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NOTICE

This Final Report was furnished to the Environmental Protection Agency by
the Alliance Technologies Corporation (formerly GCA Technology Division,
Inc.), Bedford, Massachusetts 01730, in fulfillment of Contract No.
68-03-3243, Work Assignment No. 6. The opinions, findings, and conclusions
expressed are those of the authors and not necessarily those of the
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FOREWORD

The Environmental Protection Agency ‘was created because of increasing
public and governmental concern about the dangers of pollution to the health
and welfare of the American people. Noxious airr, foul water, and spoiied land
are tragic testimony to the deterioration of our natural environment. The
complexity of the environment and the interplay between its components require
a concentrated aad integrated attack on the problems.

Research and development is the first necessary step in problem solution;
it involves defining the problem, measuring 1ts impact, and searching for
solutivns. The Hazardous Waste Engineering Research Laboratory develops new
and japroved technology and systems to pr:vent, treat, and manage hazardous
waste pollutant discharges. This publicacion is one of the products of tha:
resezarch.

This document presents information which can be used to assess the
feasibility cf destroying hazardous waste using a wobile plasma pyrolysis
unit. Trial burns iuvolving RCKA and TSCA regulated compounds we.e conducted
during which time all environmental release points were sampled and actual
release rates quanti fied.

Thomas R. tauser, Uirector
Hazardous Wwaste Engineering
Kegironal Laboratory



ABSTRACT

The mecbile plusma arc system developed by Pyrolysis Systems, Incorporated
(PSI) undecwent an extensive trial burn program in Kingston, Ontario, Canida.
The objectives of this progrim were to evaluate the performance of the system
and Lo establish 1ts destruction and removal efficiency (PRY) capabilities
while pyrolyzing both RCRA and TSCA regulated hazardous waste feeds. The
emissions were sampled and analyzed for: carbon tetrachleride (CCl,’,
hydrogen chloride (HCl), polychlorinated biphenyls (PC8s), polychlorinated
dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans {PCDF), and
particulate matter. Of notable concern were polynuclear aromatics (PNas)
contained in the scrubber water discharge. Samples of the scrubber water
graerated during the system operations were also analyzed for CCl,, HCL,
PCBs. and PC.)D/PCDF.

During the CCl, trial burns, the pyrolycis system met the established
RCRA requirement with a DRE of CCl, of greater than 99.99 percent. The
CCl, emissions averaged 24.98 x 10~ kg/hr witk an average input of
63.0 kg CClg/hr. HCl emissioas averaged 0.25 kg/hr. NO, and CO emissions
were C.35 and-0.14 kg/nr, respactively. CCl, discharged through the
scrubber water averaged only 6.21 x 1076 kg/hr.

Results of the PCB trial burns indicate that the pyrolysis systenm
destroyed the PCBs at a level of greater than or equal to Y9.999) nercent
DRE. PCB stack emissions during the three test ruus ranged from Not Detected
(ND) to 0.11 x 10~6 kg/hr with a system DRE of greater than 99.9949
percenl. PCDU and I'CDL emissions were 1n ranges of ND to u.UzH x LO~° kg/hr
(PCDD) and 0.082 x 1070 rv 0.364 x 1076 kg/hr (PCDF). HCl and particulate
matter emissions averaged 0.0039 and 0.028 kg/hr, respectively. NOy aud CU
emissions averaged 0.47v and 0.053 kg/hr, respectively. PCDDs were not
detected in the scrubber water discharge. PCDFs woie detected in very small
concentrations in only the first test rum. PCBs dischaiged 1n tn:2 scrubber
water ranged from NI to 93.1 x 1070 kg/hr. PHA concent.ations in the ppb
range werc detected in both the spent scrubber water and the stack £dS.

v
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SECTLION 1

INTRODUCTLON

The U.S. Environmental Protection Apency's Hazardous Waste Lugineering
Researcn Laberatory (HWERL), Cincinnati, Ohio, and the New York State
Department of Environmental Conservation (HYSDEC) establishec a (ooperative
Agreement in 1987. The Cooperative Agreement called for the construction anc
testing of a mobile pilot-scale plasma arc system for the high efficiency
destruction of hazardous waste. The czpacity of the system 1s nominally
designed to be four kilograms (8.8 pounds) per winute, and to “1t, with
ancillary equipaent, in a 45 foot trailer. The concept of the plasma arc 1s
tha- it uses very high intensity energy with temperatures approaching 10,080°C
to break bonds of hazardous waste chemical wolecules down to the atomie
state. The rccombinatica of these atoms results in molecules such as
hydrogen, carbon moroxide, carbon dioxide and hydrochloric acid. The
off-gases from thc plasma svstem are subscequently scrubbed to remove
hydrochloric acid and flarcd Lo remove combustibles.

In general, the approach taken for chis LPA/HYSDEC Cooperacive Agreenent
involves foir phases of activity. Implementation of each phase was subject o
the CPA/NYSDEC approval of the praceding phase results. 'lhe lirst two pnases
were perforued in Canada witih the cooperat.on ot Canadian Federal, Provincial
and local anthorities: the. third and fourth phases wi'i be perforsea in tinc
state of{ New York. The total Cooperative Program is configured as Lollows:

Phase I: Construction and shakedown of the mobile plasma arc systen
by the vendor, Pyrolysis Systems, inc. (¥P5i).

Phase II: Performance testing of the plasma system at the Kingston,
Ontario test site (GCA involveuwent).

Phase TI1: Transportation, installation and verification ot system
performance at a site in New York State.

Pnase IV: Demonstration tests as designated by fvSDLC tor permitting
purposes ot a New York State hazardous waste sit..

The vendor, Pyrolysis Svstens, Ine., completed the construction «na
shakedown phase (Phase 1) at the K:ngston, Ontario tesi sitc by
December 1984. 1he unit was then su:tanle for the wnitiation of =le Phase L1
performance tests.



GCA's involvement began with the initiation of Paase 11 samplinsg
activities in February 1985. Seversl postponements occuircd prior to this
time which furthe- delayed prenaratory activities and eventual nobilization of
the test crew and equimment. _iooilization and the initiation ot Phase II
activities were fina.l. acconplished in February 1935.

Phase LI consisted of sevrral stages of performance testing. Staje I
included equipment operation and shakedown which was parformed by PSL prior to
GCA's arrival onsite. Stage Il and Stage 1II were furtler broken down into
several Lest series which were desijgned to assess system performance using
different waste feeds. Stage Il testiny utilized carbon tetrachloride
(ccl,) as the waste feed component during three 60 minute test burns (Test
Series 1). CCl, destruction and HCl rewoval were the primary goals during
these performance cests. Stage II testing concluded 1n Februzgry 1985.

Stege IT1 testing utilized an Askarel waste feed blend to prove tne
system's p:rformance capabilities for PCB destruction. Testing under
Stage III Test Series 2 was not conducted by GCA. The system was pruven
acceptrable for further endurance testing during the three 60 minute tests
conduzted by TMET, a local test company, during the periou Deceuber 1Y85 to
February 1986. Stage [II, Test Series 3 was initiated and completed during
February 1986 by GCA. These three enduranca tests were originally scieouled
to be 6 hour test burns with the system's waste feed con:iisting of the fskarel
blend. The first attenpt ended prematurely acue to a system shutdowu. When
the first endurance burn attempt ended after cvnly 115 mirutes, the target tume
for the remaining tests was shortenea to 4 hours. Only tuo full term
endurance tests were completed during this test series.

Measurement activities during Stages 1L and LII weie conducted 1in order
to obtain information on the effectiveness of the plasma arc, scrubber, aud
flare systems in destroying or removing certain compounds of interest present
in the waste feed. These activities also sevvea to assess the reliability of
system components ind the stability of destruction performance.



“ECTION 2

SUMMARY, DISCUSS1ON OF RESULTS, AND CONCLUSLONS

PROJECT SUMMARY

The measurement activities were conducted in accordance with the Quality
Assurance Project Plan (QAPP, Reference 1) which was prepared and submittea
under EPA Jontract No. 68-02-3698, Task No. Oll. Any deviations from this
QAPP have been addressed in Section 7 of this report.

The primarv purpose of Stage II was to demonstrate destruction
capabilities of waste materials containing reguiated chain chlor-nated
conpounds. One test series was conducted and involved three 60 minute tests.
The only waste feed component was CCl, contuined in an MEK, methauol, and
water blend. The primary purpose was to demonstrate proper uCl removal
through the scrubber process and the destruction of one of the harder to
destroy compounds (CCly).

The Stage II sampling and analytical parameters are cshown in Table 2-1.
The various samples were collected and analyzed onsite. Spent scrubber water
vas stored in one cubic wmeter tanks pending completion of the onsite analyses
and a dcmonstration of compliance with the Ontario Ministry of the Lnvironment
(MOE) effluent guidelines.

The primary purpose of Staga 111 was to demonstrate the destruction
capabilities of the system using a waste feed containing more complex
chlorinated aromatic compounds, namely Askarel. ‘The Askarel was comprisea of
a mixture of three Aroclors and trichlorobenzene with the balance of the waste
feced being MEK and methanol.

Stage 111 Test Series 2 ccasisted of three 60 minute test burns which
were monitored by IMET. Testing was initiated in December Y85 and was
completed by Februiry 1986. As GCA had no involvement in these 1 hour PCB
burns, no data trum these burns are prasented in this report. GLCA was
mobilized and onsite again in February 1986 to begin Stage II[ Test Series 3
which consisted of three 6-hour endurarce test burns. Uue to the possibiisly
of system malfunctions and lengthy delays, the sampling period w.as shortened
to 4 hours. Testing cowmenced on February 12 and cnded kepruary 22, 1Yb6.
the first test lasted 115 minutes (1 hr 55 min) btefore shutting down due to a
torch power malfunctien. The second test on February 20 lasted fer the tull
4 hours, as did the third and final burn on February 22, The parameters
measured during Stage LLI Test Series 3 are shown in Table 2-2.



TABLE 2-1. STAGE II, TEST SERIES 1 SAMPLING PARAMETERS.

" Sampling point

Measurement parameter -

Postflare product gas
Spent ‘scrﬁubber water
Waste feed'

' _Reactor ash

0, €0, €05, HCl, NO,, CCl,,

 flue gas velocity and temperature .

CCl,

‘Sample and archive

Sample if available and archive

&



TABLE 2~2, STAGE III, TEST SER1ES 3 SAMFLING PARAMETERS

Sampling point

Measurement parameters®

Postflare product sas

Spent scrubber water

(Reactor ash)

Waste feed

0,, Cuy, €O, NO,

HCl, particulate matter

samivolatiles, VOCs, PCDDs/PCDFs
PCBs, TCHs

flue gas velocity, temperature,
noisture

semi~VOCs, VOUs, TCBs, PCBs,
PCDDs/ PCDFs

if available

PCDDs/PCDFs, PCBs, TCBs

*V0Cs = volatile organic compounds
PCDDs

PCBs = polychlorinated biphenyl.s
TCBs total chlorinated benzenes

= polychlorinated dibenzo-p-dioxins
PCDFs = polychlorinated dibenzofurans



The data are reported in essentially two parts. The first represents
data obtained during Stage LI, Test Series l during which time carboa
tetrachloride was the selected principal organic hazardous constituent
(POHC). These data include scrubber waste feed, water, and stack gas
paraweters obtained during the testing. The second data group represents
information obtained under Stage 1Il Test Series 3 during which an Askarel
waste blend was the selected waste feed.

CARBON TETRACHLORIDE TRIAL BUKN

Sampling for CCl, emissions was conducted during Stage II, Test
Series 1 to determine the overall CCl, destruction and removal efficiency
(DRE) of the system. CCl, was selected as the principal organic hazardous
constituent (POHC) because its very low heat of combustion suggests it is a
difficult material to be thermally destroyed, btased on EPA's current ranking
guidance (Reference 2); it is readily available, and it is relatively
inexpensive. Consequently, trial burns are frequently conducted using CCl,
as the POHC. Testing was initiated on February 16, 1985, after 4 days of
plasma arc system preparation and test equipaent set up. The test schedule
was as shown in Tahle 2-3. The results from the three completed 60 minute
te3t runs are shown in Tables 2-4 and 2-5.

During the three tests, waste feed rates of 2.82, 2.26 and 2.83 liters
per minute, respectively, were introduced to the system. This corresponds to
mass feed rates nof 64.2, 60.6, and 64.2 kilegrams CCly per hour (kg/hr),
respectively. Scrubber water flow . '*as during these tests were, respectively
33, 30, and 32 liters per minute (%L uia). Stack gas flow rates during these
tests were 38.13, 29.69, and 29.81 ¢ry standard cubic meters per wminute
(m3/min).

Waste Feed - CCl,/MEK/MEOH

The waste feed blend of CCl, and methyl ethyl ketone was introduced at
rates averaging 2.82, 2,26, and 2.83 L/min. These correspond to CCl, mass
feed rates of 64.2, 60.6, and G4.2 lg/hr. These figures were used in
calculating the destruction and removal efficrency (DRE) of the systen shown
in Table 2-4.

Scrubber Water

Scrubber water samples were taken and analyzed for CCl, concentrations
which were then combined with scrubber water flow rates to yield ¢Cl,
discharged to the sewer. The concentrations of CCl, found in the scrubber
water were 1.27, 5.47, and 3.26 ppb (ug/L), respeccively, for the threce l-hour
tests., The mass discharpe rates are presented in Table 2-4.

