15 NA® NA? NA®
Minimum 7.0 2 0.7 NAP NA® NA®
Overall Reporting Period Average: 02/01 through 04/30/91%
Average - 10 12 1 NA® 34
Maximum 8.5 41 2.6 1 NAP 43
Minimum 7.0 2 0.7 d NA® 25
Bascline Period: 02/17 through 04/22/90°
Avcerage - 14 19 1.0 0.15 70
Maximum 7.70 20 2.1 1 0.25 90
Minimum 7.40 7 0.2 d 0.05 48

o a o o ®

Analytical data shown in Appendix B.
Not analyzed during test period.
Single data point for the period.
Below detection limits,

Analytical data from February, March and April 1990 Reporting Period.,
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The maximum and minimum }SH measurements recorded during the three
sorbent/coal combinations were greater than the maximum and minimum pH
measurements recorded during the Baseline period. The wastewater Ca concentration
values ranged from 50 to 59 mg/L during the reporting period. The average, maximum,
and minimum concentration of As during the dolomitic lime/nominal 3.8 percent sulfur
coal and lignosulfonated lime/nominal 1.6 percent sulfur coal injection period were
below Baseline values. The TSS average and minimum concentrations during this
reporting period were at or below Baseline levels, however, the maximum concentration
was higher than Baseline. The average and maximum O&G concentrations reported this
period increased when compared to the Baseline. However, the increase in the O&G
concentration was well below permit requirements and these O&G values were
measured very near the stated detection limit of 1 mg/l. No P analyses were performed

during this reporting period.

43 Solid Waste Discharges

The two solid waste streams generated from coal combustion at the Edgewater
facility are boiler bottom ash and fly ash. A generalized schematic of the ash handling
system is presented in Figure 4-2. Bottom ash generated during the project is not
expected to present a major environmental impact. The bottom ash will not be analyzed,
since LIMB Extension activities will not impact bottom ash generation and the quantity
of bottom ash generated is a small percentage of the total ash produced. Only fly ash
will be sampled and analyzed during the LIMB Extension periods of operation. The fly
ash was sampled and analyzed during the dolomitic lime/nominal 3.8 percent sulfur coal
and the dolomitic lime/nominal 1.6 percent sulfur coal injection periods. The dolomitic
lime/3.8 percent sulfur coal ash sample was composited from October 8 to
November 27, 1991. The dolomitic lime/1.6 percent sulfur coal ash sample was

composited from November 28 to December 20, 1990,

kam /005
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Duriﬁg August and September 1990, lime injection was limited to daily test
periods. Because these injection periods were so short, it was not possible to collect
representative ash samples from the electrostatic precipitator (ESP) during these
injection and non-injection periods. In October 1990, the testing program continued with
short duration injection periods. At that time, Radian decided to attempt collection of
representative ash samples from the ESP and from the ash truck loading chute. Fly ash,
which was removed from the flue gas by the ESP and air heater/economizer, was

sampled daily at the bottom of the ash storage silo.

The analyses on the composite ash sample produced for each sorbent/coal
injection period will be compared to the results from the Baseline ash sample. The
Baseline ash sample was composited from samples collected from February 17 through
April 22, 1990.

As a part of the EMP, the fly ash generated during the LIMB Extension activities
is subjected to the TCLP and the DI leaching procedure (ASTM 3987), with analysis of
the DI leachate for 28 targeted parameters. Utility waste, such as fly ash, is an exempt
category under the Resource Conservation and Recovery Act (RCRA), therefore
leaching tests are not mandated to characterize a waste prior to disposal. However, the
EMP specifies performing the TCLP and ASTM 3987 DI leaching procedures to provide
an initial indication of leachate strength when the ash is disposed of in a sanitary landfill

or monofill.

The TCLP and DI leaching procedures generate leachates from solid wastes, which
are then analyzed for metals and inorganic elements and compounds. The fly ash
samples generated during the LIMB Extension activities were leached using both
procedures. The leachate from each DI procedure is analyzed for 23 targeted
parameters and the TCLP for 8 parameters, Prior to March 1990, RCRA stipulated that
the Extraction Procedure (EP) Toxicity Test be used to assess the toxicity characteristics

of a solid waste. EPA promulgated a new toxicity characteristics ruling in March 1990

kam /005
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requiring that the TCLP replace the EP toxicity test. To ensure regulatory compliance
during the Baseline period, ash composited during this period was subjected to the EP
Toxicity Test and the TCLP as well as the DI leaching procedure. After the Baseline
period, the EP toxicity test was no longer used and the ashes generated during the
Extension periods of operation were leached using the TCLP and the DI procedures
only. All extraction procedures and reference methods are provided in Appendix E,

The leachates from the TCLP and the DI leaching procedure were analyzed for
the eight RCRA-regulated metals [silver (Ag), As, barium (Ba), cadmium (Cd),
chromium (Cr), mercury (Hg), lead (Pb), and selenium (Se)]. The TCLP and the EP
Toxicity Tests are acid extractions (pH < 5.0) and are not suitable for the non-metal
analyses. Therefore, a neutral leaching procedure was selected (ASTM D3987) to
produce a leachate to monitor for the following secondary constituents: total phenolics,
pH, Ca, chloride (Cl), fluoride (Fl1), potassium (K), sodium (Na), nitrate, sulfate, total
hardness, total alkalinity, acidity, bicarbonate, carbonate, chemical oxygen demand
(COD), total organic carbon (TOC), total dissolved solids (TDS), iron, and copper.

The corrosivity and permeability results on the composite samples from the two
sorbent/coal injection periods are compared to the Baseline in Table 4-5, Tests of the
Baseline ash demonstrated a corrosivity of 1.3 mm/yr. Corrosivities of both ash samples
were below the detection limits for the test. The permeability of the ash from each of
the two sorbent/coal injection periods was lower than that of the Baseline ash sample,
This decrease in permeability was expected, since the two sorbents can act as a cement
material, This characteristic is advantageous in a landfill because it demonstrates a
decreased tendency for leachate to flow through the spent sorbent/ash matrix. The

permeability data summary is provided in Appendix G,

The analytical results for metals and secondary analytes from the two sorbent/coal
injection periods are compared to the Baseline concentrations in Table 4-6, The

concentrations of metals for the two injection periods, both TCLP and DI leachates,
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TABLE 4-5, ESP ASH CORROSIVITY AND PERMEABILITY RESULTS

Dolomitic Lime/Nominal 3.8 Percent Sulfur Coal®

Parameter Results
Corrosivity’ c
Permeability 1.3 x 10° cm/sec

Dolomitic Lime/Nominal 1.6 Percent Sulfur Coal®

Parameter

Results

Corrosivity®

Permeability ,
_———— e e

(Y

3.7 x 10 cm/sec

Baseline?

Parameter

Results

Corrosivity

Permeability

1.3 mm/yr

5.3 x 10* em/sec

Analytical data shown in Appendix G.
Conducted on DI leachate sample,

Below detection limits,

ham /005
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TABLE 4-6, ANALYSES PERFORMED ON FLY ASH LEACHATES FROM THE
BASELINE AND EXTENSION PERIODS OF OPERATION

oo -
DOLOMITIC DOLOMITIC
LIME/NOMINAL 38 LIME/NOMINAL 1.6
PERCENT SULFUR PERCENT SULFUR
BASELINE ASH" COALP COAL?
DI
DI | DI Leachate
DI Detection DI Detection DI Detection
Leachate Limit Leachate Limlt Leachate Limit
Parameter (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Total Phenolics 0.023° 0,0050 ND¢ 0,0050 0,012 0,0050
pH 4.0 - 12 - 12 -
Calcium 460 1.0 1500 10 1700 4,0
Chloride 3.2° 1.0 98 1.0 460 50
Fluoride 3.3 0.10 3.8 0.20 23 0.20
Potassium NDY 3.0 23 3.0 12° 3.0
Sodium 43 1.0 9.6 1.0 4.9° 1.0
Nitrate 0.2 0,020 ND¢ 0,020 0.26 0,020
Sulfate 1700 100 1000 100 1300 100
Total Hardness 1268 66 NA® - NA°® NA®
Total Alkalinity as ND* 1.0 2300 10 2300 1.0
Ca(303
Acidity 250 1.0 NA® . NA® NA®
Bicarbonate NDY 1.0 ND¢ . ND¢ NA®
Carbonate ND¢ 1.0 110 - 120° .
Chemical Oxygen ND! 50 8.3 5.0 11° 50
Demand (COD)
Total Organic Carbon 2.2° 1.0 ND! 1.0 ND* 1.0
(TOC)
Total Dissolved Solids 2700 9.0 4000 9.0 5000 9.0
(TDS)
Iron 3.8 0.040 NA® . NA® -
Copper 1.1 0.020 NA® - NA® -
Magnesium 29 1.0 NA® - NA® .
Silver ND¢ 0.010 ND¢ 0.10 ND! 0.40
Arsenic 0.0042° 0.0040 0.011¢ 0.0040 0.0040° 0,0040
Barium 0,062 0.010 0.60 0,010 0,48 0,040
Cadmium 0,069 0.0050 ND¢ 0.050" ND! 0.020
Chromium 027 0.010 0.030 0.010 0.29 0.040
Mercury ND¢ 0.0002 ND¢ 0.0002 ND¢ 0.0002
Lead 0.0097° 0.0030 0.027 0.0030 0.012° 0.0030
Sclenium 0,059 0.0050 0.13 0.025 0,071 0,0050
Analytical data from May, Junc and July 1990 Report,
® Analytical data shown in Appendix F.
¢ Estimated results less than 5 times the practical quantitation limit,
4 Below detection limits,
¢ Not analyzed.
kam/005 4-16
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TABLE 4-6, (CONTINUED)

—— ——~ f i
DOLOMITIC ' DOLOMITIC
LIME/NOMINAL 38 LIME/NOMINAL 1.6
PERCENT SULFUR PERCENT SULFUR
* BASELINE ASH® COALY COALP
TCLP TCLP | TCLP
Detection TCLP Detection TCLP Detection
TCLP Limit Leachate Limit Leachate Limit
Parameter (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L)
Total Phenolics NA® - NA® - NA® -
pH NA® - NA® - NA® .
Calclum NA® - NA® - NA® -
Chloride NA® “ NA® - NA® -
Fluoride NA® - NA® - NA®
Potassium NA® - NA® - NA®
Sodium NA® - NA® . NA®
Nitrate NA® - NA® - NA® -
Sulfate NA° - NA® - NA® .
Total Hardness NA® - NA® - NA® .
Total Alkalinity as CaCO, NA® = NA® - NA® - H
Acidity NA® - NA® - NA® -
Bicarbonate NA® - NA® - NA® .
Carbonate NA® - NA® . NA®
Chemical Oxygen Demand NA°® - NA® - NA®
(COD)
Total Organic Carbon NA® - NA® - NA®
(TOC)
Total Dissolved Solids NA® - NA® - NA® .
(TDS)
Iron NA® - NA® - NA® -
Copper NA® - NA® - NA® -
Magncsium NA® - NA® - NA®
Silver 0.013° 0.010 NDd 0.10 NDY 0.040
Arscnic 1.5 030 3.7 3.0 ND¢ 12
Barium 0.053 0.010 047 0.010 1.1 0.040
Cadmium 0.013¢ 0.0050 ND* 0.050 ND¢ 0.020
Chromium 0.016° 0.010 0.19 0.010 0.018° 0.010
Mercury ND¢ 0.0002 ND¢ 0,0002 ND¢ 0.0002
Lead ND¢ 0.050 ND¢ 0.50 ND* 0.20
Selenium 0.058 0.0050 0.21 0.025 0.024° 0.0050

o o @ o9

Analytical data from May, June and July 1990 Report,

Analytical data shown in Appendix F,

Estimated results less than S times the practical quantitation limit,

Below detection limits,
Not analyzed,
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were below all TCLP MCL's, and the concentrations were below the detection limit for
Ag, Cd, and Hg.

An increase was observed in the pH, Ca, Cl, K, total alkalinity, and TDS
concentrations for both injection periods over the Baseline. This increase was expected,
due to the presence of spent sorbent material in the fly ash. A decrease was observed in
the Na, sulfate, and TOC concentrations for both injection periods over the Baseline.
The Fl concentration of the dolomitic lime/nominal 3.8 percent sulfur coal injection
period increased over the Baseline; whereas, the Fl concentration of the dolomitic
lime /nominal 1.6 percent sulfur coal injection period decreased over the Baseline, The
nitrate concentration of the dolomitic lime/nominal 3.8 percent sulfur coal injection
period decreased over the Baseline; whereas, the nitrate concentration of the dolomitic
lime/nominal 1.6 percent sulfur coal injection period increased over the Baseline. The

analytical data summary is provided in Appendix F.

4.4  Pollution Control Limit Monitoring

The pollution control systems for gaseous and aqueous discharges from Unit No. 4
were continuously monitored throughout the months of February, March and April 1991,
Stack gas emissions from Unit No. 4 were controlled with the LIMB system and the
existing ESP.

The LIMB operating log for the months indicated is presented in Table 4-7. Some
of the reasons for various outages and system upsets are included in the table, In
February 1991, the system operated for a total of 384 hours of formal testing, During
March 1991, no formal testing was conducted for 13 days, The system operated for
122 hours of formal testing during the month, with the system off-line due to ]()W power
demands. In April 1991, the system operated for a total of 213 hours of formal testing,
Occasional shutdowns were reported for sorbent injection line repairs, plugged sorbent

injection hoses, and to "zero" monitoring equipment,
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1910121
910122
910123
910124
9101285
910126
910127
910128
910129
910130
910131
910201

910202
910203
910204
910206
910206
910207
910208
910209
910210
910211
910212
910213
910214
910215
910216
910217
910218
910219
910220
910221
910222
910223
910224
910225
910226
910227
910228
910301
910302
910303
910304
910305
910308
910307
910308
910309
910310

TABLE 4-7. LIMB GPERATION LOG FOR JANUARY, FEBRUARY, MARCH,

1000 1300
1200 1400
LIMB unit off-line.
1000 1300
1100 1330
LIMB unit off-line.
LIMB unit ofi-line.
1000 1300
1030 1500
1030 1530
1200 1730
830 2100
LIMB unit off-line.
LIMB unit off-line.
1030 1800
1300 2400
0 2400
0 2100
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
300 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400
0 2400

LIMB unit oft-line.
LIMB unit off-line.

1300 2400
0 1500
1200 1500
1100 2400
0 1330
LIMB unit off-line.
LIMB unit oti-line.
1030 1200
0 2400
0 1530
1000 1700
930 1400
LIMB unit off-line,
LIMB unit ott-line.

ooooooooooog

1300

1200
1100

AND APRIL 1991

1500
1530

1800
2400
2400
2100

2400
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400

2400
1600
1500
2400
1330

1200
2400
1530
1700
1400

135

758
1"
24
i

21
4
24
24

24
24
24
24
24
24
24

"

10

13
13.5

1.5
24
15.5

4.5

1.0

20
1.6

2.0

1.8

1.8
1.2/2.2

gNMN
(- ]

0.va.2
0.8/1.0

1.2
1.5
1.5
1.0/1.5
1.75
1.06
1.21.5
1.0/21
1.5

1.5
2.2

1.8
1.8

1.5
1.0/1.8
1.3
1.0/1.8
0.8

B

2388

55@55555@%55

275
275
275
275
275

Nooooooomnpooow

21.5
24
24
2%

19.5
19

18.5

10.5
24
24

16.5

NN —
2 & aPOg

—_ ) - - N
PR S S

10.5
24
24

2.5

8.5
17
19.5
24
24
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910314
910315
910316
910317
910318
910319
910320
910321
910322
910323
910324
910325
910328
910327
910328
910329
9102 0
910331
810401
910402
910403
910404
910405
910406
910407
910408
910409
910410
910411
910412
910413
910414
910415
910418
910417
910418
910419
910420
910421
910422
910423
910424
910425
910428
910427
910428
910429
910430

LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit oft-iine.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit oft-line.
LIMB unit oft-line.
1300 | 1600
LIMB unit off-line.
LiMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-iine.
LIMB unit off-line.

LIMB unit off-line.
1300 1700
1000 1700
900 1700
1500 2400

0 1700

LIMB unit off-line.
LIMB unit oft-line.
LIMB unit off-line.
LIMB unit off-iine.
LIMB unit off-line.
1000 2400
0 1800
LIMB unit off-line.
LIMB unit off-line.
1100 2400
0 2400
0 2400

0 2200

LIMB unit off-line,
LIMB unit off-line.
LIMB unit off-line.
1100 2400
0 2400
0 | 1600
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.
LIMB unit off-line.

TABLE 4-7. (CONTINUED)

1300

1300
1000

1500

°§

o005
8

1100

1600

1700
1700
1700
2400
1700

2400
1800

2400
2400
2400

2400
2400
1600

-
Jom~No

14
18

13
24
24

13
24
16

1.8

22

2.2

1.45
1.0/1.85
1.0/2.0

1.8

1.4
1.01.8

1.0/1.8

1.21.8
0.8/1.68
1.75

278

275

275
275
278

275
275

275
275
2718
275

275
275
275/145/275
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5.0 AMBIENT MONITORING

This section presents the results of ambient air dispersion modeling and ground-
water monitoring. Section 5.1 discusses ambient air impacts predicted by using
dispersion models with data from the November and December 1990, and January 1991

reporting period. Section 5.2 discusses ground-water monitoring.

5.1 _Ambient Air Dispersion Modeling

Air dispersion modeling was conducted using EPA-approved models to assess
ground level pollutant concentrations duririg sorbent injection periods. The air quality
results presented in this section are based on emission and stack parameter data that are
specific to the coal/sorbent combination utilized during a specific test period and the
combination of combustion/control equipment used at this faéility. Ambient air
dispersion modeling was performed to determine site-specific air quality impacts.
However, since the predicted impacts are dependent on site-specific factors, the results
of air quality modeling conducted at another facility using this combustion and control
technology would be expected to vary on a case-by-case basis. The site-specific
parameters that would affect the modeling results are meteoro]ogical data, size of
property (distance to nearest ambient air receptor), type of combustion and air pollution
control equipment employed, operating conditions (including percent sulfur of coal and

degree of pulverization), and stack parameter data.

Air dispersion modeling was conducted to assess ground level pollutant
concentrations during seven injection periods. Table 5-1 shows the sorbent/coal
combinations and dates used for each period. Modeling results show that the change in
concentration (i.e., injection period maximum impacts minus Baseline maximum impacts)
is less than 1.0 ug/m’ for NO, for all sorbent/coal injection periods modeled. Therefore,
no further modeling of NO, was required. During the screening or initial modeling,

results for SO, indicated an increase in impacts over the Baseline values that were

kam/005
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TABLE §-1. INJECTION PERIODS MODELED FOR THE CURRENT REPORT

SORBENT/COAL COMBINATION

INJECTION PERIOD

DOLOMITIC LIME/NOMINAL 1.6 PERCENT SULFUR COAL
DOLOMITIC LIME/NOMINAL 3.0 PERCENT SULFUR COAL
DOLOMITIC LIME/NOMINAL 1.6 PERCENT SULFUR COAL
DOLOMITIC LIME/NOMINAL 3.8 PERCENT SULFUR COAL
DOLOMITIC LIME/NOMINAL 1.6 PERCENT SULFUR COAL
LIMESTONE/NOMINAL 1.6 PERCENT SULFUR COAL

LIMESTONE/NOMINAL 1.6 PERCENT SULFUR COAL

(11/01/90 - 11/12/90)
(11/13/90 - 11/16/90)
(11/17/90 - 11/27/90)
(11/28/90 - 12/04/90)
(12/05/90 - 12/21/90)
(12/22/90 - 01/06/91)

(01/07/91 - 01/23/91)

KAM/005 5-2
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greater than the PSD significance criteria for the 3-hour, 24-hour and annual averaging
periods. Therefore, additional modeling of SO, impacts was required. As shown in this
section, additional modeling demonstrated that the SO, NAAQS were not exceeded

during any of the sorbent/coal injection periods.

The modeling methodology followed for this analysis and all other analyses was
outlined in the report covering the period of October 1989 to January 1990. The five-
part methodology compares modeled ground level concentrations for the no sorbent
injection (Baseline) case and modeled ground level concentration‘s during each of the
coal/sorbent combinations to be evaluated. The ambient air modeling protocol is

provided in Appendix H.
5.1.1 Air Quality Source Parameters

To determine the combination of stack parameter and emission rate data that will
predict the maximum air quality impacts, two data sets of representative stack
parameters and emission rates were evaluated for each sorbent/coal injection period. In
general, plume dispersion, and therefore, maximum predicted impacts are dependent on

the stack parameters input to the model.

Therefore, prior to the ISCST modeling, two sets of data were evaluated, the
maximum SO, and NO, emission rates with the maximum stack exit velocity for each
injection period, and the mean SO, and NO, emission rates with the mean stack exit
velocity for each sorbent/coal injection period. These two data sets were input to the
EPA SCREEN dispersion model to determine the most conservative set of operating
conditions for each injection period. Table 5-2 shows the scenario (i.e., maximum or
average emission rate and exit velocity) and corresponding emission rate and exit velocity
producing the largest impacts for each test period and pollutant. The maximum impacts

are predicted to occur using the maximum emission rate and exit velocity for all cases

kam /005
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except two dolomitic lime/nominal 1.6 percent sulfur coal test periods (11/01 to
11/12/90, and 11/17 to 11/27/90), for SO,.

The worst-case emission rates and exit velocities, which were iﬁput to the more
refined ISCST dispersion model, were based on daily averages reported during each
injection period. A representative exit temperature of 350°K was obtained from B&W
and input to the ISCST model. The total suspended particulates (TSP) and CO emission
rates, and therefore, their ambient impacts, are assumed not to change substantially
during any portion of the LIMB Demonstration Project Extension. As a result, no
comparison is made for these pollutants between the sorbent/coal injection periods and

the Baseline period.
5.1.2 Air Quality Modeling Procedure

The modeling was performed as outlined in the protocol discussed in the report
covering the November 1989 to January 1990 period. A five-year analysis (1981-1985)
was performed for each sorbent/coal injection period. The receptor grid used in the
analysis, shown in Fig{xre 5-1, is identical to the one described in previous reports. The
5 part analysis for the dolomitic lime/nominal 3.8 percent sulfur coal, worst-case model
predicted impacts for SO, that were greater than the NAAQS for the 3-hour and 24-hour
averaging periods. Therefore, further refinement was included in the analysis of this

injection period in order to better represent the actual ambient impacts that occurred.

Since the objective of the EMP is to assess the environmental impact due to the
DOE LIMB Demonstration Project Extension, the refined analysis used representative
meteorological data recorded at Cleveland-Hopkins and Buffalo International Airports
from 11/27 to 12/07/90. The unprocessed data required for this analysis was obtained
from the National Climatic Data Center and processed by Radian into the format
necessary to run the ISCST model. The meteorological data consisted of hourly surface

observations of wind speed and direction, temperature, ceiling height, cloud cover and
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total opaque cloud cover, taken at Cleveland-Hopkins Airport. Mixing height data were
derived from twice-daily radiosonde observations and hourly surface data recorded at
Buffalo International Airport. The mixing heights were determined using the
methodology outlined by Holzworth.! Appendix I contains the hourly surface
observations and the mixing height data input to the EPA PCRAMMET meteorological
pre-processor program, which generates a file used by the ISCST model, Except for the
use of real-time meteorological data, the refined modeling analysis conforms to the

S-part methodology described above.
5.1.3 Air Quality Modeling Results

The difference between the Baseline impacts and the impacts for each
sorbent/coal injection period are shown in Table 5-3. Positive values indicate an
increase in modeled impacts over Baseline impacts. The change in NO, concentrations
varies only slightly between the seven injection periods, from 0.4 ug/m? to 0.1 ug/m°.
The change in SO, concentrations is positive for all SO, averaging periods for each
sorbent/coal injection period except the dolomitic lime/nominal 1.6 percent sulfur coal
injection period from 11/17 to 11/27/90.

As outlined in the report covering the period of October 1989 to January 1990,
increases in predicted air quality impacts over Baseline conditions were compared to the
ambient air significance levels as defined in the PSD air regulations. For SO, and NO,,
these values are 1.0 ug/m® for the annual average, 5 ug/m? for the 24-hour average, and
25 ug/m’ for the 3-hour average. For NO,, no increases exceeded 1.0 ug/m? for the
annual average, therefore, no further evaluation was necessary for this pollutant. For
SO,, two averaging periods have increases less than their respective significance levels
(dolomitic lime/nominal 1.6 percent sulfur coal and limestone/nominal 1.6 percent sulfur

coal); therefore, these two periods require no further evaluation,
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The October 1989 to January 1990 report presents a methodology to address
situations when the difference between a test perlod impact and the Baseline impact 1s
greater than PSD alr significance levels, The methodology requires an evaluation of
existing air monitoring data, Monitoring data were obtained from Ohio Environmental
Protection Agency (OEPA) for two sites in Lorain, Ohlo. The monitoring site best
representing ambient background concentrations is located 6 km southeast of the
Edgewater facility at 2270 East 42nd Street. The 42nd Street monitoring site s close
enough to be representative of background concentrations for the Lorain area while its
location is such that the monitored values include only a small contribution from the
Unit 4 stack, Two years (1986 and 1987) of monitoring data were avallable from the
East 42nd Street monitor, Table 5-4 summarizes the monitoring data provided by the
OEPA. The maximum annual value for the two years of data used Is shown in this table,
To determine background concentrations for an air quality analysis conducted using
five years of meteorological data, the second highest monitored concentration is selected

to determine compliance with the short term NAAQS (24-hour and 3-hour),

Table S-S presents the maximum predicted impacts (i.e., ISCST predicted impacts
plus monitored values) for each of the injection periods and averaging periods with
increases greater than PSD significance levels. The results show that a potential
exceedance of the 24-hour SO, NAAQS occurred during the dolomitic lime/3.8 percent
sulfur coal combination, However, no other potential NAAQS exceedances are

predicted for the injection periods modeled for this report,

As discussed in Section 5.1.2, a further refinement of the modeling analysis was
performed in order to more accurately predict impacts during the dolomitic lime/
3.8 percent sulfur coal injection period. Refined modeling shows that the 24-hour hinpact
(using representative meteorological data) is 19.0 ug/m? lower than the Baseline
concentration. Thus, as shown in Table 5-6, the use of representative meteorological

data produces a model predicted impact which is less than the Baseline predicted impact,
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TABLE 5.4, AMBIENT AIR QUALITY MONITORING DATA

$0, Ambient Monitored!
Averaging Period Value (ug/m®) Monltored Year
Annual 23 1987
24-Hour 83 1986
3-Hour? 411 Y 1986
r——— .

