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GLOSSARY OFF TERMS AND SYMBOLS

Unless otherwise slated, all terms and symbols used in this
report are as defined below,

Chemical symbols other than those listed below are defined
in standard chemical texts.

ALPHABETIC

AFB Air Force Base

AFIC Air Force Logistics Command

AF-MJL Air Force-Marquardt Jet Laboratory

ATL Aero Thermo Laboratory

Cal calories

cc cubic centimeters

(Cl1) monatomic chlorine

cm centimeter

dbA decibels -~ "A", weighted octave band

dbC decibels - "C", weighted octave band

DGF dry gas fraction

EHL(K) USAF Environmental Health Laboratory, Kelly
AFB

EIIL(M) USAF Environmental Health Laboratory,
McClellan AFB

EPA Environmental Protection Agency

F/A fuel/air mass ratio

FSN Federal Stock Number

ft/sec fect per second

gal gallon

g gram

GNo gaseous nitrogen

gpnm gallons per minute

gr/sct grains per standard cubic foot corrected to
12% carbon dioxide

Hc hydrocarbons

Hg mercury

hp horsepover

ID inside diamecter

JP-4 jet engine fuel grade

Kg kilogram

1 liter

1lbs pounds

m meter

mg milligram

mg/kg milligram per kilogram

mg/1 milligrams per liter

min minute

ml milliliters

mm millimeters

mph miles per hour

MSA Mine Safety Appliances
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GLOSSARY OF TKFRMS AND SYMBOLS (Cont'd)

"Orange" lerbicide

P/N
ppm

pps
psid

psig

RPE

5 Or <&
SAAMA

sample codes
SSW

STP

SUE®

TBC
TC

TCavG

TCDD

TCTHEO
TMC
USAF
vs

W
WCTS

x
NUMERIC
2,4-D

2,4,5-T
40 CFR 76

molccular weight

not applicable -

sodium hydroxide

normal butyl

none detected

not evaluated

number

nitrogen oxides (NO and NO2)

ratio of applicd NaOH to theoretical amount
of NaOl required

A chlorinated-phenoxy hydrocarbon herbicide
procured by the USAF to contain, by volume,
50% (- 1.5%) 2,4-D and 50% (+ 1.5%) 2,4,5-T

part number

parts per million by volume in gases, parts
per million by weight in liquids

pounds per second

pressure differential, pounds per square inch
delta

pounds per square inch gauge

relative pyrolysis efficiency

standard deviation of sample population

San Antonio Air Materiel Area

See Appendix C

spent scrubber water

standard temperature (700F) and pressure
(29.92 inches 1g)

"Sudden Expansion” Burner, Registered Trade
Mark, The Marquardt Company

total burn composite

thermocouple - subscript number denotes
location

average of theoretical combustion temperature
(TCTiEQ) and reading of TCs;

2,3,7,8-tetrachlorodibhenzo-p=-dioxin

theoretical temperature of combustion

The Marquardt Company

United States Air Force

versus

mass flow rate in pounds per second

West Coast Technical Service, Inc. of Cerritos,
California

mean or average value of samples

normal butyl 2,4-dichlorophenoxyacetate
normal butyl 2,4,5~ trichlorophenoxyacetate
Code of Federal Regulations, Title 40, Part 76
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GLOSSARY OF TERMS AND SYMBOLS (Cont'd)

GREFK

AP pressure differential in pounds per square
inch

M micro or micron

ug microgram

ng/1 microgram per liter

ul microliter

M1/1 microliter per liter

tmho/cm micro mho/centimecter

SYMBOLS

oC degrees Centigrade

OF degrees Fahrenheit

OR degrees Rankine

< less than

= less or equal to

> greater than

z greater or equal to

Y/ pounds

" inches

~ approximately equal to

% percent

SUBSCRIPTS

a air

f fuel

c caustic solution

w water
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1.0 SUMMARY

This report describes a program conducted jointly by the
United States Air Force and The Marquardt Company to investigate
the destruction of "Orange'" ilerbicide by incincration in a com-
mercial incineration system., DParticular emphasis was placed on
the destruction of ppm quantities (11-16 mg/kg) of 2,3,7,8-
tetrachlorodibenzo-p-dioxin present in the herbicide., Other
objectives werc to obtain cngincering data relative to control-
ling and monitoring the incincration process, to cvaluate noise
produced by the incincration systcm, to cvaluate long term cffects
of "Orange" Herbicide combustion on incinerator materials, to
evaluate the cffectiveness of proposed drum clcaning operations,
and to access the toxicity of scrubber water and scrubbed gas ef-
fluents to several aquatic organisms and plants, respectively.

The program was conducted at the Air Force-Marquardt Jet
laboratory, Van Nuys, California between 8 October 1973 and
21 December 1973 utilizing a Marquardt incineration system. A
total of 30.5 hours of burn time on undiluted "Orange" Herbicide
fuel was accumulated during eight rccord burn periods. Average
combustion temperatures varied from 2273°F to 27729F, "Orange"
Herbicide destruction rates rag&cd from 0.123 to 0,185 pps, and
excess air ranged from 34 to 89%. In addition, 7.1 hours of burn
time was accumulated during which drum rinse solutions of "Orange"
Herbicide and JP-4 were incinerated.

Extensive sampling and analyses were conducted to quantitate
the constituents of the unscrubbed combustion gases, the liquid
used to cool and scrub the combustion gases, scrubbed effluent
gases, drum cleaning samples, and any solid residues deposited in
the system. Samples were analyzed by mass spectroscopy, flame
ionization gas chromatography, and atomic absorption. Process
system parameters and noise data were observed and recorded.

No significant problems were encountered in the storage,
transfer, steady state or transient combustion of "Orange" Herbi-
cide. Likewise, no significant problems were encountered in the
structural integrity (safety) or deterioration of the incinerator
or related process flow systems. Problems due to high viscosity
of the "Orange" Herbicide were remedied by preheating to 95°F (+ 5).

Test data demonstrated that the "Orange" Herbicide was effec-
tively and safely destroycd by incineration; no herbicide feed com-
pounds were found (within the limits of dctectability) in any com-
bustion gas, scrubbed effluent gas, spent scrubber water or combus-
tion chamber deposit sample resulting from incinerator operation
(four test burns) while using slot type fuel injection nozzles.
Likewise, no herbicide feed compounds were found in samples result-
ing from incincration operations (four test burns) while using a
central poppet type fuel nozzle except for one combustion chamber
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deposit sample and one spent scrubber water sample., This anomaly
was attributed to the characteristics orf poppet nozzle fucl injec-
tion. From sample analyses data, conclusions were made regarding
possible undetectable discharge mass rates of herbicide constituents,
effluent biological impact, formation of pyrolyzates and hydroly-
zates, and possible criteria for drum cleaning operations. Criteria
were also established regarding incinerator noise generation and
incinerator process system functions.



2.0 INTRODUCTION

2.1 Program History

The United States Air Force is investigating the dis-
posal of excess "Orange' llerbicide by incineration. Two bench
scale incineration studies and a previous Marquardt small scale
pilot study have provided basic understandings of the "Orange”
Merbicide incineration pfogf§§ g'd have shown incineration to be a
feasible disposal method 1 ( The current program was initiatced
to ohtain data on the herbicide's destruction in a commercial incin-
erator as required for evaluation and usc in an cnvironmental state-
ment .

2.2 Description of "Orunge" llerbicide

"Orange" Herbicide is a chlorinated phenoxy hydrocarbon
compound procured under specifications to contain 50% (+ 1.5%) by
volure of normal butyl 2,4-dichlorophcnoxyacetate (2,4-D) and 50%
(+ 1.5%) by volume of normal butyl 2,4,5-trichlerophenoxyacctate
(2,4,5-T). The herbicide "Orange II" was procurced under the same
specilications except that isc-octyl 2,4,5-trichlorophenoxyacctate
(10 2,4,5-T) was substituted for normal butyl 2,4,5-T. The subject
program was conductcd cxclusively with "Orange" llerbicide.

Both "Orange" and "Orange II" llerbicides contain trace
amounts of a toxic contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). The Air Force has analyzed its "Orange" llerbicide stocks
and found TCDD concentrations ranging from <0.05 to 47.0 mg/kg.
Statistical evaluation of thesc data indicated that pooled stocks
would have an cstimated average TCDD concentration of 1.9 mg/kg
(+ 0.7 mg/kg) at a 95% confidence level.

2.3 Test Objectives

The objectives of the contract cffort, as listed in the
Stalement of Work, werc as follows with agencies of prime responsi-
bility noted: :

a. Determine the capability of an incinerator system to
destruct the "Orange" llerbicide over a range of selected incincra-
tion conditions (TMC and Elll.s).

b. Obtain Lhe necessary cnginecring data to adequately
monitor, control, and document the incinerator operation during the
project (TMC).

c. Evaluate the test burns' effects and project the long
term cllects of Lhe combustion gases on the material of the incin-
crator unit (TMC).

d. Determine the combustion gas, scrubbed cffluent gas,
and "spent" scrubber water discharge mass rates of herbicide con-
stituents and any other organic compounds which may be detecled
(ENLs)
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¢. Dctermine the presence of herbicidal pyrolyzates
and hydrolozates, if any, in thc combustion gases, scrubbed efflu-

ent gases, and "spenl" scrubber water (ElLs and Analytical Chemistiry
Laboratory).

f. Determine the toxicity of "spent" scrubber water to
several aquatic indicator organisms (EHL/KY.

g. Evaluatc Lhe noisc produced by an incineration sysiem
and assess its occupational harard to operators (EHNL/K).

h. Evaluate the ecffecliveness of a proposed drum clean-
ing procedure (EHI/K).

2.4 Program Scopec

Twenty-cight 55-gallon drums (1540 gallons) of "Orange"
Herbicide were supplied by the Air Force for usc in conducting
this program. Program scopc was defined as follows:

a. Take all appropriate mcasurces 10 cnsure safe storage,
handling, transfer and combustion of the "Orange" Herbicide.

b. Conduct a minimum of six documented incinerator test
burns of at lcast 3 to 4 hours duration cach.

¢c. Conduct and duplicalc the test burns at thcorectical
combustion temperatures of 21009F, 25000F and 2900°F burning undi-
luted "Orange™ Herbicide with a minimum of 30% excess air.

d. Control within + 5%, measurc and record all sysiem
operating parameters,

¢. Collect gas and particulatle samples from combustion
gases and scrubbed cefflucnt gases and collecl spent scrubher water
from cach burn period lfor analyscs of chemical qualily and toxicity.

f. Ulilize on-linc gas analyses cquipment for monitoring
combustion gas and scrubbed effluent gas quality during testing.

g. Retain spcnt scrubber water in holding tanks to mca-
sure loxicily bcfore disposal.

h. Record noise intensities around the incinerator sys-
tem and in the control room during test burns,

i. Rinsc empticd "Orange” Herbicide drums in a specified
manner with JP-4 and analyze the rinse samples.

j. Perform a final rinse of the entire system and incin-

eralc all collccted rinses and spillage at conditions similar 1o
those used during test burns of "Orange" Ilerbicide.
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2.5 Program Task Organization

The cfforts described herein were conducted in Lhe Acro
Thermo Labovatory (ATL) of the Air Force-Marquardt Jet Laboratory
at Van Nuys, California. Test activities were conducted, monitored,
and evaluated by a team consisting of The Marquardt Company; the
USAF Fnvironmental llealth Laboratory, Kelly AFB (EML/K); and the
USAF Environmental llealth Laboratory, McClellan AFB (EMI/M). EINL/K
monilored the project, provided liaison of all military activitices,
performed scrubber water sampling and inorganic analyscs of these
samples, conducted Lhe bioassays, and collccted noise measurcments,
KlL/M collected the gas and particulate samples from the combustion
and scrubbed cffluent gases and performed inorganic analyses of
these samples. West Coast Technical Service (WCTS) of Cerritos,
California, under subcontract to The Marquardt Company, performed
organic analyses of all EHL test burn samples. The test burn sched-
ule was arranged so that WCTS analyses of samples could commence on
the day following sample colleclion.

2.6 Theorctical Combustion Data

Computer analysis of the combustion process was performed
as detailed in Appendix A. Theoretically cxpected combustion prod-
ucts included CO, N2, COq, lio0, HC1l, 02, NO and monatomic chlorinc.
Figure A-1 presents theorcetical combustion temperatures as a func-
tion of "Orange" Herbicide/air mass ratios assuming inlet air at
537°R and 10009R. The cquilibrium composition of these combustion
products are prescented in Figure A-2 as a function of "Orange"” Herbi-
cide combustion temperatures in air. The thecoretical prediction of
IIC1l :nd monatomic chlorine in the combustion gases indicated a nced
for caustic scrubbing for the neutralization and removal of these
clements from the combustion gases.

Theoretical computer analysis was also conducted to pre-
dict the effects of incomplete combustion or pyrolysis in the cvent
of incincrator failure, particularly regarding the formation of
phosgene. Gases were analyzed for 'Orange" llerbicide/air mass ratios
up to 1.5 times stoichiometric. Scc Figure A-3 and A-4. Although
Lthese studies did not indicate the formation of phosgene or any other
gascous products of incomplete pyrolysis, precauntions were neverthe-
less taken during test operations as described in paragraph 5.
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3.0 TEST FACILITIES

A schematic diagram of the test system is presented in Figure 1.
A pictorial of the installed system components is shown in Figure 2.
The major components of the system consisted of a SUE® Burner incin-
crator and recaction tailpipe, venturi scrubber, scrubber collection
tank, natural gas and "Orange" Herbicide fucl supply systems, air
supply system, caustic solution supply system, scrubber water col-
lection system, and scrubbed effluenl stack and sampling platform.
Operating personncl, controls, and instrumentation were housed in a
concrete block control room which wos adjacenit Lo the test sctup
and provided visibility of the test cell. A detailed description
of the tesl setup and control system is described in Appendix D.
The following paragraphs present a brief description of the system
componcnts and facilities utilized.

3.1 Incinerator and Reaction Tailpipe

The basic air-cooled SUE® incinerator and uncooled
rcaction tailpipc arc shown in Figure 3. Natural gas was used for
system ignition and temperature stabilization. "Orange" Herbicide
was injected either via slol nozzles (configuration shown) or with
a single central poppet type nozzle. The incinerator/reaction tail-
pipe was 12 inches in diameter with a combined lengih of 19 fect.

3.2 Venturi Scrubber and Scrubber Tank

Combustion gas leaving lhe recaction tailpipec passed
through the venturi scrubber and into the scrubber tank. Scrub-
bing water or a caustic solution (NaOll/water) was injected at the
venturi inlet and mixed with the combustion gas at velocitics up to
400 ft/sec. in the venturi throat. Spent scrubber water was pumped
from the scrubber tank to holding tanks for disposal. The water
saturated, scrubbed cfflucent gases were discharged through the
scrubber stack. Scce Figures 6 and 16,

3.3 Air Supply System

Combustion air was sapplicd from the facilily air storage
sysicm via a remolely operated control valve and a choked venturi

mcter, Sce FMigure 3.