Postflare Stack Cas

During the CCl, waste feed burus, samples of the postflare stack gas
were obtained and analyzed for HC1 and CCly.  In addition to these
parameters, the stack gas flow rate, temperature, and bulk gas constituents
(07, €0, ©Oy and NOy) were monitcred on a continuous basis.

6



TABLE 2-3. CCl, TEST BURN SCHEDULE

Yate (1985) Occurrence Test Duration {min) Commnents

2/16 1st burn 15 System malfunction
2/18 2nd burn 60 lst complete test run
2/23 3rd buran 26 System malfunction
2/24 4th burn 38 System malfunction
2/26 5th burn 60 2nd complete test run
2/26 6th burn 60 3rd complete test run




TABLE 2-4. STAGE II CCly AND 1C1 EM1SSIONS

EETAAmALSOAST RIS O ST AR &SR = a2 AT A BE A Wi ¥ 3 EUA SR 813 ST

en 1 Run 2 Rua 3 Av 2o
Date, 1935 2/18 2/ 22
Tes: durazion, -iin. 60 60 60 60
Wasz¢ Feed Patamcrers
Waute Feed Composition
CCl,, mass 5 35 4c 35 36
MEK/MeOH 55 60 65 4
Specific gravaty
kg/L 1.08 1.12 ]1.06 1.09
“aste Feed Flow Rate,
L/min 2.82 2.26 2.8% 2.64
kg/min 3.05 2.53 3.06 2.88
ccl, Feed Rate, kg/min 1.07 1.01 1.07 1.05
kg/hr 64.2 60.6 4.2 63.0
Scrubber Water Parametetrs
Discrarge Flow Rate,
L/ain 33 30 32 32
CCl, Concentration,
ppb (ug/L) 1.27 .47 3.26 3.23
CCl,; Discnarge Rate, .
kg/hr 2.51x107° Q.SleO-G, 6.2bx10-6_ 6.21.\10_6
1b/br 5.54¢1G77 21.71a107° 13.30<10°° 13.¢8%107%
Stach Gas Parame:ers
Average Flow Rate, 3 /m1n? 38.13 29.69 29,31 32,5
fe2/mand 1,325.3 1,048.3 1,052.7 1,1-9.1
Average Temperature °C 90§ 821 %92 897
°F 1,666 1,510 1,27 1,485
HCL Conc., mg/m33 b 138 27 193
#Cl Emissions, kg/hr N/A 0.25 0.44 0.35
1a/nr NSA 0.55 0.97 0.76
CCl, Conc., ppb© ¢ ¢ ¢ c
CCl, Emissions, kg/hr 19.27¢1¢"5 22.79x1075 22.89%167¢ 24.96¢1576
1b/hr 64.36x1670 50.14x107% $0.36x1076 54.96x107°
System CCl; DRE, % 399.99 >99.99 >99.99 +99.99

apry szandard conditions as defined by 20°C 2nd 760 m~ H3.

bycl sampling conductea at oreflare location. Sampling suspended due to
carbon plugging of tran {not analyzed).

CResults are based on estimated deteclioz 1imit of 2 ppb. Actual detecrion
limit was in the -ange of 2-15 rob and was not quantii.ed.



TABLE 2-5. COIBUSTION PARAMETLRS - CCl, TRIAL BURNS

Test run 1 3 3 Average
Date, 1985 2/18 2/26 2/26
Stack Gas m/mind 38.13 29.69 29.81 32.54
Flowarate f£t~/mind 1,346.3 1,048.2 05,7 L, 149.1
Stack Gas Temperature, °C 508 821 692 807
°F 1,666 (,510 1,277 1,486
M0, Concentration, ppm (v/v) 106 92 st 93
Emission Rate, ke/hr 0.46 0.3% 0.28 0.35
1b/hr 1.02 0.59 0.62 U.78
Ch Concentration, ppn {(v/v) 4% 57 81 62
LUmission Rate, kpg/hr 0.13 c.12 0.17 0.14
Lb/hr 0.28 .26 0.37 0.3u
0y, percent 12.7 4.4 15.1 4.1
€Ny, percent 6.0 5.7 4.9 5.5

3Dry standard conditions as defined by 20°C and 76U mm ig.



HCl--

During Run 1, hydrogen chloride was sampled at the preflare location (see
Figure 5-6) but was aborted after 20 minutes due to plugging of the sample
line by the high carbon and moisture content of the gas stream. This sample
was invalidated. No further testing was attempted at thas location after
several flarebacks occurred, causing safety concerns ac this sampling
location. The sample train atilized in obtaining the HCl samples 1s described
in Section 4.0. The concentrations of HCl found in the stack gas were 137.7
and 247.2 mg/m3 for Runs 2 and 3, respectively. The results of the HCl
testing are further summarized in Table 2-4.

Carbon Tetrachloride--

CCl, samples were obtained from the stack gas using an integrated bag
sampling technique whereby a volume of stack gas was drawn into a “edlar bag
at a constant rate over a period of time The gascous samples were tnen
subjected to onsite analyses by gas chromatography equipped with an electron
capture detector (GC/ECD). The concentrations of CCl, present 1n the stack
gas during Runs 1, 2 ana 3 were all telow the detection limit of tne
analytical instrument (less than 2 ppb). For the purposes of this report, and
the establisnment of a reportable DRE for the system while fired with a
CCly-concaining waste feed, CCl, emission rates of 29.27 x 100,

22.79 x 10'6, and 24.98 x 1076 kg/hr were used in the calculations. The
DRE is calculated using caly the stack ;;as 2iission rate an? does not 1include
CCl, discharged in the scrubber water. Therefore, the establisied DRE's for
Rurs 1, 2, and 3 are all greater than 99.99 percent. Table 2-4 contains a
surmary of the stack gas data including the system's DRE.
0 €0y, CO and NO,--

Fn addition to HCl and CCl, sampling and analysis, combustion

parmeters were measured in the postflare stack gas via GCA's continuous
emission monitor system (CEMS). Samples were extracted on & continuous basais
tw means of an in~stack probe, filter, and heatcd sample line and passed
tarough a gas conditioning system and valving system to the calibrated
analyzers. The gas streams were znalyzed (or 0z, CU,, LO, and NO,
¢oncentrations. Resultant data (millivolt output) were 1mput directly to the
Fluke Data Acquisition System and strip chart recorder. The Fluke output was
foraatted into test report form and yielded results in ppm, percent, and
sounds per hour, as necessiry. In addition, stack gas velocity was recorded
coatiruously via a pitot tube/pressure transducer hookup to the Fluke computer
system. Temperature was monitored similarly using a thermocoup le/ Fluke
hookup. All test combnstion data are suumdrized in Table 2-5,

V)

As is the case with most combustion sources, NO, and CO are good
indicators of vombustion temperatures aud efficiency. Uuring startup and
shutdown operations, the flare is guite unstable duc to the nonsteady reactor
prodact gas supply. This is due largely to the fact that, during startup, the
reiactor requires a minimum time period to reach equilibrima temperdture.
Recause of the instability upon startup, the system was brought up to
overating temperatures on a waste feed containing nonchlorinated compounds,
such as methyl ethyl ketone (MEK). Unce online and up to temperature, the
rhlorinated waste was then intiroduced. There was usually a slight instability

10



in the system as the new waste entered the plasma as may be evidenced by
changes in the postflare stack gas temperatures and concentrations ot Uy,
€Oy, and NO,. Generally, once system temperatures stabiiiced, CO
concentraticns were relatively constant at levels of less than U.l7 kg/hr.
Di{ferent types of waste, and even the same waste with slightly vdarying
compositions, seemed to affect varying system responses. As such, alcthough
the system could be controlled to operate within a certain ranspe, the
repeatability of tests using diffe:rent waste feeds remains a question. This
is due, in part, to the chlorine composition, density, and solids content
found in different types of liquid waste feeds.

PCB TRIAL BURN

GCA's involvement during Stapge III begar with Test Series 3 wherein
sampling took place during the conduct of three endurance PCB triatl burns.
The waste feed during these burns was comprised of a blend of three Aroclors,
trichlorobenzene, methyl ethyl kerone, and methanol. Askarel
(Aroclo+/Lrichlorobenzene blend) comprised approximately 25 perrent of the
waste feed by weight. Test Series 3 was included in the program to test the
plasma pvrolysis system over a period of 4 hour. while a waste of this type
was introduced. Originally, three 6-hour runs were slated for this test
series. However, the target run times were reduced to four hours in a joint
decision by PSI and NYSDEC personnel in an effort to conserve waste feed and
to complete the sample runs in a timely manner. 1his shortened run time was
also deemed sufficient for allowing adequate detection limits for tne requLreu
analytical parameters.

During the first trial burn (GCA Run 3-1, February 12, 1986), samptling
ended after 115 minutes (1 hr 55 min.) aue to torch power problems within cne
pyrolysis svstem. The second and tnird burns (GCA Runs 3-2 and 3-3,

February 20 and 22, 1986, respectively) wecre each completed after 240 minutes
(4 hours) of samwple time. During dun 3-Z, sampling was 1interrupted for
approximately 30 minutes due to an offsite power grid loss causing a system
upset. The systen was brough* bacl. on line with the MEK/MEOL waste feed and
sampling was resumed 10 winutes after the switch back to the PCB waste reed
blend was made. During all operation of the pyrolysis system, no PCB
containing waste was introduced prior Lo the system first being stubilizea on
the MEK/MEOH feed. Additionally, no sampling was conducted while the system
was solely on the MEK/MEUOH feed, in transition to the PCH wasce feea, nor
during a svstem upset period. ‘The test schedule for Stage III Test Series J
was as shown in Table 2-6. The resultant data from these test runs are
prescated in this section.

During the three test runs, the PCB waste hlend was introduced to the
system at rdates of 2.10, 2.33, and 2.20 kilograms per minute (kg/min),
respectively. The average PCB content of this feed {total, mono through
deczchlorinated biphenyls) was 12.6 percent by werght. The total rmass PCB
input was 0.26, 0.29, and 0.28 ky/min., respectively, tor the three runs.
Scrubber water flow rutes averaged 30.5, 33.0, and 32.5 liters per mlnute
(L/min). Stack gas flew rates were 45.43, 36.41, and 35.81 dry stundard cubic
meters per minute (mJ/min), for Runs 3-1, 3-2, and 3-3, respectively.

Lt



TABLL 2-n.  Pud TEST BURN SCHEDULE

Date Occurrence Test duration (man) Comrents

2/12/85 lst burn L5 Run 3-1 abbreviated
due to system wal-
function.

2/20/86 2nd burn 240 Hun 3-2 nrerrupted
for about /2 hr-
completed

2/22/85 31d burn 240 Run 3~3, slaight fan

problems during
port change but no
interrupt on-

comp leted.

N



Waste Faod - Askare l/MLE/MEONH

The PCB waste feed blend was introduced at an average rate of 2.21 hi/anan
with a PCB mass 1uput of 0.28 'e/min or 16.7 kp/hr.  This maus mputl includes
mone through decachlorinated biphenvls. Intemiated samples were obraiaed
during each tcst run from the valving asscebly just prior Lo the tecd runy ot
the reactor vessel. At this point, the waste feed nlend was well wmixed and
representative of that fed into the plasma reartor. The samp les were analyzed
for teral POls, chlorooenzenes, polychlorinated dibenzo-p-dioxins (PLbbs), and
polychlorinated dibenzofurans (PCDFs). bata on waste feed composition and
fced rate are presented 1n Table 2-7.

Srrubber Water

Scruibtber water samples were collected daring each test run and analveed
for volatile and semivolatile compounds 1ncluding PCBs ane PODUs/PCDFs.
During Runs 3-1, 3-2, and 3-3, scrubber water ilow rate was 36.5, 33.0, and
32.5 L/min, respectively. The scrubber water sanples were analyzea by tun's
laboratory and the resultant data are summarized in the following paragrapus.

Volatiles--

The vo'latile compounds found in the scrubber water were principally
benzene, toluene, chlorobenzene, and styrene. Their miss cmissioun rates,
based on their aqueous concentrations (Lu/L) and the scrubber Jischarge rate
are shown in Table 2-8. 1In addition to these compounds listed abova, two
others were detectea albzoit at concentrations beneach the deteetLon limic of
the instrument. These were trans l,2-dichlorocthene 1n Kun 3-2 and chlorotorm
tn Run 3-3. Chloroethane and 2-butanone were also found in Run 3-3 1in
measurable quantities. The scrubber water sample from Run s-1 was lost lue_ Lo
frcezing and breakape of the VOA vials.

Semivolatiles—-

Semivolatile componcnts of the scrubber water discharge were sampled by
means of compositing samples in a large container during the course of e.ch
test run.  Samples were solit in order that a large alsquot could be sent to
Zenon tnvironmental, Inc. to conduct the Pub, chloroben:ene, and PCDO/PLUF
analvses. These data are presented and discussed separately. ‘The remaining
aliquots were transported to UCn's laboratory Lo conduct iurther semivolatile
analyses.  Generally, the compounds detected and quantitied are sister
compounds to naphtiialene and nyrene. They are presented 1n Tavle 2-Y witnh
their associated concentrations and mass discharpe rates. ‘lhe concentrabl»ons
presented in this table are combined aqueous and carbon analy.ed matrices, as
the samples were two-phased. CGenerally, the carbon laver had higher
concent rations of semivolatile compounds than the 4quenus phase.  1n most
rases, rhe carbon separated {rom the aqueous solution, forming a top Layer
with a light, neringue-type cousistency. in ocher saomples, the caroun
remained 1n suspension or graduillv scttled out over a period of Lumc. Inis
inconsistencv 1n carben laver formatien way be due to VArylng, Coas1sTencty ol
the scrubber water 1in which the density of the carbon is greatar than that of
the agueous solution phase. Additional analytical datua are presented 1in
subsequent scections.