! Monitor location is 2270 East 42nd Street, Loraln, Ohio,

% Sccond-highest impacts from 1986 and 1987 data,

kam/005
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TABLE §-5, TOTAL SCENARIO SO, IMPACTS

P ——
Scenario lmpawt1 +
Avoraging Monitored SCJ Value | Percent Of
Scenarlo Porlod (ug/m} NAAQS
DOLOMITIC LIME/NOMINAL 1.6 PERCENT SULFUR COAL ANNUAL 42,9 54%
(11/01 - 11/12/90) 24 HOUR 262 1%
‘ 3 HOUR 867 67%
DOLOMITIC LIME/NOMINAL 3,0 PERCENT SULFUR COAL ANNUAL 513 4%
(11/13 - 11/16/90) 24 HOUR M1 93%
3 HOUR 1070 82%
DOLOMITIC LIME/NOMINAL 1,6 PERCENT SULFUR COAL ANNUAL NA NA
(11/17 - 11/27/90) 24 HOUR NA NA
3 HOUR NA NA
DOLOMITIC LIME/NOMINAL 3.8 PERCENT SULFUR COAL ANNUAL 56.5 %
(11/28 - 12/04/90) 24 HOUR 386 106%
3 HOUR 1180 9%
DOLOMITIC LIME/NOMINAL 1,6 PERCENT SULFUR COAL ANNUAL 419 52%
(12/5 - 12/21/90) 24 HOUR 253 69%
3 HOUR NA NA
LIMESTONE/NOMINAL 1.6 PERCENT SULFUR COAL ANNUAL NA NA
(12/22/90 - 01/06/91) 24 HOUR 254 70%
3 HOUR NA NA
LIMESYONE/NOMINAL 1.6 PERCENT SULFUR COAL ANNUAL 42.5 12%
(1/7 - /23/91) %4 HOUR 261 %
3 HOUR 804 66%

! 24-hour and 3 hour scenarlo impacts are second-highest impacts.
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In summary, it should be emphasized that the intent of the EMP is to assess the
environmental impact due to the DOE LIMB Demonstration Project Extension. The use
of 5 years of meteorological data to determine the worst-case ambient impact during a
1 to 2 week test period is a very conservative methodology. However, the use of
real-time meteorological data for each injection period is not always practical due to the

difficulty of obtaining and processing the data in time for each report.
5.2 Groundwater

No further definition of the environmental impact of fly ash disposal at the Kimble
Landfill or Ohio Edison Ash Disposal Facility was possible during this period, since no
additional ground-water monitoring data were generated.

5.3 References

1. Holzworth, G. C., Mixing Heights, Wind Speed, and Potential For Urban Air

Pollution Throughout Contiguous United States. U. S. Environmental Protection

Agency, Research Triangle Park, North Carolinu. January 1972,

kam/00S

6-qiremp 5-13



6.0 HEALTH AND SAFETY

All employee air and noise monitoring was completed in the previous reporting:
periods. No further employee exposure monitoring is planned for future reporting

periods.
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70 COMPLIANCE MONITORING STATUS

Compliance monitoring is required for both gaseous and aqueous discharges.
Opacity measurements, particulate emissions and SO, emissions estimates are required
~ to meet source permit operation requirements. Particulate emission measurements are
required once every 3 years. Opacity measurements are monitored continuously, and
SO, emissions are to be estimated daily by using a coal sulfur content estimation method
approved by the Ohio EPA. Table 7-1 presents the air compliance monitoring
requirements for point sources at the facility. No compliance violations occurred for
SO,, opacity, or particulate loading during the February, March and April 1991 reporting

period.

Tables 4-2 and 4-3 provide wastewater compliance monitoring limitations and
measured pollutant parameters. No NPDES permit values were exceeded in wastewater

samples collected by Radian or Ohio Edison personnel during this reporting period.
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8.0 QUALITY ASSURANCE/QUALITY CONTROL RESULTS

All air quality monitoring data utilized in this report were collected by the DAS
and are statistically summarized in Table 4-1 and in Appendix A. All sampling and
analytical procedures, sample custody, calibration procedures, data reduction and
validation, reporting procedures, internal quality control checks, performance and system
audits, preventative maintenance, assessment of precfsion, accuracy and completeness,
and corrective action are detailed in the LIMB Demonstration Extension Quality
Assurance Project Plan, August 1990. |

All NPDES water quality data for Outfall 601 utilized in Tables 4-2 and 4-3 and
Appendix B are collected by Ohio Edison as a part of its permit requirements, QA/QC
data for the pH, TSS, Flow, O&G, Total P, and As parameters are maintained by Ohio

Edison personnel.

kam/00S
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9.0 MONITORING PROBLEMS AND RECOMMENDATIONS FOR CHANGE

'No monitoring equipment problems were encountered during the February, March
and April 1991 reporting period. The data provided by the System 140 was extensively
reviewed this reporting period to correct for highly repetitive data and erroneously high
SO, and NO, values (Ib/MMBtu). The highly repetitive data points were identified
when the boiler was taken off-line (a period of minimal heat production). The
System 140 would lock on to the last value while the system was placed off-line and
repeat this value until the boiler and System were placed back on-line. In addition,
erroneously high SO, and NO, concentration values were recorded when CEM
equipment would automatically blow down to clear the intake lines, Both the repetitive
and erroneously high values were removed from the data used to calculate the daily

averages.

A wastewater monitoring equipment problem was encountered during this
reporting period. The probe used by Radian personnel to monitor wastewater pH broke
on March 17, 1991 and was replaced on March 22, 1991,

kam/005
b-glr.emp 9-1
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DETAILED DAILY AVERAGE AIR EMISSIONS DATA

910201
910204
910205
910206
910207
910214
910215
910216
910217
910218
910221
910222
910226
910227
910228

Average
Maximu
Minimum

910301
910304
910305
910306
910307
910308
910311
910312
910313
910314
910315
910322

Average
Maximum
Minimum|

69
37

62
73
48
51

39
47

56

Sl
73
37

47
59
59
51
61
53
50
56
52
57
43
47

53
61
43

12137
12509
12524
12442
12526
12308
12073
12113
12356
12342
12427
12429
12353
12526
12073

12343
12526
12073

12555
12356
12130
12328
12425
12580
12482
12334
12263
12490
12304
12341

12382
12580
12130

1.54
1.67
2,08
2.42
2.92
3,06
2,95
2,95
2.97
2.88
3.02
2.25
1.47
1.28
1.15

231
3.06
1.15

1.07
1.19
1,22
1.21
1.28
1.47
1.49
1.47
{.41
1,36
1.36
1.59

1.34
1.59
1.07

1.18
0.14
0.05
0.26
326
5.60
6.52
5.40
5.44
5.25
2.56
3.09
331
3.13
M

3.20
6.52
0.05

242
3.70
2,50
2.40
2.67
2.7
2,49
2.80
2,99
2.74
2,74

2.00

2,68
3.70
2,00

2.21
2.08
2.53
3.49
3.75
3.70
4.32
4.19
4.35
3.53
3.3
L
1.86
1,89
1.59

2.97
4.35
1.59

1.50
1,92
1.80
1.99
2,19
2,67
2.24
2.11
2.08
2.59
2.56
2.58

2,19
2.67
1.50

1845.62
960.70
1713.46
2694.48
3432.97
219141
2636.81
1996.95
2148.15
1682, 14
1791.23
994,91
1233.11
1318.57
1036.84

1845.16
3432.97
960.70

876.59
1397.54
1286.11
1260.73
1668.45
1770.19
1396.43
1468.,07
1330.89
1830.81
1356.16
1498.,94

1428.41
1830.81
876.59

23.54
30.64
it.2l
22,75
30.81
34.26
21.34
21.45
21.63
2117
46.38
73.10
30.62
15.44
23.30

20.84
73.10
15.44

23.44
2132
22.94
23.24
29.20

9.36
19.69
22.85
29.12
11.25
23.58
21.46

21.45
29.20
9.36

0.40
0.36
0.45
0.45
0.47
0.45
0.39
0.42
0.42
0.41
0.44
0.44
0.38
0.40
0.39

0.42
0.47
0.36

0.35
0.34
037
0.38
0.40
0.36
0.38
0.37
0.37
0.30
0.30
0.36

0.36
0.40
0.30

334,76
166,03
307.24
346.56
433.95
267.11
238,79
199,59
207.24
193.87
238.34
255.19
249.20
281.76
251.39

264,73
433.95
166,03

207.21
244,67
263.81
239.40
304.33
239.99
239.63
258.24
234,55
211.64
159.92
209.65

234.42
304,33
159.92




DETAILED DAILY AVERAGE AIR EMISSIONS DATA

sof i P
910401 41 12428 1.85 1.91 2,58 1300,59 22,56 0.36 181,28
910402 60 12620 1.59 1,62 2,46 1863.90 28,51 0.35 269.23
910403 66 12489 1,59 1,32 2,65 2187.32 35.25 0.38 3L1S
910404 67 12592 1,61 0.85 2,57 2160.90 21,78 0.39 327.88
910405 52 12966 1.5 037 2,09 1408,27 25.67 0.40 268.02
910411 38 12342 246 284 .17 1494 40 | 55.54 0.38 177.96
910412 50 12214 2,66 | 2,90 2.99 1826.55 kYA 0.42 253.96
910415 53 12234 2,58 | 2.66 3.15 2058.07 39.26 0.40 262.94
910416 46 12265 2,57 1.85 2,91 1653.09 36,36 0.40 225.05
910417 55 12075 2,92 111 342 2256,01 38.62 0.41 269.16
910418 70 12083 3.33| 057 3.70 3123.06 41.54 043 363.96
910422 67 12222 3.58 1.04 3.56 2896,39 43.94 043 347.26
910423 52 12447 341 0.49 4,12 266197 33.40 0.42 273.33
910424 40 12535 343 | 044 3.6l 1792.30 41.21 041 202.41
Average 54 12394 2,51 1.43 3.07 2048.77 35.81 0.40 266.69

Maximu 70 12966 3.58( 29 4,12 3123.06 55.54 0.43 363.96

Mlnimux:] 38 12075 1.55| 037 2,09 1300.59 21,78 0.35 177.96
LIMB Eitension:

 Averige
Baseline Period: February 17, 1990 through April 23, 1990

I. HHV = Higher Heating Valuo
2. These values caloulated as: 1bs/hr=((1bs/mmBtu)(Kib/hr)*(Btu/lb)(10001b/K1b)/(10E6Btu/mmBtu))
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8s
) M 9008 850926 ~ ~

LY REPORT FOAM 4500 Oi ﬂ

A10 EDISON COMPANY 31800008601 FEB-91 1 1 3-5«91 OHW005130¢
EDGEWATER PLANT
76 SOUTH MAIN STREET 601 ASH POND DISCHARGE PRIOR TO ENTERING LAKE ERIE
AKRON, OH 44308 LORAIN ®
FORM
EDGEWATER S, HILL
3 3 3 3 ‘
1 1 1 1
RESIDUE  CONDUI 0&G o
pH MG/L FLOW FREN-G
S.U. GROSS MGD MG/L ,46
00400 00530 50050 00556
01 1.3
02 1.3 e
03 1.3
04 7.4 4 1.3
08 1.2
06 1.2
07 7.6 3 0.9 o
08 1.1
09 1.1
10 0.9
1 0.9
12 1.1
13 7.5 7 0.9 1 26 ‘ ®
14 0.9
15 7.5 8 0.7
16 0.7
17 0.9
18 1.1
19 1.1 ®
20 1.1
2 8.5 6 1.1
ié 8.2 8 1.1
23 0.9
4 0.9
25 1.1 .
25 7.1 16 1.1
.27 1'1
.28 1.1
.29
30
> °
52 29.4 1
7 1.1 1
8.5 16 1.3 1
7.1 3 0.7 1
L
B-2
AQENCY .

3-5-91 $>C Plant Superintenden;



R ECPECE

4500
HLY REPORT FORM

“OHIO EDISON COMPANY 3IB000C05601 MAR-91 1 2 OHO05130¢

EDGEWATER PLANT

76 SOUTH MAIN STREET 601 ASH POND DISCHARGE PRIOR TO ENTERING LAKE ERIE

AKRON 44308 LORAIN
' FORM
EDGEWATER S. HILL
3 3 3 3 3 3 3 k| 3 3
1 1 1 1 1 1 1 1 1 1
RESIDU
PH T. NFL CONDU1L 0&G ARSENI  CYANID SELENI BERYL CAD CHROM
s.U, MG/L FLOW FREN-G TOT,RE FREE TOT,RE' BE,TOT CD,TOT HEX-VA
GROSS MGD MG/L UG/L MG/1, UG/L UG/L UG/L UG/L
00400 00530 50050 00556 00978 00719 u0981 01012 01027 0103
01 7.5 7 1.1
02 1.1
03 1.7
\
Pt ¢
06 8'0*%‘:&&10 2.6 43 0.005 AA 0.1 0.3 . 5
07 R pamplic 2.1 AA 33 ‘
08 7.5 16 1.6
09 1.6
10 1.6
11 1.3
. 7.4 8 1.3
13 1.4
14 7.4 14 1.6
5 1.4
'8 1.7
7 1.1
‘8 1.1
‘9 1.1
ol 7.4 6 0.8
XA 1.3
- 7.6 24 1.8
-3 1.7
4 0.9
-5 1.1
5 1.6
27 7.6 4 0.9
28 7.7 5 1.6
29 1.6
kY 1.6
3 0.9
94 44,9 AA 76 0.005 AA 0.1 0.3 5
4 10 1.4 AA 38 0.005 AA 0.1 0.3 5
8. 24 2.6 AA 43 0.005 AA 0.1 0.3 5
7.4 4 0.8 AA 33 0.005 AA 0.1 0.3 5
AA: Belog Detectable Limits
Wioy-y\ 0r - <5 -
AGENCY CL’MM <0.06>
%‘ 4-11-91 (;’B\ P Plant Superintendent




8510 M 9008 850926

(" -
{THLY REPORT FORM 4500
.OHIO EDISON COMPANY 31800005601 APR-91 1 1
EDGEWATER PLANT
76 SOUTH MAIN STREET , 601 ASH POND DISCHARGE PRIOR TO ENTERING LAKE ERIE
AKRON 44308 LORAIN
FORM
EDGEWATER S. HILL
3 3 3 3
1 1 1 1
PH RESIDU CONDUI 004G
s.U, T. NFL FLOW FREN~-G
MG/L MGD MG/L
GROSS
00400 00530 50050 00556
01 1.6
02 7.3 41 1.6
03 1.6 AA
04 7.3 6 1.6
05 1.4
06 1.3
7 1.3
08 7.7 2 0.7
09 0.7
10 1.1
11 7.5 7 1.1
12 1.1
13 1.3
4 1.1
'5 1.1
6 8.1 24 1.4
17 1.3
8 7.8 4 1.3
‘9 1.3
2C 1.5
2 1.5
2z 1.5
23 7.3 14 1.5
24 7.4 6 1.3
25 1.3
o€ 1.1
e 0.7
28 0.7
29 0.7
30 7.0 11 0.7
k)
115 32,6 AA
13 1.1 AA
8.1 41 1.6 AA
7.0 2 0.7 AA

AA: Below Detectable Limits

AGENCY

5-9-91 ool Plant Superintendent
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HTLE Book No. 22652 RADIINN
DATE LOAD COAL/SORBENT INJECTION/ Ca/8 SAMPLES TAKEN  Tem0  INITIALS
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Radian Work Order 91-03-010

Analytical Report
03/26/91

Babcock and Witcox Co.

Radian
RTP
NC

Luke Contos

Customer Work Identification LIMB PROJECT
Purchase Order Number. 209-026-05-00

Contents:

Analytical Data Summary
Sample History

Comments Summary

Notes and Definitions

S W NN -

Radian Analytical Services
8501 Mo-Pac Boulevard
P. 0. Box 201088
Austin, TX 78720-1088

512/454-4797

Client Services Coordinator: KAYOUNG

Certified by:

(»]
I
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cCoORPORAYTION Analytical Data Summary Page:2

Babcock and Wilcox Co.
Radian Work Order: 94-03-010

Sample ldentifications
Method/Analyte
LIMB-EMP601-23 LINB-ENP601-24 LIMB-EMP601-25
o1 02 03
Matrix water water water
Result Det. Limit Result Det. Limit Result Det. Limit

Calcium by ICPES SWé010
calcium 54 mg/L

61 mg/L 56 mg/L

(1) For a detailed description of flags and technical terms in this report refer to the glossary.

I
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ADIA

CORPORATION Analytical Data summary

Babcock and Wilcox Co.
Radian tlork Order: 91-03-010

Page:3

sample Identifications

Method/Analyte ‘
LIMB-EMP601-26 METHOD BLANK
04 05
Matrix water water ‘ !
Result Det. Limit Result Det, Limit

Calcium by ICPES SW6010
Calcium 62 mg/L

ND mg/L

ND Not detected at specified detection Limit

(1) For a detailed descriptian of flags and technical terms in this report refer to the glossary.




CORPORATIO

sample History Paget4

Babcock and Wilcox Co.

Radian Work Order: 91-03-010

Sample Identifications and Dates

Sample 1D LIMB-EMP601-23 LIMB-EMP601-24 LIMB-EMP601-25 LIMB-EMP601-26 METHOD BLANK
Date Sampled 02/28/91 02/28/91 02/28/91 02/28/91
Date Received 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91
Matrix water water Water water water
o1 02 03 04 s
Calcium by ICPES SW6010 ‘
Prepared 03/04/91 03/04/91 03/04/91 03/04/91 03/04/91
Analyzed 03/06/91 03/06/91 03/06/91 03/06/91 03/06/91
Analyst DRW DRW DRW DRW DRW
File ID
Blank 1D .
Instrument JAG1 JAG1 JAG1 JAG1 JAG1
Report as received recefved received received rece{ved




Appendix A

Comments, Notes and Definitions




ADU

comRpPOR 1ON

Notes and Definitions Page: A2

"Babcock and Wilcox Co.
Radian Work Order: 91-03-010

ND ALL METHODS EXCEPY CLP
This flag is used to denote analytes which are not detected at or
above the specified detection limit,
EXPLANAT ION
The value to the right of the < symbol is the method specified
detection Limit for the analyte.



compomAviON Notes and Definitions

Babcock and Wilcox Co.
Radian Work Order: 91-03-010

TERMS USED IN THIS REPORT!
Analyte - A chemical for which a sample {s to be analyzed. The¢ analysis will meet
EPA method and QC specifications,

Compound « See Analyte,

Detection Limit « The method specified detection limit, which {s the lower limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories! method detection limits to verify that they meet or are lower than those
specified by EPA. Detection limits which are higher than method (imits are based

on experimental valuas at the 99X confi{dence (evel. The detection limits for EPA CLP
(Contract Laboratory Program) methods are CRALs (contract required quantitation
limits) for organics and CRDLs (contract required detection (imits) for {norganics,
Note, the detection Limit may vary from that specified by EPA based on sample

size, dilution or cleanup. (Refer to Factor, below)

EPA Method - The EPA specified method used to perform an analysis. EPA has specified
standard methods for analysis of environmental samples, Radian will perform its
analyses and accompanying GC tests {n conformance with EPA methods unless otherwise specified.

Factor - Default method detection limits are based nn anailysis of clean water samples.

A factor is required to calculate sample specific detection Limits based on alternate

matrices (soil or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates. For example, extraction or digestion of 10 grams of soil {n contrast

to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be soil, water, air, oil, or solid
waste,

Radian Work Order - The unique Radian identification code assigned to the samples reported in
the analytical summary,

Units - ug/L micrograms per liter (parts per billion);liquids/water
ug/kg  micrograms per kilogram (parts per billion); soiis/solids
ug/M3  micrograms per cubic meter; air samples
mg/L mitligrams per Liter (parts per mitlion);liquids/water
mg/kg mitligrams per kilogram (parts per miltion);soils/solids
X percent; usually used for percent recovery of QC standards
us/cm conductance unit; microSiemans/centimeter
m./hr milliliters per hour; rate of settiement of matter in water
NTU turbidity unit; nephelometric turbidity unit
cu color unit; equal to 1 mg/L of chloroplatinate salt

Pagas A-3



Radian Work Order 91-04-180

Analytical Report
08/01/91

Babcook and Wilcox Co.

T f—‘

Radian
RTP
NC

Luke Contos

Customer Work Identificatfon Edgewater
Purchase Order Number 209-026-05-00

Cdntents:

Analytical Data Summary
Sample History

Commuiits Summary

Notes and Definitions

PN PTR U

Radian Analytical Services
8501 Mo-Pac Boulevard
P. O. Box 201088
Austin, TX 78720-1088
512/454-4797

Client Services Coordinator: KAYOUNG

Certified by:




ADL

gabcock and Wilcox Co,
Radian Work Order: 91-04-180

Analytical Data Summary

Page:2

Method/Analyte

L 1M -EMP601-27

, Sample tdent{f{cations

LIMB-EMP601-28

L IM8-EMP601-29

01 02 03
Matrix water water water
» Resul t Det, Limit Result Det. Limit Result Det. Limit
Calcfum by ICPES SW&010 -
calcium 47 mg/L 56 mg/L 47 mg/L 1.0

(1) For a detailed description of flags and technical terms in this report refer to the glossary,




ADI

tommomAvioN Analytical bata Summary Pagetd
Babcock snd Wilcox Co.
Radian Work Order: 91-04-180
Sample ldentifications
Method/Analyte
METHOD BLANK
04
Matrix water
Result Det, Limit
Calcium by ICPES $W6010
Calcium ND mg/L

ND Not detected at specified detection Limit

(1) For a detailed description of flags and technical terms in this report refer to the glossary.
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sample History Page:4

Babcock and Wilcox Co.

Radian Work Order: 91-04-180

Sample Identifications and Dates

Sample 1D LIMB-EMP601-27 LIMB-EMP601-28 LIMB-EMP601-29 METHOD BLANK
Date Sampled 04/15/91 04/15/91 04/15/91
Date Received 04/17/91 04/17/N 04/717/91 04/17/91
Natrix water water water water
(/) I 02 03 04
Calcium by ICPES SW6010 ' ‘
Prepared 04/23/91 04/23/91 04/23/91 04/23/91
Analyzed 04/25/91 064/25/91 04/25/91 04/25/91
Analyst DES ‘ DES DES DES
File ID
8lank 1D
Instrument JAS JAG1 JAST JAS1
Report as received received received received

D-11
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Appendix A

Comments, Notes and Definitions
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CORPORATION

Notes and Definitions ' Page: A-2

Babcock and Wilcex Co.
Radisn Work Order: 91-04-180

ND ALL METHODS EXCEPT CLP
This flag is used to denote analytes which are not detected at or
above the specified detection Limit.
EXPLANATION ‘
The value to the right of the < symbol is the method specified
detection Limit for the analyte.
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CORPORATION Notes and Definitions

Babcock and Wilcox Co.
Radian Work Order: 91-04-180

TERMS USED IN THIS REPORT:

Analyte - A chemical for which a sample is to be analyzed. The analysis will meet
EPA method and QC specifications.

Compound - See Analyte.

Detection Limit - The method specified detection limit, which is the lower Limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories' method detection limits to verify that they meet or are lower than those
specified by EPA, Detection Limits which are higher than method Limits are based

on experimental values at the 99% confidence level. The detection limits for EPA CLP
(Contract Laboratory Program) methods are CRALs (contract required quantitation
limits) for organics and CRDLs (contract required detection limits) for inorganics.
Note, the detection limit may vary from that specified by EPA based on sample

size, dilution or cleanup. (Refer to Factor, below)

EPA Method - The EPA specified method used to perform‘an analysis. EPA has specified
standard methods for analysis of environmental samples. Radian will perform its
analyses and accompanying QC tests in conformance with EPA methods unless otherwise specified.

Factor - Default method detection limits are based on analysis of clean water samples.

A factor is required to calculate sample specific detection limits based on alternate
matrices (soil or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates. For example, extraction or digestion of 10 grams of soil in contrast

to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be soil, water, air, oil, or solid
waste.

Radian Work Order - The unique Radian identification code assigned to the samples reported in
the analytical summary.