3.4 Natural Gas Systcm

Natural gas was used to prchecat the incinerator system
10 an equilibrium temperature (approximately 800°F) prior Lo intro-
duction of the herbicide. Upon ignition of the herbicide, the
natural gas was turned off and a smoll air flow was supplied through
the natural gas system to cool the gas injection nozzles during
sustained herbicide combustion. Both natural gas and cooling air
mass flow were mcasurcd with a choked venturi meter. Cooling air
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fow was added to primary air Flow in calculating total incinerator
mass flow and fuel/air ratio. IFlow was regulated by a remotely
operated control regulator. A gascous nitrogen (GN2) purge system
was included to clean the system during shutdowns.

3.3 Primary PFuel ("Orange" {lerbicide or JP-4) System

Fucl was supplicd from a 300 gallon, 300 psig fced tank
through cither of two parallel 3 micron filler pots, a remotely
operated control valve, and a turbine type flowmeter. This system
is shown in Figure 4. The feed tank was pressurized with nitrogen
which was vented Lo atmosphere through a charcoal bed. A herbicide
fuel tank prcheater was used to permit heating of the "Orange”
llerbicide Lo 90 to 180CF prior to incineration. The fuel line to
the incinerator was purged wilth a GNg system. Fucl injeclion in the
incincraltor was cither by a single central poppet type nozzle or a
series of radial injection slot nozzles as discussed in Appendix B.
A shop air bubbler was used to mix the fuel tank contents prior to
test. )

3.6 Caustic Solution and Watcer Supply Systcms

A solution of NaOll and water was injected into the system
at the venturi scrubber inlet to neutralize the IIC1 and Cl2 result-
ing from combustion of "Orange" llerbicide. The solution was approxi-
mately 12% by weight of NaOll and was injected at a rate to provide
1.1 to 3.1 times the amount required to neutralize the theoretically
expected amounts of [ICl. Fresh water was also injected at the same
location to cool the combustion gases to saturation temperature, and
to provide a total liquid flow of approximately 3 gpm per 1000 cubic
feet of gas flow, The caustic solution was stored in a 4500 gallon
tank and supplied to the control valve by a pump. See Figure 5.
Caustic solution (50% by weight of NaOH) was loaded from drums into
the caustic supply tank and tap water added to obtain the desired
strength solution. Provisions were included to bubble shop air
through the solution to ensure thorough mixing. Fresh water was
supplied from the 140 psig facility system. Both flows were con-
trolled by remotely operated control valves and metered with turbine
type flowmeters. See Figure 14 foreground.

3.7 Scrubber Liquid Collection System

Spent scrubber water was collected in the scrubber tank
and periodically pumped, by a float actuated switch, from the scrub-
ber tank to one of three 3500 gallon holding tanks., See Figure 6.
All spent scrubber water from an entire burn was thus collected and
held until the results of the Air Force bioassay testing for that
burn indicated that the water could be safely drained into the facil-
ity's 1.4 million gallon concrete waste water tank (also referred to
as a holding pond). The system included a sample tap for the collec-
tion of spent scrubber water samples for chemical analyses and bio-
assay testing. Scrubber water samples were also drawn from the hot-
toms and sides of the holding tanks.
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3.8 Control Room

System controls were provided from Lhe control room con-
sole., 8Sec¢ Figure 7. Dirccel reading instrumentalion was mounted
outside the control room window. Remote reading instrumentation
was located in Lhe conlrol room as shown in Figure 8. A complete
listing of all measurcd paramelers is included in Appendix B.  All
instrumentation was calibrated and certificd by the Marquardt Stan-
dards Lab prior to usc.

3.9 Test Cell
The Aero Thermo Lab, Pad B, is shown in Figurc 2. This
arca was modificd for the program by adding curbs around the cell

pad, and by plugging Lhe trench drains, to contain any possible
herbicide spillage.

3.10 Uerbicide Storage and Drum Rinsing

All "Orange” levbicide drums, full or empty, were received
and stored in a partially cencloscd aren north of Building 57 (about
50 yards from the test cell). Sce Fipure 9. This arca was preparcd
for drum storage with a resurfaced, sleping floor and completely
curbed to contain a total herbicide spill. Additional protection
was supplied by an cexisting water deluge system. The drums were
transported individually to the fucl run tank area for transfer to
the run tank and immediately rcturncd to the storage arca. All
drum rinsing and rinse sampling was don¢ within this diked drum
storage arca. A supply of JP-4 was maintained in the area for pos-
sible rinsing of herbicide spillage. All drums were kept covered
with plastic sheeting as shown in Figure 9.

3.11 Bioassay/Inorganic Checmistry Test Area

An areca was provided in Building 65 for use by EHL/K for
conducting bioassays and inorganic chemical testing of the spent
scrubber water. Part of the bioassay test setup is shown in Fig-
ure 10. The results and discussion of the bioassay portion of the
program will be published by ENL/K at a later date under separate
cover.

3.12 Air Sample Preparation Area

An area was provided in Building 84 for use by EIL/M in
preparing the air sampling apparatus for testing. Part of this
area is shown in Figure 11.

3:.13 Other PFacilities

Office space was provided for Air Force personnel in
Building 26 (Engineering Building). Other facilities were used
in support of testing activities, particularly the Standards Lab
for weighing of residue samples.
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1.0 GAS AND LTQUID SAMPLING SYSTEMS

Analyses of combustion gas, scrubbed effluent gas, spentl scrub-
ber water, and system residue was of prime importance in Lhis program.
A considcerable portion of pre-iest efforlt was devoted to preparation
of these systems by EIIL/K, ElL/M, and The Marquardi Company. A pre-
test meeting was held on 9 November 1973 between Lhese partices and
Dr. Fisher of West Coasl Technical Service, Inc. to finalize plans
for sample analyses and Lo establish procedures for Air lForce moni-
toring of sample analyses, sample deliverics and data feedback. A
detailed description of the sample collection and analyses procedures
is presented in Appendices C through G and . The following para-
graphs provide a briecl description of sampling systcem clements.

4.1 On-lLinc Equipment

An on-line system using Beckman gas analyzers was used
during testing for quick determination of CO, NO, and hydrocarbon
(1IC) concentrations produced. This system permitted determination
of the cffects of variations to test parameters and a relative indi-
cation of combustion cfficiency. The system was used to sample
combustion or scrubbed efflucnt gases. This equipment was located
in ihe control room and is shown pictorially in Figure 12. Combus-
tion gases were oxtracted from the reaction tailpipe with an air
cooled probe. Sce Figure 13. This probe, with a 1/8 inch inner
gas tube, cxtended into the gas strcam about 5 inches and faced
upstream. Combustion gases extracted through the probe were main-
tained at approximately 3000F in hcated tubing before passage
through a cold trap and into the analyzer system. Scrubbed efflu-
cnt goses were extracted with a plain tube probe and passed through
unhealed tubing and a cold trap before centry into the analyzer sys-
tem.

Calibrations were performed on the Beckmans before each
test and sometimes during or after testing., Pertinent analyzer data
were:

+ The NO analyzer was a Beckman Model 315A infrared analyzer, span
0 to 2000 ppm. Nitrogen was used as a "zero" calibration gas.
A 205 ppm NO/balance N2 gas was used for "span" calibration.

« The CO analyzer was a Beckman Model 315A infrared analyzer, span
0 to 5000 ppm. Nitrcgen was used as a "zero" calibration gas.
A 415 ppm CO/balance N2 gas was used for "span" calibration,

+ The HC analyzer was a Beckman Model 109A hydrocarbon analyzer
which used the flame ionization method of detection. Process
gases were 40% Ho in No and "zero" alr. The "zero" air was also
used as a "zero" calibration gas. A 390 ppm CzHg/balance N2 gas
was used for "span" calibration.
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4.2 Combustion ias Sampling

The combusiion gas sampling apparatus was supplied and
operated by FIIl./M. The combustion sampling Lrain sctup is shown
in position at the exit ofvthe recaction tailpipe in Figure 14.
This apparatus was connected by the umbilical Lo the remotely
stalioned flow contlrol apparatns shown in Figure 15. The sampling
train ecxtracted gas through cither an air cooled probe identical
to that described in paragraph 4.1, or from the water cooled probe
shown in Figure 13. 7The water cooled probe incorporated a purge
air blced fcature to keep combustion gas out of the probe until
sampling was initiated. A detailed description of the combustion
gas sampling cquipment and procedures is presented in Appendix D.

4.3 Scrubbed Efflucent Gas Sampling

Scrubbed efrfluenl gas and particulate sampling was also
performed by EIIL/M. The sampling equipment with integral probes
were operated from a platform and withdrew gases 6 feet below the
top of the stack cxit. The setup is shown in Figure 16. Figure
17 depicts the apparatus in use during actual testing. A remotely
stationcd flow control station was also used in this system (Fig-
ure 15). Secc Appendix D for details of this ecquipment,

1.4 Spent Scrubber Water Sampling

Spent scrubber water samples were collected during the
scrubber water pumping cycles of cach test burn. These samples
were composited for chemical analyses and bioassay tests. The
sample tap was located just downstream of the discharge pump as
shown in Figure 6. A detailed description of scrubber water sam-
pling is included in Appendix E.

4.5 llerbicide Sampling

Samples of undiluted herbicide were drawn from the mixed
fuel supply tank prior to each test burn. Sample analyses provided
characterization of the composite herbicide mix from the various

drums uscd to load the tank.

4.6 Drum Rinse Sampling

Each supplied "Orange" Herbicide drum was allowed to frce
drain until empty and then rinsed three times with specified quan-
tities of JP-4. These rinse solutions were sampled and analyzed by
EHL/K to determine the effectiveness of rinse operations. See
Appendix F for detailed description of drum cleaning procedures.

4,7 System Residue Sampling

Residue samples were manually collected from the combus-
tion chamber at various times between test burns., These samples
were placed in new aluminum foil and given to EHL/K to welgh and
forward to WCTS for organic analyses.
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9.0 SAFETY AND UANDLING

Due to the potential hazards of this program, certain facili-
tics and operations were cstablished to ensure safe storage, handl-
ing and disposition of "Orange" llerbicide. 1In addition, recquire-
ments were established regarding monitoring inspection, personnel
physical examinations, special equipment usage, herbicide handling,
and general procedures which are discussed in detail in Appendix H.
Since The Marquardt Company has a long history of activities involved
in use of toxic propcllants, safety considerations were guided by
established Eroccdures regarding such materials. Other comments
relative to the handling of "Orange" Herbicide during this progranm
have been incorporated into Sections 7 and 13.

6.0 INCINERATOR TEST BURN PROCEDURES

This scction outlines the general preparations and procedurcs
used throughout the program.

6.1 Systems Prcparation

The test system was assembled as shown in Figure 1 and
as discussed in Section 3.0 and in Appendix B. Some modifications
were made to the system during the program as operating experience
developed. These changes are discussed later. Considerable effort
was expended to ensure the operational reliability of this system,
such as:

+ All flow systems, particularly fuel, were thoroughly flushed and
cleaned.

* Most system elements (valves) were overhauled. Seals and wear-
able components were replaced.

« Completed systems were pressure and flow checked.
These efforts were dictated by the nature of the herbicide and by
the contract test schedule. Also, these efforts paid off in that

no significant systems problems were encountered throughout the
test sequence.

6.2 Preliminary Testing

Preliminary tests were conducted using JP-4 as the pri-
mary fuel to check out the entire system and obtain operating
experience. Test and operating conditions expected to be used
for herbicide combustion were simulated and the system was found
to operate satisfactorily.
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6.3 lerbicide loading and Prcheating

llerbicide was loaded prior to cach test as required to
give a full fuel feed tank for cach burn. "Orange” llerbicide
drums were picked at random. Once loaded, Lhe tank's contents
were agitated with shop air to ensure complete mixing. A sample
wias then wilhdrawn for WCTS organic analysis of the blended herbi-
cide feed. After the first test burn with "Orange'" Herbicide
(Test Number 1), it was concluded that prehcating of the blended
herbicide was required to obtain the fluid properties necessary
to achieve rated fuel mass flow rates. PFor all subscquent tests,
the "Orange" Herbicide was prcheated utilizing a hot water heat
exchanger. Fluid temperatures were clevated to approximately 90
Lo 1109F cxcept for a single test where precheat to approximately .
180°1" was utilized.

6.4 Typical Burn Scquence of Events

A detailed incincrator buitn procedure was gencrated to
prescribe the sleps required to place the system in operation, to
conduct the test, Lo shut down, and Lo provide safety verifications.
A generalized burn consisted of the following scquential sleps:

a. DPrepare all systems for incinerator lesting.

b. EslLablish pad arca isclation and personnel accounta-
bility.

¢c. Establish the desired air mass flow ratce through the
incincrator.

d. Turn on the tap water to the desired flow rate for
combustion gas cooling and scrubbing and to adjust the caustic to
the desired strength.

¢. Turn on natural gas, ignite it, and allow the incinera-
tor to stabilize at 800 - 10000F (10 - 20 minutes),

f. Turn on caustic solution flow to the desired flow
rate,

g. Introduce herbicide and establish combustion. Turn
off natural gas.

h. Adjust herbicide flow to the rate desired to produce
the required average theoretical combustion temperature.

i. Initiate phosgenc gas monitoring in the pad arca.

J- Reccord data parameters periodically.
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k. Establish scrubber waicr sampling routinc.
1. Establish noise data coellection.

m. Initiate combustion and scrubbed cffluent gas sam-
pling after about one hour of burning on condition.

n. Continuc test burn until fucl feed tank cmplies or
& desired total burn time has clapsed.

0. Recstablish natural gas flow and combustion.
p. Terminate herbicide flow and purge line witlh GNo.
gqg. Terminate caustic solution flow.

r. After system stabilization, terminate natural gas
flow, scrubber cooling tap water flow, and air cool the system.

s. Terminate air flow.
t. Seccure all systems.
7.0 INCINERATOR TEST PROGRAﬁ
7.1 General

A total of 16 test runs were made during the program as
summarized on Table 1. Tests were grouped as follows:

+ Tests 1, 2, 3 - Preliminary tests on JP-4
* Tests 4, 3 - Preliminary tesls on "Orange" Herbicide

« Tests 6 through 13 (AF Record Burns I throu5h VII1) - Record
tests on "Orange"” llerbicide

* Tests 11, 15 - Incineration of JP-4/"Orange” Herbicide rinsings
* Test 16 - Final system flush with JP-4

Table 1 alsco summarizes loading of "Orange" drums in
time scquence of the program. All "Orange” Herbicide supplied by
the Air Force was destroyed (1540 gallons).