L3



TABLY 2-7. WASTL FLED COMPOSITION AnD FELD RATLH

PCB content@ Vaste [ead PCB mass
Date Run o, percent flow rate (kg/win) wnput (hg/min)
2/12/86 -1 14.3b 2.0 U.30
2/26/86 3-2 12,00 2.33 G.29
2/22/86 3-3 12.8b 2.20 v.28

aTotal PCBs (mono-decachlorinated biphenyls).

bream senon's analyses.



TABLE 2-8,

IS A FIRS.CADE TR RIS NETIID F

SCRUBBER WATER

- VGLATLLE MASS LEMiS310N RATES

-

Concen-— Scrubber Compound mass
tracion watcr {low vmssion rate
Date Run Compound fue/l) rate (L/min) {107 kg/hr)

2/206/86 -2 1,2-dichlcroerhene 28 233.0 4
Benzene 840 1,003
Tolueae 41 A
Chlcrobenzene 53 164
Styrene 36 17
2/22/86 3-3 Chloroethaua 23 3:.5 45
Chloroform ja )
Benzene 770 1,592
Toluene 29 57
Chlorobenzene 50 98
2-butanone 12 23
Styrene 68 133

ERAT AT A A WIS R WIER

AGonponent present bencath detection liaits.

~3rmETVIE

semiquanticotive.

WL R CLTARCE TR B 3 -RILIET LK HY S NIAI TR

LTIONA W SR RIR AT

Kesul.oos should be considercd



TABLE 2-9. SCRUBBER WAER ~ SLMIVOLATILE MASS EMISSLON RAT:zS

Scrubber
Concen- vater flow Compound mass
tration rate emission rate
Date Run # Compound (ugsL) (L/min)2 (107° kp/hr)
2/12/86 3-1 Napthalene 21,000 36.5 45,999
Acenaphthalene 72,000 157,00V
Acenaphthene 269 520
Fluorene 1,500 3,28>
’henanthrenn 35,000 70,050
Anthracene 16V 35v
Fluoranthene 21,000 45,99y
Pyrene 21,u00 45,99
Benzo (A) Aathracene 1,200 2,02»
Chrysene 1,900 4,101
Benzo (B) Fluoranthene 1,8u0 3,942
Benze (X} Flucranthene 1,000 2,19y
Benzo (A) Pyirene 3,200 7,Uub
Indeno(123-CD) Pyrene 3,000 7,0b4
Benzo(Gl1l) Perylenc 7,700 16,863
2-Methy lnapthalene 40 33
2/22'86 3-2 Naphthalene 11,000 33.v 28,780
Accnaphihalene 54,000 1ub, Y20
Acenaphthene RIAV) 073
Fluorane 1,400 2,772
Phananthrene 28, uuU 55,439
Arthraceune 1,300 2,574
Fluyoranthens 20, 000 39, 00y
fyrene 16,000 41,65V
Benzo (A) Anthracone 1,000 1, 930
Chrysane 1,600 3, luo
Benzo (B) Fluoranthene 1,300 2,574
Benzo (K) Fluoranthene 360 1,703
Benzo (A) Pyrane 2,700 3,346
Indeno (123-CD) lyrene 2,600 >, 148
Banzo (GiI) Perrlene 5, 100 14, UY0
Z- Methylaoaphrhalane 3u0 594

(continued)



TABLE 2~9 (continued)

= *u =

Scrubber
Concen~ water flow Cor , oundg nass
tration rate enission rate
Date Run # Compound (nug/L) (L/min)3 (10™° kp/fur)
2/22/36 3-3 Naphthalene 8,900 32.5 17,355
Acenaphthalene 39,000 To,UdU
Acenaphthene 69 135
Fluorene 810 1,580
Phenanthrene 17,000 33,150
Anthracene 730 1,424
Flucranthene 12,000 23,800
Py rene 12,000 23,400
Benzo( A)Anthracene 690 1, 340
Chrysene 850 L, 058
Benzn{B)Fluoranthene 960 1,872
Benzo(K)Fluoranthene 440 858
Benzo( A)Py rene 1,800 3,51
Indeao(123-CD) Pyrene 1,700 3,315
Benzo{GHI )Perylene 5,400 1u, d3u
2-methylnaphthalene 100 HE )

==

3gcrubber water flowrate obtained from PS1 via NYSDLC.



PCBs, Chlorobenzenrs, PCUDs/PCDTs~-

Split scrubbe: water samples were anaiyzed by Zenon Lnvironmental, Inc.
for PCB, PLDD, and ¢CDF content. In additien, Kun 3-1 scrubber water sawp les
vere analyzed for chlerobeazenes, chlorophenols, and benzo (a) pyrene. The
raesultant data {rom these analyses are given in Table 2-10. Tne
concentrations grven 1re zombined aqueous and carbon phase concentrations of
each compound. s can be scen from the data in Table 2-1U, Pulus were not
detected in the scrubber water in any of the runs. PCDFs were detected :n
cnly the first run and mono through decachlorinated biphenyls 1n the last two
runs. It should be noted that mono and dichlorinated biphenyls represead
approximately 39 and 81 percent of the total PCB wass 1n Kuus 3-2 ang -3,
respectively.

Postflara Stack Cas

Stack zas sarples were collected during cach run vtilizing a variety of
sampling Lrains and methods to obtain the required parameters. The stack gas
constituents sampled for included 07, €0y, CV, NOy, particulate matter,

HCl, volatiles, semivolatiles, PCls, and PUDDs/PCiFs. Also included were
measurcments of gas temperature, velocity, and moisture. As stated earlier,
Run 3-1 was limited to 115 minutes of sampling time due to a malfunccion of
the power supply to the torch. During che three test runs, some problems also
arosc with the sampling squipment due to the very cold weather causing sample
iines and pumps to freeze. Extremely high temperatures witiian the stack
created nuwerous problems especrally during LRun 3-2 when gas temperatures
approached 1150°2 (2100°F). Runs 3-2 and 3-3 were sampled to completion,
however, tor total run times of 240 minutes (4 hours) each. The test runs and
resultant nata .re scumarized and discussed wn the following subsections.

Combustion Data--

buring the three operational feriods in which sampling runs 3-1, 3-2, aund
3-3 were conducted, the postflare stack pas was monitured tor Uy, Cu,, vu,
and NO¢ using ClA's continuous emussion monitoring system (LLMS). Tnese
analyzers are trequently used in determining combustion eificiency for
diagnostic purposes as well as for determrning overall CU and/or sux
emission rates for regulatory purposes. The cmissioa rates are calculated
using stack gas {low rates and the analycers' .responses in couceutration
(ppm-pollutant). The data are summarizoed and prescated in Table 2-t1 in
conjuncticn with stack gas f[low rates obtaingd during the semivolatile
samplaing via Modi{ied Method 5 (MM5).

HCl--

imissions of hvdrochlaric acid were saupled at the poctflare scack to
determine stack gas concentrations as well as the HCL wiss emiosioun rates.
Concentrations in the gas sticam were quite low during all three runs
averaging onlv 1.68 ru/m? for an aveiage umission rate of b4, 1 wp/min. or
0.008% tb/hr. The data sumnary 1s presenced wn Tavle 2-12 with the
particulate emission data.

1y



TABLE 2-10.

SCRUBBER WATLR = CHLORINATLD SPELIES {1ASS LMISSION Ralks®

Scrubber
Concen- water {low  Compound mass
tration rate wmlssion rate
Date Run # Comvound (ng/L) (L/mw)® L™ <g/nr)
2/12/86 3-1 Di-Pentachlorophenols aD 36.5 A
Benzo(A) pyrene 329 720.1
Tetra~Octachlorinated
dibenzo dioxius 1] NA
Tetra~Octachlorinated
dibenzo furans 0.00072 1.00l0
Dichlorobenzene .29 V.bdb
Trichlorobenzene 0.20 0.44
Mono—Decachlorinated
biphenyls ND NA
2/20/86 3-2 Mono-decacnlorinated
hiphenyls 47.0 33.0 3.1
Tetra-Octachlorinated
dibenzodioxins N LA
Tet ra—Oc tachlorinated
iibenzo furuans WD NA
2/22/86 3-3 tjono-decacnlorinated
biphenvls 10.0 J2.5 19.5
Tei ra-Octacnlorincted
dibenzo dioxins ND A
Tet ra~Octaciilorinated
dibenzo furans ND NA
a

b cerubber water flow rate obtained from PSI via i

19

Analytical results from Zanou Environmental, Inc.
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TABLE 2-11. POSTFLARL 31ACK GAS COMBUSTION DATA ~

PCB TRIAL BURLS

Run number

Parameter 3-1 3-2 4=3 Average
DaLe 2/12/806 2/ 28/ 80 2/22/86
Test Duration, min. 115 240 240
Stack Cas Temperature, °C 576 97 8/l 755
°F 1,070 1,664 1,399 1,044
Stack Gas Velocity, m/sec 17.8 20.8 19.5 19.4
fe/win 3,511 4,090 3,843 3,814
Stack Gas Flow Rate, m>/m:ad 45.43 36.41 35.81 39.22
Fe3/mind 1,604.0 1,285.0 1, 264.4 1, 384.7
O<ygen, percent 15.8 14.0 15.0 5.0
Carbon Pioxide, percent 3¢ 5.1 4.3 4.4
Carbon Monoxide, ppm 18 20 20 1y
ki /hr 0.057 0.u51 u.050 U.053
14/ hr 0.126 0.112 0.110 (LSRN V)
Oxides of Nitrogen, ppm 96 () 108 100
ke/hr 0.502 0.482 U.449 0.370
1b/hr 1. W04 1.060 0.979 1.043%

e == r=eevey swor

Ary standard conditions defined as 20°C and 760 wn .
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Particulate Matter—-

Prior to analvzing the 5 frlte=s and nrohe vinscs sz sen:ivolatile
compounds, the particulate caleh was weipghed and uced 1n catculuting
particulate emissions from the stack. The results of Lhe three test runs show
an average particulate councentration of 0.005 grains per dry stanaard cubic
foot (sr/dscf) with an averaye emission rate of 463.2 mg/win or U.001 lb/br.
Run 3-1 :csuits were almost twice as Ligh as thuse frow Kun 3-2 or 3-3.
vuring run 3-1, the stack gas temperature was much lower and the stack gas
flow rate was higher than the two subseguent runs. The system problems wnich
led to a shortening of the test period may also have caused the increaser
grain loading (1.e., higher carbon concentrations in the redctor gas and
postflare stack uvas). The data from the three Lest periods are compiled 1in
Table 2-12 along with HCl emission data.

Volatile Organic Compounds--

The postflare stack gas was sawmpled for volatile organic compounds (VuCs)
using a Volatile Organic Sampling Train (VOST). The vesults of the sampling
are nol available because the holding times of the samples and the upper
temperoture limits for storage were exceceded. The rcesults of tne andlyses
would be deemed erroneous because it 1s unclear what the breakdown compouents
would be after the samples were allowed to becume waru. Extrapolating from
the data obtained from the scrubber water dnalyses, the most prevalent
constituents in the preilare product gas coula be primarily benzene,
chlorobenzene, toluene (methylbenzene) and styrene (etienvioenzene) witn
boiling points ranging {com 80U to 110°C. It 1s estimareec thnat in Lne
postflare stack g3, only the higher boiling compounids would be present
(i.e., styrare). llowever, as the PCB concentrations ia the stack gas were not
detectable, 1t way be that the wmore volatile species wonla not have wrlhstood
the 900°C stack trempearatures and thus, not have been detected.

Semivelatile Organic Compounds—-

Sampling for semivolatile organics took place during each test period
nsing a dModified Method 5 (MM5) sampling trawn wvith an XiD sorbent moaule 1in
place. Coincident with this sampling «is another saimilar train used for the
collection of semivolatile organics solely tor analysis for Plls, PCDDLs, and
FCDFs.

The semivolavile samnles were andalyzed by GCA's laboratory ut:ilizing
GC/MS.  As uwith the scrubber water samoles, Lhe principal components found
were paphthaleae and 1rs sister compourds. The various concentrations and
recsultant emre,ion rates are shown on lable 2-13. The sampling dad aunaiyiical
wmethods are dascribed 1n Secticns 3 and 6, respectively.

