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EXECUTIVE SUMMARY

Molten Salt Oxidation (MSO) is a robust thermal treatment process that can be used to oxidatively 
and efficiently destroy the organic constituents of mixed and hazardous wastes. In the Expedited 
Technology Demonstration Project, an integrated pilot-scale MSO demonstration facility has been 
installed and operated at Lawrence Livermore National Laboratory (LLNL). This facility, which 
has been operational since December 1997, was built to demonstrate the capability of processing 
organic feed at a commercially useful scale (5 to 7 kg per hour). The integrated MSO treatment 
train consists of several subsystems: a primary MSO processor (reaction vessel), an off-gas 
conditioning system, a salt recycle system, and a ceramic final forms immobilization system. The 
MSO/off-gas system began operations in December 1997, while the salt recycle system and the 
ceramic final forms immobilization system were activated in May 1998 and September 1998, 
respectively. During FY98, we have successfully conducted tests in the MSO facility on a variety 
of liquid and solid organic feeds: chlorinated solvents, tributyl phosphate/kerosene mixtures,
PCB-contaminated waste oils and solvents, shredded booties and coveralls, plastic pellets, ion- 
exchange resins, activated carbon, several radioactive-spike organics, and two well-characterized 
low-level liquid mixed wastes. For the last two feeds, which were samples of real LLNL mixed 
wastes, the tests were conducted under the California EPA protocol for Treatability Tests.

After initial activation of the MSO/off-gas system (which included demonstration of the 
effectiveness of the frozen salt plug, and the ability to quickly load and drain salt from the MSO 
vessel), tests on a variety of simulated and real organic wastes were conducted in five distinct test 
series (I-V). In Series I, three common organic liquids with a range of viscosities were treated to 
verify the function of each component in the MSO/off-gas system and to establish/verify the 
optimum conditions for organic destruction. Toluene, ethylene glycol and oil-toluene mixtures 
were fed for 1- to 8-hr periods at rates of 1.2 to 2.6 kg/hr with 10-60% excess air at process 
temperatures ranging from 900 to 950°C. The best DREs (>99.9999%) and lowest NOx levels (8- 
115 ppm) were obtained at 925-950°C with 30% excess air; the feed rates and optimal air flow 
corresponded to superficial velocities of 1 ft/sec through the reactor. Long-term process stability 
was demonstrated in an 8-hr run with toluene. In Series II, several organic liquid mixtures 
containing N-, P-, F-, Cl- or S-containing compounds were processed at 950°C with 30% excess 
air and feed rates in the range 1.18-2.23 kg/hr. Again, good DREs were obtained (>99.999%) 
but, as expected for the N-containing compounds, the NOx levels immediately after the reactor 
were high, in some cases exceeding lOOOppm. These high NOx levels were reduced by 94% 
before off-gas release by use of a catalytic converter. For compounds containing heteroatoms 
other than N, the heteroatom was retained quantitatively in the carbonate salt bed. In Series IE, 
some surrogate solid waste materials were fed to the MSO reactor using a vibratory feeder and 
compressed air flowing through an eductor. At a reactor temperature of 950°C, and with feed rates 
ranging from 1.45 to 3.0 kg/hr using 30 to 65% excess air, mixed results were obtained, the 
degree of destruction usually depending on the feed particle dimensions. The best results were 
obtained with feeds having the smallest particle size, in this case an Amberlite ion-exchange resin. 
In Series IV, several surrogate organic liquid waste formulations spiked with radionuclides and/or 
dioxin precursors such as 2,4-dichlorophenol were processed at 900-950°C with 30% excess air 
and feed rates of 1.2 to 8.2 kg/hr. Two runs conducted with C-14 labeled toluene as feed showed 
that the molten carbonate bath acts as an effective sink for C-14 in the feed, and that C02 in the off­
gas rapidly equilibrates with carbonate in the salt. Three runs conducted with highly chlorinated 
feeds helped establish the optimal conditions for treating two real LLNL chlorosolvent waste 
streams, and also confirmed that, at high chloride loadings in the salt, low total hydrocarbon 
(THC) levels in the off-gas (< lppm) - which correspond to high DREs - can accompany high CO 
levels in the post-reactor off-gas. A surrogate waste stream consisting of carbon tetrachloride,
1,1,1 -trichloroethane, ethanol, ethylene glycol, 2,4-dichlorophenol and uranyl nitrate (lwt%), was 
fed with 30% excess air to the MSO processor at 2.2 and 3.3 kg/hr and superficial velocities of 1 
ft/s and 1.5 ft/s, respectively, at 950°C. Using continuous off-gas monitors and separate gas 
sample analyses, it was shown that the system reached steady-state in 30 minutes and the off-gas

5



quality leaving the MSO vessel was very good under both flow conditions (clOppm CO,
<1 lOppm NOx). DREs of all the principal organic hazardous constituents (POHCs), including 
2,4-dichlorophenol, were better than five nines, and dioxins and furans were not detectable.

Series V comprised a treatability study of two real waste specimens from the LLNL mixed waste 
inventory. The first specimen (LL-W008) was chlorosolvents consisting mainly of 1,1,1- 
trichloroethane with low levels of radionuclides (U, tritium) and trace metals. The second 
specimen (LL-W009) was hydraulic oil contaminated with PCB (1567 ppm), traces of solvents 
and metals, and low levels of uranium and tritium. In separate runs using fresh batches of sodium 
carbonate, five gallons of each waste specimen was processed through the reactor at 950°C with 
30% excess air at feed rates of 1.1 kg/hr (LL-W009) to 2.3 kg/hr (LL-W008). To decrease its 
viscosity, and hence improve the ease of delivery of LL-W009, toluene was added as a diluent. 
The off-gas composition was monitored continuously by on-line monitors during the runs, and 
comprehensive gas sampling was performed by Best Environmental, Inc., using certified EPA 
methods. Gas sampling was conducted from sampling ports located at the inlet and outlet of the 
GSS filter and from the vent of the catalytic converter. For LL-W008, the concentrations of CO 
and THC in the off-gas were 15.6 ppm and 0.2 ppm, respectively, considerably lower than the 
current standards for mixed-waste incinerators. The DREs for the six POHCs were all greater than 
99.999%, with the principal constituents, MCM and toluene, exceeding six nines. The particulate 
loading of the off-gas immediately downstream of the GSS was 6xl(rg/ft3, and the HC1 level 
was <0.0016 g/hr. Total emission of semi-volatile organics was less than 91.376 (tg/min and total 
emission of volatile organics was less than 31.568 (Xg/min. The total dioxin and furan emissions 
from the GSS filter inlet and the catalytic converter outlet were 18.534 pg/m3 TEQ and 17.093 
pg/m3 TEQ, respectively. All these values fall within proposed EPA regulatory limits. For the 
PCB-containing waste specimen LL-W009, the off-gas quality was very good, with NOx<50ppm, 
CO<20ppm, and non-detectable levels of THC. With the marginal exceptions of 1,1- 
dichloroethene and trichlorotrifluoroethane, the DREs for the POHCs all exceeded five nines. The 
particulate loading of the off-gas was 1.86xl0'6 g/ft3, and the HC1 level was <0.0015 g/hr. Total 
emission of semivolatile organics was less than 95.854 (ig/min and total emission of volatile 
organics was less than 17.82 (tg/min. The total dioxan and furan emissions from the GSS filter 
inlet and the catalytic converter outlet were 38.743 pg/m3 TEQ and 9.338 pg/m3 TEQ, respectively. 
These values are again below the EPA regulatory limits.

The salt recycle system was used successfully to treat six batches of spent salt generated from the 
MSO processor during FY98. For spent salts with high carbonate contents, it removed ash, 
metals, and radionuclides from the salts to levels of 20 ppm (Cr) to 500 ppm (U) and returned 95% 
of the salt for reuse. For spent salts with low carbonate content, salt recycle removed ash, metals, 
and radionuclides to levels of 0.1 ppm (U) to 1 ppm (Cr) and generated clean sodium chloride 
brine solutions which are not considered hazardous. For ceramic final forms, FY98 activity was 
largely devoted to the design and installation of the fabrication facility, and to initial testing of the 
major equipment items. Although the components of the system were standard commercial 
equipment, many modifications were needed to ensure safe and efficient operation with toxic and 
radioactive materials. An OSP was prepared, and initial shake-down operations were carried out. 
Evolutionary system modifications were in progress at the end of the fiscal year, and two new 
R&D issues are being addressed. Integrated operation of the Final Forms system is scheduled to 
begin in the first quarter of FY99. Mass balances were also calculated for each of the treatability 
study demonstrations, assuming integrated steady-state operation of the MSO/off-gas system, the 
salt recycle system, and the ceramic final forms system.

On the basis of the FY98 demonstrations, we have established that MSO is a mature, versatile and 
effective technology for the treatment of the following classes of organic-based hazardous and 
mixed wastes: halogenated solvents and refrigerants, PCB-contaminated oils and solvents, 
solutions of actinide complexants in nonhalogenated solvents, ion-exchange resins, granulated 
activated carbon, and uranium-contaminated organics. Thus, as a viable alternative to incineration,
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MSO could provide a solution to many vexing waste disposal problems that continue to exist 
around the DOE complex. This report presents the results from operation of the MSO/off-gas 
system and the salt recycle system with a variety of simulated and real organic-based mixed 
wastes, and it also discusses general processing capabilities and our accumulated operational 
experience with a pilot-scale MSO system. Due to the delay in final commissioning of the ceramic 
final forms subsystem, evaluation of the ceramic pellets derived from the FY98 tests performed on 
real wastes and spiked surrogates will be reported in FY99, as will the results from follow-on 
MSO tests that are being conducted in FY99.
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1. INTRODUCTION

MSO is a promising alternative to incineration for the treatment of a variety of organic wastes. 
Lawrence Livermore National Laboratory (LLNL) has prepared a facility in which an integrated 
pilot-scale MSO treatment system is being tested and demonstrated. The system consists of a 
MSO vessel with a dedicated off-gas treatment system, a salt recycle system, feed preparation 
equipment, and a ceramic final waste forms immobilization system. This integrated system was 
designed and engineered based on operational experience with an engineering-scale reactor unit and 
extensive laboratory development on salt recycle and final forms preparation.

The MSO/off-gas system has been operational since December 1997. The salt recycle system and 
the ceramic final forms immobilization became operational in May and August, 1998, respectively. 
We have tested the MSO facility with various organic feeds, including chlorinated solvents, tributyl 
phosphate/kerosene, PCB-contaminated waste oils & solvents, booties, plastic pellets, ion 
exchange resins, activated carbon, radioactive-spiked organics, and well-characterized low-level 
liquid mixed wastes. MSO is shown to be a versatile technology for hazardous waste treatment 
and may be a solution to many waste disposal problems in DOE sites. This report presents the 
results obtained from operation of the integrated pilot-scale MSO treatment system through 
September 1998, and therefore represents a final report for fiscal year 1998 activities.

2. BACKGROUND

In response to public concern about the application of incineration as the best demonstrated 
available technology (BOAT) for the treatment of organic-based mixed wastes, the Mixed Waste 
Management Facility (MWMF) project was initiated at LLNL in 1992. The focus of this project 
was to demonstrate integrated, altemative-to-incineration (non-flame) technologies for the treatment 
of typical low-level mixed wastes (from LLNL’s inventory) at the pilot-scale. Selected altemative- 
to-incineration technologies, including MSO, were to be evaluated against the federal and state 
treatment standards that identify incineration as BDAT, thus establishing equivalency with the 
BOAT. The technologies were to be demonstrated in a dedicated facility (test-bed) in integrated 
treatment trains incorporating state-of-the-art waste characterization and feed preparation 
technologies, off-gas treatment, waste water treatment, and the preparation of robust ceramic final 
forms.

In June 1996, written direction was received from DOE-EM to descope the MWMF project and use 
the remaining uncosted funds to complete a limited demonstration of MSO as an integrated mixed- 
waste treatment process in Building 292 (B292), an existing building at LLNL. Cost estimates 
were developed to meet the DOE funding guidance, then incorporated into a new baseline plan 
titled “Expedited Technology Demonstration Project (ETDP) Baseline Revision 3.0 and FY97 
Plan” which was released in October 1996. An updated version of this document was prepared 
based on the present test plan, and this details the system deployment/demonstration phase of the 
project in FY98. During FY97 and early FY98, B292 was modified using GPP funds to meet the 
ETDP requirements. In addition to the MSO primary unit, off-gas, and salt recycle subsystems, 
which are somewhat smaller than the MWMF reference design, the FY98 demonstrations include 
the production of ceramic final forms from process mineral residues and a limited capability for 
feed preparation.

Testing was originally planned to begin in October 1997 with organic compounds of interest, then 
it would proceed to surrogate feed streams of interest, and finally selected low-level mixed wastes 
supplied by LLNL’s Hazardous Waste Management (HWM). The latter tests will be performed as 
treatability studies under the purview of California EPA’s Department of Toxic Substances 
Control. In the DOE letter of June 1996, we were also directed to explore the application of MSO 
to hazardous organic wastes including those generated in weapons dismantlement, and to facilitate 
the transition of the MSO technology to a commercial entity. Because of a 3-month delay in the
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B292 GPP start date, testing did not actually begin until December 1997. Details of the planned 
ETD demonstrations for FY98 can be found in Ref. 1.

Waste treatment systems are tested in order to evaluate them relative to the Federal, State and local 
treatment standards, residual product requirements, and effluent requirements. Ideally, the MSO 
demonstration waste treatment system under evaluation will be shown to meet all RCRA Land 
Disposal Restriction (LDR) standards including the Universal Treatment Standards (UTS) for the 
chosen mixed waste streams. If successful, the treatment evaluation may result in the technology 
being designated by the EPA as a BOAT (or result in a Determination of Equivalent Treatment to 
the BOAT) for a specified mixed waste stream. A successful demonstration will result in a clear 
determination as to whether the MSO treatment process train meets the LDR requirements for the 
specific waste stream.

3. PROCESS DESCRIPTION

MSO is a robust thermal treatment process for destroying organic waste. In this process, organic - 
containing wastes are injected with a stoichiometric excess of oxidant air under a pool of molten 
carbonate salts at temperatures between 700-950°C. Blameless oxidation takes place within the 
salt bath converting the organic components of the waste into C02, N2, and water. The product 
off-gas leaving the processor is treated to remove any entrained salt particulate and essentially all 
water vapor before being discharged to the facility off-gas system. Halogens and heteroatoms 
such as sulfur are converted into acid gases, which are then “scrubbed” and trapped in the salt in 
forms such as NaCl and Na2SO^. Using sodium carbonate in the processor, this process occurs 
according to the reaction shown in Equations 1, 2, 3, and 4, where X represents generic halogens.

2CaHb + (2a+b/2)02 —> 2aC02 + bH20 (1)

For nitrogen -bearing organic wastes,

CaHbN„ + (a+b/4)02 —> C02 + H20 + N2 + NO, (2)

For halogenated organic wastes,

C,HbX, + c/2Na2C03 + (a+(b-c)/4)Q2 —> (a+c/2)C02 + b/2H,0 + cNaX (3)

For sulfur-containing organic wastes,

CaHbSc + cNa,C03 + (a+b/4+3c/2)02 —> (a+c)C02 + b/2H20 + cNa2SO^ (4)

Other non-oxidizable inorganic constituents, heavy metals, and radionuclides are held captive in 
the salt, either as metals or oxides, and are easily separated for disposal.

MSO has several unique characteristics. The large thermal mass of the molten salt provides a 
stable heat-transfer medium that resists thermal surges and ensures temperature uniformity and is 
therefore able to tolerate rapid process fluctuations. Flame-outs are completely avoided, since 
MSO is a non-flame process that proceeds by catalytic liquid-phase oxidation reactions. Operation 
of the MSO system is at temperatures hundreds of degrees lower than flame combustion 
temperatures, which, among other things, minimizes emissions of the radioactive materials from 
mixed wastes. Acid gases are “scrubbed” by the alkali salts, eliminating the need for a wet off-gas 
scrubbing system.
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4. SYSTEM DESCRIPTION

The integrated MSO system, shown in Fig. 1, consists of several subsystems. It includes a 
reaction vessel, an off-gas treatment system, a salt recycle system, feed preparation equipment, as 
well as ceramic final waste forms immobilization system. The feed preparation area includes waste 
receiving drums, centrifuge for solid liquid separation, a shredder for size-reducing solid wastes 
such gloves, booties etc. The waste is fed to the reaction vessel along with oxidant air using a top- 
feed injection system designed for solid and liquid waste streams at throughputs up to 7 kg/hr for 
chlorinated solvents. Product off-gas exiting the vessel is then treated in the off-gas system to 
remove entrained salt particulates, water vapor, and traces of gas species such as CO and NOx, As 
waste is injected into the MSO vessel, residues of inorganic components build up in the salt bed 
which necessitates periodic removal of salt and replenishment with fresh salt to maintain process 
efficiency. Because many of the metals and/or radionuclides captured in the salt are hazardous 
and/or radioactive, without further treatment the removed spent salt would create a large secondary 
waste stream. A salt recycle system is needed to segregate these materials to minimize the amount 
of secondary waste, and to reduce the consumption of fresh salt. The segregated inorganic 
residues are then immobilized as a ceramic final form for disposal. Each subsystem is described 
below.

4.1. Reaction Vessel

The MSO reaction occurs in a 2.74 meter tall processor vessel, shown in Fig 2. The 
processor is 38.1 cm inside diameter over the top half and 29.8 cm inside diameter over the bottom 
half, with a 30.5 cm long, tapered transition zone in between. The normal salt load is 160 kg and 
fills the vessel to the bottom of the transition zone when quiet. When air and feed injection is 
occurring, the salt level froths up to the top of the transition zone. The freeboard area of the vessel 
above the salt level provides a dis-engagement zone for salt spray to separate from the off gas 
before it exits. There are baffles in this region to assist in separating the salt spray. The air and 
feed material enter through an injector lance extending through the vessel cover to the bottom of the 
vessel. The injector is insulated and air cooled to keep the feed temperature low until it leaves the 
injector and contacts the molten salt.

The vessel is fabricated from 1.27 cm thick Inconel 600® material. Corrosion tests at LLNL
have shown an acceptable corrosion rate for Inconel 600® in Na^CO^ and NaCl salt mixtures at 
operating temperature (ca. 3 x 10"3 ins/100 hrs). The most severe corrosion attack is due to NaCl, 
so the life time will be shorter at high NaCl contents. The vessel is protected against overpressure 
by placing close limitations on maximum feed rates, by closely monitoring the offgas system to 
prevent build up of salt deposits that may cause plugging, and by a rupture disk on a dedicated 
vessel nozzle. The rupture disc is a low pressure disk that discharges into a separate exhaust vent 
stack.

The vessel will expand about 3.8 cm over its length when at operating temperature. To 
permit this, the vessel is held from the top and mounts on a free standing structural support stand. 
The heaters are radiant electric type and are made up of two major subassemblies: one assembly 
covering the top half of the vessel and a second subassembly covering the bottom half. The 
heaters are separately supported from the vessel support stand. The vessel has a salt drain pipe 
extending from the bottom of the vessel to outside the heated zone. A plug of frozen salt will be 
established in the salt drain pipe, and when the spent salt is to be removed from the vessel, a 
separate heater will be turned on to melt the salt in the drain pipe. At that point, the entire salt 
contents of the vessel will discharge through the salt drain pipe into a collection pan. The 
collection pan is inside a special canister that contains any salt splashing and misting that may 
occur. After the salt has cooled, the entire canister with its salt contents is moved to the salt recycle 
area for extraction of the (now frozen) salt. The vessel temperature is maintained by the control
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Fig. 1 Integrated MSO System
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system. The heaters are segregated into several zones, each of which is separately controlled to a 
temperature determined by sensors mounted in blocks on the outside of the vessel. When 
exothermic materials are being fed, the vessel must be cooled to prevent overheating. A blower is 
provided for this which blows ambient air though the annular space between the heaters and the 
vessel wall.

4.2. Off-gas System

The purpose of the off-gas system is to remove entrained salt particulates, moisture, and traces of 
CO and NOx from the off-gas and ensure that clean gas exists the off-gas system. This is 
accomplished by the following components: a piping section with a gas-to-air cooler, an air 
cylinder and salt trap, a ceramic filter, a heat exchanger and condenser, an electrical heater, a 
HEPA filter, and catalytic converter. Figure 3 shows the off-gas system.

The off-gas exiting the reaction vessel is first cooled to 500°C by the gas-to-air cooler. The gas-to- 
air cooler consists of two concentric pipes with an annular gap between them. Compressed air 
flows through the annular gap and cools the gas flowing through the inner pipe. As the gas stream 
cools, the entrained salt cools and sticks to the inner pipe wall. Salt buildup is removed by a wire 
brush on the end of a rod that is driven and retracted by the air cylinder. The dislodged salt falls 
into the vessel on the forward stroke and falls into the salt trap on the reverse stroke. The smaller 
entrained particles are captured in the pulsating, self-cleaning ceramic filter. The ceramic filter 
captures particles > 0.5 micrometers in size and can withstand gas temperatures up to 700°C. Six, 
silicon carbide filter elements are pulsed with compressed air to remove caked on salt when the 
pressure drop across the elements reaches 2.74 kPa (11 inches water). The captured salt in the salt 
trap and ceramic filter is removed by cycling double dump valves that allow the salt to fall into a 
drum below them. The double dump valves are used to isolate the negative system pressure from 
the atmospheric drum pressure. The gas is kept at about 300°C to ensure that the gas is well above 
the dew point (50°C) to avoid any water condensation and that the salt remains dry.

The filtered off-gas is then cooled to 100°C by a shell and tube heat exchanger using LCW. The 
moisture is removed when the gas is cooled to 2°C by the condenser using propylene glycol from a 
chiller. The gas is then heated to 30°C by an electrical heater to ensure dry gas enters the HEPA 
filter. The HEPA filter serves two purposes. It acts as a pre-filter for the catalytic converter and a 
barrier for remaining particles in the off-gas. Thus no salt particles escape the process off-gas 
system. The catalytic converter is designed to abate 50,000 PPM of CO and 30,000 PPM of NOx. 
It converts CO into C02 in a catalyst bed at elevated temperatures. It also is equipped with an 
ammonia injection system that converts NOx into N2 and H20 by selective catalytic reduction. The 
off-gas leaving the catalytic converter is very clean and is exhausted to a building stack via a 
ducting system.

4.3. Salt Recycle System

The salt recycle system, shown in Fig 4, receives spent salts from MSO processor and off-gas 
system. The amount of spent salt received is about 160 kg. The size of spent salt is reduced to 
approximately 6.3 mm by using hand tools, air-power tools, and a crusher; which are all done 
inside an enclosure. Small salt particles are then transferred to tank T-101 by a spiral conveyor. 
Salt samples will be taken during salt crashing for analysis. Salt dissolution is performed in tank 
T-101 using either deionized or clean recycled water. The salt dissolution step is controlled at 
30-40°C by an immersion heater and a temperature controller to minimize the amount of water 
required. Most of mineral residues and ashes precipitates as hydroxides and oxides during the 
dissolution step. Chemical reagents such as sodium hydroxide, hydrochloric acid, and dithionite is 
used at various stages of the process to adjust pH and/or facilitate metals removal. Reagents such 
as Alum [A12(S04)3] and activated silica is added to facilitate the coagulation & precipitation
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process to avoid an excessive holding time in the dissolver tank. These reagents can be fed into the 
T-101 or T-102 by metering pumps or by opening the hatch.

Once precipitated, these solids can then be removed by pumping the solution through F-101. The 
filter has a filter element of 1 micron and efficiently removes solid particles from the salt solution. 
The filter element may be pre-coated with a thin layer of diatomaceous earth to facilitate the 
filtration process. At various stages, the filter cake is removed by opening the filter vessel and 
relocating the filter cartridge into the wash-off area inside the enclosure. Air and water are used to 
assist the cake removal. The wet cakes are then sent to the Final Forms for immobilization. The 
filtration operation is performed inside an enclosure

After metals precipitation, the salt solution goes to a spray dryer, ion exchange columns, and/or 
portable containers, depending on the concentrations of carbonate and radionuclides. If the spent 
salt contains high level of carbonate, then the solution is pumped to T-103 for spray drying. If it 
contains low levels of carbonate and traces of uranium and thorium, then the salt solution is 
pumped to the ion exchange columns E-101/E-102 for removal of radionuclides. In some 
instances, the salt solution is pumped to portable containers and shipped to Hazardous Waste 
Management (HWM) of LLNL.

The spray dryer is part of the salt recycle system. It receives clean salt solution from T-103. The 
system includes a natural gas-fired air heater, a dryer using hot air as heating medium, a cyclone 
separator for collecting clean dry salt, and a venturi scrubber as well as an absorber for gas cooling 
and dust control. The clean dry salt is collected in well-sealed drums for reuse. The air leaving the 
absorber passes through a HEP A filter and exhausts. The spray dryer is operated at a slight 
vacuum. Condensate blowdown is pumped to T-104 for reuse or discharge.

4.4. Ceramic Final Forms

Final Forms will demonstrate making a ceramic waste form containing and immobilizing the 
"mineral residues" isolated by the ETDP Salt Recycle system. The demonstration is at the scale of a 
pilot plant, the basic methods having previously been developed at the benchtop scale [Ref. 12]. 
Final Forms’ operations are largely independent of MSO and Salt Recycle, exceptions being 
optimizing the filter aid used by Salt Recycle to achieve optimal waste loading of the ceramic, 
receiving mineral residues from Salt Recycle, and merely sharing a single facility.

The filter cake produced by the salt recycle system will contain residues from the MSO input waste 
stream(s), and compounds introduced by the MSO process itself and by the salt recycle process. 
Residues derived from LLNL wastes are expected to be dominated by Si, Al, Mg, Zn, Ca and Fe. 
The filter cake of the present MSO/SR demonstrations, however, will be dominated by the filter aid 
used in Salt Recycle and by the oxides of Cr, Ni and Fe resulting from corrosion of the MSO 
reaction vessel. (This is atypical of an extended waste treatment operations; it is a consequence of 
the small amount of waste treated in each demonstration.) Any of a wide variety of elements may 
be present in minor or trace amounts. The ceramic final waste form must immobilize the hazardous 
and radioactive elements present; both the ceramic material and the process to make it must be 
adaptable to the variable composition of the filter cake; and a high waste loading is desirable. The 
ceramic is intended to satisfy federal and California leach resistance standards.

The ceramic material is described in Section 7 and in Ref. 12. Briefly, the ceramic comprises four 
principle crystalline phases chosen because (1) they can be fabricated as a durable ceramic using 
standard and economical ceramic processing methods; and (2) because they can incorporate, either 
as major constituents or by ion substitution, all of the dominant elements just mentioned, and most 
of the hazardous and radioactive elements of concern. In an actual waste processing setting, waste 
loadings could be optimized by blending residue batches, but this is impractical for ETDP.
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Suitable hazards controls are in place. See Ref. 13. In particular, the powder processing steps are 
conducted in closed equipment or in fume hoods to avoid dispersion of the powders. The 
quantities of offgas (H20, HN03, C02, CO, NOx, SOx) generated by the Final Forms system are 
far below regulatory limits, but some conditioning is done prior to release. Process control is local 
to each equipment item; process monitoring is direct to the Final Forms computer. (Automatic data 
logging was planned but has not yet been implemented.) The system is capable of producing 
~2 Kg of ceramic waste form per 8-h working day, in the form of cylindrical pellets
approximately 9 mm dia x 6 mm tall.

The main process steps and equipment items (italics) are as follows:
• Ceramic design and recipe.
• Batching: formulating a batch comprising a mixture of residues, ceramic precursors, and 

other reagents; done in an ordinary fume hood.
• Wet Milling: mixing and comminuting the batch in an attritor,
• Calcining: drying and calcining it in a rotary calciner;
• Granulation: granulating the resulting powder in a granulator;
• Pellet Pressing: forming pellets by cold-pressing the granulated powder in a pellet press.
• Sintering: sintering the pellets in a large tube furnace.
• Miscellaneous activities: material transfers between the various pieces of equipment, process 

control tests (including test sintering in a small tube furnace), quality control tests, and 
equipment maintenance and refurbishment.

These steps and the associated equipment are described below. A process functional flow diagram 
is given as Fig. 5, and a floor plan showing the layout of Final Forms is given as Fig. 6.

Residue Process Acceptance: Final Forms will receive containers of the mineral residues from Salt 
Recycle, typically in the form of an aqueous sludge (well-settled, consisting of ~3-5 L of “mud” 
and a similar quantity of a clear supernatant aqueous solution). The residue batch will be 
accompanied by written documentation of its identity, history, and prior characterization. This 
information is used to determine the ceramic formulation, and to determine that the residue batch 
conforms with the OSP and Final Forms’ "Process Acceptance Criteria." Receipt of the residue is 
entered into Final Forms’ Tracking Log.

Recipe Design & Batching: On the basis of the chemical analysis of the mineral residue, a "design" 
of the ceramic—meaning its phase constitution—will be chosen and a recipe for the starting 
mixture formulated. The components of the recipe are measured and blended in the "batching" 
fume hood and transferred via tubes directly to the attritor’s grinding tank.
Wet Milling with Attritor: The attritor is a closed machine for wet milling. Its operation mixes the 
batch and comminutes it. Minor physicochemical changes occur. The slurry is continually 
recirculated (by a peristaltic pump) through the attritor grinding chamber. Samples are taken for 
process control measurements (particle size, viscosity, pH). Batch properties are adjusted by 
further additions of reagents. When the slurry is deemed satisfactory, it is diverted from the 
recirculation line and pumped directly to the calciner inlet.
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Calcining: The rotary calciner is an inclined tube furnace with a sealed rotating process 
tube (tube ID 10 cm, heated length 1.2 m, 3-zone, 900°C maximum). It is equipped with 
an integral cooling section, with a hammer and a scraper (to deal with any caking), feed and 
discharge systems incorporating air-tight seals, air input and offgas removal systems, and a 
simple offgas conditioning system. The "charge" (i.e., the batch slurry) enters a cool 
portion of the process tube and translates downward through it, encountering increasing 
temperatures that peak at ~650°C. The batch dries, releasing water and small amounts of 
HN03 gas; hydrates, carbonates, nitrates and some sulfates decompose with the release of 
H20, C02, NOx and SOx; and solid-state reactions between batch components occur. 
Certain inorganic coumpounds (e.g., T1203) will vaporize if present; these are trapped. The 
charge then passes through a cooling section and into the exit hopper. The "calcine" (i.e., 
the batch, now a powder) is released though a ball valve into a tube leading to the 
granulator.

The calciner operates at a slight negative pressure. Offgas is removed from a hot region 
within the process tube, and passes through a condenser and a local house keeping HEPA 
filter prior to release to the facility exhaust system. The calciner includes features designed 
to minimize the likelihood of steam overcoming the negative-pressure operating condition, 
and to minimize caking of the charge onto the process tube. In the event of a power failure, 
offgas is removed through a back-up system driven by a blower under emergency power, 
and the process tube continues to rotate to maintain the translation of the charge along it.
Granulation: Granulation is the conversion of the (potentially) dusty and/or lumpy calcine 
into small dust-free agglomerates. This is accomplished by tumbling the powder with small 
amounts of solid organic processing aids (e.g., polyethylene glycol) on a roller mill. The 
granulator itself is mainly a cylindrical vessel. The calcine passes from the calciner outlet 
downward through a flexible plastic transfer tube and through the metal inlet tube of 
granulator. The inlet tube is mounted in a rotary seal, allowing the body of the granulator to 
rotate on the mill without disconnecting the transfer tube. The outlet end of the granulator is 
a funnel-shaped hopper. When granulation is complete, the outlet plug is removed and a 
rubber hose leading to the pellet press is attached. The granulator is then elevated near the 
pellet press by a manual hoist, and the granulated batch flows to the press.

Pellet Pressing: The batch is cold-pressed in an automatic pellet press of the "sliding anvil" 
type (maximum force ~36 KN, maximum rate 150 strokes/min). Feeding, pressing, and
ejection take place internally and automatically. The pressed pellets (0.45 in dia x ~0.3 in 
high) are removed by a vacuum pickup and dropped though a plastic tube into a container. 
When operating normally, the pellet press is effectively a closed system. A malfunction 
could, however, release loose powder at the sliding anvil mechanism; a small hood 
covering the top of the press minimizes dispersion. The pressing force is measured 
intermittently, and sample pellets are removed at intervals for process-control tests. 
Sintering: Pressed pellets are, held in suitable refractory trays, are manually placed in the 
retort (a sealed refractory process tube) of one of the two sintering furnaces. The small 
furnace (1300°C, 5-zone, 7.6 cm ID, 91 cm long) is for process-control test sintering of a 
few pellets from the batch: each batch is different, and recycling a full batch of improperly 
sintered pellets would be troublesome. Production sintering is done the large (1300°C, 3- 
zone, 15 cm ID, 91 cm long). Operation is very similar. The temperature and process air 
flow is varied under automatic control through the sintering schedule. The organic additives 
oxidize early in the sequence. Sintering occurs over a period of about an hour at a high 
temperature, typically in the 1150-1180°C range. Process offgas is scrubbed prior to 
release through HEPA filters. The full sintering cycle from loading to unloading requires 
less than 24 hours.

Quality Control: The sintered pellets will be evaluated for process development and for 
waste form performance by Final Forms, other LENT facilities, and external laboratories.
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These include physical properties (e.g., density, strength, porosity), phase determination 
(X-ray diffraction), microsctructure, and leach behavior (Federal TCLP and California 
WET).

Archiving. Recycling. & Disposal: When all evaluations of the ceramic waste form pellets 
are complete, they will either be retained by ETDP as archival specimens, or will be 
transferred to Hazardous Waste Management for disposal. Some of Final Forms’ process 
“wastes” can be incorporated into a subsequent ceramic batch formulation or an MSO input 
waste stream. Any wastes not recycled within the ETDP system are disposed of through 
HWM in the usual manner.
Final Forms’ integrated process: The size and nature of Final Forms’ equipment dictates 
the way in which the above steps are integrated into a single process. We refer to the total 
amount of a Salt Recycle residue to be processed (which may or may not be all of that 
produced in the Salt Recycle run) as a “batch.” Final Forms will process a batch, in a semi- 
continuous manner, as a series of “sub-batches.” The attritor can efficiently mill enough 
slurry for about two kilograms of waste form at a time. (There are several standard ways 
whereby this limit could be overcome, but this is beyond the scope of the project.) In 
contrast, calcining less than enough for about one kilogram at a time is problematical. 
Accordingly, a residue batch will be mixed (in case settling has led to segregation of the 
batch components) and divided into sub-batches. Each sub-batch will be mixed and milled 
with mineralizers and other reagents in the attritor, and the sub-batch pumped into the 
calciner. As soon as the attritor is free, another sub-batch will be milled. The calciner will 
be operated continuously. Typically, calcination of a sub-batch will be finished before 
milling of the next sub-batch is complete. When enough calcine has been collected in the 
outlet hopper of the calciner, a suitable quantitiy (~1 Kg) will be passed into the granulator 
and granulated. Meanwhile, additional calcine from subsequent sub-batches will be 
collecting in the hopper. Thus, the sub-batches become re-combined. When granulation is 
complete, the contents of the granulator are pressed into pellets; the granulator is charged 
with more powder; and another granulation step carried out. Granulation is the slowest of 
these steps, requiring about a day.

5. DESIGN OF EXPERIMENTS IN THE MSO OFF-GAS SYSTEM

The experiments performed in the fiscal 1998 were divided into five test series, ranging 
from functional testing of each hardware component to “treatability test” demonstrations 
with real waste streams at LLNL. Each test series is described below.

5.1. Test Series I - Operational check-out and Establish Baseline Operations

This test series started with startup testing - a “shake down” of the new pilot plant. It 
included functional verification of all utilities, the control system (including all safety/alarm 
features), and confirmation that all hardware was operational and fully functional; this 
included the heater, and off-gas equipment. In this test series, system operational 
parameters were evaluated and optimized using the liquid injector. Testing included 
variation of percent excess air, air/feed ratio within injector tubes, amount of cooling air 
required in injector to maintain injector tip temperature below 200°C, ability to control 
temperature within the reactor by varying heater/blower power for both endothermic and 
exothermic feeds, and determination of heat-up and cool-down profiles for the 160 kg salt 
charge (to enable programming of off-shift start-up module within control system). 
Materials tested were toluene, ethylene, and mineral oil that were previously tested in the 
Engineering Development Unit (EDU), to facilitate assessment of the effectiveness of scale- 
up. Testing also included a continuous 8-hour toluene run to test the system long term 
stability.
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Organic feed rates, oxidant air flow, injector cooling air flow, injector temperature, vessel 
temperatures and pressure, gas flow, temperatures, and pressures in the off-gas system 
were closely monitored. Appendix 1 shows all the data recorded for each run (MSO 
Processor Data Sheet). Several gas species including carbon dioxide, carbon monoxide, 
nitrogen oxides, oxygen, sulfur oxides, and total organic carbon were monitored 
continuously with off-gas analyzers. Nitrogen oxides and carbon monoxide were also 
monitored downstream of the catalytic converter.

5.2. Test Series II - Tests with Liquid Organic Surrogates Containing Heteroatoms

Organic liquids containing heteroatoms were tested in the Test series II. These included 
toluene spiked with organics containing heteroatoms such as chlorine, fluorine, nitrogen, 
sulfur, and phosphorous. Examples of spikants are pyridine, dimethyl sulfoxide (DMSO), 
trichloroethylene (TCE), Freon 113, and dimethyl phosphate. Chlorine, fluorine, sulfur, 
phosphorous in the organics were converted into chloride, fluoride, sulfate, and phosphate, 
respectively, which stayed in the molten salt. Salt was drained from the vessel, providing 
surrogate test material to the salt recycle system. This series was followed by two weeks of 
maintenance including in-situ non-destructive evaluation of reactor corrosion using 
ultrasonic testing, inspection of rupture disc, GSS filter, and change-over to a solid 
injector.

For each run in the test series II, all the process data including gas species were recorded in 
the sheet as shown in Appendix 1. Some gas samples were also collected and sent to a 
laboratory for analysis of POHCs (principal oganic hazardous compounds). This analysis 
provided information on the DRE of the MSO process for each individual POHC. Spent 
salt drained out of the reaction vessel was sent to the salt recycle system.

5.3. Test Series HI - Solid Feed Injection

The objective for Test Series HI was to determine essential operational parameters for the 
solid injector using several prototypical solid feeds. Surrogate materials included ABS 
plastic pellets, ion exchange resin, shredded booties and gloves, and activated carbon. For 
each run in the test series HI, all the process data including gas species are recorded in the 
sheet as shown in Appendix 1. Some gas samples were also collected and sent to a 
laboratory for analysis. Salt containing ash was drained from the MSO vessel and sent to 
the salt recycle system.

5.4. Test Series TV - Tests with Radioactive-Spiked Liquids

Based on the results achieved with materials tested in test series H, surrogate organics were 
spiked with low-level radioactive materials such as 238U/D-38. The compositions of 
surrogate materials mimicked the following low-level mixed waste streams at LLNL: 
LL-W008, LL-W009, LL-W014, and LL-W016. Salt was drained from the reaction vessel 
and sent to the salt recycle system for processing. A surrogate organic, toluene, was traced 
with a small quantity of C-14 labeled organics in order to establish accurate mass balances 
for carbon. Analysis of C-14 was determined using the accelerator mass spectrometry 
(AMS) technique.

For each run in the test series, all the process data including gas species were recorded in 
the sheet as shown in Appendix 1. Some gas samples were also collected and sent to a 
laboratory for analysis. The off-gas leaving the catalytic converter was monitored 
continuously for radioactivity. For the run traced with C-14, organic feed, off-gas samples, 
and salt were collected and sent to CAMS (Center for Accelerator Mass Spectrometry) for
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analysis. This analysis determined the carbon exchange and the distribution between 
organic carbon and carbon in sodium carbonate (Na^Q,) during the oxidative destruction 
of organics in the reaction vessel.

5.5. Test Series V - Treatability Studies with Low-level Mixed Waste Specimens

Two real waste samples were selected from the current LLNL mixed waste inventory, 
RTS#1 and RTS#2. RTS#1 was chlorinated solvents (LL-W008) and RTS#2 was a 
PCB-contaminated waste oil (LL-W009). Both are considered hazardous and difficult to 
treat or dispose of. Before Series V started, the selected wastes were sampled and sent for 
a comprehensive analysis. The chlorinated solvent contains mostly methyl chloroform 
(MCM) with traces of metals and radionuclides such as uranium and tritium. The 
PCB -contaminated oil contained 1567 ppm PCB.

During the demonstration, toluene was added to the waste specimens for volatility control 
(chlorinated solvent) and for reducing the viscosity of waste oil (PCB-contaminated oil).
All the process data including gas species are recorded in the sheet as shown in Appendix 
1. Best Environmental, Inc., a certified off-gas handler, was contracted for the off-gas 
sample collection and analysis per EPA methods. After each demonstration with the real 
waste specimen, salt was drained out from the reaction vessel and sent to the salt recycle 
system for processing.

6. SALT RECYCLE EXPERIMENTS

The salt recycle system processes spent salts generated in MSO. If the spent salts contain 
significant levels of carbonate, the system will spray-dry the resulting clean salt solution 
and send the dried salt back to the MSO vessel in order to minimize the generation of 
secondary waste as well as to reduce cost. If the spent salts contain very high levels of 
chloride and are destined for disposal, the SR system can clean up the salts and remove 
contaminants to a degree which meets the specification acceptable for final disposal. In FY 
98, there were six batches of spent salts processed in the salt recycle system, SRI, SR2, 
SR3, SR4, SR5, and SR6. Processing of each spent salt followed the procedure described 
in Section 4.3 and Fig. 7. A detailed description of the salt recycle operational procedure 
can be found in the operational manual [4],

SRI was the spent salt drained from MSO after test series I and II. It was a non­
radioactive salt with very low ash content. It also contained some chloride, fluoride, 
phosphate, and sulfate due to the types of organics fed into the reaction vessel in the test 
series. Traces metal compounds such as chromium, nickel and iron may exist in the salt. 
SR2 is the spent salt drained from MSO after test series HI. It is a non-radioactive salt with 
some ash. The ash level in the salt, depending on the types and amounts of solid fed into 
the reaction vessel, is generally less than 10 wt.% in order to avoid excessive melt 
viscosity. SR3 was the spent salt drained after the C-14 run and activated carbon run.
SR4 was spent salts drained from test series IV and was a high chloride salt. SR5 and SR6 
were the salts drained after runs of RTS#1 and RTS#2, respectively. They contained low- 
level radionuclides such as uranium along with some chloride and fluoride.

In the salt recycle experiments, the salt solutions and the resulting solid salts were routinely 
analyzed for a variety of metals using ICP-OES. Additional analyses were occasionally 
performed for anionic species such as Cl", F", N03", SO/", C032", and P043' using ion 
chromatography, and uranium concentrations were determined by using ICP-MS.
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7. FINAL FORMS EXPERIMENTS
As described in Section 4.4, Final Forms immobilizes solid inorganic residues of the MSO 
process. The residues (or surrogate residues) are blended with mineralizers and converted 
to a ceramic waste form. The goal is to test, demonstrate and evaluate the process and 
waste form for various MSO-based waste treatment scenarios.
The Final Forms system was installed and tested in FY98, and shake-down operation of 
individual equipment items began in July 1998 and are continuing into FY99. An OSP, 
based in part on this experience, was reviewed in September and formally approved in 
October 1998. Only the minimum I&C components have been installed.

The Final Forms system—which includes the design of the ceramic material and the 
process as well as the facility—was designed to demonstrate the process on the scale of a 
small pilot plant. The design was based on previous bench-scale experience (Ref. 12). Each 
of the process steps described in Section 4.4 had their bench-scale analogue, but the pilot- 
scale processing procedures and equipment are quite different. Adapting the bench-scale 
process to the pilot scale requires some process development experiments.
In addition, there are significant differences between the residues to be immobilized as part 
of the ETDP demonstrations and the hypothetical ones on which the bench-scale 
development was based. Our perception of these differences changed as experience with 
the MSO and Salt Recycle operations accumulated. Adapting to these changed conditions 
will be an important part of our FY99 efforts, involving both MSO and Salt Recycle as well 
as Final Forms. In a broader context of a bona fide waste treatment operation, the 
significance of these matters depend on the nature of the operation. A brief discussion 
follows:
7.1 Residues, ceramic material design, and integrated operations
The ceramic waste form comprises five principal phases. These, with their base 
compositions and immobilization roles are as follows:

[Si, K]
[Mg, V-Ga except Cu1+]
[Sr, Hf, tetravalent lanthanides and actinides 
including U4+]
[Sr, Pb, trivalent lanthanides and actinides] 
stabilizes perovskite and zirconolite

nepheline Na%0 AI2O3 ZSiO]
spinel MgO- AI2O3
zirconolite CaO ZrO] 2TiO%

perovskite CaO-TiOa 
rutile TiC>2

A ceramic waste form “design” is simply the specification of the relative amounts of each 
phase. This simply a matter of matching the phases to the filter cake composition, subject to 
the constraints that ~5 mole % should be rutile and each of the other four should be 
>10 mole %.
Input waste streams for an integrated MSO-based waste processing facility might include 
any or all of the following: (1) low-ash, low-halogen; (2) low-ash, high-halogen; and (3) 
high-ash. All these are found in LLNL’s inventory of mixed wastes. To date, only low-ash 
streams have been treated by ETDP, and these have been in relatively small quantities. For 
demonstation reasons, the salt has been recycled frequently, so only small amounts 
inorganic solid residues had accumulated in the salt. Moreover, the “ash” content of the 
input waste streams was so low that the principal inorganics in the salt have been the
products of corrosion of the Inconel 600® reaction vessel—oxides of Cr, Fe and Ni. (Cr 
and Ni are regulated elements.) The amount of “filter aid” used in Salt Recycle’s filtration is 
pretty much a fixed volume, independent of the amount of residue solids to be trapped. 
Typically, ~2 Kg of diatomaceous earth (amorphous SiCy is used. As a consequence of
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all this, the residue batches to be immobilized by Final Forms are dominated by the filter 
aid and, to a much lesser extent, by the vessel corrosion products.
Now this is not be the natural way to operate a “real” waste processing facility. Instead, the 
inorganic residues would be allowed to build up in the salt until recycling became necessary 
either because of the viscosity increase due to the suspended solids, or (when halogenated 
hydrocarbons are treated) the concentration of NaCl (or other sodium halide) became high 
enough to degrade the MSO efficiency. In either case, the filter aid would be used and 
reused until the amount of residue accumulated interfered with the filtration process (e.g., 
excessive pressures). In the case of low-ash waste streams, a residue batch would include 
substantial amounts of filter aid, and of oxides of Cr, Fe and Ni; and lesser—but 
important—quantities of the inorganic contaminants in the input waste, including hazardous 
and radioactive components. With high-ash waste streams, the “ash” and the filter aid 
would dominate the filter cake. It was for these scenarios that Final Forms’ ceramic 
material was designed.
It is clear that a convincing demonstration of Final Forms’ process must include more than 
just immobilizing the hazardous and radioactive consistuents in the ETDP demonstraton 
residues: Final Forms should also immobilize surrogate residues modeled on the normal 
operation of a real waste precessing facility.

Since silica is the principal component in filter cake from ETDP’s demonstrations, the 
ceramic design requires a high fraction of nepheline. Reasonable levels of spinel and 
zirconolite are needed to demonstrate the capability to immobilize the corrosion products 
(intrinsic to the system) and uranium (the main radioisotope of interest). Obviously, a high 
silica content in the residue implies major additions of other mineralizers (alumina, titania, 
etc.). This dilutes the other components in the filter cake, thereby perversely lowering the 
possible loading levels of hazardous and radioactive elements. This can be alleviated by 
modifying the filter aid. Instead of using only silica, other mineralizers required in the 
ceramic formulation could be added to the diatomaceous earth to give the standard total 
volume of filter aid. Filtration efficiency might suffer somewhat (diatomaceous earth is 
exceptionally effective), but waste form loadings would be higher.

Final Forms’ earlier plans were based on the mistaken notion that the filter cakes received 
from Salt Recycle would be quite small. We therefore planned to immobilize these at the 
bench scale, and to simulate the pilot-scale immobilization using a carefully matched 
surrogate. Such coordinated immobilizations (previously termed “Combination Tests”) 
were dropped from the work plan.
The mineral content of residues resulting from processing laboratory trash and certain other 
solids are affected by their residence in the MSO vessel. Surrogates of such residues 
prepared by simply blending reagents may not adequately mimic the authentic residues. It is 
therefore desirable to demonstrate Final Forms’ performance with for high-mineral wastes 
using residues from a special surrogate feed processed through the MSO and SR systems.

The bench-scale development work used calcined kaolin (AlzOg-ZSiO?) as the source of 
Si02- Though diatomaceous earth provides ample silica needed chemically for the ceramic, 
the solid- and liquid-state reactions during calcination and sintering will be different. It is 
not certain that the correct phases will form in the correct amounts. (The ceramic is not a 
thermodynamically-equilibrated system.) Experimental verification is a top priority for 
FY99.
As noted above the concentrations of hazardous and radioactive elements in the filter cakes 
are very small. Final Forms tests will therefore include surrogate formulations to 
demonstrate process and material performance at high waste loadings. Most of the Salt 
Recycle filter cakes are large enough that immobilizing half would provide an adequate 
demonstration. The other half could be augmented with selected hazardous and radioactive
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compounds to test our ability to achieve high waste loadings in a matrix of authentic MSO 
residues.

7.2 Startup and Test Schedule

The schedule of Final Forms activities, actual for FY1998 and planned into FY99, are as 
follows:

Facility installation (10/97-7/981: The main Final Forms equipment items were installed, 
mainly by Plant Engineering. Fabrication and installation of the process air/process offgas 
(PA/POG) system for the tube furnaces will continue into FY1999.

Facility startup 17/98 - 9/981: Testing of individual equipment items, initially with no 
processing of material. Functional tests of mechanical, thermal and I&C operation. Tests of 
containment functions, including fume hoods, waste water collection, and off-gas 
treatment. Functional tests of individual equipment items, with processing of innocuous 
material. Determine operational responses of equipment items (for example, the actual time 
and position temperature profiles of a furnace).

Equipment modifications 18/98 - continuing): As we work with the equipment, various 
desirable design modifications become apparent. An example is the granulator design, 
whose operation is proving finicky. Some modifications have been recommended by 
Hazards Control. The modifications will be scheduled to interfere as little as possible with 
the processing activities.

Process development I — Individual equipment items 17/98 - 12/991: Fabrication of 
ceramic waste form from residue surrogates using major equipment items individually. The 
purpose is to determine the process parameters of the individual process steps, to test all 
safety and I&C functions, and to gain experience with a variety of formulations. At first 
innocuous surrogates will be used, then testing will continue with low-hazard surrogates 
more typical of the residues expected in practice. Filter aids will be included in varying 
amounts to determine their influence on the process. No radioactive or particularly 
hazardous components will be used during this phase. Also included in this phase will be 
the joint experimental development of filter aids by Salt Recycle and Final Forms. Work in 
FY98 was mainly with the attritor, the calciner, and the pellet press.

Process development II — system integration (12/98 - 2/991: Process integration of major 
equipment items, initially pair-wise along with the connections between them. (An example 
is the attrition mill and rotary calciner along with the slurry pumping system that joins 
them.) This will be followed by testing and process development of the fully integrated 
system.

Demonstrations (2/99 -3/99): Demonstration tests of the FFM system will consist of 
fabricating and evaluating ceramic waste forms. Some tests will use surrogates chosen to 
mimic residues from waste streams which have not been tested by MSO but which appear 
sensible. Such waste streams include laboratory trash (paper, protective garments, etc.), 
machining fluids containing dispersed metals, and contaminated organic liquids. Toxic and
low-activity radioisotopes (mainly 238U) will be included. Immobilization demonstrations 
using authentic residues from MSO treatment of surrogate wastes will be done. In 
particular, the residue from the high-mineral waste stream surrogate will be treated/ 
immobilized. The main demonstrations will be the immobilization of filter cake from 
MSO/Salt Recycle operations.
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8. DEMONSTRATION RESULTS FOR THE MSO/OFF-GAS SYSTEM

The pilot-scale MSO/Off-gas system was successfully started up in December 1997. The 
system had been tested with various liquid feeds including simple organics, organics 
containing heteroatoms (C1,F,N,0,P,S), surrogate feeds, and LLNL real wastes. The 
system was also tested with several solids such as ion exchange resin, plastic, rubber, and 
activated carbon. The testing was based on the five test series described in Section 5.

8.1. Results of Test Series I

8.1.1. Establishing the Salt Plug

The MSO vessel has a salt drain pipe extending from the bottom of the vessel to outside the 
heated zone as described in Section 4.1. A mechanical plug is mounted to the end of the 
drain pipe. A plug of frozen salt needs to be established in the salt drain pipe before 
organic is fed into the vessel. The salt is either pure sodium carbonate or a mixture of 
sodium carbonate and potassium carbonate. The amount of salt used in the MSO vessel is 
160 kg, but a lesser amount of salt (50 kg) can be used for establishing the salt plug. To 
confirm the existence of the salt plug, the mechanical plug was removed after the salt plug 
was established. Figure 8 is a picture of a salt plug.

8.1.2. Results of Testing with Simple Organics

The function of each component in the MSO/off-gas system was verified with several 
organic liquids: toluene, mineral oil, and ethylene glycol. Process data were recorded 
using datasheet as shown in Appendix 1. Toluene and mineral oil were chosen for their 
range of viscosities. It was expected that viscosities of most of surrogate and real wastes 
would be in between viscosities of toluene and mineral oil. Table 1 lists the organic liquids 
and run conditions for the test series.

Table 1: Run Conditions

No. Organic Liquids Run Conditions *

1 Toluene (50%), Mineral oil (50%)

2 Ethylene glycol

3 Ethylene glycol

4 Toluene

6 Toluene

950°C, 30% excess air

30% excess air, 900 C, 925°C, 950°C

950°C, varying % excess air 

950°C, varying % excess air 

950°C, 30% excess air. 8-hour run

* Note: driver air is the process air fed through the feed tube along with the organic liquid; 
most of the process air was fed through the oxidant air tube.

Table 2 shows the off-gas compositions from the ethylene glycol run at three salt 
temperatures, 900°C, 925°C, and 950°C. CO and NOx concentrations in the off-gas were 
very low. It seems that, above 900°C, the effect of temperature on the off-gas quality was 
very small. However, it is desirable to maintain the temperature of sodium carbonate above
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Figure 8. Salt plug in the drain pipe (picture taken on December 4,1997)
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900°C (50°C above its melting point) during the organic feed in order to avoid plugging of 
the injector tip.

Table 2: Effect of Temperature on the Ethylene Glycol Run

Off-gas Composition at various temp
Off-gas Snecies 900°C 925°C 950°C

C02, % 8.70 8.66 8.96

o„ % 10.50 10.42 10.30

CO, ppm 13.1 7.5 9.2

NOx, ppm 8.7 11.0 8.4

THC3 N/A N/A N/A

Note: 1. feed rate of ethylene glycol was 2.6 kg/hr,
2. 30 % excess air was used.
3. During the time of run, the THC analyzer was being serviced and therefore was 

not available.

For any oxidation process, excess oxygen/air is needed to maintain a good process 
efficiency. Higher excess air dilutes C02 and increases 02 concentration in the off-gas. It 
also increases off-gas flow. Tables 3 and 4 show the off-gas compositions for the MSO 
demonstration with ethylene glycol and toluene at various % excess air, respectively.
They show that the off-gas qualities were not affected by the % excess air. It is desirable to 
run the MSO process with at least 10% excess air or higher to overcome the fluctuation of 
organic feed rate.

Table 3: Effect of % Excess Air for the Ethylene Glycol Run

Off-gas Composition at various excess air
Off-gas Species 10% 30% 60%

C02, % 10.2 8.74 7.1

02,% 8.4 10.2 12.1

CO, ppm 9.2 8.3 8.7

NOx, ppm 13.7 14.6 7.5

THC 1.7 1.4 2.5

Notes: 1. feed rate of ethylene glycol was 2.6 kg/hr, 
2. salt temperature at 950°C.
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Table 4: Effect of % Excess Air for the Toluene Run

Off-eas Soecies 10% 30% 60%

Ou

10.5 8.9 7.3

o„% 7.8 9.9 11.8

CO, ppm 6.2 4.5 5.0

NOx, ppm 115 97 68

THC 0.6 0.5 0.85

Notes: 1. feed rate of toluene was 1.2 kg/hr,
2. salt temperature at 950°C.

For all MSO runs in test series I, run duration was at least one hour or longer in order to 
reach steady state which typically occurred 30 minutes after feed starts. An 8-hour run 
with toluene was demonstrated for its long term stability. Figure 9 shows the off-gas 
composition for the 8-hr toluene run. All the data were recorded in process datasheet as 
shown in Table 5. Figure 9 and Table 5 demonstrate the stability of the MSO process 
during the treatment of toluene.

Table 7: Off-gas Composition for Feed of Toluene/Pyridine

Off-gas Species, ppm or %

Time, hrs THC, ppm* NOx, ppm CO, ppm C02, % 02, % Vs, ft/s

0.3 0.61 967
(50)

10.7 9.9 11.1 1.0

0.8 1.1 1195
(50)

9.7 8.8 10.8 1.0

1.3 1.2 1371
(50)

10.0 8.6 10.5 1.0

1.7 1.3 370
(50)

10.3 8.4 10.6 1.0

The conversion of organic nitrogen in the feed to NOx depends on the source of organic 
nitrogen and oxidation temperature. Incineration would generate higher level of NOx than 
molten salt oxidation because incinerators operate at several hundred degree higher than 
950°C, a typical MSO temperature for waste treatment. Pruneda et.al.[5] reported that less 
than 1% of organic nitrogen converted into NOx at 750°C for the destruction of energetic 
materials. Table 9 shows the degrees of conversion of pyridine, nitromethane, and urea at 
950°C along with several explosives at 750°C.
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Table 5 MSO Processor Data Sheet tot Toluene Run
Date 1/27/98 
Phase No, I 
Run No.
Organic : Toluene

Start Time 7:50 am

Elements 0 3 hr

Time, min
4 hr 6hr 8hr

Organic Feed Rate (g/min) 0 20.2 20.2 20.2 20.2
Liquid feed pressure (psig) N/A 19.5 19.5 19.5 19.5

Air Supply Parameters
Driver Air Flow (slpm) 53.6 54.4 54.2 54.1 53.7
Driver Air Press (psig) 36.2 38.1 37.9 37.8 37.8

Oxidant Air FLow (slpm) 215.6 215.4 216 215.6 215.6
Oxidant air press (psig) 25.5 25.8 25.8 25.66 25.7

Cooling Air (slpm) 200 200 200 199 200
Purge Air (scfm) 0.7 0.7 0.7 0.7 0.7

Temperatures (C°)
Salt TE17 936 950 950 950 950

Exit Gas TE20 618 662 662 659 658
After Soot Blower TE35 336 404 403 415 416

After Salt Trap TE36 172 253 257 270 274
After GSS Filter TE37 78 125 134 147.3 157

After HTX TE38 36 58 63 69.5 58.1
After Condenser TE40 6.8 8.2 8.6 9.3 9

After Electric Heater TE41 25.1 33.5 31 42.7 33.2
After Cat. converter TE43 22.4 25.7 270 28.3 28.9

Injector Tip TE21 876 880 880 880 881
Cooling air exit temp TE25 148 193 195 195 195

Injector nozzle TE24

Pressures (inches of water)
Vessel PT10/11/12 -3 -2 -2 -1 -5

After Soot Blower PT13 -2 -4 -4 -5 -5
After Salt Trap PT14 -3 -5 -5 -6 -6

After GSS Filter PT15 -7 -10.5 -10.5 -6 -11.4
After HTX PT16 -7 -11 -11 -11.6 -11.9

After Condenser PT17 -7 -11 -11 -12 -12.3
After Electric Heater PT18 -10 -14 -14 -15 -15.3

After PCV01 PT19 -11 -15 -15 -17 -16.6
After Cat. Converter PT20 -3 -3 -2 -3 -2.5

Delta P of HEPA 0.17 0.17 0.16 0.17 0.17

Off Gas Analysis
THC (ppm) 1.7 0.79 0.9 1.3 1.6
NOx (ppm) 27.1 62.2 63.1 59.1 58.8
CO (ppm) 0.15 5.3 5.6 8.7 8.2

CO (ppm), after the cat. converter
C02 (%) 0.33 8.66 8.75 8.6 8.6

02(%) 21.37 10.19 10.01 9.9 9.9
HCI, ppm N/A

SOx (ppm) 2.4 0 0 0 0

Other Parameters
Off-Gas Flow (scfm) 

Blower Frequency (hz)
13.38 12.7 13.1 13.1 13.1

30 32 35 37 37

Time of activating Soot Blower 
Time of GSS blowback 

Time of gas sample collection
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Table 8: Conversion of Organic Nitrogen into NOx in the Molten Salt

Feed material Reaction Temperature % N to NO
Pyridine/Toluene 950'C 44.0
Nitromethane/Ethylene Glycol 950°C 34.0
Urea/EtOH/Propanol 950°C 31.0

Explosives from ref. 4
RDX 750°C 0.05
HMX 750°C 0.11
TNT 750°C 0.45
Comp-B 750°C 0.09
LX-10 750°C 0.019
LX-16 750°C 0.14
LX-17 750°C 0.20
PBX 9404 750°C 0.25

Notes:
RDX- hexahydro-1,3,5-trinitro-1,3,5-triazine; HMX-octahydro-1,3,5,7-tetranitro-1,3,5,7- 
tetrazicine;TNT-2,4,6-trinitrotoluene; Comp-B-(RDX/TNT); LX-10- (HMX/Viton); LX- 
16- PETN/FPC 461); LX-17- (TATB/Kel F); PBX-9404- (HMX/CEF/Nitrocellulose); 
PETN- 2,2-bisnitoxymethyl-1,3-propanediol dinitrate; TATB- 2,4,6-trinitro-1,3,5- 
benzentriamine.