Units - ug/L micrograms per liter (parts per billion);liquids/water

‘ ug/kg micrograms per kilogram (parts per biltion); soils/solids
ug/M3 micrograms per cubic meter; air samples
mg/L mitligrams per liter (parts per millioh):liwids/uater
mg/kg mitligrame per kilogram (parts per million);soils/solids
X percent; usually used for percent recovery of QC standards
us/cm conductance unit; microSiemans/centimeter
m./hr mitliliters per hour; rate of settiement of matter in water

0

NTU turbidity unit; nephelometric turbidity unit
cu color unit; equal to 1 mg/L of chloroptatinate salt
D-14
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LEACHATE METHODS SUMMARY

Three leachate testing procedures have been discussed as viable methods to
assess the chemical characteristics of leachate generated from LIMB fly ash. These
three are the EP Toxicity Tes?, Toxim Ly Characteristic Leaching Procedures (TCLP), and
a DI Water "shake extraction" l¢ 'wn?ng procedure. All three methods are included in
this appendix and the followmg paxhgraphs generally summarize these methods as they
pertain to a dry (ash) sample.

The EP Toxicity test uses a leaching procedure as follows:
1) extract ash with 16 times its weight in DI water;

2) adjust pH to 5.0 if above and do not adjust if below;

3) agitate for 24 hrs at approximate room temperature maintaining the pH
at 5.0;

4) add approximately 4 times the weight of the ash of DI water; and
5) filter and analyze for As, Ba, Cd, Cr, Pb, Hg, Se, Ag, and various non-

volatile organics.

The TCLP procedure incorporates the following general steps:
1)  preliminary extraction

. perform a percent solids analysis;
o perform particle size reduction if necessary;
. determine which of the 2 extraction fluids to use;

-- if volatiles are to be analyzed, use extract fluid #1
- if pH of DI extract is less than 5, use ex{,ract fluid #1

if pH less than S with DI extract add small amount of acid,
~ heat and if still less than S, use extract {fuid #1

otherwise use extraction fluid #?2

. extraction fluid #1 - Acetic Acid, NaOH, and water (pH ~ 4.9);

cml\190




‘cml\ 190

extraction fluid #2 - Acetic acid and water (pH = 2.9);

add 20 times the weight of the solids in the aliquot (use special
digestion vessel when looking for volatiles);

add extraction fluld and extract for 18 hours at 30 rpm (ambient
temperatures); and

filter the slurry, measure pH, and analyze the extract for metals
and organics as per SW846 methods.

The DI water leveling procedure basically is completed as follows:

perform solids analysis;

add 700 grams aliquot of ash plus 6 times the aliquot weight in
DI water;

invert 25 times/minute for 3 minutes;

agitate 48 hours on a piece of equipment that is equxvalent to a
"reciprocating platform shaker;"

open, let settle for 5 minutes, separate solids by decanting,
centrifuge, or filtering;

filtering further by vacuum or pressure; and

measure pH and analyze.

E-2
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Part 261, App. |

§261.33 Discarded commercial chemical prod-
ucts, ofT-epecification species, container resi
dues and pill residues thervo(.

The following materials or {tems are has-
ardous wastes if and when they are discard-
ed or intended to be discarded unless they
are excluded under §§ 260.20 and 260.22 and
llsted in Appendix IX.

<t).l|

Hazardous
waste No. Substancse
V7 7T o Pervachiorophencl.
. [ ] L[] L] [ ]
U242 .....ooiimenes Phenol, pentachiorno-,
U212...ccminivees PRONGE, 2.3,4,6-t00CNOr0-,
UB12...oiniavncnan ~ Phenol, 2,4 5-rchoro.,
U239 ..ccoeercnernes PRONGE 2,4, 0-ri0NiOrO
L] [ ] L[ ] L[] [ ]
[V, - | RO . Propionic acid. 242,4,5-rioNorophenoxy)-
[ ] L ] L ] L[] L)
V7 - [ Sivex.
(V- - S er Sl SeT
L] L] . [ ] L[]
[S1- 1 | SRS 4.3.4,6- T otrachiorcphencl.
] . L[] L ] ]
UZD0 .....coocieomees 8B TricOraphenol,
U e 2,4,8-Trichiorophanol,

U2 e - 2.4,8-Trichiorophencxryeceslic ecid.

ArrzpIx [—-REFRESENTATIVE SAMPLING
MyTHODS

The methods and equipment used for

sampling wasts materials will vary with the

form and consistency of the wasts materials
to be sampled. Samples collected using he
sampling protocols listed below, for sam-
pling waste with properties aimilar to the in-
dicated materials, will be considered by the
Agoncy t9 be representative of the waste.

Extremely viscous liquid--ASTM Standard
D140-70 Crushed or powdered material—
ASTM Standard D34¢-78 Soll or rock-like
material—-ASTM Standard D430-80 8oil.
like material--ASTM Standard D1452-68

My Ash.like material—-ASTM Standard
D32234-76¢ (ASTM Star-ards are available
from ASTM, 1916 Raocw 8t., Philadelphis,
PA 19103}

Containerised liquid wastes—"COLIWASA"
described in “Test Methods for the Eval.
uation of 3olid Weaste, Physical/Chemicud

E-3

40 CFR Ch. | (7-1-85 Ldion)

Methods,” * U.8 Environmental Protec.
tion Agency, Office of Solld Waste, Wash.
ingten, D.C. 20460. (Copies may be ob.
tained from Solid Wasts Information, U7.S.
Environmental Protection Agency, 216 W.
St. Clalr 8t., Cincinnati, Ohio 45268)

Liquid waste (n pits, ponds, lagoons, and
similar reservoirs.—'Pond Sampler’ de-
scribed (n “Test Methods for tlie Evalua.
tion of Solid Waste, Physical/Chemical
Methods.” » :

This manual also contalns additional (n-
formation on application of these protocols.

Arraznpix [I--EP Toxicrry TEsT
PRrocCEnURES

A Extraction Procedure (LP)

1. A representative sample of the waste to
be tested (minimum sixe 100 grams) shall be
obtained using the methods specified in Ap-
pendix I or any other method capable of
yielding a representative sample within the
meaning of Part 260. (For detalled guidance
on conducting the various aspects of the EP
00 “Test Methiods for the Evaluation of
Solid Waste, Physical/Chemical Methods'"
(Incorporated by reference. see § 260.11).)

2. The sample shall be separated into its
component liquid and solid phases using the
bed in “Separation Proce-
" below. If the solid residue ® obtained

this method totals less than 0.5% of
original weight of the waste, the residue
discarded and the operator shall
liquid phase as the extract and
proceed immediately to Step 8.

The solid material obtained from the

Procedure ghall be evaluated for
particie stse. 1f the solid material hes a
200 ATOR Der gram of material cqual to,
greatsr than, 3.1 cm! or passes through a
mm ) standard sieve, the oper-
prooceed to Step 4. If the surface
smaller or the particle siza larger
sbove, the solid material
prepared for extraction by crush-
cutting or grinding the matarial so that

BE
iy

o

t

gggzszsgc
I
B

*Theas methods are also described In
“Samplers and Sampling Procedures for
Hasardous Wasto Streamas,” IPA 800/2-80-
018, January 1960.

®‘The percent solids is determined by
drying the fliter pad at 30°C untii it reaches
constant weight and then calculating the

solids uxing the following equation:

Peroent solide = ‘

(weight of padl + SOl — (Ware weight of pad) <100
Vg wangnt of sampie




~ system {s not available, the

Envirenmental Pretection Agency

it passes through a 9.5 mm (0.378 inch) sieve
or, if the material Is {n & single plecs, by
subjecting the material to the "Structural
Integrity Procedure’” described below.,

4, The solid material obtained in Step 3
shall be weighed and placed in an extractor
with 16 times {ts weight of deionised water.
Do not allow the material to dry prior to
weighing. For purposes of this test, an ao-
ceptable extractor is one which will impart
sufficient agitation to the mixture to not
only prevent stratification of the sampile
and extraction fluid but also insure that all
sample surfaces are continuously brought
ttll‘u‘fd. contact with well mixed extraction

8. After the solid material and defonimed

water are placed {n the extractor, the opera.
tor shall begin agitation and meesure the
pE of the solution in the extractor. If the
pH is greater than 5.0, the pH of the solu.

?

s

E
]
THH

tor
the course of the ex-
trasiion with a device such as the
pH Controller manufactured by Chemtrix,
Ine., Hillsboro, Oregon 97138 or A
lent, in conjunction with a metering
mdmrvolroto.wmuﬂ.xt!mhs

B

(a) A pE maeter chall be calibrsted in a0
%om with the manufacturer’s specifica-

ons.

(b) The pH of the solution shall
checked and, if necessary, 0.5N acetic acid
shall be manually sdded to the extractor
until the pHK reaches 6.0 = 0.2, The pH of
the solution shall be adjusted at 18, 30 and
60 minute intervals. moving to the next
longer interval If the NH does not have to be
adjusted more than 0.5N pH unita,

(¢) The adjustment procedurs shall be
continued for at least § hours.

(d) If at the end of the 24-hour extraction
period, the pH of the solution is not below
3.2 and the maximum amount of acid (4 ml
per gram of solida) has not been added, the
PH shall be adjusted to 8.9 + 0.2 and the ex.
traction continuad for an additional four
hours, during which the pR shall be adjust-
ed at one hour intervals,

6. At the end of the 24 hour extraction
period, deionized water shall be added to

g

E-4
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the extractor in an amount determined
the following equation: b’
Vo (0XW) = 1(W)-A

V=l deionizsed water to be added

W= weight (n grams of solid charged to ex-

A=m] of 0.5N acetic acid added L 3
during ox

7. The material in the sxtractor shall ba
separated Into its component liquid and
solid phases as Jescribed under "‘Separation
Procedure.”

‘The liquids resulting from Staps 3 and 7
be combined. This combined liquid (or
itaelf if it has less than % percent
noted In step 2) is the extrect and
analysed for the presence of any of
mz.ll using :l'u Amlmelnln w
designated below.

Separation Procedyre

Equipment: A fliter holder, designed for

:gwmmmnmmnmm
of 0.

micromaeters and
:lu“ ?’g(w’mm shall used.
solu be
For mixtures

(557

H

ods” Incorporated
§ 200.11). Procedure:*®

of the “free” liquid portion of
from any solid matter having a
st >0.48 um. If the sample will

1

T
f§§§§§
Iy
i
e
{518

%



Pert 261, App. Il

fiber prefliter, and coarse glass {iber pre-
filter) can be used.

(11) The waste shall be poured into the fil-
tration unit.

(Ii1) The reservolr shall be slowly pressur.
{zed until liquid begins to flow from the fil-
trate outlet at which point the pressure in
the (liter shall be immediately lowered to
10-18 psig, Mitration shall be continued
until liquid flow ceases.

(lv) The pressure shall be {ncreased step-
wise in 10 psi increments to 78 peig and fil-
tration continued until flow ceases or the
pressurizing gas begins to exit from the fil-
trate outlet. ,

(V) The tilter unit shall be depressurized,
the solid material removed and weighed and
then transferred to the extraction appars-
tus, or, in the case of final filtration prior to
analysis, discarded. Do not allow the materi-
al retained on the fiiter pad to dry prior to
weighing.

(vl) The liquid phase shall be stored at 4°C
for subsequent use in Step 8.

B. Structural Intsgrity Procedure

Equipment: A Structural Integrity Tester
having & 3.18 cm (1.28 in.) diameter hammer
weighing 0.32 kg (0.73 1bs.) and having &
free fall of 18.24 cm (6 in.) shall be used.
This device is available from Associated
Design and Manufacturing Company, Alex.
andria, VA 23314, as Part No. 1328, or it may
be fabritated to moet the spacifications
shown i1 Figure 1.

v oot

40 CFR Ch, | (7-1-85 Kditien)

: Chemical Methods” (Incor-
porated by reference, see § 200.11).
2. (Reserved]

For all analyses, the methods of standard
addition shall be used for quantification of
species concentration.



Envirenmental Protection Agency Part 261, App. ||

f )
| " COMBINED
" WERIGHT
' JIKg
1L (.73
]
[} “
,. {3 15¢m)
| p (1.28")
‘f 18.28¢m
ft 6" SAMPLE
) ‘ ELASTOMERIC ¥
/ ; < SAMPLE HOLDER
r' ‘.a.‘ _.“ .?;.o‘.? '5 [ "T
1 = l.. .",,'
5 B BLP
-:g‘. R 4 R o :\1‘ o 71cm
o A R } f@ e 2.8
o T A3
. 3% ) ?‘.3 Jeo .:*.,'
i .é\&g t.. ':;:.‘z i
| ' *l 33cm
{1.3') -
9.4cm
3.7)

*ELASTOMERIC SAMPLE HOLOER FABRICATED OF
MATERIAL FIRM ENOUGH TO SUPPORT THE SAMPLE

Figure 1
COMPACTION TESTER

(48 FR 33119, May 19, 1980, as amended at 46 FR 38247, July 7, 1981)

E-6



qs'n’ Designation: O 3967 - 81

Standard Test Method for

SHAKE EXTRACTION OF SOLID WASTE WITH WATER'

This standard is issued undet the fxed designation D 1987 the number immediately (ollowing thw destgnation indicates the year of

original adoption of, In the case of revision, the yaar of last revision, A number (n parenthesss indica
A seperscript epsaion (¢) (ndicates an editonal change since the last revision or reapproval,

1, Scope

l.l This method covers a procedure for
{eaching of solid waste to obtain an aqueous
solution to be used to determine the materials
leached under the specified testing conditions.

1.2 1t provides for the shaking of a known
weight of waste with water of s com-
position and the separation of the aqueous
phase for analysis,

2. Applicable Documests

il ASTM Standards:

D75 Practice for Sampling Aggregates®

D420 Recommended Practice for [avestigat-
ing and Sampling of Soil and Rock for En-
gineering Purposes?

D ({29 Definitions of Terms Relating to
Water?

D 1193 Specification for Reagent Water®

D 1888 Test Methods for Particulate and Dis-
solved Matter in Water® '

D 2216 Method for Laboratory Determination
of Moisture Content of Soils*

D2777 Practice for Determination of Preci-
sion and Bias of Methods of Committee D=
19 on Water®

D 2234 Method for Collection of a Gross Sam-
ple of Coal*

D 3370 Practices for Sampling Water®

E 122 Recommended Practice for Choice of
Sampie Size to Estimate the Average Quality
of a Lot or Process’®

3. Siguificance and Use

3.1 This method is intended as a rapid
means for obtaining an extract of solid waste.
The extract may be used to estimate the relsase
of certain constituents of the sotid waste under

32

tas the year of last respproval,

the laboratory conditions described Ln this pro.
cedure,

3.2 This method is not Luténded to provide
an extract that is representative of the actual
leachate produced from a solid wasts in the
field or to produce extracts to be used as the
sole basis of engineering design.

3.3 This method is not inteaded to simulate
site-specific leaching conditions. It has not beea
demonstrated to simulate actual disposal site
leaching conditions.

3.4 It is intended that the final pH of the
extract reflect the interaction of the extractant
with the buff capacity of the solid wasts.

35 It is In that the watar extraction
simulate conditions where the solid waste is the
dominant factor in determining the pH of the
extract,

3.6 The metbod produces an extract that is
amenable to the determination of both major
and minor constituents. Whea minor constitu-
ents are being determined, it is especially im-
portant that precautions are taken in sample
storags and handling to avoid possible contam-
ination of the samples.

3.7 This method has been tested to deter-
mine its applicability to certain inorganic com-

ts in the solid waste (ses Appendix X1),
The method has not been tested for applicabil-

E-7
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o organic substances and volatile matter

|
:ly“ ’13)'
1,8 The agitation techniquae and rate and the
uideto-solid ratio in the procedure

y ot be suitable for extracting all types of
wlid waste. (See discussion in Appendix X2.)

& ooﬂlltiou
4| For definitions of lerms used in this
methiod. see Deflnitions D 1129,

8 A”ll.m

§.| Agitation Equipmeni— Agitation equip-
ment of any type that will produce constant
govement of the aqueous phase equivalent to
(hat of a reciprocating platform shaker oper-
aied 4t 6010 70 -in. (25-mm) cycles per minute
«ithout incorporation of air is suitable. A cycle
;hall be understood to include one forward and
on¢ equal return movement, Equipment used
«hall be designed for continuous operation
without heating the samples being agitated (see
discussion of agitation ia Appendix X2),

5.2 Membrane Filter Assembly— A borosili-
cate glass or stainless steel funnel with a flat,
fritted base of the same material and membrane
fliters.

$,3 Containers—Round, wide-mouth bottles
of composition suitable to the nature of the
swlid waste and the analyses to be performed,
and constructed of materials that will aot nllow
sorption of constituents of Lnterest. One-gallon
(ot 4-L) bottles should be used with 700-g
samples and “-gal (or 2-L) bottles with 350-g
samples. Multiples of these sizes may be used
for larger samples. These sizes were selectod to
establish suitable geometry and provide that
the sample plus liquid would occupy approxi-
mately 80 to 90 % of the container, Bottles must
have a watertight closure. Containers for sam-
ples where gases may be released should be
provided with a venting mechanism. (Note that
the venting of the container has the poteniial
to affect the concentration of volatile extracts
o the extract.) Containers should be cleaned in
1 manner consistent with the analyses to be
performed.

6. Reagests

6.| Purity of Reagents—Reagent grade
chemicals shall be used in all tests. Uniess
otherwise indicated, it is intended that all re-
agents shall conform to the specificstions of the

13

0 Je87

American Chemical Society, where such spec-
ifications are available,’ Other grades may be
used, provided it is first ascertained that the
reagent ls of sufficiently purity to permit
{ts use without lessening the accuracy of the
determination.

6.2 Purity of Water— Unless otherwise indi-
cated, references to water shall be understood
to mean Type IV reagent water at {§ to 27°C
(Specification D |193),

7. Sampling

7.1 Obuain a representative sample of the
solid waste to be tested using ASTM sample
methods developed for the specific Industry
where available.

7.2 Where no specific methods are available,
sampling methodology for materials of similar
physical form shall be used.

7.3 A minimum sample of 5000 g shall be
sent to the laboratory (see Method E 122),

7.4 [t is important that the sample of the
solid waste be representative with respect to
surface area, as variations in surface area would
directly affect the leaching characteristics of the
sample. Solid waste samples should contain a
representative distribution of particles sizes.

7.5 Keep samples in closed containers ap-
propriate to the sample type prior (0 the ex-
traction in order to prevent sample contami-
nation or constituent loss. Where it is desired
to extract biologicaily or chemically active sam-
ples in their existing state, store the samples at
4°C (Practices D 3370) and start the extraction
within 8 h. Where it is desired to extract such
samples in a state representative of the results
of biological or chemical sctivities, the samples
may be specifically handled to simulate such
activities, Record the storage conditions and

handling procedures in the report.

8. Sempls Preparatica
8.1 For free-flowing particulats solid wastes,
obtain a sampie of the approximate size re-

quired! in the test by quartering the sample
(Sectia 7) recsived for testing on an imper-
meabile sheat of glazed paper, oil cloth, or other

Society and
Joseph Rosis. D, Vaa Nostraad Co., lac., New York, N,
« and the “United Stases Pharmacopeis.”

E-8



to & depth at least twice the maximum particle
diameter particle size,

8.1.) Remix the sample by llmnf a corner
of the sheet and drawing it across, low down,
to the opposite corner in a manner that the
material ls made to foll over and over and does
oot merely slide along. Contlnue operation
with each cormer, proceeding (n a clockwise
direction, Repeat this operation ten times,

8.1.4 Lift all four corners of the sheet to-
wards the center and holding all four corners
together, raise the eatire shoet into the air to
form a pocket for the sample.

8.1.5 Repeat Step 8.1.2,

8.1.6 Witha tedge at least as long as
the flattened mound of sample (such as a thin-
edged yard stick), gently divide the sample into
i prssir o he rghisdgs uffciens 1
using pressure on ’ s t to
cause damage to the particles. -

8.1.7 Discard alternate quarters.

818 If Nnhcfsreduc;ion C::::m size is
pecessary, repest Steps 8.1.3 817 A
minimum sample size of 330 g is recommended
for each extraction. Additinnal samples should
be provided for determination of solids content,
If smaller sampies arc used in the test, report
this fact,

8.2 For field-cored solid wastes or castings
produced m‘ lnbonwm; representative
section w a 350 or 700 g
for testing, plus umPP;l:l for determination of
solids content, Shape the sample 30 that the
leacel:‘ing solution will cover the material to be
tested.

8.3 For fluid solid wastes, mix thoroughly in
a manner that does not incorporate air to assure
uniformity before withdrawing a 350 or 700-g
sample for test, Take samples for determinatioa
of solids content at the same time as the test
sample,

9. Procedure

9.1 Record the physical description of the
saraple to be tested including particle size %0
far as it is known.

9.2 Solids Content—Determine the solids
content of separate portions of the sampie as

M

D 2087

follows:

9.2.1 Dry to constant weight two diahes
pans of size suitable to the solid wasta o
testod at 104 & 2°C, Cool in & desiccator ag
weigh. Record the value to £ 0.1 g

9.22 Pul an approprlmlz‘stud poron of
sample of the solid waste to be tested into eacy
pan. Scale the weighi used to the physical fory
of the solid wagte tested. Use a minimum of 3¢
g but Use larger samples where particles large
than !0-mm in average diameter are
tested. Weigh, Record the weight to £ 0,1 g

9.23 Dry 1610 20 h at |04 % 2°C. Certaly
solid wastes, such as scrubber sludges, may
contain compounds that are subject to cal,
nation at the specified drying temperature. Dry
these compounds at lower temperatures. Fop
example, gypsum may be successfully dried
45°C (Method C 471) and CaSOs:«|/2Hy0
wastee at 85°C, Record the actual temperatury
and time of the drying period.

9.24 Cool to room tem in a desic.
cator and reweigh. Record the weight to £ 0,

&

9.3 Shake Procedure—Weigh ot tare the
container (0 be used in the shake teet 10 the
nearest or within | g,

9.4 Add the container approximately 700
of solid wasta (Section 8) and determine

B
FoES

9.5 Add to the container a volumae of
water (6.2} equal in millilitres to four
weight in grams of the sampie used in 9,
discussion of dilution ratio in Appendix

9.6 Close the container, Invert the <on
mxﬁm&dy 25 times per minute for 3

the container upright on the

2f=
FEl

ek*®

i




L1

.g.“mﬁlmotothntdcviumybeuud.
ngmmysuchdcvhﬁoumthormn. ‘

9.10 The filtrate obtained in 9.9 is the extract

tioned elsewhere in this method. Measure
pH of the extract immediately, then pre-
wrve the extract in a manner consistent with
he chemical analysis or biological testing pro-
ccdures to be performed (Practices D 3370). If
qificient Liquid phase is not availabie for the
alyses. so indicate in the report and do not
.ontinue the procedure; or alternauvely, per-
jorm the extraction procedure on additional
amples of the solid waste to obtain sufficient
liquid phase. Where phase separation occurs
Juring the storage of the exiract, approprizi.
g shouid be used to ensure the homoge-
* geity of the extract prior to its use in such
a08lysis or testing,

9.11 Analyze the extract for specific constit-
senls Of properties or use the extract for bio-
logical testing procedures as desired using ap-
propriate ASTM standard methods. Where no
appropriate ASTM methods exist, other meth-
ods may be used and recorded in the report.

16. Calculation
10.1 Calculate the solids content of the in-
dividual samples from the data obtained in 9.2
as follows:
S=A/8

where:

A = weight in grams of sample after drying,
9 = original weight in grams of sampie, and
§ = solid content, g/g.

Average the two values obtained. Record us the
solids content.

{1, Report
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sampling, and sample preservation used,

11.1.2 Description of the solid waste includ-
ing physical characteristics and particle size, if
known (9.1),

11.1.3 Solids cortent (9.2),

i1.1.4 Sample weight if other than 700 g,

11.1.5 Drying time and temperature if other
than 16 to 20 h at 104 + 2°C,

11.1.6 pH and results of specific analyses
calculated in appropriate units, State analytical
procedures used, and filter used if other than
0.45 um,

11.1.7 Observation of changes in test mate-
rial or leaching solution recorded in 9.8.

11.1.8 Date leach testing started, preserva-
tion used for extract, and date of analysis.

12. Precision and Accuracy

12.1 No information is presently available
as to the precision or accuracy of the analysis
of specific constituents in the extract. It is rec-
ommended that users of this tzst validate the
applicability of their chosen methods of detec-
tion by spiking portions of the extract, before
using these methods for the analysis of the
extract.

12.2 Based on a collaborative series of tests
on six solid wastes including fly ash, scrubber
sludge, API separator sludge, metal finishing

_waste, textile waste, and s0il, the precision of

l1.1 The report shall include the following: '

11.1.1 Source of the solid waste, date ol

38

iron and calcium determinations for these spe-
cific solid wastes was measured. [nformation
on the test program is provided in Appendix
X1,

12.3 The precision of this method may vary

on the solid waste being tested and

on the element being extracted.

12.4 Determination of the accuracy of this
mtnod is not possible, as no standard reference
material exists.

E-10
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APPENDIXES

X1. COLLABORATIVE TEST PROGRAM

X1.| Based on a collaborative series of tests on six
solid wastes including f'l{‘uh. scrubber sludge. AP!
separator sludge, metal finishing waste, textile waste,
and soil. the precision of this msthod for these specific
materials, including vanabulity of the extraction test
and the analytical procedure, may be expressed as
shown below. Twenty one laboratories participated
in the collaborative test p and each of the six
solid wastes was tested by at least five of the labora-
tories, with a single operator performing thres ex-
traction replicates.” The collaborative test program
was conducted with both an unclear definition of
whether a stroke constituted foward-return move-
ment (see 5.1) and without the inversion instruction
(ses 9.6). It has not baen determined how this con-
tributed to the observed deviatioa.