Chlorinated uwpecres — PCBs, PLDUs, and PCDFs—-

A sampling train similar Lo the one used for the collectioa ot
nenchlorinated semivolatile orgamice compounds was used to woliect cnluriiateu
samples to bo analyzed for polycnlorinaied biphenyls (PChs), polyculorinated
dibenzo~n-dioxwns (PCLYs), and polycnlerinaced divenzolurans (PCUrs). Lluese
samples ware deliverad to Zenon Lnvironmental, Inc. for subsequent analvsis
followiny cach test rvun. The re uvltone datly {rom the three test rins arve
presanted wn fable 2-14. A dastruction aad removal efficrency (DRL) tor tne
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TABLE 2-12. PUSTELARE STACK GAS PARTICULATE AND HCl £MLSSLUNS DATA

ST T USRI IAERA IS THA TR ST TSmO £ SIS ST ST ISR T £ o 3 AT T T YusmiE S

Kun nunder

Parameter 3-1 3-2 3-3 Average
Date 2/12/86 2/20/86 2/22/86
Test duration, min. 115 240 240
Stack fias Flow hate, m>3/min? 45.43 36.41 35.81 39.22
ft3/mind 1,604.0 1,285.6 1,264.4  1,384.7
Stac ¢ Gas Temperature, °C 576 907 871 785
°F 1,070 1,656 1,599 1,444
Particulate Matter
Concaentration, gr/dscf 0.006652 0.00332 0.00479 U.00%00
wg/m3 15.84 7.60 19.96 W.a/
Emission Rate, mg/min 720.0 276.6 393.0 403, 2
ka/hr 0.043 0.017 0.024 0.0:28
5oL
Concentration, mu/m3b 1.07 2.68 i.29 1.03
Emission Rate, mg/min® 48,3 97.8 40.3 04. 1
ke/hrd 0.0029 0.005Y 0.0028 0.0039
1b/heP 0.0063 0.0129 0.0051 U.0u84

o vz e mem o yr=n L i =—x.x==

ADry standard conditions as defined by 20°C and 760 ma Hg.
HC1 Concentraiions and Emission Rates during Run 3-1 are the results of
L test during the test run. Data from Runs 3-2? and 3-3 are averages ol
3 tests during each test run.
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TARLE 3~13. POSI~FLARE STACK GAS - SEMIVOLATILE MASS EMISSION RATESZ

[ — g = J— = ==

Stack gas

Concentration flow rate Compound Mass Emission Rale
Date Run # Compound (ug/m3) {m3/m1n) (ib/hr). (mg/m.n)
2/12/86 3-1 %aphthalene 75,40 45.43 Zi.006x1073 l.11
Acenaphthalene 37.96 22.81 1.72
Phenanthrene 50.62 30.42 2.30
Fluaranthene 21.09 12.67 0.95
Pyrene 7.59 4,56 0.34
2-Mathylnanphthalene 6.33 3.80 0.29
2-Methyphenol 8.59 4.56 0.324
2/20/86 3-2 Naphthelene 264,42 36.41 117.7°1 §.90
Acenaphthalena 8.65 4,17 0.32
Phenanthrene %3.92 30.79 2.33
2-Methylnaphthalene 30.08 14,49 1.10
Dibenzofuran 28.20 13.58 1.03
2/21/85 3-3 iiaphthalena 8.92 35.81 4,22 0.32
Acenaphthalene 1.55 6.73 0.006
Phenanthrene 8.14 3.92 0.30
2-Methylnaphthalere 1.3% 0.64 0.05
Dibenzofuran 1.74 0.83 0.06

a poes not include PCB, PCDD/PCDT mass emission rates = seec Table IZ-14.



TABLE 7-14. POST-FLARE STACK GAS - CHLORINATED SEMIVOLATILE ORGAN1C COMPOUND MASS EMISSION RATEA

TEt IR SIS T SR - TeE e L PO SRR N W LT R Y === = = sT=ca.=

Stack gas Compourd mass emission rate
Concentration {low rate =  —=——mmm e
Date Run #  Comoound (ng/n?) (m3/min) {mg/m1n) (1079 xgz/nhr)
2/12/86 3-1 Dichlorvphenol 88.9 44,69 0.004 0.24
Trichlorophenol 164.1 0.027 0.44
Trtrachlarophencl 4.8 0.003 .20
Pentachlorophenol 244.0 0.011 0.05
Dichlorobenzaene 495.0 0.022 1.32
Trichlorobeazene 385.9 0.017 1.03
Tetrachlarobanzene 233.9 0.01C 0.63
Pentaci-lorobenzene 424.,8 0.019 i.14
Dichlorinated bizhenyl 39.0 0.002 0.1
Trichlorinacted biphenyl 2.7 0.C001 0.01
itono-decachlorinated
biphenyl 41.7 0.002 0.11
Hexachlorinated
dibenzodioxin 1.4 6.3x107 0.004
Heptachlorincsted .
dibenzodicxin 2.0 8.9x107> 0.005
Octacnlorinated
dibenzodioxin 0.6 2,7x107 0.002
Hexa-octachlorinated .
dibenzod.ioxin® 4.0 17.9x107° 0.011
Tetrrchlorinated
dibenzofuran 25.7 114.9x1073 0.069
Pentachlorinated
dibenzofuzan 26.0 116.2x1072 0.07y
He sachlorinated
_ dibenzofuran 21.8 97.4x1077 0.058
Heptach'urinated
dibenzofuran 9.6 42,9%107°2 0.026
Octachlcrinated _
dibenzofuran 6.5 29.0x107° 0.017
Tetra-octachlorinated
dibenznfuran 89.6 400.45107 0.240

(continued)



TABLL 2-14 (continued)

Stdauna »Bas
Concentgation flow rate
Date Run #  Compound (ng/m?) (m?/min)
2/20/86 3--2 ¥ono-decachlorinatea

biphenyl D 36.46 NA NA
fentachlorinated

dibenzodioxin 0.2 0.7x107° 0.0004
Haxachlorinated

dibenzodioxin 2.1 7.7x1073 0.005
Heptachlorinated

dibanzodiexin 4.8 17.5%1072 0.011
Octachlorinated

dibenzodioxin 5.6 20.4%1072 0.012
Penta-octachleorinated

dibeazodiox1in 12.6 45.92107 0.028
Tetrachlorinated _

~ dibenzofuran i2.0 43,8x107° 0.076

Pentacalorinated

dibenzofuran 16.1 66.0x1077 C.040
Hexachlorinated

dihenzofuran 26.1 95.2x107 0.057
ileptachlorinated

dibenzofuran 39.5 144.0x107° 0.08€
Octacnlorinated

dibanzofuian 43.1 157, 1x1072 0.094
Tetra-octachlourinated

dibenzofuran 138.8 506.1x107° 0.304




TABLE 2-14 (continued)

Stack gas Compound mass enissica rate
Concaentrarion flow rate e e — e . cm——— - -
Date Run #  Compuuna (ng/mq) (m3/min) (=mg/min) (1676 wg/hr)
</22/85% 3-3 ifonc-decachlorinated
bipheavl ND 34.95 NA NA
Penta-octachlorinated
cibgnzedLngin® 1)) NA NA
Tetrachlerinated
dibenzofuran 4.5 15.7x1073 0.009
Penzachlorinated _
dinsenczofuran 7.6 26.6x107° 0.016
Haxachlortinated
dibenzofuran 7.2 25.2x107° ©.015
Heprtacrlerinated
dibenzofuran 1.1 38.8x107°> 0.023
Octachlorinated
N dibenzofuran 8.3 30.84107° 0.0138
Tetra-octachlorinated
dibenzofuran 39,1 135.7x1073 0.082

L T = ==rrey == =

dhnalytizal Jata from report received from /enon Laviroamental, Inc.
via Dr3s. Hugh Dibbs {EPS) ana Thomas Bartom (PSL).

‘brutrachlorinated dipanzodinxin noc detected in all Lhree runs.



plasma pvrolysis svstem when firing PCB-containing liquid wastes was also
caleulated for each run aad 13 presentad in lable 2-15. Sanpling and
analvtical methous are dascribed in Sections 5 and b, respectively.

In calcilating the DRE for PCBs dJduring Kuns 3-2, end 3-5, an estumace of
the maximum possible PCH exission rate had to be used for these runs because
the sample analyses yielded results below the instrument detection limits,
This estimate uses the sum of the vinimum detection limits for wcno through
decachlcrinatad biphenyls. It 1s expecled that the actual PCo emission rate
1§ far below that c-lculatea using the minimum detection Limats. The euission
rate values are therefore preceded by a "less than" symbol to signif{y tlac tne
value given 1s a masiaun possible emission rate. Thewrefore, the calceulated
DRFs fvoa Ruas 3-2 and J-35 way rot be representative of actual conuditions buc
serve o provide an absolute minimum cestruction/removal efiiciency value.

The ccolceulation: used wn this determination are as follows:

’CH Congener

Cl-1 Cl-2 Ci-3 ¢l-4 Cl-5 Cl-6_ Cl-7 ol-8 Cl-Y Ll-10

Petection limits 2 2 2 2 2 2 4 4 4 4
(total ng)

Sum of Detection Limits (Cl-1 - C1-10 PCB) 28 np
Thereiore,

Run 3~

L.l a 1078 ku/nhr

28 g I 3b.40 m3 ‘ 6l mn ' kg
!
]

S.54 m3 min l hr l 1 x 1ot ng

Run 3-3
! 4.95 1l -
28 ng I 34.95 w ‘ 00 min | kg . = 1.1 5 lo-b ha/hr
514 wl l win | hr I Lx 10l2 gy
Vhere - 34,406 mjlmlq = Volumetric flow rate of stack gas during fun J-2.

34.95 ﬁ3/min = Volumertric flow rate of stack pas during fun J-3.
5.54 w3 = Volume sampled by IS Lrain during Run 13-4,

5.14 m3 = Volume sampled by M'iD trewn during dun 3-3.

*Detection limit data obtained frem Zenon kEnvivonmental, Inc.
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TAELE 2-19. PLASMA PYROLYSIS SYSTEH DRE FOR PC3s? IN A LIQUID WASTE FEED

Rup duration Waste feeda rste PCB content PCB mass PCB i11ss Svstenn DRE

Date  Run # (ind (kg/mun® (% weight) input (kg/hr) out (rg/hr)P percunt
2/i2/86 3-1 115 2.10 1%.3 1£.018 0.11~107% 99,9949
2/20/bu  3-: 240 2.33 12.5 17,4395 <1.1z10"8¢ 1 59,1999
2722)85 33 260 2.20 12.8 15.896 21.1+1073¢ 1 9C. 5999

2Total tCBs as monoe (1) thzough deca (10) polrchiorinated biphenvis.
bpcy wass oul does not include PCB mass discharged threugh scrubber water. Only stack emissions ore
aserd L tne calculatioas.
CCon.ertrations of PCBs vere below the instrument detaction limits according to Zenon's annlvszs.

Ir urder to =stablish a minimun DRE, the suom of their detection limits for Ci-1 - CL-10 was usa2d to
obtain o maximus possible emission rote.



CONCLUSLONS

dosed on the test results amd Lhe operational csperieuces d550CLaLEY WwiLh
this rest program, scveral conclusions can be crawn. fFires agnd ioreuost, Lue
tecunelegy should be treated as a promis- g caerging tecunology which should
Lo faurther vemonstiated during subsequent trial burn programs.

The notable conclusions which are drawn from the Les progran are
summarized below. These conclucions are tocused un the demonstration ut un
accescable destruction and removal ¢fficiency as delineated 1n the RCRa 2nu
TSCA regatations,

[ Results from the carbon tetrachloride test burns indicate that the
syster 1s capable oi destioying a "e:fficult zo destroy" KRen:
repulated waste. The DREs from each of the three test ocurns
erceeded the minimam RCRA requiresent of SYy.yy percent westruction
tenoval afficiency. B

® L enission rates conformad te tne allovable limits of “4 Rgznr oand
>¥9 perceat removal efficiency hased on total iniet chlorine coutent.
° Concentrations of CCl, in the scrudber effluent cangea from

1.27-5.47 ug/L. Ctflueut levels met Lhe ciiteria for discharge to
the sewage treatment plant.

0 Results from the P'Ch test burrs indicate that the system 1s capavle
ol aestroying a PCB L:quid waste nlend cousistent witl cne Tsua
requirement of >99.9099 pazreent bui,,

. HCl emission rates wore apain consistent witn the requirement ot
Y parcent removal eificiency and <& kp/br emission rate based un
the chlorine input. -

° trgh concentrations of polynucicar arowatic hvdrocirbon comwunas
were detected in the two-phased scrubber eltluent. TI'ne preadosinant
species were napnthalene, acenanhthalene, puenanthrene, pyreae, and
flusrantheae. Levels were in the range of 12,0W-72,000 . p/1..
Corresponding levels in the flue $as discharge were luss Lnhau
247 ugln’,

e Ko apprecrable levels of dioxia or furan compounds (as rtortal tesra
through ccta) were detected 1n the Sscrubber water.  In all cu.:s,
levels were either neadetectasle sr signxl:c1ncly less than ( /L.
Correspondiig levels wn the [!ie Heb WeLe 10 Liae range o
34 - 139 ng/m3 for the total tetra~octacnlorinated disenzotucan
campounds and W) - 2.0 ng/mJ for the tetra~octacatorinated
dabeazo~p=dioun compouais.



SECTION 3

FATILLTY DESCRIPTION

The mobile plasma pyrolysis system, operated by Pyrolysis Systems, Inc.,
was tested while located on the grounas of the Royal Military Co!llege in
Kingston, Ontario, Canada. The major partion of the system was cantained
within a 45 foot, specially a.apted trairiecr, capable of “eing transported from
site to site. Ancillary equipment, such as the power transfonner, waste feed
blending arca, and limited w: te storage fa:ilities were located in a secure,
contained area within adjacet - Building 62. The flare and postflare stack
were located on the opposite side of the trsiler from the building in a fairly
opan area (Figura 3-1).

PROCESS DESCRIITLON

The PSI plasma pyrolysis process is based on the concept of reducing
(pyrolyzing) waste molecules to the atomic state usiug a thermal plssma
field. A co-linear electrode assewbly 1s used to produce the electric arc.
Dried, low pressure air is used as the medium through which the electric
current passes. Air molecules are subsequantly ionized formung the plasma
field. Upon return to the yround state, the 1onized molecules emii
ultraviolert radiation.

lirzardous waste mixtnres are injected into the [ield and interact with
the plisma field. Tnis interaciion results in a reducing mechanism 1n which
the molecules are atomized. Upoun cooling, simpler malecules such as hydroien,
carton dioxide, carbon monoxide, liydrozgen chloride and other minor matrix
compounds such as acetylenc and ethene are formed.