One of the features of the molten salt process is its ability to retain halides, sulfur, and 
phosphorous. They stay in the molten sodium carbonate salt bed as sodium halide, sodium 
sulfate, and sodium phosphate. For the test series II, the following organics containing 
fluorine, chlorine, sulfur, and phosphorous were tested: Freon 113 (fluorine, chlorine), 
DMSO (sulfur), TCE (chlorine), TBP (phosphorous). These organics were diluted with 
toluene and fed into the MSO process vessel at 950°C with 30% excess process air. The 
off-gas quality from these testing was very good. Table 9 shows the off-gas quality for the 
testing. The TEC levels in the off-gas were very low, an indication of good process 
efficiency. SOx in the off-gas was not detectable for each run since all the organic sulfur 
was converted into sodium sulfate and stayed in the salt bed. Salt samples were later taken 
for analysis of cations and anions which included fluoride (F), chloride (Cl"), sulfate 
(S042"), and phosphate (P043"). The results of salt analysis are reported in Section 9.

Table 9: Off-gas Composition for the MSO Runs with Halides, Sulfur, and Phosphorous- 
containing Feeds

Off-gas Composition for MSO Runs
Off-gas Species 4 5 6* 7

CO,, % 8.8 9.2 13.8 7.7

0„% 10.1 9.8 8.3 10.1

CO, ppm 11.6 9.4 11.1 12.3

NO,, ppm 56.6 60.7 29.9 36.0

so, 0.0 0.0 0.0 0.0

TEC 0.0 0.64 0.02 0.12
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Note: 4-TMF7DMSO/Toluene; 5-Freon 113/DMSO/Toluene; 6-DMSO/TCE/Toluene; 7- 
TBP/Kerosene. * 20% excess process air was used for run 6, 30% excess process 
air for runs 4,5,7.

8.3. Results of Test Series HI-Solids

Surrogate materials including ABS plastic pellets, shredded booties and gloves, ion 
exchange resin (Amberlite), and activated carbon were demonstrated. For each run in the 
test series BI, all the process data including gas species are recorded in the sheet as shown 
in Appendix 1. Some gas samples were also collected and sent to a laboratory for analysis. 
Salt containing ash was drained from the MSO vessel and sent to the salt recycle system. 
Table 10 shows the run conditions for test series EH. The solid feeds were fed to the MSO 
vessel with a vibratory feeder and an eductor and carried into the molten salt bed by the 
compressed air. A large excess of process air was provided for these runs to overcome the 
feedrate fluctuation from the vibratory feeder. A larger size of ABS pellet (3.0 to 5.5 mm) 
was also tested but the off-gas quality was not good, probably because this increased the 
residence time of the pellet in the molten salt bed to complete the oxidation process. It was 
found that solid particles less than 3.0 mm can be effectively treated by the MSO process if 
sufficient excess air is provided. The off-gas composition for these runs is shown in Table 
11.

Table 10: Run Conditions

No. Feeds Run Conditions

1 ABS pellets (2.5 mm) 950°C, 1.45 kg/hr, 58% excess air

2 Shredded booties 950°C, 1.88 kg/hr, 65% excess air

3 Ion exchange resin (Amberlite)
(0.2 to 1.0 mm)

950°C, 3.0 kg/hr, 40% excess air

4 Activated Carbon 
(1.2 to 2.4 mm)

950°C, 1.45 kg/hr, 30% excess air

Table 11: Off-gas Composition for the Solid Feeds

Run Numbers
Off-gas Snecies 1 2 3 4

CO„ % 9.4 8.4 12.9 8.2

Oz, % 9.3 11.2 6.2 12.2

CO, ppm 18.6 154 17 326

NO,, ppm 306 6.9 150 112

so, 0.0 0.0 0.0 0.0

THC 2.0 1.0 0.4 1.15

The values in the Table 11 were taken from the off-gas analyzer readings at steady feed 
rate, they varied when the feed rate fluctuated and may reach as high as 80 ppm for THC,
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and 400 ppm for NOx and CO, respectively. Figure 10 shows the off-gas composition for 
the MSO ran with ion exchange resin. The spikes were the result of feed rate variation. 
Although it is desirable to have a solid feeder which can deliver a constant feed to the MSO 
vessel, the feed rate variation can be overcome with a large excess of process air. The 
higher levels of NOx, CO, and ThC in the off-gas system can be further reduced in the 
catalytic converter before venting to the facility stack. Effort is underway to find an 
alternative means to feed organic solids to the MSO vessel, including finding a different 
type of solid feeder and suspend solid particles in a slurry using water or organic liquid as a 
carrier. This option will be further studied in FY99.

The MSO demonstration with activated carbon was based on the collaboration between the 
EM MSO team and the Defense Programs MSO team at LLNL. A granular activated 
carbon, 8 to 14 mesh size, was used as the surrogate feed. The activated carbon was fed 
for 4 hours at 1.5 kgs/hr followed by a 9 hours of air purge. Composition of off-gas was 
closely monitored with off-gas analyzers. Molten salt samples were taken during the 
course of demonstration and were sent for carbon analysis. It was found that the 
instantaneous efficiency of conversion of carbon feed to C02 slowly increased with time, 
reaching approximately 80% after 4 hours. However the overall conversion efficiency of 
C to C02 at this time was considerably lower, and we found the only way to increase it was 
by stopping the C feed but continuing to purge air through the reactor. Carbon analyses on 
salt samples taken after air purging for 2 hours and 9 hours showed that the overall carbon 
conversion improved to 94% and almost 100%, respectively. A more detailed description 
of these experiments can be found elsewhere [6],

8.4. Results of Test Series IV -Spiked Organic Liquids

In the test series TV, some surrogate organics were spiked with low-level radioactive 
materials such as uranium. The compositions of surrogate materials mimicked some of the 
waste streams at LLNL. A surrogate organic, toluene, was traced with a small quantity of 
C-14 labelled organics in order to establish accurate mass balances for carbon. Tables 12 
and 13 show the ran conditions for test series IV and off-gas compositions, respectively.

Table 12: Run Conditions for Test Series TV

No. Feeds Run Conditions

1 C-14 Labeled Toluene 950°C, 1.3 kg/hr, 30% excess air

2A, 2B MCM/Toluene 900°C (A) & 950 C (B), 2.4 kg/hr,
30% excess air

3 Uranyl Nitrate &2,4 Dichlorophenol 
in EtOH/MCM/Toluene/Mineral oil

950°C, 1.2 kg/hr, 30% excess air

4 Perchlor 910°C, 8.2 kg/hr, 30% excess air

5 Uranyl nitrate & 2,4-Dichlorophenol 
in EtOH/MCM/CC14/EG 950°C, 2.2 & 3.3 kg/hr, 30% excess air
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Table 13: Off-gas Composition for the Radioactive-spiked Organic Liquids

Run Numbers
Off-gas Soecies 1 2A 2B 3 4* 5

C02, % 10.3 11.1 11.2 7.8 16.0 8.2

0„% 7.8 10.0 9.6 10.1 14.3 10.3

CO, ppm 10.7 9.5 9.5 10.8 6200 11.3

NOx, ppm 45 131 114 125 19.3 50.5

so, 0.0 0.2 0.2 0.0 0.0 0.0

THC 0.04 0.23 0.28 0.0 1.0 0.0

*Note: at 8.2 kg/hr of Perchlor

8.4.1. C-14 Labeled Toluene Experiment

Intuitively, carbon in the feed is expected to exchange with carbon of the carbonate salt 
during the oxidation process, however no experimental data was available. Therefore, in 
Run 1 of this test series, toluene was spiked and labeled with C-14 to 9.9 modem (or 
9.9xl0"12 fraction C-14 in carbon) and fed into the MSO process vessel in order to 
determine carbon exchange in the MSO process. C-14 labeled toluene was fed into the 
molten salt bed at 950°C for 2.83 hours followed by a 4-hr gas purge (9.0% C02 in air). 
Samples including organic feed, off-gas, and salt were taken before the run, during the 
run, and during the gas purge. These samples were sent to the Center for Accelerator Mass 
Spectrometry (CAMS) at LLNL for the analysis of C-14. Table 14 and Fig. 11 show the 
activity of the samples during the ran. C-14 labeled toluene was fed into the MSO vessel at 
21 g/min with 30% excess process air. The values in the parentheses were the percentages 
of C-14 fed to the MSO vessel that exchanged with the carbon atom of the carbonate 
molecule in the molten salt. Table 14 shows that most of C-14 fed into the MSO vessel 
went through carbon exchange and stayed in the salt. The percentages of the exchange was 
75.3%, 77.3%, and 73.9% after 1.0 hr, 2 hrs, and 2.83 hrs, respectively. These values 
are very close and are well within the margin of errors in sampling and analysis. The 
activity of C-14 in both molten salt samples and off-gas samples increased with time, 
which indicates that a much longer ran time is needed before a true steady state can be 
reached.

The feed was stopped after 2.83 hours and then was followed by a gas purge at 215 
liters/min for 4 hours. The purge gas consisted of 9.0 mol% C02 which is a typical C02 
composition in the off-gas. Gas purging slowly decreased the C-14 activity in the molten 
salt. Table 14 shows that the C-14 activity decreased from 1.3158 modems to 1.0883 
modems after 4 hours of gas purge. Based on these results, it would clearly need much 
longer than 4 hours to completely purge and exchange the C-14 in the molten salt. The C- 
14 activity in the off-gas during the feed and the gas purge depends on the C-14 activity in 
the melt. Table 14 and Fig. 10 also show that the specific activities of C-14 in the salt and 
in the off-gas are almost equal, indicating that gaseous C02 and the carbonate salt are in 
thermodynamic equilibrium.

The C-14 labeled experiment has provided new and valuable technical data for the MSO 
process.
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Table 14: C-14 Level in the C-14 Labeled Toluene Run

C-14 in the samnels. modem
Time, hour Molten Salt Sample Off-gas Sample
Organic Feed (9.9 modem of 
C-14 in the feed)

0 (before the feed) 0.0189 0.0075

0.5 — 0.2285

1.0 0.4712 (75.3%) 0.4688

1.5 — 0.7256

2.0 0.9717(77.3%) 0.9748

2.5 — 1.2312

2.83 1.3158(73.9%) 1.3062

Purge Period (Organic feed terminated)

0 (before the purge) 1.3158 (73.9%)

0.67 — 1.3015

1.0 1.2380(69.5%) —

1.42 — 1.2144

2.0 1.1920(66.9) 1.1848

2.75 — 1.1564

3.0 1.1471(64.4%) —

3.42 — 1.0961

4.0 1.0883(61.1%) 1.0684

Note: The salt sample collected in the GSS filter after the run was 0.3542 modem.

8.4.2 MCM/Toluene and Perchlor Experiments

There are 4500 gallons of organic liquid wastes in the LLNL waste inventory, and most of 
them are chlorinated solvents (LLW-008). Over 90% of the chlorinated waste consists of 
MCM. One of the runs in the test series was to simulate the composition of LLW-008 
waste in order to understand the feed containing mostly MCM. The salt, consisted of 
sodium carbonate and potassium carbonate, has lower melting point which allowed the 
MSO vessel to operate at lower temperature. The off-gas qualities for the MCM run at both 
900°C (ran 2A) and 950°C (ran 2B) were very good, as shown in Table 13. Operating at 
lower temperature with chlorinated solvents is desirable because as chloride builds up in the
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the melt, the salt becomes more volatile. Operating at lower temperature not only reduces 
metal corrosion but also depresses sodium chloride volatilization into the off-gas system.

Perchlorethyene, “Perchlor, “consists of 85% chlorine and was chosen to build up chloride 
content in the molten salt. Perchlor was fed into the MSO vessel with 30% excess air at 
higher feed rates than most organic feeds. The salt temperature was kept at 910°C for the 
run in order to reduce salt volatility. As shown in the Table 13, the THC level in the off­
gas was only 1 ppm , an acceptable value despite the high CO concentration observed. The 
high CO concentration in the off-gas is typical at high chloride loading in the melt. The CO 
in the off-gas was further treated in the catalytic converter before venting through the 
facility stack. After the run, the high chloride salt was drained out and sent to the salt 
recycle system for processing.

8.4.3. Uranyl Nitrate and 2,4-dichlorophenol spiked organics (runs 3 and 5)

PCB-contaminated liquid organic waste exists in several DOE sites and presents a difficult 
problem due to the lack of an efficient treatment technology. Incineration can destroy PCB 
but it generates toxic off-gas species such dioxins and furans. A PCB-contaminated liquid 
waste stream, one of the difficult wastes in the LLNL waste inventory, was chosen as one 
of the treatability study samples. As part of test series IV, a feed containing uranium and 
2,4-dichlorophenol (a PCB surrogate as a recognized precursor to the formation of 
dioxins/furans) was demonstrated in the MSO vessel at 950°C before the real PCB- 
contaminated waste was introduced.

In run 3, uranyl nitrate and 2,4-dichlorophenol were dissolved in ethanol and mixed with 
MCM, mineral oil and toluene in the feed container. Although it mimicked the composition 
of PCB -contaminated waste, phase separation occurred due to immiscibility of ethanol and 
mineral oil. It was fed to the MSO vessel for two hours before the injector experienced 
minor plugging. Pure ethanol was subsequently introduced to clear up the plugging. The 
off-gas quality for this run was very good.

In run 5, the surrogate waste used for the demonstration had the following formulation: 
Carbon tetrachloride, 4.0 wt.%; 1,1,1- trichloroethane (MCM), 4 .0 wt.%, 2,4- 
dichlorophenol, 1.0 wt.%, uranyl nitrate, 0.5 wt.%, ethylene glycol, 46.5 wt.%, ethanol, 
45.0 wt.%. Carbon tetrachloride and 1,1,1- trichloroethane are common RCRA solvents 
in wastes. Uranyl nitrate and 2,4- dichlorophenol were fed in diluent streams composed 
primarily of ethylene glycol and ethanol for miscibility. The surrogate feed was delivered 
to the MSO vessel at 2.2 kgs/hr and 3.3 kgs/hr for superficial velocities of 1 ft/s and 1.5 
ft/s, respectively, with 30% excess process air. Off-gas quality was monitored by off-gas 
analyzers during the course of the demonstration. Sample gas was also collected and sent 
to the Environmental Laboratory in E&ES for analysis of POHCs (principal organic 
hazardous compounds), dioxins, furans, and total organics. The surrogate was fed for 
3.25 hrs. The system reached steady state in 30 minutes. Overall, 8.7 kg of surrogate 
waste was fed into the MSO vessel.

Table 15 shows the off-gas composition during the feed. Table 16 shows the POHCs in 
the feed and in the off-gas. A blank gas sample was also collected for reference.
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Table 15: Off-gas Analyzer Readings

Off-gas Species, ppm or %

Time, hrs THC. ppm* NO... ppm CO, ppm CO.. % O.. % Vs. ft/s
0 0.0 " 43" 3.2 0.09 "21.20 1.0

0.75 0.5 103 10.8 8.13 10.4 1.0

1.25 0.0 50.5 11.3 8.16 10.3 1.0

1.75 0.0 40.5 11.4 8.24 10.13 1.0

2.75 0.0 42,8 10.8 8.47 9.89 1.5

3.25 0.0 44.2 10.6 8.5 9.72 1.5

* Detection limit of THC analyzer is 0.01 ppm. It drifted down to less than 0 ppm during 
the course of the experiment.

Table 15 shows that off-gas quality was very good with less than 10 ppm of CO and less 
than 110 ppm of NOx leaving the MSO vessel, respectively. CO and NOx levels in the 
off-gas were further reduced to undetectable levels in the catalytic converter. Other organic 
PICs (products of incomplete combustion) in the off-gas were not detectable. It also 
indicates that operating at the higher flow velocity of 1.5 ft/s would not adversely affect the 
off-gas quality.

Table 16 shows that DREs of the MSO process for major organics in the feed were very 
high, greater than 99.999%. Testing performed with the bench scale MSO unit in 1994 at 
Oak Ridge National Laboratory yielded similar results [7]. Dioxins and furans in the off­
gas were not detectable.

8.5. Results of Test Series V- Treatability Study 

8.5.1 Description

Two real waste specimens were chosen for the MSO treatability study in FY98. These 
specimens were received from the Hazardous Waste Management Division at LLNL (waste 
stream numbers LL-W008 and LL-W009). The first specimen (RTS #1) was chlorinated 
solvent and consisted of mainly 1,1,1 -trichloroethane (MCM) with traces of metals and 
low-level of radionuclides. The second specimen (RTS#2)was PCB-contaminated waste.

Table 17 shows the composition of these two specimens. Treatment of five gallons of each 
specimen was successfully demonstrated in the MSO process vessel in August 1998. 
Off-gas was monitored continuously by off-gas analyzers installed in the off-gas system 
during the course of the demonstration. In addition to the continuous off-gas monitoring, a 
comprehensive gas sampling was performed per EPA methods and handled by the Best 
Environmental, Inc., a certified firm. Gas sampling was conducted from the sampling 
ports located on the 1.375” i.d. inlet and outlet of the GSS filter and from the catalytic 
converter 4” i.d. outlet stack venting emission from the MSO process. The sampling ports 
were located to meet EPA criteria (8 duct diameter downstream and 2 duct diameter 
upstream from any points of flow disturbance). The source test methods and test locations 
used for each waste feed are summarized in Table 18. Descriptions of each test method can 
be found in the report (Appendix 2) submitted by the Best Environmental, Inc.
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Table 16. Destruction and Removal Efficiency for the MSO Demonstration with Uranium and 
2,4-Dichlorophenol-spiked Organics

Conditions: 950 C, 30% excess air

Component In the feed, g/min In the off-gas, 
g/min

DRE, %, minimum ORNL Test

1 ft/s 1.5 ft/s 1 ft/s 1.5 ft/s 1 ft/s 1.5 ft/s 1.5 ft/s

Ethylene Glycol 16.633 24.950 1.44E-06 1.01E-06 99.999991 99.999996 N/A
Ethanol 16.267 24.400 1.44E-06 1.01E-06 99.999991 99.999996 N/A
CC14 1.192 1.788 1.44E-06 1.01E-06 99.999879 99.999943 99.999988
MCM 1.450 2.175 1.44E-06 1.01E-06 99.999901 99.999954 99.999985
2,4-dichlorophenol 0.367 0.550 1.44E-06 1.01E-06 99.999607 99.999816 99.998283
Total 35.908 53.863

Dioxins & Furans were not detectable.

Other organic PICs (products of incomplete combustion) were not detectable.

DRE = (1- organic in the off-gas/organic fed to the MSO vessel)* 100%

Note: GC/MS was used for off-gas sample analysis.
GC/MS Detection limit is 25 nanogram.
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Table 17

Real Test Specimens for MSO Treatability Study in FY 98

RTS #1 RTS #2
Chlorosolvent Oil/PCB
LL-W008 LL-W009

chloroform (g/L) 0.1 ND
1,1 -dichloroethane (g/L) 0.5 ND
1,2-dichloroethane (g/L) 0.5 ND
1,1-dichloroethene (g/L) 20 ND
dichloromethane (g/L) 1.4 ND
tetrachloroethane (g/L) 40 ND
toluene (g/L) 0.1 2.9
dichloroethene ND 1.7
trichloroethene (g/L) 10 ND
1,1,2-trichloro, 1,2,2 trifluoroethane (g/1) 28 14
methylchloroform (g/L) 1226.25 11
Sb (mg/L) 0 ND
Ba (mg/L) 1.5 2.6
Be (mg/L) 8.2 ND
Cd (mg/L) 0 ND
Cr (mg/L) 1.3 0.38
Co (mg/L) 0.2 ND
Cu (mg/L) 11 1.7
Pb (mg/L) 11 7.4
Mo (mg/L) 2.5 0.3
Ni (mg/L) 2 ND
K (mg/L) 4 ND
Ag (mg/L) 0.3 0.07
U (mg/L) 20 11.5
V (mg/L) 3.1 ND
Zn (mg/L) 5.3 2.3
Hg (mg/L) 0.04 0.35
hydraulic oil, (g/L) None 862.5
PCS, mg/L None 1567

Gross Alpha (nCi/L) 7.26 7.8
Gross Beta (nCi/L) 11.4 0.85
(Tritium (nCi/L)) 33.1 38
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Table 18: Test Methods and Locations for the Treatability Study

Test Location Parameters Test Methods Runs Duration, min.

GSS Filter Outlet Filtable Particulate EPA Method 17 3 60
Radionuclides EPA Method 114 3 60
Volatiles (VOST) EPA Method 30 9 20
HC1 EPA Method 50 3 60
DSCFM EPA Method 1-4 3 60

GSS Filter Inlet Dioxins/Furan, PCB* EPA Method 23 3 180
Semi-Volatiles (MM5) EPA Method 10 3 180

Catalytic Converter Outlet Dioxins/Furan, PCB* EPA Method 23 1 180
Semi-Volatiles (MM5) EPA Method 10 1 180
Volatiles (VOST) EPA Method 30 3 20
Radionuclides EPA Method 114 1 60

* PCB only for RTS#2.

8.5.2. Results of MSO Demonstration with Chlorinated Solvent (LL-W008)

The specimen was sampled and transferred from the waste container to the feed tank. 
Toluene was then added to the feed container under mixing to prevent phase separation 
during the feed to the MSO vessel. The waste liquid was pumped into the MSO vessel at 
2.5 kg/hr for 14 hours with 30% excess process air. The longer run was chosen to meet 
the time requirement for gas sampling. Table 19 shows the off-gas composition at steady 
state for both RTS#1 and RTS#2. Concentrations of CO and THC in the off-gas for 
RTS#1 were 15.6 ppm and 0.2 ppm, respectively, which were much less than 100 ppm for 
CO and 20 ppm for THC, the current standards for mixed waste incinerators [8].

Table 19: Off-gas Composition for RTS#1 and RTS#2*

Run Numbers
Off-gas Species RTS#1 RTS#2

Ou

8.1 7.3

0„% 12.0 10.1

CO, ppm 10.2 15.6

NO,, ppm 56.4 27.3

so. 0.0 0.0

THC 0.2 0.0

*The numbers were taken directly from the readings of the off-gas analyzers.
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Table 20 shows feed rates to the MSO vessel and emission rates and DREs for principal 
organic hazardous continents (POHCs) along with total dioxin/furan, volatile organics, 
semi-volatile organic, particulate, gross alpha, gross beta, tritium and HC1 in the off-gas. 
There were six POHCs in the RTS#1 feed: MCM, 1,1-dichloroethene, tetrachloroethene, 
trichloroethene, trichloro-trifluoroethane, and toluene. The DREs for these six POHCs 
were greater 99.999%, an indication of excellent process efficiency for the demonstration. 
The particulate emission rate was 0.00011 lbs/hr at average off-gas flow rate of 13.5 dscfm 
(dry standard cubic ft per min) or 0.00006 g/ft3. This is much less than the particulate 
loading of 0.08 g/ft3, the standard for mixed waste incinerators. The low particulate 
loading in the MSO off-gas system is not surprising because the GSS filter can effectively 
remove most particles from the gas stream. Table 20 also shows that the molten salt 
retained and trapped gross alpha and gross beta very well. The percentages of gross alpha 
and gross beta which was fed into the MSO vessel going into the off-gas were 0.32% and 
0.12%, respectively. HC1 level in the off-gas was less than 0.0016 g/hr, which indicated 
that most of the chlorine in the feed (about 50 wt.% of the liquid feed or 21 g/min of 
chlorine) has been converted into sodium chloride as expected and stayed in the salt bed. 
Sodium chloride is ten times more volatile than sodium carbonate and its vapor would carry 
over to the off-gas system. The concentration of sodium chloride vapor at 950°C is 0.014 
g/ft3 [9]. Most of the sodium chloride vapor condensed in the air-cooled jacket of the off­
gas system and was pushed back to the MSO vessel by the salt brush. Some of it may end 
up in the salt trap and GSS filter. After the run, a salt sample was taken from the reactor 
and analyzed for its chloride content; the sodium chloride composition after feeding 
chlorinated solvent for 14 hours was found to be 30 wt.%.

In addition to analyzing the off-gas for the feed compounds, EPA method 10 and method 
were used to determine the emissions of semi-volatile organics (boiling point >100°C) and 
volatile organics boiling point <100°C), respectively. Table 4 and Table 6 in the Appendix 
2 show the emissions of each individual semi-volatile organic and volatile organic for 
RTS#1. Total emissions of the semi-volatile organics from RTS#1 was less than 91.376 
pg/min and total emissions of volatile organics was less than 31.568 pg/min, respectively.

Dioxins and furans are a group of related compounds which are suspected of having 
harmful effects in humans. Laboratory tests have shown that 2,3,7,8-TCDD (2,3,7,8- 
tetrachlorodibenzo-para-dioxin), one of most toxic compounds in the group, can cause 
cancer and toxic effects in laboratory animals. Hence their emissions from a thermal 
treatment process are subjected to strict regulations. EPA proposed that the regulatory limit 
for dioxin and furan emissions from hazardous waste treatment systems be 100 pg/m3 
toxic equivalence quotient (TEQ). The toxic equivalence factor (TEE) of a particular dioxin 
or furan is defined as the ratio of its toxicity to the toxicity of 2,3,7,8-TCDD, which has a 
TEE of 1.

Table 21 shows the results of dioxin and furan emissions. Gas samples were taken from 
the GSS filter inlet and the outlet of the catalytic converter. The table shows the emission 
rate and concentration of each individual dioxin and furan and its TEE and TEQ. TEQ is 
the concentration of each individual dioxin and furan multiplied by its TEE. As shown in 
the table, the total dioxin and furan emissions from the GSS filter inlet and the catalytic 
converter outlet were 18.534 pg/m3 TEQ and 17.093 pg/m3 TEQ, respectively. These 
emissions are well below the EPA proposed regulatory limit of 100 pg/m3.
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Table 20: Feed Rates, Emission Rates, and DREs for RTS#1

Test Parameter Feed Rate to the
MSO Vessel

Emission
Rate

DRE
%

MCM 24.98 g/min <0.542 pg/min >99.999998
1,1 -dichloroethene 0.41 g/min 1.067 |Llg/min 99.99974
Tetrachloroethene 0.81 g/min <0.175 pg/min >99.999978
Trichloroethene 0.20 g/min <0.197 pg/min >99.99998

Trichloro-trifluoroethane 0.57 g/min <4.372 pg/min >99.999233
Toluene 14.69 g/min 3.775 pg/min 99.999974

Total PCB None None N.A.

Total Dioxin/Furan None 56.061 pg/min N.A.
YOST Volatiles N.A. <31.568 pg/min N.A.
Semi-volatiles N.A. <91.376 pg/min N.A.

Particulate N.A. 0.0001 llbs/hr N.A.
Gross Alpha 9,000 pCi/hr 28.55 pCi/hr N.A.
Gross Beta 14,100 pCi/hr 16.73 pCi/hr N.A.

Tritium 41,070 pCi/hr 7688 pCi/hr N.A.
HC1 N.A. <0.0016 g/hr N.A.

Table 21: Results for Dioxin and Furan Emissions for RTS#1

TEO
Eg/m3

10.941

1.141
1.094
0.512
0.026
0.002
3.143
0.189
0.023
0.023

17.093

Species TEF
@ GSS Filter
Inlet, pg/min

@ GSS Filter
Inlet. pg/m3

TEO
pg/m3

@ Catalvtic
Converter
Outlet.
pg/min

@ Catalytic
Converter
Outlet.
£g/m3

2,3,7,8- 1 4.941 12.973 12.973 5.108 10.941
TCDD
TCDF 0.1 4.033 10.583 1.058 5.325 11.407
PeCDF 0.05 7.318 19.214 0.961 10.216 21.882
HxCDF 0.1 2.359 6.201 0.620 2.391 5.121
HpCDF 0.01 0.772 2.034 0.020 1.195 2.561
OCDF 0.001 1.536 4.047 0.004 0.967 2.072
PeCDD 0.5 1.921 5.048 2.524 2.934 6.285
HxCDD 0.1 0.892 2.351 0.235 0.880 1.886
HpCDD 0.01 2.219 5.854 0.059 1.087 2.328
OCDD 0.001 30.07 79.599 0.080 10.542 22.581

56.061 147.904 18.534 40.645 87.064

Figure 12 shows the mass balance for the MSO demonstration with the chlorinated solvent 
waste stream. This assumes an integrated operation of the MS O/off-gas system, the salt 
recycle system, and the ceramic final forms at steady state. The feed rate of organic liquid 
is assumed at 2 liters/hr (2.31 kg/hr) along with traces of metal and radionuclides. The 
amount of air required for the process including purge air, and oxidant air, is 887 moles/hr
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LLW-008
Chlorinated solvent 2310 g/hr

(2 liters/hr) 
C 84.2 moles/hr
H 103.5 moles/hr
Cl 33.4 moles/hr
F 0.51 moles/hr
Metals 0.072 g/hr 
Radionuclides 75.6 nCi/hr

Off-gas at 650 degree C 
C02 84.2 moles/hr 
H20 51.7 moles/hr 
02 76.0 moles/hr
N2 701 moles/hr

Air
02 186.3 moles/hr 
N2 701 moles/hr

10 liters /hr Water

10 liters/hr Clean 
Brine Solution

NaCl 1957 g/hr 
NaF 9.6 g/hr

475 g/hr Ceramic Powder

0.13 liters/hr Ceramic Pellets

Ceramic Final Forms

Metals, 0.072 g/hr from waste, 25 
g/hr from vessel wall 
Radionuclides 75.6 nCi/hr

Salt Recycle

(500 g/hr)

Fig. 12. MSO Flow balance for feed stream LLW-008 (Chlorinated Solvents)
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and the off-gas discharge rate is 913 moles. Assuming continuous salt withdrawal from 
the MSO system to the salt recycle system, the water required to process the spent salt 
would be 10 liters/hr. The salt recycle process discharges 10 liter/min clean salt brine 
solution which consists of sodium chloride and sodium fluoride. Metals, metal oxides, and 
radionuclides are sent to the ceramic final forms system to generate ceramic pellets. As 
shown in the diagram, 475 grams of ceramic powder is required to stabilize the waste 
stream from the salt recycle system. As a result, 0.13 liters/hr of ceramic pellets would be 
generated.

8.5.3. Results of MSO Demonstration with PCB-Contaminated Organics (LLW-009)

PCB-contaminated wastes are difficult to treat by incineration due to the formation of 
dioxins and furans, cancer-causing agents, at the incineration temperature, which is 
typically above 1200°C. To demonstrate that MSO is an efficient alternative to treat these 
wastes, 5 gallons of a PCB-contaminated waste specimen (RTS#2) was fed into the 
process vessel as part of the treatability study. The main objective of the experiments was 
to show that dioxin and furan emissions from the system were below the proposed 
regulatory limit of 100 pg/m3 gas as 2,3,7,8-tetrachlorodibenzo-para-dioxin equivalents or 
toxic equivalence quotient.

The PCB-contaminated waste was delivered to the MSO facility from the Waste 
Management Division of LLNL in a five-gallon container. The waste was sampled and 
sent for analysis. Table 17 shows the composition of the waste. Toluene was used as a 
diluent to reduce the viscosity of the waste for the ease of feed delivery. The waste, 
containing mostly hydraulic oil with over 1000 ppm PCB and traces of metals and 
radionuclides was fed into the MSO system at 1.1 kg/hr along with 30% excess air for 13 
hours. The molten salt bed, containing 160 kg sodium carbonate, was controlled at 950°C 
during the course of the demonstration. The GSS (gas/solid separation) filter was 
backflashed with compressed air periodically to prevent excessive buildup of salt cake in 
the filter element. C02, 02, CO, NOx, SOx in the off-gas were continuously monitored 
with off-gas analyzers. Sampling was conducted from the sampling ports located on the 
inlet and outlet of the GSS filter and from the catalytic converter outlet. The sampling ports 
were located to meet the 8 duct diameter downstream and 2 duct diameter upstream from 
any points of flow disturbance criteria. Best Environmental, Inc. handled the off-gas 
sampling operation during the demonstration. All the collected samples were sent to 
EPA-certified laboratories for analysis.

The off-gas quality, as shown in Table 19 was very good with less than 50 ppm NOx, less 
than 20 ppm CO, and nondetectable THC in the off-gas. Table 22 shows that feed rates and 
emission rates of POHCs, total dioxins and furans, volatile organics, total semivolatile 
organics, particulate, gross alpha, gross beta, and HC1. The particulate emission rate was 
0.0000034 lbs/hr at average off-gas flow rate of 13.8 dscfm or only 0.0000016 g/ft3. The 
destruction efficiencies of the POHCs were greater than 99.99%.
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Table 22: Feed Rates, Emission Rates, and DREs for RTS#2

Test Parameter Feed Rate to the Emission DRE
MSO Vessel Rate %

MCM 0.168 g/min <0.291 jig/min >99.999827
1,1 -dichloroethene 0.025 g/min 1.073 {ig/min 99.99571
Tetrachloroethene N.A. <0.166 jig/min N.A.
Trichloroethene N.A. <0.187 |ig/min N.A.

Trichloro-trifluoroethane 0.213 g/min <4.151 jig/min >99.99805
Toluene 2.78 g/min 1.069 {ig/min 99.999962

Total PCB 0.0233 g/min <0.0414 jig/min >99.99982
Hydraulic oil 14.98 g/min N.A. N.A.

Total Dioxin/Furan None 108.86 pg/min N.A.
YOST Volatiles N.A. <17.82 jig/min N.A.
Semi-volatiles N.A. <95.854 jig/min N.A.

Particulate N.A. 0.000034 lbs/hr N.A.
Gross Alpha 8,140 pCi/hr 15.53 pCi/hr N.A.
Gross Beta 890 pCi/hr 0.961 pCi/hr N.A.

Tritium 39,700 pCi/hr 3,564,582 N.A.
pCi/hr

HC1 N.A. <0.0015 g/hr N.A.

Table 23 lists the emission rates of each dioxin and furan, the toxicity equivalent factor 
(TEF), and its toxic equivalence quotient (TEQ). Total TEQs of dioxins and furans in the 
GSS filter inlet and the catalytic converter outlet were 38.743 pg/m3 and 9.338 pg/m3, 
respectively. These values are again below 100 pg/m3, the EPA proposed regulatory 
limits.

Table 23: Results for Dioxins and Furan Emissions

@ GSS Filter TEQ @ Catalytic Converter TEQ
Species TEF Thlet, pg/m3 pg/m3 Outlet, pg/m3 pg/m3

2,3,7,8-TCDD 1 22.301 22.301 7.506 7.506
TCDF 0.1 78.954 7.895 3.503 0.350
PeCDF 0.05 50.310 2.516 5.505 0.275
HxCDF 0.1 12.521 1.252 1.426 0.143
HpCDF 0.01 4.204 0.042 1.051 0.011
OCDF 0.001 2.742 0.003 1.776 0.002

PeCDD 0.5 8.527 4.264 1.877 0.939
HxCDD 0.1 3.593 0.359 1.001 0.100
HpCDD 0.01 4.684 0.047 1.101 0.011
OCDD 0.001 64.379 0.064 2.352 0.002

Total TEQ 38.743 9.338

50



Note: The oxygen concentration in the off-gas was 10.1 vol.%. Volume of off-gas sample 
collected was about 4 m3.

Figure 13 shows the mass balance for the MSO demonstration with PCB-contaminated 
waste oil. This again assumes an integrated operation of the MSO process which includes 
process vessel, off-gas system, the salt recycle system, and the ceramic final forms at 
steady state. The feed rate of organic liquid is assumed at 1.2 liters/hr. The amount of air 
required for the process including purge air and oxidant air is 861 moles/hr, and the off-gas 
discharge rate is 904 moles. Assuming continuous salt withdrawal from the MSO system 
to the salt recycle system, the water required to process the spent salt would be only 0.18 
liters/hr. The salt recycle process discharges 0.18 liter/min clean salt brine solution which 
consists of sodium chloride and sodium fluoride. Metals, metal oxides, and radionuclides 
are sent to the ceramic final forms system to generate ceramic pellets. As shown in the 
diagram, 475 grams of ceramic powder is required to stabilize the waste stream from the 
salt recycle system. As a result, 0.13 liters/hr of ceramic pellets would be generated. For 
the PCB-contaminated oil, for every 1.2 liters treated, the MSO process would generate 
0.18 liters of clean brine solution and 0.13 liters of stabilized ceramic pellets.

9. Results of the Demonstration of the Salt Recycle System

Salt recycle is an important element of the integrated MSO system. It was developed based 
on extensive small-scale laboratory experiments to prove the concept with subsequent 
scale-up to the pilot system as part of an integrated MSO facility. The salt recycle process 
separates metals, mineral residues, and radionuclides from spent salt generated by the MSO 
process. It includes salt size reduction with a grinder, salt dissolution in water, 
precipitation, chemical reduction, filtration, pH adjustments, ion exchange, and drying. 
Each component in the salt recycle system was shown to work as designed.

The salt recycle system has successfully treated six batches of spent salt generated from the 
MSO vessel in FY 98. For spent salts with high carbonate contents (SRI, SR2, SR3,
SR5, SR6), it removed ash, metals, and radionuclides from the salts and returned 95% of 
the salt for reuse. Table 24 shows the concentrations of cations in the spent salt and clean 
salt for SRI, SR2, and SR3. These salt consisted of mostly sodium carbonate with traces 
of sodium chloride, sodium floride, sodium phosphate, sodium sulfate along with some 
metals such as nickel and chromium. The presence of chromium and nickel in the spent 
salt was expected because the vessel was made of Inconel 600 which contains chromium 
and nickel as major components. Table 24 shows that almost all the nickel was removed 
and more than 90% of chromium in the spent salt was removed in the salt recycle system.
It was impossible to remove chromium to less than 20 ppm in the carbonate salt due to the 
solubility of both Cr+3 and Cr+6 in the salt solution.

SR5 was the spent salt generated from the first treatability specimen (RTS#1) which 
consisted mostly of methyl chloroform with traces of metals and uranium. SR6 was the 
spent salt from the second treatability study specimen (RTS#2) which was PCB- 
contaminated hydraulic oil. Table 25 shows the concentrations of cations and radionuclide 
(uranium) in the starting spent salts and reusable clean salt for SR5 and SR6. It again 
shows that almost all the nickel was removed and more than 90% of chromium in the spent 
salt was removed in the salt recycle system. Uranium concentration in the salt did not 
change significantly after the salt recycle because uranium forms the tricarbonate uranyl 
complex ion and stays in the carbonate solution. But if the uranium concentration in the 
salt solution is significantly higher than 100 ppm, it can be reduced by adding caustic alkali 
to precipitate out uranium as sodium diuranate [10].
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LLW-009, PCB Waste Oils
1088 g/hr (1.2 liters/hr) Off-gas at 650 degrees C

78.6 moles/hr
78.7 moles/hr
66.2 moles/hr
680.2 moles/hr

C 78.6 moles/hr
H 157.5 moles/hr
Cl 0.48 moles/hr
F 0.21 moles/hr
Metals 0.024 g/hr 
Radionuclides 62.4 nCi/hr

Air
02 180.8 moles/hr 
N2 680.2 moles/hr

0.18 liters /hr Water

0.18 liters/hr 
Clean
Brine Solution

NaC128.1 g/hr
NaF 8.7 g/hr

475 g/hr Ceramic Powder

0.13 liters/hr Ceramic Pellets

Ceramic Final Forms

NaCl, 28.1 g/hr

Metals, 0.024 g/hr from waste, 25 
g/hr from vessel wall 
Radionuclides 62.4 nCi/hr

Salt Recycle

(500 g/hr)

Fig. 13. MSO Flow balance for feed stream LLW-009 (PCB Waste Oils)
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Table 24. Cation Compositions of SRI, SR2, SR3 Before and After Salt Recycle 
(Dry Basis)

SRI SRI SR2 SR2 SR3 SR3
Before After Before After Before After

ppm ppm ppm ppm ppm ppm

Ag ND ND ND ND ND ND
As ND ND ND ND ND ND
Ba 1 1 37 7.7 2.4 5.7
Be ND ND ND ND ND ND
Cd 3 ND ND ND ND 0.9
Co 2 0.3 5.7 ND 4 0.4
Cr 2900 150 1300 57 500 50
Cu 3 ND 6 ND 2 ND
Mo 16 16 5 7.7 4 5.6

Hg ND ND ND ND ND ND
Ni 53 1 710 1.4 670 1.3
Pb 2 2 20 20 5 2.5
Sb 7 ND 10 7.7 6 2
Se 5 ND 7 ND ND ND
H ND ND ND ND ND ND
V ND ND 3 ND ND ND

Zn ND ND 220 ND 4 ND

The salt consisted of most 
sodium sulfate, and sodiui

y sodium carbonate with traces of sodium chloride
m phosphate.
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Table 25. Cation Compositions of SR5 and SR6 Before and After 
Salt Recycle (Dry Basis)

SR5 SR5 SR6 SR6
Before After Before After
ppm ppm ppm ppm

Ag ND ND ND ND
As ND ND ND ND
Ba 1 0.5 8.2 1.1
Be 0.4 ND ND ND
Cd ND ND 15 ND
Co 0.7 ND 3 ND
Cr 420 32 980 15
Cu 3 ND 7 ND
Mo 1 2 4 2
Hg ND ND ND ND
Ni 230 ND 840 ND
Pb ND ND 10 ND
Sb ND ND ND ND
Se ND ND ND ND
H r nd ND ND ND
V ND ND ND ND

Zn 1 ND 66 ND

U 11 9.4 0.63 0.6

The salt consisted of mostly sodium carbonate, some sodium
chloride, and traces of sodium sulfate, sodium Boride, and
Sodium phosphatge.
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For spent salts with low carbonate content (SR4), salt recycle removed ash, metals, and 
radionuclides from the salts and generated clean brine (sodium chloride) solution which is 
not considered hazardous. Table 26 shows the cations (excluding sodium and potassium) 
and radionuclide (uranium) in the starting spent salt and clean salt after the salt recycle. 
Initial concentrations of Cr, Ni and U in the spent salt were over 100 ppm. Salt recycle 
successfully reduced Cr, Ni, and U to 0.45 ppm, 2 ppm, and 0.1 ppm, respectively.

Because the chromium concentration in the high carbonate salts (SRI, SR2, SR3, SR5, 
SR6) did not drop to less than 20 ppm, these salts were not considered for direct disposal. 
They were reused in the MSO vessel until the chloride contents built up to the level at 
which the salt could be recycled as “low carbonate,” e.g. SR4.

A more comprehensive description of the results of the salt recycle demonstration will be 
furnished as part of FY99 report.

10. Results of the Ceramic Final Forms Demonstration

No Final Forms demonstrations were done in FY1998, nor were any pellets fabricated 
from surrogate residues. Equipment functional testing was completed satisfactorily.
Practice operations of the batching, milling and calcining were done, using innocuous 
material.
11. Lessons Learned

A number of lessons were learned in the first years' operation of the MSO processor and 
offgas system in the Expedited Technology Demonstration (ETD). These lessons and 
suggestions for improved operation are summarized below:

* Early practice was to allow the salt to freeze with the injector fully immersed in the 
melt. To prevent plugging in the injector, air flow was maintained through the injector 
both during freezing and during melting. During one of the melt cycles, the air flow 
caused the salt to foam up and some passed over into the off-gas pipe. This occurred 
with salt with a high ash content, and apparently when salt containing certain - as yet 
undefined - compositions of ash is first melted, its viscosity and surface tension are 
conducive to foaming. The operational procedure was changed to require the injector be 
lifted out of the melt every time the salt was allowed to cool. *

* The present processor has a salt drainpipe that extends horizontally from the bottom of 
the processor and drains the hot, molten salt into a pan located beside the processor. At 
the end of a draining operation, small quantities of salt could wick back into the heater 
around the drainpipe, thus causing failure of the heater. In addition, relatively small 
pieces of debris in the salt could plug the pipe. A larger diameter drainpipe pointing 
down into a drain pan directly under the processor would improve the salt flow and 
prevent wicking of the salt into the heater. In addition, the processor top cover should be 
redesigned so that, if necessary, the drainpipe could be cleared while hot with a long rod 
from the top of the processor. The design must also recognize that the drainpipe and 
drain pan will likely distort due to temperature cycling. A spare drain pan is thus 
necessary to support processor operation while salt is being removed from the first pan.
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Table 26. Cation Composition in SR4 Salt Before and After Salt Recycle 
(Dry Basis

Starting spent salt Final clean salt

(Before)
ppm

(After)
ppm

Ag ND ND
As ND ND
Ba 3 1.1
Be ND ND
Cd 3 1.5
Co 1 ND
Cr 820 0.45
Cu 1 0.5
Mo 2 2

Hg ND ND
Ni 100 2
Pb 7 ND
Sb 10 ND
Se ND ND
H ND ND
V ND ND
Zn 2 ND

U 200 0.1

Note: The clean salt consists over 99 wt.% sodium chloride with trace of 
sodium sulfate.
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* The processor was built with a cooling air blower capable of blowing air underneath 
the heater assembly, along the vessel wall, to remove excess heat. Since the blower was 
pushing air into the heater assembly, hot air leaked out through seams and electrical 
penetrations. On one occasion during activation, this superheated air damaged insulation 
on the electrical leads to the heaters. The processor also incorporated fins on the outside 
surface along the lower, melt-containing zone to assist in heat removal. For the feed rates 
and materials used in the ETD, overheating of the processor never occurred, thus neither 
the fins nor the cooling air blower proved necessary. However, if forced air cooling is 
needed in the future, the cooling air blower should be redesigned to pull air through the 
furnace assembly rather than pushing air through it. The cooling air duct should also 
include automatic shut-off dampers to prevent heat loss due to free convection when the 
blower is not being used.

* The injector assembly for injecting the feed material into the molten salt proved to be 
very robust and was not prone to plugging. However, to simplify the operation and 
maintenance and possibly to improve efficiency, the following issues should be 
considered: a) if internal thermocouples are used, they should be replaceable, b) the 
hoses that feed the injector needed better support with more compact configuration of 
hose connections at the top of the injector, c) the injector needs a clamping design to hold 
it in operating position that will tolerate heat and will be easy to operate, and d) the 
injector should be self-supporting when raised clear of the molten salt.

* The off-gas system design demonstrated that a simple length of bare pipe with its 
attendant free convection is sufficient to cool the offgas to a temperature that is compatible 
with the ceramic filter. No active cooling is required. A trap in front of the GSS filter 
proved very valuable in the ETD. If molten salt is blown (or foams) out of the processor, 
the trap will prevent damage to the ceramic filter elements. In addition, the only cooling 
needed after the ceramic filter is the condenser.

* The off-gas system included a steel wire brush in the pipe section exiting the processor 
to prevent salt plugging of this line. This salt brush proved invaluable. However, the 
brush could be more “robust” (i.e., better able to unstick itself) and should enter the top 
of the main processor vessel. If the brush encounters some molten salt at the vessel end 
of the stroke, it must be able to push this aside or tolerate some salt build up on the wall 
without getting stuck. The brush is less likely to get stuck or abort its stroke if the 
system is thoroughly hot when the brush is activated.

* In the present design, the feed system to the reactor could potentially expose the 
operator to hazardous vapors. The feed station should be in a full fume hood to minimize 
exposure hazards from the feed material. Additionally, the feed system should be 
optimized to accept multiple phase liquids and liquids containing suspended particulates 
without allowing significant phase or particle separation or plugging of the pumps and 
feed lines. *

* In the present design, all of the salt was loaded manually into the reaction vessel using 
a barrel turner hanging from an overhead hoist. The salt was poured out of a funnel 
attached to the drum, through a plastic tube and into the processor. This design could 
potentially cause an exposure risk to the operator. A solids conveyor that eliminates salt 
handling on top of the processor and conveys the salt in a more automatic and contained 
fashion should be considered.
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For the MSO/ETD Salt Recycle system, lessons and recommendations for improved 
operation are:

* At present, the entire Salt Recycle system is operated manually. For production use, 
more automation should be provided. For example, the brine filter should have an easier, 
perhaps entirely automatic, system for applying the precoat material. The filter should also 
discharge its filter cake automatically. In addition to filter-related concerns, the valve 
sequencing for the most common brine transfers should be automated.

* Ground salt is presently conveyed to the dissolution tank using a screw conveyor. 
Hold-up of salt in this conveyor proved to be excessive, and migration of moisture from 
the tank into the conveyor caked this remaining salt. A pneumatic type of conveyor would 
seem to be a better choice since it would have negligible salt hold-up. The conveyor should 
be isolated from the moist atmosphere in the dissolution tank.

* Significant amounts of non-soluble mineral residue were found in the spent salt. The 
dissolver tank needs some provision to handle the slurry that results when this salt is 
introduced. This would include a mixer in the tank plus piping and pumps that can move 
these solids and pump them into the filter.

* Spray drying of treated brines proved to require expert set-up and operation. Several 
features of the ETD spray drier should be improved upon for the next-generation system. 
The wet scrubber should receive more design attention in the following areas: water carry­
over from the scrubber into the exhaust piping, and algae growth in the scrubber water.

12. Cost Analysis

Ecology and Environment, Inc. was contracted by the DOE Oakland Operations Office to 
prepare an innovative technology summary report for the molten salt oxidation project [11]. 
The report includes a cost analysis for various feeds. The capital cost for a three vessels 
system with salt recycle and ceramic final forms was estimated at $3.3 M. Without salt 
recycle and ceramic final form, the capital cost drops to $1.8 M. Unit costs for several 
feeds are listed in Table 27.

Table 27: Unit Costs for Various Radioactive Feeds Based on 3-Vessel System (in $/kg)

Feeds MSO(a) (b) Incineration

Halogenated organic liquid 32 338*)

Non-halogenated organic liquid 27 20*)

Ion Exchange resins 44 N/A

(a) 3-vessel system, plus operating cost
(b) estimates from LLNL-HWM

13. Conclusion

An integrated MSO pilot-scale facility has been built and demonstrations conducted since 
December 1997. The facility has been demonstrated with over 20 surrogates and real waste 
streams. Chlorinated solvents and PCB-contaminated oils, two of the difficult low-level
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mixed waste streams at LLNL, were successfully treated in the facility last August with 
good results. The MSO technology appears ready to be fielded and implemented with a 
variety of superfund and DOE low-level mixed wastes.
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BEST ENVIRONMENTAL. INC. San Leandro, CA (510) 278-4011

1.0 Test Results Summary: The average emission rate and destruction efficiency test results for 
the LLNL Bldg. 292 MSO process test program performed on August 18, 19 & 26, 1998 are 
presented below:

MSO PROCESS RTS #1 WASTE FEED EMISSIONS 
SUMMARY TABLE

Test Parameter MSO Inlet Feed MSO Outlet Destruction
Rate Emission Rate Efficiency

MCM (1,1,1 trichloroethane) 24.98 g/min <0.542 ug/min >99.999998
1,1 -dichloroethene 0.41 g/min 1.067 ug/min 99.99974
T etrachloroethene 0.81 g/min <0.175 ug/min >99.999978
Trichloroethene 0.20 g/min <0.197 ug/min >99.999980

Trichloro-trifluoroethane 0.57 g/min <4.372 ug/min >99.999233
Toluene 14.69 g/min 3.775 ug/min 99.999974

Total PCS N.A. N.A. N.A.
Total Dioxin/Furan N.A. 56.061 pg/min N.A.

YOST Volatiles N.A. <31.568 ug/min N.A.
Total MM5 Semi-volatiles N.A. <91.376 ug/min N.A.

Particulate N.A. 0.00011 lbs/hr N.A
Gross Alpha 9,000 pCi/hr 28.55 pCi/hr N.A
Gross Beta 14,100 pCi/hr 16.73 pCi/hr N.A.

Tritium 41,070 pCi/hr 7687.7 pCi/hr N.A
HC1 N.A. <0.0016 g/hr N.A.

MSO PROCESS RTS #2 WASTE FEED EMISSIONS 
SUMMARY TABLE

Test Parameter MSO Inlet Feed 
Rate

MSO Outlet 
Emission Rate

Destruction
Efficiency

MCM (1,1,1 trichloroethane) 0.168 g/min <0.291 ug/min >99.999827
1,1-dichloroethene 0.025 g/min 1.073 ug/min 99.99571
T etrachloroethene N.A. <0.166 ug/min N.A
Trichloroethene N.A <0.187 ug/min N.A

T richloro-trifluoroethane 0.213 g/min <4.151 ug/min >99.99805
Toluene 2.78 g/min 1.069 ug/min 99.999962

Total PCB 0.0233 g/min <0.0414 ug/min >99.99982
Total Dioxin/Furan N.A 108.860 pg/min N.A.

YOST Volatiles N.A. <17.820 ug/min N.A.
Total MM5 Semi-volatiles N.A. <95.854 ug/min N.A.

Particulate N.A. 0.000034 lb s/hr N.A.
Gross Alpha 8.140 pCi/hr 15.53 pCi/hr N.A.
Gross Beta 890 pCi/hr 0.961 pCi/hr N.A.

Tritium 39.700 pCi/hr 3.564.582 pCi/hr N.A.
HC1 N.A. <0.0015 g/hr N.A.
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2.0 Introduction & General Information:

BEST ENVIRONMENTAL. INC. San Leandro. CA (510) 278-4011

Test Date: August 18, 19 & 26, 1998.

Report Date: November 12, 1998.

Source Facility: Lawrence Livermore National Laboratory (LLNL), Bldg. 292 on Vasco Road in 
Livermore, California.

Facility Representative: Mr. Peter Hsu, (925) 422-0317.

Subject: Best Environmental Inc. (BEI) was contracted to provide (in-house) emissions testing 
services on the Molten Salt Oxidation (MSO) pilot plant located at Lawrence Livermore National 
Laboratory (LLNL), Bldg. 292 on Vasco Road in Livermore, California.

Sampling Locations: Sampling was conducted from the sampling ports located on the 1.375” 
i.d. inlet and outlet of the GSS (Gas/Solid Separation) filter and from the catalytic converter 4” 
i.d. outlet stack venting emissions from the MSO process. The sampling ports were located to 
meet EPA criteria (8 duct diameter downstream and 2 duct diameter upstream from any points of 
flow disturbance). For more information on the test locations please refer to the Appendix F- 
Stack Diagrams section in the Appendices.

Sampling Personnel & Test Firm: Regan Best, Dan Gartner, Jeff Mesloh, Phil Romando and 
Mike Wiley of Best Environmental, Inc., (BEI) 15890 Foothill Blvd., San Leandro, CA, 94578.

Observing Personnel: No representatives from the Bay Area Air Quality Management District 
(BAAQMD) were notified or present during the test days as the test program was not for 
compliance purposes. Peter Hsu, David Hippie and Tim Ford of LLNL coordinated operation of 
the MSO process during testing.

Analytical Laboratories: The following analytical laboratories performed analytical work for 
this project:

EPAM23 
EPA M0030 
EPA M0050 
EPA MOO 10

EPA Ml 14

EPA M17

Philip Services Corporation 
5555 North Service Road 
Burlington, Ontario, Canada L7L5H7 
Contact: Ron McLeod (905) 332-8788

FGL
P.O.Box 272
Santa Paula, CA 93601-0272
Contact: Michel M. Franco (805) 525-3824

BEST ENVIRONV1ENTAL, INC 
15890 Foothill BLVD 
San Leandro. CA 94578 
Contact: Michael Wiley (5 10) 278 4011
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BEST ENVIRONMENTAL. INC. San Leandro, CA (5101 278-4011

3.0 Process Description: Molten Salt Oxidation (MSO) is a thermal process being demonstrated 
on a pilot scale for treating low level mixed wastes and energetic materials as an alternative to 
incineration. The MSO process involves the oxidation and vaporization of organic liquid and solid 
waste feeds at high temperature in the presence of molten alkali to destroy organic compounds, 
which produces CO2 and H20 vapors while retaining inorganic components such as metals, 
radionuclides and acid gases in the salt.

The MSO reactor vessel is approximately 9 ft. tall, measuring 11.75” i.d. at the base and 15” i.d. 
at the top. The vessel is surrounded by an electric furnace and equipped with waste feed, air and 
carbonate makeup injection lines. Associated activities include operation of the waste feed system, 
off-gas system, spent salt freeze pan and salt recycle system.

The process begins with the introduction of salt to the reactor and slowly raising the temperature 
to 950 °C. The air and dispersing gas flows are started and raised to normal operating conditions. 
The waste feed flow is then started and brought to the desired level. The injector then sprays the 
liquid and gases into the molten salt where the organics are oxidized and retained in the salt 
matrix. The off-gasses and any particulate are passed to the gas solid separator filter (GSS), 
condenser, HEP A filter, and a NOx/CO catalytic converter before being vented to atmosphere 
outside the building.

For more detail please refer to the process schematics located in the Process Data section of the 
Appendices.
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BEST ENVIRONMENTAL. INC. San Leandro. CA (510) 278-4011

4.0 Test Program: The source test methods and test locations used for each waste feed test series 
are summarized below:

RTS #1 WASTE FEED

Test Location Parameters Test Method Runs Duration

GSS Filter Outlet Filterable Particulate EPA Method 17 3 60 min
Radionuclides EPA Method 114 3 60 min
Volatiles (VOST) EPA Method 0030 9 20 min
HC1 EPA Method 0050 3 60 min
DSCFM EPA Methods 1-4 3 60 min

GSS Filter Inlet Dioxins/Furans EPA Method 23 3 180 min
Semi-Volatiles (MM5) EPA Method 0010 3 180 min

Catalyst Outlet Dioxins/Furans EPA Method 23 1 180 min
Semi-Volatiles (MM5) EPA Method 0010 1 180 min
Volatiles (VOST) EPA Method 0030 3 20 min
Radionuclides EPA Method 114 1 60 min

RTS #2 WASTE FEED

Test Location Parameters Test Method Runs Duration

GSS Filter Outlet Filterable Particulate EPA Method 17 3 60 min
Radionuclides EPA Method 114 3 60 min
Volatiles (VOST) EPA Method 0030 9 20 min
HC1 EPA Method 0050 3 60 min
DSCFM EPA Methods 1-4 3 60 min

GSS Filter Inlet Dioxins/Furans. PCB EPA Method 23 3 180 min
Semi-Volatiles (MM5) EPA Method 0010 3 180 min

Catalyst Outlet Dioxins/Furans. PCB EPA Method 23 1 180 min
Semi-Volatiles (MM5) EPA Method 0010 1 180 min
Volatiles (VOST) EPA Method 0030 3 20 min
Radionuclides EPA Method 114 1 60 min

5.0 Test Methods: This section is intended to provide an overview of the sampling methods and 
does not attempt to summarize the sampling procedures that are described in detail in the 
reference methods.

Volumetric flow rate and moisture determination (EPA Methods 1-4) were performed in 
conjunction with Methods 5 & 23 to determine mass emissions. Analysis for dioxins/flirans.
PCB A and semi-volatile compounds were performed on a single combined sample train.

Method 1 is used to determine the duct or stack area and appropriate traverse points that
represent equal areas of the duct for sampling and velocity measurements. Sampling at the GSS
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inlet and outlet locations were performed at a single point, because of the small duct diameter 
and the use of a relatively large diameter nozzle.

Method 2 is used to determine stack gas velocity using a standard or S-type pitot tube and 
inclined manometer. Temperature is monitored using a K-type thermocouple and calibrated 
Omega temperature meter. Leak checks are performed before and after each traverse to validate 
the results.

Method 2 QA/QC: Pitot leak checks are performed by pressurizing each leg of the pitot 
separately to a pressure greater than 3" H20. The leak check is passed when no movement in the 
manometer fluid occurs over 15 seconds. Thermometer calibrations are performed using an 
Omega Model CL-300 calibrator. Geometric calibrations of S-type pitots are performed every 6- 
months or following any repairs or modifications, according to guidelines in the CARS QA/QC 
Volume VI, Table 3. The pitot is visually inspected for damage before each test.

Method 3A is used to determine the molecular weight of the stack gas. Measurements of gas 
constituents %02 and %C02 were continuously monitored by facility emission analyzers.

Method 4 is used to determine the moisture content in the gas stream by extracting a sample and 
condensing the moisture in impingers containing reagents solutions followed by an impinger 
containing silica gel desiccant. The set-up may vary depending on the primary method it is 
combined with, e.g., EPA Method 23, 0010, 17. The impingers are immersed in an ice-bath 
controlled to maintain an outlet sample temperature of less than 68°F. The moisture gained is 
determined volumetrically and gravimetrically. QAQC: Results are recorded on the field data 
sheet. A minimum of 21 cubic feet of sample is pulled using a leak tight pump. Gas sample 
volume is measured with a calibrated dry gas meter. Sampling system leak checks are performed 
by capping the nozzle and pulling a vacuum greater than 15 inches of mercury, and observing the 
meter rate. The leak check is ok if the leak rate is less than 0.02CFM or 4% of the average 
sample rate, whichever is less. The final leak check is performed at a vacuum at least as high as 
the highest vacuum pulled during the run. If the final leak check exceeds the criteria, then the 
volume will be corrected based on the leak rate at the average rate (or vacuum), or the test will be 
voided, according to the method.

EPA Method 23 is used to determine emissions of Dioxin and Furans. The sampling equipment 
consists of a heated glass-lined probe with pitot and thermocouples, heated filter box, umbilical 
connected to a XAD-2 resin trap, a series of four Greenburg-Smith impingers and a meter control 
module. Front and back half fractions will be analyzed separately using high resolution GC/MS 
following soxhlet extraction. All resin traps are pre-spiked as part of the method QA/QC. Toluene 
is used in place of methylene chloride as a recovery solvent. The XAD-2 trap inlet gas 
temperature will be monitored and recorded every ten minutes by sampling personnel. QA/QC: 
consists of performing sampling system leak checks before and after each test run. Field blanks 
and reagent blanks are collected. All the sampling equipment is calibrated. (See method 5). 
Analytical QA/QC consists of field train blanks, reagent blank, and laboratory blanks, duplicates 
and spikes.
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EPA Method 0010 (Modified Method 5) is used to determine the emissions of semi-volatile 
(b.p. >100 °C) compounds. The sampling equipment consists of a heat-controlled probe, filter 
box, an XAD adsorbing resin trap, four Greenburg-Smith impingers, and a meter control module. 
Isokinetics are maintained by using a programmed HP calculator. All mandatory data is recorded 
on a BEI data sheet. Organic emissions that pass through the heated filter are adsorbed in the 
XAD resin. The sample train components are recovered and extracted. The extracts are combined 
and analyzed using gas chromatography/mass spectrometry (GC/MS) according to EPA Method 
8270 procedures (SW-846). Sampling OA/OC: Same as Method 5. Analytical OAJOC consisted 
of a field train blank, laboratory blanks, duplicates and spikes.