7.2 Combustion Temperatures

The contract specified that a minimum of two reccord
burns be made at cach of threec different theorctical combustion
temperatures: specifically, 2100°F, 2500°F, and 29C0°F. Becausce
the temperature in the combustion chamber could not be measured
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1€-1

GENERAL TEST PROGRAM EVENT SUMMARY -

TABLE 1

"ORANGE" HERBICIDE INCINERATION

Test No.
Drums
Loaded AF Dura- Orange
Date | (EHL/K Burn | Start | tion Used
(1973) | ~o.) T™C | No. | Time [Min.)} Fuel (Gal.) Remarks
11-1 1 - 14:20 60 JP=-4 - Initial systems checkout. 1.3 pps air,
exit temp to 2200CF. Poppet nozzle,
11-2 2 ~ 13:13 { 135 JP-4 - Systems check. 1.3 pps air, TCayg of
2100, 2500, 2900°F
11-8 3 - 15:15 60 JP-4 - Systems check, AF sampling. 1.5 pps,
TCAVG to 2900°F
11-10 62,63 No transfer problems
64,63
11-12 4 - 11:45 15 | Orange 6 Initial Orange combustion. System mods
required.,
11-13 5 - 11:44 15 | Orange 14 Satisfactory systems check.
11-13 6 I 14:01 | 191 | Orange 143 Satisfactory low temp burn. 1.5 pps air.
Poppet nozzle.
11-13 76,77, No transfer problems.
91
11-16 7 I1 15:05 { 218 | Orange 165 Satisfactory low temp burn. 1.5 pps air.
Poppet nozzle.
11-17 | 78,80 No transfer problems.
89,92
11-19 [ 86,87, } 8 | III | 13:41} 235 |Orange | 216 ! Satisfactory med temp burn. 1.3 pps air.;
90 Poppet nozzle.




2€-13

TABLE 1 (Cont'd)

brums Test No,
Loaded AF Dura- Orange
Date (EHL/X Burn | Start | tion Used
(1973) | XNo.) ™C | No. | Time KMin.)| Fuel (Gal.) Remarks
11-20 9 Iv 13:10 { 236 | Orange 216 Satisfactory med temp burn. 1.5 pps air.
Poppet nozzle.
11-26 71,81, No transfer problems,
82,84
11-27 10 v 12:45 ] 213 | Orange 221 Satisfactory high temp burn. 1.5 pps
air. Slot nozzles.
69,73,
11-28 { 66,83, | 11 VI 10:32 | 136 | Orange 124 Short medium temp burn. 1.5 pps air.
85,88 S8lot nozzles.
11-29 | 68,70, 12 | VII 9:13 | 213 | Orange 222 Satisfactory high temp burn. 1.5 pps
74,75 air. Slqt nozzles,
11-30 13 | VIII | 8:56 | 356 | Orange 245 Satisfactory high temp burn. 1.0 pps
air. Slot nozzles. All Orange burned.,
12-5 14 - 11:00 | 296 JP-4 ~17 Rinse solution burn.
Orange
12-6 15 - 13:30 | 130 JP-4 ~4 Final rinse solution burn.
Orange
12-7 16 - 13:54 | 127 JP-4 - Final system rinse burn. All program
burns completed.




directly and this temperature was nol representative of the gas
tomperature throughout the incinerator, the contractually speci-
ficd combuslion tcemperature was defined as the "average theorectical
corbustion gas temperature" (TCpyp). This value was calculated as
the average of the "theoretical temperature of combustion" (TCTyR0)
as determined by computer analysis, and the measurcd combustion

gas temperature at the reaction Lailpipe exit (1C7). The computer
program calculations were basced on lecast entropy considerations to
predict the equilibrium chemical products of combustion, the (heo-
retical combustion temperature (TCTEQ), and the thermodynamic
properties of the combustion gas. The computer program inputs
included "Orange” llerbicide/air mass ratios, ambient "Orange”
llerbicide and air temperatures, and combustion chamber pressure.
Sce Appendix A, The predicted TCppo values were considered to

be the temperatures achicved within the combustion chamber at a
point half way between the "flamcholder" and the entry into the
reaction tailpipe.

Prior to the initiation of "Orange" llerbicide testing,
a range of possible incinerator conditions was analyzed by the
computer program. From this data the sclection of "Orange" Ilerbi-
cide/air mass ratios was made prior to cach burn which would
achicve Lhe desired TCpyr. Upon tesling complelion, computer
analysis was performed using actual recorded data for cach burn
condition to determine TCriEQ, and therefore TCpvg, for cach burn.

Achicved actual TCpyge values were about 1802 above the
target ol 2100°F, within about 70¢ of the target of 2500°F, and
about 1450F below the target of 29000F, The differences at the
high and low target conditions were attributed to:

- The selection of a ncarly constant air mass flow rate (1.55 pps)
for all burns cexcept Burn VIII.

* The contract requircment that cxcess combustion air be greater
than 300%.

* Increased radiation heat losses from the rcaction tailpipe as
combustion gas temperatures increased.

The incrcased reaction tailpipe skin temperatures sup-
ported the contention of increascd radiation heat losses., These
radiation losses kept TC7 temperatlure at near constant values for
all burns and this producced lower calculated TCAVE values than
were targeted for the higher temperature burns.,

7.3 Summary of Tncincralor PFPunctioning

The functioning of the incinerator and systems was very
satisfactory and is summarized as follows:



There were no siructltural failures or lcaks of the incinceratlor
system.

There were no leaks, plugging, or filter flow problems in tihe
herbicide supply system.

There were no problems in supply or colleclion of caustic solu-
tion and spent scrubber water except for a plugged screen in
the spent scrubber waler discharge line which was cleaned,

Transition to combustion of "Orange" llerbicide was very smooth
and the herbicide burned smoothly over all the tested temperatlure
ranges withoui visible (smoke or odor) or audible evidence of
poor combustion.

No blowouts were experienced when burning the undiluted herbicide.

No cwmergency shutdowns were reguired and normal transition back
to natural gas was accomplished withoul difficultics.

There were no modifications made to the basic configuration
oxcept that slot nozzles were uscd on Test No. 10 (Record Burn V)
and subscquent tests in place of the central poppet nozzlie.

7.4 Test Descriptions and Data

A summary of test data for the cight record burns is pre-

sented in Table 2. Process flow rates, pressures, and temperatures
were recorded periodically throughout each test and the average or
high/low values presented in Table 2. Calculatced process paramcters
are presented and the basis for these calculations shown at the bot-
tom of the table. The following items are noted:

TCriro and TCapvg were calculated using the computer program as
discussed in paragraph 7.2.

The stoichiometric "Orange" Herbicide/air mass ratio was 0.162
from chemical equilibyium of a 50/5C by volume mixture of 2,4-D
and 2,4,5-T in air.

The requircd thecoretical amount of NaOH was the product of 0,31
pound HC1l generatced per onc pound of "Orange" Herbicide burncd
times 1.1 pounds NaOll to nculralize onc pound of lIC1.

Excess air was defined as the weight of air notl reacted divided
by the weight of air actually rcacted.

"Orange" Herbicide mass flow (pps) recorded during test was cor-

rected for actual viscosity and specific gravity as determinced
by the fluid temperature at the flowmcter.
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7.5 Sumnary of kach Test and Record Burn

Test 1. Initial test on JP-4. Sabisfactory ignition on natural
gas and Ltransition to JP-41 using the central poppet nozzle. lleld
air Clow to 1.0 pps at a burner exit temperature (TCs5) of 2200°F.

Test 2., Systems checkout on JP-4 at air flow to 1.5 pps and
simulated TCavg of 2100, 2300 and 29009 per contract require-
ments,

* Minor system corrcctions made. System rcady for "Orange" Herbi-
cide testing but modifications and additions requirced for Air
Force gas sampling trains.

Test 3. Systems checkout on JP-4 with Air Force sampling systems
installed. Air flow to 1.5 pps and TCyyg of 2900°F.

+ Fuecl system drained of JP-1 and loaded with four drums of
"Orange" llerbicide. loading was noticcably slower as ambient
temperature decrcased during the loadings.

Test 4. This was intended as the first record burn. Combustion
was initiated satisfactorily on undiluted "Orange" Herbicide but
fucl system pressure losses were so excessive that the desired
fucl mass flow rate could not be obtained.

- It was obvious that Lthe "Orange" llerbicide could not be injected
into the combustion chamber at the desired mass flow rate at
lower temperaturces (60PF) duc to its very steep viscosity/tem-
perature characteristic. (Sce figure B-7.) A temporary hot
woater heat exchanger was added to the fuel line and the trim
was changed in the fuel control valve. The Beckman system was
modified Lo include a cold trap about 5 fcet from the sample
probe and sample line hecating between the cold trap and tLhe
analyzer was removed. The backup (Air Force) IIC analyzer was
installed.

Test 5. A checkout hurn to test system modifications after Test 4
and verify satisfactory flow of preheated (90 - 100°F) "Orange"
llerbicide. Satisfactory results.

Test 6 (Record Burn I). A satisfactory low temperature (TCAVG =
22730F) record burn at a fuel/air ratio of 0.086, and applied
caustic of 3.05 times theoretical. Gas and liquid sampling accom-
plished satisfactorily. The area was monitored for phosgene and
non¢e was detected. Testing terminated at darkness.

» Disassembly of the burner recvealed an accumulation of about 7.9

pounds of carbon residue around the combustion chamber, about
15 inches from the step, in an annular pattern. The residue
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was brittle and casily removed [rom the wall., A residue
specimen was scent to West Coast Technical Service for analy-
ses. Patterns of these residue deposits were repeated during
Burns II, III, and IV and arc discussed in paragraph 10.1. A
permanent heat exchanger system was added to prcheat the
"Orange" llerbicide to at lcast 90°F as shown in Figure 1. Modi-
ficalions werce made to the combustion chamber to ensure hetter
air cooling. [t was also noted Lhat corrections were requirced
to fucl flowmeter vecadings for viscosity ceffects. The fuel
flowmeter was recalibrated and numerical corrections applied

to all prior fucl mass (low data. The TMC Beckman HC analyzer
was reinstalled.

Test 7 (Record Burn 1I). A satisfactory duplicate low tempera-
ture (TCavg = 22862F) record run at fucl/air ratio of 0.086 and
applicd caustic at 3.18 times theoretical. Scrubber cexit gas
and liquid sampling accomplished. The combustion gas sampling
probe plugged part way into the test bul an adequate sample was
obtained. The new "Orange" prcheating system performed well and
fucl temperaturc was maintained at about 989F.

* The burner was again disasscmbled. A carbon deposit similar
to that from Burn I was again present and weighed about 9 pounds.
The deposit was removed and a specimen sent to West Coast Techni-
cal Service for analyses. To lengthen the test time available
with the caustic supply tank, it was loaded with a higher concen-
tration of NaOll. Caustic solution mass flow rates could then be

reduced and total scrubber water (low maintained by an increased
flow of tap water.

* Test 8 (Record Burn I[f). A satisfactory medium tcmperature
(TCave = 2567°F) record burn at a fucl/air ratio of 0.106 and

applicd caustic at 2,06 Ltimes theoretical. Sampling accomplished
satisfactorily.

+ Burner disassembly revealed another carbon deposit of 12.9
pounds which was removed and analyzed by WCTS. It was decided
to precheat the fucl much higher to sce if increased fucl tem-
peraturce affected the quantity, size or shape ot the deposit.

Test 9 (Record Burn IV). A satisCactory replicate medium tempera-
ture (TCAVE = 2508°F) reccord burn at a Cfuel/air ratio of 0.105 and
and applied caustic at 2,16 times theoretical. lHerbicide fucel tem-
perature was prcheated to about 177°F for this burn. This test
condition appeared to move the flame closer to the inlet (step) of
the combustion chamber as cvidenced by the incrcased temperatlure

at the inlet to the reaction tailpipe. Sampling was accomplished
satisfactorily and noisc measurcements were taken around the test
pad and in the control room.
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* Burner assembly again revecaled a sizeable annular carbon de-
posit of 2.8 pounds which was rcmoved and scnt to WCTS for
analyses. The poppel nozzle was removed and the slol nozzle
manifold installed for subsequent testing. It was felt that
the slot nozzles would provide improved high flow combustiion,
and that the slot nozzle fuel paliern in the incinerator would
allcviate the carbon residuc problem.

Test 10 (Record Burn V). A very salisfactory high temperature
(TCpyg = 2734°F) record burn at a fuel/air ratio of 0.120 and
applied caustic at 2.23 times theoretical., Combustion with the
slot nozzles was very smooth and the temperature profile down

the system indicated faster burning in the incincerator. Iligher
TCavE was limited by the requirement of 30 percenl minimum excess
air. Scrubbed effluent gas and water sampling was complceted satis-
factorily. The combustion gas sampling probe plugged part way into
the run and only a partial sample was obtaincd.

* Examination of the burner revealed only four small carbon deposits,
these deposits being of finer grain, more flaky, and much less
brittle than carlier ones. It was decided Lo add another medium
temperature burn with the slol nozzles for comparison to Tests 8
and 9 (Record Burns III and IV).

Test 11 (Record Burn VI). A satisfaclory, bul shoriened, medium
Ltemperature (TCayg = 2454°F) record burn at a fucl/air ratio of
0.106. Caustic solution flow was reduced to provide only 1.73
times theoretical. However, an acid smell was noticed by stack
gas monitoring personnel and caustic solution flow was increcased
to 2,23 times theorctical aboul one-half hour into ithe burn.

This return to prior applied caustic conditions corrected the
acid odor problem. After about one and onc-half hours of opera-
tion a buildup of chamber pressurc, with corresponding decreasec
of burner AP, was noled which indicated a restriction in the ven-
turi scrubber. Testing was terminated to investigate the problem.
Gas and liquid sampling had becen completed.

* Examination of the system revealed no significant restriction
or other problem. It was theorized that a restriction had
built up in the venturi from condensed caustic (a condition
present some what during all tests) which had broken loose
during shutdown, or that a piece of carbon rcsidue from the
combustion chamber had likewisc causcd a temporary restrictlion,
About 1.95 pounds of carbon residue was rcmoved from the combus-
tion chamber, which was not as much as deposited during similar
burn conditions while using the poppet nozzle.

Test 12 (Record Burn VII). A satisfactory replicate high tempera-
ture (TCpyg = 2772°F) record burn at a fucl/air ratio of 0.120

and applied caustic at 2.26 times theoretical. This was the last
of the required burns, although additional supplies of "Orange"
Herbicide remained. Sampling was completed satisfactorily and
noisc measurcments taken.
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- Test 13 (Record Burn VIII). This burn was completced satisfactorily
at replicate high temperatures (TCayg = 2759°F) and at a fucl/
air ratio of 0.118. The applied caustic was 1.29 times theoreti-
cal and the [IC1/Clg odor was again noticed from the stack gas
monitoring personnel. The air mass flow was decrcased to 1.0
pps to provide data comparisons with other high temperature runs
which had higher combustion chamber velocitics and lower stay
time., Sampling was complcticed satisfactorily.

« Test 14. A satisfactory burn at an estimatcd TCpayg of 2700°F as
required to destroy the first batch of JP-4/"Orange" llerbicide
rinse solution, which was calculated by specific gravity of the
solution to contain approximately 11% "Orange"” Herbicide by
weight. Testing was conducted at a fuel/air ratio of 0.060 and
applied caustic of approximately 3.4 times theoretical. On-line
gas sampling only was utilized which indicated very satisfactory
scrubbed efflucnt gas properties (hydrocarbon at 10 ppm).