PST operated the plasma system and the online analyticai equipaent. lhe
orline system generated composition data assoctated with the product pas
(prror to flarin: operations). #£SI was also responsible for providiag and
preoaring synthetic wvaste feed blends for subsequent testing., These test
blands were identified in the P31 Quality Assurance test plan.

Fignre 3-2 shows a block diaygcan of the plasma pyrolysis unit which is
the focus cf this program. The systen consists of a ligquid waste feod system,
pyrolysis reactor, caustic scrubber, flare and online analyticai equiprent.

Gaseous eflluents rrom the reacter pass through a caustic ventury type

scriubber where acid gas removal is {fected. Scrubboer water Juischar.e s on
the order of 32 liters per minute. Subsequently, the product gas 1s tlared to
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Figure 3-1. Facility area top view.

31

BUILDING
ENGINEERING
SHOP



(43

FLOW DIAGRAM

g1l
“H CAUSTIC SOLUTION ' l
fﬁh“—' 4 '\‘—‘—T | N
e — i
= i \‘/ Vi H
i B ;:L::::::: |
at SCRUBRER/
=y SPRAY RING
| LL _________
1 i - == -
i {
Lo DECTRC ,LL' {
VIASTE FT AC/DC REACTOR
VESTERED o CTifer TJ
i
PO
VER WATER SEFARATOR
: (SCRUBHER)
COOLING WATER

]

sl

§

INDUCED DRAFT FAN

OFF GASES T0O FLARE

EMERGENCY CARBON FILTER

GAS CHROMATOGRAPH —
M/SS SELECTIVITY UNIT

LABORATORY
ANALYSIS EQUIPMENT

G£S CHROMATOGRAMH

=X SCRUIBRER WATER
DISCHARGE TODRAN

Figure 3-2.

({rom Pyrolysis Systems, Inc.)

Process schematic of the PSI plasma pyrolysis unit.




complete the clearnup cycle. The post flare gas then enters the stack and is
discharped at the approximate height of 8 meters above grade.

T e nominal tr2atment capacity of the system is 4 Xg/min of waste feed or
approgumately 200 L/hr.  Product gas procuctinn rates at this operating ‘evel
are ov the order of 5-6 m“/min prior to flaring operatioms.

For tha purposes of this tast program, a flare contaimment chmber and a

stack were \nzluded to facilitate testing. after combustion, the flue gas
flow rite was vn the order of 36 m”/min a: standard conditions.

3]



SECTION 4

SAMPLING LOCATIUNS

The locations for collecting the various sample types are shown in
Figure 4-1. ‘'lhe locatinns remained unchanged from the original Quality
Assurance Project Plan with one excaption. At the preflare product gas
sampling location, difticuléy was encountered in obtaining representative
sanples due to verv high carbon loading and entrained moistura. Additionally,
during several system upsets, lydrogen flarebacks occurrea creating a safety
hazard at that locatioa and caused saaple probes to be blown out of the port.
No further testing took place at that location.

WASTE FEED

The waste feed was sampled downstream of the blending and pumping
operations through a valve assembly just prior to entering the reactor feed
ring (Figura 4~2), The fend line was under pressure thus enabling an
integrated waste fead sample to be obtained during each test ruan.

REACTOR ASi

Reactor ash was sampled from the interior of the reactor. Because the
entire torch assembly, conling water Jacket feed ring, and grapuite core had
to be removed to acdoaplish this, ash saples were taken only when available.

SCRUBBER UWATER

Scrunber water samples were obtained at the discharge point of the drain
hose as shown previously in Figure 4-1.

POSTFLARL PRODUCT GAS

The stack is constructed of 1/4 inch stainless steel plaLe rolled to an
I.D. of 16 inches. The flare containment vessel 1s swum larly consLructed, but
with a 48 inch to a 16 inch 1.D. taper, beginning approximately 21 inches [rom
the base. The flare head, constructed of a 4 inch stainless steel elbow,
protrudes inte the contaiment vessel where the reaclor product gases are
ignited. The flare is self-sustaining and could be ignited either remntely
with an ignitor fixed in place, or manually, by placing the ignitor into
posicion uatil the flare was lit and then withdrawing 1t. It was found that
the latter was the morce celiable as the igniter was nct continually subjacted
to the vibration and extreme heat present at the flare head.

W
&
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The flare stack was designed with rhe flare contatmment vessel to allow
tor the rdapid expanoion of the cowbustad reactor product gas. The vessel 1s
open 4t tha base with an cpening area of 1.17 squarve meters (12.50 1),

This cpening, in conjunctinn with ths rapidly heated gases, allows for 2 flame
and stack gas buoyancy vhich eliminates the need ior imjuced dratt or forcec
draft fan. 1In spite of the lack of a fan, once the flare 1s lit and
temperatures have stabilized somewhat, the gas flow rates through the stack
are also relatively stable., There is the presence of temperature spirkes at
times which is usually attributed to re-entrained carbon at the flare head or
changing hydrogan content of the reactor product pas.

Postfisre product gas samples were taken from twe locetions dowanstream of
the flare. The flow diagram in Figure -1 slhows Lhese locations in relarion
to the rest of the precess. Figure 4-3 illustriates the postflare stack
configuration and samnling port locatioas with their associated measurements.
1t should be noted that, although the sampling locatior for the MM troins
satisfied the 8/2 criteria for laminar flow, the small diameter of the stack
(16 inches), in conjunction with the number and tLvpes of sampiing proous
required for the program, is not conducive to obidininz accutate {low
measurements. Tie high temperatures found in the stack recessitated the use
of water cooled probes for the MM5 trains. Two MM5 trains were required by
the /dministrator to be run cimultneoucly in order to provide separate
PCB/Yioxin and semivoletile samples. The “lockage raused by these probes
alone approaches 22 percent. TFurther flow disturbances withun the stack could
have been cansed by the othker iu-scack probes situated 77 inches upstrean of
the water cooled probes. llowever, 1n spite of the blockage a4 possible flow
disturbances, the velocities and {low rates weasured by both ' raina during all
three test runs vere in close agreewant (sithin 5 percent). ‘ihe sannliug
points for all trains +4re illustrated 1n Figure 4-5%,

The HCLl and VOST sample probes were located .78 diameters downstreim of
the flares containnent vessel. During the CCly burns, the CEM probe and
filtar were colocated with the HCl probe, as there were no VOST runs required
during Stage 11, Test Series l. The CCl; inteprated bag saapling systeas
were set up on the sampling aiatiorm and sampling was conductcd from oune of
the upper po-ts.

During Test Series 3, the two MM5 trains, as well as the CEM probe and
{ilter ho:box, were set up at the upper ports, 8.28 dianelers downstream of
tre flare contaimient vessael, The CEM probe was bent at a 45 degree angle 1n
order to eliminate interference with the MM5 sampling probe in port A. The
CEM probe tin remainad on the same horizontal plan as the MM5 norzles.

PRFFLARL PRODUCT GAS

As mentioned earlier, sampling efforts at rhis location were aborted due
to unsafe sampling conditions and very high carbon loading and erirained
moisture. The stainless steel peeflare pipe exits the traller approsimately
eipht (3) frat off the ground, *akes a downward bend, 2nd then ruas along the
sroand avoroximately twenty (20) feer before taking a 90° upward bend to fona
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the flare. The ignitor was originally a pemanently wcunied spark source, but
has since been altered so that it has to be manualiy out iato place and
removed during the ignitioc sequence. The przflare sample ports were located
90° to each other in the 6 inch stainless steel pipe approximately ten feet
upstream of the flare. The heavy, moist carvon present im the preflare
product 2as caused plugzing of the sampling cquivaent. it was theorized that,
at times, some nf the carbur buildup would break luose which would ther mt
the flare, possibly cczusing Lt to blow out. A 'I'' connection was installed,
raplacing the oripinal flare tip. The rew 'T' acted as a settiiay porint for
some of the carbon instuad of letting all of 1t pass throush the flare. Tihis
can be seen 1n Figure 4-3.
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SECTION 5

SAMPLING PROCLDUKES

The procedures for obtaining samples of the waste teed, scactor ash,
stcrunber water, aand postflare stack g4s are described 1w this section. ‘The
methods used in sanpling renarned essentially unchanged from Lhose described
in the Quality Assurance Project Plan svbmitted for this program. \uy
deviations from the described methods are called out wn Section 7. All
containers used 1 callecting and/or storLug these samples were prepared das
stated 1o the QA'P. A summary of tha sampling methods used follaws.

WASTE FEED

Liquid wastes entering the plasma arc reactor enter by way of a machined
waste feed ring. The waste feed 1s puaped from the drums 1n which 1t 1g
blendad, through the calibrated rotameter, through the stator pump, and 1nto
the waste feed ring. Just orior to the feed ring 1s a "I' connectivn and
valve assembly which allows a samp, to be taken under positive pressure. Tne
valve allows {ine adjustuent of the Liquid flow so that an 1ategratea saup le
can be 4 taken over the duraticn of *he £est run. Waste teed sampling
commenced after the systam wais switened over to the desired waste reed
(1.e., CCl, or PCB, depending on the burn schedule). Mis ensured saupling
only the '1:et waste feed and nol the flushing solvent blend (1.e., MrkjMLL:).
If a system upset occurrad during the sanpling r1un, necessitating swiltChng
off tha tarpel waste feed, tue sample valve was closed amd net reoapened until
the target waste teed was switched bhack on and tt was tell that sutticient
voluwe had passed throuth to diminish any effects of dilucion py the flushing
solvent blend. AL the end of vach test run, the waste ieed samples were
return-d to a waste feed Jrum after obtainug the requived al:quors vt the
liquid which were than Lransported to Zenon Luvironmental, Inc. ior subscequent
analyses. GCA also arcrived waste feod samples from cace test rua.

RFACTOR HLARTH ASH

Ash sawples were not taien .1nd andalyszed by GCA.  SHoae samples »f carbon
found deposited an che snow arouna the stack darea vere collected for wYsune Lo
ne aralyzed by therr labaratore. Also, <amples of carbon were taen from
iuside the preflare was pipe and retinguished to NiSULC for analysis by thelr
liheratorvy. The _uibon sarplrs were rollected 1n wide wouth Jars or
S0 mL VOA vials, as approprigie. Jhey were scuuped wito the containers us L
hex- ne rinsed stainless steel spatulas.



SCRUBBLIR WATER

The scrubbar water samples ware compostted in a4 L& liter ja- every
30 minutes during each test run, During each grab sampling episode, two
40 mh VOA vials sauples were takew fue subsequent VOU amalyses. A couposite
scrubber wates sample for each ru- was collected {or semivolatile analysis by
the GUA labecstory. The U liter sample jars were transported Lo Zenon for
analyses for PC3s and PLDLS/PCUFs. In all coapositing efforts, tne scrudber
uiter was mixed thorgugbly to easure a repragenzative carbon/aqueous solution
mix. During some sumpling perirds, the amount of carvoe prezent wu che
scruhber wataer wag noticeably less than at other tines.

FOSTFLARE STAUK GAS

Table 5-1 sursarizes tha sampling methodologies nriiized 1a tuis program
to characterize emissions [rom tha pyrolysis systew while pyrolvzing two types
of chlor.nated water feeds and flaring the product gas.

Bulk Geses

Continuous Monitoring--

A contimuous monitoring system was in operation duriag the two test
series of the project to monitor conze=trations of CO, 0,, €3y, and NO,
in the flue gas. In additioi, continuous srnsors for measuring postilare gas
flow rates were included during the CCl, burns., An attenpt to nenitor [low
rates and temperatures at the preflare location was aborted due to carbea
plucziae and the hydrupea flarebacks., The monitoring system was coaprised of
a gas condlitioniny s.stem, for measuring GO, 0,, €O, and iU, and a data
acquisition system as shown in Figure -1,

The gas conditioning syatem cansisted of a sjlass {iber filtration unLe
mountad on the probe to romove particulates and a condensate trap for primacy
moietire removal from rhe {lue pas. The final step in moisture zemoval ts
achieved by an inline perueation drier. Sample 2as exiting the peracation
drier is then rcady For analysis. Cas analyses will be performed using the
instrumzuts described in Table 5-2,

Carbon monoxtde concentrations were measured usin, a lioriba Moded
PIR 2000 HLIR Analyzer in the operating range of U to U.l pezrcenc full scale.
Calibrations praceded and succe=ded each tast hy injecting the appropriate
zero and sSpan gases.

Oxyunn concentratinng were measure) using a MSA Model d0l 0, Analyzer
in the oprrating range O to 25 percent full scale. i analyzer was
calibratad batore and after wach test with a zero pas of ulcrajpure attrogen
and calibratinn span gases of the appropriate concentrations.

Carbon dioxide wag meassred ustny a Horiba PIR 2000 NoIR CO, nnalyeer
1o the operating range 0 Lo 25 percent full scale. ™ns analyzer was
calibrated before and after ~ach tnst with the zpplicable zarn and span pases.



IABLE S5~1.  PhLTLARE ANE POSTFLARE EHISSTON PAKRAMETLKS MEASUKEMENTS

TSI ESTAS e R Y R DTN TR SRS IR M e T T Aty STECTL AN S S 3 LSSy Y ST

Parameter Collection method
HC1 Impingers (YACB Melhod)d
Volarila Orpanicst Inteurated Tediar Bap (onsite analyses for Cliy)

Volatile Organic Sampiing frawn [fvost)
(offsite analyses))

Semivolatilas Modified Method 5 (1M5)
PCHs Modyified Method 5
PLO/ PCLF Modefied Method §
Particalars macter Hodifred Mothod 3

T e e o s vt s =2 Maa s L LA~ e A SR 8 At S e ¢ memr sy o
ex1s Arr Control soard 'foihnd.