EPA Method 0030 (VOST) is used to determine the emissions of volatile (b.p. <100 °C) 
compounds. The sampling equipment consists of heat-controlled glass probe, water cooled 
condenser, a pair of resin traps (tenax & tenax/charcoal), an impinger between the traps to collect 
liquid condensate. The sampling is non-isokinetic and collects a 20 liter sample at sampling rates 
of 0.5 to 1 liter per minute depending on the boiling points of the compounds of interest. Three 
pairs of traps constitute one test run. All mandatory data is recorded on a BEI data sheet. The 
resin traps are thermally desorbed and analyzed using gas chromatography/mass spectrometry 
(GC/MS) according to EPA Method 8240 procedures (SW-846T Sampling OA/OC: Same as 
Method 5. Analytical OA/OC consisted of a field train blank, laboratory blanks, duplicates and 
spikes.

EPA Method 0050 (~ equivalent to CARB Method 421) is used to determine the emissions of 
Hydrogen Chloride that pass through the probe/filter assembly maintained at 248±25°F. The 
sampling equipment consists of heat-controlled probe, filter box (if required), umbilical, four 
Greenburg-Smith impingers, and a meter control module. Isokinetics (if required) are maintained 
by using a programmed HP calculator. All mandatory data is recorded on a BEI data sheet. 
Condensible gaseous emissions that pass through the filter (rated at 99.95% efficient for 0.3pm 
particles) are collected and recovered from the sample line and back-half of the filter holder. The 
two impingers (containing a solution of 0.1N sodium hydroxide), the third impinger that is left 
empty and the forth impinger containing silica gel desiccant. The impinger solution is analyzed 
using ion chromatography for any of the following; HC1, HN03, HBr, HF, H3PO4, or HSCL The 
impingers are immersed in an ice-bath controlled to maintain an outlet sample temperature of less 
than 68°F. EPA Method 0050 QA/QC: Same as Method 5.

EPA Method 114 is used to measure radionuclides. Radionuclides differ in the chemical and 
physical forms, half-lives and type of radiation emitted. No single method for sample collection 
and analysis is applicable to all types of facilities. For this test program the sample train would be 
in the Method 5 configuration with the filter analyzed for alpha and beta radionuclides and the 
condensed water analyzed for tritium. The precise analytical procedure is determined by the 
laboratory after examination of the sample matrix.

EPA Method 17 is used to determine the filterable particulate emissions. The sampling 
equipment consists of a stainless steel nozzle, an in-stack 47mm Gelman filter holder with glass 
fiber filter, followed by a stainless steel, teflon lined probe. Teflon® transfer line and umbilical to 
four Greenburg-Smith impingers. a pump and a merer control module. The first two impingers 
each contain 100ml of de-ionized water. A third impinger is left empty and the fourth impinger 
contains silica gel desiccant to dry the gas before the pump and gas meter
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BEST ENVIRONMENTAL. INC. San Leandro, CA (510) 278-4011

Filterable particulate is determined gravimetrically from the acetone rinse of the nozzle and the 
filter housing and the filter. The acetone is evaporated and desiccated in a tared beaker or tin, 
then it is weighed to O.Olmg. The filter is desiccated and weighed to O.Olmg. The volume gain in 
the impinger contents and the weight gain in the silica gel are measured and used to determine the 
moisture content of the gas stream.

Isokinetic sampling is maintained by using a programmed HP calculator and the numbers are 
calculated and checked following each run. All mandatory data is recorded on a BEST 
ENVIRONMENTAL, INC (BEI) data sheet. The dry gas meter, pitot, thermocouples, gauges 
and nozzles are all calibrated every 6 to 12 months as specified in CARS QA/QC Volume VI, 
Table 3. Nozzles are calibrated to within 0.001" diameter and are inspected for damage prior to 
each test. Pitot leak checks are performed by pressurizing each leg of the pitot separately to a 
pressure greater than 3" H20. The leak check is passed when no movement in the manometer 
fluid occurs over 15 seconds. Sampling system leak checks are performed before and after each 
test run. The sampling system is leak checked by sealing the nozzle, pulling a vacuum greater than 
15 inches of mercury, and observing the meter rate. If the leak rate is less than 0.02 CFM or 4% 
of the average sample rate, whichever is less, the leak check passes. The final leak check is 
performed at a vacuum at least as high as the highest vacuum pulled during the run.

For sampling system configurations please refer to the diagrams in the Sampling System Diagram 
section of the appendix of this report.
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6.0 Test Results: Tables 1 through 11 on the following pages present the emission results for the 
MSO process at the GSS inlet, GSS outlet and catalytic converter outlet locations. Results are 
shown in micrograms or picograms per dry standard cubic meter concentration and ppt, ppb or 
ppm concentration. Emission rates are shown in picograms or micrograms per minute for ease of 
comparison with the waste feed rates. Emission rates were calculated from flow rates measured 
during the Method 23 or Method 17 test periods. Specific compound removal efficiencies were 
calculated using the waste feed rates as reported by LLNL personnel.

TABULATED DATA

PARAMETER RTS #1 WASTE FEED RTS #2 WASTE FEED

Dioxin/Furan Table 1 Table 2

PCB N.A. Table 3

Semi-Volatiles Table 4 Table 5

Volatiles Table 6 Table 7

Particulate/Radionuclide Table 8 Table 9

HC1 Table 10 Table 11

Calculations, laboratory reports, field data sheets, equipment calibrations, process data, stack 
diagrams and sampling system diagrams are appended to this report. The contents of each 
appendix section are arranged in the same order as the tabulated data (i.e. laboratory section 
begins with dioxin/furan lab results and ends with HC1 results).

7.0 Comments: The GSS inlet location contained high levels of particulate which clogged the 
sample filter and made it difficult to maintain perfect isokinetic sampling rates. A single run from 
each test series was outside the 90%-l 10% range. This would theoretically bias test results 
somewhat higher, although results from these runs do not appear to differ from the others.

Acetone and methylene chloride blanks for Method 23 were mistakenly shipped to the analytical 
laboratory in the same coolers as the VOST tube samples. In the opinion of the laboratory this 
almost certainly resulted in contamination of the sample tubes with these compounds as the trip 
blanks are comparable with the sample blanks. The results are shown in the tables but were not 
included in the summaries.

Results from the triplicate sets of VOST tube pairs tor each run were combined to calculate a 
single result for each compound.
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Reporting of average values for triplicate test run series when test results for individual 
compounds showed both non-detects (<) and detects was decided by majority. That is if two of 
three test results were non-detect than the average was reported as a non-detect.

With the exception of radionuclides and particulate, test results were not corrected for blank
values. California Air Resources Board procedures for toxic emissions calculations generally does
not allow blank correction unless the detected compounds are five times greater than the blank 
values.

The flow measurements at the catalyst outlet were generally higher than at the GSS filter outlet. 
However these measurements are suspect due to the inherent difficulty in measuring such a low 
flow in a relatively large duct area.

The details and results contained within this report are to the best of BEI's knowledge an 
authentic and accurate representation of the test program. If this report is submitted for 
Compliance purposes it should only be reproduced in its entirety.

If you have any questions concerning this report, or if Best Environmental, Inc. can be of any 
further assistance, please contact Regan Best, Guy Worthington or Craig Thiry at (510) 278- 
4011.

Regan Best 
Source Test Manager
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-4011

TABLE 1
RTS #1 Waste Feed 
LLNL Bldg. 292 MSO 

GSS Inlet & Catalytic Converter Outlet 
EPA Method 23 Dioxin / Furan Emission Results

TEST# 1-GSS Inlet 2-GSS Inlet 3-GSS Inlet AVERAGE 1-Cat. Out
TEST DATE 8/18/98 8/18/98 8/19/98 8/18/98

TEST TIME 1016-1326 1413-1707 0918-1308 1428-1726

SAMPLE VOLUME (DSCF) 104.476 116.462 113.493 111.477 151.684

SAMPLE VOLUME (DSCM) 2.959 3.298 3.214 3.157 4.296

FLOW RATE (DSCFM) 13.67 13.34 13.32 13.45 16.48

STACK GAS TEMP. °F 293 351 318 320
02, % vol. dry 12.4 10.0 9.3 10.6
H2Or % vol 5.1 5.1 4.5 4.9

Total C14-Dibenzofurans (TCDF)
total pg 34 35 31 33.3 49
(pg/dscm) 11.491 10.612 9.645 10.583 11.407
(pg/min) 4.449 4.010 3.639 4.033 5.325
ppt MW= 304 0.0009 0.0008 0.0008 0.0008 0.0009

Total C15-Dibenzofurans (PeCDF)
total pg 58 68 56 60.7 94
(pg/dscm) 19.603 20.617 17.423 19.214 21.882
(pg/min) 7.590 7.791 6.573 7.318 10.216
PPt MW= 340 0.0014 0.0015 0.0012 0.0014 0.0015

Total C16-Dibenzofurans (HxCDF)
total pg 16 23 20 19.7 22
(pg/dscm) 5.408 6.974 6.223 6.201 5.121
(pg/min) 2.094 2.635 2.348 2.359 2.391
PPt MW= 374 0.0003 0.0004 0.0004 0.0004 0.0003

Total C17-Dibenzofurans (HpCDF)
total pg <4.2 <6.0 9.2 <6.5 <11.0
(pg/dscm) <1.420 <1.819 2.862 <2.0337 <2.561
(pg/min) <0.550 <0.687 1.080 <0.772 <1.195
ppt MW= 408 <0.0001 <0.0001 0.0002 <0.0001 <0.0002

C18-Dibenzofurans (OCDF)
total pg 7.6 9.0 22 12.9 <8.9
(pg/dscm) 2.569 2729 6.845 4.047 <2.072
(pg/min) 0.995 1.031 2.582 1.536 <0.967
ppt MW= 442 0.0001 0.0001 0.0004 0.0002 <0.0001

Total C14-Dibenzo-p-dioxins (TCDD)
total pg 39 | 50 34 41.0 | 47 i

(pg/dscm) 13.181 | 15.160 10.578 12.973 10.941 i
(pg/min) 5.104 | 5.728 3.991 4.941 5.108 1
PPt MW- 320 0.0010 j 0.0011 0.0008 | 0.0010 0.0008 1
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TABLE 1 Continued...
(page 2 of 2)

LLNL Bldg. 292 MSO 
GSS Inlet & Catalytic Converter Outlet

Total C15-Dibenzo-p-dioxins (PeCDD)
total pg 14 21 13 16.0 27

(pg/dscm) 4.732 6.367 4.045 5.048 6.285
(pg/min) 1.832 2.406 1.526 1.921 2.934
ppt MW= 356 0.0003 0.0004 0.0003 0.0003 0.0004

Total C16-Dibenzo-p-dioxins (HxCDD)
total pg <4.1 11 <7.5 <7.5 <8.1
(pg/dscm) <1.386 3.335 <2.333 <2.351 <1.886
(pg/min) <0.537 1.260 <0.880 <0.892 <0.880
PPt MW= 390 <0.0001 0.0002 <0.0001 <0.0001 <0.0001

Total C17-Dibenzo-p-dioxins (HpCDD)
total pg 8.2 18 30 18.7 10
(pg/dscm) 2.771 5.458 9.334 5.854 2.328
(pg/min) 1.073 2.062 3.521 2.219 1.087
ppt MW= 424 0.0002 0.0003 0.0005 0.0003 0.0001

C18-Dibenzo-p-dioxins (OCDD)
total pg 22 250 500 257.3 97
(pg/dscm) 7.436 75.799 155.564 79.599 22.581
(pg/min) 2.879 28.642 58.689 30.070 10.542
PPt MW= 458 0.0004 0.0040 0.0082 0.0042 0.0012

Where,

DSCFM = Dry Standard Cubic Feet per Minute 

pg/dscm = picograms per dry standard cubic meter 

pg/min = Emission rate, picograms per min 
ppt = part per trillion

Tstd = Standard Temperature, °F = 68

Calculations,

pg/min = 0.02832 * DSCFM * (pg/dscm)
pg/dscm = total pg/ sample vol, dscm

ppt = pg/dscm * 0.0224 * (Tstd + 460) / 492 / MW

‘"reDCrtS'n:'£3ttnimso\ns1aiox.xls - 11/12/98



BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-4011

TABLE 2
RTS #2 Waste Feed 
LLNL Bldg. 292 MSO 

GSS Inlet & Catalytic Converter Outlet 
EPA Method 23 Dioxin / Furan Emission Results

TEST# 1-GSS Inlet 2-GSS Inlet 3-GSS Inlet AVERAGE 1-Cat. Out
TEST DATE 8/26/98 8/26/98 8/26/98 8/26/98

TEST TIME 0903-1216 1309-1616 1636-2002 1210-1510

SAMPLE VOLUME (DSCF) 158.170 126.098 112.188 132.152 132.838
SAMPLE VOLUME (DSCM) 4.479 3.571 3.177 3.743 3.762
FLOW RATE (DSCFM) 14.45 12.99 13.96 13.80 16.27
STACK GAS TEMP. °F 321 341 292 318 390
02l % vol. dry 10.4 10.0 10.0 10.1
H20, % vol 3.2 5.4 5.4 4.7

Total C14-Dibenzofurans (TCDF)
total pg 390 220 510 373.3 14
(pg/dscm) 87.066 61.606 160.521 103.064 3.721
(pg/min) 35.629 22.663 63.461 40.585 1.715
ppt MW= 304 0.0069 0.0049 0.0127 0.0081 0.0003

Total C15-Dibenzofurans (PeCDF)
total pg 66 120 360 182.0 22
(pg/dscm) 14.734 33.603 113.309 53.882 5.848
(pg/min) 6.030 12.362 44.796 21.063 2.695
PPt MW= 340 0.0010 0.0024 0.0080 0.0038 0.0004

Total C16-Dibenzofurans (HxCDF)
total pg 18 31 79 42.7 6
(pg/dscm) 4.018 8.681 24.865 12.521 1.515
(pg/min) 1.644 3.193 9.830 4.889 0.698
PPt MW= 374 0.0003 0.0006 0.0016 0.0008 0.0001

Total C17-Dibenzofurans (HpCDF)
total pg 6.5 14.0 23.0 14.5 <4.2
(pg/dscm) 1.451 3.920 7.239 4.204 <1.116
(pg/min) 0.594 1.442 2.862 1.633 <0.514
ppt MW= 408 0.0001 0.0002 0.0004 0.0002 <0.0001

C18-Dibenzofurans (OCDF)
total pg 13.0 8.9 9 10.3 <7.1
(pg/dscm) 2.902 2.492 2.833 2.742 <1.887
(pg/min) 1.188 0.917 1.120 1.075 <0.870
ppt MW= 442 0.0002 0.0001 0.0002 0.0001 <0.0001

Total C14-Dibenzo-p-dioxins (TCDD)
total pg | 100 94 53 84.0 30
(pg/dscm) | 22.325 26.322 18.255 22.301 7.975

(pg/min) | 9.136 9.683 7.217 8.679 3.574
ppt MW= 320 | 0.0017 0.0020 0.0014 0.0017 0.0006
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TABLE 2 Continued...
(page 2 of 2)

RTS #2 Waste Feed 
LLNL Bldg. 292 MSO 

GSS Inlet & Catalytic Converter Outlet 
ERA Method 23 Dioxin / Furan Emission Results

Total C15-Dibenzo-p-dioxins (PeCDD)
total pg 24 34 15 24.3 8

(pg/dscm) 5.358 9.521 4.721 6.533 1.994

(pg/min) 2.193 3.503 1.867 2.521 0.919

ppt MW= 356 0.0004 0.0006 0.0003 0.0004 0.0001

Total C16-Dibenzo-p-dioxins (HxCDD)
total pg 9 20 10 13 <4.0
(pg/dscm) 2.032 5.601 3.147 3.593 <1.063
(pg/min) 0.831 2.060 1.244 1.379 <0.490
PPt MW= 390 0.0001 0.0003 0.0002 0.0002 <0.0001

Total C17-Dibenzo-p-dioxins (HpCDD)
total pg 12 26 13 17.0 <4.4
(pg/dscm) 2.679 7.281 4.092 4.684 <1.170
(pg/min) 1.096 2.678 1.618 1.797 <0.539
PPt MW= 424 0.0002 0.0004 0.0002 0.0003 <0.0001

C18-Dibenzo-p-dioxins (OCDD)
total pg 290 200 230 240.0 9
(pg/dscm) 64.741 56.005 72.392 64.379 2.392
(pg/min) 26.494 20.603 28.620 25.239 1.102
PPt MW= 458 0.0034 0.0029 0.0038 0.0034 0.0001

Where,

DSCFM = Dry Standard Cubic Feet per Minute 

pg/dscm = picograms per dry standard cubic meter 

pg/min = Emission rate, picograms per min 
ppt = part per trillion

Tstd = Standard Temperature, °F = 68

Calculations,

pg/min = 0.02832 * DSCFM * (pg/dscm)

pg/dscm = total pg/ sample vol, dscm

ppt = pg/dscm * 0.0224 * (Tstd + 460) / 492 / MW
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-4011

TABLE 3
RTS #2 Waste Feed 

LLNL Bldg. 292 MSO 
GSS Inlet & Catalytic Converter Outlet 
ERA Method 23 PCB Emission Results

TEST# 1-GSS Inlet 2-GSS Inlet 3-GSS Inlet AVERAGE 1-Cat. Out
TEST DATE 8/26/98 8/26/98 8/26/98 8/26/98
TEST TIME 0903-1216 1309-1616 1636-2002 1210-1510
SAMPLE VOLUME (DSCF) 158.170 126.098 112.188 132.152 132.838
SAMPLE VOLUME (DSCM) 4.479 3.571 3.177 3.743 3.762
FLOW RATE (DSCFM) 14.45 12.99 13.96 13.80 16.27
STACK GAS TEMP. °F 321 341 292 318 390
02, % vol. dry 10.4 10.0 10.0 10.1
H20, % vol 3.2 5.4 5.4 4.7 '

Chlorobiphenyls (C12H9CI)

total ug <0.073 <0.040 <0.021 <0.045 <0.017
(pg/dscm) <0.0163 <0.0112 <0.0066 <0.0114 <0.0045
(pg/min) <0.0067 <0.0041 <0.0026 <0.0045 <0.0021
ppb MW= 188.7 <0.0021 <0.0014 <0.0008 <0.0014 <0.0006
Dichlorobiphenyls (C12H8CI2)

total ug <0.130 <0.088 <0.019 <0.079 <0.015
(pg/dscm) <0.0290 <0.0246 <0.0060 <0.0199 <0.0040
(pg/min) <0.0119 <0.0091 <0.0024 <0.0078 <0.0018
ppb MW= 223.1 <0.0031 <0.0027 <0.0006 <0.0021 <0.0004
Trichlorobiphenyls (C12H7CI3)

total ug 0.230 <0.016 <0.030 <0.092 <0.018
(pg/dscm) 0.0513 <0.0045 <0.0094 <0.0218 <0.0048
(pg/min) 0.0210 <0.0016 <0.0037 <0.0088 <0.0022
ppb MW= 257.6 0.0048 <0.0004 <0.0009 <0.0020 <0.0004
Tetrachlorobiphenyls (C12H6CI4)

total ug 0.760 <0.053 <0.035 <0.283 <0.054
(pg/dscm) 0.1697 <0.0148 <0.0110 <0.0652 <0.0144
(pg/min) 0.0694 <0.0055 <0.0044 <0.0264 <0.0066
ppb MW= 292.0 0.0140 <0.0012 <0.0009 <0.0054 <0.0012
Pentachlorobiphenyls (C12H5CI5)

total ug 0.230 <0.034 <0.031 <0.098 <0.028
(pg/dscm) 0.0513 <0.0095 <0.0098 <0.0235 <0.0074
(pg/min) 0.0210 <0.0035 <0.0039 <0.0095 <0.0034
ppb MW= 326.4 0.0038 <0.0007 <0.0007 <0.0017 <0.0005
Hexachlorobiphenyis (C12H4CI6)

total ug <0.038 | 0.030 <0.031 <0.033 - <0.021
(pg/dscm) <0.0085 0.0084 <0.0098 <0.0089 <0.0056
(pg/min) <0.0035 | 0.0031 <0.0039 <0.0035 <0.0026
ppb MW= 360.9 <0.0006 0.0006 <0.0006 <0.0006 <0.0004
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TABLE 3 Continued... (page 2 of 2) 
RTS #2 Waste Feed 

LLNL Bldg. 292 MSO 
GSS Inlet & Catalytic Converter Outlet 
EPA Method 23 PCB Emission Results

Heptachlorobiphenyis (C12H3CI7)

total ug <0.034 <0.017 <0.035 <0.029 <0.018

(pg/dscm) <0.0076 <0.0048 <0.0110 <0.0078 <0.0048

(pg/min) <0.0031 <0.0018 <0.0044 <0.0031 <0.0022

ppb MW= 395.3 <0.0005 <0.0003 <0.0007 <0.0005 <0.0003

Octachlorobiphenyls (C12H2CI8)

total ug <0.048 <0.110 <0.043 <0.067 <0.066

(pg/dscm) <0.0107 <0.0308 <0.0135 <0.0184 <0.0175
(pg/min) <0.0044 <0.0113 <0.0054 <0.0070 <0.0081

ppb MW= 429.8 <0.0006 <0.0017 <0.0008 <0.0010 <0.0010

Nonachlorobiphenyls (C12HCI9)
total ug <0.018 <0.038 <0.021 <0.026 <0.027
(pg/dscm) <0.0040 <0.0106 <0.0066 <0.0071 <0.0072
(pg/min) <0.0016 <0.0039 <0.0026 <0.0027 <0.0033
ppb MW= 464.2 <0.0002 <0.0006 <0.0003 <0.0004 <0.0004
Decachlorobiphenyls (C12CI10)

total ug <0.022 <0.022 <0.021 <0.022 <0.023
(pg/dscm) <0.0049 <0.0062 <0.0066 <0.0059 <0.0061
(pg/min) <0.0020 <0.0023 <0.0026 <0.0023 <0.0028
ppb MW= 498.7 <0.0002 <0.0003 <0.0003 <0.0003 <0.0003
Total PCB's
total ug 1.20 0.12 <0.019 0.446 <0.015
(pg/dscm) 0.2679 0.0336 <0.0060 0.1025 <0.0040
(pg/min) 0.1096 0.0124 <0.0024 0.0414 <0.0018

Where,

DSCFM = Dry Standard Cubic Feet per Minute 
pg/dscm = micrograms per dry standard cubic meter 
pg/min = Emission rate, micrograms per minute 

ppb = part per billion 

Tstd = Standard Temperature, °F 68

Calculations,
pg/min = 0.02832 * DSCFM * (pg/dscm)

pg/dscm = total pg/ sample vol, dscm

ppb = pg/dscm * 22.4 * (Tstd + 460) / 492 / MW
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4
RTS #1 WASTE FEED 
LLNL Bldg. 292 MSO 

GSS Inlet & Catalytic Converter Outlet 
EPA Test Method 0010 - Modified Method 5

TEST# 1-GSS Inlet 2-GSS Inlet 3-GSS Inlet AVERAGE 1-Cat. Out
TEST DATE 8/18/98 8/18/98 8/19/98 8/18/98
TEST TIME 1016-1326 1413-1707 0918-1308 " 1428-1726
SAMPLE VOLUME (DSCF) 104.476 116.462 113.493 111.477 151.684
SAMPLE VOLUME (DSCM) 2.959 3.298 3.214 3.157 4.296
FLOW RATE (DSCFM) 13.67 13.34 13.32 13.45 16.48
STACK GAS TEMP. °F 292.5 351.0 317.9 320.5
02, % vol. dry 12.4 10.0 9.3 10.6
H20, % vol 5.1 5.1 4.5 4.9

Aniline
total ug <40 <40 <40 <40 <40
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 93.0 <3.494 <3.135 <3.217 <3.282 <2.407
Phenol
total ug <4.5 <1.2 <1.2 <2.3 <1.2
(ug / dscm) <1.521 <0.364 <0.373 <0.753 <0.279
(ug / min) <0.589 <0.137 <0.141 <0.289 <0.130
ppb MW 94.0 <0.389 <0.093 <0.095 <0.192 <0.071
Bis(2-chloroethyl)ether
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.745
(ug / min) <0.419 <0.367 <0.376 <0.387 <0.348
ppb MW 143.0 <0.182 <0.163 <0.167 <0.171 <0.125
2-Chlorophenol
total ug <2.0 <2.0 <2.0 <2.0 <2.0
(ug / dscm) <0.676 <0.606 <0.622 <0.635 <0.466
(ug / min) <0.262 <0.229 <0.235 <0.242 <0.217
ppb MW 128.6 <0.126 <0.113 <0.116 <0.119 <0.087
1,3-Dichlorobenzene
total ug <6.0 <6.0 <6.0 <6.0 I <6.0
(ug / dscm) <2.028 <1.819 <1.867 <1.905 <1.397
(ug / min) <0.785 <0.687 <0.704 <0.726 <0.652
ppb MW 147.0 <0.332 <0.297 <0.305 | <0.311 <0.228
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 2 of 9)

RTS #1 WASTE FEED
ERA Test Method 0010 - Modified Method 5

1 -4-Dichlorobenzene
total ug <6.0 <6.0 <6.0 <6.0 <6.0
(ug / dscm) <2.028 <1.819 <1.867 <1.905 <1.397
(ug / min) <0.785 <0.687 <0.704 <0.726 <0.652
ppb MW 147.0 <0.332 <0.297 <0.305 <0.311 <0.228

1,2-Dichlorobenzene
total ug <6.8 <6.8 <6.8 <6.8 <6.8
(ug / dscm) <2.298 <2.062 <2.116 <2.159 <1.583
(ug / min) <0.890 <0.779 <0.798 <0.822 <0.739
ppb MW 147.0 <0.376 <0.337 <0.346 <0.353 <0:259

2-Methylphenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.117
(ug / min) <0.628 <0.550 <0.563 <0.580 <0.521
ppb MW 104.1 <0.375 <0.336 <0.345 <0.352 <0.258

Bis(2-chloroisopropyl)ether
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478
ppb MW 132.1 <0.271 <0.243 <0.249 <0.254 <0.186
4-Methylphenol
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.490
(ug / min) <0.838 <0.733 <0.751 <0.774 <0.695
ppb MW 104.1 <0.500 <0.448 <0.460 <0.469 <0.344
N-Nitroso-di-N-Propylamine
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478
ppb MW 130.0 <0.275 <0.247 <0.253 <0.258 <0.189
Hexachloroethane
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478
ppb MW 236.7 <0.151 <0.135 <0.139 <0.142 <0.104
Nitrobenzene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.745
(ug / min) <0.419 <0.367 <0.376 | <0.387 <0.348
ppb MW 123.1 <0.211 <0.189 <0.194 | <0.198 | <0.145
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 3 of 9)

RTS #1 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Isophorone
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 138.2 <0.235 <0.211 <0.216 <0.221 <0.162

2-Nitrophenol
total ug <4.8 <4.8 <4.8 <4.8 9.7
(ug / dscm) <1.622 <1.455 <1.493 <1.524 2.258
(ug / min) <0.628 <0.550 <0.563 <0.580 <1.054
ppb MW 139.1 <0.280 <0.252 <0.258 <0.263 0.390

2,4-Dimethylphenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 122.2 <2.659 <2.386 <2.448 <2.498 <1.832

Bis(2-chloroethoxy)methane
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.117
(ug / min) <0.628 <0.550 <0.563 <0.580 <0.521
ppb MW 173.0 <0.225 <0.202 <0.208 <0.212 <0.155

2,4-Dichlorophenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.117
(ug / min) <0.628 <0.550 <0.563 <0.580 <0.521
ppb MW 163.0 <0.239 <0.215 <0.220 <0.225 <0.165

1,2,4-Trichlorobenzene
total ug <8.8 <8.8 <8.8 <8.8 <8.8
(ug / dscm) <2.974 <2.668 <2.738 <2.793 <2.048
(ug / min) <1.152 <1.008 <1.033 <1.064 <0.956
ppb MW 181.5 <0.394 <0.353 <0.363 <0.370 <0.271

Napthalene
total ug <7.6 <7.6 <7.6 <7.6 <7.6
(ug / dscm) <2.569 <2.304 <2.365 <2.413 <1.769
(ug / min) <0.995 <0.871 <0.892 <0.919 <0.826
ppb MW 128.0 <0.482 <0.433 <0.444 <0.453 <0.332

4-Chloroaniline
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 | <4.695 <4.837 <4.346'
ppb MW 127.6 <2.547 <2.285 | <2.345 <2.392 <1.754
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BEST ENVIRONMENTAL INC San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 4 of 9)

RTS #1 WASTE FEED
ERA Test Method 0010 - Modified Method 5

Hexachlorobutadiene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 260.8 <0.125 <0.112 <0.115 <0.117 <0.086

4-Chloro-3-Methylphenol
total ug <5.6 <5.6 <5.6 <5.6 <5.6
(ug / dscm) <1.893 <1.698 <1.742 <1.778 <1.304
(ug / min) <0.733 <0.642 <0.657 <0.677 <0.608
ppb MW 142.6 <0.319 <0.286 <0.294 <0.300 <0.220

2-Methylnaphthalene
total ug <7.2 <7.2 <7.2 <7.2 <7.2
(ug / dscm) <2.433 <2.183 <2.240 <2.286 <1.676
(ug / min) <0.942 <0.825 <0.845 <0.871 <0.782
ppb MW 142.0 <0.412 <0.370 <0.379 <0.387 <0.284

Hexachlorocyclopentadiene
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 272.8 <1.191 <1.069 <1.097 <1.119 <0.820
2,4,6-Trichlorophenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.117
(ug / min) <0.628 <0.550 <0.563 <0.580 <0.521
ppb MW 197.5 <0.197 <0.177 <0.182 <0.185 <0.136
2,4,5-Trichlorophenol
total ug <6.8 <6.8 <6.8 <6.8 <6.8
(ug / dscm) <2.298 <2.062 <2.116 <2.159 <1.583
(ug / min) <0.890 <0.779 <0.798 <0.822 <0.739
ppb MW 197.5 <0.280 <0.251 <0.258 <0.263 <0.193

2-Chloronaphthalene
total ug <8.8 <8.8 <8.8 <8.8 <8.8
(ug / dscm) <2.974 <2.668 <2.738 <2.793 <2.048
(ug / min) <1.152 <1.008 <1.033 <1.064 <0.956
ppb MW 162.6 <0.440 <0.394 <0.405 <0.413 <0.303
2-Nitroaniline
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 | <4.583 <4.695 <4.837 <4.346
ppb MW 138.1 <2.353 | <2.111 <2.166 <2.210 <1.621 '
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 5 of 9)

RTS #1 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Dimethylphthalate
total ug <2.8 <2.8 <2.8 <2.8 <2.8
(ug / dscm) <0.946 <0.849 <0.871 <0.889 <0.652
(ug / min) <0.366 <0.321 <0.329 <0.339 <0.304
ppb MW 194.2 <0.117 <0.105 <0.108 <0.110 <0.081

Acenaphthylene
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.490
(ug / min) <0.838 <0.733 <0.751 <0.774 <0.695
ppb MW 152.0 <0.342 <0.307 <0.315 <0.321 <0.236

2,6-Dinitrotoluene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 182.1 <0.178 <0.160 <0.164 <0.168 <0.123
3-Nitroaniline
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 138.1 <2.353 <2.111 <2.166 <2.210 <1.621
Acenaphthene
total ug <8.0 <8.0 <8.0 <8.0 <8.0
(ug / dscm) <2.704 <2.426 <2.489 <2.539 <1.862
(ug / min) <1.047 <0.917 <0.939 <0.967 <0.869
ppb MW 154.0 <0.422 <0.379 <0.389 <0.396 <0.291
2,4-Dinitrophenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 184.1 <1.765 <1.584 <1.625 <1.658 <1.216
4-Nitrophenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 139.1 <2.336 <2.096 <2.151 <2.194 <1.609
Dibenzofuran
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.337 <4.346
ppb MW 168.2 <1.932 <1.733 <1.779 <1.315 <1.331
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 6 of 9)

RTS #1 WASTE FEED
ERA Test Method 0010 - Modified Method 5

2,4-Dinitrotoluene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478
ppb MW 182.1 <0.196 <0.176 <0.181 <0.184 <0.135

Diethyl phthalate
total ug 9.9 13 3.1 8.667 <1.6
(ug / dscm) 3.346 3.942 0.964 2.751 <0.372
(ug / min) 1.296 1.489 0.364 1.050 0.174
ppb MW 222.2 0.362 0.426 0.104 0.298 <0.040

4-Chlorophenylphenylether
total ug <7.2 <7.2 <7.2 <7.2 <7.2
(ug / dscm) <2.433 <2.183 <2.240 <2.286 <1.676
(ug / min) <0.942 <0.825 <0.845 <0.871 <0.782
ppb MW 204.7 <0.286 <0.256 <0.263 <0.268 <0.197

Fluorene
total ug <5.2 <5.2 <5.2 <5.2 <5.2
(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.210
(ug / min) <0.680 <0.596 <0.610 <0.629 <0.565
ppb MW 166.0 <0.255 <0.228 <0.234 <0.239 <0.175

4-Nitroaniline
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 138.1 <2.353 <2.111 <2.166 <2.210 <1.621

4,6-Dintro-2-methylphenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.117
(ug / min) <0.628 <0.550 <0.563 <0.580 <0.521
ppb MW 198.1 <0.197 <0.177 <0.181 <0.185 <0.136

N-Nitrosodiphenylamine
total ug <14.0 <14.0 <14.0 <14.0 <14.0
(ug / dscm) <4.732 <4.245 <4.356 <4.444 <3.259
(ug / min) <1.832 <1.604 <1.643 <1.693 <1.521
ppb MW 198.2 <0.574 <0.515 <0.528 <0.539 <0.395

4-Bromophenylphenylether
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.490
(ug / min) <0.838 <0.733 <0.751 <0.774 <0.695.
ppb MW 221.5 <0.235 <0.211 <0.216 <0.220 <0.162
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 7 of 9)

RTS #1 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Hexachlorobenzene
total uq <4.0 <4.0 <4.0 <4.0 <4.0

(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 284.8 <0.114 <0.102 <0.105 <0.107 <0.079

Pentachlorophenol
total ug <6.0 <6.0 <6.0 <6.0 <6.0
(ug / dscm) <2.028 <1.819 <1.867 <1.905 <1.397
(ug / min) <0.785 <0.687 <0.704 <0.726 <0.652
ppb MW 266.3 <0.183 <0.164 <0.169 <0.172 <0.126

Phenanthrene
total ug 19 3.7 4.0 8.9 <2.4
(ug / dscm) 6.422 1.122 1.245 2.929 <0.559
(ug / min) 2.486 0.424 0.470 1.127 0.261
ppb MW 176.0 0.877 0.153 0.170 0.400 <0.076

Anthracene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478
ppb MW 176.0 <0.203 <0.182 <0.187 <0.191 <0.140

Carbazole
total ug <1.2 <1.2 <1.2 <1.2 <1.2
(ug / dscm) <0.406 <0.364 <0.373 <0.381 <0.279
(ug / min) <0.157 <0.137 <0.141 <0.145 <0.130
ppb MW 167.0 <0.058 <0.052 <0.054 <0.055 | <0.040

Di-n-butyl phthalate
total ug 31 21 9.8 20.6 <4.0
(ug / dscm) 10.477 6.367 3.049 6.631 <0.931
(ug / min) 4.057 2.406 1.150 2.538 0.435
ppb MW 278.4 0.905 0.550 0.263 0.573 <0.080

Fluoranthene
total ug 16 <4.0 <4.0 <8.0 <4.0
(ug / dscm) 5.408 <1.213 <1.245 <2.622 I <0.931

(ug / min) 2.094 <0.458 <0.470 <1.007 <0.435
ppb MW 202.0 0.644 <0.144 <0.148 <0.312 <0.111
Pyrene
total ug 9.3 <2.0 <2.0 <4.4 <2.0
(ug / dscm) 3.143 <0.606 <0.622 <1.457 <0.466
(ug / min) 1.217 <0.229 <0.235 <0.560 <0.217
ppb MW 202.0 0.374 <0.072 <0.074 <0.173 <0.055
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 8 of 9)

RTS #1 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Benzyl butyl phthalate
total ug <5.2 <5.2 <5.2 <5.2 <5.2

(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.210
(ug / min) <0.680 <0.596 <0.610 <0.629 <0.565
ppb MW 312.4 <0.135 <0.121 <0.124 <0.127 <0.093

3,3-Dichlorobenzidine
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <9.311
(ug / min) <5.234 <4.583 <4.695 <4.837 <4.346
ppb MW 253.1 <1.284 <1.152 <1.182 <1.206 <0.884

Benzo(a)anthracene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.745
(ug / min) <0.419 <0.367 <0.376 <0.387 <0.348
ppb MW 228.0 <0.114 <0.102 <0.105 <0.107 <0.079

Chrysene
total ug 2.0 <2.0 <2.0 <2.0 <2.0
(ug / dscm) 0.676 <0.606 <0.622 <0.635 <0.466
(ug / min) 0.262 <0.229 <0.235 <0.242 <0.217
ppb MW 228.0 0.071 <0.064 <0.066 <0.067 <0.049

Bis(2-ethylhexyl)phthalate
total ug 21.0 19.0 25.0 21.7 11.0
(ug / dscm) 7.098 5.761 7.778 6.879 2.561
(ug / min) 2.748 2.177 2.934 2.620 1.195
ppb MW 390.6 0.437 0.355 0.479 0.423 0.158
Di-n-octyl phthalate
total ug <5.2 <5.2 <5.2 <5.2 <5.2
(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.210
(ug / min) <0.680 <0.596 <0.610 <0.629 <0.565
ppb MW 390.6 <0.108 <0.097 <0.100 <0.102 <0.074

Benzo(b)fluoranthene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 252.0 <0.129 <0.116 <0.119 <0.121 <0.089

Benzo(k)fluoranthene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.024
(ug / min) <0.576 <0.504 <0.516 <0.532 <0.478.
ppb MW 252.0 <0.142 | <0.127 <0.131 <0.133 | <0.098
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-401

TABLE 4 Continued...
(page 9 of 9)

RTS #1 WASTE FEED
ERA Test Method 0010 - Modified Method 5

Benzo(a)pyrene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.745
(ug / min) <0.419 <0.367 <0.376 <0.387 <0.348
ppb MW 252.0 <0.103 <0.093 <0.095 <0.097 <0.071

lndeno(1,2,3-cd)pyrene
total ug <2.4 <2.4 <2.4 <2.4 <2.4
(ug / dscm) <0.811 <0.728 <0.747 <0.762 <0.559
(ug / min) <0.314 <0.275 <0.282 <0.290 <0.261
ppb MW 276.0 <0.071 <0.063 <0.065 <0.066 <0.049

Dibenzo(a,h)anthracene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <0.931
(ug / min) <0.523 <0.458 <0.470 <0.484 <0.435
ppb MW 278.0 <0.117 <0.105 <0.108 <0.110 <0.081

Benzo(ghi)perylene
total ug <2.8 <2.8 <2.8 <2.8 <2.8
(ug / dscm) <0.946 <0.849 <0.871 <0.889 <0.652
(ug / min) <0.366 <0.321 <0.329 <0.339 <0.304
ppb MW 276.0 <0.082 <0.074 <0.076 <0.077 <0.057

Definitions:
DSCFM = Dry Standard Cubic Feet per Minute 

ug / dscm = microgram per dry standard cubic meter 

ug / min = emission rate, micrograms per minute 

ppb = parts per billion 
T std. = Standard Temerature, °F = 68

Calculations:
DSCM = DSCF * 0.02832

ug /min = 0.02832 * DSCFM * (ug / dscm)

ug / dscm = total ug / sample vol., dscm

ppb = ug / dscm * 22.4 * (T std. + 460) / 492 / M.W.
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San Leandro, CA (510) 278-4011BEST ENVIRONMENTAL INC.,

TABLE 5
RTS #2 WASTE FEED 
LLNL Bldg. 292 MSO 

GSS Inlet & Catalytic Converter Outlet 
EPA Test Method 0010 - Modified Method 5

TEST# 1GSS -Inlet 2-GSS Inlet 3-GSS Inlet AVERAGE 1-Cat. Out
TEST DATE 8/26/98 8/26/98 8/26/98 8/26/98
TEST TIME 0903-1216 1309-1616 1636-2002 1210-1510
SAMPLE VOLUME (DSCF) 158.170 126.098 112.188 111.477 132.838
SAMPLE VOLUME (DSCM) 2.959 3.298 3.214 3.157 3.762
FLOW RATE (DSCFM) 14.45 12.99 13.96 13.45 16.27
STACK GAS TEMP. °F 320.6 340.5 292.1 320.5 390
02, % vol. dry 10.4 10.0 9.3 10.6
H20, % vol 3.2 5.4 4.5 4.9

Aniline
total ug <40 <40 <40 <40 <40
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 93.0 <3.494 <3.135 <3.217 <3.282 <2.748

Phenol
total ug <1.2 <1.2 <1.2 <1.2 <1.2
(ug / dscm) <0.406 <0.364 <0.373 <0.381 <0.319
(ug / min) <0.166 <0.134 <0.148 <0.149 <0.147
ppb MW 94.0 <0.104 <0.093 <0.095 <0.097 <0.082

Bis(2-chloroethyl)ether
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.851
(ug / min) <0.443 <0.357 <0.394 <0.398 <0.392
ppb MW 143.0 <0.182 <0.163 <0.167 <0.171 <0.143

2-Chlorophenol
total ug <2.0 <2.0 <2.0 <2.0 <2.0
(ug / dscm) <0.676 <0.606 <0.622 <0.635 <0.532
(ug / min) <0.277 <0.223 <0.246 <0.249 <0.245
ppb MW 128.6 <0.126 <0.113 <0.116 <0.119 <0.099

1,3-Dichlorobenzene
total ug <6.0 <6.0 <6.0 <6.0 <6.0
(ug / dscm) <2.028 | <1.819 <1.867 <1.905 <1.595
(ug / min) <0.830 <0.669 <0.738 <0.746 <0.735
ppb MW 147.0 <0.332 <0.297 <0.305 <0.311 <0.261
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TABLE 5 Continued...
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RTS #2 WASTE FEED
ERA Test Method 0010 - Modified Method 5

1 -4-Dichlorobenzene
total ug <6.0 <6.0 <6.0 <6.0 <6.0
(ug / dscm) <2.028 <1.819 <1.867 <1.905 <1.595
(ug / min) <0.830 <0.669 <0.738 <0.746 <0.735
ppb MW 147.0 <0.332 <0.297 <0.305 <0.311 <0.261

1,2-Dichlorobenzene
total ug <6.8 <6.8 <6.8 <6.8 <6.8
(ug / dscm) <2.298 <2.062 <2.116 <2.159 <1.808
(ug / min) <0.941 <0.758 <0.836 <0.845 <0.833
ppb MW 147.0 <0.376 <0.337 <0.346 <0.353 <0.296

2-Methylphenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.276
(ug / min) <0.664 <0.535 <0.590 <0.597 <0.588
ppb MW 104.1 <0.375 <0.336 <0.345 <0.352 <0.295

Bis(2-chloroisopropyl)ether
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 132.1 <0.271 <0.243 <0.249 <0.254 <0.213

4-Methylphenol
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.701
(ug / min) <0.885 <0.714 <0.787 <0.795 <0.784
ppb MW 104.1 <0.500 <0.448 <0.460 <0.469 <0.393

N-Nitroso-di-N-Propylamine
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 130.0 <0.275 <0.247 <0.253 <0.258 <0.216

Hexachloroethane
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 236.7 <0.151 <0.135 <0.139 <0.142 <0.119

Nitrobenzene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.851
(ug / min) <0.443 <0.357 <0.394 <0.398 <0.392
ppb MW 123.1 <0.211 <0.189 <0.194 <0.198 <0.166
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TABLE 5 Continued...
(page 3 of 9)

RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Isophorone
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 138.2 <0.235 <0.211 <0.216 <0.221 <0.185

2-Nitrophenol
total ug <4.8 <4.8 <4.8 <4.8 9.7
(ug / dscm) <1.622 <1.455 <1.493 <1.524 2.578
(ug / min) <0.664 <0.535 <0.590 <0.597 <1.188
ppb MW 139.1 <0.280 <0.252 <0.258 <0.263 0.446

2,4-Dimethylphenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 122.2 <2.659 <2.386 <2.448 <2.498 <2.092

Bis(2-chloroethoxy)methane
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.276
(ug / min) <0.664 <0.535 <0.590 <0.597 <0.588
ppb MW 173.0 <0.225 <0.202 <0.208 <0.212 <0.177

2,4-Dichlorophenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.276
(ug / min) <0.664 <0.535 <0.590 <0.597 <0.588
ppb MW 163.0 <0.239 <0.215 <0.220 <0.225 <0.188

1,2,4-T richlorobenzene
total ug <8.8 <8.8 <8.8 <8.8 <8.8
(ug / dscm) <2.974 <2.668 <2.738 <2.793 <2.339
(ug / min) <1.217 <0.982 <1.082 <1.094 <1.078
ppb MW 181.5 <0.394 <0.353 <0.363 <0.370 <0.310

Napthalene
total ug <7.6 <7.6 <7.6 <7.6 <7.6
(ug / dscm) <2.569 <2.304 <2.365 <2.413 <2.020
(ug / min) <1.051 <0.848 <0.935 <0.945 <0.931
ppb MW 128.0 <0.482 <0.433 <0.444 <0.453 <0.379

4-Chloroaniline
total ug <40.0 <40.0 | <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 ! <4.920 <4.971 <4.899
ppb MW 127.6 <2.547 <2.285 <2.345 <2.392 <2.003
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TABLE 5 Continued...
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RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Hexachlorobutadiene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 260.8 <0.125 <0.112 <0.115 <0.117 <0.098

4-Chloro-3-Methylphenol
total ug <5.6 <5.6 <5.6 <5.6 <5.6
(ug / dscm) <1.893 <1.698 <1.742 <1.778 <1.489
(ug / min) <0.775 <0.625 <0.689 <0.696 <0.686
ppb MW 142.6 <0.319 <0.286 <0.294 <0.300 <0.251

2-Methylnaphthalene
total ug <7.2 <7.2 <7.2 <7.2 <7.2
(ug / dscm) <2.433 <2.183 <2.240 <2.286 <1.914
(ug / min) <0.996 <0.803 <0.886 <0.895 <0.882
ppb MW 142.0 <0.412 <0.370 <0.379 <0.387 <0.324

Hexachlorocyciopentadiene
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 272.8 <1.191 <1.069 <1.097 <1.119 <0.937
2,4,6-Trichlorophenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.276
(ug / min) <0.664 <0.535 <0.590 <0.597 <0.588
ppb MW 197.5 <0.197 <0.177 <0.182 <0.185 <0.155

2,4,5-Trichlorophenol
total ug <6.8 <6.8 <6.8 <6.8 <6.8
(ug / dscm) <2.298 <2.062 <2.116 <2.159 <1.808
(ug / min) <0.941 <0.758 <0.836 <0.845 <0.833
ppb MW 197.5 <0.280 <0.251 <0.258 <0.263 <0.220

2-Chloronaphthalene
total ug <8.8 <8.8 <8.8 <8.8 <8.8 |
(ug / dscm) <2.974 <2.668 <2.738 <2.793 <2.339
(ug / min) <1.217 <0.982 <1.082 <1.094 <1.078
ppb MW 162.6 <0.440 <0.394 <0.405 <0.413 <0.346

2-Nitroaniiine
total ug <40.0 <40.0 <40.0 <40.0 <40.0 I
(ug / dscm) <13.519 | <12.128 <12.445 <12.697 <10.633 i
(ug / min) <5.532 | <4.462 <4.920 <4.971 <4.899
ppb MW 138.1 <2.353 <2.111 <2.166 | <2.210 | <1.351
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-4011

TABLE 5 Continued...
(page 5 of 9)

RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Dimethylphthalate
total ug <2.8 <2.8 <2.8 <2.8 <2.8
(ug / dscm) <0.946 <0.849 <0.871 <0.889 <0.744
(ug / min) <0.387 <0.312 <0.344 <0.348 <0.343
ppb MW 194.2 <0.117 <0.105 <0.108 <0.110 <0.092

Acenaphthylene
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.701
(ug / min) <0.885 <0.714 <0.787 <0.795 <0.784
ppb MW 152.0 <0.342 <0.307 <0.315 <0.321 <0.269

2,6-Dinitrotoluene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 182.1 <0.178 <0.160 <0.164 <0.168 <0.140

3-NitroaniIine
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 138.1 <2.353 <2.111 <2.166 <2.210 <1.851

Acenaphthene
total ug <8.0 <8.0 <8.0 <8.0 <8.0
(ug / dscm) <2.704 <2.426 <2.489 <2.539 <2.127
(ug / min) <1.106 <0.892 <0.984 <0.994 <0.980
ppb MW 154.0 <0.422 <0.379 <0.389 <0.396 <0.332

2,4-Dinitrophenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 184.1 <1.765 <1.584 <1.625 <1.658 <1.388

4-Nitrophenol
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 139.1 <2.336 <2.096 <2.151 <2.194 <1.838

Dibenzofuran
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 | <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 168.2 <1.932 <1.733 <1.779 <1.815 <1.520
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TABLE 5 Continued...
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RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

2,4-Dinitrotoluene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 182.1 <0.196 <0.176 <0.181 <0.184 <0.154

Diethyl phthalate
total ug 150.0 2.0 <1.6 51.200 <1.6
(ug / dscm) 50.697 0.606 <0.498 17.267 <0.425
(ug / min) 20.746 0.223 <0.197 7.055 0.196
ppb MW 222.2 5.485 0.066 <0.054 1.868 <0.046

4-Chlorophenylphenylether
total ug <7.2 <7.2 <7.2 <7.2 <7.2
(ug / dscm) <2.433 <2.183 <2.240 <2.286 <1.914
(ug / min) <0.996 <0.803 <0.886 <0.895 <0.882
ppb MW 204.7 <0.286 <0.256 <0.263 <0.268 <0.225

Fluorene
total ug <5.2 <5.2 <5.2 <5.2 <5.2
(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.382
(ug / min) <0.719 <0.580 <0.640 <0.646 <0.637
ppb MW 166.0 <0.255 <0.228 <0.234 <0.239 <0.200

4-Nitroaniiine
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 138.1 <2.353 <2.111 <2.166 <2.210 <1.851

4,6-Dintro-2-methylphenol
total ug <4.8 <4.8 <4.8 <4.8 <4.8
(ug / dscm) <1.622 <1.455 <1.493 <1.524 <1.276
(ug / min) <0.664 <0.535 <0.590 <0.597 <0.588
ppb MW 198.1 <0.197 <0.177 <0.181 <0.185 <0.155

N-Nitrosodiphenylamine
total ug <14.0 <14.0 <14.0 <14.0 <14.0
(ug / dscm) <4.732 <4.245 <4.356 <4.444 <3.721
(ug / min) <1.936 <1.562 <1.722 <1.740 <1.715
ppb MW 198.2 <0.574 <0.515 <0.528 <0.539 <0.451

4-Bromophenylphenylether
total ug <6.4 <6.4 <6.4 <6.4 <6.4
(ug / dscm) <2.163 <1.940 <1.991 <2.032 <1.701
(ug / min) <0.885 <0.714 <0.787 <0.795 <0.784
ppb MW 221.5 <0.235 <0.211 <0.216 <0.220 <0.185
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TABLE 5 Continued...
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RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Hexachlorobenzene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 284.8 <0.114 <0.102 <0.105 <0.107 <0.090

Pentachlorophenol
total ug <6.0 <6.0 <6.0 <6.0 <6.0
(ug / dscm) <2.028 <1.819 <1.867 <1.905 <1.595
(ug / min) <0.830 <0.669 <0.738 <0.746 <0.735
ppb MW 266.3 <0.183 <0.164 <0.169 <0.172 <0.144

Phenanthrene
total ug 4.50 2.50 <2.40 3.1 <2.4
(ug / dscm) 1.521 0.758 <0.747 1.009 <0.638
(ug / min) 0.622 0.279 <0.295 0.399 0.294
ppb MW 176.0 0.208 0.104 <0.102 0.138 <0.087

Anthracene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 176.0 <0.203 <0.182 <0.187 <0.191 <0.160

Carbazole
total ug <1.2 <1.2 <1.2 <1.2 <1.2
(ug / dscm) <0.406 <0.364 <0.373 <0.381 <0.319
(ug / min) <0.166 <0.134 <0.148 <0.149 <0.147
ppb MW 167.0 <0.058 <0.052 <0.054 <0.055 <0.046

Di-n-butyl phthalate
total ug 18 4 <4.0 8.7 <4.0
(ug / dscm) 6.084 1.213 <1.245 2.847 <1.063
(ug / min) 2.490 0.446 <0.492 1.143 0.490
ppb MW 278.4 0.525 0.105 <0.107 0.246 <0.092

Fluoranthene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 | <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 | <0.446 <0.492 <0.497 <0.490
ppb MW 202.0 <0.161 <0.144 <0.148 <0.151 <0.127

Pyrene

total ug <2.0 <2.0 <2.0 <2.0 <2.0
(ug / dscm) <0.676 <0.606 <0.622 <0.635 <0.532
(ug / min) <0.277 <0.223 <0.246 <0.249 <0.245
ppb MW 202.0 <0.080 <0.072 <0.074 <0.076 <0.063
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TABLE 5 Continued...
(page 8 of 9)

RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Benzyl butyl phthalate
total ug <5.2 <5.2 <5.2 <5.2 <5.2
(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.382
(ug / min) <0.719 <0.580 <0.640 <0.646 <0.637
ppb MW 312.4 <0.135 <0.121 <0.124 <0.127 <0.106

3,3-Dichlorobenzidine
total ug <40.0 <40.0 <40.0 <40.0 <40.0
(ug / dscm) <13.519 <12.128 <12.445 <12.697 <10.633
(ug / min) <5.532 <4.462 <4.920 <4.971 <4.899
ppb MW 253.1 <1.284 <1.152 <1.182 <1.206 <1.010

Benzo(a)anthracene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.851
(ug / min) <0.443 <0.357 <0.394 <0.398 <0.392
ppb MW 228.0 <0.114 <0.102 <0.105 <0.107 <0.090

Chrysene
total ug <2.0 <2.0 <2.0 <2.0 <2.0
(ug / dscm) <0.676 <0.606 <0.622 <0.635 <0.532
(ug / min) <0.277 <0.223 <0.246 <0.249 <0.245
ppb MW 228.0 <0.071 <0.064 <0.066 <0.067 <0.056

Bis(2-ethylhexyl)phthalate
total ug 15.0 23.0 11.0 16.3 <8.0
(ug / dscm) 5.070 6.974 3.422 5.155 <2.127
(ug / min) 2.075 2.565 1.353 1.998 <0.980
ppb MW 390.6 0.312 0.429 0.211 0.317 <0.131

Di-n-octyl phthalate
total ug <5.2 <5.2 <5.2 <5.2 <5.2
(ug / dscm) <1.757 <1.577 <1.618 <1.651 <1.382
(ug / min) <0.719 <0.580 <0.640 <0.646 <0.637
ppb MW 390.6 <0.108 <0.097 <0.100 <0.102 <0.085

Benzo(b)fluoranthene
total ug <4.0 <4.0 <4.0 | <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 252.0 <0.129 <0.116 <0.119 | <0.121 <0.101

Benzo(k)fluoranthene
total ug <4.4 <4.4 <4.4 <4.4 <4.4
(ug / dscm) <1.487 <1.334 <1.369 <1.397 <1.170
(ug / min) <0.609 <0.491 <0.541 <0.547 <0.539
ppb MW 252.0 <0.142 <0.127 <0.131 <0.133 <0.112
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TABLE 5 Continued...
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RTS #2 WASTE FEED
EPA Test Method 0010 - Modified Method 5

Benzo(a)pyrene
total ug <3.2 <3.2 <3.2 <3.2 <3.2
(ug / dscm) <1.082 <0.970 <0.996 <1.016 <0.851
(ug / min) <0.443 <0.357 <0.394 <0.398 <0.392
ppb MW 252.0 <0.103 <0.093 <0.095 <0.097 <0.081

lndeno(1,2,3-cd)pyrene
total ug <2.4 <2.4 <2.4 <2.4 <2.4
(ug / dscm) <0.811 <0.728 <0.747 <0.762 <0.638
(ug / min) <0.332 <0.268 <0.295 <0.298 <0.294
ppb MW 276.0 <0.071 <0.063 <0.065 <0.066 <0.056

Dibenzo(a,h)anthracene
total ug <4.0 <4.0 <4.0 <4.0 <4.0
(ug / dscm) <1.352 <1.213 <1.245 <1.270 <1.063
(ug / min) <0.553 <0.446 <0.492 <0.497 <0.490
ppb MW 278.0 <0.117 <0.105 <0.108 <0.110 <0.092

Benzo(ghi)perylene
total ug <2.8 <2.8 <2.8 <2.8 <2.8
(ug / dscm) <0.946 <0.849 <0.871 <0.889 <0.744
(ug / min) <0.387 <0.312 <0.344 <0.348 <0.343
ppb MW 276.0 <0.082 <0.074 <0.076 <0.077 <0.065

Definitions:
DSCFM = Dry Standard Cubic Feet per Minute 

ug / dscm = microgram per dry standard cubic meter 

ug / sec = emission rate, micrograms per second 

ppb = parts per billion 
T std. = Standard Temerature, °F = 68

Calculations:
DSCM = DSCF * 0.02832 

ug /min = 0.02832 * DSCFM * (ug / dscm) 

ug / dscm = total ug / sample vol., dscm 

ppb = ug/dscm * 22.4 * (T std. + 460) /492/ M.W.

f:\reocrts\rb\S8Mlnimsovrrs2C010 xis - f 2/4/98 34



BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-4011

TABLE 6
LLNL Bldg. 292 MSO

GSS Filters Catalytic Converter Outlets - RTS #1 Waste Feed Volatile Emissions
EPA Test Method 0030 - VOST

TEST# 1-GSS Out 2-GSS Out 3-GSS Out AVERAGE Cat. Out
TEST DATE 8/18/98 8/18/98 8/18/98 8/18/98
TEST TIME 1059-1215 1234-1350 1424-1546 1614-1740
SAMPLE VOLUME (Std. liters) 57.020 53.690 54.309 55.006 58.688
SAMPLE VOLUME (DSCM) 0.057 0.054 0.054 0.055 0.059
FLOW RATE (DSCFM) 14.66 14.27 13.52 14.15 16.48

Chloromethane
total pg 1.120 0.330 3.940 1.797 0.178
(pg / dscm) 19.642 6.146 72.548 32.779 3.033
(pg / min) 8.155 2.484 27.778 12.805 1.416
ppb MW = 50.5 9.350 2.926 34.534 15.603 1.444
Bromomethane
total pg 0.191 0.029 0.096 0.105 0.172
(pg / dscm) 3.350 0.540 1.768 1.886 2.931
(pg / min) 1.391 0.218 0.677 0.762 1.368
ppb MW = 95.0 0.848 0.137 0.447 0.477 0.742
Vinyl Chloride
total pg <0.039 <0.039 <0.039 <0.039 <0.039
(pg / dscm) <0.684 <0.726 <0.718 <0.709 <0.665
(pg / min) <0.284 <0.294 <0.275 <0.284 <0.310
ppb MW = 62.5 <0.263 <0.279 <0.276 <0.273 <0.256
Chloroethane
total pg <0.0210 <0.0210 <0.0210 <0.0210 <0.0210
(pg / dscm) <0.3683 <0.3911 <0.3867 <0.3820 <0.3578
(pg / min) <0.1529 <0.1581 <0.1481 <0.1530 <0.1670
ppb MW = 64.5 <0.1372 <0.1457 <0.1441 <0.1423 <0.1333
Methylene Chloride
total pg 9.900 6.600 4.210 6.903 3.700
(pg / dscm) 173.624 122.927 77.519 124.690 63.045
(pg / min) 72.084 49.678 29.681 50.481 29.424
ppb MW = 84.9 49.161 34.806 21.949 35.305 17.851
Acetone
total pg 7.400 11.800 1.550 6.917 0.830
(pg / dscm) 129.780 219.779 28.540 126.033 14.143
(pg / min) 53.881 88.819 10.928 51.209 6.601
ppb MW = 58.1 53.715 90.966 11.813 52.165 5.854
Carbon Disulfide
total pg <0.054 <0.054 <0.054 <0.054 <0.054
(pg / dscm) <0.947 <1.006 <0.994 <0.982 <0.920
(pg / min) <0.393 <0.406 <0.381 <0.393 <0.429
ppb MW = 76.1 <0.299 <0.318 <0.314 <0.310 <0.291

r\reocrtsvb\98MlnimsoVrts1C030.xls - 12/4/S8 35



San Leandro, CA (510) 278-4011BEST ENVIRONMENTAL INC.,

TABLE 6 - cont. (page 2 of 4)
GSS Filter Outlet - RTS #1 Waste Feed Volatile Emissions 

EPA Test Method 0030 - VOST
1,1 -Dichloroethene
total fig 0.268 0.106 0.064 0.146 0.142
(fig / dscm) 4.700 1.974 1.178 2.618 2.420
(fig / min) 1.951 0.798 0.451 1.067 1.129
ppb MW = 97.0 1.165 0.489 0.292 0.649 0.600
1,1-Dichloroethane
total fig <0.012 <0.012 <0.012 <0.012 <0.012
(fig / dscm) <0.210 <0.224 <0.221 <0.218 <0.204
(ng / min) <0.087 <0.090 <0.085 <0.087 <0.095
ppb MW = 99.0 <0.051 <0.054 <0.054 <0.053 <0.050
1,2-Dichloroethene
total fig <0.021 <0.021 <0.021 <0.021 <0.021
(fig / dscm) <0.368 <0.391 <0.387 <0.382 <0.358
(jig / min) <0.153 <0.158 <0.148 <0.153 <0.167
ppb MW = 97.0 <0.091 <0.097 <0.096 <0.095 <0.089
Chloroform
total fig <0.024 <0.024 <0.024 <0.024 <0.024
(ptg / dscm) <0.421 <0.447 <0.442 <0.437 <0.409
(fig / min) <0.175 <0.181 <0.169 <0.175 <0.191
ppb MW = 119.4 <0.085 <0.090 <0.089 <0.088 <0.082
1,2-Dichlorethane
total fig <0.018 <0.018 <0.018 <0.018 <0.018
(fig / dscm) <0.316 <0.335 <0.331 <0.327 <0.307
(fig / min) <0.131 <0.135 <0.127 <0.131 <0.143
ppb MW = 99.0 <0.077 <0.081 <0.080 <0.080 <0.074
2-Butanone
total fig <0.108 0.190 <0.108 <0.135 <0.108
(fig / dscm) <1.894 3.539 <1.989 <2.474 <1.840
(ng / min) <0.786 1.430 <0.761 <0.993 <0.859
ppb MW = 72.1 <0.631 1.180 <0.663 <0.825 <0.613
1,1,1-Trichloroethane
total fig 0.137 <0.044 <0.042 <0.074 0.250
(fig / dscm) 2.403 <0.820 <0.773 <1.332 4.260
(fig / min) 0.998 <0.331 <0.296 <0.542 1.988
ppb MW = 133.4 0.433 <0.148 <0.139 <0.240 0.768
Carbon Tetrachloride
total fig <0.048 <0.048 <0.048 <0.048 <0.048
(fig / dscm) <0.842 <0.894 <0.884 <0.873 <0.818
(fig / min) <0.349 <0.361 <0.338 <0.350 <0.382
ppb MW = 153.8 <0.132 <0.140 <0.138 <0.136 <0.128
Bromodichloromethane
total ug <0.033 <0.033 <0.033 <0.033 <0.033
(fig / dscm) <0.579 <0.615 <0.608 <0.600 <0.562
(fig / min) <0.240 <0.248 <0.233 <0.240 <0.262
ppb MW = 163.8 <0.085 <0.090 <0.089 <0.088 | <0.083
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San Leandro, CA (510) 278-4011BEST ENVIRONMENTAL INC.,