X1.1.1 For calcium ia concentrations ranging be-
tween 2.8 and 220 mg/L;

Si= 031X +926

So = 0.192X - 1.59

where:

S, = overall precision,

S, = single-operator precision, and

X = determined concentration of Ca, mg/L
X1.1.2 For iron, in concentrations ranging (rom

0.06 and {.4 mg/L:

S =0.792X - 0.013

S, = 0.543X - 0.023

whers:

S = overall precision, s

S, = single-operaior precision,

X = determined conceuntrition of Fe, mg/L

" The collaborative dats are ou file &t ASTM Hesdg
ters, 1916 Race St., Philadelphia, Pa. 1910) and may be
obtained oa loas by requestiag RR: D 19-1000

X2. AGITATION TECHNIQUE AND RATE, AND LIQUID/SOLID RATIOS

X2.1 While the major effort relative to dwu%
ment of the test method has been undertaken at
agitation rate and liquid/solid ratios specified in the
method, it is i
significantly influence the results on cerwin solid
wastes, and that they may not be adequate for cerwain
T The pousible effecus of arying the agita-

A possible effects of v
tion technique and rate include degres of mixing, rate
of releass of constituents, and particle abrasion ef-

The American Society for Testirg amd Maserials (akes ne pesition respecting the validity
conmection with an umm{lmndhthﬁw Users of this advised

ofuyuhm’fﬁhmmﬂhnuq'mqndmnw“mw

that thess varisbles may.

X2.1.2 The bie effects of varying the dilution
ratio include of miring, rate of releass of
constituents (and possible concontration effacts, de-
pending oa availability), and abrasion sffacts.

0

mmmuﬂm:ommua;mywwmmumummﬂnm

and §f not renised, either reapproved or
"mu‘:m o ek pas it
re. t commirtes, you
make yowr views known (o the ASTM CM‘:L. o

1916 Race St, r&t& Pa mo{.:ua
[urther hoaring regerding yowr comemants. Failing :stisfection thare, you may appesi (o the ASTM Beard of Directers.

oW conunnis are inviied dithaw for revision of this mandird or for additional

Youwr commaerits will recetve carefel considerasion a1 & mosting of the
feol that yous commaents have net receved ¢ yclzdd
schodie o

E-11
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TCL? METHOD

FEDERAL REGULATONS

APPENDIX |—~REPRESENTATIVE SAMPLING
MzTRODS

The methods and equipment used for
sampling waste materia’s will vary with the
form and consistency of the waste materials
to be sampled, Samples collected using the
sampling protocols listad below, for sam.
pling waste with properties similar to the in-
dicated materials, will be corisidered by the
Agency to be representative of the waste.

Extremely viscous liquid—ASTM Standard
D140-70 Crushed or powdered material—
ASTM Standard D346-73 Soll or rock-like
material—ASTM Standard D420-69 Soil-
like material--ASTM Standard D1453-68

Fly Ash-lke material—ASTM Standard
D2234-76 [ASTM Standards are available
from ASTM, 1918 Race St., Philadelphis,
PA 19103)

Containerized liquid wastes—"'COLIWASA"
described (n “Test Methods for the Eval.
uation of Solid Waste, Physical/Chemical

Methods,” * U.S. Environmental Protec-
tion Agency, Office of Solid Waste, Wash.
ington, D.C. 20460. (Copies may be ob-
tained from Solld Waste Information, U.8.
Environmental Protection Agency, 26 W,
St. Clair St., Cincinnat{, Ohio 45268] ‘

Liquid waste in pits, ponds, lagoons, and
similar reservoirs.—"Pond Sampler’ de-
scribed in "Test Methods for the Evalua-
tion of Solid Waste, Physical/Chemical
Methoda.” *

This manual also contains additional (n.
formation on applicatiou of these protocols.

Appendix ll—-Method 1313 Taxicity
Characteriatic Leaching Procedure
(TCLP)

[Revised by 55 FR 11862, March 29,
1990}

1.0 Scope and Application

1.1 The TCLP is designed to determine th
mobility of both organic and inorganic
contaminants presem in liquid, solid, and
mulitiphasic wastes.

1.2 If a total analysis of ths waste
dumonastrates that individual contaminants
are not present in the waste, or that they are
peeseut but at such low concentrations that
the appropriate regulatory thresholds could
not possibly be excaeded. the TCLP uced not
he run.

1.3 [f an analysis of any one of \he liquid
fractions of the TCLP extract indicales that a
regulated compound is present at such high
levels that even after account:ug for dilution
from the other fractions of the exiract the
concentration would be above the regulatory
threshold for that compound. then the waste
is hazurdous and it is not necessary to
aralyze the remaining fractiona of the
extract.

Environment Reporter

E-12

1.4 Il an analysis of extract obtained
using a bottle extractor shows that the
concentration of any regulatad volatile
tontaminant exceeds the regulatorv thrashold
fur that compound, then the waste s
hazardous and extraction using the ZHE is
not neccssary. [fowever, extract from a botlle
extractor cannot be used to demonstrate that
the concentration of volatile compounds is
below tha regulatory threshold.

20 Summary of Method (see Figure 1)

2.1 For liquid wastes (i.e.. those
containing less than 0.5 percent dry solid
material), the waste, after filtration throuyh a
0.8 to 0.8-um glass fiber filter. is defined as
the TCLP extract,

2.2 Four wastes containing greater than or
equal to 0.5 percent solids, the liquid. if any.
is separated from the solid phase and stored
for later analysis; the solid phase, if
necessary, is reduced in particle size. The
solid phase is extracted with an amount of
extraction fluid equal to 20 times the waight
of the solid phase. The extraction fluid
employad is a function of the alkalinity of the
sulid phase of the waste. A special axtractor
vensel (s uscd when testing for volatile
contaminants (see Table 1 for a list of volatile
rompuunds). Following extraction, tha liquid
extract is separated from the solid phase by
friilntl-;m through 8 0.8 to 0.8-um glass fiiyor
ilter,

[Appendix II] 100
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FEDERAL REGULATIONS

TABLE 1.—VOLATILE CONTAMINALTS ¢

Compound | casmo.
|

CRIOM v vt e e ks ' e7-84-¥
Banzena.......... 71-43-2
n-Buty! alcohol .. 71-38-3
Cardon disulfide.... 75-15-0
Carton \utrachionide.. 56~23-8
Chiorobenzene...... 108-90-7
Chlorotorm ... S §7-88-3
12 Dichlorcetrany .......ccocvocem v ;. 1Q7-08-2
1.1.Bictioroethyiene . W 75-35-4
Sthl dcetate......... 141-78-8
Z.5yl banzene . 100~41-4
E'hyt ether ....... 60-29-7
1SNbUtanos ... 78-83-1
Mo hanot ... 67-58~1
Methyisr v chionde.... 75-09-2
Maihyt @thyl belonae...... 73-93-3
Mathy! sobutyl katcne .. 108-10-1
Tatrachiotcathyiens .. 127-18-4
TSI . cverinrnne 108-88-3
1,1,1.Tnch zroetha 71-55-8
Tachioroeihylena ... 79-01-8
Thomuseotigis »athand ... 75-80-4
L2 T nlarye1, 2. 2rdluoroathane ... 78-13-1
iy o e e ey e .I 75-01-4 |

m
- Motor

—{ (30 £ 2 rpm)

-

TABLE 1.—VOLATILE CONTAMINANTS ! —
Continued

Campound ! CAS no.

Xylens

1330-2¢-7

‘L when testing lor any of ail of these contam
nants, the zero-Neadspsce esactor wesse! shall be
usad initeaq of the boltie extractor.

23 [fcomputible (i.e., multiple phases will
not form on combination}, the initial liquid
phase of the waste is added to the liguid
extract, and these are analyzed tegether. If
incomputible, the liquids are anulyzed
separately and the resuits are mathematicully
combined to yicld a volume-weightad
average concentrution,

3.0 Interferences

3.1 Potential interferences that may Le
uneountered during analysis are discussed in
the individual analytical muthnds.

4.0 Apparatus and Materials

41 Agiiation spparatus: The agitation
upparutus must be capable of rotating the
axtraction vesse! in an end-over-end lashion
(see Figure 2) at 30 +2 rpm. Suitable devices
known to EPA are identified in Table 2.

4.2 Extraction Vessel

4.21 Zero-l{eadupace Extrartion Vessel
(ZELE). This device is far use only when the
waste is being tested for the mobility uf
vulatile constituents (i.e.. those listed in
Table 1), The ZHE {depicted in Figure 3)
allows [or liquid/solid separation within the
device, and effectivaly preclures headspace.
This type of vessel allows for initial liquid/
solid separution, extraction, and final extract
filtration without upening the vessel (see step
4.3.1). The vesscls shall have an internal
volume of 500600 mL and be equipped to
accommoddte a 90-110 mm fHter. The devicrs
contain VITON * ' O-rings which should be
replaced frequently. Suitable ZHE devices
known to FPA are identified in Table 2.

PVITON *is o (nademark of Da Pont,

Extraction Vessel 1older

Figure 2. Rotary Agitation Apparatus

Environment Reporter
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TABLE 2.~—SUITABLE ROTARY AGITATION APPARATUS !

o ’ p—— Location | Model no.
: I ——— \ 430 2-ZHE or 4-bottie extracior (OC208); 4-ZHE
Analytical Testing and CoNguItng Servicos, INC ..........cm Warrington, PA (215) 3434480, 2-ZHE of b (O-ZHE A 12«:31
extractor (DC208).
Associated Design and Manulacturing ORI oo irinaress sseiasi b s a0 004s Algxandna, VA (703) 549-5099 .. 2-vessel (3740-2), 4-vessel (3740-4), S-vessel
\ (3740-8). 8-vessel (1740-8). 12-vessel
. (3740-12). 24-veseel (3740-24).
Environmental Maching ang Dasign, INC i Lynchburg, VA (804) 845-8424 .| 8-vesesl (08-00-00). 4-vessel {
IRA MACHING SHOp BNG LADOMBIONY (..oiiiiminmmmismirmmmmmessisuisssistsisiue st Santurce, PR (809) 782-4004..... 8-vessel (011C01).
o Lar® LANGE MBNUIICTUAING .o..vcovvirsissessssssses i inists st st snstsnasstssassens wrm‘:- Lake, Wi (313) 449- | 10-vessel (10VRE), 5-vessel (3 VRE).
MITIPOI® COMDL .. etecrurersimssinmissssasstim s sttt Bedford, MA (800) 228-3384 ...... 4-ZHE or 4 tlter botte extractor
(YTI0ORAHW). ‘
A Gavce Tat rolales (e EXTECHON vesael in an 6nd-ver-end (ashion at 30 +2 P is acceptable. )
Liquid Inlet/Outiet Vaive
: B
1 Top Fiange —»
® Support Scree
Filter
Support Scree
* )
Viton o-rings
. [}
Gas
®
P
Bottom Flange )
' M
inlet/Outlet Valve Gauge
® | .
= he °
) Figure 3. Zero-Headspace Extractor (ZHE)
i (Appendix 1)
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FEDERAL REGULATIONS .

TABLE 3.—S!ITABLE ZERO-HEADSPACE EXTRACTOR VESSELS !

Company

Location

Model no.

Anslytical Testing & Consuiting Services, Inc................

Associated Design and Manufacturing Company

Lare Lande Manufactunng ¥ ...,

MHIDOT® COMPOTRBON....c.....cccccscsmresessrrs
Envwonmenta) Machine and Design, ING .................c......

........................ ST TT LI T IR PRTTTIRILIT)

................... LT E R PR PR}

...................................................

4116,

Warrington, PA (215) 343-4490..| C102, Mechanical Pressure Device.
,,,,, Alexandria, VA (70J) 549-5999 .| 3745-2HE, Gas Pressure Device.
................................... ] Wiitore Lake, M1 (313) 449- | ZHE-11, Gas Pressure Device.

Bedford, MA (800) 223-3384...... YT30090HW, Gas Pressure Device,
Lynchburg, VA (804) 845-8424 .| VOLA-TOX1, Gas Gas Pressure Davice.

! Any deice that meets the specifications listed in Section 4 2.1 of the method s surtable.

! This dewce uses a 110 mm filter.

For the ZHE to be acceptable for use, the
piston with{a the ZHE should be sble to be
moved with approximately 15 pai or less. If it
takes more pressure to move the piston, the
O-rings in the device should be replaced. 1f
this does not solve the problem, the ZHE (s
unacceptable for TCLP anaiyses and the
manufacturer should be contacted.

The ZHE should be checked for leaks after
every extraction. If the device contains a
built-in pressure gauge, pressurize the device
to 50 psi, allow it (o stand unattended for 1
hour, and recheck the pressurs. If the device
does not have a built-in pressure gauge,
pressurize the device to 50 psi, submerge it in
water, and check for the presence of air

‘bubbles escaping from any of the fittings. If
pressure is |ost, check all fittings and inspect
and replace O-rings, if necessary. Retest the
device. If leakage problems cannot be solved,
the manufacturer should be contacted.

Some ZHEs use gas pressure to actuate the
ZHE piston, while others use mechanical
pressure (see Table 3). Whereas the volatiles
prucedure (see section 9.0) refers to pounds-
per-square-inch (psi), for the mechanisally
actuated piston, the pressure applied Is
measured in torque-inch-pounds. Refar to the
manufacturer's instructions ae to the proper
conversion.

4.2.2 Bottle Extraction Vessel. When the
waste is being evaluated using the
nonvolatile extraction, a jar with sufficient
capacity to hold the sample and the

extraction fluid is needed. Headspace is
allowed in this vessel.

The extraction bottles may be constructed
from various materials, depending on the
contaminants to be analyzed and the nature
of the waste (see Step 4.3.3). It ls
recommended that borosilicate glass bottles
be used instead of other types of glass,
especially when inorganics are of concern.
Plastic bottles, other than polytetrafluoro-
ethylene, shall not be used if organics are to
be investigated. Bottles are available from a
number of laboratory suppliers. When this
type of extraction vessel is used, the filtration
device discussed in Step 4.3.2 is used for
initial liquid/solid separation and final
extract filtration,

4.3 Fiitration Devices: [t is recommended
that all filtrations be performed in a hood.

4.3.1 Zero-Headspace Extractor Vessel
(ZHE): When the waste is evaluated for
volatiles, the zero-headspace extraction
vessel described in section 4.2.1 {s used for
filtration. The device shull be capable of
supporting and keeping in place the glass
fiber filter and be able to withstand the
pre)u‘ure needed to accomplish separation (50
psi).

Note: When it is suspected that tha glase
fiber filter has been ruptured, an in-line glass
fiber filter may be used to filter the material
within the ZHE.

4.3.2 Filter Holder: When the waste is
evaluated for other than volatile compounds,

any fliter holder capable of supporting s glass

TABLE 4.—SUITABLE FILTER HOLDERS !

fiber filter and able to withstand the pressure
needed to accomplish separation may be
used. Suitable filter holders range from
simple vacuum units to relatively complex
systems capable of exerting pressures of up
to 50 psi or more. The type of filter hoider
used depends on the properties of the
material to be filtered (see Step 4.3.3). These
devices shal! have a minimum internal
volume of 300 mL and be equipped to
nccommodate & minimum filter size of 47 mm
(filter holders having an internal capacity of
1.5 L or greater and equipped to
accommodate a 142 mm diameter filter are
recommended). Vacuum filtration can only be
used for wastes with low snlids content (< 10
percent) and for highly granular liquid-
containing wastes. All other types of wastos
should be filtered using positive pressure
filtration, Suitable filter holders known to
EPA are shown in Table 4.

4.3.3 Materiala of Construction:
Extraction vessels and filtration devices shall
be made of inert malerials which will not
leach or absorb waste components. Glass.
polytetrafluoroethylene (PTFE), or type 318
stainless steel equipment may be used when
evaluating the mouility of both organic and
inorganic components. Devices made of high-
density polyethylene (HDPE), polypropylene,
or polyvinyl chloride may be used only when

evaluating the mobility of metals. Borosilicata

glass bottles are recommended for use over
other types of glass bottles, cspecially when
Iinorganics are constituents of concern,

Company Location Modsi/Catalogue no. Size (um)

Nucteopore Corporation | PlOSBNtON, CA (B00) 882=7711 ..o.vvvrvnririrriierrenien 425910 410400 ..ot 142 mm
47 mm
Hicro Filtraton Systems ..... Dublin, CA (800) 334-7132 (415) 828-8010 .......| 302400 311400 ........cccirrrverririenirisissssecsseresenssens 142 mm
. 47 inm
Millipore Corporation ........... Bedford, MA (800) 22842384 ................ccocceerrnrres YTI0142HW XX1004700 ........ccoieivmmmnrenrarinerenns 142 mm
47 mm

' Any device capable of sepsrating ihe Hquid from the sokid phase of the waste 's suitable, that 1 is chenwecally bbie with the wasie and the

constituents 1o be analyzed. Plasuc devices (not listed above) may be used when only umwnwm‘mu are of cancern. The 142 mm size fiter hoider s

recommended.

44 Filters: Filters shall be made of
borosilicate glase fiber, shall contain no
binder materials, and shall have an effective
pore size of 0.8 to 0.8-um or equivalent. Filters
known to EPA which meet these
specifications are identified in Table §. Pre-

filters must not be used. When evaluating the
mobill:! of metals, filters shall be acid-
washed prior to use by rinaing with 1N nitric
acid followed by three consecutive rinses
with deionized distilled water (a minimum of
1-L per rinse is recommended). Glass fiber

Environment Renorear
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filters are fragile and should be handled wilh
care.

45 pH meters: The mater should be
accurate to +0.03 units at 25 °C.
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TABLE 5, —SUITABLE FILTER MEDIA !

Compeny

Location

NuCHeOoPOre COrpOraton......e
whatman Laboratciy Products, Inc....
Micro Fiitration Systems

v Clifton, NJ (201) 773-5800

| Bedtord, MA (900) 225-3384 ........cc...... TP
| Measenton, CA (415) 463-2830

Dublin, CA (800) 334~P132 (415) 828-8010.......

' Aty fiter that meets the specifications in Section 4.4 of the Method is suitable.

4.8 ZHE extract collection devices:
TEDLARM bags or glass, stainless steel or
PTFE gas-tight syringes are used to collect
the inighl liquid phase and the final extract of
the waste wlen using the ZHE devics. The
devices listed are recommended for use
under the following coaditions: ‘

4.6.1 U a waste contains an aqueous
liquid phase or if a waste does not contain a
significant amount of nonaqueous liquid (i.e.,
<1 percent of total waste), the TEDLAR® bag
or a 600 mL syringe should be used to collect
und combine the (nitial liquid and solid
extract.

4.8.2 1f a waste contains a significant
amount of nonaqueous liquid in the initiul
liquid phase {i.e. >1 percent of total waste),
the syringe or the TEDLAR® bag may be used

~for bott the {nitial solid/liquid separation

and the {inal extract filtration. However,
analysts should use one or the other, not
both.

4.6.3 If the waste contains no initial liquid
phuse {ie 100 percent solid) or has ns
significant solid phase {is 100 percent liquid),
either the TEDLAR® bag or the syringe may
be used. If the syringe is used. discard the
first 5 mL of liquid expressed {rom the device.
The remaining aliquots are used for analysis.

4.7 ZHE extracticn fluid transfer devices:
Any device capable of transferring the
extraction fluid into the ZHE without
changing the nature of the extraction fluid ts
acceptable (e.g.. a positive d!splacement or
peristaltic pump, a gas tight syringe, pressure
{iltration unit (See Step 4.3.2), or other ZHE
device),

4.8 Laboratory balance: Any laboratory
balance accurate to within +0.01 grams may
be used (all weight measurements are to be
within +0.1 grams).

50 Reagen!s

5.1 Reagent waler, Reagent water ls
defined as water in which an interferant is
not observed at or above the methods
detection limit of the analyte(s) of interest.
For noavolatile extructions, ASTM Type Il
water or equivalent meets the definition of
reagent waler. For volatile extractions, it (s
recommended thut reagent water be
genarated by any of the following methods.
Rengent water should be monitured
periodically for impurities.

5.1.1 Reugent wates for volatile
exiractions may be generated by passing tap
wuter through a carbon fliter bed containing
about 500 grams of activated carbon (Calgon
Corp., Filtrasorb-300 or equivalant).

5.1.2 A water purification syatem
(Millipore Super-Q or equivalent) may also be
used to genernte reagent water for volatile
extractions.

2 TRDLAR® is u cugistered trndemark of Du Pont.
4-20-90

51.3 Reagent water for volatile
extractions may also be prepared by boiling
water for 15 minutes. Subsaquently, while
maintaining the water temperature at 99 +3
*C, bubble & contaminant-free inert gas (e.g..
nitrogen) through the watar for 1 hour. While
still hot, transfer the water to & nacrow mouth
screw-cap bottle under sero-headspace and
seal with a Teflon-lined septum and cap.

5.2 Hydrochloric acid (INL HCL made
from ACS reagent grade.

5.3 Nitric acid {1N), HNOs, made from
ACS reagent grads,

54 Sodium hydroxide (1N), NeOH., made
from ACS reagent grade.

8.5 Glacial acetic acid. HOAc, ACS
reagent grade.

5.8 Extraction fluid.

5.8.1 Extraction fluid #1: Add 57 mL
glacial HOAc to 560 mL of the appropriate
water {See Step 5.1), add 64.3 mL of 1N
NaOH, and dilute to a voluma of 1 lites.
When correctly prepared, the pH of this fluid
will be 4.88 +0.08.

5.8.2 Extraction fluid #2: Dilute 8.7 mL
glacial HOAc with ASTM Type Ll water (See
Step 5.1) to & volume of 1 liter. When
correctly prepared, the pH of this flaid will be
2.88 +-0.08.

Note: These sxtraction fluids should be
montitored frequently for impurities. The pH
should be checked prior to use to ensure that
these fluide are made up accurately. If
impurities are found or the pH is not within
the above specifications, the fluid shall be
discarded and fresh extraction fluid

prepared.
8.7 Analytical standards preparec

according to the appropriate analytical
method,

6.0 Sample Collection, Preservation, and
Handling

8.1 All samples shall be collected using
an appropriate sampling plan.

6.2 The TCLP may place requirements on
the minimal size of the field sample
depending upon the physical state or states of
the waste and the contaminants of concern.
An aliquot is needed for preliminary
evaluation of which extraction fluid is to be
used for the nonvolatile contaminant
extraction procedure. Another aliquot may be
needed to actually conduct the nonvolaiile
extraction (see section 1.4 concerning ihe use
of this sxtract {or volatile organics). If
volatile organics are of concarn, another
aliquot may be needed. Quality control
measures may require additional aliquots.
Further, it is always wize to collect more
sample just in case something goes wrong
with the initial attempt to conduct the test

8.3 Preservatives shall not be added to
samples, -
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8.4 Samples may be refrigerated unless
refrigeration results in irreversible physical
change to the waste. If precipitation occurs,
the entire sample {including precipitate}
sheuld be extracted.

8.5 When the waste s to be evaluated for
volatile contaminants, care shall be taken to
minimize the loss of volatiles. Samples shall
be taken and stored in a manner to prevent
the loss of volatile contaminants (e.g..
samples should be collected in Teflon-lined
septum capped vials and stored at 4 °C. until
ready to be openad prior to extraction).

6.8 TCLP extracts should be prepared for
analysis and analyzed as scon as possible
following extraction. Extracts or portions ol
extracts for metallic contaminant
determinations muet be acidifled with nitric
acid to a pH <2, unless precipitation occurs
(see section 8.14 if precipitation occurs).
Extracts or portions of extracts for organic
contaminant determinations shall not be
allowed to some into contact with the
atmosephere (i.e.. no headspace) to prevent
losses. See section 10.0 'QA requirements) [or
acceptable sample and extract holding times.

7.0 Preliminary Evaluations

Perform preliminary TCLP evaluations on &
minimum 100 gram aliqout of waste. This
aliquot may not actually undergo TCLP
extraction. These preliminary evaluations
include: (1) determination of the percent
solids; (2) determination of whether the wasts
contains insignificant solids and ls, therefore,
its own extract after filtration: (3)
determination of whether the solid portion of
the waste requiras particle size reduction:
and (4) determination of which of the two
extraction fluids are to be used for the
nonvolatile TCLP extraction of the waste.

7.4 Preliminary determination of percent
solids: Percent solids Is defined as that
fraction of a wacte sample (as a percentage
of the total sample) from which no liquid may
be forced out by an applied pressure. as
described below,

7.1.1 If the waste will obviously yleld no
free liquid when subjected to pressure
filtration (i.e., is 100% solids) proceed to Stepy
7.3

7.1.2 If the sample is liquid or multiphusic.
liquid/svlid separation to make a preliminary
detarminution of parcent solids is required.
This involves the filtration device described
in Step 4.3.2 and is outlined in Stepa 7.1.3
through 7.1.9.

7.1.3 Pre-weigh the filter and the
container that will receive the filtrate.

7.1.4 Assemble the filter holder and filier
following the manufacturer's instructions.
Place the filter on the support screen and
secure.

[Appendix |1}

Published by THE BUREAU OF NATIONAL AFFAIRS, INC., Washington, 0.C. 20037

| m——————ta et

3

ki



161:1876

FEDERAL REGULATIONS~

7.1.3 Waigh out a subsample of the waste
(10@ gram minimum) and record the weight.

7.1.8 Allow slurries to stand to permit the
solid phase to sette. Wastes that settie
slowly may be centrifuged prior to filtration,
Centrifugation is to be used only as an aid to-
filtration. If used, the liquid should be
decanted and filtered followed by filtration of
the solid portion of the waete through the
same filtration system,

7.1.7 - Quantitatively transfcr the waste
sample to the filter holder (liquid and solid
phases). Spread the waste sample evenly
over the surface of the filter. {f filtration of
the waste at 4 *C reduces the amount of
expressed liquid over what would be
exprossed at room temperature then allow
the sampie to warm uT to roony temperature
in the device before filtering.