1 - -
YBax sanplingfousite C nsea for all l-hour surnus, VUSIL used auriny
cendurance burns.
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Figure 5-1. <Continuous monitoring sampling schematic.
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TAGLE 5-2.  CEM SAMPLING PARAMETLRS AMD METHLDULUGY

S ks —=z.= = T

Avarlable
ueasurenient

ranges
Parawnccer Instrument wodel (dctection) (up to)
co Yoriba PIXk 2000 (NDLR) 3,000 ppm
0 M58/ Model 802 (Paramagnetic) 224
o, orica PIR 2000 (MDIR) 254
N0, TrCo Madel 1DA (Chemiluminescence) 10,000 ppn
Velazity Rosemont Instruments 5 inch Y.o. P
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Oxides of nitrogen (Nnx) were measured using a TECO Model 1U0AR
Chemiluminescent M), Analyzer in the range of O to 1000 ppn. Calibration of
the analyzer was accomplished using nitrogen zero gas and span pases of the
appropriate concentrations.

Continuous monitoring of the flue gas was performed according to the
following sequence:

1. Arrived onsite, inspected condition of equi.mant.
2. Set up and leak checked conditioninz system through manifold.

3. Counacted all four analyzers to the manifold and data acquisition
system,

4, Performed 1nitial calibration of all wmonitors with zero, mid and
high span certified gases. Made any necessary adjustments on the
monitors.

5. Monitored €0, 0, COjy and NU, throughcut the flue gas testinp
miking sure to mark the strip charts noting the begruning and ena of
the test runs.

b. At the and of each run, recalibrated the monitors and noted all
values on the appropriate data sheet to deternine nonitor drift.

7. Monituring data were reduced and presented as average concentrations
and, for CC and NO,, hourly emission rates.

The continuous monitoring system inspection, installation and operation
was performed in accordance with the applicable itustrument manuals,

Flue Gas Molecular Ueigut by Inlegrsted Orsat--

The flue g&s molecular weight is required by TSCA and RCRA to be
calculated from data representing each sampling pownt in the stack. Because
the CLMS was situated for single-point monitoring, it was necessary to
calculate the molecular weight from the average of the data from the four
I-honr integrated bag samples taken during each run. During Kun 3-1, 1t was
only possible to obtain two l-hour samples duc to tne shortening of the test
run. A lung sampling systen was used to collect the integrated stack gas
sample in a Tedlar bap. This system was leak-checked before and after each
sampling run to ensure no leakage occurred during the run.

Trace GCases

The trace gas samples were collected from tne postflare stack and wers
analyzed for HCl, semivolatiles, and, more specifically from the lacter group,
PCBs and PCDD/PCDF. Carhon tetrachloride and polychlorinated biphenyls were
wntrodured into the plasma arc as separate waste matrvices duriny the two test
cstages, The capabiiityv of the plasna arc system to either dastrov or remove
the targat conpounds were measured by the wethords outlined itn this subsection.
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Volatile Organic Sanpling Train (VOST)-~

The VOST was used to collect VOCs present 1n the product flue 'ras during
the long temm endurance runs. VUG refers co those organic compounds with
boiling points less than 150°C. The method utilizes Tenax and Tenax/(harcoal

cartridies each of wvhich is preceded by a condensiny module to adsorb t.e VUCs.

The train consisted of a plass-lined probe with a glass wooul plug to
remove particulate, folliowed by an assembly of condensers and organic resin
fraps as illustrated in Figure 5-2. The first condenser cooled the gas streea
and condensed the water vapor present. The flue gas and condensed moirsture
then passed through a cartridue conrtaining 1,5 grans of Tenax resin
(60-80 mesh). _ae concdrnsate vis collected 1n the first impinger which was
continually purped by the #as streawn. The second condenser and Lrap
containing Tenax/charcoal served as a backup for low volume breakthrough
compounds, Following the second Tenax trap is a silica pwel dryung tube tor
residual moisture removal. The saupling train was operated at a tlow rate of
0.3 liters per ninute and the total cclliection volume did not exceea Z2u
standard liters.

Sample tewperature was monitored at the outlet of the sample probe and
the inlet to the Tenax cartridge using themocouples, 1lhe %48 temperature
through the probe was wmaintained above 150°C to prevent the premature
condensation of the volatile componzats. The temperatura of the gas through
the resin cartridges was mawntained at less than 20°C.

Extensive sorbent preparation and anality assurance procedures were
instituted to ensure the wntegrity of these samples. All components of the
system coming into contact with the saaples were rinsed with Dl water ana
dried in an oven at 150°C for a period of 2 hours nrior to use. The Tenax
adsorbent and glase wool packing were precleaned as described in the tality
Assurance Project Plan,

The przsampling preparations for the VOST included:
° Uashing the train and =ample containers gsing the following
séquence: soap and water, pre-extracted DD water rinse, and

methanol rinse.

° Preparing VOA vials for condensata recovery which were not solvent
rinsed but were heated 1n an oven at 110°C For 2 hours.

o Setting up a field biased blank sanpling train which was
disissembled and racovered i1n the same manner as the actual VUST

following each rur,

° Collecting methoa blanks of DI water, Tenax. and charcoal.
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The recovery activities for the VOST included:
. Removing VOST from stack and transporting roe nedrby recovery area.

° Sealing the sorheal cartridges with teflon tape and placeng them 1n
their urigiral glass culture tubes with glass wool to absorp shock.

° Measuring the volume of the condensate impinger with a preclesned
graduated cvi.nder.

. Transferriny the measured condensate volume tn 40 ml. VOA vials and
diluting to volune with DI water to decrease headspace and the
possibility of revolatilization of the compeunds.

v Further reducing reactivity by storing all sanples at 4°C,

The samples which were collected during cach VOST run consisted of «
Tenax cartridge, a Tenax/charcoal cartridge, and the product gas condensate
(captured by the min wmpinger). All samples were labeled according to their
series number, run mmber, sampling train type, samsling compunent, and
parameter to be analyzed for.

Leak checks on the sampling train were perforued before and after each
sampling run. No portion of the trains woere disassembled anid reassenbled
during a test tun, The sample train lea' chacks ar: documented on the field
test data sheet for each respective run.

Inteerated Bag Sampling for VOCs--

For the purposec of oasite analyses for the target volatile compounds
during l-hour CCls burns, an irtegrated Tedlar bag collaction method was
utilized to collect the saaples. A syringe was then used to drav a sample
from the bag and inject onto the CC/ZCD column.

The bag samples were collucted on an hourly basis and anialyzed for VOUs
onsite by GC/ECD. One bag per day was filled with prepurified ity ior use as
a field-biased blank.

1he gas bag sampluing assenbly employed is shown in Figure 5-3. It
consisted of a cleauned, evacuated icdlar bag placed waside a rigid container
that was avacnated at a known rare during the saapling period. Prior to
sanpling, Tedlar bags were purged with prepurified nitrogen and evacuated.
After the sampla was drawn, a quicz~disconnect valve atop the container scaled
the sample in the bag for dircect analysis,

Leak checks on the inteprated bap saapling train were pecforued befora
and after each aampling run. [he sample train leak checks and leakage rate
(if apnlicable) are documanted on the freld test data shest tor each
respective run.

Modified Hathod 5 (if))--

Hodified Melind 5 3ampling trains were used for tae collection of
pirticnuliLes, acuivolatilas, polychlorinated biphenvls, and polychlorinateu
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dibenzo-p~diaxins/polvchlorinated dibenzofurans {PCLL/PCUF). A schematic ot
the M5 sampling train 1s shown wn Figure 5-4.

Additionally, a field-birased blan: was set up at the site for each
paramweter (i.e., cne scaivelatile fieald blank, vne rub fieic olink) during
ecach test day. L was set up and recovercd exactly the same way as the actual
sample but without naving had sample gas flow thiough the system. ‘Inc
frald-brased blanks were treated analytically the same way 4s actual samples
and the results will providad appropriate blank correctious.

The sample train consisted of quarte plass-lined heat-tvraced water-cooled
probe with an inconel button hock nozzle and altachied thennocouple and pLtot
tube. ‘the probe was maintained at a temperature of 250°F + 25°F. After tne
probe, the gas passed through a heated glass fxbef fi1lter (heeve Angel 904 all
filter paper). Downstream of the heated f£ilte the sanple pas pussed through
a water—cooled module, then through a sorventr nodule containing approximately
25z of XAD-2 resn. The XAD module, which was ept at a temperature below
°C, is followed by a series of four lapingers. {he {1rst wplnger, Jcted as
a condrnsate 1esarvoir connect to the nutlet of the Xad nodule, and was
modificd with 2 short stem so that the sample gas dia not bubble throush tne
collected condxnsate. the first and third impingers were empty, the second
con~ained 100 mbL of DI water, and the fourth contained a known weipht of

silica gel. All counections within the train were plass or Tetlon and no
Jcnlant sreases were used. Tne impingers wete followed by a pumy, dey puas
meter, and a calibirated orifice meter.

Readings of {lue pas parameters wece recovded at every sampling poing
diring the sampling; traverse. In the event Lhat steady operdtion was not
wawntained, or there were atypical flucluations in monitored gas patanelers
(Lo, 02), the testing was stopped until thase conditirons were stabilized.
Steady operation of Lne pyrolysis unit was the responsibrlity of Fyrolysis
Systems, Inc., personncl, but Lhe flue gas parameters and composition was
munitored by GCA. Any changes were noted and relayed to ¢sl personnel so Shat
appropriate action could be taken.

Samplinz was conducted while tiavcrsang the MM5 train across tne two
diameters shown in Fignre 5~5. The stack satisfied the % and 2 craiteria tor a
miniqum numher of sampling points awd a twelve point tesc was selected for
tnese runs.,

Priorc to sampling, all pas-contacting coapcrents of the train were washed
with alconox sad water, thoroughly rinced with Ui water, and oven driea at
110°C 1tor at least L hour. Immediately prior t¢ use, the (imponents were
rinsed with hexane. At cach test puint within the stack, all necessary Lrain
paraacters vere weasured. All field data sheess are mmcluded 1n the dppendin,

.leak checks on the M) sampling Lrawn were perfomed batore and atter
each sampling run.  The sample train leah checes and leakage rate
(1f applicanle) were documented on Lhe field test data snecl tor cach
tespeclive run.
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Following conpletion of each test run, the Mi13 trains were transperted to
the onsiLe trailer for recovery. Recovery procedures diftered depending oa
whethaer the 4-~hour MM5 samples were to be analyzed for Prbu/PCLLE and PU3s or
semivolaniles. The PCDD/PCDF and PUB train was analyeed solely lor those
parameters and not for particulate emissions. The recovery proceduraes
outlined in the Quality Assurance Project Plan were followed.

Because the particulate catch from the MM5 trauns intended tor
semivolatile GC/MS analyses were to be first used ta detzrmine particulare
vmission rates, 2 slightly wore involved recovery procedure was required. Tre
recovery technique was conducted on those 4-hour M5 runs nnt i1ntended for
PCOD/ FCOF analyses, The procedure {ollowed during this recovery was as
outlined in the Quality Assurance Project Plan.

After the total particulate catch was deteruinad, the acetone rinsc
tesidun was rearssolved in hexane and che organic analyses proceeded as
described 1n the danalyrical section of this report.

Filters {or all modified Method 5 Lrains were Lare—weighed prior to use
for the detemmination of particulate loading. These filters were then placed
in sealed glass contatners Lor shipment to the test site.

Sorbent resins used in MMS sampling trains require extensive preparation
and qnality assurance nessures prior to use i1n the field to eliminate the
possibilitv of sample bias due to sorbent contamination. The XAh=Z resin used
in this sample train was obtained from Supelco, lnc. The resin was precleaned
by soxhlet extraction using the sequence outlined wn the Lirl-KTP Procedures
Manual: Level 1 Environmental Assessment as dascribad wn the Quality
Assurance Project Plan., The MAD=2 resin used 1n the MMS trawn for I'COU/ PCUF
collaction was soxhlet extracted overnight 1n toluene 1n addition to the
sagquence ontlined in the 1ERL-RIP Level | assessmert pro~edure.

Giseous HCl--

Sampling was conducted at the postflate sampling location to guantuity HCL
emissions during ecach stage of this test program. 1he method used 1n
collrcting the gascous HCl was the Texas Air control Board (I'ACB) method with
deionizaed water in the first two impingers as tne absorbing solutions.

The ssmpluin,; train ts shown in Figure 3-6. 1t consists of a probe .irer,
an impunger train with DI H20 and silica gel, = punp, a dry pas meter, and a
manemeter. Chloride was determined onsite colorimetrically during the CCl,
burns. After the 4 hour /’C8 endurance burns, the samples were Lransparied
back to LCA for analvsis.

Leak chaecks on tiv RUL sampling train were congucted bofore and after
ecach sampling run. The sample train leak checks ana leikage rate
(it nnp}lcablﬂ) ara docunwented on the field test data sheet for each
reapactive ran,
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Motstuie (11)0)--

Molsture ta the postflar. stack xas was detenmines ny imginzer wirLght
gain from the beyinniug of the test run to the ¢nd. ia “huis uethod, tnitiral
and final weizhrs of the wapinzers are obtained by waighing on a balance
accurate to 0.1 gram.