TABLE 6 - cont. (page 3 of 4)
GSS Filter Outlet - RTS #1 Waste Feed Volatile Emissions 

EPA Test Method 0030 - VOST
1,2-Dichloropropane
total pg <0.024 0.150 <0.024 <0.066 <0.024
(pg / dscm) <0.421 2.794 <0.442 <1.219 <0.409
(pg / min) <0.175 1.129 <0.169 <0.491 <0.191
ppb MW = 113.0 <0.090 0.594 <0.094 <0.259 <0.087
cis-1,3-Dichloropropene
total pg <0.021 <0.021 <0.021 <0.021 <0.021
(pg / dscm) <0.368 <0.391 <0.387 <0.382 <0.358
(pg / min) <0.153 <0.158 <0.148 <0.153 <0.167
ppb MW = 111.0 <0.080 <0.085 <0.084 <0.083 <0.077
Trichloroethene
total pg <0.027 <0.027 <0.027 <0.027 <0.027
(pg / dscm) <0.474 <0.503 <0.497 <0.491 <0.460
(pg / min) <0.197 <0.203 <0.190 <0.197 <0.215
ppb MW = 131.4 <0.087 <0.092 <0.091 <0.090 <0.084
Dibromochloromethane
total pg <0.024 <0.024 <0.024 <0.024 <0.024
(pg / dscm) <0.421 <0.447 <0.442 <0.437 <0.409
(pg / min) <0.175 <0.181 <0.169 <0.175 <0.191
ppb MW = 208.3 <0.049 <0.052 <0.051 <0.050 <0.047
1,1,2-Trichloroethane
total pg <0.048 <0.048 <0.048 <0.048 <0.048
(pg / dscm) <0.842 <0.894 <0.884 <0.873 <0.818
(pg / min) <0.349 <0.361 <0.338 <0.350 <0.382
ppb MW = 133.4 <0.152 <0.161 <0.159 <0.157 <0.147
Benzene
total pg 0.124 0.107 0.092 0.108 0.320
(pg / dscm) 2.175 1.993 1.694 1.954 5.453
(pg / min) 0.903 0.805 0.649 0.786 2.545
ppb MW = 78.1 0.669 0.613 0.521 0.601 1.678
trans-1,3-Dichloropropene
total pg <0.021 <0.021 <0.021 <0.021 <0.021
(pg / dscm) <0.368 <0.391 <0.387 <0.382 <0.358
(pg / min) <0.153 <0.158 <0.148 <0.153 <0.167
ppb MW = 111.0 <0.080 <0.085 <0.084 <0.083 <0.077
Bromoform
total pg <0.036 <0.036 <0.036 <0.036 <0.036
(pg / dscm) | <0.631 <0.671 <0.663 <0.655 <0.613
(pg / min) <0.262 <0.271 <0.254 <0.262 <0.286
ppb MW = 252.8 <0.060 <0.064 <0.063 <0.062 <0.058
4-Methyl-2-Pentanone
total pg <0.057 <0.057 <0.057 <0.057 <0.057 |
(pg / dscm) <1.000 <1.062 <1.050 <1.037 <0.971
(ug / min) <0.415 <0.429 <0.402 <0.415 <0.453
ppb MW = 100.2 <0.240 <0.255 <0.252 <0.249 <0.233
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-4011

TABLE 6 - cont. (page 4 of 4)
GSS Filter Outlet - RTS #1 Waste Feed Volatile Emissions 

EPA Test Method 0030 - VOST
2-Hexanone
total pig <0.093 <0.093 <0.093 <0.093 <0.093
(pig / dscm) <1.631 <1.732 <1.712 <1.692 <1.585
(pig / min) <0.677 <0.700 <0.656 <0.678 <0.740
ppb MW= 100.2 <0.391 <0.416 <0.411 <0.406 <0.380
Tetrachloroethene
total pig <0.024 <0.024 <0.024 <0.024 <0.024
(pig / dscm) <0.421 <0.447 <0.442 <0.437 <0.409
(pig / min) <0.175 <0.181 <0.169 <0.175 <0.191
ppb MW = 165.8 <0.061 <0.065 <0.064 <0.063 <0.059
1,1,2,2-Tetrachloroethane
total pig <0.042 <0.042 <0.042 <0.042 <0.042
(pig / dscm) <0.737 <0.782 <0.773 <0.764 <0.716
(pig / min) <0.306 <0.316 <0.296 <0.306 <0.334
ppb MW= 167.9 <0.105 <0.112 <0.111 <0.109 <0.102
Toluene
total pig 0.139 0.630 0.790 0.520 0.318
(pig / dscm) 2.438 11.734 14.546 9.573 5.418
(pig / min) 1.012 4.742 5.570 3.775 2.529
ppb MW = 92.1 0.636 3.063 3.797 2.499 1.414
Chlorobenzene
total pig <0.027 <0.027 <0.027 <0.027 <0.027
(pig / dscm) <0.474 <0.503 <0.497 <0.491 <0.460
(ug / min) <0.197 <0.203 <0.190 <0.197 <0.215
ppb MW = 112.6 <0.101 <0.107 <0.106 <0.105 <0.098
Ethylbenzene
total pig 0.023 <0.018 <0.018 <0.020 <0.018
(pig / dscm) 0.403 <0.335 <0.331 <0.357 <0.307
(pig / min) 0.167 <0.135 <0.127 <0.143 <0.143
ppb MW = 106.2 0.091 <0.076 <0.075 <0.081 <0.069
Stryrene
total pig 0.025 <0.022 <0.021 <0.023 <0.021
(pig / dscm) 0.438 <0.410 <0.387 <0.412 <0.358
(pig / min) 0.182 <0.166 <0.148 <0.165 <0.167
ppb MW = 104.1 0.101 <0.095 <0.089 <0.095 <0.083
Xylene (Total)
total pig 0.126 0.077 0.061 0.088 0.037
(pig / dscm) 2.210 1.434 1.123 1.589 0.630
(pig / min) 0.917 0.580 0.430 0.642 0.294
ppb MW = 106.2 0.500 0.325 0.254 0.360 0.143
1,1,2-T ri c h I o rotrif I uoroethane
total pig <0.600 <0.600 <0.600 <0.600 <0.600
(pig / dscm) <10.523 <11.175 <11.048 <10.915 <10.224
(pig / min) <4.369 <4.516 <4.230 <4.372 <4.771
ppb MW = 187.4 <1.350 <1.434 <1.417 <1.400 <1.311
Definitions:
DSCFiVl = Dry Standard Cubic Feet per Minute 
ug / dscm = microgram per dry standard cubic meter 

ug / min = emission rate, micrograms per minute 

ppb = parts per billion

Calculations:
ug /min = 0.02832 ' DSCFM " (pg / dscm)

ug / dscm = total ug / sample vol.. dscm

ppb = ug / dscm ' 22.4 * (T std. + 460). 492 / M.W

T std. = Standard Temperature, °F = 68
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BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-4011

TABLE 7
LLNL Bldg. 292 MSO

GSS Filter & Catalytic Converter Outlet - RTS #2 Waste Feed Volatile Emissions
ERA Test Method 0030 - VOST

TEST# 1-GSS Out 2-GSS Out 3-GSS Out AVERAGE Cat. Out
TEST DATE 8/26/98 8/26/98 8/26/98 8/26/98
TEST TIME 0903-1024 1048-1210 1229-1348 1410-1530
SAMPLE VOLUME (Std. liters) 54.288 57.824 58.668 56.927 57.301
SAMPLE VOLUME (DSCM) 0.054 0.058 0.059 0.057 0.057
FLOW RATE (DSCFM) 13.31 14.90 13.50 13.90 16.27

Chloromethane
total ug <0.021 <0.021 <0.021 <0.021 7.89
(ug / dscm) <0.387 <0.363 <0.358 <0.369 137.694
(ug / min) <0.146 <0.153 <0.137 <0.145 63.445
ppb MW = 50.5 <0.184 <0.173 <0.170 <0.176 65.545
Bromomethane
total ug 0.855 0.103 0.242 0.400 0.175
(pg / dscm) 15.749 1.781 4.125 7.219 3.054
(pg / min) 5.937 0.752 1.577 2.755 1.407
ppb MW = 95.0 3.985 0.451 1.044 1.827 0.773
Vinyl Chloride
total pg <0.039 <0.039 <0.039 <0.039 <0.039
(pg / dscm) <0.718 <0.674 <0.665 <0.686 <0.681
(pg / min) <0.271 <0.285 <0.254 <0.270 <0.314
ppb MW = 62.5 <0.276 <0.259 <0.256 <0.264 <0.262
Chloroethane
total pg <0.0210 <0.0210 <0.0210 <0.0210 <0.0210
(ug / dscm) <0.3868 <0.3632 <0.3579 <0.3693 <0.3665
(pg / min) <0.1458 <0.1532 <0.1368 <0.1453 <0.1689
ppb MW = 64.5 <0.1441 <0.1353 <0.1334 <0.1376 <0.1365
Methylene Chloride
total pg 3.930 4.700 9.000 5.877 8.400
(pg / dscm) 72.392 81.281 153.405 102.360 146.595
(pg / min) 27.287 34.298 58.650 40.078 67.546
ppb MW = 84.9 20.497 23.014 43.436 28.983 41.508
Acetone
total pg 6.860 9.700 8.900 8.487 2.210
(pg / dscm) 126.364 167.751 151.701 148.605 38.568
(pg / min) 47.631 70.785 57.998 58.805 17.771
ppb MW = 58.1 52.301 69.431 62.788 61.507 15.963
Carbon Disulfide
total pg <0.054 <0.054 <0.054 <0.054 <0.054
(ug / dscm) <0.995 <0.934 <0.920 <0.950 <0.942
(ug / min) <0.375 <0.394 <0.352 <0.374 <0.434
ppb MW = 76.1 <0.314 <0.295 <0.291 <0.300 <0.298
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BEST ENVIRONMENTAL INC San Leandro, CA (510) 278-4011

TABLE 7 - cont. (page 2 of 4)
GSS Filter & Catalytic Converter Outlet - RTS #2 Waste Feed Volatile Emissions

EPA Test Method 0030 - VOST
1,1-Dichloroethene
total pg 0.020 0.106 0.354 0.160 0.142
(pg / dscm) 0.368 1.833 6.034 2.745 2.478
(pg / min) 0.139 0.774 2.307 1.073 1.142
ppb MW = 97.0 0.091 0.454 1.495 0.680 0.614
1,1-Dichloroethane
total pg <0.012 <0.012 <0.012 <0.012 <0.012
(pg / dscm) <0.221 <0.208 <0.205 <0.211 <0.209
(pg / min) <0.083 <0.088 <0.078 <0.083 <0.096
ppb MW = 99.0 <0.054 <0.050 <0.050 <0.051 <0.051
1,2-Dichloroethene
total pg <0.021 <0.021 <0.021 <0.021 <0.021
(pg / dscm) <0.387 <0.363 <0.358 <0.369 <0.366
(tig / min) <0.146 <0.153 <0.137 <0.145 <0.169
ppb MW = 97.0 <0.096 <0.090 <0.089 <0.092 <0.091
Chloroform
total pg <0.024 <0.024 <0.024 <0.024 <0.024
(pg / dscm) <0.442 <0.415 <0.409 <0.422 <0.419
(pg / min) <0.167 <0.175 <0.156 <0.166 <0.193
ppb MW = 119.4 <0.089 <0.084 <0.082 <0.085 <0.084
1,2-Dichlorethane
total pg <0.018 <0.018 <0.018 <0.018 <0.018
(pg / dscm) <0.332 <0.311 <0.307 <0.317 <0.314
(pg / min) <0.125 <0.131 <0.117 <0.125 <0.145
ppb MW = 99.0 <0.081 <0.076 <0.074 <0.077 <0.076
2-Butanone
total pg <0.108 <0.108 <0.108 <0.108 <0.108
(pg / dscm) <1.989 <1.868 <1.841 <1.899 <1.885
(pg / min) <0.750 <0.788 <0.704 <0.747 <0.868
ppb MW = 72.1 <0.663 <0.623 <0.614 <0.633 <0.628
1,1,1-Trichloroethane
total pg <0.042 <0.042 <0.042 <0.042 <0.042
(pg / dscm) <0.774 <0.726 <0.716 <0.739 <0.733
(pg / min) <0.292 <0.306 <0.274 <0.291 <0.338
ppb MW = 133.4 <0.139 <0.131 <0.129 <0.133 <0.132
Carbon Tetrachloride
total pg <0.048 <0.048 <0.048 <0.048 <0.048
(pg / dscm) <0.884 <0.830 <0.818 <0.844 <0.838
(pg / min) <0.333 <0.350 <0.313 <0.332 <0.386
ppb MW = 153.8 <0.138 <0.130 <0.128 <0.132 <0.131
Bromodichloromethane
total pg <0.033 <0.033 <0.033 <0.033 <0.033
(pg / dscm) <0.608 <0.571 <0.562 <0.580 <0.576
(pg / min) | <0.229 <0.241 <0.215 <0.228 <0.265
ppb MW = 163.8 <0.089 <0.084 <0.083 <0.085 <0.085

h:\recorts\rb\93\linimso\rts10020.xls -11/10/93 40



BEST ENVIRONMENTAL INC., San Leandro, CA (510) 278-4011

TABLE 7 - cont. (page 3 of 4)
GSS Filter & Catalytic Converter Outlet - RTS #2 Waste Feed Volatile Emissions

ERA Test Method 0030 - VOST
1,2-Dichloropropane
total pg <0.024 <0.024 0.205 <0.084 <0.024
(pg / dscm) <0.442 <0.415 3.494 <1.450 <0.419
(pg / min) <0.167 <0.175 1.336 <0.559 <0.193
ppb MW= 113.0 <0.094 <0.088 0.743 <0.309 <0.089
cis-1,3-Dichloropropene
total pg <0.021 <0.021 <0.021 <0.021 <0.021
(pg / dscm) <0.387 <0.363 <0.358 <0.369 <0.366
(pg / min) <0.146 <0.153 <0.137 <0.145 <0.169
ppb MW= 111.0 <0.084 <0.079 <0.078 <0.080 <0.079
Trichloroethene
total pg <0.027 <0.027 <0.027 <0.027 <0.027
(pg / dscm) <0.497 <0.467 <0.460 <0.475 <0.471
(pg / min) <0.187 <0.197 <0.176 <0.187 <0.217
ppb MW = 131.4 <0.091 <0.085 <0.084 <0.087 <0.086
Dibromochloromethane
total pg <0.024 <0.024 <0.024 <0.024 <0.024
(pg / dscm) <0.442 <0.415 <0.409 <0.422 <0.419
(pg / min) <0.167 <0.175 <0.156 <0.166 <0.193
ppb MW = 208.3 <0.051 <0.048 <0.047 <0.049 <0.048
1,1,2-Trichloroethane
total pg <0.048 <0.048 <0.048 <0.048 <0.048
(pg / dscm) <0.884 <0.830 <0.818 <0.844 <0.838
(pg / min) <0.333 <0.350 <0.313 <0.332 <0.386
ppb MW = 133.4 <0.159 <0.150 <0.147 <0.152 <0.151
Benzene
total pg 0.640 0.226 1.845 0.904 0.269
(pg / dscm) 11.789 3.908 31.448 15.715 4.695
(pg / min) 4.444 1.649 12.023 6.039 2.163
ppb MW = 78.1 3.629 1.203 9.680 4.837 1.445
trans-1,3-Dichloropropene
total pg <0.021 <0.021 <0.021 <0.021 <0.021
(pg / dscm) <0.387 <0.363 <0.358 <0.369 <0.366
(pg / min) <0.146 <0.153 <0.137 <0.145 <0.169
ppb MW = 111.0 <0.084 <0.079 <0.078 <0.080 <0.079
Bromoform
total pg <0.036 <0.036 <0.036 <0.036 <0.036
(pg / dscm) <0.663 <0.623 <0.614 <0.633 <0.628
(pg / min) <0.250 <0.263 <0.235 <0.249 <0.289
ppb MW = 252.8 <0.063 <0.059 <0.058 <0.060 <0.060
4-Methyl-2-Pentanone
total pg <0.057 <0.057 <0.057 <0.057 <0.057
(pg / dscm) <1.050 <0.986 <0.972 <1.002 <0.995
(pg / min) <0.396 <0.416 <0.371 <0.394 <0.453
PPb MW = 100.2 <0.252 <0.236 <0.233 <0.240 <0.239
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BEST ENVIRONMENTAL INC. San Leandro, CA (510) 278-4011

TABLE 7 - cont. (page 4 of 4)
GSS Filter & Catalytic Converter Outlet - RTS #2 Waste Feed Volatile Emissions

ERA Test Method 0030 - VOST
2-Hexanone
total pig 0.223 0.041 <0.093 0.119 <0.093
(pig / dscm) 4.108 0.709 <1.585 2.134 <1.623
(pig / min) 1.548 0.299 <0.606 0.818 <0.748
ppb MW = 100.2 0.985 0.170 <0.380 0.512 <0.389
Tetrachloroethene
total pig <0.024 <0.024 <0.024 <0.024 <0.024
(pig / dscm) <0.442 <0.415 <0.409 <0.422 <0.419
(pig / min) <0.167 <0.175 <0.156 <0.166 <0.193
ppb MW = 165.8 <0.064 <0.060 <0.059 <0.061 <0.061
1,1,2,2-Tetrachloroethane
total pig <0.042 <0.042 <0.042 <0.042 <0.042
(pig / dscm) <0.774 <0.726 <0.716 <0.739 <0.733
(pig / min) <0.292 <0.306 <0.274 <0.291 <0.338
ppb MW = 167.9 <0.111 <0.104 <0.102 <0.106 <0.105
Toluene
total pig 0.208 0.103 0.155 0.155 0.44
(pig / dscm) 3.831 1.781 2.642 2.752 7.679
(pig / min) 1.444 0.752 1.010 1.069 3.538
ppb MW = 92.1 1.000 0.465 0.690 0.718 2.004
Chlorobenzene
total pig <0.027 <0.027 0.083 <0.046 <0.027
(pig / dscm) <0.497 <0.467 1.415 <0.793 <0.471
(pig / min) <0.187 <0.197 0.541 <0.308 <0.217
ppb MW = 112.6 <0.106 <0.100 0.302 <0.169 <0.101
Ethylbenzene
total pig <0.018 <0.018 <0.018 <0.018 0.028
(pig / dscm) <0.332 <0.311 <0.307 <0.317 0.489
(pig / min) <0.125 <0.131 <0.117 <0.125 0.225
ppb MW = 106.2 <0.075 <0.070 <0.069 <0.072 0.111
Stryrene
total pig 0.032 <0.025 <0.026 <0.028 <0.024
(pig / dscm) 0.589 <0.432 <0.443 <0.488 <0.419
(pig / min) 0.222 <0.182 <0.169 <0.191 <0.193
ppb MW = 104.1 0.136 <0.100 <0.102 <0.113 <0.097
Xylene (Total)
total pig 0.061 0.031 0.050 0.047 0.168
(pig / dscm) 1.124 0.536 0.852 0.837 2.932
(pig / min) 0.424 0.226 0.326 0.325 1.351
ppb MW = 106.2 0.254 0.121 0.193 0.190 0.664
1,1,2-Trichlorotrifluoroethane
total pig <0.600 <0.600 <0.600 <0.600 <0.600
(pig / dscm) <11.052 <10.376 <10.227 <10.552 <10.471
(pig / min) <4.166 <4.378 <3.910 <4.151 <4.825
ppb MW = 187.4 <1.418 <1.331 <1.312 <1.354 <1.343
Definitions: Calculations:
DSCFM = Dry Standard Cubic Feet per Minute u.g /min = 0.02832 ' DSCFM * (ug / dscm)

.ug / dscm = microgram per dry standard cubic meter ug / dscm = total ug / sample vol., dscm

ug / min = emission rate, micrograms per minute ppb = ug / dscm * 22.4 * (T std. + 460) / 492 / M.W.

ppb = parts per billion T std. = Standard Temperature, °F = 68
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

TABLE 8

RTS #1 Waste Feed 

LLNL Bldg. 292 MSO 

GSS Filter & Catalytic Converter Outlets 

PARTICULATE& RADIONUCLIDE EMISSIONS TEST RESULTS

RUN# 1 2 3 AVERAGE Catalyst 1

TEST DATE 8/18/98 8/18/98 8/18/98 08/19/98

TEST TIME 1027-1127 1245-1345 1500-1600 0933-1033

SAMPLE VOLUME (DSCF) 63.313 64.459 62.461 36.296

ISOKINETIC (%) 92.4 96.6 98.8 102.7

DUCT TEMP., (°F) 199.4 236.6 262.8 232.9 401.5

VELOCITY (ft/sec) 32.52 33.61 33.00 33.04 5.28

FLOW RATE (ACFM) 19.51 20.17 19.80 19.83 27.54

FLOW RATE (DSCFM) 14.66 14.27 13.52 14.15 16.61

FLO (volume %) 3.38 3.89 3.73 3.67 0.90

Gross Alpha (pCi/sample) 5.30 0.24 0.68 2.07 0.55

Gross Beta (pCi/sample) 1.52 1.70 0.50 1.24 0.66

Tritium (pCi/sample) 660.80 540.00 516.60 572.47 75.20

F.H. Particulate Cone. (gr/DSCF) 0.00003 0.0022 0.0004 0.0009 0.0003

F.H. Particulate Emissions (Lbs/hr) 0.000003 0.00027 0.00004 0.00011 0.00004

Gross Alpha (pCi/DSCF) 0.084 0.004 0.011 0.03 0.015

Gross Beta (pCi/DSCF) 0.024 0.026 0.008 0.02 0.018

Tritium (pCi/DSCF) 10.44 8.38 8.27 9.03 2.07

Tot. Alpha Emissions (pCi/hr) 73.63 3.19 8.83 28.549 15.11

Tot. Beta Emissions (pCi/hr) 21.12 22.58 6.49 16.728 18.13

Tot. Tritium Emissions (pCi/hr) 9179.8 7171.2 6709.1 7686.7 2065.4

WHERE
DSCF = Sample Volume in Dry Standard Cubic Feet

ACFM = Actual Cubic Feet per Minute
DSCFM = Dry Standard Cubic Feet per Minute
H:CX volume % = Stack gas percent water vapor
gr/DSCF = Particulate concentration in grains per DSCF
lbs.hr = Particulate emission rate
pCi/hr = Pico Curies per hour emission rate

CALCULATIONS
gr/DSCF = 0.01543 * Sample Wt. / Sample Volume 
lbs/hr Emission Rate = 0.00857 * gr/DSCF * DSCFM
pCLhr = pCi/DSCF * DSCFM * 60
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

TABLE 9 

RTS #2 Waste Feed 

LLNL Bldg. 292 MSO

GSS Filter Outlet & Catalytic Converter Outlet 

PARTICULATE& RADIONUCLIDE EMISSIONS TEST RESULTS

RUN# 1 2 3 AVERAGE Catalyst 1

TEST DATE 8/26/98 8/26/98 8/26/98 08/26/98

TEST TIME 0910-1010 1100-1200 1245-1345 1040-1140

SAMPLE VOLUME (DSCF) 42.872 46.501 42.664 33.371

ISOKINETIC (%) 103.1 99.9 101.2 93.4

DUCT TEMP., (°F) 308.4 327.4 335.3 323.7 390.8

VELOCITY (fi/sec) 35.12 39.34 36.31 36.92 5.27

FLOW RATE (ACFM) 21.1 23.6 21.8 22.2 27.5

FLOWRATE (DSCFM) 13.3 14.9 13.5 13.9 16.8

H20 (volume %) 5.66 3.42 4.26 4.44... 0.98

Gross Alpha (pCi/sample) 0.00 0.33 2.12 0.82 0.20

Gross Beta (pCi/sample) 0.00 0.15 0.00 0.05 0.00

Tritium (pCi/sample) 198,764 177,266 188,680 188.237 11.260

F.H. Particulate Cone. (gr/DSCF) 0.00015 0.00017 0.00054 0.00029 0.00007

F.H. Particulate Emissions (Lbs/hr) 0.000017 0.000022 0.000063 0.000034 0.00001

Gross Alpha (pCi/DSCF) 0.000 0.007 0.050 0.02 0.006

Gross Beta (pCi/DSCF) 0.000 0.003 0.000 0.001 0.000
Tritium (pCi/DSCF) 4636.17 3812.06 4422.41 4290.22 337.42

Tot. Alpha Emissions (pCi/hr) 0.000 6.345 40.242 15.529 6.04

Tot. Beta Emissions (pCi/hr) 0.000 2.884 0.000 0.961 0.000
Tot. Tritium Emissions (pCi/hr) 3,703,759 3,408,472 3,581,515 3,564,582 340,124

WHERE

DSCF = Sample Volume in Dry Standard Cubic Feet

ACFM = Actual Cubic Feet per Minute
DSCFM = Dry Standard Cubic Feet per Minute
H20, volume % = Stack gas percent water vapor
gr/DSCF = Particulate concentration in grains per DSCF
lbs/hr = Particulate emission rate
pCi/hr = Pico Curies per hour emission rate

CALCULATIONS
gr/DSCF = 0.01543 * Sample Wt. / Sample Volume 
lbs/hr Emission Rate = 0.00857 * gr/DSCF * DSCFM
pCi/hr = pCi/DSCF * DSCFM * 60
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

TABLE 10

RTS #1 Waste Feed 
LLNL Bldg. 292 MSO 

GSS Filter Outlet 
Method 0051 HC1 Test Results

Test Run 1 Run 2 Run 3 AVERAGE

Test Date 8/19/98 8/19/98 8/19/98

Test Time 0915-1015 1025-1125 1131-1231

Flow Rate (DSCFM) 13.32 13.32 13.32 13.32

Sample Volume (DSCF) 4.024 3.981 3.966 3.990

Sample Volume (DSCM) 0.1139 0.1127 0.1123 0.1130

HC1, (total jig) <8.00 <8.00 <8.00 <8.00

HC1, (ppm) <0.046 <0.047 <0.047 <0.047

HC1, (gm/hr) <0.0016 <0.0016 <0.0016 <0.0016

WHERE:
HC1 = Hydrogen Chloride MW =36.5
DSCM = Dry Standard Cubic Meter 
DSCF = Dry Standard Cubic Foot 
ppm = Parts Per Million 
pg = microgram, = .001 mg (milligram) 
gm/hr = Grams per Hour Emission Rate 
< = Less Than the Reporting Limit 
Std. Temperature, Tstd °F = 68

CALCULATIONS:
ppm = ug/sample * 1.61 * (Tstd + 460)/ (MW*DSCF*1000)
gm/hr = 453.6 *ppm * M.W. * DSCFM * 8.223E-5 / (Tstd 5- 460)
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

TABLE 11

RTS #2 Waste Feed 
LLNL Bldg. 292 MSO 

GSS Filter Outlet 
Method 0051 HC1 Test Results

Test Run 1 Run 2 Run 3 AVERAGE

Test Date 8/26/98 8/26/98 8/26/98

Test Time 1519-1619 1637-1747 1808-1908

Flow Rate (DSCFM) 12.99 13.96 13.96 13.64

Sample Volume (DSCF) 4.225 4.896 4.066 4.396

Sample Volume (DSCM) 0.1196 0.1386 0.1151 0.1245

HC1, (total |ag) <8.00 <8.00 <8.00 <8.00

HC1, (ppm) <0.044 <0.038 <0.046 <0.043

HC1, (gm/hr) <0.0015 <0.0014 <0.0016 <0.0015

WHERE:
HC1 = Hydrogen Chloride MW = 36.5
DSCM = Dry Standard Cubic Meter
DSCF = Dry Standard Cubic Foot
ppm = Parts Per Million
(ig = microgram, = .001 mg (milligram)
gm/hr = Grams per Hour Emission Rate
< = Less Than the Reporting Limit

Standard Temperature, Tstd °F 68

CALCULATIONS:
ppm = ug/sample * 1.61 * (Tstd + 460) / (MW*DSCF* 1000)
gm/hr - 453.6 *ppm * M.W. * DSCFM * 8.223E-5 / (Tstd + 460)
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Standard Abbreviations for Reports

Unit Abbreviation Unit Abbreviation

billion G microgram P-g
Brake horsepower bhp milligram mg
Brake horsepower hour bhp-hr milliliter ml
British Thermal Unit Btu million MM
capture efficiency CE minute min
destruction efficiency DE Molecular Weight MW
Dry Standard Cubic Feet DSCF nanogram n§
Dry Standard Cubic Feet per Minute DSCFM Parts per Billion ppb
Dry Standard Cubic Meter DSCM Parts per Million ppm
Dry Standard Cubic Meter per Minute DSCMM pennyweight per firkin pw/fkn
grains per dry standard cubic foot gr/DSCF pound lb
gram g pounds per hour lbs/hr
grams per Brake horsepower hour g/bhp-hr pounds per million Btu lbs/MMBtu
kilowatt kw second sec
liter 1 thousand k
Megawatts mw watt w
meter m

Common Conversions / Calculations / Constants

1 gram = 15.432 grains 
1 pound = 7000 grains 
grams per pound = 453.6 

bhp = kw * 1.34

2.59E-9 = Conversion factor for ppm to lbs/scf; EPA 40CFR60.45

dscf / MMBTU = 8710 for Natural gas; EPA Method 19
Btu/ft3 = 1040 for Naural Gas; EPA Method 19

lb/hr Part. Emission Rate = 0.00857 * gr/dscf * dscfm; EPA Method 5

g/bhp-hr = Ibs/hr * 453.6 / bhp
lbs/hr = ppm / 385 E6 x dscfm x MW * 60; CARS Method 100 

Correction to 12% C02 = gr/dscf * 12% / stack C02%; EPA Method 5

Correction to 3% 02 = ppm * 17.9 / (20.9 - stack 0% %); CARS Method 100 
dscfm = Gas Fd * MMBtu/min * 20.9 / (20.9 - stack 02 %); EPA Method 19 
Ib/MMBtu = Fd * MW * ppm * 2.59E-9 * 20.9 / (20.9 - stack 02 %); EPA Method 19

Standard Temperatures by District

EPA 68 °F NSAPCD - Northern Sonoma 68 =F

GARB 68 °F PCAPCD - Placer 68 °F

BAAQMD - Bay Area 70 °F SLOCAPCD - San Luis Obispo 60 °F

SJVUAPCD - San Joaquin 60 °F SMAPCD - Sacramento 59 °F -»68°F
SCAQMD - South Coast 60 °F SCAQMD - Shasta County 68 "F

MBUAPCD - Monterey Bay 60 °F YSAPCD - Yolo-Solano 68 °F
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 23 EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bids;. 292 DATE:

OSS Filter Inlet_________ TIME:

RTS # 1 Waste Feed TEST NO.:

8/18/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI-2

1016-1326_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: N.A.

1 NOZZLE NO.: 5E

Pitot Factor, c, 0.990 Meter Temperature, T„ 85.6 Total H20 Condensed, vw 119.0

Barometric Pressure, Pb 30.00 Meter Pressure, AH 1.70

Static Pressure, PM -11.50 Average VAP., Vap 0.441

Stack Pressure, P, 29.15 Stack Area, A, 0.010

Stack Temperature, T, 292.5 Nozzle Diameter, D„ 0.309 Stack Gas Oz % 12.4

Sample Time, © 180.0 Meter Factor, Yd 1.0089 Stack Gas C02 % 7.90

Std. Temperature, Tsa 68 Sample Volume, v„ 106278 Stack Gas N, % 79.7

A) Gas Volume (Vm)std = (T=d+460)*Vm’Yd*(Pb+AH/13.6)/((Tmr460)*29.92) =

B) Volume H20 collected (Vw)std = 8.9148E-5*(TId+460)*Vw =

Q Total Sample Volume (VJ^ = (Vm)std + (Vw)„d =

D) Moisture Content (%H20) = 100* (Vw)fld / (V,)^ ,

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N,Yo*0.28Xl-H20%/100))+18(H20%/100)

G) % Isokinetic (I) = 9142.88(VJ(T,+460y((D/X@XPJ(VJ(T^+460)) =

H) ACFM = (VS)(A,) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,%AJ((T^+460)/(T,+460)XP,XI-%H20/I00)*2.005 =

104.476 DSCF 

5.601 SCF 

110.077 SCF 

5.089 % 

35.114 ft/sec 

29.162 g/g-mole 

81.52 %

21.07 ACFM 

13.67 DSCFM
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 23 EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg, 292 DATE: 8/18/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI-2

OSS Filter Inlet TIME: 1413-1707_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: NA.

RTS #1 Waste Feed TEST NO.: 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 5E

Pitot Factor, Cp 0.990 Meter Temperature, Tra 88.7 Total H20 Condensed, V, 132.0

Barometric Pressure, Pb 30.00 Meter Pressure, AH 1.62

Static Pressure, PM -11.50 Average VAP., Vap 0.448

Stack Pressure, P, 29.15 Stack Area, A, 0.010

Stack Temperature, T, 351.0 Nozzle Diameter, D„ 0309 Stack Gas Oz % 10.0

Sample Time, 0 180.0 Meter Factor, Yd 1.0089 Stack Gas CCL % 9.60

Std. Temperature, Tsu, 68 Sample Volume, v„ 119.167 Stack Gas N% % 80.4

A) Gas Volume (VJ* = (Tad+460)*Vra*Y/(Pb+AH/13.6)/((Tm-i-460)*29.92) =

B) Volume H20 collected (VJjj = 8.9148E-5*(Tad+460)*Vw =

Q Total Sample Volume (Vt)Md = (VJ^ + (V*L, =

D) Moisture Content (%H20) = 100 * (V.jjj / (VJ^d -

E) Stack Gas Velocity (Vs) = 85.49 C, V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((CO,%*0.44+02%*0.32+N2%*0.28X1-H20%/100))+18(H,OW100) =

G) % Isokinetic (I) = 9142.88(Vt)(T,+46O)/((Dn2)(0)(P,XV,)(Tmi+46O)) =

H) ACFM = (VjXAj) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,)(As)((Tal+460)/(T *460)XPSX1-%H20/100)*2.005 =

116.462 DSCF 

6.213 SCF 

122.675 SCF 

5.065 %

36.925 A/sec 

29.331 g/g-mole 

93.11 %

22.15 ACFM 

13.34 DSCFM
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

FACILITY:

UNIT:

CONDITION:

EPA 23 EMISSION CALCULATIONS

LLNL Bldg, 292 DATE:

OSS Filter Inlet TIME:

RTS #1 Waste Feed TEST NO.:

8/19/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI-2

0918-1308_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: N.A.

3 NOZZLE NO.: 5E

Pitot Factor, 0.990 Meter Temperature, Tm 81.4 Total U-fi Condensed, vw 112.5

Barometric Pressure, Pb 29.90 Meter Pressure, AH 1.86

Static Pressure, P« -11.50 Average NAP., Nap 0.437

Stack Pressure, P, 29.05 Stack Area, a, 0.010

Stack Temperature, T, 317.9 Nozzle Diameter, D„ 0.309 Stack Gas 02 % 9.34

Sample Time, 0 180.0 Meter Factor, Yd 1.0089 Stack Gas CO% % 10.15

Std. Temperature, T«d 68 Sample Volume, vm 114.898 Stack Gas N2 % 80.5

A) Gas Volume (VJ*, = (Tstd+460)*Vm*Yd*(Pb+AH/13.6)/((Tm+460)»29.92) =

B) Volume H20 collected (V.)*, = 8.9148E-5*(TSU1+460)*VW =

C) Total Sample Volume (VOstd = (VJad + (Vw)sbl= - -

D) Moisture Content (%HzO) = 100 * (VwXy / (VJ^,,

E) Stack Gas Velocity (Vs) = 85.49 C, N(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N2%*0.28X1-H20%/100))+18(H20%/100) =

G) % Isokinetic (I) = 9142.88(Vt)(T,+460y((D„2)(OXP,XV,XTad+460)) =

H) ACFM = (V,XA,) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XA,)((Tad+460)/(T,+460)XP,Xl-%H20/100),2.005 =

113.493 DSCF

5.295 SCF

118.788 SCF

4.458 %

35.257 fVsec

29.463 g/g-mole

90.89 %

21.15 ACFM

13.32 DSCFM
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278^)011

EPA 23 EMISSION CALCULATIONS

FACILITY: LLNL Bids. 292 DATE: 8/18/98 METER BOX NO.: LSI-1
UNIT: Catalyst Outlet TIME: 1428-1726 PROBE NO.: N.A.
CONDITION: RTS #1 Waste Feed TEST NO.: 1 NOZZLE NO.: 1

Pitot Factor, c„ 0.990 Meter Temperature, Tni 104.4 Total HiO Condensed, V, 80.0
Barometric Pressure, Pb . 29.90 Meter Pressure, AH 3.00
Static Pressure, Pjtat -2.50 Average VAP., Vap 0.063
Stack Pressure, P, 29.72 Stack Area, A, 0.087
Stack Temperature, TS 390.0 Nozzle Diameter, D„ 0.971 Stack Gas (X % 8.8
Sample Time, 0 180.0 Meter Factor, Yd 1.0039 Stack Gas CO^ % 10.50
Std. Temperature, T5td 68 Sample Volume, v„ 160.435 Stack Gas N? % 80.7

A) Gas Volume (Vm)std = (T5td+460)*Vra*Yd*(Pb+AH/13.6)/((Tra+460)*29.92) =

B) Volume H2Q collected (Vw)5td = 8.9I48E-5*(Tyd+460)*V„ =

C) Total Sample Volume (V,)sld = (Vm)std + (Vw)5td =

D) Moisture Content (%H20) = 100 * (Vw)sld / (V,)sld=

E) Stack Gas Velocity (Vs) = 85.49 C„ V(AP) (T, + 460/MW, Ps) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+01%*0.32+N1%*0.28Xl-H10%/100))t-t8(H10%/100) =

G) % Isokinetic (I) = 9142.88(VJ(T,+46O)/((D^X0XF,XV,XT«d+46O)) =

H) ACFM = (VSXA,) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XAsX(Tad+460)/(Ts+460))(P5Xl-%H20/100)*2.005 =

151.684 DSCF 

3.766 SCF 

155.449 SCF 

2.422 %

5.246 ft/sec 

29.741 g/g-mole 

86.49 %

27.38 ACFM 

16.48 DSCFM

000053
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 23 EMISSION CALCULATIONS

FACILITY: LLNL Bldg. 292 DATE: 8/26/98 METER BOX NO.: LSI-2

UNIT: GSS Filter Inlet TIME: 0903-1216 PROBE NO.: N.A.

CONDITION: RTS#2 Waste Feed TEST NO.: 1 NOZZLE NO.: Q5A

Pitot Factor, c. 0.990 Meter Temperature, T„ 84.4 Total H20 Condensed, vw 112.5

Barometric Pressure, Pb 29.90 Meter Pressure, AH 2.77

Static Pressure, PM -10.00 Average NAP., Nap 0.466

Stack Pressure, P, 29.16 Stack Area, - A 0.010

Stack Temperature, T, 320.6 Nozzle Diameter, D„ 0.326 Stack Gas O, % 10.36

Sample Time, ® 180.0 Meter Factor, Yd 1.0089 Stack Gas CO, % 7.46

Std. Temperature, T*d 68 Sample Volume, V. 160.670 Stack Gas Nz % 82.2

A) Gas Volume (VJ*. = (TsUM60)*Vn,*Yd*(Pb+AH/I3.6y((Tin+460)*29.92) =

B) Volume HzO collected (VJ^ = 8.9148E-5*(Tad+460)*Vw =

Q Total Sample Volume (VJ,d = (Vm)nd + (V,)^, =

D) Moisture Content (%H,0) = 100* (Vw)*, / (Vt)ttd =

E) Stack Gas Velocity (Vs) = 85.49 C, V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N2%*0.28X1-H20%/100))+18(H20%/100) =

G) % Isokinetic (I) = 9142.88(VtXT,+46O)/((D„2X0XP,XV,XTad+46O)) =

H) ACFM = (VS)(AJ x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VsXA,X(Tad+460y(Ti+460)XPsXl-%H2O/100)*2.005 =

158.170 DSCF 

5.295 SCF 

163.466 SCF 

3.239 % 

37.739 ft'sec 

29.232 gg-mole 

104.94 %

22.64 ACFM 

14.45 DSCFM

V
f Vecons'.5sv\98\loscavlurr:inesVn429.xls - i/12'98



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

FACILITY:

UNIT:
CONDITION:

EPA 23 EMISSION CALCULATIONS

LLNL Bldg, 292 DATE: 8/26/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI-2

OSS Filter Inlei_ _ _ _ _ _ _ _ _ TIME: 1309-1616_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: N.A.

RTS#2 Waste Feed TEST NO.: 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 5B

Pitot Factor, Cp 0.990 Meter Temperature, Tm 86.4 Total H20 Condensed, V, 154.0

Barometric Pressure, Pb 29.90 Meter Pressure, AH 1.97

Static Pressure, PM -10.00 Average VAP., Vap 0.432

Stack Pressure, P, 29.16 Stack Area, A, 0.010

Stack Temperature. T, 340.5 Nozzle Diameter, D„ 0.304 Stack Gas 02 % 10.0

Sample Time, 0 180.0 Meter Factor, Yd 1.0089 Stack Gas CO- % 7.30

Std. Temperature, Tad 68 Sample Volume, v„ 128.801 Stack Gas Nt % 82.7

A) Gas Volume (VJ*, = (Tad+460)*Vm*Yd*(Pb+AH/13.6)/((Tm+460)*29.92) =

B) Volume H-O collected (VW)M = 8.9148E-5*(Tad+460)*V„ =

Q Total Sample Volume (VJ^ = (VJ«i + (V,)^ =

D) Moisture Content (%H20) = 100 * (V.)*, / (VJ^.

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, Ps) =

F) Stack Gas Molecular Wt.= ((CO2%*0.44+O2%*0.32+N2%*0.28)(l-H2Or»T00))+18(H2O%/100)

G) % Isokinetic (I) = 9142.88(VJ(T,+460)/((D„2X6XP!XV,)(Tad+460)) =

H) ACFM = (V,XA,) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,)(As)((Tad+460)/(T,+460))(P,Xl-,l''oH20/100)*2.005 =

126.098 DSCF

7.249 SCF

133.346 SCF

5.436 %

35.608 ft/sec

28.939 gz'g-mole

107.00 %

21.36 ACFM

12.99 DSCFM

1f.Veocn5\gvA58Mosco\turDf>«w:3 ms - i/'.ZJQQ



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

ON EPA 23 EMISSION CALCULATIONS

FACILITY:

UNIT:
CONDITION:

LLNL Bldg. 292 DATE: 8/26/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _METER BOX NO.: LSI-2

OSS Filter Inlet TIME: 1636-2002_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: N.A.

RTS#2 Waste Feed TEST NO.: 3_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 5B

Pitot Factor, c. 0.990 Meter Temperature, Tm 84.1 Total H2G Condensed, v„ 136.0

Barometric Pressure, Pb 29.90 Meter Pressure, AH 1.93

Static Pressure, P« -10.00 Average VAP., 3ap 0.450

Stack Pressure, P. 29.16 Stack Area, A, 0.010

Stack Temperature, T. 292.1 Nozzle Diameter, D„ 0.304 Stack Gas C2 % 10.01

Sample Time, © 180.0 Meter Factor, Yd 1.0089 Stack Gas CO? % 7.29

Std. Temperature, Tad 68 Sample Volume, vm 114.124 Stack Gas Nt % 82.7

A) Gas Volume (VJ*, = (Tad+460)*Vm*Yd*(Pb+AH/13.6)/((Tm+460)*29.92) =

B) Volume H20 collected (V*)^ = 8.9148E-5*(T*d+460)*V„ =

Q Total Sample Volume (VJ*, = (VJ^ +■ (Vw)^ =

D) Moisture Content (%H20) = 100 * (V,)^/ (VJ^_

E) Stack Gas Velocity (Vs) = 85.49 C, V(AP) (T, + 460/MW, P,) =

E) Stack Gas Molecular Wt = ((C02%*0.44+02%*0.32+N2%*0.28X1-H20%/100))+18(H20%/100) =

G) % Isokinetic (I) = 9142.88(VJ(Tt+460y((Dn;X©)(P,)(V,)(Tad+460)) =

H) ACFM = (V,)(A,) x 60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XA,X(Tad+460)/(T,+460)XP,Xl-%H20/100)*2.005 =

112.188 DSCF 

6.402 SCF 

118.589 SCF 

5.398 %

35.950 fl/sec 

28.942 g/g-mole 

88.55 %

21.57 ACFM 

13.96 DSCFM

0 0 0 0 'J t ^f:Vetxxt5\gNv\98VoscoUuDines<m429.jls - 5/12/28



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 23 EMISSION CALCULATIONS

FACILITY:
UNIT:
CONDITION:

LLNL Bldg. 292 DATE: 8/26/98___________ METER BOX NO.: LSI-1
Catalyst Outlet TIME: 1210-1510_________ PROBE NO.: N.A.
RTS #2 Waste Feed TEST NO.: 1___________ NOZZLE NO.: 1

Pitot Factor, c„ 0.990 Meter Temperature, T„ 108.6 Total H20 Condensed, v„ 123.0
Barometric Pressure, Pb 29.99 Meter Pressure, AH 3.00
Static Pressure, -2.50 Average VAP., VAP 0.063
Stack Pressure, P, 29.81 Stack Area, A, 0.087
Stack Temperature, T, 390.0 Nozzle Diameter, D„ 0.971 Stack Gas (\ % 8.8
Sample Time, © 180.0 Meter Factor, Yd 1.0039 Stack Gas C02 % 10.50
Std. Temperature, Ltd 68 Sample Volume, vm 141.126 Stack Gas N2 % 80.7

A) Gas Volume (VJ*, = (Tfld+460)*Vm*Yd*(Pb+AH/13.6)/((Tm+460)*29.92) =

B) Volume HzO collected (V,)^ = 8.9l48E-5*(Tstd+460)*Vw =

C) Total Sample Volume (V,)^ = (Vm)SKi + (V^ =

D) Moisture Content (%H20) = 100 * (Vw)sM / (Vt)sd„

E) Stack Gas Velocity (Vs) = 85.49 C„ V(AP) (T, + 460/MW, Ps) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N2%*0.28Xl-H20%/100))t-18(H20%/100)

G) % Isokinetic (I) = 9142.88(VJ(T,+460)/((D/X®XP,XLXT^+460)) =

H) ACFM = (V5XA)x60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VsXA5X(Tsld+460)/(Ts+460)XP5Xl-%H20/100)*2.005 =

132.838 DSCF

5.790 SCF

138.628 SCF

4.176 %

5.256 ft/sec

29.529 g/g-mole

76.74 %

27.44 ACFM

16.27 DSCFM

J f
f:Veoc<Ts'gw*S8yosco'lLrD(n«vnd29.)ds - 6/1298



Volume Correction Calculations
EPA Method 0030-YOST

Meter # : 2400
Meter factor 0.9818

RTS #1 Waste Feed
Run # #1-GSS Out #2-GSS Out #3-GSS Out #1-Cat. Out
Date 8/18/98 8/18/98 8/18/98 8/18/98
Time 1059-1215 1234-1350 1424-1546 1614-1740
Barometric Pressure 29.9 29.9 29.9 29.9
Raw Sample Volume, liters 59.0 55.7 56.3 61.1
Meter Temp, °F (avg) 76.30 77.70 77.30 -79.60
Corrected Volume, liters 57.02 . 53.69 54.31 58.69
Corrected Volume, meters 0.057 0.054 0.054 0.059



Volume Correction Calculations
EPA Method 0030-YOST

Meter # : 2400
Meter factor 0.9818

RTS #2 Waste Feed
Run # #1-GSS Out #2-GSS Out #3-GSS Out #1-Cat. Out
Date 8/26/98 8/26/98 8/26/98 8/26/98
Time 0903-1024 1048-1210 1229-1348 1410-1530
Barometric Pressure 29.9 29.9 29.9 29.9
Raw Sample Volume, liters 56.1 60.1 61 59.7
Meter Temp, °F (avg) 75.60 78.70 78.90 80.00
Corrected Volume, liters 54.29 57.82 58.67 57.30
Corrected Volume, meters 0.054 0.058 0.059 0.057



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg. 292 MSP DATE:
GSS Filter Outlet TIME:

RTS #1 Waste Feed TEST NO.:

8/18/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: ASI 8

1027-1127_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: NA

1 NOZZLE NO.: 6A

Pitot Factor, c„ 0.990 Meter Temp., °F Tm 81.1 Total H20 Condensed, vw 47.1

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 3.660 Total F.H. Particulate, mg 0.11

Static Pressure, "H20 P« -11.50 Average VAP., "H20 Vap 0.437 B.H. Organics, mg NA.

Stack Pressure, "Hg P. 29.05 Stack Area, Ft2 A. 0.010 B.H. Inorganics, mg NA.

Stack Temp., °F T, 199.4 Nozzle Dia, Inches D„ 0.378 Stack Gas Oz 11.8

Sample Time, mins © 60 Meter Factor, Yd 0.9593 Stack Gas CO% co2% 8.00

Std. Temp., °F T«a 68
Sample Volume, Ft3 vm 67.078 Stack Gas n2% 80.2

A) Sample Volume = (Trtd+460)Wm*Yd*(Pb+AH/13.6y((Tm+460)*29.92) =

B) Volume H20 collected (VW)M = 8.9148E-5*(Tstd-H60)*V„ =

Q Total Sample Volume (Vt)rtd = (Vm)rtd + (V.)^ =

D) Moisture Content (%H20) = 100 * (Vw)„d / (VJrtd =

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt= ((C02%*0.44+O2%*0.32+N2%*0.28xi-H20%/I00))+18(H20%/I00)

G) % Isokinetic (I) = 9142.88(VtXT,4460)/((D„2X©XP,XV,XT«d-^60)) =

H) ACFM = (V,)(A,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VJ(AJ((T^+460)/(T,+460)XPJ(1-%H20/100)«2.005 =

63.313 DSCF 

2.217 SCF 

65.530 SCF 

3.4 %

32.52 ft/sec 

29.35 g/gm-mole 

92.37 %

19.51 ACFM 

14.66 DSCFM 

0.00003 gr/DSCFJ) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM = 0.000003 Ibs/hr



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg. 292 MSO DATE: 8/18/98 __________  METER BOX NO.: ASI8

GSS Filter Outlet TIME: 1245-1345 PROBE NO.: N.A

RTS #1 Waste Feed TEST NO.: 2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 6A____

Pitot Factor, c„ 0.99 Meter Temp., °F Tm 85.5 Total H20 Condensed, v„ 55.4

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 3.820 Total F.H. Particulate, mg 9^0

Static Pressure, "H20 P« -11.50 Average VAP., "H20 Vap 0.439 B.H. Organics, mg NA

Stack Pressure, "Hg P. 29.05 Stack Area, Ft* A, 0.010 B.H. Inorganics, mg NA

Stack Temp., °F T, 236.6 Nozzle Dia., Inches D„ 0.378 Stack Gas O- 02% 11.8

Sample Time, mins 0 60.0 Meter Factor, Yd 0.9593 Stack Gas C02 C02% 8.00

Std. Temp., °F Tad 68 Sample Volume, Ft3 vm 68.821 Stack Gas N? n2% 80/2

A) Sample Volume (VJ^ = (Tad+460)*Vm*Yd*(P1,+AH/13.6)/((Tm+460)*29.92) =

B) Volume H20 collected (V,)*, = 8.9148E-5*(T*d+460)*V, =

Q Total Sample Volume (V,)^ = (VJ^ + (Vw)ad =

D) Moisture Content (%H20) = 100 * (V,)^, / (VJad»

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, Ps) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N;%*0.28X1-H20%/100))+18(H20%/100)

G) % Isokinetic (I) = 9142.88(VL)(T,+46O)/((Dn2X0XP,XV,XTad+46O)) =

H) ACFM = (V,XA,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XA,X(Tad+460)/(T,+460)XP,XI-%H20/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

64.459 DSCF

2.608 SCF

67.067 SCF

3.9 %

33.61 ft/sec

29.30 g/gm-mole

96.63 %

20.17 ACFM

14.27 DSCFM

0.0022 gr/DSCF

0.000269 Lbs/hr



BEST ENVIRONMENTAL, INC. San Leandro. CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg. 292 MSP DATE: 8/18/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: ASI 8

GSS Filter Outlet TIME: 1500-1600_____________ PROBE NO.: N.A

RTS #1 Waste Feed TEST NO.: 3 _ _ _ _ _ _ _ NOZZLE NO.: 6A

Pitot Factor, c. 0.990 Meter Temp., °F Tm 85.6 Total H20 Condensed, v„ 51.4

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 3.500 Total F.H. Particulate, mg 1.50

Static Pressure, "H20 P« -11.50 Average VAP., "H20 Vap 0.423 B.H. Organics, mg NA

Stack Pressure, "Hg P, 29.05 Stack Area, Ft" A, 0.010 B.H. Inorganics, mg NA

Stack Temp., °F T, 262.8 Nozzle Dia, Inches D„ 0.378 Stack Gas Oz 0;% 11.9

Sample Time, mins 0 60.0 Meter Factor, Yd 0.9593 Stack Gas COz co2 % 7.80

Std. Temp., °F T*. 68 Sample Volume, Ft3 vm 66.752 Stack Gas Nz n2% 80.3

A) Gas Volume (VJ^ = (Tad+460)*Vm*Y/(Pb+AH/I3.6)/((Tm+460)*29.92) =

B) Volume H;0 collected (V*)*, = 8.9148E-5*(T,d+460)*Vw =

Q Total Sample Volume (V,)*, = (Vm)ad + (V„)ad =

D) Moisture Content (%H20) =100* (VJ^ / (V,)^ ,

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, Ps) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+0,%*0.32+N2%*0.28)( 1 -H20%/100))+18(H20%/100)

G) % Isokinetic (I) = 9142.88(VJ(T,+46O)/((Dn2X0XPsXVsXTad+46O)) =

H) ACFM = (V,XA,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VsXAJ(TsufM60)/(TsA60))(PsXl-0/oH20/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

62.461 DSCF 

2.419 SCF 

64.881 SCF 

3.7 %

33.00 ft/sec 

29.29 g/gm-mole

98.80 %

19.80 ACFM 

13.52 DSCFM

0.0004 gr/DSCF 

0.000043 Lbs/hr

?:7eocrtsVfc\Sa\iasper\bagm 17pm,xls - 10/26/93 Mil!



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION

LLNL Bldg. 292 MSO DATE: 8/19/98 _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI 1_

GSS Filter Outlet TIME: 0933-1033_ _ _ _ _ _ _ _ _ _ _ PROBE NO.: N.A.

Normal TEST NO.: Cataivst Outlet NOZZLE NO.: 41

Pitot Factor, cD 0.990 Meter Temp, °F Tm 96.4 Total H20 Condensed, v„ 7.0

Barometric Press., "Hg Pb 29.90 Meter Press,"H20 AH 1.500 Total F.H. Particulate, mg 0.59

Static Pressure, "H20 PM -2.50 Average VAP, "H20 VAP 0.063 B.H. Organics, mg N.A

Stack Pressure, "Hg P, 29.72 Stack Area, Ft2 A, 0.087 B.H. Inorganics, mg N.A

Stack Temp., °F T, 401.5 Nozzle Dia, Inches D„ 0.752 Stack Gas O, o2% 11.5

Sample Time, mins © 60.0 Meter Factor, Yd 1.0039 Stack Gas CO- CO- % 9.00

Std. Temp., °F Tsy 68
Sample Volume, Ft3 vm 37.985 Stack Gas N- N- % 79.5

A) Gas Volume (VJ^ = (Tad+460)*Vm*Yd*(Pb+AH/13.6)/((Tn,+460)*29.92) =

B) Volume FLO collected (V„)ad = 8.9148E-5*(Tad+460)*V„ =

Q Total Sample Volume (V,)^ = (VJ^ + (VJad =

D) Moisture Content (%H,0) = 100 * (Vw)ad / (V,)^,

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, - 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((CO-%riL44+O-%ri).32+N-%*0.28Xl-H-O%/I00))+18(H-O%/100)

G) % Isokinetic (I) = 9142.88(V,)(Ts+460)/((Dn2X©XPs)(V,XTad+460)) =

H) ACFM = (V,)(A,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VJ(AJ((T^+460y(T,+460)XPJ(I-%H-0/l00)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

PQ F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

36.296 DSCF

0.329 SCF

36.625 SCF

0.9 %

5J8 ft/sec

29.79 g/gm-mole

102.70 %

27.54 ACFM

16.61 DSCFM

0.0003 gr/DSCF

0.000036 Lbs/hr

f Veccrtsvc-JdVaEoenfiagm 17cm./cs - 10/TS/93



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg. 292 DATE: 8/26/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: ASI8

GSS Filter Outlet TIME: 0910-1010_ _ _ _ _ _ _ _ _ _ _ _ _ _ PROBE NO.: HA

RTS #2 Waste Feed TEST NO.: 1  NOZZLE NO.: 5E

Pitot Factor, c» 0.990 Meter Temp., °F Tm 79.5 Total H20 Condensed, v„ 54.6

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 1.530 Total F.H. Particulate, mg 0.42

Static Pressure, "H20 P^t -10.00 Average VAP., "H20 VAP 0.436 B.H. Organics, mg NA.

Stack Pressure, "Hg P, 29.16 Stack Area, Ft2 A, 0.010 B.H. Inorganics, mg NA.

Stack Temp., °F T, 308.4 Nozzle Dia., Inches D, 0.309 Stack Gas o2% 9.9

Sample Time, mins © 60 Meter Factor, Yd 0.9593 Stack Gas CO% C02 % 8.50

Std. Temp., °F Ltd 68 Sample Volume, Ft3 v„ 45.524 Stack Gas N^ n2% 81.6

A) Sample Volume (VmU = (TKd+460)*V„*Yd*(Pb+AH/13.6)/((Tm-f460)’29.92) =

B) Volume H20 collected (Vw)ttd = 8.9148E-5*(T„d+460)*Vw =

Q Total Sample Volume (VJ^ = (VJ*, + (V,)^ =

D) Moisture Content (%H20) = 100 * (V,)^/(VJ^d,

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((CO2%*0.44-K)2%*0.32+N2o/o*0.28Xl-H2O%/I00))+18(H2O%/100)

G) % Isokinetic (I) = 9142.88(VlXT,-H6O)/((D„2X0XP,XVsXTrtd+46O)) =

H) ACFM = (V,XA,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XA,X(Tnd+460y(Ts+460))(PJ(l-%H20/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

42.872 DSCF

2.570 SCF

45.442 SCF

5.7 %

35.12 ft/sec

29.09 g/gm-mole

103.05 %

21.07 ACFM

13.31 DSCFM

0.0002 gr/DSCF

0.000 lbs/hr

n i' f0L G4



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE <& RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg. 292 DATE: 8/26/98 METER BOX NO.: ASI8

GSS Filter Outlet TIME: 1100-1200 PROBE NO.: N.A.

RTS #2 Waste Feed TEST NO.: 2_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 5E

Pitot Factor, A, 0.99 Meter Temp., °F Tm 80.6 Total HjO Condensed, vw 35.0

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 1.820 Total F.H. Particulate, mg 0.52

Static Pressure, "H20 P= -10.00 Average VAP., "H20 Vap 0.483 B.H. Organics, mg N.A.

Stack Pressure, "Hg P, 29.16 Stack Area, Ft2 A, 0.010 B.H. Inorganics, mg N-A

Stack Temp., °F T. 327.4 Nozzle Dia., Inches D„ 0.309 Stack Gas O, 02% 10.5

Sample Time, mins © 60.0 Meter Factor, Yd 0.9593 Stack Gas C02 co2 % 7.00

Std. Temp., °F Tstd 68 Sample Volume, Ft3 vm 49.443 Stack Gas N, N2% 82.5

A) Sample Volume (VJ^ = (Tad+460)*V„*Yd*(Pb+AH/13.6)/((Tra+460)*29.92) =

B) Volume FLO collected (V,)^ = 8.9148E-5*(Tad+460)*Vw =

Q Total Sample Volume (VJ^ = (VJ^ + (V,)^ =

D) Moisture Content (%H,0) = 100 * (V,)^ / (VJ,y„

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32HD%*0.28X1-H2OW100))+18(H20%7100) =

G) % Isokinetic (I) = 9142.88(VtXT,+460)/((Dn:X@XP!)(V,XTad+460)) =

H) ACFM = (V,XA,)60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (VsXA,X(T^+460y(Ts+460)XP,Xl-%H20/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

46.501 DSCF 

1.647 SCF 

48.149 SCF 

3.4 %

39.34 ft/sec 

29.15 g/gm-mole 

99.87 %

23.61 ACFM 

14.90 DSCFM 

0.0002 gr/DSCF 

0.000 Lbs/hr
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BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT:

CONDITION:

LLNL Bldg, 292 DATE:

GSS Filter Outlet TIME:

RTS #2 Waste Feed TEST NO.:

8/26/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: ASI 8

1245-1345 PROBE NO.: N.A.

3 NOZZLE NO.: 5E

Pitot Factor, cB 0.990 Meter Temp., °F T„ 81.6 Total H20 Condensed, v„ 40.3

Barometric Press., "Hg Pb 29.90 Meter Press., "H20 AH 1.490 Total F.H. Particulate, mg 1.50

Static Pressure, "H20 P*. -10.00 Average VAP., "H20 Vap 0.443 B.H. Organics, mg N.A.