« Test 15. A satisfactory burn at an estimated TCpyg of 2700°F to
complete the destruction of JP-4/"Orange" rinse solutions (less
than 8% "Orange" by weight). Testing was conducted at a fuel/air
ratio of 0.050, Satisfactory on-line sampling data were collected
for both combustion chamber and scrubbed effluent gases.

* The fuel tank was loaded with approximately 80 gallons of clean
JP-4 and circulated through the system.

« Test 16. A final satisfactory burn at an estimated TCAvg of 2700°F
to complete the clecaning of the fuel system using undiluted JP-4.
Testing was conducted at a fuel/air ratio of 0.050. This completed
all contractual testing requirements.

8.0 GAS SAMPLING RESULTS AND COMMENTS

8.1 Combustion and Scrubbed Effluent Gas Sempling Results
(Prepared by USAF EHL/M)

Gas sampling equipment and field sampling personnel were
furnished by the USAF EHL/M. The combustion and scrubbed effluent
gas monitoring program is presented in detail in Appendix D. Or-
ganic analyses of gas and particulate samples were performed by
WTS. (See Appendix G and results discussed in detail in Appendix
I). The results below were summarized from the discussions in
Appendices D and I. The gas sampling train used for "Orange" Herbi-
cide and related herbicidal compounds was laboratory tested with nb
esters of 2,4-D and 2,4,5-T, and the acids of 2,4-D and 2,4,3-T
(Appendix D).

8.1.1 Gas Sampling Results:
Conbustion and scrubbed effluent gas sampling was
conducted satisfactorily except during Burn V. During Burn V the
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air cooled sampling probe (combustion gas) ciogged during sampl-
ing and a small (6 liters) sample was obtained. Otherwise, all
sample volumes provided a detection level =0.65 x 10-9 grams per
liter of sample gas (STP) for each of five "Orange" Herbicide
compounds: TCDD, nb-2,1-D and nb-2,4,5~T esters, and nb 2,4-D

and 2,4,5-T acids. The detection level for related herbicidal
compounds was =1.3 x 10~9 grams per liter (STP) (Appendix G and I).

No "Orange" Herbicide compound was detected in
any combustion or scrubbed effluent gas sample. Monochlorophenol
(1.06 ug/l) was detected in the combustion gas of Burn I but not
in the combustion gas of Burns II through VIII.

8.1.2 Herbicidal Compounds in Related Sampling Equipment:

Microgram quantities (0.7 and 6.5 ug) of the nb-
2,4-D and nb-2,4,5-T esters were found in the rinse from a cold
trap used during Burn I, The cold trap was used to condition
sample gas for the Beckman 109A hydrocarbon analyzer. The cold
trap was used during two "Orange" Herbicide checkout burns. It
was not rinsed before use in the successful record Burn I. The
nb-esters were not considered to have been deposited during record
Burn I (see discussion, Appendix I).

Microgram quantities (1.38 and 0.7 pg) of dichloro-
phenol were detected in the rinse of the combustion gas air cooled
sampling probes from Burns II and I1I. This compound was concluded
to have been formed in the probes by reaction of Cls and (Cl) on the
nonchlorinated aromatic hydrocarbons condensed by the probe (see
discussion, Appendix I).

Microgram quantities (1.2, 0.1 and 0.1 ug) of di-
chlorophenol were also detected in the rinses of the cold traps
(Beckman 109A) from Burns I, II and III. This compound was con-
cluded to have been formed as discussed in the preceding paragraph
(see Appendix I).

Microgram quantities (1.3 and 0.1 pg) of dichloro-
phenol were detected in the water from the scrubbed effluent gas
particulate source sampling train impingers from Burns IV and VI,
An evaluation of all available data indicated that this compound
;gs not associated with "Orange" Herbicide incineration (Appendix

8.1.3 Nonchlorinated Aliphatic and Aromatic Hydrocarbons
and Biphenyl in Gas Samples:

Biphenyl was detected in all scrubbed cffluenl gas
samples at an average mass concentration of 46 x 10-9 grams per
liter (STP).

Aliphatic hydrocarbons in the combustion and scrub-
bed effluent gases centered around Cqo, ranging (rom C7 through C1q5
(Appendix G).
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Aromatic hydrocarbons in the combustion and scrub-
bed efflucnt gases centered around a C4 benzene substituted side-
chain (CgHs (C4Hg)). The sidcchain appearcd saturated (Appendix G).

' 8.1.4 Reclative "Orange" llerbicide Pyrolysis Ffficiencies
and General Comments:

Relative "QOrange” llerbicide pyrolysis efficiencies
(RPE) were calculated (based on carbon mass collectcd in the TCDD
sampling train and carbon mass feed into the incinerator) for each
burn. These relative efficiencies ranged from 99.98% in Burn IT
to 99.999% in Burns VI, VII and VIIT (Appendix I). The RP’E was
considered relative since the TCDD sampling train did not effi-
ciently collect light, volatile pyrolyzates. See Appendix I for
a thorough discussion of RPF,

- Additional prcheat of "Orange" lerbicide fuel from
~900F to 175°T significantly improved the RPE.,

liydrocarbon penetration through the caustic scrub-
ber (rclative to penetration through the TCDD sampling trains) in-
creased significantly as the RPE improved (Appendix I?.

Beckman 108A hydrocarbon data were not relatable
to RPE's (Appendix I).

8.1.5 Particulate, NOx and CO2 Fmissions:

Particulate cmissions from the cight burns averaged
0.076 grains per standard cubic foot of scrubbed effluent gas and
had a standard deviation of 0.035. The particulate matter, by visual
observation, appcarcd to be mostly sodium salts., No aromatic hydro-
carbons were detected in the particulate mass. An average 6 ug of
unchlorinated aliphatic hydrocarbons was detected in an average par-
ticulatc mass of 105 mg (filter maintaincd at 320°F),

Nitrogen oxide (NOx) cemissions from all eight burns
averaged 53.4 ppm with a standard deviation of 18.9 ppm. The emis-
sions increased to about 100 ppm in Durns VII and VIII when the
theoretical combustion temperature (TCTHE0O) increcascd from ~3000°F
to above 3200°0F.

The CO2 concentration (% by volume) averaged 12.1%
in Burns IV, V, VI and VII. An average 9.9% of thc COg was absorbed
in the caustié¢ scrubber (sce Appendices D and E).

8.2 On-Linc Gas Sampling (Prepared by TMC)

The Beckman analyzer data for CO, NOy, and HC for the
record burns arc prescnted in Table 2, These werce readings from the
scrubbed effluent gas only, Both the high and low values obscrved

E-4]



during the burn are prescnted. During temperature stabilization
using natural gas at the beginning of cach burn, hydrocarbon rcad-
ings were high due to incfficient, low temperature combustion,

Once combustion on "Orange" Ilerbicide was established, the hydro-
carbon data took some time to stabilize at lower values due to the
time required to sweep the analyzer input linces and traps. The

low values presented were representative of the stabilized incincra-

tion process. ’

Considerable difficulty was cxperienced in trying to
analyze combustion chamber gases, The system was initially set
to maintain the sample gas temperature at 300°F into the analyzer,
but condensation of acid and 120 within the analyzer was experi-
enced. Consequently, a cold trap was installed in the sample line
and the heating tape removed from the sample line between the cold
trap and analyzer, Sample line heating was maintained from the
sample probe to the cold trap. Ieavy hydrocarbons were condensed
and collected in the cold trap. Therefore, the cold trap was
rinsed after cach run and the rinse was analyzed for hydrocarbons,

Beckman sampling analyses were used throughout the pro-
gram to sample scrubbed effluent gas since this was the final
system effluent. This type of analyses was intended only to pro-
vide an operational indicator of system combustion stability.
Scrubbed effluent gas hydrocarbon data were generally higher than
noted during combustion of JP-4 which could be expected consider-
ing the potential products of "Orange" Herbicide combustion. In
the Beckman 109A analyzer, the magnitude of instrument response
caused by a given carbon atom dcpends on the chemical environment
of the atom in the molecule. The data presented from the Beckman
indicated the hydrocarbon content of the sample in ppm of carbon,
and must be divided by an "effective carbon number" (proportional
to carbon count) of the sample compounds to obtain the true ppm.
Therefore true data values would be proportionally reduced for
compounds of high carbon count, Also, in some compounds certain
other atoms will change the analyzer's sensivity to carbon, As
noted in paragraph 8.1, these data could not be used to provide
comparisons of relative pyrolysis efficiencies for the system.

The NOy readings generally followed the expected tendency
to increase at higher combustion temperatures, remaining below
62 ppm for TCAyg up to 25000F and rising to 168 ppm at a TCpyg of
27590F,

9.0 SCRUBBER WATER SAMPLING RESULTS (Prepared by USAF EHL/K)

All water sampling and inorganic analyses were conducted by
USAF EHL/K using their own equipment and specially prepared sample
containers. The water monitoring program and discussion of 1norganic
analyses are presented in Appendix E. Organic analyses of scrubber
water samples were performed by WCTS, see Appendix G, and the results
are discussed in detall in Appendix I. Results below were summarized
from the discussions in Appendices E and I.
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9.1 Inorganic Quality of Spent Scrubber Watcr (SSW)

The consistency of SSW inorganic parameters throughout
a given burn agrced with the smoothness with which burn operation
parvameters were maintained. The only exceptions occurrcd when
Lthe applicd caustic was increased during Burn VI. Of all measured
58W physical and inorganic parameters, only temperaturc, specific
gravity, and chlorides vremained relatively constant between burns.
All other measured parameters were acceptably corrclated by least
squares regression analyses to only one incinerator operating pa-
ramclbter; the ratio of applied NaOH Lo that required to ncutralize
the theorctically expected IICL (Ny/Nr). Table 3 summarizes the
range of measured parameters in SSW for all burns.

All loadings in Table 3 except chlorides, suspended
solids, total iron, and hydroxyl alkalinily increased or deccreased
lincarly about 30% as NU/NT incrcascd to threc or decrcased to two,
vespectively, The exceptions varied non-lincarly with Ny/Nr and
were dependent upon complete neutralization of 1IC1 and the adsovrp-
tion of CO2 into the scrubber water. Approximately 10% (s = 4) of
the combustion gas €02 was absorbed by the scrubber water.

Lvaluations of scrubber water flow rates showed that,
dependent on fuel to air mass ratios, about 1330 gallons (s = 175)
of scrubber water were needed for each drum of herbicide burned.
About 1000 gallons (s = 200) or 75% of this water was not volatil-
ized and was thercefore recovercd as spent scrubber water.

suspended solids were present in moderate concentrations
(56-97 mg/1l). lowever, there were finely sized black carbon par-
ticles which imparted a distinct grey color to the SSW. Flevated
iron concenlyations (160-100 mg/l% in Durns VI and VII1 attributed
intense rust colors to the water. These solids concentrations were
reduced by 77% with primary settling.

Inorganically mecasured mass balances of sodium, hydroxide,
and chlorine throughout the incinerator system were all accounted
i within (ive percent of their theoretical or measured input val-
des. These halances validated the overall accuracy of scrubber
watoer collection and analyses.

After five drums of herbicide had been burned, about
5000 gallons of SSW were discharged into 1.4 million gallons of
relatively excellent quality facility waste water. The waste
wvater's quality changed significantly in pH, total and carbonate
alkalinity, sodium, chlorides, specific conductance, and total
dissolved solids but its specific gravity, total solids, chlorine
residual (0.0 mg/l), hydroxyl alkalinity (0.0 mg/1), and bicarbon-
ate alkalinity were unchanged. These chemical quality changes
were, however, not detrimental to the waste water's intended
industrial uses. The water's quality met indusirial sewer ordi-
nance codes after receiving nearly 25,000 gallons ol SSW. Chemi-
cal quality changes of the final sample collected indicated thatl
the waste water's quality had already begun to adjust back toward
the carbonate equilibrium system. Such adjustment would naturally
lower all mcasurcd parameters except conservative sodium and chlo-
rides to near original conditions.
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INORGANIC LOADING AND RANGE OF QUALLTY IN SPENT
SCRUBBER WATFR

TABIE 3:

Loading -
Pounds Per Drum
Range of of Terbicide
Paramcter (mg/l unless noted) Qualitly Burned @ Ny /Nt = 2.0
Temperature (°F) when cellected 164 N/A
ph 10.5-11.8 N/A
Specific Gravity 1.057 N/A
Specific Conductances (Jmho/cm) 11.3-15.8 N/A
Total Solids or Total Dissolved 61-87 590
Solids (x 103)
Suspended Solids 56-97* 0.66
Chlorides (x 10%) 16.5-28.0 166
Free and Total Chlorine Residuals 250-500 1.9
Sodium (x 103) 32-3n3+* 254
Iron, Total 3.0- 5,0%%* 0.03
Total Alkalinity (x 103 as CaCOz) 32.0-52,5% 278
Carbonate Alkalinity (x 103 as CaCOg) 22.4-36.4++ 232
Hydroxyl Alkalinity (x 103 as CaC03) 9.6-16, 1+++ A7
Bicarbonate Alkalinity (x 109 as CaCOg) Ot 0.00

Incrcased to 500-800 when Ny/Np <2.0,

25.0 when Ny/Nr decreased to 1.29.

Averaged 70 (+ 8) % of Total Alkalinity but increased to 90 (s = 10)%

Averaged 30 (+ 8)%of Total Alkalinity but decreased toward zero

*e Decreased to
**¥%  Tncreased to 400 when Ny/NT decreased to 1.29.
+ Decreased Lo 12.0 when Ny/Np decreased to 1,29,
++

of Total AlkaTlinity when Ny/Np <2.0.
+++

when Ny/Np <2.0.
4

Was zcro but incrcased to 8% of Total Alkalinity as Ny/Np decrcased
to 1.29.
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9.2 Organic Quality of SSW

Combustion gas hydrocarbons apparcenlly condenscd through
the ventluri, were impacted into Lhe scrubber walter, and were slightly
dissolved into Lhe warm (165Y9F) caustic. As discussed in Section 11
some pyrolyzates (unchlorinated aromatics) in the combustion gascs
reacted with the oxidants in the combustion gas (1IC1L, Cla, and mon-
alonic chlorine) and the caustic t? praoduce hydrolyzates: monochloro-
phenol and dichlorobenzene., A detailed summary of these organic
masses is presented in Table [-8. The average conceniration of
these pyrolyzates and hydrolyzales coxpressed as carbon in the spent
scrubber water averaged 0.60 mg/1 for Burns [, LI, and ITII and de-
creascd to an average of 0.02 mg/l Cor Burns IV through VIII. None
ol thesce hydrocarbon compounds were detected in suspended solids in
the scrubber water. Comparison of both water and gas hydrocarbon
analyses showed thal improved combustioncfficiency in the last five
burns significanily rceduced the hydrocarbons delivered into, and
colliccted by, Lhe scrubber.