Tewperatures and Flow Rates——

buring the 1 hour CCl, test runs, a pressure traus@icer and
thermocouple were used ro contuinuously monitor stack zas velocucy and
temperatures at the postilare location. Mounitorieg the preflare location was
attempted during the first CCl;, burn but was aborted following several
hydroaen flarabacks in the preflace pipe as well as cipzzienciny, heavy carbon
pluaging of the pitot tube.

Flow rates and temperdatures durung the 4 nour PCB eadurance test runs
were measurad during the MMS sanpling when vilerity and remperatute readings
uere recorded at each sampling noint. The semivolat:ile saupling train
medsurrments were used 1n calculating the pollutant wmismion rates during the
run. The {low rates calculated {rom thess measurements were in close
auraement (<5 percent differeace) with those {low rates measured with the
PCDO/ PCDF sampling prode burrowed from the Cntario Ministry of the Lavironaant.



SLCIIUuN 6
AHALY TLCAL MeThOULS
The :ollowing section delinaates tie analytical protocols wnich were used

t n
to analyzc samples 1n the field as well gas the GLA LiDuralory. o5 discussed
1n eariticr sections, the following prucess streaass were simpled:

® Viaste Feed

° Keactor liearth Ash

° Spent Scrubber Water
° Postflare Yroduct Gas

WASTE FLUD AND SCRUBBLR WATLLR

Volatile Orivanite Compounds

eld zamples for VOA analysis were collacted 1n duphicite. Naste fYouod
sarles woere arcmived.  Analyses of aqueous Lampies were conductoeg using
conventaonal puige and crap GC/HS prucedures 1n accordance witan LPa
tiothod 624, Suirogate spikes consisting of dy~tolucne,
dg=1,2-aichlorovthane, and bromofluorobencene, were added to all Sauples as
described 1n Section 9 of the Quality Ass-rance Project Flan. Analyses were
conaucted usiny o Fianipan O4A computerizea gas chromatograph/mass
spectrometer.  Priority potlutants were identiized by computer v uten ot
retention times and spectra of standaras determined un tnat day.

The wdentification of addit:onal compounds detected by the Lu-H5 systom
were determined using a coupuler scarch of the NbS/LUa/hih Library Lo provige
tentative spectral matehes.  [hese, as veli as unknown speclrd, were reviewed
for major peraks and frapmentation patterns.  “urlher laentilical 1oas were faed 02
by tiw uperator and verified by comparicon of avairlable reterence SLeLlrd
(IBS/LPA/RIN linrary) to the baciaround corrected component specLra,
(ouonent conconterdations were caleulatad relative to *he elosest eluting
ternal standards. ALL vilues vepresent approdimations dee to Inherei t
variabalities in cowmnouent _isponse factins am Lrne dbsence of reterence
saterials.



lThe following steps were taken to datect contaminalion introducod n
sample handling or analysis:

1. Analysis of
ana carried
analyzed.

field bizsed hlanks~~Deionized water taken to the tielid
through the storape and analysis proceaures were

2. Daily analysis of method blanks--2A sample of celonized water was
analvzed. This detects contumination introduced vy the purge pas or
the tubing in front of the trap.

3. After analysis of a high (5200 ppb) level sample, a blank of
deronized waler was analyzea to ensure that contamination of

subsequent sauples by carryover had not occurred.

Scmivolatile Orpanic Compounds

Aqurous samples collected for semivolatile organic compound determination
were analyzed in accordance with EPA Method 625. durropgate compounds werve
added tn the samples and then sceriallv extracted with methylene chloride at a
pH greater than LU and zeawn at pd less than 2, uswng a separatory funnel.

The methvlene chloride extract is dried and subsequently conceatrated Lo g
volurme of 1 to ! mL. The concantrated extract 1s then analyzed by pos
chromatographv/mass spectrometry. Particulate matter was separated trom
aquecus samples via {iltration and subsequently eatracted with 3 soxhtet
auparatus using wethylene chloride. The estiact was then subjocied to
concentration and GC/uS analysis as described for aqueous aliquots.

POSTFLARL STACK CAS

Modified dMethod 5 (for Seruvelatile Organics)~--

Metnod 5 Lrain samples were analyzed oy GCA for semivolatile OrLali
compounds. Each trawn, as noted carlier, produced fou: types of sauples:
1) part:icalate collected on a filier; 2) probe riases; 3) Mab sorbent samples,
and 4) 1mpinger/condensates. Figure 6-1 shows the analytical flow scheme.

The recovered {ilters and probe rinses were prepared Lor gravamelric
analysis. Once particulate woiplts were recorded, catcnes and frobe rinses
were combined with the appropriate XAl sample and extracted. Three samp les
were extracted composited and analyzed (rom each MM5 Irain:

° impinger waters and condensate,
° probe rinse (front halt) and filter,
° back half rinses aud xab adsorbent.

the latter two sazples were surtogate-spiked with dS-HLLrobonzenu,
2-{luorobiphenyl, dig-terphenyl, dgplenol, 2-{luntuphenal, and
4,3,6~tribromophenol, and tnen soxhlet-extracted tor a period uf 24-hours in

methylene chloride.
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Impinper water and condensate sauples were extracted three Cimes with
methylene chloride. The extracts were then dried over sodiua sulfate coubined
with the XAD/filter extract and concentrated via Kudarna Danish apparatus to
1.0 mL.

The combined extract was scanned for semivolatile organics, using
capillary column gas chromatography/mass spectrometry (UU/MS) and the internal
standards. All cowpnnent spectra were collected in the total ion mode. GU/MS
instrument operating conditions are listed in Table 7-8 o! the Quality
Assiurance Project Plan. Identification of peaks in the toral i1on current
profile (TICP) was made usiay reteation times and spectral matches to
standards. Additional compounds were identified using a forward search of the
N3S Library of Mass Spectral Data supplemented by manual comparison of
component spectra with the library-derived spectra.

Chlorides--

Saaples for chloride analyses were p.z2pared by ipnition in an oxygen
atmosphere in a Parr bomb. Residues were collected and analyzed using a
Technicon AntoAnalyzer IL according to the protocol set forth in Method 325.2
(Metheds for Chemical Analysis of Water and Wastes).
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SECTION 7

QUALITY ASSURANCE/QUALITY CONTROL

INTRODUCTLON

Quality Assurance/Quality Control (QA/YC) protocols followed 1n this
program were based upon routine sampling and analycical nracriccs and the
revised Quality Assurance Project Plan (QAPP) enticled Performaqce Testing of
the Pyrolysis Systems, Inc. Plasma Pyrolysis Unit, submitted for this program
on February 4, 1985. Tnis Quality Assurance section will detail areas where
changes in iaboratory and/or field proceduras were made. In order to
facilitate tuview of pertinent QC data, this section will roughly follow the
outline of the QAPP.

PROJECT DESCRTPTLON

Stage II Tests

Preflare product gas was not sampled for CCl,, HCl, or wmomitored for
velocity and temperature. The high carbon and moisture content af the gas
stream were not conducive to such weisurements. A pitet tube/pressure
transducer and thermocouple were mounted 1n the sample port but were removed
because hydrogen flarebacks craated a hazard at the preflare sampluing
location. The hydrogen f£larebacks were essuantiglly 1ipnition of rhe pretlare
product gas from the flarchead back to the I.D fan within the trailer,
resulting in a2 minor explosion inside the fan. No further testing was
atrempted at this location. tHowever, the ports were periodically used for
obtaining carbon samples, between runs.

The availability of reactor ash after test runs was limited due to the
lengthiness of the cool gown period and the Jdifficulty associated in obtaining
the sample. This necessitated the removal of plasma torch, the waste feed
ring, coolant flanpe, and graphite core.

Stage 1IL Tests

Two test series (2 and 3) were scheduled for the Staze LLL level of
testing involving the destruction of PCB containiag liquid waste feed. ln the
effort Lo complete Staga 1l Test Series 1 and Stage LII Tast Series 2 1n
Februarv 1985, funding was depleted cue to the leapth of time the crew was
raquived to be onsite. Thes2 delays were caused by eyuipment problems withia
the pyrolysis system, oves which, largaly, cduld not have been foreseen prior
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to actual test attempts on the diffvreat waste {reds. Stage Il testing was
completed after several attempts. Stage LIL Test Series 2 underwent sevaral
attempts in Februarv and March, 1985 at completing a siugle test run but tne
efforts wire unsuccessful after repeated pyrolysis system equipaent probloms.
Testing was suspended until the equipment problems could be corrected. [t was
decided that a local test company would conduct Lhe Stage LLL Test Series !
tasting o1 an "on call" basis. This testing was completad 1in January LlYbo.

GCA was contracted to conduct the Stage 11T lest Series 3 PCb endurance
tests in 1985, which were to be a minimum of & nours wn duration. [he farstc
burn attenpt lasted only 115 minutes. 1t was decided at that pownt vy NYSULU
and PSI that shorter test burns would be necessary because 1L was questionanle
as to wnether the system would stay online for the duration of a full o-hour
tesr. Ratnar than risk another aborted run, the sampling Lime was shorteued
Lo il minutes (4 hours). Two successl(ul test burns were then conaucted,
finishinge Stage III lest Scries 3 and GCa's involvement in thase IIL
activities. Stage IV testing, as described in the QAPY, was cuancelled.

PROJECT ORGANLZATLON AND khoPOWSIBLLITILS

During the course of this prograw, threc wdjor changes were made in GLA's
project and quatity assurance organization. Mr. Paul Exner replaced
Pr. Pzul Fennelly as Progr-m Manager. Ms. Joan Schlosstein replaced
Ms. Andrea Cutter as Analytical QC Coordinator, and Mr. Howard Schiff replaced
Mr. Rict.ard Graziano as Measurements QC Coordinator.

PRECISION, ACCURALY, COMPLETLNESS, RLPRESLNTATIVERMSS AND COMPARABLLLTY

During the 4-houur PLE  durance tests, the contrauous emission wenitors
and orsat gas analyses were Lhe only measurements made onsite. Precision
estimates could not be made on these measureacnts with any consistency bliiduse
there were so few data points. Ouly two compiete test runs were conducted and
these tor only four hours. Accuracy estiwmiates of the Chils were not rade due
to no provision being made for audit gas cylinders under this program. A
summary of measurcment precision, accuracy, «und completeness gozals and
accomplishrents 1s shown 1n Table 7-l. The iourly orsat data for Kuns 3-=2 and
3-3 did vield Oy mean concentrations of 14.G and 15.3 percent, respectively,
and CO, rmean concentrations of 5.1 and 4.3 percent, respectively. Standard
aceviations for hourly 0y teadinys were 1.04 and U.15 percent for Lthe wwo
runs. COp concentrations yielded standard devialions of U.b% and U.38 tor
the two runs. The true precision of the measuremears cannot be estimated due
to there being only four hourly measuremciis viade per Tun aud no simultancous
measurements made.

Since wnsufficient sample voluma was available for replicace aliquots in
most cases, analytical precision could not be determined. analytical accuracy
was determined through the analysis of EPA Environwental tionitoring and
Support Laboratary (LMSL) Quality Countrol Samples aud the analysis of witirx
and surrogate spiked sauple aliquots. Results of tnese anaiyses trohen down
by parameter are presented 1n Tavles 7-2 Lnrouph 7-0 ane¢ .2 discussed velow.
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TABLE 7-1. SUMMaRY OF CEM PRCCISION, ACCURACY, AMND COMPLETENESS

Precision Accuracy Completeness
Mrasarement  memeeeeeee e e
{paramcter) Goal (%) Actuald Goal{%) Actualb Goal (%) Actual (%)&
O<vpen <0.5 (v/v) NA 15 ND 95 93
(1S4 802)
Carbon Dioxide <0.5 (v/v) NA 15 ND 95 99

{Horiba PIR 2000)

Carbon Monoxide <2.5 {v/v) NA 15 ND 95 99
(Horiba PIR 20u0)

Oxides of Nitrogen 10 RSD NA L5 ND 925 99
(TELO 10\)

Oxvgen 0.6 (v/v) NA 3.0 ND 95 100
(EPA Method 3)

Carbon Dioxide 0.6 (v/v) NA 3.0 ND 95 100
(LPA Metnod 3) ‘

e e crovem TI= =T SASTT I ~—ermes AT e S [ L L X W M e pomm e,

APrecision estimates could wot be determined from oenly two complete test runs (four data
points).
“No audit gas cylinders were provided [or this program. Original sco e of program changad
gas cy P p 8 p prog 8
preatly =~ only two complete test runs.
€5is minutes of CEM data were lost durcng Run 3-3 due to purging of condensate fron the sample
line.



TawLE 7-2,

ANALYS1S OF A LABORATORY CUKTROL
SAMPLE FOR CHLURLOLE

Evpocted Recovered Percent
QC sample (mg/L) CGap/i) recovery
wi-382-1 8.h2 Y. s lud
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TABLE 7-3.