Stack Pressure, "Hg P, 29.16 Stack Area, Ft2 K 0.010 B.H. Inorganics, mg N.A.

Stack Temp., °F T, 335.3 Nozzle Dia., Inches D„ 0.309 Stack Gas O, 02% 10.1

Sample Time, mins 0 60.0 Meter Factor, Yd 0.9593 Stack Gas C02 C02 % 7.30
Std. Temp., °F Tstd 68 Sample Volume, Ft3 v„ 45.484 Stack Gas N- n2% 82.6

A) Gas Volume (VJ*, = (Tsl4+460)*Vm*Yd»(Pb+AH/13.6y((Tm+460)*29.92) =

B) Volume H20 collected (VJ^ = 8.9148E-5*(Tad+460)*Vw =

C) Total Sample Volume (V,)^ = (Vm)„d + (V,)^ =

D) Moisture Content (%H20) = 100 * (Vw)ad / (VJBd »

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N:%*0.28X 1 -H20%/100))+18(H20%/100)

G) % Isokinetic (I) = 9142.88(VtXT,+46O)/((Dn2)(0)(PsXV,XTad+46O)) =

H) ACFM = (V,)(AJ60 =

I) Stack Gas Vol. Flow Rate, DSCFM = (V,XA,X(Tad+460)/(T,+460)XP,X 1 -%H20/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

42.664 DSCF 

1.897 SCF 

44.561 SCF 

4.3 %

36.31 ft/sec 

29.08 g/gm-mole 

101.16 %

21.78 ACFM 

13.50 DSCFM 

0.0005 gr/DSCF 

0.000 Lbs/hr

tVepoilsVb\38\<asoertbagm17pm.xls - 10/25/98



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

EPA 17/114 PARTICULATE & RADIONUCLIDE EMISSION CALCULATIONS

FACILITY:

UNIT;

CONDITION:

LLNL Bldg, 292 DATE: 8/26/98_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ METER BOX NO.: LSI I

Catalyst Outlet TIME: 1040-1140 PROBE NO.: N.A.

Normal TEST NO.: 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ NOZZLE NO.: 41

Pitot Factor, c„ 0.990 Meter Temp.. °F Tm 94^ Total H20 Condensed, V. 7.0

Barometric Press., "Hg Pb 29.90 Meter Press.,"H20 AH 1.300 Total F.H. Particulate, mg 0.16

Static Pressure. "H20 P« -2.50 Average VaP., "H20 VAP 0.0632 B.H. Organics, mg N.A.

Stack Pressure, "Hg P, 29.72 Stack Area, Ft2 A, 0.087 B.H. Inorganics, mg N.A.

Stack Temp., °F T, 390.8 Nozzle Dia., Inches D„ 0.752 Stack Gas Oz 02% 10.5

Sample Time, mins 6 60.0 Meter Factor, Yd 1.0039 Stack Gas CO, C02 % 7.20

Std. Temp., °F 68 Sample Volume, Ft3 vm 34.803 Stack Gas N2 n2 % 82.3

A) Gas Volume (Vm)ed = (Tad+460)*Vm*Y<i*(Pb+AH/13.6)/((Tm+460)*29.92) =

B) Volume H:0 collected (Ve)^ = 8.9148E-5*(T*,+460)*VW =

Q Total Sample Volume (V,)Hd = (VJM + (V.)^ =

D) Moisture Content (%H;0) = 100 * (V,)^ / (VJ^,

E) Stack Gas Velocity (Vs) = 85.49 Cp V(AP) (T, + 460/MW, P,) =

F) Stack Gas Molecular Wt.= ((C02%*0.44+02%*0.32+N2%*0.28X1-H20%/100))+I8(H20%/100)

G) % Isokinetic (I) = 9142.88(VtXT,+460y((Dn:X6XP,XV,XTgd+460)) =

H) ACFM = (V,)(A,)60 =

I) Stack Gas Voi. Flow Rate, DSCFM = (V,XA,X(Tad+460)/(T,>460)XP,Xl-%H;0/100)*2.005 =

J) F.H. Particulate Concentration (gr/DSCF) = mg/Vmstd * 0.01543 =

K) F.H. Particulate Emission Rate = 0.00857 * gr/DSCF * DSCFM =

33.371 DSCF

0.329 SCF

33.701 SCF

1.0 %

5.27 ft/sec

29.46 g/gm-mole

93.38 %

27.53 ACFM

16.80 DSCFM

0.0001 gr/DSCF

0.000 Lbs/hr

VeoortsVtX9a\iaspenbagml7cm.xls- 1 C/2 5/38



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

HC1 Sample Train Meter Volume

Facility: LLNL Bldg. 292
Unit: GSS Filter Outlet
Condition: RTS #1 Waste Feed
Date: 8/19/98
Time:

la. Uncorrected Meter Volume (Vm)

lb. Uncorrected Meter Volume (Vm)

2. Meter Factor (Yd)

3. Barometric Pressure (Pb)

4. Meter Pressure (AH)

5. Meter Temperature (Tm)

6. Std. Temperature (Tstd)

7. Impinger H20 Gain (Vw imp)

8. Silica Gel Wt. Gain (Vw sg)

9. Total H20 Gain (Vw)

10. Moisture Vapor (Vw std)

Std. Meter Volume (Vm std) 
Std. Meter Volume (Vm std)

WHERE:

Run 1 Run 2 Run 3

m3 

ft3

"Hg 

"H20 

°F 

°F 

g 

g 

§

%

DSCF 
DSCM

4.024 3.981 3.966

0.1139 0.1127 0.1123

0.1185 0.1183 0.1181

4.185 4.178 4.171

0.9818 0.9818 0.9818

29.90 29.90 29.90

0.00 0.00 0.00

78.8 83.6 84.8

68 68 68

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

ft3 = Cubic Feet 
H20 = Water 
Hg = Mercury

°F = Fahrenheit 
ml = milliliters 
g = grams 
% = Percent

CALCULATIONS:

Vw std = 0.00267 * Vw * (Tstd + 460) / 29.92
Vm std = Vm * Yd * (Tstd + 460) * (Pb +(AH/13.6)) / (Tm + 460) / 29.92 

Stack Moisture H;0 % = 100 * Vw std / (Vw std -r Vm std)

DSCF = Dry Standard Cubic Foot 
DSCM = Dry Standard Cubic Meter



BEST ENVIRONMENTAL, INC. San Leandro, CA 510-278-4011

HC1 Sample Train Meter Volume

Facility: LLNL Bldg. 292
Unit: GSS Filter Outlet
Condition: RTS #2 Waste Feed
Date: 8/26/98
Time:

la. Uncorrected Meter Volume (Vm)

lb. Uncorrected Meter Volume (Vm)

2. Meter Factor (Yd)

3. Barometric Pressure (Pb)

4. Meter Pressure (AH)

5. Meter Temperature (Tm)

6. Std. Temperature (Tstd)

7. Impinger H20 Gain (Vw imp)

8. Silica Gel Wt. Gain (Vw sg)

9. Total H20 Gain (Vw)

10. Moisture Vapor (Vw std)

Std. Meter Volume (Vm std) 

Std. Meter Volume (Vm std)

WHERE:

Run 1 Run 2 Run 3

ft3

"Hg

"H20

°F

°F

g

g

g

%

DSCF

DSCM

4.225 4.896 4.066
0.1196 0.1386 0.1151

0.1247 0.1450 0.1208

4.404 5.121 4.266

0.9818 0.9818 0.9818

29.90 29.90 29.90

0.00 0.00 0.00

80.0 81.8 83.6

68 68 68

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

ftJ = Cubic Feet 
H20 = Water 
Hg = Mercury 

°F = Fahrenheit 
ml = milliliters 
g = grams 
% = Percent

CALCULATIONS:

Vw std = 0.00267 * Vw * (Tstd + 460) / 29.92
Vm std = Vm * Yd * (Tstd + 460) * (Pb +(AH/13.6)) / (Tm 4- 460) / 29.92
Stack Moisture H20 % = 100 * Vw std / (Vw std 4- Vm std)

DSCF = Dry Standard Cubic Foot 
DSCM = Dry Standard Cubic Meter
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00002

PROJECT NARRATIVE

PHILIP Analytical Services (Burlington ON) 
Philip Project: AN980845 
Philip Submission #:8I0098

Client: Best Environmental Inc.
Client Project: Livermore

L SAMPLE RECEIPT/ANALYSIS

a) Sample Listing

Philip ID Client Date Date Date Run
Sample ID Sampled Received Prepped Date

Polychlorinated Biphenyls via CARB 428 Method
043156 98 Method Blank 98/08/26 98/08/28 98/09/27 98/10/05
043157 98 R4M23-TB 98/08/26 98/08/28 98/09/27 98/10/05
043158 98 R1M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043159 98 R2M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043160 98 R3M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043161 98 R1M23 Cot Outlet 98/08/26 98/08/28 98/09/27 98/10/05

Semi-Volatiles via SW846Method 8270
043156 98 Method Blank 98/08/26 98/08/28 98/09/27 98/10/05
043157 98 R4M23-TB 98/08/26 98/08/28 98/09/27 98/10/05
043158 98 R1M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043159 98 R2M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043160 98 R3M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/05
043161 98 R1M23 Cot Outlet 98/08/26 98/08/28 98/09/27 98/10/05
043163 98 R1M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/05
043164 98 R2M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/05
043165 98 R3M429 Baghouselnlet 98/08/19 98/08/28 98/09/27 98/10/05
043166 98 R1M429 Cat Outlet 98/08/18 98/08/28 98/09/27 98/10/05

VOST via SW846 Method 5041A/8260B
043187 98 LLNL Field Blank 98/08/18 98/08/28 98/09/04 98/09/04
043188 98 LLNL Trip Blank 98/08/18 98/08/28 98/09/04 98/09/04
043189 98 RTS# 1/R1/0030 15a/b 98/08/18 98/08/28 98/09/04 98/09/04
043190 98 RTS#l/Rl/0030 2a/b 98/08/18 98/08/28 98/09/04 98/09/04
043191 98 RTS#l/Rl/0030 3a/b 98/08/18 98/08/28 98/09/04 98/09/04
043192 98 RTS#l/R2/0030 4a/b 98/08/18 98/08/28 98/09/04 98/09/04
043193 98 RTS#l/R2/0030 5a/b 98/08/18 98/08/28 98/09/04 98/09/04
043194 98 RTS#I/R2/0030 6a/b 98/08/18 98/08/28 98/09/04 98/09/04
043195 98 RTS#l/R3/0030 8a/b 98/08/18 98/08/28 98/09/04 98/09/04
043196 98 RTS#l/R3/0030 9a/b 98/08/18 98/08/28 98/09/04 98/09/04
043197 98 RTS#l/R3/0030 lOa/b 98/08/18 98/08/28 98/09/04 98/09/04
043198 98 RTS# 1/R 1 CAT lla/b 98/08/18 98/08/28 98/09/09 98/09/09
043199 98 RTS#1/R1CAT 13a/b 98/08/18 98/08/28 98/09/09 98/09/09



00003

043200 93 RTS#1/R1CAT 14a/b .98/08/13 98/08/28 98/09/09 98/09/09
043201 98 LLNL Field Blank 98/08/18 98/08/28 98/09/09 98/09/09
043202 98 RTS#2/Rl/0030 23a/b 98/08/26 98/08/28 98/09/08 98/09/08
043203 98 RTS#2/Rl/0030 22a/b 98/08/26 98/08/28 98/09/08 98/09/08
043204 98 RTS#2/Rl/0030 21a/b 98/08/26 98/08/28 98/09/08 98/09/08
043205 98 RTS#2/R2/0030 20a/b 98/08/26 98/08/28 98/09/08 98/09/08
043206 98 RTS#2/R2/0030 19a/b 98/08/26 98/08/28 98/09/08 98/09/08
043207 98 RTS#2/R2/0030 18a/b 98/08/26 98/08/28 98/09/08 98/09/08
043208 98 RTS#2/R3/0030 17aJb 98/08/26 98/08/28 98/09/08 98/09/08
043209 98 RTS#2/R3/0030 16a/b 98/08/26 98/08/28 98/09/09 98/09/09
043210 98 RTS#2/R3/0030 la/b 98/08/26 98/08/28 98/09/09 98/09/09
043211 98 RTS#2/R1CAT 2a/b 98/08/26 98/08/28 98/09/09 98/09/09
043212 98 RTS#2/R1CAT 3a/b 98/08/26 98/08/28 98/09/09 98/09/09
043213 98 RTS#2/R1CAT 4a/b 98/08/26 98/08/28 98/09/09 98/09/09

PCDD/F(DB5) via EPA Method 23-Primary Column Analysis
043156 98 Method Blank 98/08/26 98/08/28 98/09/27 98/10/05
043157 98 R4M23-TB 98/08/26 98/08/28 98/09/27 98/10/02
043158 98 RIM23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/04
043159 98 R2M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/04
043160 98 R3M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/04
043161 98 R1M23 Cot Outlet 98/08/26 98/08/28 98/09/27 98/10/07
043163 98 R1M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/04
043164 98 R2M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/04
043165 98 R3M429 Baghouselnlet 98/08/19 98/08/28 98/09/27 98/10/04
043166 98 R1M429 Cat Outlet 98/08/18 98/08/28 98/09/27 98/10/04

PCDD/F(DB225) via EPA Method 23-ConJirmational,Analysis
043156 98 Method Blank 98/08/26 98/08/28 98/09/27 98/10/20
043157 98 R4M23-TB 98/08/26 98/08/28 98/09/27 98/10/20
043158 98 R1M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/20
043159 98 R2M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/20
043160 98 R3M23 Baghouse Inlet 98/08/26 98/08/28 98/09/27 98/10/20
043161 98 R1M23 Cot Outlet 98/08/26 98/08/28 98/09/27 98/10/20
043163 98 R1M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/20
043164 98 R2M429 Baghouselnlet 98/08/18 98/08/28 98/09/27 98/10/20
043165 98 R3M429 Baghouselnlet 98/08/19 98/08/28 98/09/27 98/10/20
043166 98 R1M429 Cat Outlet 98/08/18 98/08/28 98/09/27 98/10/20

Run Date is defined as the date of injection of the last calibration standard (12 hour or less) prior to the 
samples analyzed within that run sequence. Therefore the time of calibration injection that defines the 
urn date is always within 12 hours of the time of sample injection.

b) Shipping Problems: none encountered
v'OST Samples were shipped in the same container as die SV solvents. Therefore significant background 

of recovery solvents were observed in the VOST samples during analysis.

c) Documentation Problems: none encountered
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PHILIP SERVICES

Certificate of Analysis

CLIENT INFORMATION LABORATORY INFORMATION

Attention: 
Client Name: 
Project: 
Project Desc:

Dan Gartner
Best Environmental Inc.
Livermore
Stack Emissions

Contact:
Project:
Date Received: 
Date Reported:

Ron McLeod 
AN980845 
98/08/28 
98/10/09

Address: 15890 Foothill Blvd
San Leandro,CA 
CA 94578

Fax Number: 510 278 4018 
Phone Number: 510 278 4011

Submission No.: 810098 
Sample No.: 043156

NOTES: = not analysed '<’ = less than Method Detection Limit (MDL)'NA'= no data available

LOQ can by determinedfor all analytes by multiplying the appropriate MDL X3.33 

Solids data is based on dry weight except for biota analyses.

Organic analyses are not correctedfor extraction recovery standards except for isotope 

dilution methods. (Le CARB 429 PAH. allPCDD/FandDBD/DBFanalyses)

Methods used by PASC are based upon those found in 'Standard Methods for the Examination of Water and 
Wastewater1, Nineteenth Edition. Other methods are based on the principles ofMISA or EPA methodologies. 
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing 
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client 
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the 
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at 
PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS: Revision 98/10/23: Confirmation Data

/A

Certified by:

>r::i >crvicc Rn;u.i. Buriinc

Page 1

iii)i



10/22/98 PASC - Certificate of Analysis 00008 Page 2 of 8

Method Blank Blank Blank Blank
Client ID: Blank Spike # 1 Spike #1 Spike #2 Spike #2
Lab No.: 043156 98 043156 98 043156 98 043156 98 043156 98

Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26
Component Units % Recoveries % Recoveries

Total C14-Dibenzofunms PS 19 5300 107 4900 99
total C15-Dibenzofurans " <24 11000 110 11000 113
Total C16-Dibenzofurans " <22 23000 112 23000 118
Total C17-Dibenzofurans " <6.3 11000 110 11000 105
' T8-Dibenzofuran " <7.1 11000 110 12000 117
Total C14-Dibenzo-p-dioxins <19 6400 127 6500 130
T otal C15-Dibenzo-p-dioxins 62 6200 124 6200 124
Total C16-Dibenzo-p-dioxins <8.9 19000 125 19000 122
Total C17-Dibenzo-p-dioxins <9.8 6000 120 6300 125
L 18-Dibenzo-p-dioxin " 9.6 11000 110 12000 116
Internal Recoveries %

2,3,7,8-T4CDF-13C-12 68 72 72 70 70
2,3,7,8-T4CDD-13C-12 70 71 71 69 69
1.2,3,7,8-P5CDF-13C-12 81 88 88 74 74
1 2,3,7,8-P5CDD-13C-12 89 95 95 79 79
i.2,3,6,7,8-H6CDF-13C-12 87 92 92 89 89
1 /2,3,6,7,8-H6CDD-13C-12 95 96 96 94 94
1 2,3,4,6,7,8-H7CDF-13C-12 88 89 89 82 82
i 2,3,4,6,7,8-H7CDD- 13C-12 93 93 93 87 87
OCDD-13C-12 87 89 89 78 78
Surrogate Recoveries %

2.3,7,8-T4CDD-37C14 NS NS NS NS NS
2.3,4,7,8-P5CDF-13C-I2 NS NS NS NS NS
1,2,3,4,7,8-H6CDF-13C-12 NS NS NS NS NS
,2,3,4,7,8-H6CDD-13C-12 NS NS NS NS NS

: ,2,3,4,7,8,9-H7CDF-13C-12 NS NS NS NS NS
Alternate %

. 2,3,7,8,9-H6CDF-13C-12 105 102 102 106 106

2.3,7,8-C14-Dibenzofuran (DBS) Pg 19 5300 107 4900 98
3,3,7,8-C14-Dibenzo-p-dioxin <19 6400 127 6500 130
i.2,3,7,8-C15-Dibenzofuran <6.9 5500 109 5300 106
2.3,4,7,8-C15-Dibenzo£uran <25 5500 111 5900 119
1 2,3,7,8-C15-Dibenzo-p-dioxin <6.5 6200 124 6200 124
1.2,3,4,7,8-C16-Dibenzofuran <8.1 5100 102 5600 112
l 2,3,6,7,8-C16-Dibenzofuran <7.2 6200 125 5900 119
2 3,4,6,7,8-C16-Dibenzofuran <9.2 5700 115 6500 129
’ ,2,3,7,8,9-C16-Dibenzofuran <9.6 5300 107 5500 110
i 2,3,4,7,8-CI6-Dibenzo-p-dioxin <9.2 6000 120 5500 no
t 2,3,6,7,8-CI6-Dibenzo-p-dioxin <8.6 6400 129 6400 129
i 2,3,7,8,9-C16-Dibenzo-p-dioxin <8.9 6200 125 6400 128
! .2,3,4,6,7,8-C17-Dibeazofuran <5.9 6000 120 5400 108
1,2,3,4,7,S,9-C17-Dibenzofuran <6.6 5300 106 5100 102

' .2.3,4,6,7,S-C17-Dibenzo-p-dioxin <9.3 6000 120 6300
1.2,3,4,6,7,8,9-C18-Dibenzofuran 11000 no 12000 IV

: .2,3,4,6,7,S,9-C18-Dibenzo-p-<iioxin " 9.b 11000 HO 1:000 116

VI

vermore



10/22/98 PASC - Certificate ofAnalysis 00009

Method Blank Blank Blank Blank
Client ID: Blank Spike #1 Spike #1 Spike #2 Spike #2
Lab No.: 043156 98 043156 98 043156 98 043156 98 043156 98

Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26
Component Units % Recoveries % Recoveries
2.3,7,8-TCDF (DB225) PS 19 - - - -
Internal Recoveries %
2,3,7,8-TCDF-13C12 56 - - - -

Page 3 of 8

Client:Best Environmental Inc. ProjecrLivermore



10/22/98 PASC - Certificate of Analysis
0001 0

Page 4 of8

Client ID: 
Lab No.: 

Date Sampled:
Component

Total C14-Dibenzofiirans 
Total C15-Dibenzofurans 
Total C16-Dibenzofurans 
Total C17-Dibenzofurans 
C 18-Dibenzofuran 
Total C14-Dibenzo-p-dioxins 
Total C15-Dibenzo-p-dioxins 
Total C16-Dibenzo-p-dioxins 
Total C17-Dibenzo-p-dioxins 
C18-Dibenzo-p-dioxin 
Internal Recoveries
2.5.7.8- T4CDF-13C-12 
2 3,7,8-T4CDD-13 C-12
1.2.3.7.8- P5CDF-13C-12 
U,3,7,8-P5CDD-13C-12
1.2.3.6.7.8- H6CDF-13C-12 
.2,3,6,7,8-H6CDD-I3C-12

. 2,3,4,6,7,8-H7CDF-13C-12 
•„2,3,4,6,7,8-H7CDD-13C-12 
OCDD-13C-12 
.Surrogate Recoveries

3,7,8-T4CDD-37C14
2.3.4.7.8- P5CDF-13C-12
1.2.3.4.7.8- H6CDF-13C-12
1.2.3.4.7.8- H6CDD-13C-12 
:22,3,4,7,8,9-H7CDF-13C-12 
A Itemate
1 2,3,7,8,9-H6CDF-13C-12

2.3.7.8- C14-Dibenzofuran (DBS)
2.3.7.8- C 14-Dibenzo-p-dioxin 
i 2,3,7,8-C15-Dibenzofuran
2.3.4.7.8- C15-Dibenzofuran
1 2,3,7,8-C15-Dibenzo-p-dioxin 
i .2,3,4,7,8-C16-Dibenzofuran
1 2,3,6,7,8-C16-Dibenzofuran
2 3,4,6,7,8-C16-Dibenzofuran 
1.2,3,7,8,9-C16-Dibenzofuran
1.2.3.4.7.8- C16-Dibenzo-p-dioxin 
. 2,3,6,7,8-C16-Dibenzo-p-dioxin 
! 2,3,7,8,9-C16-Diberrzo-p-dioxin 
.2,3,4,6,7,8-C17-Dibenzofuran 
.2,3.4,7,8,9-C17-Dibenzofuran

■ 2.3,4,S,7,8-C17-Dibenzo-p-dioxin 
,2,3,4,6,7,8,9-C18-Dibenzofuran 
.2,5.4,6,7,8,9-ClS-Dibenzo-p-dioxin

R1M23 Baghouse

R4M23-TB Inlet

043157 98 043158 98
98/08/26 98/08/26

Units

PS 31 390

" 34 66

" <14 18

" <14 6.5

" <36 13

" 31 100

" 40 24

" <44 9.1

" <23 12

" <52 290

%

85 86
74 82
80 76
85 76

129 114
129 110

98 88
86 79
87 76

%

95 102

108 107

77 85

73 85

88 90

%

99 100

PS 31 60

31 44
<22 12

35 36

<33 15

<13 7.5

<12 4.6

<15 5.8

<15 <5.1

<45 <4.2
<42 4.3
<44 4.7
<14 6.2

<15 <5.0

<23 <14
<36 13
<52 290

R2M23 Baghouse R3M23 Baghouse

Inlet Inlet

043159 98 043160 98

98/08/26 98/08/26

220 510

120 360

31 79

14 23

8.9 9.0

94 58

34 15

20 10

26 13

200 230

84 87

79 77

82 76

84 74

125 130

104 104.

98 95

90 86
87 83

100 98
106 104
82 82
104 104

91 88

101 106

65 81

54 45

19 52

51 52

23 15

8.1 14

4.5 12

6.4 12

1.4 6.7

4.5 <4.6

5.1

5.1 4.5

6.1 9.9

<5.1 6.2

15 13

8.9 9.0

200 230

ClienV.Best Environmental Inc. Project: Li verm ore



10/22/98 PASC - Certificate of Analysis
00011

Page 5 of 8

R1M23 Baghouse R2M23 Baghouse R3M23 Baghouse
Client ID : R4M23-TB Inlet Inlet Inlet
Lab No.: 043157 98 043158 98 043159 98 043160 98

Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26
Component Units
2,3,7,8-TCDF (DB225) PE 20 <20 30 33
Internal Recoveries %
2.3,7,8-TCDF-13C12 77 77 74 83

Ciient:Best Environmental Inc. Project:Livermore



’0/22/98 PASC - Certificate of Analysis 0001 2 Page 6 of 8

R1M23 Cot R1M429 R2M429 R3M429 R1M429 Cat
Client ID: Outlet Baghouselnlet Baghouselnlet Baghouselnlet Outlet
Lab No.: 043161 98 043163 98 043164 98 043165 98 043166 98

Date Sampled: 98/08/26 98/08/18 98/08/18 98/08/19 98/08/18
Component Units

Total C14-Dibenzofurans PS 14 34 35 31 49
Total C15-Dibenzofurans 22 58 68 56 94
1 otal C16-Dibenzofurans " 5.7 16 23 20 22
Total C17-Dibenzofurans " <4.2 <4.2 <6.0 9.2 <11
C18-Dibenzofuran " <7.1 7.6 9.0 22 <8.9
Total C 14-Dibenzo-p-dioxins " 30 39 50 34 47
Total C15-Dibenzo-p-dioxins " 7.5 14 21 13 27
Total C16-Dibenzo-p-dioxins " <4.0 <4.1 11 <7.5 <8.1
Total C17-Dibenzo-p-dioxins " <4.4 8.2 18 30 10
C18-Dibenzo-p-dioxin " 9.4 22 250 500 97
Internal Recoveries %
2.3,7,8-T4CDF-13C-12 93 82 84 80 68
7,3,7,8-T4CDD-13C-12 80 74 76 71 60

.2,3,7,8-P5CDF-13C-12 84 82 81 80 70
1,2,3,7,8-P5CDD-13C-12 87 84 82 81 72

2,3,6,7,8-H6CDF-l3C-12 109 113 107 100 101
.2,3,6,7,8-H6CDD-13C-12 98 105 102 104 99

’ 2,3,4,6,7,8-H7CDF-13C-12 99 98 95 96 88
' :2,3,4,6,7,8-H7CDD-13C-12 93 90 86 89 86
OCDD-13C-12 86 88 85 88 82
surrogate Recoveries %

2 3,7,S-T4CDD-37C14 98 97 99 96 97
2.3,4,7,8-P5CDF-13C-12 105 105 105 106 106
1.2,3,4,7,8-H6CDF-13C-12 95 95 93 98 93
l.2,3A7,8-H6CDD-13C-12 107 102 102 101 95
: 2,3,4,7,8,9-H7CDF-13C-12 93 93 94 98 93
A Itemate %

i 2,3,7,8,9-H6CDF-13C-12 102 103 100 99 97

l,3.7,S-C14-Dibenzofuran (DBS) PS 14 34 35 31 49
2,3,7,8-C14-Dibenzo-p-dioxin 30 39 50 34 47
,2,3,7,8-C15-Dibenzofuran 5.0 12 18 13 22

2.3,4,7,8-C15-Dibenzofuran 18 41 51 37 58
1,2,3,7,8-C15-Dibenzo-p-dioxin 7.5 14 21 13 27
.2,3,4,7,8-C16-Dibenzo£uran 5.5 6.3 8.7 8.8 8.3

1,2,3,6,7,8-C16-Dibenzo£uran <4.0 3.5 5.9 4.7 5.9
2.3,4,6,7,8-C16-Dibenzofuran " <5.0 6.3 7.4 6.1 7.5

2,3,7,8,9-C16-Dibcnzofuran <5.2 <4.5 <4.6 <4.9 <4.2
2,3,4,7,8-C16-Dibenzo-p-dioxin <4.2 <4.2 6.3 <7.7 <8.4

. 2,3,6,7,8-C16-Dibenzo-p-dio.xin <3.9 <4.0 5.0 <7.2 <7.8
'.2J,7,8,9-C16-Dibenzo-p-dioxin <4.0 <4.1 <3.6 <7.5 <8.1

'..2,3,4,6,7,8-C17-Dibenzofuran <3.9 <4.0 <5.6 8.7 <10
1 2,3,4,7,8,9-C17-Dibenzofuran <4.4 <4.4 <6.3 <5.4 <12

> .2,3,4,6,7,S-C17-Dibenzo-p-dioxin <4.4 8.2 11 17 10
1 2.3,4,6,7,8,9-ClS-Dibenzofuran <7.1 7.6 9.0 22 <8.9
! ,2,3,4,6,7,8,9-ClS-Dibenzo-D-dioxin 9.4 500 97

ClientiBest environmental Inc. ProiecvLivermore



10/22/98 PASC - Certificate of Analysis 00013 Page 7 of 8

R1M23 Cot R1M429 R2M429 R3M429 R1M429 Cat
Client ID: Outlet Baghouselnlet Baghouselnlet Baghouselnlet Outlet
Lab No.: 043161 98 043163 98 043164 98 043165 98 043166 98

Date Sampled: 98/08/26 98/08/18 98/08/18 98/08/19 98/08/18
Component Units
2,3,7,8-TCDF (DB225) Pg 13 17 29 21 36
internal Recoveries %
2,3,7,8-TCDF-13C12 83 84 84 83 69

Client:Best Environmental Inc. ProjectiLivennore



Batch Code: 
PCDD/F (DB5)

10/22/98

Run Date
Date of Sample Prep

Batch Code:
2,3,7,8-TCDF (DB225)

Run Date
Date of Sample Prep

PASC - Summary of Analysis Pre. DateP ^ ^ ^ 4 Page ms-8 of 8

0927FB01 .0927FB01 0927FB01 0927FB01
0431:6 98 043157 98 043158 98

043159 98
043160 98
043163 98
043164 98
043165 98
043166 98

043161 98

98/10/05 98/10/02 98/10/04 98/10/07
98/09/27 98/09/27 98/09/27 98/09/27

0927FB01 0927FB01
043156 98 043158 98
043157 98 043159 98

043160 98
043163 98
043164 98
043165 98
043166 98
043161 98

98/10/20 98/10/20
98/09/27 98/09/27

L.:ent:^est environmental me. r’reiecxLiv.enncre' • i



10/13/OR

Client ID:

Method

Blank

Lab No.: 043156 98

Date Sampled: 98/08/26
Component Unlit

Vltlorubiphenyls ug <0.0090

Diclitoioliiplieuyla <0.016

Tiiclilorobipliejiyls <0.013

Telraclilorobiphenyls <0.021

pL-nluclilorubiphcnyls <0.041

1 lexadilorobiplvcnyls <0.023

Heptnclilorobiphcnyls <0.021

Odiiclilorobiplicnyls II <0.078

Hunucliloioliiplienyls ti <0.028

Dechcliloiobiphcnyl 11 <0.028

l-CIl (total) * <0.0090

Itilcuiul Recoveries %
4-Chlorobi phenyl-13C6 87

3,3,5,5-TetriidilQrobiphenyl-13C12 97

2,23,3,5,5,6.6-Octachlorobiphcnyl-13Cl 2 75

Devuchlutobiplieiiyl-l 3C12 n
Hunogitlis Recoveries %
2,2,3,4,5,5,6-Hqi(flchlotoliiphenyl-13C12 NS

PASC - Certificate of Analysis Page S of 10

Blank 
Spike #1 

043156 98 

98/08/26

0.83
0.95
0.78
0.74
0.79
0.75
0.74
0.80
1.00
0.82
8.2

94

HO
85
104

MS

Blank Blank Blank R1M23 Baghouse
Spike til Spike #2 Spike If 2 R4M23-TB Inlet

04315698 043156 98 043156 98 04315798 043158 98
98/08/26 98/08/26 98/08/26 98/08/26 98/08/26

°,t Recoveries % Recoveries

100 0.89 no <0.018 <0.073
120 0.94 120 <0.016 <0.13
98 0.84 100 <0.013 0.23
92 0.74 93 <0.028 0.76
98 0.75 94 <0.036 0.23
94 0.75 94 <0.025 <0.038
92 ' 0.75 93 <0.037 <0.034
100 0.90 110 <0.053 <0.048
120 0.77 96 <0.019 <0.018
100 0.S4 100 <0.024 <0.022
100 8.2 100 <0.013 1.2

94 86 86 87 102
no 105 105 112 116
85 103 103 110 115
104 104 96 109 111

- NS • 3.0 100

. V

l.
>l CJ

.('

ClientBest Environmental Inc. Project:!.ivennore

15 1958 11:52 PR PH
ILIP 

A
N

A
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905 332 9169 

T
O 15102784018 

P. 88x10



10/mn PASC- Certificate of Analysis Page 9nf 10

Client ID:
Lab No.:

Dale Sampled:

('(imiHJiieiit Unlit

Uhltuobiphenyls ug
I tklilornbiplieiiyls "
Tiivlilo:i)l)iplieiiyls "
Tditichlomhiplidnyls "
Pciitadilorobiplicnyls "
HoKaclilMoliiphcnyls "
llqitnehltuoljiphoiiyls "
Odiichlurobiphenyls "
Monndilorobiiihcnyls "
DixiicliloioVipliunyl "
VCB (tolul) 11
Inknml Rewvuiies %
4-Cl> I nrobj phenyl-13C6 
3,3,5,5-T<.-lruclilori>biplienyM3CI2 
'2,2,3.3,515,fi/i-()cladili)robiplienyM3C12 
Oaaichlorobiphenyl-l 3C12
Surrogate Recoveries %
2,2, b‘1,5,5,6 llcpliiLliIomhiphmyl-l 3fl|2

R2M23 Bughouse R3M23 llaglionse RIM23 Col
Inlet Inlet Outlet

043159 98 043160 98 043161 98
98A18/26 98/08/26 98/08/26

<0.040 <0.021 <0.017
0.088 <0.019 <0.015

<0.016 <0.030 <0.018
<0.053 <0.035 0.054
<0.0.34 <0.031 0.028
0.030 <0,031 0.021
<0.013 <0.035 0.018
<0.11 <0.043 <0.066
<0.038 <0.021 <0.027
<0.022 <0.021 <0.023

0,12 <0.019 <0.015

97 91 99
117 115 123
84 100 85
115 119 118

101 103 5.0

Clienlilesl Environmental Inc. rrojcct:[.ivcrmore
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Certificate of Analysis

CLIENT INFORMATION

Attention: 
Client Name: 
Project: 
Project Desc:

Dan Gartner
Best Environmental Inc.
Livermore
Stack Emissions

Address: 15890 Foothill Blvd
San Leandro, C A 
CA 94578

Fax Number: 510 278 4018 
Phone Number: 510 278 4011

LABORATORY INFORMATION

Contact:
Project:
Date Received: 
Date Reported:

Submission No.: 
Sample No.:

Ron McLeod 
AN980845 
98/08/28 
98/10/14

810098
043156-043161

NOTES: = not analysed '<' = less than Method Detection Limit (MDL) 'NA' = no data available

LOQ can by determined for all analytes by multiplying the appropriate MDL X3.33 

Solids data is based on dry weight except for biota analyses.

Organic analyses are not correctedfor extraction recovery standards exceptfor isotope 

dilution methods, (Le. CARB 429 PAH, all PCDD/FandDBD/DBFanalyses)

Methods used by PASC are based upon those found in ’Standard Methods for the Examination of Water and 
Wastewatep, Nineteenth Edition. Other methods are based on the principles ofMISA or EPA methodologies. 
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing 
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client 
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the 
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at 
PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS:

NS=Not Spiked

Certified by:
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10/14/98 PASC- Certificate of Analysis

• Method Blank Blank Blank Blank
Client ID: Blank Spike .= I Spike U1 Spike #2 Spike #2

Lab No.: 043156 98 043156 98 043156 98 043156 98 043156 98
Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26 98/03/26

Component MDL Units % Recoveries % Recoveries

Aniline 10.0 ug <40 <40 NS <40 NS
Phenol 0.3 <1.2 120 60 130 64
D is(2-chloroethyl)ether 0.8 " <3.2 <3.2 NS <3.2 NS
2-Chlorophenol 0.5 * <2.0 150 74 160 79
1,3-Dichlorobenzene 1.5 " <6.0 <6.0 NS <6.0 NS
i 4-Dichlorobenzene 1.5 " <6.0 75 75 76 76
i .2-Dichlorobenzene 1.7 " <6.8 <6.8 NS <6.8 NS
2-Methylphenol 1.2 " <4.8 <4.3 NS <4.8 NS
Bis(2-chloroisopropyl)ether 1.1 <4.4 <4.4 NS <4.4 NS
4-Methylphenol 1.6 " <6.4 <6.4 NS <6.4 NS
N-Nitroso-di-N-Propylamine 1.1 " <4.4 51 51 55 55
Hexachloroethane 1.1 " <4.4 <4.4 NS <4.4 NS
Nitrobenzene 0.8 " <3.2 <3.2 NS <3.2 NS
Isophorone 1.0 " <4.0 <4.0 NS <4.0 NS
2-Nitrophenol 1.2 " <4.8 <4.8 NS <4.8 NS
2,4-D imethylphenol 10.0 " <40 <40 NS <40 NS
B is(2-chloroethoxy )methane 1.2 " <4.8 <4.3 NS <4.8 NS
2,4-Dichlorophenol 1.2 <4.8 <4.8 NS <4.8 NS
: ,2,4-Trichlorobenzene 2.2 " <3.8 82 82 82 NS
Naphthalene 1.9 <7.6 <7.6 NS <7.6 NS
•',-Chloroaniline 10.0 <40 <40 NS <40 NS

■ iexachlorobutadiene 1.0 <4.0 <4.0 NS <4.0 NS
A-Chloro-3-Methylphenol 1.4 •* <5.6 150 76 160 78
: -Methylnaphthalene 1.8 <7.2 <7.2 NS <7.2 NS

■ iexachlorocvclopentadiene 10 " <40 <40 NS <40 NS
i. ,4,6-Trichlorophenol 1.2 <4.8 <4.3 NS <4.8 NS
_.4,5-Trichlorophenol 1.7 <6.8 <6.8 NS . <6.8 NS
i-Chloronaphthalene 2.2 <8.3 <3.3 NS <3.3' NS
i Nitroaniline 10.0 " <40 <40 NS <40 NS
Dimethyl phthalate 0.7 " <2.8 <2.8 NS <2.8 NS
/.cenaphthylene 1.6 <6.4 <6.4 NS <6.4 NS
2.6-Dinitrotoluene 1.0 <4.0 <4.0 NS <4.0 NS
3-Nitroaniline 10 <40 <40 NS <40 NS
Acenaphthene 2.0 <3.0 86 86 39 89
2.4-Dinitrophenol 10.0 " <40 <10 NS <40 NS
4-Nitropnenol 10.0 <40 140 72 150 75

Dibenzofuran 10.0 <40 <40 NS <40 NS
2,4-Dinitrotoluene 1.1 " <4.4 76 76 31 81

Diethyl phthalate 0.4 <1.6 <1.5 NS <1.6 NS

i-Chlorophenvlphenylether 1.8 " <7.2 NS <7.2 NS

vluorer.e 1.3 <5.2 <5.2 NS <5.2 NS

-Nitroaniline 10.0 <40 <40 NS <40 NS
, .6-Dinitro-2-methylphenoi 1.2 " <4.8 <4.8 NS <4.3 NS

\-Nitroscdiphenyiamine <’.4 NS NS

4-3romopheayiphenyiether 1.3 <0A NS NS

h exackicrobenzene 1.0 <4.0 <4.: NS c.O NS

entachicrophenci :G 50

: 'henan throne 0.6 NS <2.4 NS

CiencSesi Environmental ir.c. Proje:

i.

Page 2 of 10
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Page 3 of 103 0/14/98 PASC - Certificate of Analysis

• Method Blank Blank Blank Blank
Client ID: Blank Spike n 1 Spike rr 1 Spike #2 Spike #2

Lab No.: 043156 98 043156 98 043156 98 043156 98 043156 98
Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26

Component MDL Units % Recoveries % Recoveries
Anthracene 1.1 " <4.4 <4.4 NS <4.4 NS
Carbazole 0.3 <1.2 <1.2 NS <1.2 NS
Di-n-butyl phthalate 1.0 M <4.0 <4.0 NS <4.0 NS
Fluoranthene 1.0 rt <4.0 <4.0 NS <4.0 NS
Pyrene 0.5 " 1.4 87 87 90 90
Benzyl butyl phthalate 1.3 " <5.2 <5.2 NS <5.2 NS
3,3-Dichlorobenzidine 10.0 " <40 <40 NS <40 NS
Benzo(a)anthracene 0.8 * <3.2 <32 NS <32 NS
Chrysene 0.5 <2.0 <2.0 NS <2.0 NS
Bis(2-ethylhexyl)phthalate 2.0 " <8.0 <8.0 NS <8.0 NS
Di-n-octyl phthalate 1.3 n <5.2 <5.2 NS <52 NS
Benzo(b)fluoranthene 1.0 . " <4.0 <4.0 NS <4.0 NS
Benzo(k)fluoranthene 1.1 " <4.4 <4.4 NS <4.4 NS
lenzo(a)pyrene 0.8 " <32 <3.2 NS <32 NS

' ndeno( 1 2,3-cd)pyrene 0.6 <2.4 <2.4 NS <2.4 NS
Dibenzo(arh)anthracene 1.0 <4.0 <4.0 NS <4.0 NS
t enzo(ghi)perylene 0.7 " <2.8 <2.8 NS <2.8 NS
Surrogate Recoveries %
2-Fluorophenol 55 - 55 - 63
dj-Phenol 64 - 68 - 75
d5-Nitrobenzene 72 - 76 - 82
2-Fluorobiphenvl 93 - 92 - 100
2 4,6-Tribromophenol 81 - 83 - 92
d-14-p-Terphenyl 89 - 91 - 95
Field Spike %
2 r6-Dibromo-4-£luorophenol NS NS - NS -
''10-Pyrene NS NS - NS -

Client:Best environmental Inc. ?rcjec::L;vermcrs

( J i i



00732
Page 4 of 10j 0/13/98 PASC - Certificate of Analysis

RIM23 Baghouse R2M23 Baghouse R3M23 Baghouse
Client ID: R4M23-TB Inlet Inlet Inlet
Lab No.: 043157 98 043158 98 043159 98 043160 98

Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26
Component MDL Units

Aniline 10.0 ug <40 <40 <40 <40
Phenol 0.3 " <1.2 <1.2 <1.2 <1.2
Bis(2-chloroethyl)ether 0.8 " <3.2 <3.2 <322 <33
2-Chlorophenol 0.5 " <2.0 <2.0 <3.0 <2.0
1,3-Dichlorobenzene 1.5 <6.0 <6.0 <6.0 <6.0
1 -4-Dichlorobenzene 1.5 " <6.0 <6.0 <6.0 <6.0
1,2-Dichlorobenzene 1.7 " <6.8 <6.8 <6.8 <6.8
2-Methylphenol 1.2 <4.8 <4.8 <4.8 <4.8
Bis(2-chloroisopropyl)ether 1.1 <4.4 <4.4 <4.4 <4.4
4-Methylphenol 1.6 <6.4 <6.4 <6.4 <6.4
N-Nitroso-di-N-Propylamine 1.1 " <4.4 <4.4 <4.4 <4.4
Hexachloroethane 1.1 " <4.4 <4.4 <4.4 <4.4
Nitrobenzene 0.8 " <3.2 <3.2 <3.2 <33
Tsophorone 1.0 " <4.0 <4.0 <4.0 <4.0
2-Nitrophenol 1.2 ** <4.8 <4.8 <4.8 <4.8
2,4-Dimethylphenol 10.0 <40 <40 <40 <40
I iis(2-chIoroethoxy)methane 1.2 <4.8 <4.8 <4.8 <4.8
1,4-Dichlorophenol 1.2 <4.8 <4.8 <4.8 <4.8
i. 2,4-Trichlorobenzene 2.2 <8.8 <8.8 <8.8 <8.8
Naphthalene 1.9 " <7.6 <7.6 <7.6 <7.6

- Chloroaniline 10.0 <40 <40 <40 <40
1 exachlorobutadiene 1.0 " <4.0 <4.0 <4.0 <4.0
-i-Chloro-3-Methylphenol 1.4 " <5.6 <5.6 <5.6 <5.6
2-Methylnaphthalene 1.8 <7.2 <7.2 <7.2 <7.2
ilexachlorocvclopentadiene 10 <40 <40 <40 <40
2 4,6-Trichlorophenol 1.2 <4.8 <4.8 <4.8 <4.8
2,4,5-Trichlorophenol 1.7 <6.8 <6.8 <6.8 <6.8
2 -Chloronaphthalene 2.2 <8.8 <8.8 <8.8 <8.8
2-Nitroaniline 10.0 " <40 <40 <40 <40
Dimethyl p'nthalate 0.7 <2.8 <2.8 <2.8 <2.8
Acenaphthylene 1.6 <6.4 <6.4 <6.4 <6.4
2,6-Dinitrotoluene 1.0 <4.0 <4.0 <4.0 <4.0
3-Nitroaniline 10 <40 <40 <40 <40
Acenaphthene 2.0 <8.0 <8.0 <8.0 <8.0
2,4-Dinitrophenol 10.0 <40 <40 <40 <40
4-Nitrophenol 10.0 <40 <40 <40 <40
Dibenzofuran 10.0 " <40 <40 <40 <40
- -4-Dinitrotoluene 1.1 <4.4 <4.4 <4.4 <4.4
Diethyl phthaiate 0.4 <1.5 1:0 1.9 <1.6 4

-.-Chlorophenylphenviether l.S " <7.2 <7.2
'•'Iuorene 1.3 <5.2 <5.2

4-Nitroaniiine 10.0 " <40 <40 <40 <40
- o-Dinitro-2-rnethyiphenoi 1.2 <4.8 <AS <4.3 <4.3
N-Nitrosodiphenyiamine <14 <14

• •Bromophenytphenyiether 1.6 <6.4

Hexachlorocenzene <4.; <4. )
:,er.iachlorophenci l.f <6.0
1 nenanthrene %2.- a 5

> : : ' l

L
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R1M23 Baghouse R2M23 Baghouse R3M23 Baghouse
Client ID: R4M23-RB Inlet Inlet Inlet
Lai No.: 043157 98 043158 98 043159 98 043160 98

Date Sampled: 98/08/26 98/08/26 98/08/26 98/08/26
Component MDL Units
Anthracene 1.1 <4.4 <4.4 <4.4 <4.4
Carbazole 0.3 " <1.2 <1.2 <1/2 <1.2
Di-n-butyl phthalate 1.0 <4.0 18 4.0 <4.0 •
Fluoranthene 1.0 " <4.0 <4.0 <4.0 <4.0
Pyrene 0.5 <2.0 <2.0 <2.0 <2.0
Benzyl butyl phthalate 1.3 " <5.2 <5.2 <5.2 <5.2
7,3-Dichlorobenzidine 10.0 * <40 <40 <40 <40
Benzo(a)anthracene 0.8 " <3.2 <3.2 <3.2 <3.2
Chrysene 0.5 n <2.0 <2.0 <2.0 <2.0
Bis(2-ethylhexyl)phthalate 2.0 M <8.0 15 23 11 •
Bi-n-octyl phthalate 1.3 " <5/2 <5.2 <5.2 <5.2
Benzo(b)fluoranthene 1.0 " <4.0 <4.0 - <4.0 <4.0
Benzo(k)fluoranthene 1.1 " <4.4 <4.4 <4.4 <4.4
Benzo(a)pyrene 0.8 <3.2 <3.2 <3/2 <3.2
Ii;deno( 1,2,3-cd)pyrene 0.6 <2.4 . <2.4 <2.4 <2.4
D:benzo(a,h)anthracene 1.0 " <4.0 <4.0 <4.0 <4.0
Bcnzo(ghi)peiylene 0.7 " <2.8 <2.8 <2.8 <2.8

Surrogate Recoveries %
2-FIuorophenol 79 81 85 78
di-Phenol 88 94 86 82
d5-Nitrobenzene 77 75 73 69
2-Fluorobiphenyl 94 93 91 88

2,4,6-Tribromophenol 67 66 83 81
d-14-p-Terphenyl 91 94 92 91
Field Spike %
2.6-Dibromo-4-fluorophenol 40 52 92 79
FlO-Pvrene 83 116 108 111

CliencSest Environmental Inc. Prciec::Livenr.ore
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Client ID:
Lab No.: 

Date Sampled:

. R1M23 Cot 
Outlet

043161 98
98/08/26

Component MDL Units

Aniline 10.0 ug <40
Phenol 0.3 " 8.7
E i s(2-chioroethyl)ether 0.8 <322
2-Chlorophenol 0.5 <2.0
1.3-Dichlorobenzene 1.5 <6.0
1 -4-Dichlorobenzene 1.5 <6.0
' 12-Dichlorobenzene 1.7 <6.8

2-Methylphenol 1.2 <4.8
7iis(2-chloroisopropyl)ether 1.1 " <4.4
-i-Methylphenol 1.6 <6.4
N-Nitroso-di-N-Propylamine 1.1 <4.4
Nexachloroe thane 1.1 <4.4
Nitrobenzene 0.8 " <3.2
J jophorone 1.0 " <4.0
2 -Nitrophenol 1.2 " <4.8
2.4-Dimethylphenol 10.0 " <40
:3 is(2-chloroethoxy)methane 1.2 <4.8
2,4-Dichlorophenol 1.2 <4.8
i ,2,4-Trichlorobenzene 2.2 <8.8

Naphthalene 1.9 " <7.6
4-Chloroaniline 10.0 <40
Hexachlorobutadiene 1.0 ” <4.0
4-Chloro-3-Methvlphenol 1.4 " <5.6
2-Methylnaphthalene 1.8 <7.2
Hexachlorocyclopentadiene 10 <40
2,4,6-Trichlorophenol 1.2 <4.8
2,4,5-Trichlorophenol 1.7 <6.8

2-Chloronaphthalene 2.2 <8.8

2-Nitroaniline 10.0 <40
1 iimethyl phthalate 0.7 <2.8

Acenaphthylene 1.6 <6.4
'} 6-Dinitrotoluene 1.0 n <4.0
..'-Nitroaniline 10 <40
Acenaphthene 2.0 <8.0

V 4-Dinitrophenol 10.0 <40
■ Nitrophenol 10.0 <40
'■ .ibenzofuran 10.0 " <40
1: 4-Dinitrotoluene 1.1 " <4.4
Diethyl phthalate 0.4 <1.6
4-Chiorophenylphenylether 1.8 <7.2
N.uorene 1.3 <5.2
4 Nitroaniline 10.0 <40

6-Dinitro-2-methylphenoi 1.2 <4.8
''■-Nitrosodiphenylamine <14

4 Nrcinophenyiphenylether <0.—

Hexachiorobenzene 1.0

i tachloropnenoi <0.v

r ".dr.anthrene 0.3

R1M429 R2M429 R3M429 R1M429 Cat
Baghouselnlet Baghouselnlet Baghouselnlet Outlet

043163 98 043164 98 043165 98 043166 98
98/08/18 98/08/18 98/08/19 98/08/18

<40 <40 <40 <40
<4.5 <1.2 <12 <1.2
<3.2 <3.2 <32 <3.2
<2.0 <2.0 <2.0 <2.0
<6.0 <6.0 <6.0 <6.0
<6.0 <6.0 <6.0 <6.0
<6.8 <6.8 <6.8 <6.8

<4.8 <4.8 <4.8 <4.8
<4.4 <4.4 <4.4 <4.4
<6.4 <6.4 <6.4 <6.4
<4.4 <4.4 <4.4 <4.4
<4.4 <4.4 <4.4 <4.4
<3.2 <3.2 <3.2 <3.2
<4.0 <4.0 <4.0 <4.0
<4.8 <4.3 <4.8 9.7 •
<40 <40 <40 <40
<4.8 <4.8 <4.8 <4.8
<4.8 <4.8 <4.8 <4.8
<8.8 <8.8 <8.8 <8.8

<7.6 <7.6 <7.6 <7.6
<40 <40 <40 <40
<4.0 <4.0 <4.0 <4.0
<5.6 <5.6 <5.6 <5.6
<7.2 <7.2 <7.2 <7.2
<40 <40 <40 <40
<4.8 <4.8 <4.8 <4.8
<6.8 <6.8 <6.8 <6.8

<8.8 <8.8 <8.8 <8.8

<40 <40 <40 <40
<2.8 <2.8 <2.8 <2.8

<6.4 <6.4 <6.4 <6.4
<4.0 <4.0 <4.0 <4.0
<40 <40 <40 <40
<3.0 <8.0 <8.0 <8.0

<40 <40 <40 <40
<40 <40 <40 <40
<40 <40 <40 <40
<4.4 <4.4 <4.4 <4.4
9.9 13 3. i <1.6 ■

<7.2 <7.2 <7.2 <7.2
<5.2 <5.2 <5.2 <5.2
<40 <40 <40 <40
<-vs <4.3 <4.3

<A <14
<6.4

<4.0 <4.1

<-v.O <6.0
1 -
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Client ID:
■ R1M23 Cot

Outlet
R1M429

Baghouselniet
R2M429

Baghouselniet
R3M429

Baghouselniet
R1M429 Cat 

Outlet
Lab No.: 043161 98 043163 98 043164 98 043165 98 043166 98

Safe Sampled: 98/08/26 98/08/18 98/08/18 98/08/19 98/08/18
Component
Anthracene

MDL Units
1.1 <4.4 <4.4 <4.4 <4.4 <4.4

Carbazole 0.3 <1.2 <U <1.2 <1.2 <1.2
Oi-n-butyl phthalate 1.0 <4.0 31 21 9.8 <4.0 -
fluoranthene 1.0 <4.0 16 <4.0 <4.0 <4.0 .
Pyrene 0.5 <2.0 9.3 <2.0 <2.0 <2.0 *
Penzyl butyl phthalate 1.3 <5.2 <5.2 <5.2 <5.2 <5.2
3,3-Dichlorobenzidine 10.0 <40 <40 <40 <40 <40
Bsnzo(a)anthracene 0.8 <3.2 <3.2 <3.2 <3.2 <3.2
Chrysene 0.5 <2.0 2.0 <2.0 <2.0 <2.0 •
Bis(2-ethylhexyl)phthalate 2.0 <8.0 21 19 25 11 *
Di-n-octyl phthalate 1.3 <5.2 <5.2 <5.2 <5.2 <5.2
Benzo(b)fluoranthene 1.0 <4.0 <4.0 . <4.0 <4.0 <4.0
Benzo(k)fluonmthene 1.1 <4.4 <4.4 <4.4 <4.4 <4.4
Benzo(a)pyrene 00d

<3/2 <32 <3.2 <3.2 <3.2
Indeno( 1,2,3-cd)pyrene 0.6 <2.4 <2.4 <2.4 <2.4 <2.4
) )ibenzo(aJi)anthracene 1.0 <4.0 <4.0 <4.0 <4.0 <4.0
Benzo(ghi)perylene 0.7 <2.8 <2.8 <2.8 <2.8 <2.8
Surrogate Recoveries 
2-Fluorophenol

%
51 88 84 89 69

(O-Phenol 66 90 88 90 92
U5-Nitrobenzene 70 80 77 82 78
3-FIuorobiphenyl 87 95 94 94 88
:' - 4,6-Tribromophenol 88 90 91 91 83
c-14-p-Terphenyl 91 89 93 92 84

icld Spike
2,6-Dibromo-4-fluorophenol

%
41 71 75 69 32

110-Pyrene 81 83 86 85 73

uientmtest environmental Inc. Proi v'ermcre
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Method Blank

Client ID: Blank Spike II1

I.ah No.: 043156 98 043156 98
Dale Sampled: 98/08/26 98/08/26

( iiiiipiiiu ill Units

('lilomhiplicnyl.s >'g <0.0090 0.83
1 lieliloi ubiplienyls <0.016 0.95
Ti i l 1111)i ol ii i il iu 11y 1 s <0.013 0.78
1 cliaclilombiplienyl.s <0.021 0.74

1 Viilai lihiiobiplicnyls <0.041 0.79
1 Icxnclilumbiphcnyls <0.023 0.75

1 leplaclilorobiphenyls <0.021 0.74
( X lai lllumbiplienylii <0.078 0.80

I lonm liloiobiphenyls <0.028 1.00

1 )oi;aLliloH)l)i])ln:iiyl <0.028 0.82
PCI! (total) 

liilctnal Kceoveiies %
<0.0090 8.2

■1 < ‘lilia ulaplieiiyl 1 1( ’li 87 9-1

1,1,5,'> 1 all millloi obi phenyl- 1 3C 1 2 97 lit)
2,2,3,3,5,5,6,6-OLlnc hloiobiphcnyl-l 3C 12 75 85

1 )t;vin hloi ul)i()lu:ii) l- 1 U ’ I 2 92 10-1

Muiju^ulu ii:.s

lenyl-1 3(3 1 2 m NS

Blank Blank Blank RIM23 Baghouse
Spike #1 Spike //2 Spike #2 R4M23-TB Inlet

043156 98 043156 98 043156 98 043157 98 043158 98
98/08/26 98/08/26 98/08/26 98/08/26 98/08/26

ti Recoveries % Recoveries

100 0.89 110 <0.018 <0.073
120 0.94 120 <0.016 <0.13
98 0.84 100 <0.013 0.23
92 0.74 93 <0.028 0.76
98 0.75 94 <0.036 0.23
94 0.75 94 <0.025 <0.038
92 0.75 93 <0.037 <0.034
100 0.90 110 <0.053 <0.048
120 0.77 96 <0.019 <0.018
100 0.84 100 <0.024 <0.022
100 8.2 100 <0.013 1.2

94 86 86 87 102
110 105 105 1 12 116
85 103 103 110 115
104 104 96 109 111

- NS 3.0 100

Client.Best Environmental Inc. Projeeld.ivennore

00736
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R2M23 Baghouse R3M23 Bughouse R1M23 Cot
Client ID: Inlet Inlet Outlet
Lab No.: 043159 98 043160 98 043161 98

Dote Sampled: 98/08/26 98/08/26 98/08/26
Cnmpmiciu Units

Chlotobiphcityls ng <0.040 <0.021 <0.017
Didtlorobipheuyls " 0.088 <0.019 <0.015
Tt idilomliiphenyLs <0.016 <0.030 <0.018
Tdradiloiobiplienyls " <0.053 <0.035 <0.054
Pcutadilouibipheityls " <0.034 <0.031 <0.028
1 lexachlovobiplienyls " 0.030 <0.031 <0.021
I leptudilovohiphcnyls " <0.017 <0.035 <0.018
(letadiloixibiphenyls " <0.11 <0.043 <0.066
Nonadiloiohiplienyls <0.038 <0.021 <0.027
1 lecachloi obiphenyl <0.022 <0.021 <0.023
I’C'li (total) " 0.12 <0.019 <0.015
lute]nal Kecovei ic.s %

■t ('liloiobiphenyl -1 31 3) 97 91 99
3,3,5,5-Tel i ad 1I01 obi phenyl-1 3 C12 117 115 123
2,2,3,3,5,5,(i,<) ( Madiloi obiplicnyM 3C12 84 100 85
1 kicadiloicibiphenyl-13C 1 2 115 119 118
.Surrogate Recoveries %

2,2,3,-1,5,5, n 1 lepladilorobiplicny!-13C12 101 103 5.0

Page 9 ol

CIient:Best Environmental Inc. ProjecltLivennote

00737
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Batch Code: 0927FB01
svoc 043136 98

043157 98
043158 98
043159 98
043160 98
043161 98
043163 98
043164 98
043165 98
043166 98

Run Date 98/01/05
Date of Sample Prep 98/09/27

Batch Code: 0927FB01
PCS 043156 98

043157 98
043158 98
043159 98
043160 98
043161 98

Run Date 98/10/05
Date of Sample Prep 98/09/27

mr.rorL'r.enta
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PHILIP SERVICES

Certificate of Analysis

CLIENT INFORMATION LABORATORY INFORMATION

Attention: 
Client Name: 
Project: 
Project Desc:

Dan Gartner
Best Environmental Inc.
Livermore
Stack Emissions

Contact:
Project:
Date Received: 
Date Reported:

Ron McLeod 
AN980845 
98/08/28 
98/09/16

Address:

Fax Number: 
Phone Number:

15890 Foothill Blvd 
San Leandro,CA 
CA 94578 
510 278 4018 
510 278 4011

Submission No.: 810098 
Sample No.: 043187-043213

NOTES: = not analysed '<' = less than Method Detection Limit (MDL) 'NA' = no data available

LOQ can by determined for all analytes by multiplying the appropriate MDL X 3.33 

Solids data is based on dry weight except for biota analyses.

Organic analyses are not correctedfor extraction recovery standards except for isotope 

dilution methods. (Le. CARD 429 P.AH. all PCDD/F andDBD/DBFanalyses)

Methods used by PASC are based upon those found in 'Standard Methods for the Examination of Water and 
Wastewater1, Nineteenth Edition. Other methods are based on the principles of MIS A or EPA methodologies. 
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing 
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client 
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of die 
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at 
PASC for a period of three weeks from receipt of data or as per contract

COMMENTS: Revised Report: 981001

* Estimated value, data above the instrument calibration range. Sample contamination with 
dichloromethane and acetone is almost certainly related to cross-contamination of the traps 
with SVOC train solvents shipped in the same container as the VOST samples. Most of 
the response from these analytes is likely not from the stack source.
**Data uncorrected for recover.- of the first internal standard (bromochloromethane. BCM) because 
of interference from a cyclic C-6 hydrocarbon (likely metiwlcyciopentane) the BCM 
peak being suppressed from interference from this peak.
***Data uncorrected for recovery of the first internal standard because of poor recovery of this 
internal standard.