Note: {[ wuste material (> 1 percent of
original sampla weight) has vbviously
adhered to the container used to transfer the
sample to the filtration apparatus, determine
the weight of this residue and subtract it from
the sample weight determined in Step 7.1.5 to

Percent solids =

7.2 If the percent solids determined in
Step 7.1.9 s equal to or grestar than 0,5%,
then proceed sither to Step 7.3 to determine
vihether the solid material requires particle
siza reduction or to Step 7.2.1 if it {s naticed
that @ small amount of the filtrate ls
entrained in waetting. of the filter. If the
percent solids determined in Step 7.1.9 is luss
than 0.5%, then proceed to Step 8.9 if the

Percent dry solids

7.2.4 |f the percent dry selids ie less than
0.5 percent, then proceed to Step 8.9 if the
nonvolatile TCLP {s ta be performed, and'to
Section 9.0 if the volatile TCLP'is tw be
performed, If the percent dry selids is greater
than or equal to 0.5%, and if the nonvolatile
TCLP is to be performed, return to the
teainning of this Section (7.0) and, with a
‘resh portion of waste, determine '/hether
ratticle size reduction {s necessary (Step 7.3)
arid determine the appropriate extraction
fluid (Step 7.4). If only the volatile TCLP is to
te performed, see the nute in Step 7.4,

7.3 Determination of whethar the waste
requires particle-size reduction (particle-size
18 reduced during Whis step): Using the solid
portion of the wasts, evaluate the solid for
particle size. Particle-size reduction is
requiced. uniess the solid haa a surface ares
per gram of material equal to or greater than
3.1 cm?, or is smaller than | cm in its
narrowest dimension (i.e., is capable of
passing through a 9.5 mm (0.375 inch)
standard sieve), I the surface area is smaller
or the particle siza larger than described

alave. prepare the solid portion of the waste
for axiraction by crushing, cutting, or grinding'

delermine the mightol the waste sample
that will be filtered.

Craduaily nprly vacuum of gentle pressure
of 1-10 psi, until airor pregsurizing gas moves
through the filter. [f this point is not reached’
under 10 psi, and if no additional Niquid has
passed through the filter in any 2-mimute
interval, siowly increass the pressure in 10+
psi increments to & maximuny of 50 psis After
each incremental (ncrease of 10-psi, if the
pressurizing gas has not moved through the
filter, and if no additional liquid has passed.
through the filter in any 2-minute interval,
proceed o the next 10-psi increment. When
the pressurizing gas begins to mava through
the filter, or when liquid Now has ceased at
50 pei (i.a.. filtration doss not result in.any
additionad filtrats within any 2-minute
period), stop. the filtration.

Nots: Instantansous application of high -
pressure can degrade the glusa (iber filter and
may causa prematare p ng.

'7.1.8 The material a the filter holdar is
defined as the salid phase of tire wasts, and
the filtrate is defined as the liquid phese.

Weight of solid (Step 7.1.9),

Nots: Some wiistes, such as oily wastes
and some paint wastes, wiil obviously
contain some materia' that appears tabe a
liquid, Even aftar applying vacuum or
pressure filtration. as outlined in Step 7.1.7,
this material may not filtsr, If this |s the case.
the material within the flltration dauice ls
defined as a solid. Do not replace the original
filter with a fresh: filter under any
clrcumatances. Use only one filter..

7.1.9 Determin~ the weight of the liquid
phass by subtracting the weight of the filtra te
container (see Step 7.1.3).from the total
weight of the fitrate-filled container:
Determine tha weight of the solid phase of
the waite sample by subtracting the weight
of the liquid phase from the weight of the
total waste sample, as.determined in- Stap
718017172, ‘

Record the waight of the liquid and solid
phases, Calculate the percent solids aa
follows:

Tota| weight of waste (Step 7.1.5 or 7.1.7)

nonvolatile TCLP is to be performed and to
snction 9.0 with a fresh portion of the waste if
tha volatile TCLP is to be performed.

7.21 Remove the solid phase and filter
from the filtration apparatua,

7.2.2. Dry the filter and eolid phuse at 100
+20 °C until two successive weighing yleld
the same value within +1 percent. Record

the final weight.

Note: Caution should be taken to ensuce
that the subject solid will not Aesh upan.
heating. It is recommanded that the drying

' oven be vented to a haod or other

appropriate device,
7.23 Calculate the percent dry-solids as
follows:

{Wheight of dry wasta +- filtes) — tared weight of filter

the waste to a surface area or particle-size us
desoribed above. If the solids are prepared:
for organic volatiles extraction, special
precautions must be taken, see Step 9:8.

Note: Surface area criteria are meant for
filamentous (e.g.. paper, cloth, and similar)
waste materials. Actual measurement of
surface area:is not required. nor is it
recommended, For materiale that do not
obviously meet th.e criteria, sample-specific
methods would need to be developed and
empioyed to measure the surface area. Such
methodology (s currently not available.

7.4 Determination of appiopriate
extraction fluid: i the solid content of the
wastn is greater than or equal to 0.5 percent
and if TCLP extraction for noavolatile
constituents will take place (Section 8.0},
perform the determina’ fon of the appropriute
fluid {Step 5.8) to use for the nonvolutiles
extraction aa follows:

Note: TCLP extraction fur valatile
constituents uses only extraction fluid =1
{Step 8.8.1), Therefore, if TCLP extraction fur
nonvolatiles is not required. procevd to )
Section 9.0: .

Environment Raeparar
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Initial weight of wnzn (Step 2.1.8 or 7.1.7)

- 100

7.41 Weigh out a small subsampli of the
solid phuse of the waste, reduce. the solid: (if
necessary) to a particle-size of appeoximately
1 mm in diameter or less. and transfer 5.0
grams of the solid phase of the waste to a
500-mL beaker or Erlenmeyer Nlask,

7.42 Add98.5 mL of reagent waler
(ASTM Type I1) to the beaker, cover with a
watchglass, and stir vigorously for 5 minutes
using a magnetic stirrer. Measure and record
the pH. If the pH is <5.0, use extraction fluid
*1. Proceed to Section 8.0.

7.43 If the pH {rom Step 7.4.2 {8 > 5.0, add
3.5 mL IN HCL alurr hriefly, cover with a
watchglass, heat to 5u <., and hold at 50 ‘C:
for 10 minutes. ,

744 Let the salution cool to roam:
tempe ‘ature and record the pkL. If the pH is
<5.0, | se extraction fluid #1. I the pH is
> 5.0, uae extraction fluid #2. Proceed to
Section 8.0.

7.8 [f the aliquot of the wasta used for the
preliminury evaluation (Steps 7.1-7.4) way
determined to be 100% solid at Step 7.1.1,
then it can be used for the Section 8.0
axtraction (assuming at least 100 gramn
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remain), and the sectinn 9.0 extraction
(assurning at least 25 grams remain). lf the

" allquot was subjected to the procedure in
Step 7.1,7, then another aliquot shall be used
for the volatile extraction procedure in
Section 9.0, The aliquot of the waste
subjected to the piocedure in Step 7.1.7 might
be appropriate for use for the section 8.0
extraction if an adequate amount of solid (as
determined by Step 7.1.9) was obtained. The
amount of solld necessary 's dependent spon
whether a sufficient amount of extract will be
produced to support the unalyaes. If an
adequate amount of solid remains, proceed to
Step 8.10 of the nonvolatile TCLP extraction,

8.0 Procedure When Volatiles Are Not
Involved

A minimum sample size of 100 grams (solid
and liquid phases) is required. In some cases,
a larger sample size may be appropriate,
depending on the solids content of the wasts
sample (percent solids, See Step 7.1), whether
the initial Ma:lld phase of the waste will be
miscible with the aqueous extract of the
solid, and whether inorganics, semivolatile
organics, pesticides, and herbicides are all
analytes of concern. Enough solids should be
generated for extraction such that the voluine
of TCLP extract will be sufficient to aupport
all of the analyses required. If the amount of
extract generated by a single TCLP extraction
will not be sufficient to perform ali of the
analyses, more than one extraction may be
performed and the extracts from each
combined and sliquoted for analysis.

8.1 If the waste will obviously yield no
liquid when subjected to pressure filtration
(1.e., is 100 percent solid, see Step 7.1), weigh
out @ subsample of the waste (100 gram
minimum) and proceed to Step 8.9.

8.2 If the sample is liquid or multiphasic.
liquid/solid separation is required. This
involves the filtration device described in
Step 4.3.2 and (s outlined in Steps 8.3 to 8.8,

8.3 Pre-weigh the container that wil)
receive the filtrate,

8.4 Assembie the filter holder and filter
following the manufacturer's instructions.
Place the filter on the support screen and
secure. Acid wash the filter if evaluating the
mobility of metals (see Step 4.4),

Note: Acid washed filters may bo used for
ull nonvolatile extractions even when metals
are not of concern.

Weight of extraction fluid

Slowly add this amount of appropriate
extraction fluid (see Step 7.4) to the extractor
vessel. Close the extractor bottle tightly (it is
recommended that Teflon tape be used to
ensure a tight seal), secure in rotary agitation
device, and rotate at 30+ 2 rpm for 1842
hours. Ambient temperature (i.e., terperature
of room in which extraction takes place) shall
be maintained at 22 +3 °C during the
extraction period.
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8.5 Weigh out a subsample of the waste
{100 gram minimum) and record the weight. If
the waate contains < 0.3 percent dry solids
{Step 7.2), the liquid portion of the waste,
afiev filtration, is defined s the TCLP
extract. Therefore, enough of the sample
should be filtered so that the amount of
filtered liquid will support all of the analyses
required of the TCLP extract. For wastes
containing > 0.5 percent dry solids /Step 7.1
or 7.2), use the percent solids infolmnation
ubtained in Step 7.1 io determine the
optimum sample size (100 gram minimum) for
filtration, Enough solids should be generated
by filtration to support the analyses to be
performed on the TCLP extract.

8.8 Allow slurries to stand to permit the
solid phase to settle. Waetss that settls -
slowly may be centrifuged priuz to filtration.
Use centrifugation only as an aid to filtration.
If the waste is centrifuged, the liquid should
be decanted and filtered followed by
filtration of the solid portion of the waste
through the sama filtration system.

8.7 Quantitatively transfer the waste
sample (liquid and solid phases) to the filter
holder (ses Step 4.3.2). Spread the waste
sample evenly over the surface of the filter. If
filtration of the waste at 4 °C reducas the
amount of expressed liquid over what woul?
bo expressed at room temparature, then
allow the sample to warm up to room
temperature in the device before filtering.

Note: If waste material (>1 percent of the
original sample weight) has obviously
adhered to the container used to transfer the
sample to the filtration apparatus, determine
the weight of this residue and subtract it from
the sample weight determined in Step 8.5, to
determine the weight of the waste sample
that will be filtered.

Gradually upirly vacuum or gentle pressure
cf 1~10 psi, until air or pressurizing gas moves
through the filter, If this point is not reached
under 10 psi, and if no additional liquid has
passed through the filter in any 2-minute
Interval, slowly Increase the pressure in 10-
psi increments to a maximum of 50 psi. Altor
each incremental increasa of 10 =i, if the
pressurizing gas has no’ noved thicugh the

" filter, and if no additional liguid has passed

through the filter in any 2-minute interval,
proceed to the next 10-pai increment. When
the pressurizing gas begins to move through
the filter, or when the liquid flow has ceased

at 50 pei (L.e., filtration does not result in any
additional filtrate within a 2-minute period).
stop the filtration.

Note: Instantancous spplication of high
pressure can degrade the glass fiber filter and
may causs premature plugging.

8.8 The material in the filter holder is
defineu as the solid phase of the waste, and
the filtrate is defined as the liquid phase.
Weigh the filtrate. The liquid phase may now
be either analyzed (See Step 8.12) or stored at
4 °C until time of analysis.

Note: Some wastes, such as oily wastes
and some paint wastes, will obviously
contain some material that appears to be a
liquid. Even after applying vacuum or
pressure filtration, as outlined in Step 3.7, this
material may not filter. If this is the case, the
material within the filtration device is
defined as a solid and is carried through the
exiraction as a solid. Do not replace the
original filter with a fresh filter under any
circumstances. Use only one filter.

8.9 If the waste contains <0.5 percent dry
volids (ses Step 7.2), proceed to Step 8.13. If
the waste contains >0.8 percent dry solids
(ses Stzp 7.1 or 7.2), and if particle-slze
rzauction of the solid was needed in Step 7.3,
proceed to Step 8.10. [f the waste as received
passes a 9.5 mm sieve, quantitatively transfer
the eolid material into the extractor battle
along with the filier used to separate the
initial liquid from the solid phase, and
procead to Step 8.11.

310 Prepare the solid portion of the wastas
for extraction by crushing, cutting, or grinding
the waste to a surfi:ce area or particle-size as
described in Step 7.3. When the surface area
or particle-size has been appiopriately
aitered, quantitatively transfer the solid
material into an extractor bottle. Include the
filter used to separate the initial liquid from
the solid phase.

Nots: Siaving of the waste is not normally
required. Surface aroa requirements are
meant for filamentous (e.a., paper, cloth) and
similar waste materials. Actual measurement
of surface area is not recommended. If
sleving is necessary, a Teflon-coated sieve
should be used to avoid contamination of the
sample.

8.11 Determine the amount of extraction
fluid to add to the extractor vessel as follows:

20 percent solids (Step 7.1) < weight of waste filtered (Step 8.3 or 8.7)

100

Note: As agitation continues, pressure may
build up within *he extractor bottle for some
types of wastes (e.g.. limed or calcium
carbonate containing waste may evolve
gases such as carbon dioxide). To relieve
excess pressure, the extractor bottle may be
periodically opened (e.g., after 15 minutes, 30
minutes, and 1 hour) and vented into & hood.

8.12 Following the 18 + 2 hour extraction,
separate the material in the extractor vessel
into its component liquid and solid phases by
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filtering through a new glaas fiber filter, as
outlined in Step 8.7. For final filtration of the
TCLP extract, the glass fiber filter may be
changed, if necessary, to facilitate filtration.
Filter{s) shall be acid-washed (see Step 4.4) if
evaluating the mobility of metals.

8.13 Prepare the TCLP extract as follows;

8.13.1 If the waste contained no inutlal
liquid phase, the filtered liquid material
obtained from Step 812 is defined as the
TCLP extract. Proce d to Step 8,14,
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8.13.2 If compatible (a.g. muitiple phases
wikl not result on combination), combine (he
filtered liquid resulting from Step 8:12 with
the Lnitial liquid phasa of the waats abtained
in Step 8.7. Thiz combined tiquid (s defined as
the TCLP extract. Proceed (o Step 8.14.

8.13.3 If the initial liquid phase of the
waste, as obtained from Step 8.7, (s not or
may nat be compatible with the filtered liquid
resulting from Step 8.12, do not combine these
liquide, Anulyze these liquids. collactively
dnfined aa the TCLP exiract, and combine the
res:lta mathomatically. as dnscribod in Step
8.14.

8.14 Fullowing collestion of the TCLP
gxtract, the pH of the axtract should be

Final unulyte concentrution =

where:

Vi = Tho “uluine of the first phase (L),

C, =The concentration of the contaminant of
concern In the first phase (myg/L),

V. =The volume of the second phase ([.).
C.= The conceniration of the contaminunt of
concern in the second phase (mg/L).

8.15 Compare the contaminant’
concentrations in the TCLP extract with the
thresholds identified in the approptiate
regulations. Refer to § 10.0 for quatity
d9surynce requirements..

90 Prucedure When Volutiles Are litvulved

Lae the ZHE device to oblain TCLP extract
fur analysis of volatile compounds only.
Fxtract resulting {rom the use of the ZHE
shall nut be used ' evaluate the mobility of
non)volaule analytes (e.g. metals, poatirides,
el

The ZIIE device hus approximately a 500-
mL internal cupacity, The ZHE cun thus
accommodate & maximum of 28 grams of
solid (defined as that fraction of a sample
from which no additional liguid muy he
forced out by an appiied pressurs of 50 p
due to the need to add an amount of
extraction fluid equai to 20 times the waight
of tha anlid phase,

recorded: Immediately aliquot and presorve
the axtract for analysis. Matale aligwats must
be acidified with nitria acid to pH<2. I§
precipitation is obssrved. upon sdditfon of
nitric acid to a small aliquot of the extract.
then the mmlmng portian of the extoact for
metals analyses shall not be acidified and the
extract shull he d as soon as possible,
All other aliquats must be stored under
refngeration. (4 *C}.until analyzed. The TCLP
extract shall be prepared and analyzed
according to appropriate analytical methads,
TCLP oxtracts to be analyzed for metals shall
be acid digested excapt in.those insta~ ces:
where digestion.causes loss of metallic
contaminants. If an analysis of the

Vi+Vi

Charge the ZHE with sample only unce end
du not open the device until the final oxtrant
(of the solid) has been collected, Repeatzd
filling of the ZHE to obtain 28 grams of soiid
i not permitted.

Do not allow the wuste, the fn;tiul Houid
phasa. or the extrant to Le expoged 10 the
atmosphere for any more time than s
sbaolutely necessary. Any manipulation of
these malerials shouid be done when rold (4
*C) lo. minimize loss of volaliles,

9.1 Pre-weigh the (evacuated) filtrnte
ccllention container (See Siap 4.4) and set
uside, If using a TEDLAR® bag. express ail
liquid from the ZHE duvicn into tha bag,
whether for the initlul or finul liquid/ solid
separation, and take n aliquot from the
liquid in the bag for analysis. The contuinirs
listed.in Step 4.8 are recommended for uae
under the conditions stated in 4.8.1-4.6.3,

9.2 Place the ZHE glolan within the boly
of the ZHE (it may be he'piul first to maruten
the t‘Smton O-rings slightly with extraction
fluid). Adjust the piston within the ZHE. budy
to a height that will minimize the distance the
piaton will have to move oace the ZHE is
charged with sample (based upon sumple size
requirements determined from Soction 8.0,
Stnp 7.1 and/or 7.2). Secura the gos lnlnt/

a3

Waight of waste to change ZHE = -

Wuigh vut d subsample uf thy wuste of the
appropridte size and record the weight.

9.3 (f particle-size reduction of the sulid
pertion of the waste was e quired in Step 7.3,
procecd to Step 8.8, It pariicie-size reduction

was not requirad in Step 7.3, procend to Step

9.7.

9.8 Propure the waste for evtructior by
venshing, cutling, or yrinding the solid partion
of the waste to a suifuce area or particle-wize
as doscribed in Step 7,3.1, Wastas und
appropriate reduction eyuipment should be
refrigerated, if possible, to 4 °C prior to
perticla-aize roduction. The meand e In

Parewnt solids (Step 7 1)

offoct particle-vize reduction .o .st not
aenerate heat (n and of itself. Uf reducting uf
the solid phase of the waste i nouessary,
cap-gure of the waste to the utmosphrm
should L avoided to the axtent poasihle,
Note: Sieving of the waate (s not
recommended due to the possibiliy th
voluliles may be lost, The use of yn
uppropriutely graduated. ruler is
rucommnnded as an acceptable alteinative.
Surface urea requirements 42 masn! for
fillamentous (v.g., puper. cluth) and similar
waste matuerials, Actual measuremant of
surfuce nren (s aot recom.nendemd, -

Enviro~mant Reportar
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- V(G (ValiGa)

undigested extract shows that the
cancentration of any regulated metallic
contaminant exceeds the regulatory level,
then the waste is hazardous and digestion. of
the extract is not necessary. Howaver, date
on undigested extracts alone cannot be used:
to demonstrate that the waste is not
hazardous. If the individue! phases are to be
analyzed sepurataly, determine the volume of
the individual phases (to +0.8 percent),
conduct the appropriate analyses, and
combine the rusults mathematicaily by using
4 simple volume-weighted average:

outlet lunge (bottom flunge) onto the ZLIE
budy in ancordance with the manufacturer's
instructions, Secirs the glass fiber filter
hatweon the support screens and set asido.
Sot liguid inlet/outlet flange (top flange}
uside, :

9.3 [ the wuste is 100 percent solid (sve
Step 7.1), weigh out a subsample (28 grum
muximum) of the waste, record weight, and
provecd to Step 9.8,

9.4 [fthe waste contains <0.5 percent dry
sulids (Step 7.2), the liquid portian of waste,
after filtrution, is defimed' as the TCLP
axiract, Filter encugh of the sample so thut
thu amount of filtered: liquid will support all
of the volatile analyses required: For wastrs
nuntaining >0.3 percent dry solids (Steps 7.1
und/or 7.2), use the percent solids
informution obtained in Step 7.1 to determine
the uptimum somple size to charge into the
ZHE. The miommended sample size i s
follows:

1.4.1 For wustes containing <0.8 purcant
sulids (see Step 7.1), weigh out s 300-gram
subsampin of wauste and record the weight.

842 For wastes containing >0.8 parcent
sillcds {s0:e Stap 2.1), determine the amount of
waste to churge into the ZHE as follows:

i)

“Whon the surfuce area or particte-sizu had
huon nppropriatoly sltered, proceed to Stap
9.7,

4.7 Wauste slurries aeed not be ullowed to
stintd ‘o paimil the solid phase to sottla Do
ant coptmfuge wastes prior to filtration,

9.4 Quantitatively tranefer the entiry
sumple (liyuid and solid phiases) quickly to
thee ZLIF, Seura the filter and support
screens onlu the top flunge of the device
sucure the top flunge to the ZHE body in
Acaurdunce with the manufacturer's
instrictions, Tighten all ZHE fittings and
plars tha devica in the vertical position (14
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inlet/outlet flangs on the bottom). Do not
n:tuch the extract collection device to the top
plate.

Note: If waste materiul (> 1% of original
sample weight) has obviously adhered to the
container used to transfer the sample (o the
ZHE, determine the weight of this residue
and subtract it from the sample. weight
determined in Step 9.4 to determine the
weight of the waste sample that will be
filtered.,

Altach a gas line to the gas Inlet/outlet
valve (hottom flange) and. with the liquid
inlet/outlet valve (top flange) open, begin
spplying gentle pressure of 1~10 psi (or more
if necesnary) to force all headspace slowiy -
out of the ZHE device into a hood. At the firey
appearance of liquid from the liquid inlet/
outlet valve, quickly close the valve and
discontinug pressure. If filtration of the waste
at 4 °C reduces the amount of expressed
liquid over what would be expressed at room
temperature, then allow the sample to warm
up to room temperature in the device before

Weight of extraction fluid = -

9.12 The following stepa detail how to
add the appropriate amount of extraction
fluid to the solid material within the ZHE and
agitation of the ZHE vessel. Extraction fluid
=1 is used in all cases (See Step 5.6).

9121 With the ZHE in the vertical
position. attach a line from the extraction
fluid reservoir to the liquid inlet/outlet valve,
The line used shall contain fresh extraction
fluid and should be preflushed with fluid to
climinate any air pockets in the line. Release
gas pressure on the ZHE piston (from the gas
inlet/outlet valve), open the liquid inlet/
outlet valve, and begin transferring extraction
flyid (by pumping or similar means) into the
ZHE, Continue pumping extractiun fluid into
the ZHE until the appropriate amount of fluid
hus been introduced into the device.

9.12.2 After the extraction fluid has been
added. immediately close the liquid inlet/
outlet valve and disconnect the extraction
fluid line, Check the ZHE to onsure that all
valves are.in their closed positions, Manually
rotate the device in an end-over-end fashion
2 or 3times. Reposition the ZHE in tue
vertical position with the liquid inlet/outlet
valve on top. Pressurize the ZHE to $-10 psi
{if necessary) and slowly open the liquid
inlet/outlet valve to bleed out any headspace
(into a hood) that may have been introduced
due lo the addition of extraction fluid. This

Final analyte concentration

4-20-90

filtaring, If the waste |s 100 parcant solid (see
Step 7.1), slowly increase the pressure to &
max/miim of 50 psi to forca most nf the
headspace out of the davice and proceed to
Step 9.12, ‘ ‘

9.9 Attach the evacuated pre-weighed
filtrste collection container to the liquid
injet/outlet valve ard open the valve, Begin
applying gentle pressure of 1-10 psi to force
the liquid phase of the sample into the filtrate
collection container. If no additional liquid
has passed through the filter in any 2.minute
interval, slowly increate the pressure in 10-
psi [ncrements to @ maximum of 50 pai. After
each incremental increase of 10 psi, if no
additional liquid has passed through the filter
in any 2-minute interval, proceed to the next
10-pei increment. When liquid flow has
ceased suc. that continued pressure filtration
at 50 psi does not result in any additionai
filtrate within a 2-minute period, stop the
filtration. Close the liquid inlet/outlet valve,
digcontinue pressure to the piston, and
disconnect and weigh the filtrate cullection

contalner.
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Lleeding shall be done quickly and shall be
stopped at the first appearance of liquid from
the valve, Re-pressurize the ZHE with 5-10
psi and check all ZHE fittings to ensure that
they are closed.

9.12.3 Place the ZHE in the rotary
agitation apparatus (if it is not already there)
and rotate at 30+ 2 rpm for 18+ 2 hours.
Ambient temperature (i.e., temperature of
room {n which extraction occurs) shall be
maintained at 22 + 3 *C during agitation.