AGALYS IS OF A MATRIN SPIKE INTO SCHUBBER WATER

FOR VOLATLLE ORGANICS

Percent Q& Ubjective
Compound Concentration (Lg/LJ recovery (Purcent Recovery)
Lxpected Recovered
1, i-Dichloroethene 50 52 lug oU-180
Trichlorcethene 50 43 86 50-140
Chlorobersene 50 45 90 vu-140
Toluene 50 44 88 oU-lay
Benzen 50 49 ug v-15u

i
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TABLL 7-7. ANALYSIS OF A SURROGALE SPinf 1N:0
SCRUBBLR WATER FOR VOLALILE OURGANLICS

Compound Parcont Recovery QA Db)ectrve
Run 2 Run 3 Avzrage (Percent Recuvery)

Toluene-u8 9o 99y Yo none

Bromotluorobenzene 121 Uy 115

1,2-Dichloroethane=D4 Yo 116 1u6



TABLE 7-3.  ANALY3JS OF SEMIVOLANLLE ORUATIC HATKRLR
SPLEXELD COMIVUNDS (PERCLALT RidalRRIES)

B L i TR R L PR o o L B

Compouna Filtriate Water Filte: Az QA Db jectives
1,2,4=-Trichlorobenzone Y1 91 S Z0-110
Acenaphrhe Luo Yo By Ju-tau
2, 4-tnartrotoluen= 114 1l ob 2u-yu
Py rane 12y lyy 71 Su-1uw
N-nitrosodi~n~propylunine U3 Y3 lo wU=-14U
1, 6-Dichlurovenzene 92 Yy 73 20-11u
Pentachlorophenol 74 8u 51 1-114a
Phenol 34 75 38 20-40
2-Cnlorophenol (L 80 44 20-110
4~Chloro-3-methylphenol (114 73 49 2u-110
fi-Nitrophenol 29 p1Y) J8 10-12y
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TABLE 7-0.  AALYSLS OF SLMIVULALLILL ORGAVIC SURRUGAEL SPIRKRY
COMAULEDS LN SAMPLE ALIQUOTS

- el et tmmamas s ooa s o ocerm oo o e e booe e

Sagple 1D Percent Kecosery
- Nltrobensene  a-llusto- Jetthienyl  Foenel  I=ituore-  2,4,0G fit-
-y biphenyl HEY phcuol Bromu-
phenol
Serubber Water 81 99 96 57 25 83
Methoa Blank
Scrupber Water 78 98 79 49 21 96
Matilx Splke
Huu 1 Scrubber 71 104 63 81 31 78
Waiel
Kua 2 Scrullnr 29 104 58 80 50 86
Water
Kun 3 Scrubler 64 102 50 49 50 B!
Lb/hilte: bBlank 133 157 104 158 41 85
RAD Matrtx wplhe 130 154 93 142 69 116
Kuo } =5 Blurk 128 147 95 144 68 B9
¥un 1 M-S 129 lod 82 99 k V] 164
Run 2 =5 Bluank 138 15% 97 162 40 H/
Kun 2 M-5 137 169 08 o% 10+ 147
Rua 3 M-5 Blaunk 102 150 49 125 13 112
Run 3 1-5 131 147 a1 i A 96
A Ubjective s 41-120 %~119 39-128 10-110 10-130 nune
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Coupleteness, d-ofined as the parcentaze of all moasurements whase results
ara judged vaird, was astwmatad to have achieved the goal of Y5 prrcent.
Wherever possible, reference methods and standard simpluing precestres ware
us2d as stated in the QA Plan to easure comparability with otner
reprasentative measurements made by GCA or anothur organization.

SAMZLING PROCEDURES

Semivalat ila, PCBD/ PCUF Trains

Saverat auality control probleas nceurrad during the sampling proyran
conducted in February 1986, These problems consicted of nonisoxinetic
saupling, pitot tube and sampling train leak chocks, configuration of taoe
ICud/PLUF train probe tip, and the existence of blockige within the stack due
to the sinultancons sasplung requirements of tne program.

Surultaneous saupling of a small area (i.2., a lo-inch diamerer stack)
with two J-inch diameter water-cooled sampling probes, would lead to flow
Plockage at the sampling plane. This blockage causes a groater velocity of
the [lue gas passing the pitot tubes and sample nozzie than would be measured
using: smaller diametar probes or a single probe. The effect of the blockage
on thn velocity readings bv each individual train could not Se ascertained.
However, the affect or rach train would be wzqual as the velocilies were in
close axraemsnt. For example, doviay Run 3-3, the velocity and flow rate
measured by the semivolatile trasn wvas 3,843 {c/un and 1, 2064 LcJ/mxu,
respectively. 7The same measurcaents taken by the PCID/PCOF train were
31,797 ft/min and 1,234 {tjlmxn. respectively.  lhe coancerns regirding the
possibility of flow blockage were presented to Lra and dew York bHtate
tecinival personnel rrior, to the comwencement of Stage UL testing. ‘they
concurred thar alehouh [low blockage may extst within the stso~, the
operational and time coastraints of the program were such that siseiceneous
saupling for semivolarile and chlorinared organtes (PCUD/PLUF) as Hecessary .

The pitot tube hrad of the PCDO/PCDF probe was positionad approcimately
< 1nchrns behind the guartz saanle nczzle dus to the leagth ot Lo inte,ral
quarlz probe liner suppiied with the probe. The method calls lor close
aligrnent of the pient tips and smpling nozzie. Ko other configuratinn o}
tha p-obe was possible without axtensive modifications of the probe and
sampl-ng bot bhox. This misalignient usually would have an affecr on the
isnkinetic samoling z2s the velocity at the pilot ‘head would net necossartly ba
tee same as the veleciv at the sample nnzzle. However, the velecity profile
of the stack was fairly flat across each line of Lraverse with very lirtle
variation betweon che points. Therefore, the eflect of the misaitment on
tsokinntic sampling wis not as great ag if the veiocity profile was skewed ot
arratic.

AL supling teaan aad vitot tuhe letk checks wore conducted prior to,
nd un the conplatinn of each run.  The lcak rate Lumii for the sampling train
nf -0, 02 ctm was ant Far oLl russ conducted.  tHowaver, the leak check on the
FCUD, PCuF sample train frliovwing Rua 3-2 was conducled from the frunt-hal! ot
rhe fulter, because the guartz nozzle was thermally the most weakeued At two
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or thrze points approgimitely J inches back from the ¥9° bend. After cooling
and an attempted leak check, this portion broke off coacpletely and fell to tue
ground. The noczle was uot riased wnto the sanple caszainsr because ot tne
pnssible coutanination of the sample [rom carbon depesits on the ;round. [he
probe section was recoversd. Ihe train 'eak check wae then conducted froa the
front ot the filter holder. It is assumed that Lhe breakase occurred because
of: 1) burntirough of the liner oceonrred witinin Uik stack due LO Lhe
extrerely niyh temperatures, and 2) upon et iay Uge arebe lrom Line stach,
the nozzle cracked through [rom thermal shock resultyiy frum the very cold
anhient temperatures. The amount of purticulate matter lost 1n the nozzle was
deterinad to be negligible dun to the very low s rata loadiw within the tlue

nas.,

The post=run PCLD/PLDF train pitot tune leak cheek for Rua J=2 tailed to
et the leak rate requiresents on the inpact side of the pitor. The high
ALACK tunmperature caused a burnthrouzh in the probe, r1acluding the quartz
itne~ and pitot tubes. [t 13 assumed that chis burnthrougsh occutcea dJuriuy
thz final half-hour of the run when temparatures were highest. Theoretically,
the test ran should be vooded., lowever, the velocity head wedsurad by toth
trains were in fairly close ajzreencnt (V.36 10, U0 for the seawvolacile
train and 0.37 iu. Hp0 for the PCUD/PCDF trairn during dun 3=2). It 1t ts
assuned that the burathrough occurred 1o the final minutes of the test run,
the affect on overall veleocity measurements would be ainimal.

Thirre was a problem with nonisokinetic saapling of the flue pas duriug
Test Runs J-1 and 3-2 (semivolatile train) and Runs 23-2 aad J-3 (rPChu/ron
train). A test run is valwd and no coreectinon or invatlidation 15 reguired
when the isokinetic ratio ia bztwean 0,90 a+d 1L JU. bue to the variapiiity ot
the wasts Euad and rasnltant product pas conctituants, the”stack tenperatures
after the {lare varied widely. lhe operators apparently were unaple to keep
up with the tempriature chanues when satting thowr nosographi.  The
nontdokinetirs of the Lavolved saaplinp runs afiacts only the collertion ot
particulate matter and do2s not aff=ct the collection of corpounds 1n rhe
vapor state. Vapor srate material 1s only a{facted by concentration
stratification across the sanspling plane which is alleviated by rultiporut
saapluing across that plane. Parriculate coneencratians and emission rates can
b corrected for a nomsokin-tic condition by multiplying these values by the
isokinetic ratio. This reaults in o value that woula bave baen obrainad, had
thi: saaple hean obtained isokinetically. This correctina is ,;ives in
Table 7-7.

FABLE 7-7. PARIICULATE MATTER *M185i0'S CORRLL!LON

Kun 3-1 Run -0 Kun 3-3
Lb/hr concentration 0.0952 U. 03006 L. U3
IsokinetiLz ratio 0.819v t. 11?2 L.u¥3
Lh/hr, correcieg 0.0740 V. Lau? U.udas




As e¢4n be gean by the above corrections, tne change in emigsion rstes 18
nepligible and does not arfect the data appreciably.

V9ST, HCl, Figed Cases

lio problems were experianced when s.ampling for volatile or-anies (VU3T),
HCl, fixed pases (LPA M), or fixed gases (CtMg). During kun J=3, however,
approcimately 6 minufea of LkM data was lost when coadensate built up 10 Lhe
sample line and required purging.

_(I_!\_lr:r tdes

Quality control procedures for chlorides includad the analysis of
laboratory coatrol samples and fueld blanks.

Pracision was not measur=d. Accuracy, measured as the percent recovery
of laboratury contcal sampl:s was eatimated at 108 percent. Theee results dre
prisented in Tablc 7-2. Ho precision or accuracy ipoals were astablirhed for
chloride analysis.

Volatile and Semivolatile Oruanics

Qualits control prozedurzs for velatil: and semivolatile organwes
determinations included the analysis of matrix and surrepate spiked sample
aliquots., Results of chese analyses, ured ds an indication of accuracy, .are
pragentad wn Tibles 7=3 thraugh 7-6. A objectivas are presented alongstde
ecperoaentsl valuea for coapariaon.  Complzteness adjecrivaes ol Y55 were
achieved,

Deviatians Frow Q4 'lan

In au effcrt to cut progran coste, precision of anaiytical measurenents
tnroigh ¢ e analysia of rep.icote saaple aliquots was ot perfarned.
Rocovaries of surinzare spiked coupouncs did not mest QA objectives iu all
cases.

SAMPLE CUSTODY

Camnla Cnain-of~Custodv was waintawned tzongtout the pre . thel
proceduraa 4re described 10 ection I ool the Quality A-se set Mlan
arepared for thid progrua. i should be noted e L th pust=tiaze stanlk o
volatile orsintce wamples ware allowed to becore wora duri . shaipwene, [
sddition, rhe halding Lines for thrse gutnlas were axcae oed, These jaaples
wore ant anzigzed as the reetits could bave becn deemea coroncous anu
wnaupsarLable.

CALILRATION PROLEDUREYS Al FROUENLY

Calihration procedurns degserihed 1a Section b of the Q4 Plan s 210
toil .ved curina th.a gasplin pro, ram.



AdALYTLICAL PROCEDLRrS

Analvtical procedures sumnarized 1a Table 7-2 of the QA Plan were
followad durinyg this program. Several comments on the QA Plan were made in
the Fabruary 21, 1934, EPA mamo from Charles Porfert, Deputy Quality Assurznce
Officer, regarding analytical procedures {comuents 1, 2, and 3). Comment 1
reguested information on QA objectives for pr2cision, accuracy, and
completeness. The analytical QC methods used are described in Section Y of
the QA Plan; pnrcent recovery objectives are given 1n Table 3-1 of Sccrion J;
and detection limits are not required. Comment 2 rerarded certawn LPA
analytical methods which shoula be usec (or analysis of sediment samples.
Comrent 3 requested the use of LF.A Mcthod 148 for hardness, However, LA did
not have the reasents necessary to porform this procedure aud, in order noi to
delay the program, Method 3144 was used.

DATA REDUCTLON, VALTDATION, AND REPORTING

Data reduction, validation, and reporting procedures described in
Saction 8 of the QA Plan were followed during this program.

INTERNAL QUALITY CONTROL ChkCKS§

[hnternal QC procedures described in Section 9 of the Q& Plan were
follownad during this prosran, with the exceptian of duplicate sample analyses
which were not perfomed.

PERFORMANCE AD SYSILM AUDLTS

AnalyLical parforance was audited through the ase of internal qualicy
control checks described 1n Section Y of the QA Plan.  In addition, the
Liboratory participated in EPA wWater Pollution (WP) Stuay Ulo and water supply
(Ws) Srudy 013 during tle period of pearformance of this work. ‘The results of
these anilyses, far compcunds pertinent te this test program, can be found in
Appendix B. No system audit was conducted during the period of performance or
this worx,

PREVENTIVE MAINTENANCE

Praventive mawntenance procedures dencribed 1n Section 11 of the Qa Plan
were followad during this pregrim.

ASSLSSMINT OF PRI CLISION, ACCUMACY AND COMPLLTLNESS
analvtical precision wars not reported. Accuracy assessments were bascd
on tha results of analyses o EPd Standard K- ference Matzrials and of macruix

spiked samjles and reported in terns ot percrnt recovery which was calculiatea
as shown below:

Measured Vatoeo
Porcaat Recovery = 10U (J—T:—_ij——“—
e dlue
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The following fonnula was used to estimate completensss:

Vv
C= IUU(_I_)

where: C = Percent completerness,

Vv

']

Nusber of measurements judged valid, aad

Total number of measurements.

=]
n

CORKRECTIVE ACTION

There were no Corrective Action Reque<t fornms initiated in repard to thas
program.
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