Certified by:__£_
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01320

Page 2 of 12

Component

Client ID:

Lab No.: 

Date Sampled: 

MDL Units

LLNL Field
Blank

043187 98
98/08/18

LLNL Trip 
Blank

043188 98
98/08/18

RTSfI/R 1/0050
15a/b

043189 98
98/08/18

RTS# I/R1/0030
2a/b

043190 98
98/08/18

Chloromethane 0.007 ug 0.053 < < 0.23
Bromometliane 0.005 " 0.042 < 0.039 0.10
Vinyl Chloride 0.013 " < < < <
Chloroethane 0.007 " < < < <

Methylene Cliloride 0.019 " 3.2* 0.54 3.5* 3.3*
Acetone 0.045 ” 0.41 < 1.5* 2.4*
Carbon Disulfide 0.018 " < < < <
i. 1-Dichloroethene 0.007 n 0.036 < 0.14 0.082
1,1-Dicliloroethane 0.004 " < < < <

I,2-Dichloroethene(total) 0.007 " < < < <

Chloroform 0.008 < < < <

1.2-Dichloroethane 0.006 < < < <
2-Butanone 0.036 " < < < <

:. 1,1-Trichloroethane 0.014 < < 0.083 0.035
,‘arbon Tetracliloride 0.016 < < < <

1: romodichloromethane 0.011 < < < <

i.2-Dicliloropropane 0.008 " < < < <

cis-1,3-Dicliloropropene 0.007 < < < <

1 richloroethene 0.009 < < < <

Dibromochlormethane 0.008 " < < < <

1.1,2-Trichloroethane 0.016 < < < <

Benzene 0.009 0.018 0.009 0.034 0.057
•rans- 1,3-Dicliloropropene 0.007 " < < < <

bromoform 0.012 < < < <

-l-Methyl-2-Pentanone 0.019 " < < < <

2-He.xanone 0.031 < < < <

Tetrachloroethene 0.008 < < 0.008 <

1.1.2.2-Tetrachloroethane 0.014 " < < < <

"toluene 0.009 " 0.019 < 0.17 0.088
/7hlorobenzene 0.009 " < < < <

Ctlivibenzene 0.006 " < < 0.010 0.007
•ityrene 0.007 < < 0.018 0.007

<ylene(total) 0.015 " < < 0.049 0.044
1.1.2-Trichlorotrifluoroethane 0.020
, arrogate Recoveries 

i-l-L 2 -D ichlo roethane
cS-Toluene
aromofluorobenzene  
-ie!d Spike

10-Eihvibenzene

%

<

107
99
109

00

<

9'

100
113

<

105
98
114

98

<

109

9S
105

99



10/1/98
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Page 3 of 12PASC - Certificate of Analysis

RTS#l/RI/0030 RTS#l/R2/0030 RTS21/R2/0030
Client ID: 3a/b 4a/b 5a/b
Lab No.: 043191 98 043192 98 043193 98

Date Sampled: 98/08/18 98/08/18 98/08/18
Component MDL Units

Chloromethane 0.007 ug 0.089 < 0.33
firomomethane 0.005 0.052 0.029 <
Vinyl Chloride 0.013 < < <
Chloroethane 0.007 < < <
Methylene Chloride 0.019 3.1* 2.9* 1.9*
Acetone 0.045 3.5* 4.3* 4.1*
Carbon Disulfide 0.018 < < <
1,1-Dichloroethene 0.007 0.046 0.055 0.019
1,1 -Dichloroethane 0.004 < < <

1.2-Dichloroethene(total) 0.007 < < <

Cliloroform 0.008 < < <
1,2-Dichloroethane 0.006 < < <
2-Butanone 0.036 < < <

1,1,1 -Trichloroethane 0.014 0.019 < <

Carbon Tetracliloride 0.016 < < <

B romodichloromethane 0.011 < < <

1,2-Dichloropropane 0.008 < < 0.15
cis-l,3-Dichloropropene 0.007 < < <

'fricliloroethene 0.009 < < <

Dibromocltlormethane 0.008 < < <

i. 1,2-T richloroethane 0.016 < < <

Benzene 0.009 0.033 0.039 0.035
i.rans-1.3-Dichioropropene 0.007 < < <
Bromoform 0.012 < < <
4-Methvl-2-Pentanone 0.019 < < <

?-Hexanone 0.031 < < <

Tetrachloroethene 0.008 < < <

1.1,2,2-Tetrachloroethane 0.014 < < <

Toluene 0.009 0.034 0.25 0.21
Chlorobenzene 0.009 < < <

F thylbenzene 0.006 0.006 0.006 <

Sr.rene 0.007 < o.oos <

Xvlene(total) 0.015 0.033 0.034 0.022
1.1.2-TricMorotrifluoroethane 0.020 " < < <

Surrogate Recoveries %
d4-l ,2-Dichloroethane 108 106 102
28-Toluene 98 101 96
Bromofluorobenzene 114 112 106
Field Spike T,
i 10-Ethvibenzene 99 100 0“

LlientrBesi Environmental Inc. ProiectrLivermore
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Page 4 of 12

Component

Client ID:

Lab No.: 

Date Sampled: 

MDL Units

RTS#l/R2/0030
6a/b

043194 98
98/08/13

RTS#1/R3/0030
8a/b

043195 98
98/03/18

RTS#1/R3/0030
9a/b

043196 98
98/08/18

Cliloromethane 0.007 ug < 2.9 0.43
Bromomethane 0.005 " < 0.054 <
Vinyl Cliloride 0.013 " < < <
Chloroethane 0.007 " < < <
Methylene Cliloride 0.019 " 1.8* 2.0* 0.21
Acetone 0.045 3.4* 0.20 0.74
Carbon Disulfide 0.018 < < <

1,1-Dichloroethene 0.007 " 0.032 0.023 <

'. 1-Dichloroetliane 0.004 < < <

. 2-Dichloroetliene(total) 0.007 " < < <

Chloroform 0.008 < < <

1,2-Dichloroethane 0.006 " < < <

2-Butanone 0.036 0.19 < <

1.1,1 -T richloroethane 0.014 0.016 < <

( arbon Tetrachloride 0.016 < < <

Bromodichloromethane 0.011 < < <

i ,2-Dicliloropropane 0.008 < < <

r .s-I,3-Dichloropropene 0.007 " < < <

7 nchloroethene 0.009 < < <

U ib ro moclilo rmethane 0.008 < < <

l, 1,2-Trichloroethane 0.016 " < < <

Benzene 0.009 " 0.033 0.035 0.030
■ ~ans- 1,3-Dichioropropene 0.007 < < <

Sromoform 0.012 " < < <

4-Methyl-2-Pentanone 0.019 < < <

2-Hexanone 0.031 " < < <

Tetracliloroetliene 0.008 < < <

l. 1.2.2-Tetrachloroetliane 0.014 " < < <

"‘'oluene 0.009 0.17 0.11 0.40
•.hlorobenzene 0.009 < < <

Tthylbenzene 0.006 " < < <

jtvrene 0.007 < < ’ <

Cylene(total) 0.015 0.021 0.019 0.021
1.1.2-Trichlorotrifluoroethane 0.020
Surrogate Recoveries 
i. 4-1,2-Dichloroethane
u 3-Toluene
5 ro mofluo robenzene 
r ield Spike 
c I O-Etiivibenzene

%

<

103
98
112

98

<

109
95
100

00

<

108
99
86

96
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RTS#l/R3/0030 RTS#1/R1CAT RTS#1/R1CAT
Client ID: lOa/b lla/b 13a/b
Lab No.: 043197 98 043198 98 043199 98

Date Sampled: 98/08/18 98/08/18 98/08/18
Component MDL Units

Chloromethane 0.007 ug 0.56 0.074 0.052
Bromomethane 0.005 0.042 0.022 0.092
Vinyl Chloride 0.013 < < <
Cliloroethane 0.007 < < <
Methylene Chloride 0.019 2.0* 1.4* 1.1*
Acetone 0.045 0.61 < . 0.41
Carbon Disulfide 0.018 < < <

1.1-Dichloroethene 0.007 0.036 0.13 0.012
i.l-D ichloroethane 0.004 < < <

1,2-Dichloroethene(total) 0.007 < < <

Chloroform 0.008 < < <
L2-D ichloroethane 0.006 < < <

2-Butanone 0.036 < < <

L1,1 -T ricliloroethane 0.014 < 0.25 <

Carbon Tetrachloride 0.016 < < <

Bromodichlo romethane 0.011 < < <

i. 2-D ichloropropane 0.008 < < <

cts-l,3-Dichloropropene 0.007 < < <

Tricliloroetliene 0.009 < < <

Dibromoclilormethane 0.008 < < <

1.1,2-Trichloroethane 0.016 < < <

Benzene 0.009 0.027 0.080 0.14
Ivans-1,3 -Dichloropropene 0.007 < < <
Broinoform 0.012 < < <

4-Metliyl-2-Pentanone 0.019 < < <

2-Hexanone 0.031 < < <

^'etrachloroethene 0.008 < 0.041 <

i 1,2,2-Tetrachloroethane 0.014 < < <

Toluene 0.009 0.28 0.23 0.028
Clilorobenzene 0.009 < < <

Ethylbenzene 0.006 < < <

Styrene 0.007 < < <

Xylene(total) 0.015 0.021 0.021 0.016
1.1,2-T richlorotrifiuoroethane 0.020 " < < <

Surrogate Recoveries %
14-1.2-D ichloroethane 113 89 89
aS-Toluene 102 103 101
vromofluorobenzene 111 103 58
Field Spike °'o
dlO-Etlivlbenzene 90 100 9“

uienttbest environmental inc. n-ojecttLivermcre

. n> --1 .•



10/1/98 PASC- Certificate of Analysis 01324 Page 6 of 12

RTSdl/RICAT LLNL Field RTS#2/R 1/0030

Component

Client ID:

Lab No.: 

Date Sampled: 

MDL Units

14a/b
043200 98
98/08/18

Blank
043201 98
98/08/18

23avb
043202 98
98/08/26

Chloromethane 0.007 ug 0.052 < <
3romomethane 0.005 " 0.058 0.009 0.035**
Vinyl Chloride 0.013 " < < <
■'"hloroethane 0.007 " < < <
Methylene Cliloride 0.019 " 1.2* 0.21 1.0**
acetone 0.045 " 0.42 < 0.56**
Carbon Disulfide 0.018 " < < <

1,1 -Dichloroetliene 0.007 " < < <

1,1-D ichloroethane 0.004 " < < <

1,2-Dichloroethene(total) 0.007 < < <
Chloroform 0.008 < < <
1,2-Dichloroetliane 0.006 " < < <
2-Butanone 0.036 " < < <
!. 1,1-Tricliloroetliane 0.014 " < < <
Carbon Tetrachloride 0.016 " < < <
Eromodichloromethane 0.011 < < <
1,2-Dichloropropane 0.008 < < <
c;s-l,3-Dichloropropene 0.007 " < < <
’tricliloroetliene 0.009 " < < <

Dibromochlormethane 0.008 < < <

i. 1,2-Trichloroethane 0.016 " < < <

Benzene 0.009 " 0.10 0.015 0.29
trans-l,3-Dichloropropene 0.007 < < <

Bromoform 0.012 " < < <

4-Methyl-2-Pentanone 0.019 < < <

2-Hexanone 0.031 < < 0.076
T etrachioroetltene 0.008 < < <

..1.2.2-Tetrachloroethane 0.014 " < < <

Toluene 0.009 " 0.060 < 0.11
'Chlorobenzene 0.009 < < <

L thvlbenzene 0.006 < < <

Styrene 0.007 " < < 0.007
Xylene; total) 0.015 " < < 0.027
1.1.2-Trichlorotrifluoroethane 0.020
Surrogate Recoveries 
u4-1.2-Dichlorcethane
d;8-Toluene

L-.romofluorobenzene
6'ie!d Spike
410-E:h'.ibenze:ie

<

9"
106
9'

<

0-

104

108

<

74
93
107



i 0/1/98
01325

Page 7 of 12PASC- Certificate of Analysis

RTS22/R1/0030 RTS32/RI/0030 RTS22/R2/0030
Client ID: 22a/b 2Ia/b 20a/b
Lab No.: 043203 98 043204 93 043205 98

Date Sampled: 98/08/26 98/08/26 98/08/26
Component MDL Units

Chloromethane 0.007 ug < < <

Bromomethane 0.005 0.13** 0.69** 0.014**
Vinyl Cliloride 0.013 < < <
Chloroethane 0.007 < < <
Methylene Chloride 0.019 2.5*,** 0.43** 1.3*,**
Acetone 0.045 3.5*,** 2.8*,** 3.6*,**
(Carbon Disulfide 0.018 < < <
1,1-D ichloroethene 0.007 0.020** < <
1,1-Dichloroethane 0.004 < < <

l,2-Dichloroethene(total) 0.007 < < <
'liloroform 0.008 < < <
1 2-Dichloroethane 0.006 < < <

1. -Butanone 0.036 < < <

i. 1,1 -T richloroethane 0.014 < < <

Carbon Tetrachloride 0.016 < . < <
Bromodicliloromethane 0.011 < < <

1,2-Dicliloropropane 0.008 < < <

c is-1,3 -D ichloropropene 0.007 < < <

Trichloroethene 0.009 < < <

D ibromochlormethane 0.008 < < <

i, 1,2-Trichloroethane 0.016 < < <

Benzene 0.009 0.19 0.16 0.10
b uns-1,3 -D ichloropropene 0.007 < < <

Bromoform 0.012 < < <

4-Methvl-2-Pentanone 0.019 < < <
2-Hexanone 0.031 0.093 0.054 <

T etrachloroethene 0.008 < < <

i .L.2.2-T etrachlo methane 0.014 < < <
1 oluene 0.009 0.062 0.036 0.039
Clilorobenzene 0.009 < < <

Ethylbenzene 0.006 0.006 < <

'■tyrene 0.007 0.015 0.010 0.016
\ylene( total) 0.015 0.034 < 0.016
l, 1.2-Trichlorotrifluoroethane 0.020 " < < <

Surrogate Recoveries %
14-1.2-Dichloroethane 135*" 127** 104**
aS-Toluene 98 99 116

Brotnofluorobenzene 93 61 101
Field Spike %
d 10-Ethvlbenzene 95 104 111

:vemicre



10/1/98 PASC - Certificate of Analysis Page 8 of 12
01326

Component

Client ID:

Lab No.: 

Date Sampled: 

MDL Units

RT5#2/R2/0030
19a/b

043206 98
98/08/26

RTS#2/R2/0030 
18alb

043207 98
98/08/26

RTS#2/R3/0050
17a/b

043208 98
98/08/26

Chloromethane 0.007 ug < < <
Sroinomethane 0.005 " 0.022** 0.067** 0.22***
Vinyl Chloride 0.013 " < < <
Chloroethane 0.007 " < < <
Metliylene Cliloride 0.019 " 1.8*,** 1.6*,** 3 2* ***
Acetone 0.045 " 3.1*** 3.0*,** 4.4*,***
Carbon Disulfide 0.018 " < < <
1.1 -D ichloroethene 0.007 " < < 0.25***
!. l-Dichloroethane 0.004 " < < <
I 2-Dichloroethene(total) 0.007 " < < <
Chloroform 0.008 " < < <
1,2-Dichloroethane 0.006 " < < <
2-Butanone 0.036 " < < <
.. 1.1 -T richloroethane 0.014 " < < <
Carbon Tetrachloride 0.016 " < < <
Eromodichloromethane 0.011 " < < <
1.2-Dichloropropane 0.008 " < < <

cis-1,3 -D ichloropropene 0.007 " < < <

1 richloroethene 0.009 " < < <

. (oromochlormethane 0.008 " < < <

1,2-TrichloroetIiane 0.016 " < < <

Benzene 0.009 " 0.067 0.059 0.045
?rans-l,3-Dichloropropene 0.007 " < < <

iTromoform 0.012 " < < <

--Methvl-2-Pentanone 0.019 " < < <

2-Hexanone 0.031 " < 0.041 <

Tetrachloroethene 0.008 " < < <

1.1.2.2-Tetracliloroethane 0.014 " < < <

loluene 0.009 " 0.037 0.027 0.022
Chlorobenzene 0.009 " < < <

Ethylbenzene 0.006 " < < <
Styrene 0.007 " 0.009 < <

Xylene(total) 0.015 " 0.015 < <
i. 1.2-Trichlorotrifluoroethane 0.020
.surrogate Recoveries 
''4-1.2-Dicliloroethane
aS-Toluene
3 ro inofluo robenzene 
held Spike
' iO-Ethvlbenzene

%

'.’•o

<

144**
101
67

105

<

129**
100
79

100

<

J J_->***

102
107

100



01327
10/1/98

Component

PASC-

Client ID:

Lab No.:

Date Sampled:

MDL Units

Certificate of Analysis

RTS22/R3/0030 RTS#2/R3/0030
16a/b la/b

043209 98 043210 98
98/08/26 98/08/26

RTS#2/RICAT
2a/b

043211 98
98/08/26

Cliloromethane 0.007 ug < < 0.15
Bromomethane 0.005 " 0.008 0.014 0.074
Vinyl Chloride 0.013 " < < <
Chloroethane 0.007 " < < <
Methylene Chloride 0.019 " 3.7* 2.1* 2.7*
Acetone 0.045 " 1.9* 2.6 0.98
Carbon Disulfide 0.018 < < <

i, 1 -Dichloroethene 0.007 0.073 0.031 0.025
i. 1-Dicliloroetliane 0.004 < < <

L2-D ichloroethene(total) 0.007 " < < <
Cliloroform 0.008 " < < <
1,2-Dichloroethane 0.006 " < < <
-Butanone 0.036 " < < <

1.1,1-Trichloroethane 0.014 " < < <
Carbon Tetracliloride 0.016 " < < <
B romodichloromethane 0.011 " < < <
1.2-Dichloropropane 0.008 0.035 0.17 <
cis-1,3 -D ichloropropene 0.007 " < < <
T richloroethene 0.009 < < <

Dibromochlormethane 0.008 " < < <

1.1.2-Trichloroethane 0.016 " < < <

Benzene 0.009 " 0.80 1.00 0.10
iians-1,3 -Dichloropropene 0.007 < < <

Bromoform 0.012 " < < <

r-Vletliyl-2-Pentanone 0.019 < < <

I-Hexanone 0.031 < < <

*i etrachloroethene 0.008 < < <

.. 1.2.2-Tetracliloroethane 0.014 " < < <

roiuene 0.009 " 0.081 0.052 0.17

Chlorobenzene 0.009 0.024 0.059 <

Bthvlbenzene 0.006 0.007 0.009 0.009

Styrene 0.007 < 0.012 <

Xylene(total) 0.015 0.026 0.024 0.060
1.1.2-Trichlorotrifluoroethane 0.020
Surrogate Recoveries 
di-1,2-Dichloroethane
d 8-Toluene
Broinofluorobenzene
Fieia Spike 
d iO-EthvIbeitzene

%

11 0

<

153
98
105

94

<

139
93
105

<

101
102
102

98



10/1/98
01328

Page 10 of 12PASC - Certificate of Analysis

Component

Client ID:

Lab No.: 

Date Sampled:

MDL Units

R7S22/R1CAT
3a/b

043212 98
98/08/26

RTS#2/R1CAT
4a/b

043213 98
98/08/26

Chloromethane 0.007 ug 0.14 7.6
Bromomethane 0.005 " 0.026 0.075
Vinyl Chloride 0.013 " < <

Cliloroethane 0.007 " < <

Methylene Cliloride 0.019 " 3.3* 2.4*
Acetone 0.045 LI* 0.13
Carbon Disulfide 0.018 < <

1,1-Dichloroetliene 0.007 " 0.050 0.030
1.1-Dichloroetliane 0.004 " < <

1.2-Dichloroethene(total) 0.007 < <

Chloroform 0.008 < <

1,2-Dichloroethane 0.006 " < <

2-Butanone 0.036 < <

1.1,1-Trichloroetltane 0.014 " < <

■'arbon Tetrachloride 0.016 < <

C.romodicliloromethane 0.011 < <

■ ,2-Dichloropropane 0.008 < <

cis- 1,3-Dicliloropropene 0.007 " < <

Tricliloroethene 0.009 0.014 <

Dibromochlormethane 0.008 < <

1.1.2-Trichloroethane 0.016 " < <

Benzene 0.009 " 0.092 0.077
trans-1.3-Dicliloropropene 0.007 " < <

Bromoform 0.012 < <

4-Vlethyl-2-Pentanone 0.019 " < <

2-He.xanone 0.031 < <

1 etrachloroethene 0.008 " < <

:, 1.2.2-Tetrachloroetliane 0.014 < <

Toluene 0.009 " 0.15 0.12
Chlorobenzene 0.009 < <

Ethylbenzene 0.006 " 0.012 0.007
.Styrene 0.007 0.010 <

\vlene(total) 0.015 0.069 0.039
-. 1.2-Trichiorotrifluoroethane 0.020
Surrogate Recoveries 

■ A-1,2-Dichloroethane
■iS-Toiuene
hromorluorobenzene 
held Spike
Jio-Etiivlbenzene

° O

<

108
99
98

103
10 L
105



10/1/98 PASC - Laboratory Method Blanks 0132 S^ge mb-i i of 12

Component MDL Units
Batch Code: 0904EG01 0909EG01 0908EG01
Chloromethane 0.007 ug < < <
Bromomethane 0.005 " 0.014 < 0.006
Vinyl Chloride 0.013 " < < <
Cliloroethane 0.007 " < < <
Methylene Chloride 0.019 " < 0.059 0.027
Acetone 0.045 " 0.072 < <
Carbon Disulfide 0.018 " < < <
,1-Dichloroethene 0.007 " < < <

i.l-Dichloroethane 0.004 " < < <
1,2-Dichloroethene(total) 0.007 " < < <
Cliloroform 0.008 " < < <
1,2-Dichloroe thane 0.006 " < < <
2-Butanone 0.036 " < < <
1,1,1-Tricliloroethane 0.014 " < < <
Carbon Tetrachloride 0.016 " < < <
B ro modichloro methane 0.011 " < < <
1,2-Dichloropropane 0.008 " < < <
ns-1,3 -Dichloropropene 0.007 " < < <
Trichloroethene 0.009 " < < <
Dibromochlormethane 0.008 " < < <
1.1,2-Trichloroethane 0.016 " < < <
Benzene 0.009 " 0.012 0.013 0.012
trans-1,3 -Dicliloropropene 0.007 " < < <
Bromoform 0.012 " < < <
4-Methy!-2-Pentanone 0.019 " < < <
d-Hexanone 0.031 " < < <
Tetrachloroethene 0.008 " < < <

. 1,2,2-Tetrachloroethane 0.014 " < < <
Toluene 0.009 " < < <
Chlorobenzene 0.009 " < < <
Ethylbenzene 0.006 < < <
Styrene 0.007 " < < <
Xylene(total) 0.015 " < < <
1.1.2-Trichlorotrifluoroethane 0.020 " < < <
Surrogate Recoveries %
d 4-1,2-D icliloroethane . 105 90 86
d8-Toluene 98 103 104
Bromofluorobenzene 107 107 110
Field Spike %
alO-Ethvlbenzene 103 104 97

..ient:^est environmental me. ProiecttLive more



BEST ENVIRONMENTAL, INC San Leandro, C A 94578 (510) 278-4011

Analytical report

Job Name: LLNL
Sample Date: 8/18/98
Request by: R. Best
Analytical Method: Method 9 EPA
Date of Anaysis: 8/31/98 to 9/17/98
Source: -Bagheuse outlet

Analyst:
Signature:

Michael J. Wilev

Lab ID Number Sample
(ml)

Aliquot

(ml)
Parameter Net Weight 

gain, (mg)
Result

Blank Corrected

R1M5 (Probe/Nozzlc rinse)
R1M5 (Filter)

56.0ml
N/A

56.0ml
N/A

Particulate
Particulate

0.71 mg 
-1.18mg

O.llmg
<0.05mg

R2M5 (Probe/Nozzlc rinse)
R2M5 (Filter)

69.0ml
N/A

69.0ml
N/A

Particulate
Particulate

9.95mg
-0.76mg

9.20mg
<0.05mg

R3M5 (Probe/Nozzle rinse)
R3M5 (Filter)

67.0ml
N/A

67.0ml
N/A

Particulate
Particulate

1.70mg
0.52mg

0.98ing
0.52mg

R4M5 (Acetone blank)
R4M5 (Filter blank)

50.0inl
N/A

50.0ml
N/A

Particulate
Paniculate

0.54mg
O.OOmg

Comments: <0.05 mg = Not detected

% Acetone Residue = 0.0014%

Calculations:
Probe/Nozzlc rinse = Net wetgiii - ((ace:

% Acetone residue - (New weteju cam

one blank -a(. vol. actone blank }*vol. acetone caich)

‘ O.i) (density of acetone 1 total sample volume!

Tolerance Limits: %Acetone residue * o.oot
Particulate weight = VJ:>ofne: \u.. =.0.. ng or lO.-N me-Jerenuing upon precision



BEST ENVIRONMENTAL, INC San Leandro, CA 94578 (510) 278-4011

Analytical report

Job Name: LLNL
Sample Date: 8/19/98
Request by: R Best
Analytical Method: Method 5 EPA
Date of Anaysis: 8/31/98 to 9/17/98
Source: Catalyst outlet jt T£

Analyst:
Signature:

Michael J. Wilev

Lab ID Number Sample
(ml)

Aliquot
(ml)

Parameter Net Weight 
gain, (mg)

Result

Blank Corrected

R1M5 (Probe/Nozzie rinse) 32.0ml 32.0ml Particulate 0.33mg O.SOmg
R1M5 (Filter) N/A N/A Particulate 0.09mg 0.09mg

R4M5 (Acetone blank) 50.0ml 50.0ml Particulate -0.27mg
R4M5 (Filter blank) N/A N/A Particulate O.OOing

Comments:

Calculations:

< 0.05 mg = Not detected

% Acetone Residue = -0.0007%

Probc/Nozzie rinse = Net weight - ((acetone blank \vt. voi. actonc bia»k)*vol. acetone catch) 

% Acetone residue - tXew weight gain * 0.1) .• (ccrv-ity of acetone * total sample volume;

Tolerance Limits: % Acetone residue -= 0.00 Ut.
Paniculate weight = il,o of net w;.. -0..' mg or : -.)A: mg aer-muing upon precisicii

t j

e c c r, sm a m 5 a;



BEST ENVIRONMENTAL, INC.

Project/Client 

Test Date(s)

GRAVIMETRIC SAMPLE WORKSHEET

Source 

Analysis Date(s) 9?/?t /yy> rt-

Probe/Nozzle Weights

Rum# Tim#
Sample Residne Wt 

(*g) Sample VoL (ml)

Vaw

Acetone Blank Wt
(*e)

Ma

Acetone Blank VoL
(ml)

Va

Acetone Blank 
Correction Wt (mg)

Wa

Net Wt gain (mg)

2"7 1 (j 7- / OTV & • 6o

2- 7-7- 6 7 j (7-5/ 7-2-0

'X-y-6 (=1- \-T° \!/ y J

7-9 -9 s^-4. t? W
Acetone Blank Correction Wt Wa = Ma * Vaw / Va
Net Wt gain (mg) = Sample Residue Weight - Blank Correction

Filter Weights

Run # Filter# Tare Wt (mg) Gross Wt (mg) Net Wt gain (mg)

| — L /8

&o"2- - o-

^7^

1

Back-Half (H%Q) Condensible Fraction

| Calculated Total
Aliquot Drr Wt (cag) j Sample Drr Wt (mg)

Blank Correction Wt 
(mg)

Total Sample Volume 
(ml) Net Wt gain (mg)Run # Aliquot Volume (ml)Container

Total Sample Dry Weight (Ms) = (Vt/Va) * Mai 
Blank Correction Wt (Mb) = Ms(biank) * (Vt/Vt blank) 
Net Weight = Ms - Mb

Back-Half Organic) Condensible Fraction

Run 4 Container
Total Sample Volume

(mi)

Aliquot Volume (mi) | .Aiianot Dry Wt (nag)
Calculated Total 

Sample Dr^ Wt (mg) Blank Wt (my Net Wt jsin (mg)

Tvpez# Vt Va I Mai Ms Mb

i

Total Sample Dry Weight (Ms) = ;VtAYi ' Mai 
Blank Correction Wt (Mb) = Msiblank) * (Vt/Vt blank) 
Net Weight = Ms - Mb



BEST ENVIRONMENTAL, INC.

GRAVIMETRIC SAMPLE RECORD

Project/Client /_ X /j / ___________ Source c-csf'Q. Y-C
TestDate(s) St/lkfi /I'.f')_____________ Method_____________________

Project Sample ID
Lab Container 

Type/#
Tare Wt (g) from 

Tare Sheet Gross Wt (g) Date Time
Net Wt gain 

(mg) Initial

ZAzrz, y ?/'/?&

Date iHm 6^
TrVi 7. non ) 1 <

Wt

77 L
W'ttf,

-------- '-L7--------
2.7^ Date ZL 3^4

' ■

Wt
^TfT5rFi y%$-

IGMZ-r/U Tm
V 2.1/22.6 ' 7/V^ ^7' /^- , 4^22-7

Date Z.1/2--Z.C %%% /&"<T
y

Wt , /•>q
aWGl

r a j z.iwvzr /?/ / A <=56-7
1 ■2-77- Date

iS- ' 'i >

Wt
L O-KfSi.'l OAV -

i?oV"
■ ■ r O-lZZ.HZ,' \7hl9b /?:/£ / A*?-

-------------- 1-------- Date ^7 J
■

Wt

Kzh 7A- ^c/YT x y re' 7///^ /;y/(
Date

X/yyL
; 7.76

-z'

5 1 % 7/z/%
Wt 1

cTFWsWf —<=>'Ac
Kl MS~F=‘ /A- /?<yv 1 / I9///76 /fAc; 1

^ 2 // C | Date 0'%/£<? If»- /TY")
<$ ;&L/ & 17/^/A 77779 l^^lj

Wt.

K 4'M-f-/?7 /| ? '5C / 76 I 9/9/?W /d'UII
Dace \j?. H 0 iTh\i/ijH& \0'.m\

!/ . </' f •> \ ‘ ' i ’ i

TARJE to 0.0001 i 5 A

Final Wt. - either = 0.0005A or 0.005A or = 411, A of Net Wt_
g-Vep o rts/m w/9 7/wts h cs r n 0 010 U



BEST ENVIRONMENTAL, INC.

Project/Client L~ /[/ L—-
Test Date(s) ft ( /g/7fl

GRAVIMETRIC SAMPLE RECORD

Source
Method

Project Sample ID
Lab Container 

Type/#
Tare Wt (g) from 

Tare Sheet Gross Wt(g) Date Time
Net Wt gain 

(mg) Initial

nm-PH- T'i’Vl
Date ---------

Wt

kZ.TMYV 1 A??
o //o /Y '

zjci Date

Wt
TTTTTc&fi

X

Date

Wt |

fiv t±r-/m&r
i/ ' ' /

Date

Wt

1 -

|
Date |

|
Wt | |

I III 1
| 1

Date 1
1 1 |

| Wt - |
| 1

1 1 ! 1

| Date 1 ! | j
! 1 III !
1 Wt | III 1 !

TARE to 0.0001 - 5A

Final Wt - either = 0.0005A or 0.005A or = 4% A of Net Wt
S''rcccrtsf'mw/97/wtshcet

JiU
4*
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EPiVIROriMEPiTAL

ATiALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: RIMS/114—F/H-B-OUT 
Sampled by :
Type of Sample: Solid

LAB No: SP 807981-1 

RE: Radiological Analysis

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798101- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.1 ± 1
Gross Beta 9310 pCi/samp 0.3 + 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A.
Radiochemistry Lab Manager

MMF:vt

'his recen uacxage is -.c: mancec for use in :.-.e Sate :: Can unless ccune sr sagmaies 1
rpcrate Offices & Laboratory 
Sox 272 / 353 Ccrccraticn Street 

Santa Paula. CA 22061-2272 
’'EL: 305/659-C91C

3C:.'%5^17:

Office & Laboratory 
2SCO Stagecoacn =cac 
Slccxtcn. CA 252*5 
7HL: 209/9^2-313:
= 209.5-2-:-::

Fieic Office 
saua. CA

203/73P-2-72 
205'-2A..;z2 =
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EMVIROMMEMTAL

AHALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: RIMS/114—FILTER-B-OUT
Sampled by :
Type of Sample: Air Filter

Anal

LAB No: SP 807981-5 

RE: Radiological Analysis

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 19, 1998 
QA/QC ID# : 80798105- A

ical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.38
Gross Beta 9310 pCi/samp 0.96 ± 1.3
Tritium H-l pCi/samp 2.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

use in :ne State Uan .ness :cunc cr cacnatec

Corocrate Offices & Laccratory
~C 5cx 272 553 Con:cra::cn 
Santa Fauia. CA 32C5’-72-2

Office & Labcratcry 
2:70 Staceccacr. -cat

::e!d Office
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iiM mi ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 21, 1998 LAB No: SP 807981-9

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: RIMS/114-IMP—B-OUT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798109- A

Analytical Results

EPA ,
CONSTITUENT METHOD UNITS RESULTS ERROR ^

Gross Alpha 9310 pCi/L 20 ±4 -
Gross Beta 9310 pCi/L 1 ± 7 c1.3-0
Tritium 906.0 pCi/L 3000 ±300

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FC-L ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

. his recent cacxace ;s net mter.cse tor use 'n tne Stats c; Ulan unless scene :r cagmatec

Corporate Offices & Laooratcry 
PC 2ox 272 / 853 Coax:ration Street 
Santa Paula, CA 93061-027:
TEL: 805/659-091C
FAX: 305,'52S-A17:

Office & Lacorstcry 
25CO Staceccacn -ca:

Field Office
Visalia. CA
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MJ EIWIRONMEPiTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-2

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R2MS/114-F/H-B-0UT 
Sampled by :
Type of Sample: Solid

Analytical Results

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798102- A

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.0 ± 1
Gross Beta 9310 pCi/samp 0.6 ± 1
Tritium H-l pCi/samp 31 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

is reccr cacxage

Corporate Offices & Lacoratcr/
pO Bex 272 / 553 Cciroraiicn Street 
Santa paula. CA 93061-02':

r use :n r.e State :

uce & Laccratcry Feld Office 
/.s5iia. CA



yyjl ENVIROriMENTAL

ANALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-6 

RE: Radiological Analysis

Sample Site: LLNL
Description: R2MS/114-FILTER-B-0UT Sampled : August 18, 1998
Sampled by : Received : September 25, 1998
Type of Sample: Air Filter Completed : October 19, 1998

QA/QC ID# : 80798106- A

Analytical Results

EPA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.39
Gross Beta 9310 pCi/samp 0.62 ± 1.3
Tritium H-l pCi/samp 1.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

f: n 0 1 :
Tr.is reccn oacxsce -s ~cc ,n:er.zz-z *cr use tn ihe S:a:e :: L'tan unless scunc or ssc:na;ea

Corporate Offices & Laboratory
■-0 “ox 272 / 353 Corporation Street 
Santa Paula. CA 92C61-0272 

■ =L: 305/659-C910 
=AX: 305/525-4 172

Office & Laboratory 
23CO Staceccacn -esc 
Stockton. CA 25213 
’EL: 2C9/942-2131
-AX 2C2.'942C:2:

Field Office
Visalia. CA
TEL: 229.724-54-2
-AX; 229734-5432
'/cede: 2:9-27.2259
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1 EMVIROMMEMTAL

ANALYTICAL CHEMISTS

October 21, 1998 LAB No: SP 807981-10

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R2MS/114—IMP-B-OUT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798110- A

Analytical Results

EPA ffeJ'c/ ( &

CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/L 1 ± 1 C-c^f'
Gross Beta 9310 pCi/L 2 ± 2
Tritium 906.0 pCi/L 2600 +300 2-^

pCi/L = pico Curies per Liter pCi/ml = pice Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This ,-eccrt sacxsge is n:encec "cr use :n the 5ia:e car. -ness scene
1

Corccrate Offices & Laboratory Office & Laccr:
TC Bex 272 / 353 Corccreticn Sireel 5552 ctageccecr
Santa Paua. CA 33C5f-:2T: 5:ccxtcr,. CA 555

:eid C

<A
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ENVIRONMENTAL

ATIALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-3 

RE: Radiological Analysis

Sample Site: LLNL 
Description: R3MS/114-F/H-B-0UT 
Sampled by :
Type of Sample: Solid

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798103- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.3 + 1
Gross Beta 9310 pCi/samp 0.5 ± 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please cal 1.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

i his resort pacxace is .-c: ..r.sncec tor use in the State ct Uan unless scunc cr cactnateo

Corporate Offices & Laboratory 
-O Sox 272 / 853 Ccmcraticn Street 
Santa Paula. CA 93C61 -3272 
THU 805,659-29',0 
FAX: 805/525-9172

A —l AD /”• a , *; —,. „ „ - - • -

Office & Laboratory 
C5CO Stagecoacn r.cac 
Slocxtcn. CA 95215 
-2L 209/942-3131 
= iX; 209/942-2^23

Field Office 
Visaua. CA
TEL: 209/724-9472
FAX: 209/724-9425
Mcciie: 209737-229?
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EIWIROHMEIYTAL

ANALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-7 

RE: Radiological Analysis

LLNL
Description: R3MS/114-FILTER-B-OUT Samp!ed : August 18, 1998
Sampled by : Received : September 25, 1998
Type of Sample: Air Filter Comp!eted : October 19, 1998

QA/QC ID# : 80798107- A

Analytical Results

ERA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.12 + 0.43
Gross Beta 9310 pCi/samp 0.0 ± 1.2
Tritium H-l pCi/samp 0.6 ± 2

pCi/L = pica Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This rezcn cacxacs is net ntencec "cr use in ;ne S!a;e cr Ltsr. uniess acurc cr aaernatec
! 1 ;;

Corporate Offices & Laboratory
PO Box 272 ; 353 Ccrccraocn 3tr=e' 
Santa Paula. CA 32C61 -72*'2 
TEL: 3G5/559-CS:: 
rAX: 225:525-4172

Office & Laooratory
C5CO Slageccacr r.cac 
Stccxtcn. CA 55215 
"EL 20S/?4Z-:i3l 
= 2CS/542-M22

Field Office

TEL: 209/724-
-AX: 209/724-
Vc:!ie: =C9,727 (J o



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-11 

RE: Radiological Analysis

Sample Site: LLNL 
Description: R3MS/114-IMP-B-OUT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798111- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/L 1 ± 1
Gross Beta 9310 pCi/L 0.0 ± 2
Tritium 906.0 pCi/L 2700 ±300

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

637%

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This .-seen pacxaca 'S net nieocec for use ;n the Slate or titan umess ocunc cr paginates

Corporate Offices & Laboratory
pC Box 272/ 953 Corporation Street 
Santa Pauia. CA 93C61-C272 
T=L: 305/653-0910 
~AX: 8C5/525-J172

Office & Laboratory 
25CO Stageccacn -cad 
Siccxtcn. CA 352*5 
“EL 209/942-01 cl 
-AX: 2C9.-342-X22

Field Office
V saiia. CA
“EL 2:9.-724-9472 
r 4 X: 209734-9425 
Vcciie: 209—.2292



BEST ENVIRONMENTAL, INC

GRAVIMETRIC SAMPLE WORKSHEET

Project/Client I— /i~/ d-— Source

Test Date(s) g / G / ^ fr Analysis Date(s)

6^c, 4
)

fit/? cs "/to

Probe/Nozzle Weights

Rum# Tim#
Simple Reside# Wt

(»e) Semple VoL (mi)

Vew

Acetone Blank Wt 
(*«)

Me

Acetone Blank VoL
(mO

V*

Ace tome Bleak 
Correction Wt (mg)

Wa

Net Wt gain (mg)

2 9 5 £<=- -0-2-7-
It '-c-2-T ) ) Or

"2.9 ^ 1 ?-2-/ - o 2- — 7- Ye
-------qgr rT

- o- z?|
Acetone Blank Correction WL Wa = ^la * Vaw/ Va
Net WL gain (mg) = Sample Residue Weight - Blank Correction

Filter Weights

Run# Filter# Tare Wt (mg) Gross Wt (mg) Net Wt -aim (mg)

<?• / /

—op&

—O-CA-/

|

1

Back-Half (HzO) Condensible Fraction

Run # Container

Type/#

Total Sample Volume 
(mi)

Vt

Aliquot Volume (ml)

Va

Aliquot Dry Wt (mg)

Mai

Calculated Total 
Sample Dry Wt (mg)

Ms

Blank Correction Wt 
(mg)

Mb

Net Wt gain (mg)

j |

! 1

1 1 ...

1 | |

1 1 1 1

Total Sample Dry Weight (Ms) = (Vt/Va) * Mai 
Blank Correction WL (Mb) = Ms(blank) * (Vt/Vt blank) 
Net Weight = Ms - Mb

Back-Haif (Organic) Condensible Fraction

Run # Container

Type/#

Total Sample Volume 
(mi)

Vt

Aliquot Volume (ml)

Va

-Aliquot Dry Wt (mg)

Mai

Calculated Total 
Sample Dry Wt (mg)

Ms

Blank Wt (mg)

Mb

Net Wt gala (mg)

1 ! ! 1

i

Total Simple Dry Wei got (Ms) = (Vt/Va)' Mai 
Blank Correction WL (Mb) = .Listblank) * (Vt/Vt blank)
Net Weight = Ms - Mb 1 .h
5TtecRs/mw;97/wisbeet .

Vi>'



BEST ENVIRONMENTAL, INC.

GRAVIMETRIC SAMPLE RECORD

Project/Client l-t—Ajf'

Test Date(s) p, /2d /fP,
Source OC/j^

Method

Project Sample ID
Lab Container 

Type/#
Tare Wt (g) from 

Tare Sheet Gross Wt (g)

| Date

Time
Net Wt gain 

(mg) Initial

TM //: yf. AZ-y
Date

1

Wt
^2 9 ODO c] j ~o^1-

t-^os n ll .5c>
Date z-?°St~f-\W/?K //;oY

" y&A/"

Wt

VxrmTo'
HIMiT-'r/i-J T'h ' tv ; f 2

2~9~7 Date / l'o €k ~T------

Wt

<a.?z62-ti-<Z3z6¥^ ' ^.2./

RisMIT- -/=// a • $&
Date /7-o%

Wt 1

ZTHTTTJi 1 -0-7- 7 -

R (~7 ~ AV/y y ^/-/yY5'z. f/Vfd/1//'

Date .

WL , 1

- <0-/09v o -/ /

lO-nn- n/i-s- c*-Jd r i / v>m /%' cv |

Date //:2c:
~z>~

Wt - •^o- e<b|

(cvo/pvT 1

$3 H (~h R/f-i
—/, ,y.

^ /f 6 k2: ^ , 1

c? *^15 1 Date 1 ^YoZo 7 ^Y/2.4/7/^

'

1 1 Wt. 1 i

K/- (02- rL\Wu?-0&A 1 1 -oW
1 1 / ■ 1 ! | |

1 ! Date i | I i !

1 ! ! i ; i !

1 1 Wt. 1 | ! i 1

1 1 ! 1:1 ! - 1

TARE to 0.0001 = 5A

Final Wt. - either ± 0.0005A or 0.005A or = 4% A of Net Wt. 
e/re po rts/'m w/ 9 7/wtsh ee t



BEST ENVIRONMENTAL, INC.

GRAVIMETRIC SAMPLE RECORD

Project/Client L- /L /{/ _ Source S'c2~h
Test Date(s) yj'2-£ l*/8___________ Method //Iff-____________________

Project Sample ID
Lab Container 

Type/#
Tare Wt (g) from

1 Tare Sheet Gross Wt (g) Date

| Time
Net Wt gain 

(mg) Initial

r//V ' Tr Vj 1 I//; TV
29% | Date 27?/W j

'
1 , wt. .

f 2.7?/<T6^ ~0-l(

K iHii-rnh ( / : f Tt-
Date

1 y

Wt. O- /O—
^. //9 EX ^

i
\ / ' y

Date

Wt

Date
1

Wt |

1 -I

1 1
j Date -

| Wt. | i

1 1

1 1

| Date 1 1

1 1

| Wt. - 1 1

1 III 1 !

| | 1 | |
| | Date | II II
till ! i ! i

1 1 wt. 1 1 | 1 | !

i ! ! III!:

TAREto 0.0001 ±5A

Final Wt - either = 0.0005A or 0.005 A or = 4% A ot Net Wt
■±!reports-mw,-97/v.Tshec( i , | ; • f 1





....
Project 11): A-Z-

Analytical Lain

:A L,
1 ^ ;;vj.::rK#g)]?8#ii #7$io)3?»ms

SAMPLE CHAIN OF CUSTODY

II DATE TIME SAMPLE to

Source/Runtf/Melhod/Fractlon 
~A"T... 1 1 i ■

CONTAINER

size / type Volume.
Storage

Temp 6F
SAMPLE DESCRIPTION ANALYSIS TAT

1
c>/^26

L-LL x] i "f
t <: i £ /'C'u///3 f" ${ , V jAr A

2 ___
.!<‘W7 ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3 "— fcjh^bb-. / vt t-LA 1 ,

-1 - .. .. .. .
-+—&--- --- --- --- --- --- --- --- --- --- --- -

a

6 1.
7 (■' . * ■ K^ b>+£~ Of^FCe. 'f~
U _ _ _ _ _ _ _ _

±KmL -----  ■-■✓* -------- —-- -------- —4—------ - / -.... . ............ —

y ________ __
10 ------- ....... ___

11 ... ---- — _______
V //-/fr PM in “ I'M'? 9^

12 ------------ — ■ —---- ---- -- -— T-y 2 yC,
n ..... . . .. . .. . .. —. ----- ---- ----------- r,v\ 2^"%

M ————— ----- ...--- -- -- -- - ----
-------------- *-------- -- i—f—------ --- --- --- --- --- --- --- --- --- —

LS — — ----- - --- --- --- ---
f-! f / •// ( ' Arc iW_ hfftu) 1__

TiM 2 97„
If,

~'7 ■ -........... - .....
i 7

—— ■ -—----------------

]>/
— -- ------------------ -

iy
- --------- — -------- -- ---------

20

71
~

->1 L(, 1A L INS] i<U(. | IONS; Record & Report all liquid sample volumes,

Sydimlt Results to: Aim:,

Relinquished by: 

Relinquished by; 

Relinquished by:

Received by 

Received by 

Received by

:> SAMI'l.li CONDITION AS lU'Cl'lVlU): OK or not OK

Inc. l£f?i)<) F«dl|,ni D|vd^San Loamlro.CA QdSiR
^ Date:^M^ Time:

Daley_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Time;

Date: Time:

h:\fonm\fuhl\coc



flf ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-16

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

RE: Radiological Analysis

Sample Site: LLNL
Description: RIMS/114-F/H-B-OUT 
Sampled by :
Type of Sample: Solid

Sampled : 
Received : 
Completed : 
QA/QC ID# :

August 26, 1998 
September 25, 1998 
October 13, 1998 
80798116- A

Analytical Results

EPA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.0 ± 1
Gross Beta 9310 pCi/samp 0.0 + 1
Tritium H-l pCi/samp 0.0 + 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

"his rscon cacxace *s net .nencea :cr use :n :ne State :r utan umess hcuna :r zac:
\ J

Corporate Offices & Laboratory
?0 Sex 272 / 353 Corcoration Slreet 
Santa Paula. CA 93061*0272 
TEL: 505/659-0910 
FAX; 305/525-4172 
CA ELAP Cenification No; 1573

Office & Laooratory
2500 Staceccacn Pcac 
Stccxtcn. CA 95215 
TEL; 203/942-3131 
FAX: 209/942-3422 
CA ELAP Cendicaticn Nc: 1552

Field Office
Visaiia. CA .=47]
-AX;- 202-734-5435
Mesne: 209/737-2399



IjLy ENVIRONMENTAL

AHALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R1MS/114-FILTER-B-0UT
Sampled by :
Type of Sample: Air Filter

LAB No: SP 807981-20 

RE: Radiological Analysis

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 19, 1998 
QA/QC ID# : 80798120- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.37
Gross Beta 9310 pCi/samp 0.0 ± 1.2
Tritium H-l pCi/samp 0.2 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, 8.A. 
Radiochemistry Lab Manager

MMF:vt

This resort sacxace is not imenoea :cr „se .n the State .an ante: i ■

Corporate Offices & Laooratory
“C Sox 272 / 853 Corccraticn 5!reel 
Santa ?au:a. CA 32C61-3272 
TEL: 3CS559-OS1C 
r-X: SC5;523-i172 
3a ELA^ Camficaticn .\o: ' 577

Office 3c Laooratory 
25C0 Slaceccacn Pcac 
S'ccx::n. CA 35215 
~EL: 229; 942-3151 
= 2C9/S42-2W22
3A E_A= Cartnicat.cn \

F:eid Office
Vsaiia. CA
"EL 2C9024-5A73 
= -X: 229~34-A433
Vc:. e: :C?"":’-2239



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-24 

RE: Radiological Analysis

Sample Site: LLNL 
Description: RIMS/114—IMP-B-OUT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798124- A

Analytical Results

CONSTITUENT

Gross Alpha 
Gross Beta 
Tritium

pCi/l = pico Curies per Liter 
Containers: (a) Glass

ERA ... M'L

METHOD UNITS RESULTS ERROR ^

9310 pCi/L 0.0 ± 1
9310 pCi/L 0.0 ± 2 . ,,

906.0 pCi/L 732000 ±3300 wr'

pCi/ml = pico Curies per milliliter

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This reccn cacxage is rc: :~:sr.ze-z *cr use :n the Slate cf Utar. -n;ess couna or paginated
O i
J

Corporate Offices & Laboratory
PC Box 272 / 353 Corporation Street 
Santa Paula. CA 92C61 -0272 
TEL: 305/659-0910 
PAX: 305/525-4172 
CA ELAP Certification Nc: *572

Office & Laboratory 
2500 Stagecoacn Road 
5'ccxtcn, CA 95215 
’EL 209/942-0131
=AX: 2C9/942-0423 
2A EL-P Certification No: 1562

Field Office
Visaua. CA
TEL: 209/724-9473
FAX: 209/724-3425
Mccsie: 209/727-2299



HHP EriVIROriMEPiTAL

ATiALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-17

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

RE: Radiological Analysis

Sample Site: LLNL
Description: R2MS/114-F/H-B-OUT 
Sampled by :
Type of Sample: Solid

Sampled : 
Received : 
Completed : 
QA/QC ID# :

August 26, 1998 
September 25, 1998 
October 13, 1998 
80798117- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.4 ± 1
Gross Beta 9310 pCi/samp 0.1 ± 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

; his reccrt pacxace is n.c: ntgrccc ‘z: use ;n :he Slate V,an unless zour.Q cr uac:natec

Corporate Offices & Laboratory 
PC Sox 272 / 853 Corporation Street 
Santa Paula. CA 22CS1-0272 
"U 3C5/653-0910 
--X: 505/525-4172 
CA SLAP Certification :ic: ' 572

Office & Laboratory 
55CO Stageccacn Roac 
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ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R2MS/114-FILTER-B-0UT
Sampled by :
Type of Sample: Air Filter

LAB No: SP 807981-21 

RE: Radiological Analysis

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 19, 1998 
QA/QC ID# : 80798121- A

Analytical Results

ERA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 
Gross Beta 9310 pCi/samp 
Tritium H-l pCi/samp

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

0.00 ± 0.34
0.0 ± 1.1
2 ± 2

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This rec-cn package ;S net ,mencec -or use in :he State zi L'tan unless e-cur,c cr :ag:na:ea

Corporate Offices & Laporatory
-c Box 272 / 353 Corporation Street 
Santa Paula, CA 93C€1-:2T2 
TEL: 805/659-0910 
FAX: 805/525-4172 
SA ELAP Cemiicaticn No: * 572

Office & Laboratory 
2500 Stageccacn Pea a 
Stccxtcn, CA 552-5 
"zL 209/942-2151 
".AX: 209/342-2-122 
2A ELAP Cert.iieaten Nc: 1562

Field Office
Visalia. CA
"EL: 205/734-9473
-AX: 20S-724-5435
Vcciie: 209/737-2229
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AnALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R2MS/114-IMP-B-0UT 
Sampled by :
Type of Sample: Non Potable Water

LAB No: SP 807981-25 

RE: Radiological Analysis

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798125- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/L 0.1 ± I
Gross Beta 9310 pCi/L 1 ± 2
Tritium 906.0 pCi/L 702000 -3200

j
XoXL*

/77,UO
pCi/L = pico Curies per Liter pCi/mi = pica Curies per milliliter 

Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

•;s recort ascxacs 5 r.zi ntencec :ar use :n the State c: -tan uniess acunc ar aag:na; (

Corporate Offices & Lancratcr/
PO Sex 272 / 853 Ccnaorancn Street 
Santa Paula, CA 55CS1-C272

Crfica & Liberator/ 
2ECO Stagecoach Pcac 
Stacxtcn, CA 252’5

= AX: 205/9^2-3^22

Field Office
,'isaua.

-AX:
Mccue:



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-18

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R3MS/114-F/H-B-0UT 
Sampled by :
Type of Sample: Solid

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798118- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.4 + 1
Gross Beta 9310 pCi/samp 0.0 ± 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

. his 'eccn :ac:<sce -s ret .mencec 'cr use :n :ne Slate :: wian unless souna cr csanate-:

Corporate Offices & Laboratory
."C Box 272 / 853 Corporation Street 
Santa Paula. CA 93CS1-3272 
TEL: 805/659-0910 
PAX: 805/525-4172 
CA SLAP Certificaticn Mo: 1573

Office & Laboratory 
2500 Stagecoacn Fcac 
Siccxtcn. CA 95215 
~S!_ 209/942-3151 
"AX: 209/942-3422 
2A SLA? Cenrficaiico '• c: "553

Field Office
Visana. CA
TEL: 209/734-9472
PAX: 209/724-5425
Mcciie: 209/727-2299



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-22

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R3MS/114-FILTER—B-OUT
Sampled by :
Type of Sample: Air Filter

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 19, 1998
QA/QC ID# : 80798122- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.34
Gross Beta 9310 pCi/samp 0.0 ± 1.2
Tritium H-l pCi/samp 2 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This resort aacxsce ;s ~cr :ntencec *'cr use in me State cr Ltan umess ccuna or cecmatec

Corporate Offices & Laboratory
r'C 3ox 272 / 353 Cc roc ration Street
Santa Paula. CA 33CG1 -3272
’EL: >05/659-091C
= iX: 3C5/525-I172

iffica & Laooratcry 
SCO Stagecoach Pcac 
:ccxtcn. CA 35215 
EL; 209/942-0121 
AX: 209/942-3422

rteia Office 
:saua. CA



niilim EMVIRONMEHTAL

ANALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-26 

RE: Radiological Analysis

Sample Site: LLNL 
Description: R3MS/114-IMP-B-0UT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798126- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

41^0a
,

L
a 

.

ii 
i

Gross Alpha 9310 pCi/L 7 ± 1
Gross Beta 9310 pCi/L 0.6 ± 2 O’-
Tritium 906.0 pCi/L 727000 +3300 /&,D&

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FC-L ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This report oacxage is net mtencec ':r use in T>e State e: Ltan unless rcuna or oac;na:ec 1 1
Corporate Offices & Laboratory
PC- Pox 272/ 853 Corcoration Street 
Santa Paula. CA 93061-0272 
TEL: 805/659-0910 
FAX: 305/525-4172 
CA FLAP Certification No: 1573

Office & Laboratory 
25CO Slageccacn Rcac 
5:ocxtorr. CA 95275 
"EL 209/942-01 ei 
= -X: 209/942-3423
_.a zuAr vennic^uui. •

Field Office
Visaua. CA
TEL 209/734-9473
FAX: 209/734-8435
Mcciie: 209/737-2259
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ANALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R1MS/II4-F/H-CAT-0UT 
Sampled by :
Type of Sample: Solid

LAB No: SP 807981-28 

RE: Radiological Analysis

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798128- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.3 ± 1
Gross Beta 9310 pCi/samp 0.0 ± 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

‘his reccn cacxacs s net :n:ercea rcr use in une Stars ci Utan ur.iess zcu.na :r caonatec
.4 •

■i 1

Ccrcorate Offices & Laboratory
PC Sex 272 / 353 Corporation Street
Sants Paula, CA 35C61-0272
TEL: SC5/S59-C9*0
SAX: 505/525-4*72

Office & Laboratory 
2SCO Stageccacn Pcac 
S.’cctfon, CA 95215 
'EL: 205^2-015’.
= 2C979a2-:-425
7A ELAP C~r::5caticn

Field Office 
Visana. CA

VC'



ErWIROPiMEriTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-29

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: RlMS/114-Fi1ter-CAT-OUT 
Sampled by :
Type of Sample: Air Filter

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 19, 1998 
QA/QC ID# : 80798129- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.34
Gross Beta 9310 pCi/samp 0.0 ± 1.1
Tritium H-l pCi/samp 1.2 ± 2

pCi/L = pico Curies per Liter pCi/ral = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

, his recon cacxage is r.z: n:er.cec :cr use m :ne State c: Utan umess bcunc or paginates

Corporate Offices & Laboratory
PO Sox 272 / 853 Corporation Street 
Santa Paula. CA 93061-0272 
TEL: 805/659-0910 •
PAX: 305/525-4172
CA 5LAP Certification Nc: 1572

Office & Laboratory 
2500 Stagecoacn floac 
Slccxton, CA 95215 
TEL 209/942-0131 
-AX: 209.942-0422 
CA SLAP Cennlcaticn M

Field Office 
Visaiia. CA



fO
Ji
iii
K Mis EMVIRO Pi M EliTAL

AT1ALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R1MS/114-IMP-CAT-0UT 
Sampled by :
Type of Sample: Non Potable Water

LAB No: SP 807981-30

RE: Radiological Analysis

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798130- A

Analytical Results

CONSTITUENT
ERA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/L 0.0 + 1
Gross Beta 9310 pd/L 0.3 ± 3
Tritium 906.0 pCi/L 46400 ±900

pCi/L = pico Curies per Liter pCi/mt = pico Curies per milliliter 
Containers: (a) Glass

tResuK*

K

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This reccrr sacxacs is nc: .ncsncec *'rr -se m Tie Slate cr Lan unless ccunc :r ~ac:

Corporate Offices & Laooratory
“O 3ox 272 / S53 CoiDcrgncn Slrest
Santa Paula, CA 93C61-02T2
TEL: 805/659-0910
=AX: 305/525-4172

Office & Laboratory 
2500 Stageccacn Foac 
5:cocon, CA 25215 

2C9/942C131
-XX: 2C-Sv^2-:422 
C a SLAP Can;rc2t:cn “

Fieid Office 
isana. CA



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-19

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R4MS/114-F/H-B-0UT-BLK 
Sampled by :
Type of Sample: Solid

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798119- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 
Gross Beta 
Tritium

9310
9310
H-l

pCi/samp 0.1 ± 1
pCi/samp 0.2 ± 1
pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter 
Containers: (a) Plastic

pCi/ml = pico Curies per milliliter

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

\ ; , I -
This reccn cacxace ;s net mtencea ;cr use ;n the Slate cr _:an umess ccuna cr aacmatea

Corporate Offices & Laocratory
PC 3ox 272 / 853 Corporation Street 
Santa Paula. CA 92CS1-3272 
TEL: 305/653-0910 
FAX: 305/525-1172 
CA FLAP Certification No: 1573

Office & Laboratory 
2500 Stagecoach Roaa 
Stccxtcn. CA 95215 
TEL: 209/942-3131 .
F.AX: 209/942-3422 
CA ELAP Certification No: '552

Field Office
Visana. CA
“EL: 209/734-9472
— — x: 209/734-5425
Mcciie: 209/737-2299



ErWIROPiMEriTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-23

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R4MS/114-FILTER-B-0UT-BLK Sampled : August 26, 1998
Sampled by : Received : September 25, 1998
Type of Sample: Air Filter Completed : October 19, 1998

QA/QC ID# : 80798123- A

Analytical Results -

ERA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.37
Gross Beta 9310 pCi/samp 0.0 ± 1.2
Tritium H-l pCi/samp 1.6 ±2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This recort eacxace is net mteraec :cr use m me Slate :: .tan .mess ccunc cr paginated
>

Corporate Offices & Laboratory
''C Box 272 / 353 Corporation Street 
Santa Paula, GA 92C61-0272 
’EL: 305/559-0910 
rAX: 305/525-1172 
2A ELA? Csrmcaticn 4 5“2

Office & Laocratcry 
2 SCO Stagecoacn P.cac 
S.'ccxtcn, CA 952'5 
“EL: 209/942-018- 
= AX: 209/942-0422 
2A E-_-? 0er::ica::cn *.

F:e!d Office
Visaua. :A 
’EL 209.7:4-9473 
— .7: 2C3.724..34o5
Mcr.ie: 2C9/73“-2259
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ANALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

LAB No: SP 807981-27 

RE: Radiological Analysis

Sample Site: LLNL 
Description: R4MS/114-IMP-B-0UT 
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 26, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798127- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/L 0.0 ± 1
Gross Beta 9310 pCi/L ± 3
Tritium 906.0 pCi/L (1700) +300

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter \ a 3//0l-tV-
Containers: (a) Glass '

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

i his report pacxsge is act intercec 'c: ose in :ne S;3i5 :: 'Jtan jr.iess zcunc or oac:na:ec

Corporate Offices & Laboratory
PC Sox 272 / 853 Corporation Street 
Santa Paula, CA 93C61-0272 
TEL: 305/659-0910 
-AX: 305/525-4172 
CA SLAP Certrficaticn No: 1572

Office & La bo rater/ 
2SCO Stageccacr. -cad 
Slccxicn, CA 95215 
TEL 209/942-215*.
FAX: 209/942-0422 
CA SLAP Certifies: :n Nc:

Field Office
Visaiia. CA
TEL 209/734-9-
=AX: 209/724-5-
Uccile: 209/727-2:
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Analytical Chemists

Odober 21, 1998 Radiochemistry Quality Assurance Report for sample: 807981

Iiesl Iinvimmncntai, Inc. Actual sample results are contained in the accompanying analytical report(s).
I.StiVO Foothill Blvil,
San l.candn), CA 9-1578

Cuniiti uiciu

BATCH

in
EPA

Method Units
BLANK QA/QC

DLR Result NOTE Type
CAL 1BRAIOH QA/QC

Cone. % REC AR NOTE Type Cone. % REC
METHOD
7. REC

QA/QC
AR % DIF MAV NOTE

(it oss Alpha UA 211 900.0 pCi/cm2 0.03 HD LCS 25.0 81.2 75-125 BS 25.0 100 95.2 75-125 4.9 25.0

0A 2C 900.0 pCi/L 1.0 0.3 LCS 7.12 123 75-125 BS 20.0 78.5 95.5 70-130 19.2 25.0

fil OUL, U C t u OA 28 900.0 pCi/cm2 0.05 HD LCS 86.0 98.5 75-125 BS 86.0 98.8 98.0 75-125 0.8 20.0

DA 21: 900.0 pci/l. 1.0 HD LCS 106 82.4 75-125 BS 22.0 95.5 85.9 75-125 10.5 25.0

11 ilium 0A 20 906.0 pCi/L 200 HD LCS 367 98.9 75-125 BS 367 98.6 100 75-125 1.6 20.0

0A 2C 906.0 pCi/L 200 HD LCS 367 100 75-125 BS 367 102 101 75-125 0.8 20.0

ti 1 O- ii Alpha 0A 2A 900.0 pci/l 1.0 0.5 LCS 35.6 83.7 75-125 MS 400 105 99.2 60-140 5.6 30.0
(irouti But a 0A 2A 900.0 pCi/L 1.0 HO LCS 535 103 75-125 MS 457 102 93.4 60-140 9.1 30.0
Tiiltun 0A 2A1 906.0 pci/L 200 HD LCS 4000 107 75-125 BS 4000 , 97.5 100 75-125 2.5 20.0

Hit iii - 1 wmIHJ6 mi -> not Detected at ar above DLR. DLR => Detection Lindt for Reporting purposes. H/A => Hot Applicable NOTE => See note indicated be-low.
An u>|.l.iii.iiioii of uA terms is provided on the reverse side of this page.