No TCDD and nonc¢ of Lhc csters or acids of 2,4-D or 2,4,5-T
were detected in any of the speat scrubber water samples or suspended
solids except the tolal burn composite of Durn ITI. The detection
limit of cach compound averaged 0.045 ug/1 for an overall average
detection limit of 0.23 pg/1 for the live compounds. A thorough
discussion of this sample¢ and the most probable source of its posi-
tive TCDD (0.25 ug/l) are presented in Appendix I. The
source ol the TCDD was concluded to have been combustor coke deposit
which broke away from the combustion chamber, settled in the scrubber,
and provided the TCDD to the scrubber water. This heavily contami-
nated combustor coke, found only in Burn III, was attributed to fuel
flow conditions and the incinerator poppet nozzle which in this in-
slance produced poorer combustion and mixing within the combustion
chamber than was observed in any of the other burns. This situation
is discussed in Section 10.

10.0 COMBUSTION CHAMBER COKE DEPOSIT RESULTS AND DISCUSSION
10.1 Quantity and Quality (Prepared by EHL/K)

The relationships regarding quantity and quality of the
coke deposits removed from the combustion chamber are discussed in
detail in Appendix I. A summary of results regarding coke deposits
is presented below,

The central poppet nozzle was utilized for Burns I through
IV. The deposits removed from the combustion chamber averaged 3.03
pounds of coke per drum of "Orange" Herbicide incinerated. These
quantities of toke were twenty times the average produced in Burns
V through VIII while utilizing the radial slot fuel nozzles, None
of the coke samples lost weight untll heated to 5230C and all left
an ash content of <0.06% when heated to 7259C. The coke deposits
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from Burns I, IT, and IV had.a steel gray color and were grainy, hard,
and brittle. The deposits from Burns V - VIII were darker (like
carbon black), of finer particle size, and much more easily

crushed. Except for Durn IIT deposits, none of the coke had a
herbicidal odor. Burn III coke also had "soft spots'" which were

not observed in coke from other poppet nozzle burns (I, II, and IV).

Except for Burn III, the total hydrocarbon contaminants
in the coke deposits were small amounts of pyrolyzates per 100 gm
of deposit: wunchlorinated aromatics, <512 ug; unchlorinated ali-
phatics, <87 ug; and biphenyl, <17 ug. See Table G-9, Appendix G.
Burn III coke deposit, however, contained these pyrolyzates in
lesser amounts but also contained 1100.2 pg of herbicide esters
and acids of 2,4-D and 2,4,5-T per 100 gm of deposit. Of these
original herbicide compounds 551 pg was normal butyl 2,4-D cster
and 542 ug was normal butyl 2,4,5-T ester. Although TCDD was not
detected, the existence of these esters indicated TCDD presence--—
probably below the detection limit of 23 ug/100 gram of sample
analyzed. Burn III's coke quantity, 3.28 pounds per drum of herbi-
cide incinerated, was 10% greater than the other deposits cncoun-
tercd while using the central poppet nozzle. The coke's appearance,
odor, and chemical quality indicated that lower than usual tempera-
tures had existed around the coke. For these rcasons, the coke was
implicated as the source of TCDD found in the Burn III spent scrubber
water samples. (See paragraph 12, Appendix I.)

The cause for coke deposits and their characteristics was
attributed primarily to physical characteristics of the fuel injec-
ted and the injection nozzles. These relationships are discussed in
the following paragraph.

10.2 Fuel Injection Characteristics Relative Lo Coke Depositing
(Prepared by TMC) .

Since the quantity and quality of the coke deposited in
the combustion chamber was dependent primarily on the type of fuel
injection nozzles utilized, the characteristics attributable to cach
nozzle type relative to observed data is discussed below.

10.2.1 Poppet Nozzle Injection:

Air entered the combustion chamber through the
smaller diameter inlet and expanded into the larger diameter com-
bugtion chamber, hence the sudden expansion mechanism. See Figure
B-3, Appendix B. Fuel and air mixing was obtained by mounting the
poppet nozzle on the centerline of the inlet with the exit of the
nozzle near the point of expansion. Mixing occurred somewhat as a
result of the momentum of the fuel toward the walls of the chamber
and primarily as a result of air recirculation into the region
immediately downstream of the sudden expansion. The central poppet
nozzle injects fuel into the air stream in a conical pattern and
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should producc a finely atomized (uel spray immediately upon lcav-
ing the nozzle. 1t was apparent from the deposits in the combus-
tion chamber from Burns I through IV that somec portion of the
unrcacted "Orange” Herbicide spray was penctrating the air recircu-
lation strcam and was pyrolyzing on the chamber walls, thus develop-
ing deposits and generating a partial obstruction at about 1% to 2
diamcters from the inlet step. This situation was attributcd to

the extreme viscosity of the "Orange" Herbicide fucl (sce Figure B~7)
which required high fuel nozzle driving pressures, and likewise the
lack ol quick fuel spray atomization necessary for proper burning.
This situation gencrally does not occur with conventional fuels of
low viscosity (<1.0 centistoke). The deposition of coke deposits

is quite common in conventional commercial incinerator/boilers

using high viscosity fuecl oils.

The partial obstruction depositcd in the combustion
chamber tended to limit recirculation of the air and also affected
the fuel and air mixing mcchanism of the poppet nozzle. The enter-
ing air anticipated the restriction thereby reducing the recircula-
tion and changing the mixing characteristics of the zone around the
nozzlc. Burner performance was thus degraded. Also, as this restric-
tion incrcased during the burn, it is certain that some of the depos-
its broke loosc duc to the increcasing gas velocity and turbulence
through the "orifice" and were propelled into the scrubber tank.

The poppet nozzle was sclected for Burns I - IV
on the basis of prior expcrience indicating satisfactory results
at fuel/air mass ratios up to about two thirds of stoichiometric;
approximately the ratio required for the middle temperature burns
(2500°F)., TFor Burns I and II, a fuel/air mass ratio (0.086) of
approximatcely one half stoichiometic was utilized which, although
causing coking of the combustion chamber, did not allow raw herbi-
cide or TCDD to cxit the reaction tailpipe. During Burn III, the
fuel flow was incrcased to provide a fuel/air mass ratio (0.106)
of approximately two thirds stoichiometric. Deposits incrcased
some 10% over Burns [ and II which was attributable to the incrcased
momentum (penetration) of the fuel stream. The increcased coking
would have causcd lower combustion efficicencies and more tendency
to break deposits loose. It is apparent that the incrcased severity
of the depositing situation occurring in Burn III resulted in the
presence of herbicide in the Burn IIT deposit and the TCDD in the
spent scrubber water which was composited during the later portion
of the burn when combustion efficiency had decayed. It is probable
that TCDD was present in the deposit but at an undetectable concen-
tration. Likewise it is probable that herbicide broke loose from
the deposits, or remained after initial combustion, but was thermally
degraded before rcaching the scrubber or reacted with the scrubbing
solution, whercas TCDD passed unrcacted into the scrubber. The
fact that TCDD was not found in the combustion gas sample or the
first hourly spent scrubber water composite sample indicated that
it was produced during the last two hours of operation after these
samplces were collected.
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Burn IV was a duplicate of Burn III exccpt that
the "Orange" Herbicide was prehcatled to approximately 175°F as
compared to about 90°F for Burn III. No herbicide or TCDD was
found in any effluent sample and the combustion chamber coking
was reduced some 10% from Burn III. This increascd temperaturc
reduced the viscosity by a factor of 16, thus providing much
faster atomization and combustion of the herbicide and a decrcasc
in solid liquid penetration. Burn VI was a duplicate of Durn III
also except that the poppet nozzle had becn replaced by slot noz-
zles as discussed below.

10.2.2 Slot Nozzle Injection:

The slot nozzle configuration is described in
Appendix B. These nozzles, utilized in Burns V through VIII,
injected the fuel radially toward the combustion chamber center-
line at the sudden expansion step thereby mixing the fuel and air
primarily by injection rather than by rccirculation. This method
of injection resulted in more efficient mixing ncar the burncr
inlet and more efficient combustion within the first diameters
length of the combustion chamber. The deposits from Burns V
through VIII were much smaller, sparscly distributed, of finer
softer grain, and did not contain herbicide. This data indicated
that carbon formation occurred in a well mixed combustion gas
stream that did not permit significant penetration of liquid fuel
to the chamber walls. Likewise, restrictions in the chamber which
altered the air flow path did not affect the mixing and burning to
the extent noted for poppet nozzle cperation. The fuel temperature
(viscosity) and fuel/air mass ratiowere not as critical regarding
combustion destruction efficiency as when using the poppet nozzlc.
None of the compounds identified in the herbicide feed were found
in any of the effluent samples for Burns V through VIII.

11.0 PYROLYZATE AND HYDROLYZATE RESULTS AND DISCUSSION (Preparcd by
USAF ENI./M and K)

Table 4 presents those detected organic compounds considered
to have been pyrolyzates and hydrolyzates in the combustiion gas,
scrubbed eflfluent gas, spent scrubber water, spent scrubber water
sediment and combustor coke deposit samples taken during "Orange"
Herbicide incineration, Two values are given: the average values
from Burns I, II and 1I1; and the average values from Burns IV, V,
VI, VII and VIII. These burns were so grouped to demonstratce the
more cfficient pyrolysis of "Orange” Herbicide in the last five
burns (see discussion in Appendix I).

The nonchlorinated aliphatics, aromatics, and biphenyls were
all considered pyrolyzates since they were undetected in the herbi-
cide fuel and their formation was not dependent on hydrolysis.
These aliphatics and aromatics were partially collected in the
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TANLE 1:

AMERAGE. RANGE OF DETECTED HYDROCARBON MaSHES CONSIDERED TO BE
PYROLYZATES AND MYDHON Y Z5ATE: OF

TORANGE HERBLICLDE INCINERATION
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Dichlorobenzome D \D | D ) K O-2.8 »D ! D I N [ S AD M\ b
Mongeh ] oropbeno L KD 1.0 hTH : 2,20, I: D ! R Sl \D \D o AL
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pyrolysnten.

Note: Thwe Crv-t saloc wn cacl column was an average of Burns 1,
m cach colhumn wa- an
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For dfviectable limits see [ables G-2 through G-4.
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Reporied as mass of compound
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scrubber while the biphenyls completely penctrated through the
scrubber. The respective penelration of these pyrolyzates through
the scrubber was probably due to their relative solubililices and
vapor pressurces in hot NaOH solution. (Sce Appendix I.) The bi-
phenyl pyrolyzale undoubtedly existed in the combustion gases but
its detection was considered to have been masked via gas chromato-
, graph peak interference (sce Comments section of Appendix G).

Monochlorophenol and dichlovobenzene were consistently detected
in the spent scrubber water but never in the herbicide feed or in
any of the combustion or scrubbed effluent gas samples except for
the monochlorophenol in Burn I combustion gas. Since the precur-
sor(s) (unchlorinated aromatics) of thesc compounds were present
in the combustion gas along with HCLl, Cl2, and monatomic chlorine,
it was reasoncd that condensation and hydrolysces of these combustion
gas products occurred in the venturi scrubber to produce monochloro-
phenol and dichlorobenzene as hydrolyzates.

Since the 2,4-D ind 2,4,5--T chloropheroxy acetic acids and
dichlorophcenol averaged 2.71% by weight of the blended "Orange"
lierbicide feed, these compounds may or may not have been pyroly-
zates, These compounds were found only in the combustor coke
deposit. The phenoxy acctic-acid was however not detected in the
blended herbicide feed samples. Thus this acid was considered a
pyruvlyzate formed when combustion chamber mixing was its poorest’
and combustor coke deposit was at its maximum (Bura III).

Ionol and didecylphthlate were detccted in all combustion and
scrubbed etfiuent gas samples and all spent scrubber water samples,
However, as discussed in Appendices G and I, these compounds were
considered environmental contaminants and not pyrolyzates or hyd-
rolyzates,

2.0 BIOASSAY, NOISE TESTING, AND DRUM CLEANING/DISPOSAL RESULTS
AND DISCUSSION (Prepared by USAF EHL/K)

12.1 Bioassays

Dynamic bioassays of up t{o 96 hours were conducted with
three-spined stickleback fish (Gasterosteus aculeatus) in the spent
scrubber water. Static bioassays were also conducted with brine
shrimp (Artemia.galinq) in spent scrubber water for periods up to
24 hours. Plant biomonitoring was initiated several days prior to
Burn I, during all burns, and five days after Burn VIII, Monitored
flora consisted of the indigenous plants around TMC's perimeter and
ten young tomato plants at each of sixteen locations evenly distri-
buted around the incinerator facility. Results and discussion of
these bioassays and plant biomonitoring will be published by EHL/K
under separate cover,

[The EHL/K report on biological monitoring has been included as Appendix M to the
Final Environmental Statement]
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12.2 Noise Testing

Incinerator noises were predominately in the 2000-8000
Herlz bands and had an overall noisc level of 91 (4 2) dbA at a
distance of twelve feel. A fifly-foot radius around the incinera-
tor was a hazardous noisce areca to unprotected personncel occupa-
ticnally exposcd Lo Lhe noise. The contrel room cffectively attenu-
ated incinerator noiscs so that no speech interfercence levels were
observed in the control room. Calculations were made to determine
the noise levels at various distances [rom one or more incinerators,

Sece Appendix J.

12.3 Drum Clcaning Analyses oand Comments

Appendix F presents and discusses the drum cleaning pro-
cedures, drum disposal, and analyses of rinse samples in detail.
An abbreviated summary of these results is prescnted here.

During initial transfer of "Orange" Herbicide to the fucl
fced tank, a drum pumping device was used which left usually less
than two quarts of herbicide in each drum. Before the cleaning
phase cach drum was upended and allowed to free drain until steady
dripping stopped., FEach drum was then rinsed three times with vari-
ous amounts of JP-4 for five minutes cach on a barrel rolling de-
vice. Rinse quantitics of clean JP-4 in each drum rinse set were
5/5/5, 3/3/3, 2/2/2, and 5/3/2 gallons. Each rinse was drained
into a holding tank (or subscquent incineration. Samples were
taken of cach rinse solution midway during the draining.

The cleaned drums were safely disposed of in an environ-
mentally approved manner in the Los Angeles County '"Class 1" Land-
fill Number 35 at Calabasas, CA.

Evaluation of drum rinse sample analyses provided an
estimate of total herbicide mass left in a freshly drained drum:
450 (+ 25) grams. On a proportional basis, slightly more of the
herblclde s 2,4,5-T nb ester was removed during rinsing than the

2,4-D nb ebter. Smaller rinse volumes produced significantly more
variable results, Nonethcless, a given total volume of rinse re-
moved about the same amount of herbicide whether it was used in
subdivided volumes or in a single volume with the restriction that
a total volume was =5 gallons, from 6 to 10 gallons, or from 9 to
15 gallons. The percent efficiency of herbicide removed increased
with total rinse volume applied: range 45% for 2/2 gallons to 79%
for 5/5 gallons, A third drum rinse of 35 gallons did not improve
the herbicide removal efficiency any more than 3%.