9.13 Pollowing the 18 +2 hour agitation
period, check the prassurs behind the ZHE
piston by quickly opening and closing the gus
inlet/outlet valve and noting the escape of
gay, If the pressure has not been maintained
(.e., no gas release observed), the device is
leaking. Check the ZHE for leaking as
specified in Step 4.2.1, and perform the
extraction again with a new sample of waste.
If the pressure within the device has been
maintained, the material in the extractor
vessel is once again separated Into its
component liquid and solid phases. If the
waste contained an initial liquid phase, the
liquid may be filiered directly into the same
filtrate collection container (i.e., TEDLAR®
bag) holding the initial liquid phase of the
waste. A separate filtrate collection containor
must be used if combining would creata
multiple phases. or there is not enough

(Vi) (Ci)+(Va) (Ce)

Vi+Vy
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Note: Ingtantaneous application of high
pnuunu: ﬁ.'ndo the glass fiber filter and
may Cause premature plugging.

9.0 The material in the ZHE s defined as
the solid phase of the waste and the filtrate is
defined as the liquid phase.

Note: Some wastes, such as oily wastes
and some paint wastes, will obviously
contain some material that appears to be &
liquid. Even after applying pressure filtration,
this material will not filter, If this s the case,
the material within the filtration device is
defined a8 a solid #..d |s carried through the
TCLP extraction au a colid.

If the original waste contained <0.8
percent dry solids (see Step 7.2), this filtrule
is defined as the TCLP extract and la
analyzed directly. Proceed to Step 9.18,

911 The liquid phase may now be either
analyzed immediately (See Steps 9.13 through
9.18) or stored at 4 *C under minimal
headspace conditions until time of analysis. -
Determine the weight of extraction fluid #11to
add to the ZHE as follows:

20% percent solids (Step 7.1) x weight of waste filtered (Step 9.4 or 9.8)

volume left within the filtrate collection
container. Filter through the glass fiber filter,
using the ZHE device as discussed in Slep
9.9. All extract shall be filtered and collected
if the TEDLAR® bag is used, if the extract |
muhlrhnlc. or if the wuste contained an
initial liquid phase (see Steps 4.8 and 9.1).

Mote: An in-line glass fiber filter may be
used to filter the material within the ZHE if it
is suspected that the glass fiber filter has
been ruptured.

9.14 If the original waste contained no
initial liquid phase, the filtered ljquid
material obtained from step 9.13 ia defined us
the TCLP extract, If the wa2'e contained an
initial liquid phase, the filtered liquid
material obtained from Step 9.13 and the
Initial liquid phase (Step 9.9) ure collectively
defined as the TCLP extract,

9.15 Following collection of the TCLP
axtract, immediately prepare the extract for
analysis and store with minimal headspace ut
4 °C'until analyzed. Analyze the TCLP extract
according o the appropriate analytical
methods. If the individual phases are to be
analyzed separately (i.a., are not miscible),
determine the voluma of the individual
phases (to 0.5%), conduct the appropriate
analyses, and combine the results
mathematically by using a simple volume-
weighted average:

[Appendix I1]
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where:
Vi=The volume of the first phases m.

1 =The concen:lt;ion of the clom;lmmanl of

concern in the first phase (mg/1).
Va =The volume of the &cond phase (1):
=The concentration of the contaminant of
concern in the second phase (mg/1).

9.18 Compare the contaminant
concentrations in the TCLP extract with the
thresholds identified in the appropriate
regulations. Refer to section 10.0 for quality
assurance requirements,

10.0 Quality Assurance Requirements

101 Maintain al] data. including quality
assurance data, and keep it availabie for
reference or inspection. ‘

10.2 A minimum of one blank (extraction
fluid #1) for every 10 extractions that have
been conducted in an extraction vessel shall
be employed as a check to determine if any -
memory sffects fron:ﬁtho extraction
equipment are occu X

qxog A matrix spik:s shall be performed for
each waste uniens the result exceeds the
regulatory level and the data is being used
solely to demonstrate that the waste property
exceeds the regulatory level. If more than one
sample of the same waste is being tested. a
matrix spike needs to be performed for every
twenty samples and the average percent
recovery anplied to the waste
characterization.

10.3.1 Matrix spikes are to be added after
filtration of the TCLP extract and before
Predervation. Matrix spikes should not be
added prior to TCLP extraction of the sample.

10.3.2 Matrix spike levels should be made
at the appropriate regulatory threshold limits.
However, if the sxtract contaminant
concentration is less than one half the
threshold limit, the spike level may be one
half the contaminant concentration but not
less than the quantitation limit or a fifth of
the threshold limit.

10.3.3 The purpose of the matrix spike is
to monitor the adequacy of the analytical

methods used on the TCLP extract and to
determine whether matrix interferences exist
in analyte detection, If thg matrix spike
recoveries ary less than 50%, then the
analytical mathods are not performing
adequately awuse of the methods is
inadequate. Use of internal calibration
quantitation methods, modification of the
analytical mihoda, or yge of alternate
analytical methodg may be needed to
accurately measure the contaminant
concentration in the TCLP axtract,

10.3.4 Use of interng) quantitation
methods is also requireq when the
contaminent concentration, ig within 20% of
the regulatory level. (See gection 10.5
concerning the use of intengl calibration
methods.)

10.3.8 Matrix spike recoveries sre
calculated by the following formyla:

A-B
Percent recovery =

% 100%

vhere A =the concentration of the opiked
sample,

Ba=the concentration of the unspiked
sample, and

Ca=the spike level

104  All quality control measures
described in the appropriate analytical
methods shall be foilowed.

10.5 The use of internal calibration
quantitation methods shall be employed for a
contaminant if: (1) Recovery of the
contaminant from the TCLP extract is not at
least 50% and the concentration does not
exceed the regulatory level, and (2) The
concentration of the contaminant measured
in the extract (s within 20% of the approptiate
regulatory leve!,

10.5.1 The method of standard additions
shall be employed as the internal calibration

SAMPLE MAXIMUM HOLOING TIMES

quantitation method for each metallic
contaminang,

10811 The method of standard additions
requires preparing calibration standards in
the sample matrix rather than resgent water
or blank solution. It requires taking four
identical aliquots of the solution and adding
known amounts of standard to three of these
aliquots. The fourth aliquot is the unknown.
Preferably, the first addition should be
Prepared a0 that the resulting concentration
is approximately 50% of the expected
concentration of the sample, The second and
third additions should be prepared so that the
concentrations age approximately 100% and
150% of the expected concentration of the
sample. All four sliquots are maintained at
the same fina volume by adding reagent
water or a blank solu'ion, and may neud
dilution adjustment to maintain the signals in
the linesr range of the instrumental
technique. All four aliquots ure analyzed.

10.5.1.2 Prepare a plot, or subject data to
linear regression, of instrumental signals or.
external-calibration-derived concentrations
as the depaadent variable (y-axis) versus
concentrations of the additions of standard
as the independent variable (x-axis), Solve
for the int: rcept of the abscisza (the
independent variable, x-axis) which Is the
concentration in the unknown.

10.5.1.3 Alternately, subtract the
instrumental signal or external-calibration-
derived concentration of the unknown
(unspiked) sample from the instrumental
signals or external-calibration-derived
concentrations of the standard additions. Plot
or subject deta to linear regression of the
corrected instrumental signals or external.
calibration-derived concentrations as the
dependent variable versus the independent
variable. Derive concentrations for unknowns
using the internal calibration curve as if it
were an external calibration curve.

10.6 Samples must undergo TCLP
extraction within the following time periods:

(Days}
From: Fromy: From:
Field collection TCLP extraction Preparative extraction
Total elapsed lime
To: To: To:

TCLP extraction Preparatve extraction Determinative anaiyss
Volatiles 14 NA 14 28
Semw-voiatiles 7 ? 40 54
........... 20 NA 20 58
Metals, except mercury....... 180 NA 180 360

NA = Not appiicable.

If sample holding times are exceeded, the
values obtained will be considered minimal
concentrations, Exceeding the holding time is

not acceptable in establishing that a waste
does not exceed the regulatory level,
Exceeding the holding time will not

Environment Reporter
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invalidate characterization if the waste ex-
ceeds the regulatory level.

(Appendix 1)
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~nd particularly the higher absorption values are

1ore closely spaced. This presentation closely

imitates the logarithmic response of the atomic
absorption spectrophotometer as it appears on the
strip-chart of a recorder. Concentration values ob-
tained between 60% and 70% absorption are con-
siderably more difficult to resolve than those be-
tween 10% to 20% or 30% absorption.

Any of these calibration curves can be used for
the purpose of estimating calcium in serum because
only a small segment of each curve is needed to
contain the entire range ot the normal values, as

well as most abnormally low or high concentrations.

This segment of the curve is shown in expanded
form in figure 6-11. The concentration scale is in
apparent units~equivalent to SO times the true
concentration--in order to present a direct result.
The response of the instrument is given in %
absorption as obtained on the strip-chart recorder.
Note that the calibration function is nearly a
straight line between concentrations of 5 and 12.5
ug/100 ml. Because of this property, the unknown
concentration may be entered into the working
curve as % absorption rather than absorbance,
thereby eliminating the need to transpose absorp-
tion into absorbance. (This transposition is cum-
bersome, and should be avoided when analvtical
conditions permit.) Results of comparable accur-
acy and precision are obtained by using either
direct % absorption readings on a linear plot (figure
6-9, curve A), or % absorption plotted against con-
centration on a log-log scale (figure 6-10), or
transposing % absorption to absorbance (figure
6-9, curve B).

Similar working curves and the same general
approach also apply to the determination of Na,
K, and Mg in serum, urine and other fluids with
predictable and relatively narrow concentration

ranges. .

METHOD OF STANDARD ADDITIONS

The determination of an unknown concentration
by the method of standard additions is used in
several instrumental procedures including atomic
absorption spectroscopy. In clinical chemistry,
this method has limited application and does not
usually serve as a basis for routine analysis. Its
chief usefulness is in those determinations where
appropriate comparative standard solutions are not
readily available, or where more accurate methods
have not been worked out or are unknown to the
analyst. The principal advantage of this method is
that, within certain concentration limits, it is self-

E-23

compensatory for various interferences which may

not be measurable and need not be known or cor-
rected for,

) The standard additions technique is an cxtrapola-
tive measurement based on two assumptions:

(1) That the working curve is linear or predictable
and remains so within the concentration range of
the analysis;

(2) That a known amount of a metal added to the
specimen will behave, in a spectrochemical sense, in

a manner similar to the naturally bound metal in the
native tissue,

Both assumptions may be correct only in relation to
certain elements, in near-aqueous or aqueous solu-
tions, and within relatively narrow concentration
limits.

The Procedure:

(a) Estimate (or test) the concentration of the
element under analysis to determine the approxi-
mate instrument range at which the analysis should
be performed. (You must know whether to dilute,
concentrate, or analyze the specimen “as-is™ in its

native state.)

(b) From the original specimen withdraw at least
2 (and preferably 3) equal aliquots, and transfer
these to volumetric flasks of the same volume. The
flasks should be only partially filied.

c) To aliquot #1, add watzr to volume.

(d) To aliquot #2, add about 23% of the esti-
mated amount of the element under analysis (step a).

{e) To aliquot #3, add abcut S07% of the amount
originally estimated (step a). Additional aliquots
may be used, each containing an increasingly larger
quantity of the element under analysis. Be sure the
final volume or weight of all the aliquots is the same.

(f) Regardless of the sampic preparation method
used prior to analysis (dilutiors concentration, ex-
traction, etc.), treat all aliqucts ¢f the specimen in
exactly the same manner,

(g) Aspirate the original specimen (aliquot #1)
and the additional aliquots, cacn containing a known
added amount, and record the absorption signal.
Convert % absorption to absorbunis

(h) The concentration of the unknown can be
calculated or it can be determined graphically as
shown in figure 6-12. This working curve is based on
linear proportionality between concentration and
absorbance. ‘Therefore, the concentration of the
“~known (x) is proportional to its absorbance Ay
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.15 the concentration of the unknown (x) plus the
added amount (a, ) is proportional to its absorb-
ance, A, .

3 A
Or (equation 1) X = ﬁ;

Note: a, isknown; A, and A, are measured.

(i) When more than a single ‘‘added amount”
is used, the additional valuss may serve to verify
the assumption that the working curve is indeed
linear. In accordance with equation |, the calcu-
lated concentration of the unknown (x) should be
the same regardless which aliquots (#2, #3, or
others) are used in its determination.

(i) The graphic presentation (figure 6-12) is fre-
quently riore convenient in verifying the linearity
of the working curve, Note that the concentration
of the unknown is determined at the intercept of
the zgro-absorbance axis and a line drawn through

oints Ay, A;, A,, etc. The units ol concentration
mmded values also establish

the concentration of the unknown.

(k) For best results, the added quantities should
be fairiy close to the true concentration. Additions
of from 1/4 to twice the originally estimated
amount are suitable for most clinical analyses,
within the general limitations of this method.

Probiem:

Determine an unknown concentration of calcium
in an aqueous sclution, (Note: the values obtained
below represent the actual readings in this exper-
iment.)

Step 1

With the AA instrument programmed for calcium,
the unknown specimen was aspirated. The result-
ing signal of about 13% absorption was estimated
(from the typical calcium calibration curve in
figure 6-1) to represent a concentration of over

2 ug/ml but no more than 5 ug/ml (say 3 ug/ml).
Aliquots of 5 ml of this unknown solution were
added to each of four 10-ml volumetric flasks.

Step 2
(a) To aliquot #1, water was added to volume,
resulting in a 1 :2 dilution,

(b) To aliquot #2, | ml of a 2 ug/ml aqueous
calcium standard was added. The volumetric flask
was filled to volume with water. (Added amount:
a, = 0.2 ug/ml of Ca)

(¢) To aliquot #3, 2 ml of a 2 ug/ml Ca standard

28

were added and made up to volume. (Added amount:

a; = 0.4 ug/ml)

(d) To aliquot #4, S ml of a 2 ug/ml Ca standard
were added. This filled the volumetric flask to

'volume. {Added amount: a; = 1.9 ug/ml)

Step 3

All 4 aliquots were aspirated, and the % absorption
measured and transposed to absorbance, The data
was plotted as shown in figure 6-12. The follow-
ing results were obtained:

Aliguot no.  Amount added, a (ug/mi) Absorbance A
1 a =0 A = 0.065
2 a =2 Ay =0076
3 a3 = 04 Aq = 0,087
4 a =10 Ay =0.115
Step 4
Concentration was determined {rom equation 1.
0.2 x 0.065

X =70.076-0.065 - 18

This value is multiplied by 2 because of the pre-
vious 1:2 dilution (step 2).

1.18 x 2 = 2.36 ug/ml,

Step 5

From figure 6-13, the concentration of the unknown
was obtained graphically by connecting points Ay,
Ay, A;, A,, through the intercept of the zero ab-
sorbance line. The value thus obtained was

1.22 x 2 = 2.44 ug/ml. Note that point A; fell
below the straight line that connected A, , A,, and
A;.

Step 6

The unknown concentration was also calculated on
the basis of each “‘added amount’ separately as
follows:

a; A,, added amount 0.4 2g'ml.

0.4 x 0,065
(eq. 1) X=0_087_0'065 =1.18;1.18x

1=
2.36 ug/ml (answer)
ayAj, added amount 1.0 ug/ml.
(eq. 1) x=(l)—:?-i&5_9%.§6%_5 =13, 13x2 =

2.6 ‘ué/ml (answer)

E-24
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The results obtained on the basis of the last
vaiue (a, Ay) differed from the provious value
by about +10%. This confirmed that the cali-
bration curve could not be extrapolated to point
A; which departed from the expected linear
proportionality between concentration and ab-
sorbance.

‘The concentration of the unknown was found
to be 2.40 ppm = $D (standard deviation) 0.008
ppm on the basis . . uintuplicate analysis by
conventional infterponation between the closely
spaced standar:d sviuw.aons of 2.0 and 3.0 ppm.

The method 2i s.andard additions is prone to
error because of possible inaccurate reading of %
absorption or ubsorbance -much more so than
the conventional interpolative techniques. For
example, assume that the absorbance at Point Ay
was read as 0,063 instead of 0.065.

The difference Seoween these readings is
equivalent to abour I to 3 times the thickness of
the stylus line oi ih2 recorder, The error that
would result had ihe concentration of the un-
known been obtainea by venventional methods
would te about 3%, However, in the method of
standard additions, the error would be far greater,
since the propornonality factors which apply to
equation | (arithmerically or graphically) are very
sensitive to A, the absorbance of the unknown.
To illustrate: if A, was read as 0.63 and a single
added value of 0.2 ppm (23, A,) used in computing
the unknown, then:

2 x !
i x -G - oo

0.97 x 2 = 1.94 ppm
The difference between this and the *‘true”
value is:

2.40- 1,94 = 0.46 ppm or 19% (!).
Points A, and A; would yield similar errors.

What we can conclude from all this is that the
analyst should experiment with the method of
standard additions before applying it to important
analytical problems, in order to become fully
aware of its advantages and its limitations. It
should be considered an emergency procedure
only. Analytical routines are usually not based
on it,



ABSORBANCE

Method of 3tandard Additions

0.4 X = concentration of unknown
' a, = added amount
A, = absorbance of unknown (x)
A, = absorbance of unknown {x} + added amount {a; )
03 [ A
|
0.2
— —
0.1
Ay
0 ‘ #

X -——-i——— a,
E—-— X +s j
CONCENTRATION (In Units Relative to “a, ')
FIG. 6-12 :
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coRPORATION

Babcock and Wilcox Co.

Radian Work Order: 91-02-047

Analytical Data Summary

Page; 2

2

Hethéd:Alkalinity components (1)

List:
Sample 1D: DI LEACH LIMB METHOD BLANK
EMPASH-09 . ,‘
Factor: 1.000000 1,000000
Results in: mg/L mg/L
04A 058
Matrix: water water
Result Det, Limit Result Det. Limit

Bicarbonate ND ND

Carbonate 110 ND

Total alkalinity 2300 ND

ND Not detected at specified detection limit

(1) For a detailed description of flags and technical terms in this report refer to Appendix A in this raoport.
@
' i
.\
®
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ADIA

CEomPonrAviONn Analytical Data Suwmary

Babcock and Wilcox Co.
Radian Work Order: $1-02-047

Page: 3

Method: 1Cy 25 element scan SW6010 (1)
Ligt:ICP, TCLP MS

Sample 10: . TCLP LEACH LI- TCLP BLANK METHOD BLANK
MB EMPASH-09 |
Factor: 1 1 1
Results in: mg/L mg/L mg/L
02A 038 05A
Matrix: water water water
Result De Result Det
Arsenic 3.78° 3 ND “ ND
Barijum 0.47 0.019 2 ND
Cadmium ND NO ND
Chromium ' 0.19 ND ND
Lead ND ND ND
Silver ND ND ND
® Est. result less that S times detection Limit ND Not detected at specified detection Limit

(1) For a detailed description of flags and technicat terms in this report refer to Appendix A in this report,




cCoORPORATION Analytical Data Summary Pageit
Babcock and Wilcox Co.
Radian Work Order: 91-02-047
Sample Identifications
Method/Analyte
TCLP LEACH LI- TCLP HLANK
MB EMPASH-09
02 03
Matrix water water
Result Det. Limit Result
Mercury, cold vapor E245.1
Mercury ND ma/t ND
Selenium by SW7740
Selenium 0,21 mg/L ND
ND Not detected at specified detection limit
(1) For a detailed description of flags and technical terms in this report refer to the glossary.
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Analytical Data Sunﬁary

comPOm Page:s
Babsock and Wilcox Co.
Radian Work Order: 91-02-047
Sample ldentifications
Method/Analyte
D! LEACH LIMB METHOD BLANK
EMPASH-09
04 05
Matrix water water ‘
Result Det. Limit Result Det, Limit
Silver by ICPES SW6010
Silver ND mo/L
Arsenic by SW7060
Arsenic 0,011 8 mg/L ND mg/L
Barium by ICPES SW6010
Bar{ium 0.60 _ mg/L
Calcium by ICPES SW6010
Calcium 1500 mg/L ND ma/L
Cadmium by ICPES SW6010
Cadm{um ND mg/L
Chloride, titratior, £325.3 .
Chioride 98 mg/L ND mg/L
Cob by sM5088
Cremical Oxygen Demand 8.33 mg/L ND -~ mg/L
Chromium by ICPES SW6010
Chromium 0.030 8 mg/L
Fluoride by EPA 340.2
Fluoride 3.8 mg/L ND mg/L
Mercury, cold vapor E245.1
Mercury ND mg/L ND mg/L
Potassium by ICPES SW6010
Potassium 23 mg/L mg/L
Magnesium by |CPES SW6010
Magnes {um ND mg/L mg/L
Nitrate-nitrite, EPA 353.2
Nitrate-Nitrite as N ND mg/L mg/L
NACE corrosivity by SW1110
Corrosivity ND mm/yr mn/yr
Sodium by ICPES, SW6010
Sodium 9.6 mg/L mg/L
Lead by SW7421
Lead 0.027 mg/L mg/L
Total phenolics by SW9065 o
Total phenolics ND mg/L 06,0050 | ND mg/L
pH, SW84é
PH 12 pH units
Selenium by SW7740
Selenium 0.13 mg/ L
1
ND Not detected at specified detection Limit @ Est. result. less that 5 times detection limit
(1) For a detailed description of flags and technical terms in this report refer to the glossary.
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Analytiocal Data Summary Page:é
sabcock and Wilcox Co.
Radian Work order: 91-02-047
o
Sample ldentifications
Method/Analyte
D! LEACH LINB METHOD BLANK
EMPASH-09 ®
04 05
Matrix water water
‘ Resul t Det, Lt Result Det., Limit
sulfate, sw9038
sulfate 1000 mg/L ND mg/L @
Tot, dissalv. solid €160.1
Total dissolved solids . mg/L ND mg/L
10C by EPA 415.2
Total organic carbon __mg/L ND mg/L
ND Not detected at specified datection Limit P
(1) For a detailud description of flags and technical terms {n this report refer to the glossary.
®
®
o
®
o



COmRPORAYIO

Babcock and Wilcox Co.

Radian Work Order: 91-02-047

Sample History

Page:7

Sample ldentifications and Datc¢s

Sample 1D LIMB EMPASH-09 TCLP LEACH L1- TCLP BLANK DI LEACH LIMB METHOD BLANK
MB EMPASH-09 EMPASH-09
Date Sampled 02/05/91 02/11/91 02/11/91
Date Received 02/06/91 02/06/91 02/06/91 02/06/91 02/06/91
Matrix Wwater water
01 02 03 04 05
silver by ICPES SW6010
Prepared 02/12/91
Analyzed 02/14/91
Analyst DRW
File 1D
8lank 1D
Instrument JAS1
Report as received
Alkalinity components
Prepared 02/25/91 02/25/9M
Analyzed 02/25/91 02/25/91
Analyst RDO RDO
File 1D 63460225-1 63602251
glank 10
Instrument 636 636
Report as received received
Arsenic by SW7060
Prepared 03/07/91 03/07/91
Analyzed 03/09/91 03/09/91
Analyst MX2 MX2
File ID
Blank ID
Instrument 30308 30308
Report as received received
Barfum by ICPES SW6010
Prepared 02/12/91
Analyzed 02/13/91
Analyst DRW
Fite 1D
8lank 1D
Instrument JA61
Report as received
Calcium by ICPES SW6010
Prepared 02/12/91 02/12/91
Analyzed 02/14/91 02/13/91
Analyst DRW DRW
File ID
glank (D
Instrument JAG1 | JAG1
Report as received received
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COmPORATIO

» Sample History

Babcock and Wilcox Co.

Radian Work Order: 91-02-047

Page:8

Sample ldentifications and Dates

Sample 1D LIMB EMPASH-09 TCLP LEACH LI- TCLP BLANK DI LEACH LIMB METHOD BLANK
MB EMPASH-09 EMPASH-09
Date Sampled 02/05/91 02/11/9N1 02/11/91
Date Received 02/06/91 02/06/91 02/06/91 02/06/91 02/06/91
Matrix water water
01 02 03 04 05
Cadmium by ICPES SW6010
Prepared 02/12/91
Analyzed 02/14/91
Analyst DRW
File ID.
Blank 1D
Instrument JAG1
Report as received
Chloride, titration E325.3
Prepared 02/26/91 02/26/91
Analyzed 02/26/91 02/26/91
Analyst TRR TRR
File ID
Blank ID
Instrument CLT CLY
Report as received received
COD by SM5088
Prepared 03/06/91 03/06/91
Analyzed 03/07/91 03/07/91
Analyst TRR TRR
File 1D €0D0307-1
Blank 1D ‘
Instrument cod cod
Report as received received
Chromium by ICPES SW&010
Prepared 02/712/91
Analyzed 02/13/91
Analyst DRW
File ID
Blank ID
Instrument JA61
Report as received
Fluoride by EPA 340.2
Prepared 03/07/91 03/07/91
Analyzed 03/07/91 03/07/91
Analyst EAT EAT
File ID 9250307-1 9250307-1
Blank ID
Instrument 925 . 925
Report as received received
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CORPORATYTION

Babcock and wilcox Co.
Radian Work Order: 91-02-04

7

Sample History

Page:9

Sample ldintifications and Dates

Sample 1D LIMB EMPASH-09 TCLP LEACH LI- TCLP BLANK DI LEACH LIMB METHOD BLANK
MB EMPASH-09 EMPASH-09
Date Sampled 02/05/91 02/11/91 02/11/M
Date Received 02/06/91 02/06/91 ' 02/06/91 02/06/91 02/06/91
Matrix water water water water
01 02 03 04 05
Mercury, cold vapor E245.1
Prepared 02/13/91 02/13/91 02/13/91 02/13/91
Analyzed 02/13/91 02/13/91 02/13/M 02/13/91
Analyst MX2Z MXZ MXZ MX2Z
File 1D
Blank 1D
Instrument 403 403 403 403
Report as received received received received
ICP 25 element scan SW4010
Prepared 02/12/91 02/12/91 02/12/91
Analyzed 02/13/91 02/13/91 02/13/91
Analyst DRW DRW DRW
File 1D
Blatk ID
Instrument JAG1 JA61 JA61
Report as received received received
Potassium by ICPES $SW6010
Prepared 02/12/9 02/12/91
Analyzed 02/13/91 02/13/91
Analyst DRW DRW
File 1D
Blank D
Instrument JAb1 JA61
Report as received received
Magnesium by ICPES SW4010
Prepared 02/12/91 02/12/91
Analyzed 02/14/91 02/13/91
Analyst DRW DRW
File 1D
Blank D
Instrument JAGT JAG1
Report as received received
Nitrate-nitrite, EPA 353.2
Prepared 02/15/91 02/15/91
Analyzed 02/15/91 02/15/91
Analyst RDO RDO
File ID AA10215-1 AA10215-1
Blank 1D
Instrument AAl AAl
Report as received received




CORPORAYIO

~ Sample History

Babcock and Wilcox Co.