FGL ENVIRONMENTAL, INC.

urt Wilkinson, B.S., QA Director

j ,

Uuiumalu Ulliuua ti Luhnioluty 
n o Hux 2/2 / II03 Cui|,oialiun Sliei 
n.ml.i ILmlu, CA 113001 UL-/3 
Ill (Hill,| hill) Oil III

QilicoJU-aUfiralory
2500 Stagecoach Road 
Slocklon, CA 05215 
Tlil.: (209) 042-0101

EiaJd OIJica 
Visalia, Calilomia 
TEL: (200) 734-0473 
Mobile: (209) 737-2390
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PROJECT NARRATIVE

PHILIP Analytical Services (Burlington ON) 
Philip Project: AN980845 
Philip Submission #:8I0098

Client: Best Environmental Inc
Client Project: Livermore

L SAMPLE RECEIPT/ANALYSIS

a) Sample Listing

Philip ID Client Date Date Date Run
Sample ID

Hydrogen Chloride via SW846Method 26A

Sampled . Received Propped Date

043167 98 Method Blank 98/08/19 98/08/28 98/09/11 98/09/11
043168 98 R4M0051-HC1 98/08/19 98/08/28 98/09/11 98/09/11
043169 98 R1M0051-HC1 98/08/19 98/08/28 98/09/11 98/09/11
043170 98 R2M0051-HC1 98/08/19 98/08/28 98/09/11 98/09/11
043171 98 R3M0051-HC1 98/08/19 98/08/28 98/09/11 98/09/11
043172 98 R4M0051-H2S04 98/08/26 98/08/28 98/09/11 98/09/11
043173 98 R1M0051-H2S04 98/08/26 98/08/28 98/09/11 98/09/11
043174 98 R2M0051-H2S04 98/08/26 98/08/28 98/09/11 98/09/11
043175 98 R3M0051-H2S04 98/08/26 98/08/28 98/09/11 98/09/11
043176 98 R1 CatOut-HCl/C12 98/08/26 98/08/28 98/09/11 98/09/11

Run Date is defined as the date of injection of the last calibration standard (12 hour or less) prior to the 
samples analyzed within that run sequence. Therefore the time of calibration injection that defines the 
run date is always within 12 hours of the time of sample injection.

b) Shipping Problems: none encountered

c) Documentation Problems: none encountered 

EL SAMPLE PREP:

No problems encountered 

m. SAMPLE ANALYSIS:

See also comments within the appropriate Certificate ot Analysis.

a) Hold Times: all within recommended hold times

b) instrument Calibration: all within control limits



UUUU6

1 certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.
In addition, I certify, that to the best of my knowledge and belief the data as reported are true and accurate. 
Release of the data contained in this data package has been authorized by the cognizant laboratory 
official or his/her designee, as verified by this signature.

Date

1
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PHILIP SERVICES

Certificate of Analysis

CLIENT INFORMATION LABORATORY INFORMATION

Attention: Dan Cartner
Client Name: Best Environmental Inc. 
Project: Livermore
Project Desc: Stack Emissions

Contact: Ron McLeod
Project: AN980845
Date Received: 98/08/28
Date Reported: 98/09/15

Address: 15890 Foothill Blvd
San Leandro,CA 
CA 94578

Submission No.: 810098 
Sample No.: 043167-043176

Fax Number: 510 278 4018 
Phone Number: 510 278 4011

NOTES: = itot analysed ’<’ — less titan Method Detection Limit (MDL) 'NA' = no data available 

LOQ can by determined for all analytes by multiplying the appropriate MDL X3.33 

Solids data is based on dry Height except for biota analyses.

Organic analyses are not corrected for extraction recovery standards except for isotope 

dilution methods, (ie. CARB 329 PAH. all PCDD/Fand DBD/DBFanalyses)

Methods used by PASC are based upon those found in ‘Standard Methods for the Examination of Water and 
Wastewater1, Nineteenth Edition. Other methods are based on the principles of MIS A or EPA methodologies. 
New York State: ELAP Identification Number 10756.

All work recorded herein has been done in accordance with normal professional standards using accepted testing 
methodologies, quality assurance and quality control procedures except where otherwise agreed to by the client 
and testing company in writing. Any and all use of these test results shall be limited to the actual cost of the 
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at 
PASC for a period of three weeks from receipt of data or as per contract.

COMMENTS:

Certified bv:



Page 2 of 5PA SC - Certificate of Analysis

Method Blank Blank Blank Blank R4M0051 R4M0051 R1M0051 R1M005I
Client ID: Blank Spike #1 Spike §\ Spike #2 Spike #2 MCI MCI HC1 1IC1

I.nb /Vo.: 0-13167 98 0-13167 98 043167 98 043167 98 043167 98 043168 98 043168 98 043169 98 043169 98
Data A'um/i/ei/: 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19

1 oinpiuiciil MDL Units % Recoveries % Recoveries Duplicate Duplicate

mpingui voliiim: measured ml 100 - - - - 21 - 46 -

lyilmgcii ('him nie 0.008 mg < 0.37 90 0.37 90 < < < <

')

(;; ClienVBest Environmental Inc. Project:!.ivennore

00006



j/M/'Jt; PA SC - Certificate of Analysis Page 3 of 5

Imi'iniivi voluuu: im

llvli ( 11li ii 11 in

R1M0051 RIM005I R1M0051 R1M0051 R2M0051 R2M0051 R3M0051 R3M0051 R4M0051 R4MO051
('Hcnt ID: IIC1 MCI 11C1 I1C1 MCI HC1 MCI HC1 II2SQ4 112804

I.ah t\'o.: 043169 98 043169 98 043169 98 043169 98 043170 98 043170 98 043171 98 043171 98 043172 98 043172 98
Date Sum pled: 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/19 98/08/26 98/08/26

MM, Units M. Spike MS % Rec. MS Dup MSI) % Rec. Duplicate Duplicate Duplicate

:ui ud ml - - - - 48 - 48 - 13 -

0.008 mg 0.87 VI 0.86 91 < < < < <

3
dV

Cliciil.licst KnviromnoiUul Inc. Project:!.ivoi more

zo
oo

o



PA SC - Certificate of Analysis

R1M0051 R1M0051 R2M0051 R2M0051 R3M0051 R3M0051 RICatOut RICatOut
Client //): II2S04 1I2S04 1I2S04 II2S04 H2S04 H2S04 ; HC1/C12 IJC1/C12

I. nb No.: 043173 98 043173 98 043174 98 043174 98 043175 98 043175 98 043176 98 043176 98
Dote Sampled: 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26 98/08/26

: umpimcnl M1)L Units Duplicate Duplicate Duplicate Duplicate

mpiimei volume mciii.sincd ml 40 - 34 - 30 - 30 -

lyiliouen ('liloi iiic 0.008 mg < < < < < < < <

C > ClienV.Best Environmental Inc. Project.Livermore

80
00

0



APPENDIX C 
FIELD DATA SHEETS
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BEST ENVIRONMENTAL, INC. San Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method Y7 )

Facility Information Equipment Information Sampling Information
Location: /v/TfP- //V/<=7~ ^ / Meter #

Yd 
AH@ 

Filter Box# 
Filter#
Probe#

Pyrometer#

Pitot#: — Pban 30. b

PortDia: Depth /. CD Cp: — Pstatic: — //-ZZ
Fitting: Length /. <?«£ 7 Noz. #: -STiE" % Ch:

Stack Dia: Area. d-Olb V Da: ,3D7 % C02:

Upstream from disturbance 
Downstream from disturbance

^T- —- • Mag. #: — %H20:

% Sz-Z Umb. # — Run Mins / <70

InitialLC: , 002 CFM@ XJT *Hg FinalLC: . 0 tW #### !Z ## PitotLC:

Tjcu i, .2 /£. </'

Pomt Time CbsMetcr Meter Temp*? Slide AP AH Meter
ACFM

SQRT
AP

Tanp.’F v*t, Notes
In Temp, °F Probe Filter JfapL

.5^^- Oo6
/ lb 27 /«ypy .799 ,936 n
a 53j:3 £7 1% •i 7 ,?<?r ,936 \
3 fo ^.7 V? .711 .736
Y 3-y?,^ y? g*o. V7 A663 ,7/% .-

J™ 9a ,79r
337. c g"0 , :k9 A73r ,?^7 ,797

2- //» % fy /.733 ,yyy
s //■5F • !Z ,67% ,7^7
9 3-73./ % ,/g" /j-%; ,y%y

/<? 3?S'.5' ry %73,1 Zd-7f ,719
ZZ 6T3, T ,/T /„f77 ,67? , w
/A /$-:& sdt, o~ 37 %73,i ,/%r /'.57T ,6?r <7^7
J3 /2;& 37^7 ?2- ^y a 19 A 73 ? ,730 «V97
/9 fy . P-D /.7,%r ,7%7 .777
■/r /X3B6 ,^0 /,73) ,yyy

^/3.6 ,%o ,?%y .777
/7 /%'T6 rv %97.3 /,7^7 ,7%7 ,797
/y CXT.3 27&7 Z7J-7 ,7%y .997
/? /sy6 X'3 7,9^7
ZiZ
£>x

xV

|
1

239% /309I ,77/

/it

/%V1

/3;a-
O9

Moisture Data
Initial Final Net Rinse

Impinger #! 
Lmpinger #2 
tmpinger(s) ? 
Impinger(s) = 
Silica Gel:

/<7<? | V6? |

I 39
Totai Net / Rinse: 

Total Sample Volume:
V/V' I

- NLo

V~-

Field Calculations
Sample VoL, dscr 

94 FLO
M'vVs

NfvVa 
Stack Vei, ft/s 

Flow rate, actin

Flow rate, dsicm
% Iso kinetics

Doirr.ents:

G. 'locmsMl d rf'i* a.i i s



Facility:

Isokinetic Sampling Data Sheet (Method Y3- J )
Pate: 7& Run#: 4Y Personnel: ^

Facility Information Equipment Information Sampling Information
Location: ■ /£=- /7h /& r ^ AS' 3 / Meter#: dk- t-3 / Pitot #: ■--- ■ Phan 3d -fS
PortDia.: Depth: Yd: A QCgf Cp: — Pstatic: - /A-22

Fitting: Length: AH@: /. Noz. #: %0::
Stack Dia: /ITS 73 Area: Filter Box#: 4 Dn: . 7c) 9 % C02:

Upstream from disturbance: 2- ■ Filter#: — Mag.#: — %H20:
Downstream from disturbance: V Probe#: O' Umb.# —- Run Mins / £>&

Pyrometer#: •—

4

^ _% /.t mi p^Lc.

/7"/3
/ysu

GOUX/l vl U.A

£V^l*-.v,

Pond Istid CttMctzt
v<<Fe

MdcrTensvT SUdc AP AH Meter
ACFM

SQRT
AP

Temp.? :V*e»
T%

Notes
fa Out Temp.? Probe FSta [iimjt

6 39:009
/ 69?, 3 .277. / ,2o ,662 ,777 72 7
1 6SS.1 27 jfo.f .9-0 /,7/r ,7^1 ,977 X
X /y;j3 &7 333.3 ,K> /. 6^6 ,7/7 .yyy /
y /y/73 662. 9" yy 29 3993 .90 A437 ,7 09 ,997 1

r /9;4y -673"- 7 7^ 2^- 330./ rfoT L
6 l/^V9 42A 2 irf 27 5f3.7 , 0.0 A6?7 ,70 f ,977 \
7 /jryy 427, J- 24 3 S&,5 .2-0 /3"7f .yyy 1
4 /jTDr 6 53. O 24 .2.0 /.jry ,67 7 ,yyy
7 l/M'36 7(9(7, ^ /tfo 2y ,7<7 /, 6/9 ,7 Ob ,997

10 70 2,/ AOO ^6 36/. 0 ,/f A 799 ,61/ ,9^7
// /f To 6 y/y. ^ /OO 22 33% ? ./2 ,673 ,77.9- /
/2 YA:. / 92 22 3 60. 0 ,/y ATfg ^673 .7^7-
/3 /£?/£> 17^7-3 7^ 2T ./2 /.y%2 ,66 2 ,929 \
/V /%<g-6 vrJIT) %Z 26 o£>0* C /w ,661 .97-7-
Zl] /^;36 79/, 2 7(? 26 34%J M3 A232 .737 .72^-
/(A 1/619 6 797 X- 72 ?y .73 A 2^1 1,772 ,920-
/7 /^ZT7 7T3, l 70 8*9 362.$- ,23 /. 23 71,779 ,9P0- l
/S' /7,^7 73-2/61 70 ky 2)4% 6 .<7- 3 A 230 1,192 ,92(7- XV

1 1
1 ! I

1
' 1

1 1
1

1 1
1 1 1
1 1 i 1
1 1 1 1 1

X?/67 , 1 jz^jy .972:
Moisture Data j

Initial Final Net Rinse |
Impinges #1 III!
Impinges #2 /3(0 | Ml 1
Impinges: si # 1 i ! !
Lnp u^ger-is) # ! i i i
Siuca Gei: 1^39 X/ I

1 otai Ne / Rinse: ] t 'l ^ . i

Toiai SamDle Volume:; !

Field Calculations
Sample VoL, dsc:

%H20
\fWs
mvd

Stack Yei. it/s 
Flew rate, actin

Flow rate, dstem

vVv] {,'i
-7. -armsIWijMso-its

"P



Isokinetic Sampling Data Sheet (Method )
Date: ~ /? ~ & Run#: $ 2S Personnel: Jft- ’bC-ft/S - fKFacility: Ofu!££siC&

Facility Information Equipment Information ■Sampling Information
Location: BfU>t&OSg' /aJL'ST' Meter*r Z* Pitot#: pv^t STb Tban ZTY
PortDia.: Depth: Yd. /add? Cp: 95S*.9? Pstatic: -*■ </. <5

Fitting: Length: AH@: / Noz.#: f'6' % 02: /V
StackDia: /.37f" Area: 0-o 1 Filter Box#: — Dn: . % C02: S

Upstream from disturbance: Filter#: /,2,3 Mag.#: — %H20: -Z-.o
Downstream from disturbance: Probe#: 2 ' Umb.# —' RunMms J3C /*\

Pyrometer#: —
ImtialLC: ,01)' CFM@ (1 % v FmsllCS , °IQ V-O WM ‘ Pitot LC:

I

J-

Point Time Gt* Meter 
V<R*

MdttTemHl.0F Slide AP AH Meta-
AOM

SQRT
AP

Tcmp,°F Vtt, Note
& Out Tcmp,°F Robe Filter

/ / ?:/3 7s"?. d /z 7r 7 J 1 do ,/8JT hn r7/f ./3o 221 m
2- ?-2fFjO 92 7 r 3 °7 . nr 1.153 161 .4/9 2/f 12z ;o
J 9--33 76 4. / f C 78 3 ( 1 . *73" /.U6 IcO .4/8 220 /$7 /3
4 ^:io:3o -714. 4 •73 3/ 8 i.cri ,7o? .4/9 222 m /r
n 9: MS .777.7. 73 3 /A /.in ,7S3 .4(3' 223 "02 "/(.

9:5f-.3t 163.8 8 3 So .nr U<H<C ,7o; .//s 223 07 •zz?
ld;6 3 1SS.N7 •5%r?

5 /*://* 19,8. it 7 f o 327 . ~2~L Z-031 .777 2/3 /7? ?
? /<J--Z4J8 193 -u 7 o 8 o 7Xf •Z3- 2 .<>ro .133 .46? 22/ til //

to /C: 34 7?5. & 830 -2.2- 2.<?r? .737 .46? 226 (9L
JjL tO:i/.3o sz3. r yv Sz- 33 / .27- 2.0 $2 ,736 ,4(? 22? /»!- /f
/i g<78 r 97 5 i 53 2- .22. 2.0/3 .70/ .46? 72? /52. n
13 8(3. 3 90 3 1 33 3 .7.7. 2.9/7. .757 .46? 223 HI y?

.4J lho9 677,^2
jr nu 5 S/7. 4/i 8 2 82- 33 4- ,2% 2.02-1 .77 r ,46? 2/3 19? i7"
/6 11:12 jo 522. 8 5"2- 33 8 .72- .732 .46? -229 til //
i2 r/:30 82.8.<9 f6 52- 33 9 .72- 2-9/0 -73/ 236 f32 /Y
Jl. 11:373* 8 33 ?4 52- -2-'5- 2.m - 752 -46? 23? (50-
JL //:/r 8 37. S 9 7- (93 392 .27 7. CZC ■190 •46? 239 132 /r
2a lhf2:Jo £/ i.r 83 S3 54 4 ■ 27 2.cW .717 -icf 23? /33 -Zo
zr I'llOa S'Uo.lLl S3-
22. /2:70 #3. S I 8 I 344 - 72- M/7 -77» .46? 22/ nr 7

J7-.T3:3c 8 57.. o ?z 8/ 3/4 •27 2vd/3 -775 .469 Z37 /?? /2-
z4 12:3 5 8 T7- 7- 97 31- •JVf ,7V 2.07-9 .751 .96? /?

/Z?fh3c 8 C t. 8 yj" 31- 5 47 -27 Z.o|<9 .779 .46? Z?o 133 i9
a: 50 9 66-Z- f Y 5% 3 97 . 22 .77? -46? 23? 13V «
ft: AO* 8 7o. -2- /?? 87 343 .77 2 • 77f .46? 223 /3% it
(2:09, 8 7 9.510

1 1
((4.31AI 5/./ 317. i ./37

Moisture Data
Initial Final Net Rinse

Impinges#! 4^! 1
Impinger #2 / i 0 1 8^1
impinger(s) # ! !
Lmpir.gerfsi # i 1
Silica Gei: ZJ?

1 otal Net / Rinse: > 1
Total Sample Volume:

Field Calculations
Sample Vol., dsef ///. 2.6 5

%H20 4-4
MWs Z v. 3 1
MWd

Stack Vei, lb's 3 V.f?
Flow rate, actin •v /. z

Flow rate, asrem //• 9
% Isokinetics 4?.9

comments: i* , £ ^6^

G.‘iomn\ntlc\is<i.sis



BEST ENVIRONMENTAL, liSC.

Facility: A/
Isokinetic Sampling Data Sheet (Method )

Date: iy/y%<f* Run #: / Personnel: #0<—-
Facility Information Equipment Information Sampling Information

Location: 0.*A J<7S~*~/ Meter#: L5/-/ Pitot #: —' Pban

Port Dia.: 0" Depth: —’ Yd: (.ooyH Cp: .97 Pstatic:
Fitting: - Length: — AH@: 2. / Noz. #: % 02:

Stack Dia: t/-t o Area: f 0 8 Filter Box #: ^ Da: . % C02:
Upstream from disturbance: Filter #: — Mag. #: — %H20:

Downstream from disturbance: Probe #: ^ Umb.# — Run Mins
Pyrometer #: __

Initial LG: _Lf£Y_ CFM@: ^-S~~ "Hg Final LC: , dob /S' Pitot LC:

Point Time Gu Veter
VoU-!3

Meter Terns*1®? Stack AP AH Meter
ACFM

SQRT
AP

T<mpj¥ ■Vit, Notes
In Out Tcmp.°F Probe Fffia BP w

75" n
/4Jf Y&Ti 7? /y

/23.k to<+ fy /y
rz'j.. ? //^ HO /V
/V/. ^ /// 9/ /V

/// /y
isi.9 j)L 76 i± >5T-0

/:T3^ //J 7 7 /V 73/7
7777 JTTT~ /JO /f

/f6,9 l^-o ! OO 1 AL
76 0^? /77.D /ZO (GO 1 /4

(OO. V/ /V
/bd-o 7^D /ac? /V

i 1 5
~hT\ 7^d /<92 1 .
~5J P-O /oo V/

/DO V L
./y I /^&l

J- toCo.tffy
i 1
i 1
i i 1 1 1 !

i I 1 1 1
1 1 1 1
f I 1 1

1 ! 1 1
i 1 1 1

1 I III 1
1 1 ! 1 1 I
l 1 1 1 1 1 1 1

i i/g^vr i i

': Moisture Damr;:Si:i:si:'s:::i:S:::::::::
Initial Final Net Rinse

hnpinger = 1 /oo j M2 1
Impir.ger #2 1

Impir.gerfs) = ! ! :
Impmgen'sj # 1 1 !
Silica Gel: i i

Total Met. Rinse:: i

To tai Samoie Volume::
i

Field Calculations
Sample Voi., dscr 

%n20 
MWs
MWd

Stack Vei, ft/s 
Flow rate, acfm

Flew rate, dsfcm 
’-o Isokinetics
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CARS Method 5 / 501 / Cyclonic

Facility: Date: Method: Run #: J
Facility Information i JSnnipment I Sampling Data

Location: QP>5> Hi /p'L Meter#: 2- Pitot #:j7d j PBar: J2 °i. 9 P Static: - /0,0
Port Dia. Depth: Meter Yd: /, tf ^ Pitot Cp:.7 7 %0, Ass. %0, Actual:
Fitting Type: Length: AH@: /, Noz.#:(&96 %CO, Ass. %CO» Actual:
Stack Dia. 1 'XI -S* Area: Filter #: Noz. Dia.^Ltj %H,0 Ass. Pitot LC:
Upstream Dist. «L Probe #: I Test Mina f%Q Personnel: V7?.. PC Jvl,
Downstream Dist. O' Initial LC: , 00 ( CFM @ A0m Hg Final LC: .00 l CFM @ l^THg '

Point
Clock

Time

• Gas Meter

Vol. Ft*

Meter *F Stack Cyeloei

AsrIc Cos AP

Avg AP

@ pt*.

AH

renieg

Meter

CFM

SQRT

AP

Imp

*F

Vac.

■Hg

Dwell

Mins.Inlet Outle Tcmp*F

iftttr ;!
> 11 |

i fWJ 11 77 \ e / 6 txio L7O0 X 2-0 ! ji

X 7;/a lr 77 \ lO XIX 1 ! !!
X Xo lx \

\ 71 /yyo ,670 / .J
* V 7/33 If? 307.1 v ^o XjQg. ✓66fT

1

l|
z~ /%%% *7/0-7 IT 3/6,7 \ XXL 5./71 ,?70 .Y?0 u 11

?Y .SKY \ 1 4,%3 ,Yf7 ,500 ! ij
X ?J7. ! <?r> TD" .130 1 i!
£L io u.f:T7 ,76) ! i

/Or yx> ?<A7. D -77 767 1 ij
/«? 313, f X\ Z7/7 .701 ' ■ ij/y //■<(?& XI 3P$:o .22- .730 ,Y6f 1 1 1! 1

wx j .<7~H 3,f0f 7H 7?o I i j
//;26 7.1 fX .77<) 1 1 i

/y /yr^ 776,f 1H - .].. .77 3,3^7 W/Y <m\1 / ! !
/r (9(9^, 6T XH 330.3 *3-1 (,m ,7% i i i

0/6,% 77 ebH 3327 -4o! i i i
yV /2;^6 7 77 yv 33/, 3 XI 3.32? .790 i 1 !:

/2.V6 <33 j: 43.0 TTfTT 33/, Y /.eyy .7<M (/ I ii
1 ' t y

'

V 1 I;
^ fX/7, £1X1 On X> > L.x -dt'N y 'Ua z\ i ii-b-j- uv* / r

l V r / (/ \ f—1 zXK^y—z ; il

i i i
- i I ; i

1 l
i i ! 1 11 <

i 1 i
I i 1 i ii

1 i 1 H: ii
i i ! i i i<

MOISTURE DATA
Initial Final Net 1

Impinger #1 -2SS& ’ (j " (7 \ i

Impinger #2 f <90 (-71 73^ i
Impinger #3
Impinger #4
Silica Gel 0.00 0^"

total iF 11F-F j

°* f FIELD CALCULATIONS |
u Sample Vol. dsef = i

% h7o = i

K__<pb MWs = i

Stack Vel.(ft/s) = i

f « Flowrate( aefa) = ;
Flowrate(dscfm) —

: Iso kinetics ('%) = i

COMMENTS: Cydonic Dwcil = Test Duration * COS/SUM COS

MS01 &. Cyioaic DweS = Test Duration * (COS/AVG COS) - SCSTdP/ToL SORT dp @ pu. sampled



BEST ENVIRONMENTAL, INC San Leandro, CA (510)278-4011

Facility:

Isokinetic Sampling Data Sheet (Method

Facility Information ^ Equipment Information Sampling Information
Location: - (M>> -Mi Meter #: '<A Pitot # — Fban. «>9, 9
PortDia.: Depth Y±TW Cp Pstatic: "10

Fitting: _ Length AH@: Noz.# Cb . %%:
Stack Dia: jv^"7-D> Area. Filter Box #: Dn % C02:

Upstream from disturbance 
Downstream from disturbance

Filter #: Mag. #
Probe #: Umb. 3

Pyrometer #:

%HzO:
Run Mins (*$()

InitialLC: .60 ( CFM@ P-Q "Hg Final LC: CFM@, ilHg PitotLC:_

Point Time Gu Meter
VotFp

Meter Tone* °F Stack
Temp, °F

AP AH Meter
ACFM

SQRT

AP
Temp.T - ' y# Notes

In Out Probe Filter :hnpt %

0 37/ S3-2
/ / 3. oQ 7FrJ7T~ 333,^ ♦ /1 .136 9A

.2 /3:/& 336.1
KiiT

,9^./ ,111
3 063,67 ~TT~ 337..f[./ *7 JJW ,f71 .1^6 T
y /3;39 33^.0 v/9 ^'639- aW
T <719.T 70 331.1 WO 7,390 # — ,3f4,
6 /y;/y 7^ 337.1 .,/# /.61M ,7»; .y^y

7 /7/jy 69^.9 19 331.6 >2-f? ,73"! .yyy
r 9t7 "3%6 ,/? /.77 )— .13 .r 1

7 zy/4/o 1 mw 9^ 53g".Y ,/9 Ml/ -is y .936
/° /%',T6 / Mr ! 1 10 PTT W9 /.131 .ia,T ,936 I

// 75776 .33^:7 W 9 6161 7733 .936
/A /y;/6 337,6 . / 9 /.76T M33 ,936
Z3 /.r; % %Z- 339,9 W9 /,!// ~7VW ,136
/y /3'36 /93,6 iA fl 337.^ ,/y /.T^O 1,79(3 ,936
/y /7;y6 /T0,5" 90 n 331.1 /.%o 1. M3 ,177 1
/6 /36,y ?7 77 370,1 *751 ,917 IT
/7 Z^7. ? 19f, 1 , To 6^7/ i.l.TO .991 /
//T /9-V6 /6T313 TC 3^,1 A79C 1,791 ,9M7 xj

# f"
1 I

|
1 —— ■

1

1 | 1 1
I 1 1 1 I 1 I

96.391 57% y //TIC? ,93<P-

Moisture Data ...
Initial Final Net Rmse

Lmpmger =1 I 1 !
Impinger =2 /c/C? | 3/7/ TT

Impinger(s) # 1 1 1
Imorngens) # 1 ! !
Siiica Gel: M l o i a^T) 70 ! 1

Total Net/Rinse:; /Y^i 1
1 C tai Sample Volume:: I

Field Calculations
Sample Vol., dsc: 

%H20 
MWs
\P%d 

Stack Vei, fPs 
Flow rate, aenn

Flow rate, dsfcm:
% Isokinetics:

■ {

2 .'dorm s Ul« o'j s a. it a



San Leandro, CA (5I0)278-t011BEST ENVIRONMENTAL, INC.

Isokinetic Sampling Data Sheet (Method *7^2 J* )
Facility: L~ - AJ A—_ Date: ^ ______Run#: ^_____Personnel:

Facility Infonnation Equipment Information Sampling Information
Location: flL'Te'g IBL^T Meter#: IS£**2- Pitot#: Pbar.
Port Dia.: Depth: Yd: 1-0089 Cp: Pstatic: —/&

Fitting: Length: AH@: /.34? Noz. #: S'£ % 02:
Stack Dia: j u3 '7^5 Area: Filter Box#: D„: SLdty % C02:

Upstream from disturbance: Filter #: Mag. #: %H20:
Downstream from disturbance: ^ Probe #: Umb. # Run Mins

Pyrometer #:mmm ^o % Fwiic^Y cfm@_ ao m ^3

Point Tntic GtsMcLCt;-
v<FP

Meter Tcrno,4*]? Stick AP •
.20 f

AH Meter

ACFM

SQRT

AP
Tanp„T Vic, Notes

In Oia Temp, °F Probe Filter pimp; %
Z /4. /S8.i08 5 / <92- ”?W /.%r .74 f .vn /7

3°
2- ZZ-'YJ.^ Z7 4. 1 37 & f Z33 30 Z.fzS .7fJ
3 8% '2-81 ./fr /37? .?rv •-7SZ Z7
V /63. y 7» 37- zsr .U/f /•3dZ .7/r . 7YZ - —
r /7-oC /as. s as 87- -zs r i.83o rHi .734 r?
( Z7: B'Jc -5"V OT sr 87- 23 G ./7 /.S23 -7V2- .73 4
7 Sl-'SLS /S7.3 73 eV 8 f 237 • /f Z8/7 •7V5 -7JC ZcS

iv** 3 /7;25T?A
\ ? /7:33 ■20Z . ?dZ /ttur p<HV/V

/7:Y2. '2-af 3oi 6 / 'LID .Z 0 /.fV£> -?rr -777 (1

fZ n-ifjo ■205. ( Z37 ./fl" /.sir -7TY -772- 16
t /L a--si T./7. / f % s/ 23? Wf Z.S26 -7V9 -73 &

f3 18'■ 3:3 o 22-/ 7-7 1 2 ST- -2-1 o ■ 1.0 Z.f 7/ ,7W -777
A , 5Vvr
1 /V a z-^r.7 f / S 7- Zf2- . 2-1 2-fit 10 ,?9 f • 713 17

If t$--223o 2.3^- 4- 8? 87- -ZS3 ,20 z.?r;8 .777 a
n. Z9.3/ ZJ r. S' 88 sz Z?3 ,2 (7 Z964 . 74° -V77

S3. 23f. 9 f?7 37. "ZfV . 267 L1o~l . 778 .777 n
/3 Z3;74. ZV3.7 So 32- z.95" .27 717 .747
if z'3 ;ZV6. ^ S o 32- Z.9 4 /.s?r -7Y7 .777 z°
n.o Z9-"0 / 3f e / 2Vd /.337 sisi .777 2<)

/%'as.ja zr4.4 8T 31 Z97 .Zf /.839 7ff . 7Q7 7.0
-zz i9:U 3 r—} —t2-s=/
2-3 2.^-Z. c Sf S f .LT- 2,<7« -7 Zf

if: 17. -26 a./ 8t • •2-2. 7.Ho -790 -74 7
SL 27/. 7 a7 61 3 00 .Z2L 7,oo3 -73? .74? zy
22 Z?.'V7 .31 ya 84 8 i 7o( .2-7- 2. .77" . 74? 2®
27 7TiJj& 278 . C 84 8 / 3 Jt .2-2- .7fo .7(7 •z-o

2252 -£?Z 1
1
1 1

//V. zaT- Liu... VYZ / /.?Z9 .75s

. Moisture Data
Initial Final Net Rinse

Impinges #! 
Impinges #2 
Impinges(s) ■ 
Impinges(s) ;
Silica Gel:

ICC i 174 ThT

I ZiAp I L/C
Total Net / Rinse: 

Total Samnio Volume:
/.T'v

I S'
C 7. : 3 ° 

7 -S
tT"

Comments:

Field Calculations
Sample Vol., dset 

%H20 
MWs
MWd

Stack Vel, ft/s 
Flow rate, acm

Flow rate, dsfera 
% Isokinetics

C. './arsanfwi tfVia. ill



BEST ENVIRONMENTAL, INC Sam Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method /%2 3 )
Facility: LL V C ____________ Date: &/^f Run#: / Personnel: ZXL

Facility Information ‘ Equipment Information Sampling Information
Location: HcXk &XT Meter #: LS/ ' / Pitot #: — Pbar 99
Port Dia.: Depth: Y<L AJCi Cp: — Pstatic; — J?, _<T"

Fitting: Length: AH@: <3i/ 9 6 Noz. #: / % 02: / 4/
Stack Dia: Area: Filter Box#: — Dn: «y1 / % co2: y-

Upstream from disturbance: Filter #: — Mag. #: —- % H20: 9-
Downstream from disturbance: Probe#: — Umb. # _ Run Mins; /

Pyrometer#: —
Initial LC: >Dd 6 CTM@ "Hg KnaUhC 7 IlMg jjj Pitot LC:

Point Tnsie Cu MeterV<LFf McurTcmo.°F Stack AP AH MeterACFM SQRTAP Tcmp,*F Mi Notesm Out Temp. °F Protx j fitter -h
rsuo -‘Wuln ivo io 7r? /o? ?2 1 > Vy> //o 12 /

\l% 9S" f THo 11 °l ?(. 1(7Q0 n-\ 93 \/3 n~L. ?? 1 1
iXL / oa ! . f

JV / iro 1 jw */« /OH 1 1 /fC73 fd ZP 3 iOO i l/ V V > V !i <-111 /23 / 0) \i 1 11 NZo /23 /&/ u i 1if I f 1
/Ho m Hi . I JrI M r; /of \1 irZD3 fo Z y

Z^T/O i1/ 1 1 1----1----i---- 1 11 ! ~r~ 11 '! 1 11 1 1 11 1 1 11 1 1 11 i i 11 1 i -----r j 1 l1 i 1 1 i 1 l
JIUK. i i r

Field Calculations
Sample VoL, dsci 

%H20

\{Wc

Flow rate, acun

Tow rale, dsfcm 
Vo Isokinetics



BEST ENVIRONMENTAL, INC. San Leandro, CA (510)278-4011

jgokwieti^Sampling Data Sheet (Method
Facilityz )Jl^. /jSd— • Pate: ft-'/S’- JY Run #= / Personnel:

Location 
Port Dia. 

Fitting:

Facility Information , ,
(Jccx'e't

Depth: _ 
Length: 

Area:Stack Dia:
Upstream from disturbance: 

Downstream from disturbance: O'

Equipment^lnformationLquipme
Meter

AH@:_ 
Filter Box#: 

Filter #7 
Probe#: 

Pyrometer#:

. Pitot#:
cp:;

Noz. #:
Dn-"

Mag.#: 
Umb. #

Sampling Information

Pstatic:_________
%02:___________

% C02:
% H20:^ 

RunMms

m Pitot LC: mInitial LC: ."Fig Final LC:..

Point Time Stack
Tonp,T

7 ^ Meter
ACFM

SQRT
AP

Temn.”F V«t,
116a Out Probe Filter :impi"

~7-h iv-
/*/<? Y' Wz 3T”

yS 73

///y TT
///<%

r

nu "j.± 52% '
9% / 7A'

/ ^?T J,y
IvW

7/s*f %T <Sx5'"

.$4
rm^F~ <5'*3/

/: cv
A_ y f

1
1

^9. o 76.4 1 1

MoistnreData
Initial Final Net Rinse

Impinger #1 1 1 1
Impinger #2 1 1 1
Impinger(s) # 1 1 1
Impingerfs) # 1 ! 1
Silica Gei: I ! i

Total Net / Rinse: j |
total Samoie Volume:]

Field Calculations
Sample Vol,_gsef 

%H20 
MWs
MWd

Stack Ve!, ft/s 
Flow rate, acfrn

Flow rate, dsicm 
% Iso kinetics

<W. h|}y-r % STS

Comments: )
Vf\ /

/ V k ? / "VttL
1.: 1 : : . 1 :

Alorms -Tiei 0 i i a- ~



BEST ENVIRONMENTAL, INC. San Leandro, CA (510)27^-4011

L—

Isokinetic Sampling Data Sheet (Method flQ )
Date: ^fV Run #: Personnel^/T/ )

Faciiit^Infonnanon , , / Equipment Information Sampling Information
Location: & “W* i v«;::MetefirfLAL/L Pitot#: Phan
Port Dia.: Depth: Yd: Cp: Pstatic:

Fitting: Length: AH@: “ Noz. #: %%
Stack Dia: Area: Filter Box#: Dn: % C02:

Upstream from disturbance: 7) Filter#: Mag.#: %H20:
Downstream from disturbance: 7 S<f Probe #: Umb. # Run Mins

7 Pyrometer#:
Initial LC: "tig Final LC:_ Pitot LC:

Point Tone Mesa Team.. Stack

Temp, ”5

AH Meta

ACFM

SQRT

AP

Temp.*? V«v Notes

In Out Probe FUta

7.7 ) 7c 77

77 7 C
“iXSTb" 7j ny

IQ 7'7-

/W IMC

~7^T 7fT "777

~m7 y

/T// yds,
7 7 /7> 77 77

///, D 7TT7

75Wf /XX ^ ic 7( 7 V

' / /6'Q %7 \C^L
/J A

/^T
\(C&

/MdrZ7 77 ^7

7^ J>\ /" 1

1 1

,

1

1

1 I i i i i

77 7 I 77. 7

Moisture Data
Initial Final Net Rinse

Impmger #1 I I 1
Lmpinger #2 i I !
Impinger(s) # ! I i
Impingen's) # 1 : 1
Silica Gel: ! ! . !

Total Net/Rinse:j :
total Sample Volume:1, 1

Field Calculations
Sample VoL, dscf:

MWs:'

\P,Vd(
Stack Yei, ft/s: 

Flow rate, acfm:

Flow rate, dsrcm: 
% Isckinetics:

-omments: -yy L 3/
1:



JOiLa i JDIN V JLKUJNJVLEiN l’AJL, 1INC. San Leandro, CA (510)278-4011

Facility:

Sampling Data Sheet (Method x
Date: Run#: S Personnel:

M

Facility Information Equipment Information Sampling Information
Location:^^, Jfiu&p Meter #: a^fU (J , Pitot #: Pbar
PortDia.: ^ Depth: ^ Y& Cp: Pstatic:

Fitting: Length: AH@: Noz. #: %%
Stack Dia: Area: Filter Box#: Dn: % C02:

Upstream from disturbance: Filter#: Mag. #: % H20:
Downstream from disturbance: Probe#: Umb. # Run Mins

Pyrometer#:
Initial LC. CTM(ot "Hg Final LC: Pitot LC:

Point Time <3*s-Mctier
V<Ff

iter Temp.'? Stick AH Meta
ACFM

SQRT
AP

Tanrv'T Vk, Jg=--
& Out Temp,°F Probe Filter vlmp; u*

Jsat? 77

»i7 >fr'/
7V If, j---- s--f -- 1*-^7-- 'yC-l'-V/<

.• /-r. S’' 'i
TWO ..ash 1Q> rz(- 2 D iv'1
/g»T 77 CJ'J/ "W

'77
7Y

”7'"u<---
7/ci‘o —7*-- 1---

- -LCv>k

JSJ-0 ~7fWa^ •77 77 7^-
7T 777“

77
,<5W 77/ls<S p7^"

1
1
1
1

1
!

j

| i
7M 1 77.5

Moisture Data ;
Initial Final Net Rinse

Impinges #! 1 1 !
Impinger #2 I 1 i
Impinger(s) # 1 1 !
Impmger(s) # 1 I !
Silica Gel: 1 ! !

Total Net / Rinse: j
Total Saronic Volume:

Comments:

Field Calculations
Sample VoL, dset

%H20
MWs
MV,'d

Stack Vei. ft/s
flow rate, actm

Flow rate, dsfcm
Vo Iso kinetics

OOOlUu
C.'iocm s \fl et tfo s a. li i



Jtsjtsr Firs v lKursivLi^rs i au, mu.

Isokinetic Sampling Data Sheet (Method <7)3£) )
Facility: L _________Date: Run#: 7 Personnel: Yf/\

Facility Information _ z z Equipment Information Sampling Int’ormation
Location:
Port Dia.: 1 Depth:

Meter # 
Yd 

AH@ 
Filter Box# 

Filter#
Probe#

Pyrometer#

Pitot #:
Cp:

Pbar:
Pstauc:

Fitting: Length: Noz. #: %(%:
Stack Dia: Area: D.: %COi:

Upstream from disturbance: Mag.#: %H20:
Downstream from disturbance: Umb. # .#&RWMins:

..... Initial LC: CFM® "Hg Final LC

Point Time Gti Meter

V-LFf ,
Meter Temp, T Stack

Temp,°F

AH Meter

ACFM

SORT

AP

Tcam,<T Vae, Notes

-& Out/ Probe Fitter "Hg
71 lit 6V

to/T 7 7
/°nfi Of) AJt

7^1 sO LILCk'\%ri H^r /
l~C'0

7? 7/
jfflo

97 'tY ;Y6
- D/ V/ 6" 757*7

, l /7A7 cuW.b -7^r L S5 6. \
;^T

TT^ZT tPA

SO' 1
✓ ^ i

rSfr i 1 ~75TC7l?

i !
i 1 |

i 1
i

1

i
i
i

u. / 1 19.6 1 —J

Sb

■" Moistme Data*Wl ::L:::::s:
Initial Final Net Rinse

Impinger #1 1 ! i
impinger ?2 1 i i
Itr.pinger(s) # Fill

Unpmgeri’s) = r i i ;
Silica Gel: 1 !

Total Net / Rinse: j
tai Sample Volume:)

Field Calculations
Sample Vol., dscf:

%HrO:"
NDVs:'
MWd: 

Stack Vei, ft/s: 
Flow rate, actin:

Flow rate, dsfcm: 
Yd isokinetics:

omments: -n i
j:' form $-Ji ci if i s o_ii»

%
9-





CARS Method 5 / 501 / Cyclonic

Method: Run #: /
Facility Information Eqniomcnt Sampling Data

Location: pf/ 'OiAj^'L Meter #: Pitot #: PBar: P Static:
Port Dia. Depth: Meter Yd: Pitot Cp: %0, Ass. S&O, Actual:
Fitting Type: Length: AH@: Noz- #: %CO, Ass. %CO, Actual:
Stack Dia. Area: j Filter #: Noz. Dia. %H,0 Ass. Pitot LC:
Upstream Dist. Probe #: Test Mins. Personnel:
Downstream Disk. | Initial LC: CFM & 'He Final LC CFM & 'He f C'
Point

Clock
Time

Ges Meter Meter *F Stack Cjcloni

r Angle

C

Co* AP

Arg AP

@ pti-

AH

setting.

Meter

CFM

SORT

AP

Imp

•F

Vec.

•h9

Dwell

Mins.Inlet Outietj TempPF

/ TJO h3*ii ~7\ TV V-C-iK f
*7^ i !

! !
J3S7T~ •7'S | ! !

d*iL r» dfc 1
Fprn

PT|
~G5STT 76 7Vr 1

77
%

1 ! r

<W? ^37. ^ 7V 1 1 !

77P7(/ 1 1 1 .1 C li

0 Vs, f - 1 : *r . i!
1 i I 1 httu7ii

0y-y:a-i 1 j ~l i it
! 1 I b

^-5^7. 7 i/hr/i
1 i II!!!

66,9.9- ^ 1771 1 1 1 1 1 . 71 li

sT ! ! 1 1 I i 1 ■! i TtH'" ! %

 ... 1 1
1 -1 1 1 i !i

l Z) 1 1 ! ! 1 1 1 1 1 1 i li

| 1 1 1 i 1 ! I II

1 1 1 1 ■ I i 1 ! 1 I i !i

I 1 1 I ! 1 III!!
i i I 1 1 1 I 1 i i ! 1

1 i I 1 1 ' 1 1 I i ! ! 1

1 1 1 i 1 ! III! !

I ! I 1 1 1 1  I i

till 1 1 1 1 ! !i

1 -l4 ^iiiiiii ! I i II

1 1 ! 1 1 ! 1 1 1 ! ! i!

II

I MOISTURE DATA i

Initial Final Net I

Impinger #1 !
1 Impinger #2 !
Impinger #3
Impinger #4
Silica Gel

TOTAL I- ’

-■foV

FIELD CALCULATIONS
Sample VoL dscf = 
% IDO =
MWs =
Stack VcL(ft/s) = 
Flowrate(acfm) = 
F!owratc(dsc£m) = 
Isoidnctics (=

COMMENTS; Cyclonic Dwell = Tea Dunrioa * CCS/SUM CCS

MS01 £ O/ioaic Dwei « Tea Deration * (CCS/AVO CCS) * SCRTdP/TaC SORTd? a pu. aa?W

/</
X'4 7



w\«ts Memou 3/uuw ^yviuiuu

Facility Information / Equipment Sampling Data |
Location: LM/° t ] Meter #: ^ff)Q Fitot — PBan P Static: i
Port Dia. Depth: | Meter Yd: Pitot Cp: 960, Ass. %0, Actual: 1
Fitting Type: Length: 1 AH@: Nor. #: —- %CO, Ass. %CO, Actual:
Stack Dia. | Area: j Filter #: Nor. Dia^y %H,0 Ass. Pitot LC:
Upstream Dist. 3-r 1 Probe #: Test Mins. Personnel: |

Downstream Dist. X I Initial LC: CFM & "He Final LC: CFM @ "He -

M501 £ Cviooic DweJ = Test Duration * (COS/AVG CCS) * SORT dP/Tol SQRTdP @ pt*. aapicd



BEST ENVIRONMENTAL, INC. Saa Leandro, CA (510>27S-t011

Isokinetic Sampling Data Sheet (Method )
Date; Personnel;

Facility Information . Equipment Information Samnlmg Information
Location: *7“/ t'bPr' i)

Port Dia.: Depth:
Fitting: Length:

Meter# 
>d 

AH@ 
Filter Box# 

Filter# 
Probe# 

Pyrometer#

<2HDi) Pitot# Pbar
Cp Pstatic:

Noz. # %0?:
Stack Dia: Area: Da % CO2:

Upstream from disturbance: Mag. # °/o HjO:
Downstream from disturbance: Umb. # Run Mins

Point Time <2to-Meta- 

#####
MderTcmp.? Sack

Temp.?

AP AH Meter

ACFM
SQRT

AP

Temp,?' Si N<xcs

bn Out Probe | Fiber :Jap. Us
TpT T P ~1 0) LjC<W

w 7 L
-71s), G 77

' X ~nhCt <G 7f
M 797,n

---------------- IrCQK
(A /

97
/ay Ts%.:L 77 1
,/77 7X 1 1

nh'G.^ 7 V
1 j

"71 ACS G£-Ut'
rC. flK

IWT 1
17/:, 1, 77

7 y,
37T 7Y 1 I • /4-frn 1 1 1 I ■

1 1 1 i 7

1 1 1 1 1
1 1 1 1 1
1 1 1 1

|
1 •1------------------

1 1 1 1 1
1 i ! 1 1
1 1 1 1 I 1

1 1 1 1 1
1 1 1 1 1 1 1
j

' 1 1 1 !  1 1
i 1 1 1 1 1 1 •

iU 1 1 1 1 II 1 1

1 1 1 1 1 1 1 1 1 1 1

■n

jnxMoistifre Datas:«...V:Vr:|

initial Final Net Rinse j
Imp Lager #1 
Impinger =2 
Impinger(s) =
Impinger(s) #
Silica Gei:

1 1 i 1
! 1 1 1
1 I ! i

till
III!

i otai Net / Rinse: ! !
Total Samcie Volume: !

Field Calculations
Sample VoL, dsc: 

%%0 
MWs
MWd 

Stack Vel. ftis
Flew rate, actin

Flow rare, dsfcm 
% Iso kinetics



L_l jL. 1 JLJUvwniUXjn 1 AJUj JU>V— San Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method c?c3 T) )
Run #: / . PciDate;Facility;

Equipment Mormatioi Sampling InformationFacility Information ,
Meter#: Pitot#: Pban

Pstatic:YcL 
AH@: 

Filter Box#: 
Filter#: 
Probe#:

Port Dia.:
Fitting:

Stack Dia:
Upstream from disturbance: 

Downstream from disturbance:

Length:

Mag.#:

Pyrometer#:
"Hg Final LC. Pitot LC:

 Moisture Data:NT3
Initial Final Net Rinse 

Impinger # 1 j | |
Impinge: #2  |___ |_______ |______
Impingcr(s) # I j I
Impinger; s) # III
Silica Gei: | | i

Total Net / Raise: j f
Total Sample Volume: j

Comments:

Field Calculations 
Sample Voi., dsc£

% H;0:
MWs:__________
MWd:__________

Stack Vei, ft/s:_________
Flow rate, adm:

Flow rate, dsfcm:_________
% Iso kinetics:

V '• ‘ V
C.'-lWrurMlei 4U»a. i.



BEST ENVIRONMENTAL, INC. San Leandro, CA (510)278-1011

Isokinetic Sampling Data Sheet (Method //// )
« ^///£///''7’£> Run#: / PenDate:

Facility Iniormadon . Equipment Intbnnation Samoling Information
Location: /r/^5^ Meter#: f\sl Pitot#: Pban 2-4-4
Port Dia.: Depth: Yd: .?f<?3 Cp: Pstatic: - | (• b

Fitting: Length: AH®.: /.AdV Noz. #: A % 02: | +
Stack Dia: /. 375- Area: Filter Box#: -#=■%- Dn: ,378" %CO;: 8

Upstream from disturbance: jfd / $■ Filter#: gg / Mag.#; %H20: Id
Downstream from disturbance: < g Probe #: Umb. # Run Mins £ 0

Pyrometer#:

Pomt Time Gar Meter
Vo^Ft*

Mela Trap.? SUck AP AH Meter

ACFM
SQRT

AP
Temp.”F Vat, Notes

la Out Tcmft”F Probe Filter tmpC ■Hg
Z /a: 27 ?r/. y//3 z*/ /8 b , /67 3.1# / "2- .Vd to
z id; 34:Jo 7‘f‘f. 0 7 r 4 f f?y 3-6gf /.a 3/ .Y/2 ZZ-
3 id; 4 Z, 76 7. 3 7o in rZ? 7.3/4 /%
Y 773. & df • 77 /Y7 ■ /?- 3.4 r/ /. .4J6 - ■ z%

JL 783.9 77. 7o/ 7.46 3 Aoc.4 .42-4 //
//: 77%.V f3 •2.0'Z 3-f6 / i-o3C 43« //

7 If: n. S <5 6 .-7 <?r SC 7-67 .26!,- l.lH .4^3 /Z3
$ //: /9:jc 37 Z/ V . Vl. 4-%i3 i-l9i Aq? /3

Sit? //. 27

1

1 1 j
1 1 1
1 1 1 1 1
! 1 1 1 1 T~

i i-------- 1 1
1 1 1 1 1 1

1 1 1 1 !
1 1 1 1
1 1 i 1
1 1 1
I 1 1
1 1 1 |
1 1 1 1 1 1 1 1
II 1 1 1 ! 1 1 1 1 1 1

61 •°79lXi, / I \m,^\
sMoisture Data
Initial Final Net Rinse

Impinger #1 /J c. 1 /T7
Impinger ~2 1 c I /3 7
Imp in gen's) =
Lmpinger(s) # 1 I i
Silica Gel: 2; i In.,

Total) et / Rinse: 77, : - - - - - - - - - - - - -
lotal Sarncie Volume:j / { ' v

hVt?7l
Field Caicuiauons

Sample Voi., dsci 
?4H:0 

MWs
MVv’d 

Slack Vei, fas 
Flew rate, acfrn

Flow rate, astern 
°o Isckineiics

c s

. / / (7 J .7.

J. 2 orm.$Mici dXi ro. an;

i?



San Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method 3"/z// )
BEST ENVIRONMENTAL, INC.

Facility: LAActtAA C& HO Date: / 8 -<? &_____ Run #: Z—' Personnel:
Facility Information Equipment Information Sampling Information

Location: ou~ruz~l
Port Dia.: Depth:

Meter#: Pitot#: ptw; 5Tb.
Yd: .YT73 Cp: ,U

Pban Zf-8
Pstatic: -11- 5"

Fitting: Length: AH@: i(&4 Ncz. #: 6 A %% /f
Stack Dia: /.37f Area: a .s f Filter Box#: z, D„: ,379 % CO* S

Upstream from disturbance: < 3 Filter#: 582- Mag.#: %H20: F-l'
Downstream from disturbance: < 8 Probe #: Umb. # Run Mins £ D

Pyrometer#:
InitialLC: , dJf ■ CFM# /S’ "Hg FinalLC:. ,ooH CFM# "23 %: Pitot LC:

Point Time Meter

Vo^Ft1
Meter Tcrno,.®!- Stick AP ah Meter

ACFM
SQRT

AP

Temp.4? Vm, - Notes
In Out Temp,? Probe pater iimp-

z /2-VS- fW.vYf Z-23 ,/e iATl 42-/ Zd
2 ZJ: .fZ3i B24-0 73 7 1 72-3 1 .nr 3.9/9 /.art .8/8 /»
7 I3:i)o QDO.O an 79 7,3 3 vf .7-737 /. /ay .836 Af
9 iSr 0?:3 -i 2- - — $£> 2-3 f ,if 3-7^V /.zz-/ -931>
F /3 -■ f r 9T3.2- S t** -233 9fF 3- 332 1-13 L HZ- AV

ZJ: 22:.3c 79/. ? ?s %8o ,/f 3-711 IJZ-L -936 /Ar
7 t3'.3o 0 76 -6 JOT> 8 Y Z13 HAIL i-2X2 .978 /z
8 13: SI:3c s 3 /b~L- 9/ ,2-0 3-93/ /. /F6 ■ 917 /(

Ncf 13.A S' S 38..f£L

1
1

tig.3:./ BFF 78'S" 431

i-iCCoCcMoistureData: v:irs:: v s: r Field Calculations f
Initial Final Net Rinse Sample Vol., dsef 6 9. 8 i t,

Lmpinger #1 /e-G | /Zj> 37 1 %H20 44 r
Impinges #2 zero | //7d V i MWs %i.38
LTipinger(s) # MWd
impinger(s) # 1 1 i — "81/ Stack Vei, ft/s 33. F3
Silica C-ei: 1 ZL /3.1 / J > i Flow rate, aerrn 2:'.19

Total Net / Rmse: VsF Flow rate, dsfcm Ju ■ 9
iotai Samole Volume: % iso kinetics -i i-'i

Comments: /r7 r? - /*■ L- -IF L. ; e ,vu Cc-'OtAb

. form lUkd dU-M. ri $



San Leandro, CA (5X0)278-4011

Isokinetic Sampling Data Sheet (Method f/t/j )
Facility: ^uJ/gg-fJCg li\Jg~£/*<n£cr Date g-/3 ~ ? 3 Run#: 3 Personnel:

BEST ENVIRONMENTAL, INC

Facility lafermauon Equipment Information Sampling Information

Location: 13 /f-0 tkrus£ ^»tvr'L&T' Meter#: 3 Pitot #: Ollxll 57). Pban "Z.Y, <?

Port Dia.: Depth Yd; .9f93 Cp: .99 Pstatic: —//. <f
Fitting: Length AH@: /. {,$4 Noz. #: 4 % 0%: 14

Stack Dia: / . 3 7# Area 0-0i Filter Box#: 7- Da: 3-75 %COz: a
Upstream from disturbance 

Downstream from disturbance
<3 Filter#: Ci'LYS' Mag.#: % H20: -5. f r

SR Probe #: Umb. # RunMms ^
Pyrometer#:

InitialLC: .qqY CFM@ -z_/ "Hg Final LC: ooC CFMfBj Z-1 fHgi PitotLC:

Point Tiae "Gas-Meter

v<fP

Mens Temp, T Stack AP AH Meter

ACPM

SQRT

AP

Temp.T Vic, Notes

Jn Oil Temp “5 Probe Fnter |":Iznp4 *tfe

/ &d‘f. 7fy 70 7/ ZfY ,/3 /. or/ Al-Y II
2- 899.9 9f 72- .tPOT If
3 /3T- /r 89 76 ■zol /.o71 -YZV If
Y V/<- f 73 e<? 2.60 i.odi . Yz/ if

sr /S': 30 92-3.0 -?r 8< 'LL7 ,13 It d3u .Y2Y If
c 931,2- 97 S . (5 s.sra Lo39 •VzY If
7 /j: <r 739. & 73 ad .13 1.090 .Y2< if

g .2- 99 23 0 ./&r f.cyi .Yoy. /o

sref !L:e>t

|
-

1 1 |

i 1 I

1 1 1 1

J 1 1
1 1 1 1 |

1 1 1 1 1 1 1
I 1 1 1 1 1

! 1 1 ! 1 . 1 I |

J 1 1 ! 1 | "1
J ! ■ 1 .... 1 1

1 1 1 I 1

1 1 1 1 1 1

i 1 i 1

1 1 1 1 1

1 III! 1

1 1 1 ! ! i 1 1

7T2d isncj 1 1 m 1
#:##:###::iMbisture Data:##:!;::)::

Initial Final Net Rmse
Lmpinger #! / / ^ 1 /6y^i 5'Y 1
lmpinger #2 1 ## ! 2. 1
unpingens) # ! ! 1
lmpinger(s) # ! 1 1
Silica Gei: 'T# !

total Me: / Rinse: j
Total Sairroie Volume: f Mu 1

Comments: 7^ /kl 6,#'# ^

Field Calculations
Sample. Vci., dsef: 6 2-33 7

% H:0: 7 7
M%: 3.9- Y'C
M'.Vd:

r low rale, aciin: — v ' ? )
Flow :a;e, dsrem: 4. «

Ft Isckinetics:

%W
C.TomiTi fta'i:



San Leandro, CA (510)278-4011BEST ENVIRONMENTAL, ENL.

Isokinetic Sampling Data Sheet (Method )
Facility: Z- 4- __________ Date: Z/ / /y To Run#: '/ Personnel: & <S-

Facility Information Equipment Information Sampling Information

Location: tLkT/ 0*ch~ Meter#: Z3 /-/ Pitot#: Pbarr pi. Y

PortDia.: /" Depth: •&- Y± Cp: Pstatic: — <3.. S

Fitting: Length: AH# 2, /f6 Noz.#: y; %0%:

Stack Dia: Area: Filter Box#: - Dn: ^SQ % C02:

Upstream from disturbance: Cs Filter#: Mag.#: %H20:

Downstream from disturbance: Probe #: — Umb. # RunMms 40

Pyrometer#: —

InitialLC: ,ao f CFM@ /O *Hg FinalLC:.,00/ CFM# jjj PilotLC:

Pomt Time OlaMcta
Vot.Fft

Men Tone, Stack
Tanp.”F

AP AH Meter
ACFM

SQRT
AP

Tcmn.°F Vat,
%

. Notes
& Out Probe Filter simp;

973 “3rA7.<J77 77 ~w ,005 /- V 6
7^ hr .40. jr

Zu> fff 74 .00$ rC* !
A76. 7 HZo .OOH hi , 4/ r

?r3 W" Yi i#t hr r
% 4d( ,°°y ,U£- .43 5"

2^4, / t 12 y? l/Ol hSr ,4? S'
"TFT5- //a Ho l hs ,<.3 r

//4 °fV ~wr i,r ,4? 5~
//^ n ,oo4 It 5~

re- jTZY~T/T- ?v ~wr ,C0H- h b .
~J°77f //i 7^ yt)/ , <3 Ol - 6V

gg. >05", Afa

|
1 1
1 1 1 1

/. £ TSK2

;;:::::;'::::;?i|:::lS’S::?Moisture Data .i
Initial Final Net Rinse

Impinger #1 /A^ 1 ff i
Imp Inzer #2 /A?A? | /A>A) | |
Impinger(s) # 1 1 1
ImDinner(s) = i i 1
Silica Gel: 2/"? 1 !

Total Net/Rinse: % i i

Total Sample Volume: /^'7; |

Field Calculations
Sample VoL, dscl 

%H20 
MWs
MWd

Stack Vei, ft/s 
flow rate, actrn

Flow rate, astern 
Ki iso kinetics

G. TurrasUiel a>ua.ii s



S«n Leandro, CA (S10)278-timBEST ENVIRONMENTAL, INC.
Isokinetic Sampling Data Sheet (Method 4s /^Wrr)

Facility: IffvOA&Cg' LNtgtmlg Date: S~ ~ZL' ?6_______Run#: / Personnel: -(°,<9
Facility Information Equipment Inibrmaticn Sampling Inibnnation

Location:; /~/C Tg/t a u-rLer-T" Meter #" 4StC^S Pitot#: A'u/ S if)
PortDia.: Depth: Yd: Cp: .9? Pstalic: ~ /6. O

Fitting: Length: AH@: /.£3f Noz. #: %02:
Stack Dia: i ■319 Area: 0 -0 ( Filter Box #: -------- Dn: .3»<t % C02:

Upstream from disturbance: 3 Filter#: ,92<? Mag.#: ---------- %H20: f.o

Downstream from disturbance: > 8 Probe #: ---------- - Umb. # ---------- Run Mins fa a
Pyrometer #: ------ ----

InitialLC: .<?/ /cf #g Final LC: Pitot LC:

Pomt 7m "Gti-McSer
v<tit

Meter TtinCt*°F Su<± AP 'AH Meter
ACFM

SQRT
AP

T<anp.*F V»c, Notes

la | Out Temp, *F Probe) niter Jmpj 1%
/ 9 , 9b3.,-?TT 48 296 /.Jiy .964:
2- 9:11:34 "76 A 9 'Jo-Z. ■ z7 .9/2.
I ?t 2-r 96 9. 4 6( 7Z. ?*! ,r? /■3ST .LC 8 .9/2.
y 979. 3 89 7C . nf. /. 179 . 694 f//8
y 9 : Vo 979-5 86 -73 -7i/ .2-2- /. 762- • 76C 9*f

£ f" 97. Jo ^ T. g ,99 0/ 3 iv • (9 /■fll .7/9 ■93 6 i
9: SV 99/.1 ff? 87 7/9 .7.4 i.&4>3 .997 9

3 /0; ;Z:.3c 997- 6 d’V .2.9 /.fL6 .363 .4fc 1
fr)/ fc:! 1 /88 J.,976 I

1

| 1
1

1 ! 1 1 1.
1 1 i 1

I 1 1 1 1 1
1 1 ! I ■ 1
1 1 1 1
i J! -
I 1 - 1 1

1 1
1 1 1
1 1 1 1
1 I 1 1 1 1

1 ■ I 1 1 1 1 1 i •
! I 1 1 1 1 1 1 1 1
l 1 ! 1 l 1 1 1 1 I 1 i

V.r.i'Z-V I | TT.f I i 8SQ« /. f 3 / 936
Moisture Data

Initial Final Net Rinse
Impinger £1 ^ 1 / ^ 9 1 /, V 1
Impinger ==2 i / .- 2 I
impmgerfs; = 1 ! !
[mpmgeris) ff ! i t
itiica C-ei:

iotai Ne / Rinse: j 7 .6 i-J .
i otai Samoie Vciume:f i

Field Calculations i
Sample Vol., dsef: 93.