Analyses of TCDD in the rinse solutions was beyond the
scope of this study. With TCDD sclubilities similar to that of
the herbicide esters, it was indicated that as much as 1.25 mg of
TCDD may have been left in the best rinsed drums. This amount of
TCDD in these drums represented the worst case, however, since
these drums contained herbicide with the highest TCDD contamination
known to exist in Air Force stocks.
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All rinse samples have been stored at FHL/K should any
further analyses of them be needed to select a drum disposal
method.

13.0 OTHER TEST PROGRAM COMMENTS (Prepared by TMC)

13.1 "Orange" Herbicide Properties

Problems were caused by the high viscosity of “"Orange”
Herbicide with the unexpectedly low amhient temperatures at the
start of testing. Figure B-6 shows viscosity vs. temperature and
indicates that even at 1009F the viscosity of "Orange" Herbicide
is very high (16 centistokes) compared to other conventional fuels,
At 659F the viscosity rises to 48 centistokes. The temperaturc/
viscosity characteristic was also quite evident during transfer
operations. The flow problems in the incinerator system were alle-
viated by heating the herbicide feed to 90°F or higher. However,
the herbicide remained quite difficult to atomize even at these
elevated temperatures,

No filtration or plugging problems were noted in the
fuel feed system during the program. Although a parallcl filter
system was available, a 5 micron filter pot selected for initial
use was utilized without cleaning throughout the entire program.
The maximum pressure loss noted during testing was about 20 psid
across the filter. This absence of filtration problem was attri-
buted to the complete flushing cof the fuel feed tank during system
assemhly and the filtering of the "Orange" Herbicide during loading.

No slot nozzle plugging problems were experienced. All
testing using slot nozzles was performed with herbicide temperatures
about 90 to 110°F. The nozzle slots were 0.009 inch wide. Slot
nozzle combustion was very smooth and no indications of plugging
were noted. Removal of the manifold after testing revealed the
slots had remained clean, The fuel slot nozzles were placed inside
the natural gas nozzles as described in Appendix B. This arrange-
ment kept the fuel slot nozzles cooled and precluded the possibility
of "Orange'" Herbicide being exposed to a hot metal surface during
initial injection and thus prevented the formation of any deposits
in the nozzle slot. This feature and the 5 micron filtering system
was felt to have prevented any slot nozzle plugging problem.

13.2 Herbicide Handling

The safety program established for this effort is des-
cribed in Appendix H. There were no problems experienced in handl-
ing of the "Orange" Herbicide during the program. There was no
spillage or other release of the herbicide to the environment,
except for minor drips normally occurring during transfer or fuel
system modifications. These drips were promptly absorbed with a
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rag soaked in JI’-4, Contaminatcd rags and other materials werc
kept in a scaled container and disposed of by the Air Force at
test program completion, All contaminated utensils employed
during transfer or systems operations (funncls, hoses, drip pans,
etc.) were thoroughly rinsed in JP-4 after cach use and the rinse

solution incinerated.

13.3 Effcct on Incinerator Materials

A total of 44 hours of operation, including 30.5 hours
on undiluted herbicide, was accumulated during the program with
16 complete start/stop trunsients. During this period no struc-
tural problcms were noted in the units themselves or at gasketed
mating flanges. There were no cmergency shutdowns or shortencd
runs duc to physical incinerator problems. Examination of the
incincrator during and alter the program indicated no cvidence of
scaling or other physical deterioration indicating impending fail-
urce,

General experience with Type 310 stainless stecl, and
our specific experience with Marquardt incinerators made of 310
stainless, indicate long term durability at the temperatures
cxperienced, particularly at the low stresses and crcep rates
created by ncar ambient pressure operation. Even at a chamber
pressure as high as 16 psig, the creep rate is 1% per 100,000
hours at 1500°F. Also, the maximum skin temperature noted on
the uncooled reaction tailpipe throughout the program was 1700°F
which was bclow the temperature (20000) at which oxidation scal-
ing becomes appreciable.

14.0 CONCLUSIONS (Preparcd by USAF EIlI/K, EIL/M and TMC)

14.1 Destruction of "Orange" llerbicide by Incineration

"Orange" Herbicide was effectively and safely destroyed
by incineration. No "Orange" Herbicide constituent was detected
in any system cffluent when operating with the slot nozzles or the
poppet nozzles except for the combustor coke deposit and spent
scrubber water sample of Burn ITI. Very favorable relative pyroly-
sis ecfficiencies were obtained, ranging from 99.98% to 99.999%,
Chlorinated phenolic compounds were undetected in all of the scrub-
bed effluent gas samples and detccted only in one combustion gas
sample (monochlorophenol at 1,06 x 10-6 grams/liter in Burn Ig.
The spent scrubber water from all bhurns contained monochlorophenol
but at a level not exceeding 0.14 x 10-6 grams/liter in the last
five burns or 53 x 10~-6 grams/liter in any of the burns.
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14.2 Engineering Data

Preheat of "Orange" Herbicide fuel prior to injection
in the combustion chamber was an important combustion efficiency
parameter, The RPE was improved significantly (from 99,99 to
99,999%) when the "Orange Herbicide fuel was prcheated to between
900 and 1759F, Preheat of "Orange" Herbicide fuel to at least
900F was required to accomplish acceptable fuel injection charac-

teristics.

The method of fuel injection was an important combustion
efficiency parameter. The radial slot nozzles produced a higher
RPE (Appendix I) and only about 1/20 the mass of combustion cham-
ber coke deposits produced when central poppet nozzles were usecd.
The slot nozzles provided satisfactory results at higher fuel/air
mass ratios and combustion temperatures and therefore permitted a
higher destruction rate of the "Orange" Herbicide.

Basic flow control was quite simple in that only fuel
and air mass flow regulation was required once steady state was
achieved, Transients were performed without incident due to the
ease of ignition of "Orange" Herbicide into an established flame.
The manual control systems were quite satisfactory in thesc re-
gards and the only real flow control monitoring needed was to
correct for minor changes in flow caused by changes in facility
air storage pressure or changing fuel properties, It was con-
cluded that "Orange" flow regulation is no problem as long as
temperature is maintained within a reasonable band as determined
by system siging and is properly filtered to prevent plugging of
fuel nozzles. Basic incinerator control therefore consisted of
fuel and air flow regulation with monitoring of the combustion
gas temperature to verify the presence of combustion and provide
a relative indication of combustion and consistency of operating
parameters. Air and fuel mass flow depended on delivery system
pressure. The burner system pressure provided an indication of
combustion gas flow and downstream conditions. These control
parameters were conventional and could be readily automated using
existing process industry control components, Such systems quite
routincly monitor and control flow and combustion processcs and
take appropriatc corrective action in the event of system anomalics.
From purely a combustion point of view, this incineration process
was not much different than when using conventional fuels. However,
the serious differences were in the structural integrity (safety)
of the incinerator and the sefety aspects of storage and delivery

of the "Orange'" Herbicide.

Scrubbing of the combustion gasces and neutralization of
acids was accomplished satisfactorily. Optimization of this system
was not within the scope of this effort and it is recognizcd that
other types of scrubbers may be more desireable.
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The on-line gas analyses cquipment used was adequate
for CO and NOy monitoring of scrubbed effluent gas only. Gas
analyses equipment incorporating additional features would be
required for sampling of combustion gas and for representative
hydrocarbon sampling of the scrubbed and combustion gases.
Application of on-line sampling analyses to a production pro-
cess would require additional study beyond the scope of this
effort.

14.3 Effects on Incinerator Materials

Considering the abscence of structural or sealing prob-
lems in the physical combustion chamber enclosures, the lack of
evidence indicating physical deterioration in the materials uti-
lized, the qualitics of the materials used, and prior experience
in similar systems, it was concluded that the basic incinerator
design would provide a unit of considerable longevity. There are
design considerations that would be required, "extcrnal" to the
basic combustion process, which could further ensure longevity and
provide a reliable unit. Such design factors do not appear to be
particularly unusual or cxotic in nature. It was also concluded
that durability would be enhanced by long term continuous opera-
tions where start-stop transients are minimized.

14.4 Mass Discharge Rates of "Orange" Herbicide Constituents

TCDD was detected in the spent scrubber water from Burn
III at 0.25 x 10-6 grams/liter. Otherwise, no "Orange" Herbicide
constituent was detected in any scrubbed effluent gas sample or in
any spent scrubber water sample., "Orange" Herbicide constituents
were detected only in the combustion chamber coke deposit from
Burn IIT but these deposits were contained and the mass of the
"Orange" Herbicide constituents in the 12.9 pounds of coke was
61.4 ng.

Table 5 presents the maximum petentially undetected
"Orange'" Herbicide constituents that could have been discharged
without being detected. The TCDD in the spent scrubber water
from Durn IITY was included in the discharge. The average mass
that could have been discharged in the scrubbed effluent gas
during each burn was 9.3 mg Edv 2.7 mg). The average mass that
could have been discharged in the spent scrubber water during
cach burn was 3.4 mg (<= 1.4 mg).

14.5 Spent Scrubber Water Quality

Spent scrubber water inorganic quality was directly
related to applied caustic, Mineral content of spent scrubber
waters would be minimized and acid gases cffectively scrubbed
if applied caustic were 2.0 (+ 0.1) times that required to nue-
tralize the theoretically expected amount of HICl. Primary settl-
ing, dcchlorination, and adjustment of pH to about 9 may be re-
quired before discharging the spent scrubber water to natural

E-55



95-3

TABLE 5:
INCINERATION OF "ORANGE" HERBICIDE

MAXTMUM POTENTIALLY UNDETECTED "ORANGE" HERBICIDE MASS DISCHARGE RATES FROM

(includes TCDD, nb 2,4-~D and nb 2,4,5-T esters, and 2,4-D and 2,4,3-1 acids)

Burn Number 1 |1 jrmx | | v v | vz lvio
SCRUBBED EFFLUENT GAS
Total Volume (STP) Produced During Burn (x 106 liters) [ 6.33 | 7.75 | 8.538 | 9.47 [7.65 | 5.03 7.55? 8.76
Undetectable Mass Concentration (x 10-3 pg/l)+t 1,03 10.90 | 1,15 (0.80 ; 1.00 | 3.00 !1.305 1.20
Total Burn Undetectable Mass (x 10-3 grams)- 6.88 {6.98 | 9.87 | 7.58 ;7.65 15.09 ;9.82!10«51
Burn Time (minutes) 191 218 235 236 | 213 136 i 213 : 336
Undetectable Mass Discharge Rate (pg/min)- 40 30 40 30 ! 40 i 110 i 30 § 30
SPENT SCRUBBER WATER :
Total Volume Discharged During Burn (x 103 liters) 15.7 [15.0 1 15.1 | 15.9 [13.5 | 7.2 | 14.3 | 12.1 |
Undetectable Mass Concentration (x 10~3 ug/l1)+ 225 | 225 | 430* | 225 | 225 | 225 | 225 | 225
Total Burn Undetectable Mass (x 10-9 grams )+ 3.54 | 3.39 {6,46*%1 3,57 | 3.05 | 1.62 13.22; 2,74
Burn Time (minutes) 191 218 235 236 213 | 136 213 : 336 |
Undctectable Mass Discharge Rate (ug/min)- 20 20 | 30* 20 10 i 10 20 j 10 i
*Only gas or water sample in which any subject compounds were detected: 0.25 x 10-6 gn/1

+These values expressed as the total of the five herbicide constituents
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waterways. T[or burns using the slot nozzles, the total average
hydrocarbons were less than 20 ug/1 and no hydrocarbons wevre
detected in the water's suspended carbon particles. Of the
20 ug/1 total hydrocorbons, less than 1.5 percent of them could
have been undctectable compounds of the original herbicide feed.

14.6 Pyrolyzates and Illydrolyzates

All of the dctected unchlorinated aliphatics, aromatics,
and biphenyls were considered pyrolyzates. The total mass of
these pyrolyzates in the scrubber water, combustor coke deposit,
and scrubbed effluent gas averaged 1.32 gms as carbon per drum
of herbicide incincrated in the less efficient burns (I, II, III)
and was an order of magnitude less (0.42 gms as carbon per drum)
in the more cfficient burns (JV through VIII).

All of the dectected moncchlorophenol and dichlorobenzene
werc considered hydrclyzates. These compounds were detected in
only one efflucnt from the incincerator (spent scrubber water).
Their total effluent mass averaged 0,86 grams as carbon per drum
of herbicide incinerated in the less efficient burns (I, II, and
IIT) but decrcased thrce orders of magnitude to an average of
0.006 grams as carbon per drum of herbicide incinerated during the
more efficient burns (IV through VIII).

14.7 Air Sampling

Data from the Beckman 1094 hydrocarbon analyzer was not
an indicator of RPE or combustion efficiency (Appendix I).

The formation of dichlorobenzene, dichlorophenol, and
monochlorophenol by the reaction of nonchlorinated aromatic hydro-
carbons with HC1l, Clz and (Cl) was indicated in locations of rapid
combustion gas cooling. The quantity of these compounds that
might be formed in other systems would not be expected to exceed
the mass of aromatic hydrocarbons existing in the combustion gas,

14.8 Bioassays

Conclusions about bioassay and planﬁ biomonitoring data
will be published under separate cover by USAF EHL/K.

14.9 Ndise Hazards

Unprotected personnel occupationally working within fifty
feet of the incinerator(s) should be provided ear protection and be
monitored via a hearing conservation program. The conventional
masonry control room walls effectively protected the operators from
the incinerator's hazardous noise levels (91 + 2 dbA) and provided
them an area quiet enough for reliable communIcation, Masonry walls
around the incinerator pad would preclude ambient incinerator noises
from interfering with any adjacent operations.
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14.10 Drum Cleaning

Data of this study can be used to determine the volu-
metric rinses of used or contaminated JP-4 needed to meet any
prescribed drum cleaning requircments. Under the following con-
straints, separate rinse procedures should be uscd to obtain
maximal removal of the 450 (+ 25) groms of herbicide remaining
in the drums after drainage:

a. Some cleaning required but =3 gallons of clecan
or contaminated JP-4 available per drum. Use the five gallons
in a single rinse to obtain 70 percent herbicide removal.

b, Maximal cleaning requircd but =10 gallons of
clean or contaminated JP-4 available per drum. Use two rinses
of five gallons cach to remove 79.1 percent of the herbicide.

c. Third rinses of less than five gallons of JP-4
did not improve overall herbicide removal by more than three
percent,

Removing drum ends and spraying the rinse downward
through the open drum would provide better rinse drainage. De-
pending on rimse volumes uscd, such a rinse application technique
might improve herbicide removal efficiencies by 10 to 25 percent
over the results of this study.
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APPENDIX A
(TO APPENDIX E)

THEORETICAL COMBUSTION TEMPERATURES AND PRODUCTS
FOR "ORANGE" HERBICIDE AND AIR COMBUSTION

A computer program for the calculation of complex chemical
cequilibrium compositions was used to obtain theoretical combus-
tion temperatures and products for "Orange" Herbicide/air mass
ratios. This program is "NASA Report SP-273, Computer Program
for Calculation of Ccmplex Chemical Equilibrium Compositions,
Rocket Performance, Incident and Reflected Shocks, and Chapman-~
Joupguet Detonations by Sanford Gordon and Bonnie J. McBride,
1971,

The chemical composition of the "Orange" Herbicide was
assumed to consist of:

50% by volume of N-Butyl 2,4,5-T Cq12Hq303Cl3

and

50% by volume of N-Butyl 2,4-D C19H4403Co

The heats of formation used for each fuel were as follows:

Heat of Formation

Fuel Cal/Mole
N~Butyl 2,4-D . =152,000

The heats of formation of these compounds were estimated by tak-
ing the heats of formation of similar compounds and adding/
subtracting the heats of formation of similar/dissimilar groups.