Radian Work Ordsr: 91-02-047

l

Page:10

Sample ldentifications and Dates

Sample 1D "LIMB EMPASH-09 TCLP LEACH L1- TCLP BLANK D1 LEACH LIMB METHOD BLANK
MB EMPASH-09 EMPASH-09
Date Sampled 02/05/91 02/11/91 02/11/91
Date Received 02/06/91 02/06/91 02/06/91 02/06/91 02/06/91
Matrix water water
01 02 03 04 05
NACE corrosivity by SW1110
‘ " Prepared 02/27/91 02/27/91
Analyzed 02/27/91 02727/
Analyst EAT EAT
File ID COR0227-1 COR0227-1
Blank ID
Instrument COR COR
Report ar received received
Sodium by ICPES, SW6010
Prepared 02/12/91 02/12/91
Analyzed 02/13/91 02/13/91
Analyst DRW DRW
File ID
Blank 1D
Instrument JAS JAs1
Report as received received
Lead by SW7421
Prepared 02/12/91 02/12/91
Analyzed 03/06/91 03/06/91
Analyst DLC pLC
File ID
Blank 1D
Instrument 30302 30302
Report as received received
Total phenolics by SW9065
Prepared 03/08/91 03/08/91
Analyzed 03/08/91 03/08/91
Analyst MJS MJS
File ID
Blank ID
Instrument AA 11 AA 11
Report as received received
pH, SWB46
Prepared 02/11/91 02/11/91
Analyzed 02/11/91 02/11/91
Analyst MH MH
File ID
Blank 1D
Instrument 925 . 925
Report as received received
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Babcock and W{lcox Co.

Radian Work Urder: 91-02-047

sample History

Page: 11

sample Jdentifications and Dates

METHOO BLANK

Sample 1D LIMB EMPASH-09 TCLP LEACH L1- TCLP BLANK DI LEACH LIMB
MB EMPASH-09 EMPASH~-09
Date Sampled 02/05/91 02/11/91 02/11/91
Date Received 02/06/91 02/06/91 02/06/91 02/06/91 02/06/91
Matrix solid water water water water
01 02 03 04 05
Selenium by SW7740
' Prepared 02/12/91 02/12/91 02/12/91 02/12/91
Analyzed 02/13/91 - 02/13/91 02/13/91 02/13/N1
Analyst RAA ‘RAA RAA RAA
File 1D
Blank 1D
Instrument . 30302 30302 30302 30302
Report as roceived received received received
Sulfate, SW9038
Prepared 03/01/91 03/01/91
Analyzed 03/01/91 03/01/91
Analyst TRR TRR
File ID 2100A0301-1
Blank D
Instrument 2100A 2100A
Report as received received
TCLP leaching
Prepared 02/11/91 02/11/91
Analyzed 02/12/91 02/12/91
Analyst HD HD
File 1D
Blank 1D
Instrument
Report as received received
Tot. dissolv. solid E160.1
Prepared 02/13/91 02/13/91
Analyzed 02/13/91 02/13/91
Analyst EAT EAT
Fite ID T0S0213-1 T0S0213-1
Blank 1D
Instrument 08 DS
Report as received received
70C by EPA 415.2
Prepared 02/14/91 02/14/91
Analyzed 02/16/9N 02/14/91
Analyst MH MH
File 1D
Blank ID
Instrument DC-80 . DC-80
Report as received received
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Comments, Notes and Definitions




CORPORAYIONM ‘ Notes and Uefinitions

Babcock and Wilcox Co.
Radtan Work Order: 91-02-047

® ALL METHODS EXCEPT CLP
The results which are less than five times the method specified
detection limit. :
EXPLANATION
Uncertainty of the analysis will increase as the method detection

limit {s approached. These results should be considered approximate.

ND ALL METHODS EXCEPT CLP
This flag is used to denoée analytes which are not detected at or
above the specified detection Limit.
EXPLANATION
The value to the right of the < symbol is the method specified
detection limit for the analyte.

F-13
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comsomAviON Notes and Def{niticns

Babcock and Wilcox Co.
Radfan Work Order: 91-02-047

TERMS USED [N THI!S REPORT:
Analyte - A chemical for which a sample is to be analyzed. The analysis will meet
EPA method and QC specifications,

Compound - See Analyte.

Detection Limit - The method specified detection'limit, which is the lower limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories! method detection Limits to verify that they meet or are lower than those
specified by EPA. Detection limits which are higher than method limits are based

on experimental values at the 99X confidence level. The detection limits for EPA CLP
(Contract Laboratory Program) methods are CROLs (contract required quantitaticn
limits) for organics and CRDLs (contract required detection limits) for inorganics.
Note, the detection limit may vary from that specified by EPA based on sample

size, dilution or cleanup. (Refer to Factor, below)

EPA Method - The EPA specified method used to perform an analysis. EPA has specified
standard methods for analysis of environmental samples. Radjan will perform its
analyses and accompanying QC tests in conformance with EPA methods unless otherwise speci€ied.

Factor - Default method detection (imits are based on analysis of clean water samples.

A tactor {s required to calculate sample specific detection limits based on alternate
matrices (soil or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates. For example, extraction or digestion of 10 grams of soil in contrast

to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be soil, water, air, oil, or solid
waste.

Radian Work Order - The unique Radian identification code assigned to the samples reported in
the analytical summary.

Units - ug/L micrograms per liter (parts per billion);liquids/water
ug/kg micrograms per kilogram (parts per billion); soils/solids
ug/M3 micrograms per cubic meter; air samples
mg/L mitligrams per liter (parts per mitlion);l quids/water
mg/kg mitligrams per kilogra@ (parts per million);soils/solids
% percent; usually used for percent recovery of QC standards
uS/cm conductance unit; microSiemans/centimeter
mt/he mittiliters per hour; rate of settiement of matter in water

NTU turbidity unit; nephelometric turbidity unit
cu color unit; equal to 1 mg/L of chloroplatinate salt
F-14

Page: A-3



Rad{an Work Order 91-03-011

Analytical Report
04/710/91

Babcock and Wilcox Co.

T

Radian
RTP
NC

Luke Contos

bustomer Work ldentification LIMB PROJECT
Purchase Order Number 209-026-05-00

Contents:

Analytical Data Summary
Sample History

Comments Summary
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Radian Analytical Services
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P. 0. Box 201088
Austin, TX 78720-1088
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Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Analytical Data Summary

Panes 2

Method:Alkalinity components (1)
Lists

Sample 1D DI LEACH LIMB- METHOD BLANK
-EMPASH-10
Factor: 1 1
Results in: mg/L mg/L
04A 058
Matrix: water water
Result De
Bicarbonate ND '
Carbonate ND
Total alkalinity ND

ND Not detected at specified detection limit

(1) For a detaiied description of flags and technical terms in this report refer to Appendix A in this raport.
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ADIAN

CORPORATION Analytical Data Summary Page: 3

Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Method:15P 25 element scan SW6010 (1)
ListiICP, TCLP MS

Sample 1D: TCLP LEACH LI- TCLP BLANK METHOD BLANK TCLP LEACH M8
MB-EMPASK-10
Factor: 1 1 1 ‘ 0
Results in: mg/L mg/L mg/L Xrecvry
02A 038 05A 06A
Matrix: water water water ) water
Result Det Result Det, Limit Resuit Det. Limit
Arsenic ND ND ND ( 112
Barium 1.1 0,96 ND [ 64 Q
Cadmium ND ND ND 98
Chromium 0,018 8 ND ND 85
Lead ND ND ND 48 Q
Silver ND ND ND 10 94
ND Not detected at specified detection Limit 9 Est. result less that S times detection limit

Q Outside control limits

(1) For a detailed description of flags and technical terms in this report refer to Appendix A in this repcrt.
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Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Analytical Data Summary

Page: 4

ListtICP, TCLP MS

Method:iICP 25 element scan SW&010 (1)

Sample 1D TCLP LEACH MSD
Factor: 0
Results in: Xrecvey
07A

Matrix: water

Result Det Result Det Result Det Result Det,
Arsenic 108 '
Barium 66 Q
Cadmi um 99
Chrom{um a2
Lead 63 q
Silver 97

Q outside contral Limits

——

(1) For a detailed description of flags and technical terms in this report refer to Appendix A in this report.
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ADI
AY

Babcock and Wilaox Co.
Radian Work Order: 91-03-011

Analytical Data Summary

Paget$

Method/Analyte

Sample ldentifications

TCLP LEACH Lt- TCLP BLANK
MB~EMPASH-10
02 03
Matrix water water
Result Det. Limit Result Det. Limit
Meroury, cold varor E24%,1 .
Meroury ND mg/L o, ND mg/L
Selenium by SW7740
Selenium 0,024 §8_ mg/L 0. ND S mg/L

ND Not detected at specified detaction Limit
® Est, result less that 5 times detection limit

§ Determined by Method of Standard Addition

(1) For a detailed description of flags and technical terms in this report refer ta the glossery.
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CORPORATION

Analytical Data Summary

Babaock and Wilaox Co.
Radian Work Order: 91-03-011

Sample ldentifications

Method/Analyte
. DI LEACH LIMB- METHOO BLANK TCLP LEACH M$
~EMPASH-10
04 05 06
Matrix water water water
Result Det. Limit Result Det. Limit Result Det. Limit
Stlver by ICPES SW4010
S{lver ND mg/L
Arsenic by SW7060
Arsenic 0.0040 @ mg/L ND mg/l.
Barium by ICPES SW6010
Bar{um Q.48  mg/lL
Calcium by [CPES SW&010
Calcium 1700 mg/L ND mg/L
Cadmium by ICPES SW6010
Cadmium ND mg/L
Chloride, titration £325.3
Chloride 460 mg/L ND mg/L
COD by sM5088
Chemical Oxygen Demand 1183 mg/L
Chromium by ICPES SW6010
Chrom{um 0.29 mg/L
Fluoride by EPA 340.2
Fluoride 2.3 mg/L ND mg/L
Mercury, cold vapor E245.1
Mercury ND mg/L ND mg/L 96 Xrecvry
Potassium by ICPES SW6010
Potassium 128 _ mg/L ND mg/L
Magnesium by ICPES SW6010
Magnes{um ND mg/L ND mg/L
Nitrate-nitrite, EPA 353.2
Nitrate-Nitrite as N 0,26 mg/L ND ing/L
NACE corrosivity by SW1110
Corrosivity ND mm/yr
Sodium by [CPES, SW6010
Sod{um 4.9 8 mg/L ND mg/L
Lead by SW7421
Lead 0,012 8 _ mg/L ND ng/L
Total phenolics by SW9065
Total phenolics 0,012 @  mg/L 0,013 8  mg/L
PH, SWB46 L
PH 12 pHunits
Selenium by SW7740 — o
Selenium Q.071.8 mg/L  0.0050: | ND mg/L _ 0.005¢ | 414 Xrecvry

ND Not detected at specified detection limit
S Determined by Method of Standard Addition

8 Est. result.less that 5 times detection Limit

Q outside control limits

(1) For a detailed description of flags and technical terms in this report refer to the glossary.
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CORPORATYION

Babcock and Wilcox Co.
Radian Work Order: 91-03-014

Analytical Data Summary

Page:?

sample ldentifications

Method/Analyte
DI LEACH LIMB- METHOOD BLANK
~EMPASH-10
04 05
Matrix water water
Result Det, Limit Result Det. Limit Result Det. Limit
Sulfate, SW9038
Sulfate 1300 ma/L mg/L
Tot. dissolv, solid €160,1
Total dissolved solids 5000 ma/L mg/L
TOC by EPA 415.2
Total organic carbon ND mg/L mg/L

NO Not detected at specified detection limit

(1) For a dctailed description of flags and technical terms in this report refer to the glossary.
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CORPORATION ‘ Analytical Data Summary ' Page:8

Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Sample Identifications
Method/Analyte
TCLP LEACH MSD
07
Matrix water
Result Det. Limit
Mercury, cold vapor E245.1 ‘
Mercury. . 103 %recvry
Selenium by SW7740
Selenium 38 Q %recvry
Q Outside controt timits:
(1) For B detailed description of flags and technical terms in this report refer to the glossary.
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Sample History

Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Page:9

Sample ldent{ficétions and Dates

Sample 1D LIMB-EMPASH-10 TCLP LEACH LI- TCLP BLANK DI LEACH LIMB- METHOD BLANK  TCLP LEACH NS
MB-EMPASH-10 ~-EMPASH-10
Date Sampled 02/28/91 03/04/91 03/06/91 03/04/91
Date Received 03/01/91 03/01/9 03/01/N 03/701/91 03/01/91 03/01/91
Matrix water water
01 02 03 04 05 06
Silver by ICPES SW6010
Prepared 03/711/91
Analyzed 03/12/91
Analyst DES
File 1D
Blank ID
Instrument JAB1
Report as recejved
Alkalinity components
Prepared 03/19/91 03/19/91
Analyzed 03/19/91 03/19/91
Analyst RDO RDO
File ID
Blank D
Instrument 636 636
Report as received received
Arsenic by SW7060
Prepared 03/11/91 03/11/91
Analyzed 04/03/91 04/03/91
Analyst pLC pLC
File ID
Blank ID
Instrument 3030s 30308
Report as received received
Barium by ICPES SW4010
Prepared 03/11/9
Analyzed 03/12/91
Analyst DES
File ID
Blank 1D
Instrument JA61
Report as received
Calcium by [CPES SW6010
Prepared 03/11/91 03/11/91
Analyzed 03/12/91 03/712/91
Analyst DES DES
Fite 1D
Blank ID
Instrument JAG1 JA61
Report as received received

F-24




Sample History

Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Page:10

sample ldentifications and Dates

Sample ID LIMB-EMPASH-10 TCLP LEACH LI~ TCLP BLANK D! LEACH LIMB-~ METHOD BLANK  YTCLP LEACH NS
MB-EMPASH-10 ~EMPASH-10
Date Sampled 02/28/91 03/04/91 03/06/91 03/04/91
Date Received 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91
Matrix water water
o1 02 03 04 05 06
Cadmium by ICPES SW6010
Prepared 03/11/91
Analyzed 03/712/91
Analyst DES
File 1D
Blank ID
Instrument JA61
Report as received
Chloride, titration E325.3
Prepared 03/11/91 03/11/91
Analyzed 03/11/91 03/11/91
Analyst TRR TRR
File ID
8lank ID
Instrument CLY CLY
Report as received received
CoD by SM5088
Prepared 03/22/91
Analyzed 03/22/91
Analyst TRR
File ID
Blank ID
Instrument coo
Report as received
Chromium by ICPES SW6010
Prepared 03/11/91
Analyzed 03/712/91
Analyst DES
File ID
Blank ID
Instrument JA6
Report as received
Fluoride by EPA 340.2
Prepared 03/07/91 03/07/91
Analyzed 03/07/91 03/07/91
Analyst EAT EAT
File 1D 9250307-1 9250307-1
8lank ID
Instrument 925 925
Report as received received
F-25



CORPORATION sample History Page: i1
Babcock and Wilcox Co.
Radian Work Order: 91-03-011
Sample ldentifications and Dates
Sample ID LIMB-EMPASH-10 TCLP LEACH LI- TCLP BLANK DI LEACH LIMB- METHOO BLANK  TCLP LEACH MS
MB-EMPASH- 10 ~EMPASH-10
Date Sampled 02/28/91 03/04/91 03/06/91 03/04/91
Date Received 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91
‘Matrix water water water water water
o1 02 03 04 05 06
Mercury, cold vapor E245.1
Prepared 03/07/91 03/07/91 03/07/91 03/07/91 03/07/91
Analyzed 03/07/91 03/07/91 03/07/91 03/07/91 03/07/91
Analyst MX2 MX2Z MXZ MX2 Mx2
File ID
Blank ID ‘
Instrument 403 403 403 403 403
Report as received received received received received
iCP 25 element scan SW6010
Prepared 03/11/91 03/11/91 03/11/91 03/11/9N1
Analyzed 03/12/91 03/12/91 03/12/91 03/12/91
Analyst DES DES DES DES
Fite ID
Blank 1D
Instrument JAb1 JA61 JA61 JA61
Report as received received received received
Potassium by [CPES SW&010
Prepared 03/11/91 03/11/91
Analyzed 03/12/91 03/12/91
Analyst DES DES
File ID
Blank ID
Instrument JAb1 JAGY
Report as received received
Magnesium by ICPES SW6010 .
Prepared 03/11/91 03/11/91
Analyzed ‘ 03/12/N1 03/12/91
Analyst DES DES
File ID
Blank ID
Instrument JAGY JAS1
Report as received received
Nitrate-nitrite, EPA 353.2
Prepared 03/14/9 03/14/N
Analyzed 03/14/91 03/14/91
Analyst MJS MJS
File ID
Blank ID
Instrument AA 1 . AA |
Report as received received
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Sample Hfstory

Babcock and Wilcox Co.

Radian Work Order: 91-03-011

Page:12

Sample ldentifications and Dates .

Sample ID LIMB-EMPASH-10 TCLP LEACH L{- TCLP BLANK DI LEACH LIMB- METHOD BLANK  TCLP LEACH NS
: MB-EMPASH-10 -EMPASH-10
Date Sampled 02/28/91 03/04/91 03/06/91 03/04/91
Date Received 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91
Matrix water water
01 02 03 04 05 0é
NACE corrosivity by SW1110
Prepared 04/05/91
Analyzed 04/07/91
Analyst EAT
File ID
Btank 1D
Instrument NA
Report as received
Sodium by ICPES, SW6010
Prepared 03/11/91 03/11/91
Analyzed 03/12/91 03/12/91
Analyst DES DES
File 1D
Blank 1D
Instrument JAé1 JAG1
Report as received received
Lead by SW7421
Prepared 03/11/9 03/711/91
Analyzed 04/03/91 04/03/91
Analyst RAA RAA
File 1D
Blank 1D
Instrument 3030€ , 30308
Report as received received
Total phenolics by SW9065
Prepared 03727/ 03/27/91
Analyzed 03727/ 03/27/91
Analyst MJS MJS
File ID
8lank 1D
Instrument AA I AA 11
Report as received received
pH, SW846
Prepared 03/07/91
Analyzed 03/07/91
Analyst EAT
Fite ID 9250307-1
Blank ID
Instrument 925 .
Report as recived
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CORPORAY!O

Babcock and Wilcox Co.

Radian Work Order: 91-03-011

sample History

Page:13

Sample ldentifications and Dates

Sample ID LIMB-EMPASH-10 TCLP LEACH L[~ TCLP BLANK DI LEACH LIMB- METHOD BLANK  TCLP LEACH MS
MB-EMPASH-10 ~EMPASH-10 ‘
Date Sampled 02/28/91 03/04/91 03/06/91 03/04/91
Date Received 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91 03/01/91
Matrix solid water water water water water
) 02 03 04 05 06
Selenium by SW7740 i
‘ Prepared 03/11/91 03/11/91 03/11/N 03/11/91 03/11/91
Analyzed 03/15/91 03/15/91 03/715/91 03/15/91 03/15/91
Analyst oLC pLC bLC bLC DLC
File 1D .
Blank 1D .
Instrument 30302 30302 30302 30302 30302
Report as received received received received received
Sulfate, SW9038
Prepared 03/14/91 03/14/91
Analyzed 03/16/91 03/14/91
Analyst TRR TRR
File 1D
Blank ID
Instrument 2100A 2100A
Report as received received
TCLP leaching
Prepared 03/04/91 03/04/91
Analyzed 03/05/91 03/05/91
Analyst HD HD
File 1D
8lank 1D
Instrument
Report as received received
Tot. dissolv. solid E160.1
' Prepared 03/13/9N1 03/13/91
Anatyzed 03/13/1 03/13/91
Analyst EAT EAT
File ID
Blank 1D
Instrument 108 108
Report as received received
T0C by EPA 415.2
Prepared 03/28/91 03/28/91
Analyzed 03/28/91 03/28/91
Analyst MH MH
File 1D
Blank ID
Instrument DC-80 . nC-80
Report as received received




CORPORATION Sample History Page: 14

Babcock and Wilcox Co.
Radian Work Order: 91-03-011

Sample Identifications and Dates

Sample ID TCLP LEACH MSD
Date Sampled 03/04/91
Date Received 03/01/91
Matrix water
o7
Mercury, cold vapor E245.1
Prepared 03/07/91
Analyzed 03/07/91
Analyst MX2
File 1D
Blank 1D
Instrument 403
Report as received
ICP 25 element scan SW6010
Prepared 03/11/91
Analyzed 03/12/91
Analyst DES
File 1D
Blank 1D
Instrument JAG1
Report as received
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CORPORATION Samte H{story PageMS

Babcock and Wilcox Co.
Radfan Work Order: 91-03-011

Sémple ldentifications and Dates

sample D TCLP LEACH MSD
Date Sampled 03/04/91
bate Received 03/01/91
Matrix water
o7
Selenium by SW7740

Prepared 03/11/91

Analyzed 03/15/91

Analyst DLC

File 1D

Blank ID

Instrument 30302

Report as received
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Appendix A

Comments, Notes and Definitions
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ADIAN

corvon tou Report Comments and Narrative

Baboock and Uilqnx Co.
Radian Work Ordar: 91-03-011

General Comments

Samples 9103011-02A, -06A MS, and -07A MSD had to be diluted
by a factor of four to eliminate {nterferences from calcium,
The Low recovery for (ead may be due to the dilution of the
spike to within five times the IDL.

F-32
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Notes and Definit{ons

Baboock and Wilcox Co.
Radian Work Order: 91-03-011

ND

ALL METHODS EXCEPT CLP

The results which are less than five times the method specified
detection (imit,

EXPLANATION

Uncertainty of the analysis will {ncrease as the mathod detection
(imit {s approached, These results should be considered approximate,

ALL METHODS EXCEPT CLP
This flag is nsed to denote analytes which are not detected at or
above the specified detection limit,

'EXPLANATION

The value to the right of the < symbol {s the method specified
detection limit for the analyte.

ALL METHODS EXCEPT CLP

This quality control standard is outside method or laboratory spec-
ified control Limits,

EXPLANATION

This flag is applied to matrix spike, analytical QC spike, ancd
surrogate recoveries; and to RPD(relative percent diffurence)
values for duplicate analyses and matrix spike/matrix spike
duplicate result,

INORGANIC METHODS INCLUDING CLP

This flag indicates that a specific result from analysis has been
obtained using the Method of Standard Addition.

F-33
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ComwonRAvIiON Notes and Definitions Pager A4

Babaook and Wilaox Co.
Radian Work Order: 91-03-011

TERMS USED IN THIS REPORT
Analyte « A chemical for which a sample {s to be analyzed. The anglynia Will meet
EPA method and QC specifications.

Compound « See Analyte,

Detaction Limit - The method specified detection limit, which {a the lower limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories! method detection limits to verify that they moet or are lower than those
specified by BPA, ODetection limits which are higher than method limits are based

on axperimental values at the 99% confidence level. The detection limits for EPA CLP
{Contract Laboratory Program) methods are CROLs (contract required quantitation
(imits) for organfcs and CROLs (contract required deteotion (imits) for {norganica.
Note, the detection l{mit may vary from that specified by EPA based on sample

size, dilution or oleanup, (Refer to Factor, below)

EPA Method « Tho‘EPA specified method used to perform an analysis, EPA has specified
standard methods for analysis of environmental samples, Radian will perform its
analyses and accompanying QC tests {n oconformance with EPA methods unless otherwise specified,

Factor - Default method detection limits are based on analysis of clean water samples,

A factor {s required to calculate sample specific detection {imits based on alternate

matrices (soil or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates, For example, extraction or digestion of 10 grams of soil in contrast

to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be goil, water, air, oil, or solid
waste,

Radian Work Order - The unique Radian identi{fication code assigned to the samples reported in
the analytical summary.

Units - ug/L micrograms per liter (parts per billion);liquids/water
ug/kg micrograms per kilogram (parts per billion); soils/solids
ug/M3 micrograms per cubic meter; air samples
mg/L milligrams per liter (parts per millfon);liquids/water
mg/kg  milligrams per kilogram (parts per million);soiis/solids
% percent; usuaily used for percent recovery of AC standards
us/cm  conductance unit; microSiemans/centimeter
mL/hre mitliliters per hour; rate of settlement of matter in water
NTU turbidity unit; nephelometric turbidity unit
cu calor unit; equal to 1 mg/L of chioroplatinate salt
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Radian Work Order 91-02-048

Analytical Report
03/15/91

Babcock and Wilcox Co,

Rad{an
RTP
NC

Luke Contos

=17

Customer Work Identification LIMB PROJECT
Purchase Order Number 209-026-05-00

Contents!