% H20: 9 .T
\PAS: 2^-79
MWd:

Stack Vet, d/s: 3 ). 3 3
Flow rate, acfrn: 7. t 56

Flow rate, dsfcm: /.3-9 i

Vo Lsckineucs: i cr if. 0 !



BEST ENVIRONMENTAL, INC. San Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method [ if i / / )
Facility: Date 8 "2-6 - ^ Run#: '2— Personnel: -SA-/C<?~/V -fQ_

___ Facility Information . Equipment Information Sampling Information----
location: f/CT2fX. ^nrrt.£T' Meter#: /?SZ*Q Pitot#; /HMt-STb Pban Zf. ?
Port Dia.: Depth: Yd: Cp: .ff Pstatic: - (o

Fitting: Length: AH@: (.£$</ Noz. #: J"<5" %02:
Stack Dia: f.^rff Area: q,0 / Filter Box #: Dn: ,3^7 % CCh:

Upstream from disturbance: Filter#: gj/ Mag.#: %H20: S.c

Downstream from disturbance: p 8 Probe #: Umb. # Run Mins 6 o
Pyrometer#:

.00* 'OM®' /y ' \^LCr^3_ CFM@ m PitotLC:

Point Tine Gas Meter
VbUrf

MttetTefflO."F Sink ap AH Meter
ACFM

SQRT
AP

Tana.-F Vnc, Notes
In Out Tcnp,*F Probe |Klter tmpL

i [('OC <9 o /. ,7 / z tff 7' 327 .2( V f-C f7 -732 .Vi/ 4
L //-•«?■* 3 o to. i 77 7/ sir .2%r M?4 ,?rr .41/ 4
3 //: /r 0/L.O 5/ 73 . -2l /. ,784 ./fa 4
V //: 2Z:3i 61Z. z. 7^ 317 ,1Y 1.3 73 .783 • Vf* Y —
r }/:3> bz.5 * jT £7 80 32 9 zsr fg/7 .75 4 ./ttr
(f If‘.31 -3c 653 4-7 g? Q( .L3f /.jr^ -79C .vsr /
7 <5 YM ft) 33 0 .%/ /.gf< ./fo y
9 gv?. / f / gr 23, .ZJl" /.syr . 73? ,V3f V

#2/ il:Oa ^3713
... 1 ...

1
1
1
1

1 1
1 1
1 1
1 1
1 !
1 1
1 1

1 1 1
1 1
1 1
1 1

1
I 1 1
1 1 1
1 i 1 1 1 1 i
1 i i i i i iii i

vf, yy? go 6 2%7.Y /.3Z/I

■ 
j

V
')

C
D

>*

Moisture Data
Initial Final Net Rinse

Impinger #1 /,« i //r<? r=i i
Impinger #2 /' o 1 / /; 2 5 1
foipinger(s) # 1 I i
Impingen s) # 1 1 i
Silica Gel: | Z./Z iL 1

Total Net / Rinse: r r i ——1
total Samnle Volume: i

-T -l

Field Calculations
Sample Vol., dsef 

%%0 
MWs 
f.f.Vd

Stack Vei, ft/s 
Flew rate, acun

Flow rate, dsfcm 
% Isoicineucs:

i-Z-
i .c-

27. 2 9
-7 a.

in
G. 'J’w-nx'/Un uXiia- ill



BEST ENVIRONMENTAL, INC San Leandro, CA (510)273-4011

Isokinetic Sampling Data Sheet (Method /7//W )
Facility: jjQuJC£ LwegftirtB Date: 8 -2.4- 9&________Run#: 3 Personnel:-J -fre - PR.-*Ku.

Facility Information Eouipment Inibrmatron Sampling Information
Location:: ft crrSTZ. cr^TLSXT Meter#: PrS'£*S Pitot#: srb Pban 2-f. 9
Port Dia.: Depth:

Fitting: Length:
Y± .fr?3 Cp: .99 Pstatic: ~ f<3. c

AH@: i.C3'{ Noz. #: % 02: 9. 7V
Stack Dia: /. S7 f Area: b.b f 

Upstream from disturbance: 3
Filter Box#: Dn: 3 £ n ~1

Filter#: 93 2— Mag.#: %H20:
Downstream from disturbance: Q Probe ik Umb. # Run Mins <6 <9

Pyrometer #:
SrifialLC: .oof CEMT@ H "Hg FmatLC:' -MS' CFM@ (0 jTfe PitotLC:

Point Time Gu Meta-
voi.fp

Meter Team Stack AP AH Meter
ACFM

SQRT
AP

Tcmp^fF Vac, Notes

In Out Temp* "F Probe FUta %
/ /2.-vr OTY. Yz/ -7/ 77- T332-. .2 0 Min. .YY7 Y

2- 6 (.ex. 9 -73 73 . 2-7 -73» f
5 OCu. 0 ?r Z^JY ■ ft • 70S • VY7 Y
Y /'J: 67.-Jo 01/. 1 64 73 33 r ./? / Y%7 - 6?3 - YJ£ i
r /3: °71. 3 So 33 if ,19 /./yo " & f 6 -Y<3 ^ JL

$ ) 3: ZZ:& CT83.0 ^ ? 63 1331 .(9 /• YrY 698 Y
7 /3--J6 038- r ?o SY 331 .19 /. vn . 699 i
9 Y fo g r ,3.38 . (f AYT6 .Y3o 9

1

1 1 1

1 1 1

1 | n

. I

1 i

i i • I

I
j

1

1 1 1 1
1 1 i 1 1

I- • !

1

1 1 1 1 1
1 1 i:

! - 1 I

I 1 1 1 1 1 1 1
1 1 1 I I 1 1
1 1 1 1 in
I 1 1 j. 1 1 l l
1 1 1 ! 1 1 iii-
1 1 1 1 I 1 1 1 1

1 1 ! 1 1 1 1 1 1 1

I Yr. w 1 181.Jd 33711 /.YfZ-l .YVJ I
V Moisture Data 2 j Field Calculations

initial Final Net Rinse | Sample Vol., riser: Y2- 329
Imp in gar #1 i er~. 1/77 <7 1 1 %H:0: 7- 2
Imp in gar #2 / (TZ 1 (6 3 7 ! 1 MV,'s: 2 3. o.jT
Impmger(s) # i I 1 MWd:
LmpLr.ger-is; # 1 ! btac:< Vel, :L's. ^7 4. 3 T
Silica Gar IZ-/J.3 /;.)! 1 urT: .,_.Y Flow rate, actin:

li si — J7 9 Fiow rate, dsicrr.: 1 3. &
To tai fame ie Volume: i % Isokinetics: ; j 2U-



A r JULW-/1 x iTiJU-i X 1 AXij Xi^< San Leandro, CA (510)27S-40n

Isokinetic Sampling Data Sheet (Method •Ail7/HL\')
Facility: ^aJ <^r Date 8-2.6 -?g Run#: / Penonnefc 2>C-.)r<-

Facility Information . Equipment Information Sampling Information
Location: CAtAlHST OV'i'l£-T~ Meter#: /„ST*( Pitot#: Pban
Port Dia.: — Depth: " Yd: /.063? Cp: Pstatic: — '5 • 5"

Fitting: — Length: — AH@: 't. (<U Noz. #: %02:
Stack Dia: </" Area: Filter Box#: Z 5 A/ D„: % C02:

Upstream from disturbance: 2 Filter#: Mag.#: %H20:
Downstream from disturbance: <5* Probe #: — Umb. # Fun Mins Y,0

Pyrometer#:
Pitot LC:

In I Out

s', a

Field Calculations
Sample VoL, dsefInitial Final

Impinger #2 
Lmpingerfs) ~ 
Ixnpinger(s) # 
Silica Gel:

Total Met / Rinse:f_ _ M
Total Samnle Volume:} T/

C-'-w-nvJwri d\ii-a. iir



BEST ENVIRONMENTAL, INC San Leandro, CA (510)278-1011

Facility

lsokm<
rn, U-AU- AS'O

Isokinetic Sampling Data Sheet (Method
Date;

#-/%? r Run #; L Personnel:1:^

Facility Information Equipment Information Sampling Inform apon
Location: /^cucAocS C (M* N- fcr Meter i Pbar^%/

Port Dia.: ' fu Depth: Yd TWV cK Pstauc:
Fitting: Length: AH@, Noz.#: %0%:

Stack Dia: / v3 77 Area: 0,7/73 Filter Box# Da: %COz:
Upstream from disturbance: Filter# Mag. #; %H20:

Downstream from disturbance: Probe # Umb. # Run Mins
Pyrometer#

Initial LC: -6— CFM® "Eg Final LC Pitot LC: —---------

Point Time Gas Meter
VtiUFp

Meter Tcmp^^F Stack
Temp,°F

AP AH Meter
ACFM

SQRT
AP

TcmD.°F V«L Notes
In Out Probe File Imp.

o97T nS3S/.7 7%-
"7^ 7 f

7*7 74^
77 W"

CW' V 77

5/3 ^
330i >y 7T

77'
/b
/u *3 3Sd, ; ^7

i /b/X. Rpttr^7: 7/
: ^ ^7^t 6

1
1

1 1
1 1 1 1
1 1 1 1 1
1 1 1 1
1 1 1 1 |
1 ! 1 1 L i

i i 1 1 1
i • 1 1
1 1 1 1
I 1 i 1
l I .1 1 i 1

1 ill 1 1 1 1
i ill 1 1 1
i iii 1 1 1 1 1

/'/tecs F7/fr.<r 1 I 7g\Z
: s ■ Moisture DatafeT:

Initial Final Net Rinse
Impinger #1 1 ! i
Lmpinger #2
hnpinger(s) # i ! ;
Impinger(s) = i i : i
Silica Gei:

Total Net; Rinse:] : 1
Totai Sample Volume: j |

LC/

Jrieia Calculations
Sample Voi., dsef:

M'-vs: 
M'.Vd; 

Lack Vei, As: 
Ficxv rate, acirn:

r'c'.v rate, dsrem: 
% isokinedcs:

/

•J _!



n?*t.

Isokinetic Sampling Data Sheet (Method )

Facility Information ‘ Equipment Information Sampling Information
Location: f') i'i'Pr £> Meter#: J££)( [ /Pitot # Phan
Port Dia.: Depth: Yd: Cp Pstatic:

Fitting: Length: AH@: Noz. # %02:
Stack Dia: Area: Filter Box #:  ------ D„ ■------ - % C02:

Upstream from disturbance: Filter #:-------Mag. # %H20:
Downstream from disturbance: Probe #: Umb. # RunMms (0^)

Pyrometer #: ^
Initial LC: S?— "Hg Final LC_ Pitot LC:

Point ....lime.... Gm Meter
vot.rP

MdesTemD*eF Stick AP AH Meta
ACFM

SQRT
AP

Tonp.T Via,
Hg

Notes
la Out Temp, °F Robe Filter simp;

/23(\ oSDTtp

7?<>
/9V6 Zfodlv

AW tsj)'/) '
-p^

//%0 7 ^<3
//OS' i^-3

I* &

7mr ^9^

|

1 1
1 1

1
1
1 |
1 1
1
1 T"
1

I
1 i i

f

Moisture Data
Imtiai Final Net Rinse

Impinger #1 i I !
Impinger #2 riii

Imp inserts) ~ i i I
Imp insert's) = i i i
bilica Gel: i !

t otai Net / Rinse: i 1
Total Samnie Volume: i

Field Calculations
Sample VoL, dscr 

%H20 
MWs 
\r.vd 

Stack Vei, rJs 
Flow rate, aczn

Flow rate, dstem 
% Iso kinetics

I:':,! 1a
•J" cwm i 'Jit't a'± j a.—i

Lomments:



XSiLO 1 iLi'N V.US.Ul'I.i.VULVl 1SJL, J-LVV.

Isokinetic Sampling Data Sheet (Method Q 
- jHX 0 Date: Run#: 3

Personnel:
Facility Information Equipment Inlonnation Sampling Information

Location: h-\l i-pr (Jctf'fa f, Meter#: ^7Of) Pitot#: Pbar.
PortDia.: Depth: Y± Cp: Pstatic:

Fitting: Length: AH@: Noz. #: %0%:
Stack Dia: Area: Filter Box #: Dn: %COz:

Upstream from disturbance: Filter #: Mag. #: % H20:
Downstream from disturbance: Probe #: Umb. # RunMms ^ f)

Pyrometer #:
Initial LC: ^ "Hg Final LC;_ Pitot LC:

%

Point Time Gas-Meter
VoUP

~ ~'«—
MeterTemp^fF Stack AP AH Meter

ACFM
SQRT

AP

Tcmp.'T Vac^ Notes

fii Out Temp,°F Probe Filter ftfcnp; ■Hg

W57T

3VyRT
jffy'Qi

£rZi

3^75-

M-s! f

^7 e-y-

/rW; ^7
isvS. / ^7

y^/

1
1

1
1
1
1
1

1

i 1 1
1 1 1 1
1 , ! 1 1

//^/ _________ 1 !
Moisture Data
Initial Final Met Rinse

Impinger if! 
Impinger #2 
Imp ingens) # 
Imoinaen s'] #
Silica Gel:

total Net / Rinse:j_ 
'otai Samnie Volume: j

Field Calculations
Sample Voi., dsci 

%H:0 
NF.Vs
MWd

Slack Vei. rVs 
Flow rate, acfm

Flow rate, dsicm
% Iso kinetics

comments:
t !



BEST ENVIRONMENTAL, INC. San Leandro, CA (510)278-4011

Isokinetic Sampling Data Sheet (Method )

Facility Information Equipment Information ‘ Sampling Information
Location: RUtU etMty :: Meter#: P3/V Pitot#: Pban
Port Dia.: Depth: Yd: Cp: Pstatic:

Fitting: Length: AH@: Noz. #: %Oz:
Stack Dia: Area: Filter Box #: Da: % C02:

Upstream from disturbance: 7 Filter #: Mag. #: % H20:
Downstream from disturbance: P Probe #: Umb. # Run Mins

Pyrometer #:
Initial LC: foe@ : Final LC: ,<?<-v/^/CFM @ 77- Pitot LC:

Point Time r%T . MticiTanp,”? o Stack
Tonp,*F

a? AH Meter
ACFM

SQRT
AP

Team, °F
M:

Notes
Probe Filter i=P-

aW" 7f? 1Y~ i~^Z
io

77 , (
rT , /

, /
*( 79

fstk ft 7f
/Tyy ~w~ 71
/JT5V ft 79

79
/fToV' 79 L

~$r 7i \ /
/^/y ?! 77 "V

/p? / ,,
T»0/

'\.U.J 1

1W>T 3,o 74 7)100
IW) 77 tm

mi

ra F9- 1W7 3-X3O0

n 1JW

71 FTTT" 77TT <fr/i7

74 "TT~ 1W
/fii F4 JT

/ ,r ,r- 7)1 / , 1~7 i i\?) T"5
"7W7 4 i

<r /

1 1 1

Moisture Data
Initial Final Net Rinse

Impinger #1 I 1 1
Impinger #2 1 ! !
Lmpinger(s) # 1 i !
tmpingerfs) # i 1 i
Silica Gel: 1 1 !

Total Net I Rinse: i 1
Total Sample Volume: 1

Field Calculations
Sample Vol, dset 

%H20 
MWs
MWd

Stack Vei, it/s 
Flow rate, acun

Flew rate, dsfcm 
N Iso kinetics

Comments:
;: - I

G;‘.focnii'.fkid\ua.,i:t



APPENDIX D

EQUIPMENT CALIBRATION RECORDS
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BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter
Dimension

Average 
0, 2,9~6 

Range

Reference Method: H?A 5 (fcecica

/■cxoaace 7 ‘ —-irr < O.OC4* r*ac= o( 2 a<aiurenao 

Caucraaon Froaucncv: 12 Mencls

Nozzle type: j Glass: Xo A- 
1 Quartz:
i Stainless Steel: 
I Other:

Date:

Recorded By:

Next Cal. due: f "Y4

.ViMiaciai



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter
Dimension

Average
I
Range

Reference Method: 2?A S (teedea 5_1)

■V-.Tiancg Lienee < (LCOV rxngc cT2 scugccp 

Calibration Frecuener 1Z Messrs

Nozzle type:

Date:

Recorded By: ^ ^ ^cj—

Next Cal. due: I'" fd,

Glass:
Quartz: CI2>
Stainless Steel:
Other:

GG5

;

-O-ML aoLcsu



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter
Dimension

Ranae
!<S. 2."

Rti'crcsec Mcttod: E?A 5 ($-sc£oq iJ.)

< OJXA' rue of 3 acnurtaag

Ciiibra-oa rrcqucacy; 12 McccLs

Nozzle type: j Glass:
| Quartz:
i Stainless Steel: 
i Other:

Date: /-■ /(f) - ^ £

Recorded By: c—O Ah hf-

Next Cal. due:

.AAMTacacaa



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter
Dimension

Average

Ranee
i -/%/

Refer c=ce Meaod: E?A 5(ux~oc 5J.)

Aerr-ptxacg T -iff < 0£C4" at 2 acmccocatJ

Ciubradoc Prcoueacr: '.2 MoqZli

Nozzle type: i Glass: JT3 
| Quanz:

I Stainless Steel:
i Other:

Date: /- /& -

Recorded By:

Next Cal. due



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter
Dimension

■ 5

Average
1 .752
Range

, VO Lj

iLti'sreacc Method; E?A 5 (tccaoa .5.1)

.Acceptance LLnitx: < O-COl'* range ot 2 zicasurcacna 

CuTcraricn Freauccr-. 12 Mentis

Nozzle type: Glass:
Quartz:
Stainless Steel: y/
Other:

Date:

Recorded By: (Vj, )///'/f y

Next Cal. due: I / 2 7- /<? 9

AAMdcCZdi



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter 
Dimension 

0. 77-0
O-7 7-f

___
Average
I r? 7 7/ I
Range

<y. c-'o %, |

Rrtcrcacc Me^cd: H?A-5 (s«=ioa 5JT 

LLsicc < 0JZC4* rssss oil 2

Nozzle type: Glass:
Quartz:
Stainless Steel: f
Other:

Date:

Recorded By: 

Next Cal. due:

/ /z r/9S

/V// i // /r-/

Cilibradcn rrcaucscy; 12Mcscu

A15 - c^caj



BEST ENVIRONMENTAL, INC.
Nozzle Calibration

Diameter Nozzle type: Glass:
Dimension Quartz:

Stainless Steel: ^ O
Other

6;. 7-SO / /z.6/9SAverage. Date:
^75 (

Range Recorded By:
0 oc2

Next Cal. due: y/26/f7
Rrtccacc Mediodr H?A5(secaca5-i)

Assr-ocancg Llmicc < 0-004“ range of J scuurcacaa 

Quibradca FrcaucscT: 12 Moneys



1:1 \ I l1', N VIUONMENT AL, INC San l.ciiulro, CA (510)118-1011

METER BOX FULL TEST CALIBRATION
Meier //: L.S.I. //I 

Meier Orifice II): fixed box orifice
Dale: 09-10-97. Standard Meier: Wcl Gas Meter Current

Operator: Dob Gallagher 
Signature 13. Q*.

OAOC Officer: C.T.

Test Vacuum "Ilg: n/a
Bar. Pressure (Pb): 29.93

Leak Checked: Yes @ 18"Hg.

Yd AH®
1.0039 2.196

0.9886 2.091

’ All Al1 Yds

Standard Meter Gas 
Volume (fl1)

Meter Box Gas
Volume (IP)

Sid.
Meter
Temp.

Meter Box 
Temperature

Time
(Min.)

Q Yd AH®Initial Pinal
(Yds)

Net Initial Final
(Vd)
Net

CW
Avg.

(T,) Inlet

ML End

(T.)
Ml

)uil«l
End

(Tj)
Avg. 0

0 M) 0 090 1.000 0.000 9.200 9.200 997.738 1007.115 9.377 76.0 92 100 82 84 89.5 25.38 0.357 1.0044 2.132

0.50 -0.100 1.000 9.200 15.000 5.800 7.115 13.044 5.929 76.0 95 98 83 84 90.0 16.05 0.356 1.0023 2.144

0 50 -0.100 1.000 15.000 21.250 6.250 13.044 19.449 6.405 76.0 98 102 84 86 92.5 17.32 0.356 1.0044 2.144

1.50 -O I'Ll i.ooo 0.000 10.000 10.000 19.792 29.982 10.190 77.0 99 104 84 85 93.0 15.98 0.615 1.0066 2.149

1.50 -0.120 1.000 10.000 22.250 12.250 29.982 42.527 12.545 77.0 103 104 84 85 94.0 19.75 0.610 1.0034 2.187

1 5(1 o m 1.000 22.250 32.250 10.000 42.527 52.815 10.288 77.0 103 106 85 87 95.3 16.18 0.608 1.0010 2.197

3.00 -0.155 1.000 0.000 10.000 10.000 53.349 63.567 10.218 78.0 105 105 87 88 96.3 11.62 0.845 1.0041 2.268

3 00 -0.1 50 1.000 10.000 20.000 10.000 63.567 73.806 10.239 78.0 104 108 88 89 97.3 11.62 0.845 1.0038 2.264

3.00 -0.155 i.ooo 20.000 30.000 10.000 73.806 84.053 10.247 78.0 106 110 88 90 98.5 11.66 0.842 1.0053 2.278

( 'ommciils: I his is llie Calih. Ceil.

Variables;
l.i - flow i ale (dm)

All - Oliliee pleasure dill'uieiitial (ill. lhO)
AP - Inlet [acssure diHeicntiul standard meter (in. ibO)

Yds -- Stand,nd meter collection faclor (Unitless)
Yd - Mctci box collection faclor (Unitless)

-> Al lu'i) -- Oiilke ptessme diffetenlial that gives 0.75 DSCFM of air 
'> at 68“F and 29.92 in. Ilg (in. IbO)

ii.u id U2 itf hg 5 (> Ui lil’A Uiclltod )

' ’ ' ' i ■ II1 * ir, >il . 1 S

V \ V,i A m + 46oA Pb + A///13 67

, _ 0.0317 x AH f (fr/s + 460)01'
AII @ = ----- ---------------r ---------------------

Pb(T.+ 460) L VilsxYds

17.64 xVdsx Pb 
L~ (7V& + 460)0



UKST ENVIRONMENTAL, INC S*n Lviimlro, CA (510)278-4011

METER BOX FULL TEST CALIBRATION
Meter#: L.S.U/1

Leak Cheeked: Yes ut l7"Hg

Meter Orifice IB; boxes orifice Yd All®
Date: 09-11-98. Standard Meter: Wet Gas Meter Current 0.9894 2.212

Operator: Bob Gallagher 
Signature BG

Test Vacuum "Jig: 0"Hg
Bar. Pressure (Pb): 29.79 Previous 1.0039 2.196

Yz
Standard Meter Gas 

Volume (ft3)

Meter Box Gas

Volume (ft3)

Std.

Meter

Temp.

Meter Box 

Temperature

Time

(Min.)

Ml AV Yds Initial Final

(Vds)

Net Initial Final

(Vd)

Net

O’di)

Avg.

(T|) lnl«t

Inti Em]

(Te) ouiiii

loll Eml

(Ta)

Avg. 0 2 Yd All®

0 50 ■0.08 5 1.000 10.000 16.650 6.650 532.406 539.353 6.947 82.0 no no 91 94 101.3 18.03 0.358 0.9898 2.080

0 50 -0.090 1.000 16.650 23.150 6.500 539.353 546.171 6.818 83.0 110 115 94 96 103.8 17.68 0.356 0.9884 2.091

0,50 -0.085 1.000 23.150 31.000 7.850 546.171 554.413 8.242 83.0 112 116 94 96 104.5 21.30 0.357 0.9887 2.081

1.50 -0.115 1.000 0.000 16.000 16.000 554.587 571.387 16.800 84.0 114 115 94 96 104.8 26.00 0.595 0.9848 2.248

1.50 -0.120 1.000 16.000 29.773 13.773 571.387 585.791 14.404 84.0 115 115 96 96 105.5 22.22 0.599 0.9900 2.211

1.50 -0.120 1.000 29.773 42.195 12.422 585.791 598.779 12.988 84.0 112 116 96 98 105.5 20.07 0.598 0.9903 2.213

3,00 -0.140 1.000 0.000 19.450 19.450 599.047 619.283 20.236 84.0 111 116 98 99 106.0 22.60 0.832 0.9923 2.284

TOO

3.00

-0.M5

-0.140

1.000 19.450 33.250 13.800 619.283 633.675 14.392 85.0 116 117 98 99 107.5 16.15 0.824 0.9908 2.325

1.000 33.250 47.070 13.820 633.675 648.102 14.427 85.0 115 117 98 99 107.3 16.36 0.815 0.9894 2.379

Comments: This is the Cnlib. Cert.

Viw Tables:

Q - Flow nue (din)
All - Oriltuo pressure differential (in. ICO )
Ah - Inlet pressure differential standard meter (in. IhO)

Yds - Standard meter correction factor (Unitless)
Yd - Meter box correction factor (Unitless)

Alltd) ■ Oiiliee ptessure differential that gives 0.75 DSCFM of air 
at (>8VF and 29.92 in. llg (in. IbO)

|. (YJ.wVJ) iU02 id. Hi 3.6 la EPA aicttiad 3

2. At 1.0) r.ltiuwc: (aliu,w.'lll4i) r 0.20 id, B| 3.6 to liPA loelLod 3.

0.0317 x (sH [(rtZv+ 460)0l2 
Pi(r. + 460)[ Vds x Yds

17.64 x Vdsx Pb
^ “ (7#+ 460)4

g:\calsVmetercal\mnsterl



Best Environmental, Inc. San Leandro, California (510)4234)515

Spring Type Thermometer Calibration

Calibrated By: -_________

Date Calibrated: 8 " $ (f____________ ____

Calibration Due: //" '^2

Thermometer ID Reference Thetmomete 
Temp. CF)

r Test Thermocoupk 
Temp (°F)

Temp. Drtferenoe % Difference Notes

Z-sr^

ftidzA Ztr /3fi 3¥‘r + /°r

11^ 733 73°F +/>
fa //2 F //zy &

3</Z 3/7 _ -

//OF -/%

j

NIST Pyrometer: ///riZ //J//‘9ry<^’ A//'yr'<?$Oi’ 9-/3-yF

ASTM Thermometer: ^^2. -QC G____________

Comments: /

Reference Thermometer: ASTM mercury In glass.
Method Reference: EPA QA Handbook Vol. Ill: Stationary Source

i olerance Limits: ±5.- J- at ambient temcerature and in net water
r.etnccs.

1 C:



San Leandro, California (510) 278-1011.^ESrrxgNVIRONMENTAL, INC

Pressure & Vacuum Gauge Calibrations

Calibration Date: 3 '-(Q~Q8 
Calibrated By: ‘S&flerl 

Gauge Location: ^/j_

Magnehelic:

Gauge Number: 1 _ fST^i AP 

ID Number. ^&c\Qc{05'b<%£ j 

Calibration Frequency: £&«( /Waft,

Vacuum: Pressure:

Gauge Range
Manometer or 

Slack Tube Gauge Reading Difference %
Notes

Pass / Fail
*

0-no3^

t /If +- ,"75-- -

+ /,gr
-f- /jS&fyo ffeiS"

- - .
(?a£S

~ 1 >b6" -
|,I40%

- am' - a,go" ParSr

-

Reference Equipment Used (ID#):

% Difference = (Reference - Gauge) / Gauge Range

COMMENTS: (Jjgf) (9 *
VJ

Vacuum Gauge: Causes Acccoonca Limits: = 2V« of Range

nc
g.VorTTssVatoocnjc:



/•JBESTvf^IRONMENTAL, INC. San Leandro, California (510) 27S-401 !

Pressure & Vacuum Gauge Calibrations

Calibration Date:

Calibrated 

Gauge Location:

Gauge Number: A'(4
ID Number: 14

Calibration Frequency: a

Magnehelic:_ Vacuum: Pressure:

Gauge Range
Manometer or 

Slack Tube Gauge Reading Difference %
Notes

Pass / Fail
-

0 to5"y'

+ 1 3 " Aass

+- 3,o" + IbJ-% Pe^
-l 4,4?-''

- 1,0" - /.o"

- J2.6" - AM" -e
- AAfcs3'  Ass'"

|

-

Reference Equipment Used (ID#):

% Difference = (Reference - Gauge) / Gauge Range

COMMENTS: L%0
v

'vacuum Gauges & Pressure Gauges Acceptance Limits: = 3% of Range

5.'.'omisiC3l\oiocTnja3 - : S/S'O



BEST ICNVIRONMENTAL, INC

Current

Previous

Standard Meier Gas Meier Box Gas Sid. Meter Box Time

Volume (ft1) Volume (fl1) Meter Temperature (Min.)

Temp.

1 (Vds) (Vd) (Ta.) (T|) Inlet (T«) Outlet (Ta)

Ail Al* Yds Initial Pinal Net Initial Final Net Avg. lull. End InlL End Avg. 0

0 50 -0.1 10 1.000 0.000 5.260 5.260 862.522 867.803 5.281 80.0 87 87 82 82 84.5 13.48

0.50 -0 1 10 1.000 5.260 10.520 5.260 867.803 873.087 5.284 80.0 87 87 82 82 84.5 13.50

0.50 -0 115 1.000 10.520 17.350 6.830 873.087 879.947 6.860 80.0 87 87 82 82, 84.5 17.55

-0.140 1.000 0.000 10.100 10.100 880.074 890.102 10.028 80.0 90 90 83 83 86.5 14.96

1 M) -0.1-15 1.000 10.100 20.200 10.100 890.102 900.140 10.038 80.0 90 91 83 83 86.8 14.96

1.50 -0 140 1.000 20.200 30.250 10.050 900.140 910.208 10.068 81.0 91 94 83 84 88.0 14.90

3.00 -0 165 1.000 0.000 10.100 10.100 911.750 921.830 10.080 81.0 96 101 84 85 91.5 10.50

3 00 -0 160 1 000 10.100 20.250 10.150 921.830 931.995 10.165 81.0 101 102 85 85 93.3 10.52

3.00 -0.165 1.000 20.250 37.300 17.050 931.995 949.131 17.136 81.0 101 102 84 85 93.0 17.68

Dale: 09-15-97.

Operator: Dob Gallagher 
Signature BG ^ ^

OAOC Officer: CT

METER BOX FULL TEST CALIBRATION
Meter th L.S.I//2_ _ _ _ _ _ _ _ _ _

Meter Orifice ID: boxes orifice \
Standard Meter: Wet Gas Meter

Test Vacuum "fig: 0"Hg
Bar. Pressure (Pb): 29.83

Leak Checked: Yes at 17'Tlg

Comments; This is the Calib. Cert.

Q - flow rale (elm)
AI I - Ui iliac picssuic differential (ill. 1 liO )
Art Inlet ptessme differential standard meter (in. HiO)

Yds “ Standard meter correction factor (Unitless)
Yd Meter hux collection factor (Unitless)

AI l(nj -- (it dice pressure ditferciuial that gives 0.75 DSCl-'M of air 
at 68T and 29.92 in. Hg (in. ll.O)

I Y .1 I ultitritt (Y.Iavm V.l| <u U2 id l ijj 5 6 Ui fci'A inclliod 5

'/V/ +460' 

Tils + 460.

rb + A/yi: 

Pb + A///1.

A>/@ =
0.0317 x A7/f(7V/j-t-460)g 
/,i(r. + 460)[ yds x Yds

17.64 x yds x Pb 
(Tds+ 460)0

l AHudl oleum C i t) 20 icf flfc 5 6 in l:PA method 5.



It ESI' ENVIRONMENTAL, INC San Leandro, CA (510)278-4011

METER BOX FULL TEST CALIBRATION

Dale: 09-23-98.
(Iperalor: Dob Gallagher

Meter it: L.S.l.i/2
Meter Orifice ID: boxes orifice Yd All®

Standard Meter: Wet Gas Meter Current 0.9840 1.805
best Vacuum "Ilg: O'TIg

Bar. Pressure (Pb): 30.01 Previous 1.0089 1.869
Leak Checked: Yes at 17"IIg

All AV Yds

Standard Meter Gas 

Volume (ft5)

Meter l$ox Gas

Volume (ft5)

Std.

Meter

Temp.

Meter Box 

Temperature

Time

(Min.)

Q Yd All®Initial Final

(Vds)

Net Initial Final

(Vd)

Net

(T„)

Avg.

(T.)

Init.
Inlet

End

(T„) Outlet
Inlt. End

(To)
Avg. 0

DAI) -0.085 1.000 0.000 7.000 7.000 393.248 400.400 7.152 70.0 78 78 72 72 75.0 16.95 0.413 0.9866 1.635

0 50 -0.090 1.000 7.000 12.100 5.100 400.400 405.627 5.227 70.0 76 78 72 73 74.8 12.65 0.403 0.9830 1.714

0.50 0.090 1.000 12.100 19.062 6.962 405.627 412.776 7.149 71.0 76 78 72 74 75.0 17.33 0.401 0.9798 1.731

1.50 -0.125 1.000 0.000 14.400 14.400 430.116 444.932 14.816 72.0 80 87 75 77 79.8 21.52 0.666 0.9822 1.869

1.50 0.1 15 1.000 0.000 17.530 17.530 461.758 479.769 18.011 75.0 78 90 78 80 81.5 26.30 0.660 0.9812 1.894

1 Ml 0 120 1.000 17.530 29.751 12.221 479.769 492.357 12.588 75.0 86 90 76 80 83.0 18.40 0.657 0.9815 1.911

+ 00 -0.145 1.000 0.000 16.655 16.655 492.590 509.640 17.050 75.0 90 93 79 80 85.5 17.40 0.947 0.9884 1.835

3 00 -0.140 1.000 16.655 26.895 10.240 509.640 520.134 10.494 75.0 91 92 80 81 86.0 10.70 0.947 0.9883 1.832

1 OO -0.1411 1.000 26.895 37.497 10.602 520.134 531.035 10.901 75.0 91 92 81 81 86.3 11.07 0.948 0.9854 1.828

( 'liniments: I his is the Calih. Ceil.

Vat iiihlus;

i.) - I- low mie (din)
All - < iiiliee picssme differential (in. lhO )
Al‘ - Inlet piessme dilleienlial standard meter (in. IliO)

Yds - Stand,ml meior correction factor (Unitless)
Yd - Meter box collection factor (Unitless)

A11 u/) - Orifice pressure rlifferential that gives 0.75 DSCFM of air 
at 68°F and 29.92 in. IIg(in. 11,0)

l Yd l uIciliilc (Yd V,i-Yd) hi u2 tef fig 5 t in l:PA method 5

Yd =
Td 4- 460' 

Tds + 460.

Pb + &P/\3.6\ 
m-A///l3.6j

0.03 17 xA//[(r</s+460)0' 
06(7. +460) [ yds X Yds

 17.64 x yds x Pb 
L~ (Tds+ 460)0

1 Alk'ii I .ducnic (.Mb;(j,vll Allot)) i 0 20 icf fig 5 6 in Ll’A mciltod 5 g:\cals\metercal\masterl



 BHSX HN VIKONMENTAL,INC. San Lcffldro, California (510) 278-4011

Pressure & Vacuum Gauge Calibrations

Calibration Date: &
Calibrated 

Gauge Location:

ID Number:
Gauge Type: R\Ql!)l£Vg//S~ 

Calibration Frequency: 3~£rT?

Magnehelic:_ Vacuum: Pressure:

Gauge Range
Manometer or 

Slade Tube Gauge Reading Difference %
Notes

Pass/Fail

A?/d3/6\f£//S' y-/i SP. (P/fSS
A-3.475" ^3-/0 %

*-v.yr l) -5 B*ss~
-/■77T tP/tss

. 6VS7o
~P.yo %.ni"b

-

'

i
-

Reference Equipment Used (ED#):

% Difference = (Reference - Gauge) / Gauge Range

COMMENTS: <S?Zz'-

V acuum Gauges Sc. Pressure Gauges Acceptance Limits: i 3% of Range

S/7orrrwc^oro<mjttii - 12/V57



Best Environmental, inc San Leandro, CA (510)278-4011

Type K Themiocouple Calibration

Pitot ft: 
Probe ft: 

Probe Type/Length:
Meter # 

Heater Box# 
Other

Calibration
Date

Thermocouple
ID

Reference 
Temp. (°F)

Test TIC 

Temp. (°F)
Temp. Difference % Difference Initials Notes

Pass/Fail

d
j^ftpoO l 4&>°/r m-ft =&

K 2-0hl/f -t -/c&6' 6 //

,7 1y
.Staac

t-

TfZ/ - . g&S M /<

/'A . Ill ^ ,2/4 /:

|

j 1 1

!

j

'MSt R/romcter: "1 \

NTS l Thermocouple: Pj l

Comments: .4 t > 560 ' '/V

in

Rc.erer.ce thermometer: AS t M Mercury in Glass.
Method Reference: Code of Federal Regulations. -0 CFR 60 

i oiersnee Limits: W-4.0 JF For Feme <eC0°.

Rem sea



Best Environmental, Inc. San Leandro, California (51Q}4S3-0S15

Spring Type Thermometer Calibration

Calibrated By: // AX . La nf

Date Calibrated: _ *7 "F

Calibration Due:
-2

Thermometer ID Reference Thermomete 
Temp. C*F)

r Test Thermocouple 
Temp (°F)

Temp. Differences % Difference Notes

1ST -2
I a/ ft°F 2. 9%

Kjb£ >1‘F TfP

- loM'F 1 00 °F* -q°F

tyerefl. oolt 3 36" r iff 2.3'/
^ /W U°F

ox-t1 tH'/.
Zoo6F <%°F -?°F 2°/.

NIST Pyrometer T" 13 W7 7

ASTM i hermometer d /1 ^2- Oo7 

Comments: 94

Reference Thermometer ASTM mercury in glass.
Method Reference: ERA QA Handbook Vol. Ill: Stationary Source Specific Methods, sect. 3.5.2.2 
Tolerance Limits: ±5A °F at ambient temperature and in not water bath.



■Ytr. ■

BUST ENVIRONMENTAL, INC. :ii- l !(.

'Siin Ltamlro, CA (510)178-1011

METER BOX FULL TEST CAI
Meter tf: A.S.I, 8,. .......... .........

,mkATION
1

. i . .

" * "

Meter Orifice ID: boxes orifice/, i r\ . ! iYttW All®
Date: 02-05-98, Standard Meter: Wet Gas Meter, Current 0,95)) | 1.684

Operator: Bob Gallagher 
Signature BG

Test Vacuum "ilg: 0"Hg
Bar. Pressure (Pb): 29.84' L. . Previous o!9903- 1.590

OAQC Officer: CT Leak Cheeked: Yes at 17“I Ig

All

0.50

0.50

0.50

1.50

1.50

j_50

3.00

3.0(1

.3.00

AV

-0.095

-0.090_

-0.095

-0.115 

-0.1 10 

J-0JI5

-0.150

-0.150

-0.150

Yds

Standard Meter Gas 

Volume (ft1)

Meter llox Gas

Volume (ft1) ‘

Std."

Mctcv
temp.

— Meter Box *

Temperature

l:1:

Time

(Min.)

1
! • ;
! >:(•;

. | • ::L 
q i Yd All®Initial Final

(Vds)

Net Initial Final

(Vd)

Net
(Taj-
Avg. hill, Eml

(T,) Ouiici

Inlt. Eml

• (Tu)

Avg. 0

.... . . .. .. .. .. .
; r

td)00_

1.000

0.000 6.550 6.550 672.487 679.432 6.945 56.0 64 69 56 63. 63.0 16,05'
j . i I. 0.4,16 j 0.9545 1.635

6.550 18.345 11.795 679.432 692.146 12.714 56.0 69 73
Js

170 • 68.8
T

28.97
1 0:4 d !

0.9493 1.620

1.000 18.345 26.300 7.955 692.146 700.783 8.637 57.0 80 80 71 71 75.5 19.52''
4 i

0.9526 1.610

1 "
1; I : : ■ li|

1.000

1.000

0.000 17.400 17.400 701.406 720.328 18.922 57.0 • 79 88 ,71 ,75 78.3
25.68* 0:690 !

0.9536 1.741

17.400 33.305 15.905 720.328 737.708 17.380 57.0, 86 85
1 1 1
75

t J
:• 75i

1 80.3
23.47 '■

O|6^0 !
0.9525 1.734

1.000 33.305 55.710 22.405 737.708 762.223 24.515 57.0 85 84 75 76 80.0
33.00 ! 0|692 i 0.9508 1.725

! V
1.000

l.000_

1.000

0.000 19.595 19.595 537.089 557.822 20.733 58.0 81 83 72 75 77.8 20.16

------ rr-yi-i

01988 0.9736 1.697

19.595 29.700 10.105 557.822 568.572 10.750 58.0 83 91 75 78 81.8 10 42 .'

—
io 

—
oo 
o*

-O

0.9755 1.695

29.700 69.000 39.300 568.572 610.642 42.070 59.0 89 89 77 80 83.8 40 63 i pjod 0.9712 1.704

! ) •! i ; i

( 'omimmls; This is llie Calibration Cert.

Variables:
Q - Flow rate (din)

All - Orilice pressure differential (in. IbO )
At* “ Inlet pressure differential standard meter (in. IhO)

Yds “ Standard meter correction factor (Unitless)
Yd -j Meter liux collection factor (Unitless)

At l(<i) - Oiilice pressure differential that gives 0.75 DSCFM of air 
at 68“F and 29.92 in. lfg (in. IhO)

I ! I

Pb+bfl/m]:1

■ :! l
A 7/@ =

Q =

0.0317 x AW
n(r,+46o)

17.64 x Vdsx Pb 
(Tds +460)0

(7rfc + 460|0
Vds x Yds

1 Y.l l,d. (Vd.,„ Y.l) »0 HI icf. Vlg 5 6 In HVA intUuul J



11 ' v.

Pilot": 

Probe #: 

Probe Type:

Type K Thermocouple Calibration

ft ST*8Meter » 
Heater Box %

Other: ''T/Ccepfg (ZeADpOT KTYp*

Calibration
Date

Thermocouple
ID

Reference 
Tempi (°F)

TestT/C 
Temp. (°F)

Temp. Difference 
<400 °F

% Difference 
>400 °F

Notes
Pass/Fail

^TfiCK. 400.o‘f 6 <92 p 4 ZT .3&%

8 ^O0 F -er (f

OV €aJ SooT Fass£3

A^x cJolV + r= ■ <(

/VfdW-x 63 6 3 -& G

6^ t(

NIST Pyrometer ~ 1 i 8 Calibrated By: //%f

NIST Thermocouple: tfiCOQh Calibration Frequency: 6 Months cA? ~ -A' ^?S

ASTM Mercury in Glass Thermometer #:

Comments:

■5%/ /*£, 
AtoOd/1?/?

Method Reference: Code of Federal Regulations, -0 CFR 50, Appendix A, Method 2, Revised as of July 1, 1992, 
Toicrance Limns: +/-4.0 °F For Temp <4G0*F.

Tolerance Limits: +/-!.;■% For Temp >uOO*F.

‘S.Vcxms'eaiVccjJjch; . 12/&97



San Ixandro, CA (510)278-4011BEST ENVIRONMENTAL, INC.

Diiie; ‘1/1/97

METER BOX FULL TEST CALIBRATION
Meter ih 2400lf

Meter Orifice ID: Calib.t/1 13/64 

Standard Meter: Wet Gas Meter
Yd A\m

Current 0.9818

Operator: Michael J. Wiley 

Signature
Test Vacuuni "Ilg: n/a

OAOC Ol'fieer:

Bar. Pressure (Pb): 30,04 

Leak Checked: Yes

Previous 0.9622

Standard Meter Gas 

Volume (It3)

Meter Box Gas

Volume (I,)

Std.

Meter

Temp.

Meter Box 

Temperature

Time

(Min.)

(Yds) (M (I-) (Vd) (Tdl) (TO Inlet (T.) Outlet (Td) (IVMln.)

All Al' Yds Initial Final Net Initial Final Net(ft3) Avg. Inlt. End InIL End Avg. 0 Q Yd AH®

i) mill 1 ■0 06 1 (100 72.320 72.640 0.320 613.200 622.400 0.325 62.0 66 69 63 66 66.0 25.8 0.357 0.9925

o nitiii •0 01) 1 ooo 72.640 72.960 0.320 622.400 631.600 0.325 62.0 70 70 66 66 68.0 25.8 0.357 0.9962

0.002 -0.090 1.000 73.000 73.500 0.500 633.000 647.500 0.512 70.0 70 71 72 73 71.5 21.93 0.646 0.9791

O D02 o non 1.0(10 73.500 74.000 0.500 647.500 662.000 0.512 70.0 71 74 78 72 72.0 21.93 0.646 0.9800

0 00 1 ■0.010 1 .000 74.200 75.100 0.900 668.000 694.500 0.936 72.0 78 80 76 77 77.8 25.08 1.013 0.9722

0.00 1 -0.010 1.000 75.100 76.000 0.900 694.500 721.100 0.939 72.0 80 81 77 78 79.0 25.10 1.012 0.9708

t Ulitlilriils: This is lhe (Tlil). Ceil. sheet.

Variables:
(J •• Hu\v rule (elm)

All -- ( cilice piessmc rlilteientiul (in. ILO )

Al' - Inlet piossmc tliUeieutiul slutulunl meter (in. 1LO)

YtL - Stumlard meter collection factor (Unilless)

Yti - Melei box uoiicction factor (Unitlcss)

Alltel - < Jiiticc tneusme tiilfcrcutiul that gives 0.75 DSCVMofuir 

U.) at amt 29,92 in. Ily (in. IbO)

(
1 1 Yd iDllllai Vl'd».u-Y-1) 1UU2 Hi 1 Ifc 1 (. lit LVA HUtllU.1 1

‘ i .Ml.6 l.d.iui.t. (.M l^ifI.i^j l u B) id fig $ 6 In U‘A nicllio.il.

o

r<y»
Td+ 460' 
n/i+ 460,

Pb+AP/116'l 

Pb + A///13.6J

irr^ 0.0317 x A//[(ra!s + 460)0' 

Pb{T„ +460) [ Vetsx Yds

 17.64 x VdsxPb 
L~ (Tds+460)0

2<tiul>AXU



Best Environmental, Inc. San Leandro. California (510)433-0515

Spring Type Thermometer Calibration 

Calibrated By: itpm yoy LcX nl

Date Calibrated: / Q - ^ - *1 b____________

Calibration Due:
6 H-l-W

IfVfOO

NIST Pyrometer ~T1 3 Y3
ASTM Thermometer l | 32 

Comments:

n /

/i//]

Thermometer ID Reference Thermomete 
Temp. fF)

r Test Thermocouple
Temp fF)

Temp. Difference2 % Difference Notes

i/2 HI - I
224 is T? 0
22^ 33 3H f/

Kl 1/2 +i
t£A  % Kf
IS A 33 34 +1

z o 2 Jo o -2
2o fi TnI -■&* 36 >5 ~ l

" M i M o -!

;q y / oo -y
2o6 <?ar ss - (

4 ) M 0 - /

Reference Thermometer. ASTM mercury in glass.
Method Reference: ERA GA Handbook Vol. ill: Stationary Source Specific Methods, sea. 3.5.2.2 
Tolerance Limits: ±5.4 "F at ambient temperature and in hot water bath.



APPENDIX E 
PROCESS DATA

0000209
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Integrated MSO System

C02, N2, 02
I

[> Catalytic Converter 

I IEPA Filter

Comlensei

Water

GSS

6'V
tSP-rdl

Molten 
Salt

Feed Prep.

Vessel

Electric
Heaters

Salt Freeze Pan

Salt Drain

( 'L

<J.

Size / 
Reduction

Waste

Carbonate
Makeup

2________

Salt Cleanup 
System

. Dry, high 
carbonate 
salt for 
reuse

Clean Salt Brine

Wet Residue

Ceramic 
Final Forms
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Fig. 3 Off-gas System
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Control Calalytlo /~r
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With Blower
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APPENDIX F 
STACK DIAGRAMS



AUG-10-98 MON 16-'48 P. 02

For the sample port between the Salt Trap and the GSS filter

12.11 inches

Existing instrument 
tree 1/4 MNPT v

Sait Trap Gas/Solid
Separation

New sampling port 
3/4 FNPT thread-o-!ei

Existing bellows temporarily 
replaced with rigid pipe.
1.25 pipe, Schedule 40



AUG-10-98 MON 16:49

For the four sampling ports after the GSS filter

Existing ports: 1/4 MNPT

Sampling ports 3/4 FNPT 
four each thread-o-lets

Gas/Solid
Separation —/?/c> yv

12 in typicalschedule
40 pipe

Approx 5 ft

7 -

' A /C:Q



AUG-10-98 MON 16:49 P. 04

For the two sampling ports after the 
Catalytic converter

Existing unused 1/4 
inch port

Existing in use 
1/4 inch port

f

p!

New 3/4 FNPT sampling 
ports

12 in

a

12 in

approx 10 inch

Existing (in use) 3/8 
inch port

OS 10/93 NO

;: I' 0/1 R

P.004



APPENDIX G
SAMPLING SYSTEM DIAGRAMS



i x.:,

Pump

, CDD/CDF Sampling Train Configuration

Vacuum Una

(Figure 
1)



Condenser
Flue Qes Flow

Sorbent Trap

To Suit37 cm

8 mm Qlen Cooling Coll

•20/16

Qlaae Wool Plug Water Jacket XAD • 2
(76 Grama)

Cooling CollWater Jacket Glees Sintered Disk

CONDENSER AND SORBENT TRAP FOR COLLECTION OF GASEOUS PCDDa AND
PCDFe

i

(Figure 
2)



IV tv—

Heated Prohe

film Wool 
Particulate 
Filter

KMC

ft

STACK
lor ten System)

Vacuum
Indicator

Ice Water

Backup
Resin
Trap

Resin
Trap

Rotameter

Empty
Implnger

Trap
Impinner

Exhaust

Dry Gas 
Meter

Schematic of Volatile Organic Sampling Train (VOST).



Teflon Plug Valve w/Socket Joint

Condensers

Tubing

Tenax Trap

Tenax/Charcoal
Trap

Impinger

ce Water Bath

Case



n u > r n a i u n c instack 
u.^sun riLTtn holder

- r I.J im (0.75 in.)

IMriNOER TRAIN OPTIONAL, MAY 0,’ l!f r 
OY AN EQUIVALENT CONDU.SCIlTYPE-S

mtottueet i-* 7.8 cm (3 In.

STACK
WALL FLEXIBLE

TUBING

IN-STACK
FILTER
HOLDER

VACUUM

ICE BATH

VACUUM
GAUGEBY-PASS VALVE

MAIN VALVE

ORIFICE MANOMETER

Particulate-Sampling Train, Equipped with In
-Stack Filler,

i



\

Stack Wall
Purge

3-Way Glass StopcockSS Sheath

Mae West Ioprnger or Dryiag Tube
Heated Are:

jMr=n fr=iUf=iV
0

Filter Holder

Heated Glass Liner
Flow

Silica Gel

0.1 N H2SC4 0.1 N MaOS

Vacuus Gauge
© Sampling (Figure 1C" f

Dry Gas





ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 21, 1998 LAB No: SP 807981-15

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R1MS/114-IMP-CAT-0UT
Sampled by :
Type of Sample: Non Potable Water

Sampled : August 19, 1998 
Received : September 25, 1998 
Completed : October 20, 1998
QA/QC ID# : 80798115- A

Analytical Results

EPA
CONSTITUENT METHOD

Gross Alpha 9310 
Gross Beta 9310 
Tritium 906.0

UNITS RESULTS ERROR

pCi/L 1 ± 1
pCi/L 1 ± 2
pCi/L 900 ±300

O.pW-

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

. h;s :5ccrt cac;<2C3-:s r..

Corporate Offices & Laboratory
■■'Q Sex 272 ! 353 Ccrrcraiicn Street 
Sanra =aua. CA 52C5:-:2"2 
TEL: £05/653-021C
=AC 5:5525-17:

use n :r.e Slate :: Aan -mess ccunc :r rac:na:sc

Crrice 1 Laccratcry 
:5CO S:aceccacr -ca: 
= .:cxtcn. CASS:::

r-.x; ::3 34:-:c:2

F:eia Office 
V':e .a. 3A

2C3.-7:
\NV:e:



I'l
m
Jl
III EriVIROPiMEriTAL

ANALYTICAL CHEMISTS

October 22, 1998

Best Environmental, Inc. 
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R1MS/114-F/H-CAT-0UT 
Sampled by :
Type of Sample: Solid

LAB No: SP 807981-13 

RE: Radiological Analysis

Sampled : August 19, 1998 
Received : September 25, 1998 
Completed : October 13, 1998 
QA/QC ID# : 80798113- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.0 ± 1
Gross Beta 9310 pCi/samp 0.0 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter 
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

'his ,-eeoit cacxags is rc: .ntercec use n :h,e Slate c: Ulan unless scune or aacinated \ i 1 L

Corporate Offices & Laboratory
?C Sox 272 / 853 Corrcralion Street 
Santa Paula, CA 92061 -3272 
7E_: 505/659-0910

Office & Laooratcrv 
ECO Siageccacn Rea: 
iccxtcn. 2A 952’5

Field Office
' /! S 3 i 13. /-»



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-14

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LINE
Description: RIMS/114-Fi 1 ter-CAT-OUT 
Sampled by :
Type of Sample: Air Filter

Sampled : August 19, 1998 
Received : September 25, 1998 
Completed : October 19, 1998
QA/QC ID# : 80798114- A

Analytical Results

EPA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.33 ± 0.45
Gross Beta 9310 pCi/samp 0.44 ± 1.2
Tritium H-l pCi/samp 0.2 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco. 8.A. 
Radiochemistry Lab Manager

MMF:vt

. r:s "seen pacxace :s ~c: n.srzez ':r -jse !n :ne S'ate -tan unless pcltc pr zacratec

Corporate Offices & Lacoratorv
3C Bex 2"72 853 Ccrcorat.cr. S::ee: 
Sana ?au:a. CA 32C5"-:2™2 
’EL: 525.659-031:

Office & Laooratorv 
522 Siaceccacr. -:a: 

CA 952:5
::9/9-i2C'

":x.

Field Office
. sa..;a. 2A



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-4

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R4MS/114-F/H-B-0UT-BLK Sampled : August 18, 1998
Sampled by : Received : September 25, 1998
Type of Sample: Solid Completed : October 13, 1998

QA/QC ID# : 80798104- A

Analytical Results

EPA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.0 ± 1
Gross Beta 9310 pCi/samp 0.0 ± 1
Tritium H-l pCi/samp 0.0 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per miUiliter
Containers: (a) Plastic

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This recon cacxage :s net intended :cr use :n ire State c: Stan jr.sess bounc or paginates
Oi. 01 3

Corporate Offices & Laboratory
-C Sox 272 / 353 Corporation Street 
Santa Paula. CA 33C61-0272 
TEL: 305/659-0910 
PAX: 305/525-4172

Office & Laooratcry
2:00 Stagecoacn Pcao 
S'.ccxtcn. CA 95215 
"EL: 20S/542-0IS1 
- -X: 205/542*0423

Fleid Office

TEL: 205/734-3473
PAX: 209.734-3435
‘.‘co.ie: 209737-2299



ENVIRONMENTAL

ANALYTICAL CHEMISTS

October 22, 1998 LAB No: SP 807981-8

Best Environmental, Inc. RE: Radiological Analysis
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL
Description: R4MS/114-FILTER-B-0UT-BLK 
Sampled by :
Type of Sample: Air Filter

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 19, 1998 
QA/QC ID# : 80798108- A

Analytical Results

EPA
CONSTITUENT METHOD UNITS RESULTS ERROR

Gross Alpha 9310 pCi/samp 0.00 ± 0.43
Gross Beta 9310 pCi/samp 0.0 ± 1.3
Tritium H-l pCi/samp 1.2 ± 2

pCi/L = pico Curies per Liter pCi/ml = pico Curies per milliliter
Containers: (a) Glass

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

'his resort cacxacg s r.c: rranced :cr use in :he 5:aie or Ltar. uniess or -r

Corporate Offices & Laboratory 
-C rex 272 ! 253 Ccrccraticn Street

Office & Laboratory 
2500 Stageccacn Fcac

Field Office 
vsaua. 3A



ym EMVIROMMEMTAL

ANALYTICAL CHEMISTS

October 21, 1998

Best Environmental, Inc.
15890 Foothill Blvd,
San Leandro, CA 94578

Sample Site: LLNL 
Description: R4MS/114-IMP-B-0UT 
Sampled by :
Type of Sample: Non Potable Water

LAB No: SP 807981-12 

RE: Radiological Analysis

Sampled : August 18, 1998 
Received : September 25, 1998 
Completed : October 20, 1998 
QA/QC ID# : 80798112- A

Analytical Results

CONSTITUENT
EPA

METHOD UNITS RESULTS ERROR

Gross Alpha 
Gross Beta 
Tritium

9310
9310

906.0

pCi/L
pCi/L
pCi/L

pCi/L = pico Curies per Liter 
Containers: (a) Glass

pCi/ml = pico Curies per milliliter C

If you have any questions, please call.

FGL ENVIRONMENTAL

Michel M. Franco, B.A. 
Radiochemistry Lab Manager

MMF:vt

This report pacxage s "c: .niencec 'cr use in the 5a;a zi Utan uness ccuna or sac:r:atec
- D

Corporate Offices & Laboratory
PO Sox 272 / 853 Corporation Street 
Santa Pauia, CA 33C61-C272 
TEL: 8C5/659-0910 
FAX: 805/525-4172 
CA -LAP Cert:f!cat:cn s:q: "

Office & Laboratory
2500 Stageccacr. =oaa 
Siccxicn, CA 952" 5 
'EL: 259/942-0! 31 
= AX: 209/942-1422

Field Office
Visaiia. CA
“EL: 209/754-24-3
FAX: 2C9/72-4-3435
\!cc'9: 2C2T37-2272



BEST ENVIRONMENTAL, INC San Leandro, CA 94578 (510) 278-4011

Analytical report

Job Name:
Sample Date: 
Request by: 
Analytical Method: 
Date of Anaysis: 
Source:

LLNL 
8/26/98 
R. Best yJ 

Method i EPA 
8/31/98 to 9/17/98 
GSS outlet

Analyst:
Signature:

Lab ID Number Sample
(ml)

Aliquot
(ml)

Parameter Net Weight 
gain, (mg)

Result
Blank Corrected

R1M5 (Probc/Nozzlc rinse)
R1M5 (Filter)

50.0ml
N/A

50.0ml
N/A

Particulate
Particulate

0.44mg
0.11 mg

0.71mg
O.llmg

R2M5 (Probc/Nozzlc rinse)
R2M5 (Filter)

50.0ml
N/A

50.0ml
N/A

Particulate
Particulate

0.25 mg 
-O.OSmg

0.52mg
O.OSmg

R3M5 (Probc/Nozzlc rinse)
R3M5 (Filter)

50.0ml
N/A

50.0ml
N/A

Particulate
Particulate

0.2 lmg 
-0.04tng

0.48mg
<0.05mg

R4M5 (Acetone blank)
R4M5 (Filter blank)

50.0ml
N/A

50.0ml
N/A

Particulate
Particulate

-0.27ntg
O.OOmg

Comments: < 0.05 mg = Not detected

% Acetone Residue = -0.0007%

Calculations:
Prohe.-No/j.ic rinse = Net weight - ((acetone blank ut.-voi. actonc hlank)*voi. acetone catch) 

% Acetone residue = (New weigiit gain * 0.1). (density 01 acetone * total sample volume:

Tolerance Limits: «, ,\cc.one residue - o.ooi% \»t.
Paniculate weight = l°'o of nci \\L. i0.5 mg or =0.05 me trending upon precision
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BEST ENVIRONMENTAL, INC San Leandro, CA 94578 (510) 278-4011

Analytical report

Job Name: LLNL
Sample Date: 8/26/98
Request by: R Best
Analytical Method: Method 5 EPA
Date of Anaysis: 8/31/98 to 9/17/98
Source: Catalyst outlet

Analyst: Michael J. Wilev,
Signaturc:

Lab ID Number Sample
(ml)

Aliquot
(ml)

Parameter Net Weight 
gain, (mg)

Result
Blank Corrected

R1M5 (Probc/Nozzlc rinse) 32.0ml 32.0ml Particulate -0.11 mg 0.06mg
R1M5 (Filter) N/A N/A Particulate 0. lOmg O.lOmg

R4M5 (Acetone blank) 50.0ml 50.0ml Particulate -0.27mg
R4M5 (Filter blank) N/A N/A Particulate O.OOmg

Comments: < 0.05 mg = Not detected

% Acetone Residue = -0.0007%

Calculations:
Probo/Nozzle rinse = Net weight - ((acetone blank wt.. voi. actonc blank)*vol. acetone catch) 

'll Acetone residue - (New weight gain * 0.!). (density of acetone * total sample volume)

Tolerance Limits: % .Acetone residue - 0.00 hi wt.

Paniculate weight = l°o of net 'At.. -0.5 mg or r0.05 mg icrciuing upon precision
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