The results of computer analysis are summarized in Figures
A-1 through A-4. Figure A-1 presents the theoretical temperature
of "Orange" Herbicide and air combustion plotted against "Orange"
Hlerbicide/air mass ratios for ambient air temperatures of 537 and
1000°R. The mass ratios were those of interest in the under-
stoichiometric range which would provide combustion temperatures
spanning the 2100° to 2900°F range to meect program requirements.
Figure A-2 presents equilibrium products of "Orange" Herbicide/
air combustion plotted against theoretical combustion temperaturc
for an ambient air temperaturec of 537°R. This data was used as a
basis for prediction of incinerator combustion gas product compo-
sition.

E (A-1)



Figures A-3 and A-4 present similar data for the over-
stoichiometric combustion of 2,4,5-T herbicide in 537°R ambicnt
air. This data was computed to predict the effects of incomplete
combustion or pyrolysis at very fuel rich conditions which could
be created by incinerator failure, particularly regarding the
formation of phosgene. Mass ratios were analyzed to approximately
1.3 times stoichiometric. Figure A-3 presents theoretical combus-
tion temperatures versus 2,4,5-T herbicide/air mass ratios. Fig-
ure A-4 presents equilibrium products of combustion. No phosgene
or any other potential gaseous products of incomplete pyrolysis
were indicated within the limits of the computer program (less
than 5 x 10~6 mole fraction).
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APPENDIX B.
(TO APPENDIX E)

DETATLED DESCRIPFION OF TEST FACILITY FOR "ORANGE" HERBICIDE
INCINERATION

A schematic of the complete test facility is shown in Figure
B-1. The following discussion will describe the components and
systems used during this program.

SUE® Burncr Incinerator and Reaction Tailpipe

The incincrator consisted of a 12-inch diamcter SUE® Burner
with a 48-inch long air cooled combustion chamber and 180-inch
long uncooled reaction tailpipe. The SUE® Burner insert and cool-
ing jacket shown in Figure B-2was identical to other standard com-
mercial SUE® Burner units used except that the test unit had not
been acoustically treated and longitudinal air vanes had becen added
to aid combustion chamber cooling.

The SUE® consistedof an inlet pipe joined to a larger combus-
tion chamber by a flat expansion plate (see Figurce B-3). fuel was
injected through the plate at the "step." Because of this unique
injection method, combustible fuel-air ratios were maintained in
the recirculation zone, regardless of the overall fuel-air mass
ratio., With this method of flame stabilization the burner was
capable of operating at average combustion temperatures from 1800°F
to the maximum allowable of 2800°F by varying the "Orange" Herbi-
cide/air mass ratio. The maximum allowable temperature was deter-
mined by this program's restraint of providing a 30% minimum of
excess air. '

This SUE® incinerator was equipped with three separate fuel
injection arrangements. One set of fuel injectors or nozzles,
located in the burner expansion plate, was used to inject the
pilot fuel (natural gas). The burner was started with the pilot
fuel and a spark type igniter. Two different injection nozzle
systems were employed for injecting "Orange" Herbicide. For tests
up through Number 9 (RecordBurn IV) a central poppet type nozzle
was used to inject the herbicide in a finely atomized spray. This
nozzle was attached to the inlet plate as shown in Figure B-4 and
extended into the burner inlet pipe. Water flowing through the
poppet nozzle (Figure B-4) shows its atomization characteristics.
For subsequent testing (Test Numbers 10 through 13, Record Burns V
through VIII) herbicide was injected with slot type nozzles located
inside the natural gas nozzles in the step plate. The slot nozzle
manifold and nozzles were located entirely within the natural gas
manifold and sprayed into the combustion chamber through the much
larger slots in the natural gas nozzles. Refer to Figure B-3.
This arrangement kept the fuel nozzles cool at all times due to a
small flow of air (0.04 pps) in the outer manifold.

E (B-1)
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The combustion chamber and rcaction tailpipe were f(abri-
cated from 310 stainless steel. The combustion chamber was
aclively cooled by passing the process air over the oulside of
the chamber prior to its entry into the combustion zone. Thus,
Lthe incoming air was prcheated 100 to 800CF before entering Lhe
combustion zonc. The 180-inch long reaction Lailpipe was uncooled
except by radiation te the suvrounding environment. This arrange-
ment simplificd construction of the test unit and provided a hot
wall for complelion of the incineralion process in the cvent com-
bustion was nol complcte within the 48-inch long combustion chamber.
The mating flanges of the reaction tailpipe incorporate internal
waler cooling which prevented warping and leakage. PFlange sealing
was accomplished with high temperature asbestos fiber material.
Ports were provided in the reaction tailpipe for combustion gas
sampling probes and inslrumentation.

Venturi Scrubber System

A venturi scrubber was located at the end of Lhe rcaclion
tailpipe, connecting the tailpipe to a scrubber tank. The scrubber
tank was approximately cight feet in diameter, 15 feet high and was
cquipped with an internal water dcluge system and a metex screen
demistor. The spent scrubber water collected in the tank during a
burn was transferred by a cyclic pumping system to holding tanks.

The venturi scrubber shown in Figure B-5 was made according to
conventional design from 1/8-inch thick 310 stainless steel. The
inside diameter of the inlet and e¢xit sections werc 12 inches and
the convergent and divergent angles were 409 and 20°, respectively.
The throat was 4.4 inches in diamecter and § inches long. Fresh
caustic scrubbing solution mixed with tap water was introduced
through a manifold located at the inlet section of the venturi.

The mixiure was injected through twenty-four 0.094-inch diameter
Jets directed toward the venturi throat. See Figure B-5. The
pressure in the manifold was maintained at approximately 40 psig.

The caustic scrubbing solution cooled and scrubbed the combus-
Lion gases as well as ncutralized any HCl and Clg that may have
been present. Varying amounts of cooling tap water and caustic
solution could be applied to thec scrubber depending on the require-
ments for a given burn condition.

Caustic Solution Supply System

Caustic solution was supplied to the venturi scrubber from a
4500 gallon tank with a 2 HP pump. The flow was regulated by a
remotely controlled valve and metered by a turbine flowmeter.
Sodium hydroxide was loaded into the tank and diluted to a solu-
tion of desired strength. The tanks contents were mixed by shop
air bubbling and the concentration of NaOH determined from the spe-
cific gravity of the mixed solution.

E-(B-6)
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Scirubber Water Colleclion System

The spent scrubber waler collecled in the hottom of the
scrrubber tank was transterrved by a 2 P pump to one of Lhree
holding tanks. The punp was acluated by a (loat switch in the
scrubber tank when the Liguid Level had reached about cight
inches. Tighls in Lhe control room indicaled when the pump was
on s0 Lhat the pumping cycle could be monitored and scrubber
wvater samples collected. ALl the scrubber solution (rom a burn
wias pumped into a holding tank and hceld until relceascd by the
Air Ferce, at which ltime it was drained to Lhe main facility
i.1 million gallon concrete waste water reservoir.,

Air Supply Syslem

For flexibility in varying and measuring the air flow rate,
the 600 psig lfacility air supply system was used. The incincrator
could also be operated with a blower if required. As shgwn on
the schematic in Figure B-1, the air mass flow was regulated re-
molely with a 3-inch Annin valve and was melerced by a 0.80-inch
throal diameter sonic venturi. Air mass flow could thus be cal-
culated by knowing only air pressure and temperature upstrcam of
the venluri., The air was introduced at the downstrcam cnd of the
cooling jacket at four localtions through 2-inch diameter hoses
(sce PFigure 3). The air cooled the combustion chamber and was
Lthus preheated to 400 - 800CF before entering the combustion zone,

llerbicide Puel Supply System

"Orange" llerbicide or JP-4 was stored and supplied from a
300 psig, 300 gallon fuel feed tank. The tank was pressurized
with nitrogen at a pressure required to force the fuel through
Lthe supply system and fuel injection nozzles. Fuel was delivered
through e¢ither of two parallel 5-micron filters and controlled by
a2" Annin valve. Fuel mass flow was measurcd by a turbine flow-
meter. A recirculating hcater system was used to prcheat the
"Orange" lierbicide to 900 - 1809F prior to injection into the
combustion chamber. A GN2 purge system was incorporated to allow
purging of the fuel supply line downstream of the controls during

shutdowns.

Natural Gas Supply System

Nalural gas was supplied from the 30 psig facility system as
a pilot fuel to c¢stablish temperature equilibrium in the incinerator
(8009F) prior to injection and ignition of the herbicide. Natural
gas flow was terminated after ignition of the herbicide and an air
flow established through this system to cool the natural gas nozzles.
Remotely controlled Grove regulators were used to control the natu-
ral gas or cooling air flows and metering was provided by the same
0.27-inch diameter sonic venturi.

E-(B-8)



Instrumentation and Controls

All the parameters required for determining process mass
flow rates, pressures, and temperatures were measured and recorded
during cach run, The parameters mcasured and the location of cach
is shown in Figurec B-1 and listed in Table B-1.

Heise gauges were used to indicate total and static pressures.
Barton gauges were uscd to measure pressure differentials. Model
CFO01R Anadex counters were used to indicate herbicide fuel and
scrubber waters mass flow rates in pounds per second. Fluid and
gas tomperatures were recorded on both an 8 point O to 600°F and a
16 point 0 to 2400°F Honcywell Brown reccorder. Iron constantan
thermocouples were used to mecasure process temperatures below S5000F
and chromecl-alumel thermocouples were used to mcasure tempecraturcs
belween 500 and 2400°F. All gauges, counters and rccorders were
certified by the Marquardt Instrumcentation Laboratory prior to use

for this program,

In mcasuring actual "Orange" llerbicide mass flow rates during
a burn, cstimated specific gravity and viscosity corrections were
applied to the Anadex counters. After the burn, the herbicide mass
flow rate was corrected to reflect actual herbicide specific gravity
and viscosity as determined by measured herbicide temperature ot
the flowmecter. Figure B-6 prescnts "Orange" Herbicide specific
gravity as a function of temperature as plotted from mcasurements
taken during the program. Figure B-7 pfcsgnts "Orange"” Herbicide
viscosity as a function of tcmperaturc.{(?
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TABLE B-1

INSTRUMENTATION FOR "ORANGE" HERBICIDE TESTING
SIZE OR
SYSTEM SYMBOI. FUNCTION NOTE RANGE
Air a* Air Flow Venturi N/A 0.80"
PT1 Upstream Total Pressure 2 0 - 200 psig
TC-1 Inlet Total Temperature 1 0 - 100°F
Natural da* Gas Flow Venturi N/A 0.27"
Gas or
Nozzle Pro Upstream Total Pressure 2 0 - 50 psig
Psz Throat Static Pressure 2 0 - 50 psig
TC-2 Inlet Total Temperaturc 1 0 - 100°F
Prs Manifold Pressure 2 0 - 10 psig
Orange we Turbine Flowmeter 2 05 - .20 pps
Herbicide
or JP-4 TC-3 Inlet Fuel Temperature 1 0 - 200°F
Pry Manifold Pressure - 2 0 - 500 psig
P4 Supply Tank Pressuree 2 0 - 500 psig
Po Supply Pressure D/S 2 0 - 500 psig
Filters
L1 Fucl Tank Liquid Level 3 Sight Gauge
SUE® PT5 Burner Inlet Pressurc 2 0 - 10 psig
Burner
APy Burner Pressure Drop 2 0 - 25" Ha0
TC-4 Burner Air Inlei Tempera- | 1 0 - 1000°F
ture
TC~5,6,7 | Exhaust Gas Temperature 1, 2 10 -~ 2400°F
TC-8,9 Exhaust Duct Skin Tem- 1, 2 |0 - 2000°F
10,11 perature

E-(B-10)




TABLE B-1 (Continued)

INSTRUMENTATION FOR "ORANGE" HERBICIDE TESTING

SIZE OR
SYSTEM SYMBOL FUNCTION NOTE RANGE
Scrubber | We Caustic Solution 2 0.5 - 2 pps
Systems
Wy Water Flowmceter 2 0.5 - 3 pps
TC-13 Scrubbed Effluent Gas 2 - 200°F
Temperature
TC-14 Scrubber Water Exit Tem- 1 - 200°F
pcrature
TC-15 Caustic Solution Inlet 1 - 100°F
Temperature
Sampling Prg Beckman Probe Cooling Air 2 - 100 psig
Systcms
PT7 AF Prope Purge Air 2 - 100 psig
TC-12 Beckman Sample Gas Tem- 2 - 300°F
pcrature
NOTES: 1. Continuously measurcd and recordcd paramcter.
2. Continuously measured but manually read/rccordecd cvery
30 minutcs or whenever decmed necessary by operational
changes,
3. Manually mcasured/checked and recordcd whenever decmed

nccessary.
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USAF ENVIRONMENTAL HEALTH LABORATORY
Kelly AFB, TX 78241

APPENDIX C
(TO APPENDIX E})

SAMPLE CODE DESIGMATIONS

A set of sampling codes was developed and is presented in Table C-1. Each
sample collected by either EHL was assigned a code for laboratory control and
reporting analytical results. Samples are referenced to these codes throughout
this report.
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TABLE C-1:

Type/Source
of Sample

SAMPLING CODES FOR SAMPLES COLLECTED BY EHL'S

Code Letters

Interpretation

I —

I (Roman numeral) Test Burn numbers, I through VIII
Blended Herbicide
Feed ~BH- Blended herbicide feed sasple,
~number/number/etc. EHL(K) red drum-head-number for drums placed

(Date of Collection)

into feed tark for the test burn,

Scrubber Water

-FSW-
-A.
-8,
-SSH-

(Table C-1 cont'd next 2 pages)

Fresh scrubber water feed sample.

FSW sample sent to MWCTS for amalyses.

FSW sample for EHL(K) analyses,

Spent scrubber water into holding tank(s).
20-minute grabs for compositing (1500 ml).
20-minute grabs for reserve samples (1500 ml).
Composite hourly sample (~4500 ml1).

Hourly grabs for EHL{K) analyses (1500 ml).