Analytical Data Summary
Sample History

Comments Summary

Notes and Definitions

S N -

Radian Analytical Services
8501 Mo-Pac Boulevard
P. 0. Box 201088
Austin, TX 78720-1088

512/456-4797
Client Services Coordinator: KAYOUNG
]
/

Certified by:




comrromAaviON " Analytical Data Surmary Page:2

Babcock and Wilcox Co.
Radian Work Order: 91-02-048

Sample ldentifications
Method/Analyte
LIMB EMPASH-09
01
o Matrix
Result Det. Limit
Permeability SW9100
Permeability 0.000013 cm/sec
(1) For a detailed description of flags and technical terms in this report refer to the glossary.




CORPORATYION sample History Page:3

Babcock and Wilcox Co.
Radian Work Order: 91-02-048

sample ldentifications and Dates

Sample ID LIMB EMPASH-09
Date Sampled 02/05/91
Date Received 02/06/91
Matrix
01
Permeability SW9100

Prepared

Analyzed 03/08/91

Analyst GST

File ID

8lank 1D

Instrument

Report as received
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CORPORAVION Notes and.Definitions

Babcock and Wilcox Co.
Radian Work Order: 91-02-048

®
TERMS USED IN THIS REPORT:
Analyte - A chemical for which a sample is to be analyzed. The analysis will meet
EPA method and QC specifications.

® Compound - See Analyte..

Detection Limit - The method specified detection limit, which is the lower limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories! method detection limits to verify that they meet or are lower than those
specified by EPA. Detection limits which are higher than method limits are based

® on experimental values at the 99% confidence level. The detection limits for EPA CLP
(Contract Laboratory Program) methods are CRALs (contract required quantitation
limits) for organics and CRDLs (contract required detection limits) for inorganics.
Note, the detection limit may vary from that specified by EPA based on sample
size, dilution or cleanup. (Refer to Factor, below)

) EPA Method - The EPA specified method used to perform an analysis. EPA has specified
standard methods for analysis of environmental samples. Radian will perform its
analyses and accompanying QC tests in conformance with EPA methods unless otherwise specified.

Factor - Default method detection Limits are based on analysis of clean water samples.
A factor is required to calculate sample specific detection Limits based on alternate
o matrices (soil or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates. For example, extraction or digestion of 10 grams of soil in contrast
to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be soil, water, air, oil, or solid
waste.

Radian Work Order - The unique Radian identification code assigned to the samples reported in
the analytical summary.

units - ug/L micrograms per liter (parts‘per billion);liquids/water
ug/kg micrograms per kilogram (parts per billion); soils/solids

@ ug/M3 micrograms per cubic meter; air samples

mg/L milligrams per liter (parts per million);liquids/water

mg/kg milligrams per kilogram (parts per million);soils/solids

% percent; usually used for percent recovery of QC standards

us/cm conductance unit; microSiemans/centimeter

mL/hr mittiliters per hour; rate of settlement of matter in water

o NTU turbidity unit; nephelometric turbidity unit
cu color unit; equal to 1 mg/L of chloroplatinate salt
@
G-5
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corPORATION Radian Work Order 91-03-009

Analytical Report

04/04/91
®
Babcock and Wilcox Co. E:
®
Radian
RTP
NC
_ Luke Contos )
[
®
Customer Work Identification LIMB PROJECT
Purchase Order Number 209-026-05-00
®

Contents:

Analytical Data Summary
Sample History

Comments Summary .
Notes and Definitions

S W -

Radian Analytical Services
8501 Mo-Pac Boulevard

P. 0. Box 201088 ®
Austin, TX 78720-1088
512/454-4797
Client Services Coordinator: KAYOUNG °®
Certified by:
®

Previously Reported on 03/2%/91.



CORBPORAVION Analytical Data Summary

Babcock and Wilcox Co.
Radian Work Order: 91-03-009

Page:2

Sample ldentifications

Method/Analyte
LIMB-EMPASH-10
01
Matrix
Result Det, Limit
Permeability SW9100 o
Permeabi | ity 0.0000037 cm/sec N\

(1) .For a detailed description of ftags and technical terms in this report‘refer to the glossary.




CORPORATYION

Sample History

Babcock and Wilcox Co.

Radian Work Order: 91-03-009

Paget3

sample |dentifications and Dates

Sample 1D LIMB-EMPASH-10
Date Sampled 02/28/91
Date Received 03/01/91
Matrix
01
permeabil{ty SW9100

Prepared 03/15/91

Analyzed 03/19/91

Analyst GST

File 1D

Blank 1D

Instrument

Report as received




Appendix A

Comments, Notes and Definitions




CORPORATION Notes and Definitions

Babcock and Wilcox Co.
Radian Work Order: 91-03-009

TERMS USED IN THIS REPORT!
Analyte - A chemical for which a sample {s to be analyzed. The analysis will meet
EPA method and QC specifications,

Compound - See Analyte.

Detection Limit - The method specified detection limit, which {s the lower limit of
quantitation specified by EPA for a method. Radian staff regularly assess their
laboratories! method detection limits to verify that they meet or are lower than those
specified by EPA. Detection limits which are higher than method limits are based

on experimental values at the 99% confidence level. The detection limits for EPA CLP
(Contract Laboratory Program) methods are CRAGLs (contract required quantitation
limits) for organics and CRDLs (contract required detection Limits) for inorganics.
Note, the detection Limit may vary from that specified by EPA based on sample

size, ditution or cleanup. (Refer to Factor, below)

EPA Method - The EPA specified method used to perform an analysis. EPA has specified
standard methods for analysis of environmental samples. Radian will perform its
analyses and accompanying GC tests in conformance with EPA methods unless otherwise specified.

Factor - Default method detection limits are based on analysis of clean water samples.

A factor {s required to calculate sample specific detection limits based on alternate

matrices (sofl or water), reporting units, use of cleanup procedures, or dilution of extracts/
digestates. Ffor example, sxtraction or digestion of 10 grams of soil in contrast

to 1 liter of water will result in a factor of 100.

Matrix - The sample material. Generally, it will be soil, water, air, oil, or solid
waste.

Radian Work Order - The unique Radian identification code assigned to the samples reported in
the analytical summary.

uUnits - ug/L micrograms per liter (parts per billion);liquids/water
ug/kg micrograms per kilogram (parts per. biilion); soils/solids
ug/M3 micrograms per cubic meter; air samples
mg/L milligrams per liter (parts per million);liquids/water
mg/kg milligrams per kilogram (parts per million);soils/solids
% percent; usually used for percent recovery of QC standards
us/cm conductance unit; microSiemans/centimeter
mL/hr milliliters per hour; rate of settiement of matter in water
NTU turbidity unit; nephelometric turbidity unit
cu color unit; equal to 1 mg/L of chloroplatinate salt

10
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5.0 . AMBIENT MONITORING

5.1 Adx

Alr dispersion modeling will be used to assess the relative change
{in maximum ground lavel pollutant concentrations for Unit 4, The maximum
predicted ground level concentration will be determined from the baseline
operating conditions for Unit 4 during normal firing conditions with no
sorbent injection (firing cosl with a 1,84 sulfur content) and for each of the
coal/sorbent scenarios that will be evaluated in the Coolside and LIMB
Extension studies, The pollutant emissions evaluated will include S0,, NO,,
PM/PM;o, and CO. The averaging periods that will be predicted for each
pollutant will correspond with those for which a National Ambient Air Quality
Standard (NAAQS) has been established,

In most cases, reductions in predicted maximum ground level
pollutant concentrations are expectsd to occur since Unit 4 emissions levels
will decrease compared to baseline levels. If increases in maximum
concentrations over the baseline case are predicted, a furthar evaluation will
be conducted to determine Lif the NAAQS will be exceeded. No additional

ambient air monitoring will be conducted during the-demonstation study.
The following methodology will be used in this study:

1. Define the baseline emissions case., AP-42 emissions factors
will be used to determine emissions of S0;, NO,, CO, and PM/PM;, from Unit &4
firing 1.8% sulfur coal if stack data are not available. Representative stack
parameters (stack exit temperaturs and flowrate) for the maximum firing rate
of Unit 4 will be derived from existing stack test data for the period when
Unit 4 was firing 1.8% sulfur coal.

2, Determine the maximua baseline ground level concentration. The
maximum predicted annual average and short term average off-property
concentrations from Unit 4 will be determined for_;ho bassline emissions case.

The modeling analysis will be conducted using fivc years of meteorological



data and an EPA approved air dispersion model ISCST Version 88348, Additional
discussion of the model methodolgy is prosoncod below,

3, wwww New
stack parameter and emissions data for Unit 4 will be developed from the
actual data collected from CEM monitoring and from Method 3 testing during the

demonstration project,

4., Detarmine the maximum ground level concentration for a new
scenario. The maximum predicted annual average and short term average off
property concentrations from Unit 4 will be determined for each coal/sorbent
enissions case, The uod.i&n; methodology and modsl inputs used to determine
the maximum concentrations will be {dentical to those used in (2) and

digscussad balow,

5. Compare the maximum concentrations predicted in (2) and (4).
The rasults of the modeling analyses conducted {n (2) and (4) will be compared
to determine the increase (or decrease) in the predicted maximum ground level
concentration fnr each pollutant and averaging period. In some ca:u:.‘cho
maximum predicted concentration for the baseline and coal/sorbent case will
occur at different receptors for the same pollutant and averaging period
because of the differences in stack exit temperature or flowrate., For these
cases, the maximum predicted concentration for the baseline case and the
coal/sorbent cases will be determined at the maximum receptor location

determined for each case, and the maximum difference reported,

If the difference in maximum predicted concentration from the new
coal/sorbent case compared to the baseline case that was determined in (5) for
all pollutants and averaging periods result in concentration decreases, no
further evaluation will be necessary. Otherwise, the following analysis will

be performed:

lavela as defined in the Prevention of Significant Deterioration air

I"“l‘;1nn‘_igg_gzn_glﬁlgi_hLZJL* For the polluiintl evaluated in this study,
kam/003 H-2
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these valuas are 1 ug/m’ (80,, PM/PM,,, NO,) for the annual average, 5 ug/m?
(503, PM/PM;;) for the 24-hour average, 23 ug/w’ (80;) for the 3-hour average,
300 p;/l’ (CO) for the l-hour average, and 2000 pg/n’ (CO) for the 8-hour
averaging period, By definition, Lf the concentration is less than the
significance level, a source is not considered to cause or contribute to a
violation of the national air quality standard. If the increase in
concentration predicted in (35) for a given pollutant and averaging period is
significant, the existing ambient air nonitorini vill be reviewed and the need
for collection of additional monitoring data will be evaluated,.

5.1.1 Model Selection

The estimates of anbient air quality concentrations will be based on
the applicable air quality model and techniques as specified in the EPA
Guideline on Air Quality Models. The EPA approved version of the Industrial
Source Complex model (ISCST version 88348) will be used in the modeling
analysis,

5.1.2 Meteorological Data

Five years (1981-1985) of meteorological data will be used in the
analysis, The surface data were recorded at Hopkins International Airport in
Cleveland, Ohio, and the upper-air data wers recorded at Buffalo International

Afirport in Buffalo, New York. These data were obtained from Ohio Edison in
preprocessed format,

5.1.3 Stack Helight Analyais

A Good Engineering Practice (GEP) stack height analysis will be
conducted, The purpose of the GEP stack height analysis is to evaluate the
potential influence of building vake effects from the existing structures on
ground level concentrations. Building dimensions will be input to the ISCST
model. The worst-case building dimension inputs will be calculated uiing
guidance in the Industrial Source Complex (ISC) User'’s Guide and the Bowman
Environmental Engineering GEP computer pwg::m."~

kan/005 03



5.1.4 Raceptor grid
A regularly spaced cartesian grid, with a spacing of 2350 to 500

mocofs. surrounding tha facility will be developed. Additional receptors will

be located along the plant fenceline,
5,2 Euture Ambient Air Quality Work

A plant visit was conducted on January 23, 1990, During this visic,
Ohic Edison personnel provided the following items:

Plot plan showing property and fenceline positions

Building orientation and dimensions

Stack dimensions

In addition to the above information, photographs were taken during
a tour of the facility, and a survey of the local area provided neaded

information for future modeling work.
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APPENDIX K-1. CLEVELAND-HOPKINS AIRPORT HOURLY SURFACE OBSERVATIONS
(11/27/90 - 12/05/90)

TOTAL
STATION WIND  WIND DRY  CLOUD  OPAQUE
ID MONTH DAY HOUR CEILING  DIR. SPEED  BULB  COVER CLOUD COVER

(100s FT)(10s DEG.) (KTS) (F)  (TENTHS) (TENTHS)

14820 S Y 0 50 E] 17 61 10 10
14820 11 27 1 42 19 14 62 10 10
14820 11 27 2 55 19 15 63 10 10
14820 1 27 3 70 19 15 63 10 10
14820 11 27 4 120 20 16 62 10 10
14820 1 27 5 110 20 16 62 10 10
14820 11 27 6 30 22 17 63 10 10
14820 11 27 7 130 20 15 63 10 10
14820 11 27 8 130 21 24 63 10 7
14820 11 27 9 100 22 18 63 10 9
14820 11 27 10 95 21 15 64 10 10
14820 11 27 11 150 2] 19 66 9 8
14820 11 271 12 30 22 22 69 10 8
14820 11 27 13 30 21 21 80 10 9
14820 11 27 14 30 21 16 69 10 10
14820 11 27 15 80 21 14 69 10 10
14820 11 27 16 110 21 15 8l 8 7
14820 11 27 17 55 23 13 81 9 9
14820 11 27 18 110 2] 12 81 10 9
14820 11 27 19 110 20 14 81 10 9
14820 11 27 20 110 19 13 69 7 7
14820 1 27 21 19 1 68 8 2
14820 1 27 22 19 12 68 4 2
14820 11 27 23 2] 14 68 3 0
14820 11 28 0 20 14 68 1 1
14820 11 28 1 20 16 67 3 0
14820 11 28 2 20 2] 68 3 0
14820 11 28 3 19 18 68 4 2
14820 11 28 4 250 21 22 68 8 6
14820 11 28 5 70 19 16 67 10 10
14820 11 28 6 40 22 20 67 10 10
14820 11 28 7 41 21 17 67 10 10
14820 11 28 8 40 23 10 64 10 10
14820 11 28 9 250 22 19 66 10 10
14820 11 28 10 29 27 22 65 10 10
14820 11 28 11 12 27 15 54 10 10
14820 11 28 12 10 28 12 5] 10 10
14820 11 28 13 14 25 16 50 10 10
14820 11 28 14 16 30 18 49 10 10
14820 11 28 15 16 27 16 45 10 10
14820 11 28 16 28 25 18 43 10 10
14820 11 28 17 20 24 14 40 10 10
14820 11 28 18 17 26 10 38 10 10
14820 11 28 19 20 24 13 36 10 10
148200 11 28 20 18 27 11 37 10 10
14820 1 28 2l 20 28 8 36 10 10
14820 11 28 22 21 25 9 35 10 10
14820 11 28 23 26 25 8 35 10 10
14820 11 29 0 20 26 8 35 10 10
14820 11 29 1 27 24 8 34 10 10
14820 11 29 2 25 29 7 33 10 10
14820 11 29 3 26 28 6 33 10 10



APPENDIX K-1. CLEVELAND-HOPKINS AIRPORT HOURLY SURFACE OBSERVATIONS
(11/27/90 - 12/05/90)

TOTAL
STATION | WIND  WIND DRY  CLOUD  OPAQUE
ID MONTH DAY HOUR CEILING  DIR. SPEED  BULB  COVER CLOUD COVER
(100s FT)(10s DEG.) (KTS) (F)  (TENTHS) (TENTHS)
14820 T 79 .| 78 75 8 33 10 10
14820 11 29 5 30 23 7 33 10 10
14820 11 29° 6 30 23 7 33 10 10
14820 11 29 7 30 23 5 33 10 10
14820 11 29 8 29 24 6 33 10 10
14820 11 29 9 29 24 7 32 10 10
14820 11 29 10 26 24 7 33 10 10
14820 11 29 11 26 25 7 34 8 8
14820 11 29 12 29 27 11 35 9 9
14820 11 29 13 29 25 8 34 10 10
14820 11 29 14 26 26 7 35 10 10
14820 11 29 15 28 27 6 35 10 10
14820 11 29 16 37 25 7 34 10 10
14820 11 29 17 40 26 6 35 10 10
14820 11 29 18 36 27 5 35 10 10
14820 11 29 19 33 25 6 35 10 10
14820 11 29 20 33 25 6 35 /0 10
14820 11 29 21 40 25 7 34 9 9
14820 11 29 22 36 25 7 33 7 7
14820 11 29 23 30 26 5 32 7 7
14820 11 30 0 31 25 5 32 7 7
14820 11 30 1 31 23 5 30 6 6
14820 11 30 2 24 4 30 5 5
14820 11 30 3 22 5 29 0 0
14820 11 30 4 22 4 27 0 0
14820 11 30 5 22 4 25 0 0
14820 11 30 6 21 4 25 0 0
14820 11 30 7 22 4 25 1 0
14820 11 30 8 22 4 25 0 0
14820 11 30 9 22 9 29 0 0
14820 11 30 10 22 9 34 0 0
14820 11 30 11 23 11 37 0 0
14820 11 30 12 24 11 40 0 0
14820 11 30 13 22 13 42 1 0
14820 11 30 14 21 12 44 1 0
14820 11 30 15 20 17 43 2 1
14820 11 30 16 21 12 43 5 1
14820 11 30 17 21 18 40 9 4
14820 11 30 18 22 13 39 7 3
14820 11 30 19 19 14 38 0 0
14820 11 30 20 21 17 37 0 0
14820 11 30 21 20 21 38 0 0
14820 11 30 22 21 19 38 0 0
14820 11 30 23 | 21 17 37 0 0
14820 12 1 0 21 13 36 0 0
14820 12 1 1 21 11 37 5 5
14820 12 1 2 21 9 35 0 0
14820 12 1 3 21 6 34 0 0
14820 12 1 4 21 6 33 0 0
14820 12 1 5 20 6 32 0 0
14820 12 1 6 2] 6 35 3 1
14820 12 1 7 22 7 36 8 3



APPENDIX K-1. CLEVELAND-HOPKINS AIRPORT HOURLY SURFACE OBSERVATIONS
(11/27/90 - 12/05/90)

TOTAL
STATION WIND WIND DRY CLOUD  OPAQUE
ID MONTH DAY HOUR CEILING DIR. SPEED BULB COVER CLOUD COVER

(100s FT)(10s DEG.) (KTS) (F)  (TENTHS) (TENTHS)
14820 12 1 8 20 6 35 9 3
14820 12 1 9 21 11 40 9 3
14820 12 1 10 23 11 46 9 3
14820 12 1 11 23 17 49 9 3
14820 12 1 12 250 23 16 48 9 6
14820 12 1 13 100 23 16 48 10 7
14820 12 1 14 100 23 11 48 10 10
14820 12 1 15 110 22 10 48 10 10
14820 12 1 16 110 22 10 49 10 10
14820 12 1 17 65 22 9 49 10 10
14820 12 1 18 60 23 13 49 10 10
14820 12 1 19 120 25 9 47 10 10
14820 12 1 20 130 22 7 46 10 10
14820 12 1 21 65 24 6 46 10 10
14820 12 1 22 250 24 7 46 9 7
14820 12 1 23 130 25 9 45 10 10
14820 12 2 0 250 25 6 44 10 9
14820 12 2 1 130 22 5 42 10 8
14820 12 2 2 130 24 5 4] 9 9
14820 12 2 3 24 5 40 4 4
14820 12 2 4 130 26 4 40 10 9
14820 12 2 5 130 34 6 40 10 9
14820 12 2 6 130 34 5 40 9 8
14820 12 2 7 130 34 8 40 9 8
14820 12 2 8 35 6 38 10 4
14820 12 2 9 35 7 39 10 4
14820 12 2 10 2 11 4] 8 4
14820 12 2 11 24 36 8 42 8 8
14820 12 2 12 25 4 9 44 7 7
14820 12 2 13 130 3 10 42 7 7
14820 12 2 14 130 3 9 41 8 8
14820 12 2 15 130 5 6 40 9 8
14820 12 2 16 130 4 6 39 9 8
14820 12 2 17 110 4 11 38 10 10
14820 12 2 18 95 4 6 38 10 10
14820 12 2 19 110 6 11 37 10 10
14820 12 2 20 95 7 14 37 10 10
14820 12 2 21 90 7 7 37 10 10
14820 12 2 22 85 6 6 37 10 10
14820 12 2 23 90 7 15 37 10 10
14820 12 3 0 90 7 11 38 10 10
14820 12 3 1 70 10 12 38 10 10
14820 12 3 2 30 10 18 36 10 10
14820 12 3 3 36 8 12 32 10 10
14820 12 3 4 11 7 16 33 10 10
14820 12 3 5 13 9 16 35 10 10
14820 12 3 6 13 12 13 35 10 10
14820 12 3 7 12 12 17 36 10 10
14820 12 3 8 12 13 18 38 10 10
14820 12 3 9 14 13 24 - 40 10 10
14820 12 3 10 17 14 18 42 10 10
14820 12 3 11 17 15 18 45 10 10



APPENDIX K-1. CLEVELAND-HOPKINS AIRPORT HOURLY SURFACE OBSERVATIONS
(11/27/90 - 12/05/90)

TOTAL

STATION | WIND  WIND DRY  CLOUD  OPAQUE
ID MONTH DAY HOUR CEILING  DIR. SPEED  BULB  COVER CLOUD COVER

(100s FT)(10s DEG.) (KTS) (F)  (TENTHS) (TENTHS)
14820 12 3 12 15 17 19 77 10 10
14820 12 3 13 13 17 17 49 10 10
14820 12 3 14 14 18 20 5] 10 10
14820 12 3 15 15 19 20 54 10 10
14820 12 3 16 26 18 21 56 10 10
14820 12 3 17 28 19 25 57 10 10
14820 12 3 18 16 29 18 53 10 10
14820 12 3 19 26 24 7 50 10 10
14820 12 3 20 26 31 11 50 10 10
14820 12 3 21 70 29 10 48 10 10
14820 12 3 22 28 29 12 45 10 10
14820 12 3 23 33 24 19 41 10 10
14820 12 4 0 32 24 20 41 10 10
14820 12 4 1 31 25 18 38 10 10
14820 12 4 2 34 24 22 37 10 10
14820 12 4 3 32 25 21 35 10 10
14820 12 4 4 31 23 20 34 10 10
14820 12 4 5 24 23 18 33 10 10
14820 12 4 6 26 23 19 32 10 10
14820 12 4 7 26 23 21 32 10 10
14820 12 4 8 23 23 22 31 10 10
14820 12 4 9 26 24 18 30 10 10
14820 12 4 10 20 24 18 30 10 10
14820 12 4 11 20 25 14 30 10 10
14820 12 4 12 20 25 14 29 10 10
14820 12 4 13 20 25 14 29 10 10
14820 12 4 14 16 24 16 29 10 10
14820 12 4 15 13 26 12 29 10 10
14820 12 4 16 55 25 10 29 10 10
14820 12 4 17 80 25 10 29 10 10
14820 12 4 18 12 27 8 27 10 10
14820 12 4 19 14 28 13 27 10 10
14820 12 4 20 29 30 13 27 10 10
148200 12 4 21 28 31 10 26 10 10
14820 12 4 22 26 29 13 27 10 10
14820 12 4 23 29 31 14 26 10 10
14820 12 5 1 29 3] 14 27 10 10
14820 12 5 2 29 32 13 28 10 10
14820 12 5 3 26 30 12 28 10 10
14820 12 5 4 26 30 10 28 10 10
14820 12 5 5 29 31 9 28 10 10
14820 12 5 6 29 30 8 29 10 10
14820 12 5 7 29 30 7 29 10 10
14820 12 5 8 28 33 8 29 10 10
14820 12 5 9 29 31 9 30 10 10
14820 12 5 10 28 29 8 30 10 10
14820 12§ 11 26 25 8 28 10 10
14820 12 5 12 33 24 10 29 10 10
14820 12 5 13 32 26 10 29 10 10
14820 12 5 14 26 24 8 29 10 10
14820 12 5 15 25 10 29 8 3
14820 12 5

16 23 12 31 5 2
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APPENDIX K-1. CLEVELAND-HOPKINS AIRPORT HOURLY SURFACE OBSERVATIONS
(11/27/90 - 12/05/90)

| TOTAL
STATION \ NIND  WIND DRY  CLOUD  OPAQUE
ID MONTH DAY HOUR CEILING  DIR.  SPEED  BULB  COVER CLOUD COVER
(100s FT)(10s DEG.) (KTS) (F)  (TENTHS) (TENTHS)
4820 12 5 1T 22 13 ) 10 )
14820 12 5 18 22 9 3] 9 1
14820 12 5 19 19 8 30 8 1
14820 12 5 20 19 16 3] 7 0
14820 12 5 2l 21 14 31 7 2
14820 12 5 = 22 21 14 3] 8 2
14820 12 5 23 21 12 3] 8 2
14820 12 6 0 21 13 32 8 2



APPENDIX K-2. BUFFALO INTERNATIONAL AIRPORT MIXING HEIGHTS
(11/27/90 - 12/05/90)

MORNING AFTERNOON

MIXING MIXING
STATION MONTH DAY HEIGHT HEIGHT

ID (m) (m)

14733 11 27 546
14733 11 28 272 1447
14733 11 29 1860 1957
14733 11 30 1208 1162
14733 12 01 787 1499
14733 12 .02 684 1313
14733 12 03 927 313
14733 12 04 ‘ 1305 1110
14733 12 . 05 739