Total burn period composite (4500 to 6000 ml
for WCTS and EHL(K) analyses).

Total burn period composite, ~1200 ml, for
ARL analyses.

T




TABLE C-1: (cont'd)

_Typefgource
of Sample

Code Letters

Interpretation

Scrubber water
(cont'd)

=-huniber,

-HT-
-1.

'2.

(Time and Date of Collection)

m
Sequential number from 1 to 3 for each type
of grab or hourly composite sample,

SSW collected from holding tank.

HT sample coliected from port on side of HT
after tank contents had settled for >24 hours.

HT sample of settled solids collected from
bottom of HT after tank contents had settled
for >24 hours.

{=-J)-q

BGases

-CG-
-$G-
-nuiber.

-ACP,
"'HCP L]
=P

-CT.

~-number(s),

-ARL -
{Time Period and Date of Collection)

Combustion gases collected via sampling train
at end of reaction tailpipe.

Scrubbed effluent gases collected via grabs
or sampling train in discharge stack,

Impinger number (1 through 4) in sampling
train from which sampie was taken,

Sample rinsing of air cocled probe.
Sample rinsing of water cooled probe.

Particulate sample collected isokinetically
from SG.

Cold trap sample.

Impinger number {1, 2 and/or 3} in particulate
sampling train from which impinger contents
were mixed for sample.

Samples collected for ARL analyses.

N . A




Type/ SOtlm:e

incinerator

Code Letters

"1.
-2.
{Date of Collection)

Integretation

Chucks/particles of residue collected from
within the incinerator.

Residue sample sent to WCTS for analyses.

Residue samples kept by EHL(K) for any
future analyses.

Location of sample from within the incinerator-
combustion chamber,

Orange flakes of reasidue.
Carbon/black flakes of residue.

& o’

Holding Pond

HP-
-mro

(Time and Date of Collection)

Holding Pond

Sequential number from 1 to 4 for each composited
sample collected from holding pond.

Drum Rinsing
Samples

Latter-

~number-
-number-

=number,

Alphabetical letter (A,B,C or D) to indicate
the set of drums receiving a particular rinse
procedure,

(EHL(K)'s red number on head of drum.

Sequential number from 1 to 3 to indicate the
rinse number for that dyum.

Rinse volume in galions.
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} APPENDIX D

COMBUSTION AND SCRUBBED EFFLUENT GAS MONITORING

1. Introduction

Monitloring the combustion and scrubbed effluent gascs from
the incinceration of "Orange" llerbicide prescented several unusual
sampling siluations, Thc combined sampling and analytical tech-
niques had to be sensitive at the parts per billion level for
scveral compounds. The sampling environmment was hostilc regard-
ing temperature, moisture and potential interfering compounds.
Finally the contaminants to be monitored in the scrubbed cffluent
gas could exist as a vapor, an acrosol or both.

A litcrature review did not revcal a proven source sampling
Llechnique for this work. Consequently, il was necessary to de-
velop one. A technique used in "Orange" Herbicide pyrolysis
studies at the Environmental Health Laboratory, Kelly AFB, pro-
vided a basis for this development.

Several sampling techniques were tested. The one finally
chosen was absorplion in benzcene using a modificd EPA source sam-
pling train. The following sections describe the sampling require-
menls, the sampling technique and mcthodology, the laboratory vali-
dation of the sampling technique, and the results of [ield sampling
and inorganic analysis of gases. (Sce Appendix I for hydrocarbon
results., '

2. Sampling Requirements

a. Potential Contaminants.

TCDD was considered the potential contaminant of primary
importance. It is a trace contaminant in many lots of "Orangc"
[lerbicide, requires greater heat cnergy for pyrolysis than the
basic compounds of "Orange" llerbicide, and is a hypothetical par-
tial degradation produclt from the incomplete pyrolysis of nb
2,4,5-T and 2,4-D ester. (See Figurc D-1.)

The nb esters of 2,4-D and 2,4,5-T, the principal compounds
in "Orange" Ilerbicide, were potential contaminants and had Lo be
monitored.

The acids of 2,4-D and 2,4,5-T could be formcd from the
butyl csters through two mechanisms: clcavage of the ester to the
acid and butanol in the presence of heal and moisture; and hydroly-
sis of the ester in the caustic scrubber. Due to the possible for-
mation of these acids they had to be monitored.

E-(D-1)
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Consideration was given to hypolhetical pariial pyrolysis
products. Figure D-1 is a list of hypothetical products from the
incomplecte pyrolysis of 2,4,5-T ester.(D-2) It would be impos-
sible to design a praclical system for each specific hypothetical
pyrolysis product. As lhe final sampling system was developed,
it was found thal a majoriiy of thc hypothetical products would
be trapped in the sysiem by condensation or by absorption in the
solvent. While ihe products might not be collected at a 100%
cfficiency level, Lthey would be detecled. If the producls were
considered significant, later laboratory studies could simulatce
the ficld conditions that coxisicd during sampling and the cffi-
ciency of collection could be estimatled.

Tolal particulatc loading was considered important for
two rcasons. An environmenlal statement would require this infor-
mation and the particulate maticr could be gualitatively and quanti-
tively analyzed for additional information,

Finally, to evaluate the overall performance of the incin-
eralor, it was nccessary to measure the emissions of the common
combustion products, C0, CO2, NOx, 02, H20 and total hydrocarbons.

b. Sampling Locations.

To evaluate the capabilily of the incinerator to incincrate
"Orange"” llerbicide, it was necessary to sample at two locations:
in the reaction tailpipe justi prior to the caustic scrubber and in
the scrubbed effluent gas stack.” These locaticns presented differ-
ent sampling conditions and nccessitated the use of slightly diffor-
ent sampling techniques.

(1) Rcaction Tailpipe: In the reaction tailpipe, combus-
ition gas temperatures averaged 1900°F. TCDD and the butyl cstiers
and acids of 2,4-D and 2,4,5-T existed only in the vapor phasec.
lsokinctic sampling was nol necessary to obtain a representative
sample.

Samples of combustion gases had to be cooled quickly
to depress chemical rcactions as the gas traversed the sampling
probe to the absorbent. llowever, the gas sample temperature had
Lo be maintained slighlly above the boiling point of TCDD and the
butyl esters and acids (>350°F) to prevent condensation of these
compounds in the sampling train upstream of the impingers.

Finally, mecasurecments of combustion gas velocity were
not alttempicd in this arca because of the high temperaturc and
unavailability of spccialized cquipment. The gas velocity was
oblained lfrom Marquardit theoretical data and {the temperalure was
mcasurcd by a thermocouple installed by Marquardt. The sampling
irain did not nececd a temperaturce sensor or a pitol tube.
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(2) Scrubbed Effluent Gas: The scrubbed effluent gas
temperatures were expected to average 1700F., Any TCDD or butyl
esters and acids would therefore have existed in the vapor and
acrosol phases simultaneously. Isockinetic sampling was required
to obtain a representative sample.

The scrubbed effluent gas, after passing the caustic
scrubber, would be saturated with water vapor and contain water
droplets. To prevent moisture saturation of the particulate
filter it was necessary to heat the sample gas above 2120F in the
probe to vaporize the water droplets.

3. Sampling Techniques.

To accomplish the sampling requirements of Section 2, it was
necessary to operate threce sampling systems simultancously. One
system was used at the reaction tailpipe section to monitor the
potential vapors of TCDD and butyl esters and acids of 2,4-D and
2,4,5-T. The other two systems were used on the scrubbed efflu-
ent gas stack, one to monitor the potential vapors and aeroseols
of TCDD and the butyl esters and acids and the other to monitor
particulate matter, hydrochloric acid, free chlorinc, and total
moisture in the stack.

a. TCDD, Ester and Acid Sampling Trains.

The trains used to sample for TCDD ,and the butyl esters
and acids are shown in Figure D-2, The first four Greenburg-
Smith impingers were modified with coarse frits and each contained
250ml pesticide quality benzene. Two modified Greenburg-Smith
impingers, one containing silica gel and one containing activated
carbon, were placed downstream of the four benzene impingers. The
main difference betwecn the two sampling trains was the type of
probe used. At the reaction tailpipe section, the train box was
connected to a stainless steel sampling probe (air cooled in
burns I-V and water cooled in burns VI-VIII) via a ground glass
Joint. The sampling probe was cooled to prevent damage to it in
the high tcmperature of the reaction tailpipe (1900°F). This
cooling of the probe also provided the required cooling of the
combustion gases (to 300-4000F) in order to suppress any continued
combustion reaction within the sampling probe. The sampling train
on the scrubbed effluent gas stack was attached to a heated 3-foot
glass probe wrapped in ashbestos and foil, Since it was neccssary
to sample isokinetically in the event of aerosol formation, the
glass probe had a glass sampling tip of 0.25 inch inside diameter.

b. Particulate Sampling.

The train used for particulate matter, hydrochloric acid,
free chlorine, and moisture is shown in Figure D-3. The water
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collected in the first two impingers was usced to determine hydro-~
chloric acid and [ree chlorine concenirations in the stack gas.

c. Other Conlaminants.

EPA procedures given in 40 CFR 60 were uscd Lo sample and
analyzc the stack gas for CO, CO2, O2, and NOx. Illydrocarbons were
conlinuously monitored by The Marguardt Company using a Beckman
109 Hydrocarbon Analyzer. (Sec paragraph 4.1.

4. Validation of Sampling Tcchnique.

Prior 1o usc in the field, i1he techniquec of absorption of the
butyl ecslers and acids (of 2,4-D and 2,4,5-T) in benzene was tested
in the laboratory. Otither sorbenils werc also evaluated in an effort
to avoid using the very toxic and flammable benzenc. Sce Table D-1.
These included adsorption on Chromosorb 102, absorption in acctone,
and collection in a cold trap.

A brief explanation of events is given below to explain the
"order of lesting and validating the candidate sampling techniques,
The original scope of the combuslion gas moniloring project was
the detection and quantiitization of TCDD and ihe butyl csters
(2,4-D and 2,4,5-T) ihat might c¢scapec pyrolysis in the incincra-
tion process. The firsl nine experiments concentrated on the
butyl csters and three candidate techniques were evaluated for
collecting these cesters. Then, it was speculated that acids
might be formed by either hydrolysis of the butyl esters in the
causlic scrubber or by cleavage of the butyl esters in the pres-
cnce of heat and moisture in the combustiion chamber and reaction
toilpipe. The scope was expanded to include the detection and
quantitization of the acids (2,4-D and 2,4,5-T). Since absorp-
tion in benzene and adsorption on Chromosorb appcecared equally
effeclive for Lhe butyl estlers, both sorbents were tested for
collection of the acids.

a., Testing Procedure.

The validalion proccdure was based upon mass balance. A
known mass of the bulyl eslers and/or acids was vaporized and
drawn through the sampling system. The collection cfficiency was
determincd by comparing the total mass collected in the collection

mcedia with the mass vaporized.

The sampling train was operated in the laboratory exactly
as il was planncd to be used in the ficld. This procedure insured
that the collection cfficiency in the licld would not be changed due
to different operating conditions.

b. Sample Gas Generation.

Two small glass conlainers were uscd to hold incividual
samples of the butyl csters and acids., The containers were
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TABLE D-1 .

DESCRIPTION OF SAMPLING TECHNIQUES TESTED IN TIIE LABORATORY

Experiment #

Description

1.

2.
3.

5.

7.

8.

10.

11.
12-16.

17.

18.

Series of 4 fritted Grecnburg-Smith impingers,
cach charged with 250ml pesticide quality bcenzene.
Butyl esters collected.

Repeat of Experiment 1.

Series of 4 Greenburg-Smith impingers, 1 and 2
were standard, 3 and 4 were modified,* each
charged with 250ml1 benzene. Butyl esters col-
lected.

Series of 4 Grecnburg-Smith impingers, 1 was
standard,** 2, 3 and 4 were fritted. 1 was
charged with 250ml of 10% NaOH solution, 2, 3

and 4 with 250ml benzene. Butyl esters collected.
Same as 4 except all impingers were fritted and 1
was charged with 250ml of a 2.5% CaOH solution.
Butyl esters collected.

Repeat of Experiment 1.

A fiberglass filter, 6" in diameter, followecd by
the series of impingers described in 1. The fil-

ter had 31 gms of 40/80 mesh activated carbon
spread cvenly on it. DButyl esters collected.

Repeat of Experiment 1.

Chromosorb 102, 12 gms packed in the filter sec-
tion glassware, followed by the impinger scries
described in 1. Butyl esters collected.

Same as 1. Acids of 2,4-D and 2,4,5-T collectcd.
Same as 1. Dutyl esters and acids collected.

Same as 9 cxcept butyl esters and acids collected.
Cold trap, acectone in an alcohol-dry ice bath
followed by the series of impingers described in
1.

Same as 9 except only 2,4-D acid collected.
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TABILE D-1 (Continucd)

Experiment #

Description

19,

23.

Series of 4 impingers, 1 was standard charged with
250ml accetone, 2, 3 and 4 were fritted and charged
with 250ml benzene., Acids and esters collected.

Same as 19 except impinger 1 was charged with ben-
zenc.

Repcat of Experiment 18.

Samc as 1 excepl frits on the impingers were
changed from finc to coarse frits. Butyl esters
and acids collected.

Repeat of Experiment 22.

*The modified impingers had a glass insert that was not tapered

at the end.

**The standard impinger had a glass insert that was tapcered at the
end and had an impaction plate attached.
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attached to the cnd of the sampling probe by means of a glass
tee and ground glass joints. The containers were designed to
have identical flow resistance and to require a small vacuum

to obtain a flow rate of 1 liter per minutc through each. The
vacuum prevented the loss of sample vapor through the container
air inlet. The ratec of sample vaporization was controlled by
placing the containers in a portable gas chromatograph oven.

The probe from the sampling train was inserted through an asbes-
tos grommet into the oven and the sample containers were connccted
to it. The butyl esters were vaporized between 80 and 100°C and
the acids at 160 to 180°C.

In initial experiments, excess ester was placed in the
glass container. The time required to vaporizec a given mass was
determined and a contaminant concentration calculated from the
mass and air flow rates. The results indicated that collection
efficiency was independent of contaminant concentration.

c. Sampling System Operation.

Prior to each test, the sample was placed in the glass
container and the entire unit was dessicated for two hours. The
entire unit was then weighed to the nearest tenth of a milligram.

The probe on the sampling train was maintained at approxi-
mately 180 to 190°C. This temperature prevented condensation of
the butyl esters or acids on the glassware. When the oven and
sampling train components were at the correct temperature, the
sampling train was turned on. The sample flow ratc was maintained
at 2 to 6 liters/minute (STP), and thc samples were vaporized to
provide contaminant concentrations of 0.1 to 50 ppm in the air
being drawn into the sampling probe. At the end of the sampling
period, the remaining fraction of the somple was weighed to the
nearest tenth of a milligram after dessication for two hours.

The net difference in sample weight was used to detcrmine the
mass of sample vaporized.

d. Analytical Procedurcs.

Electron capture gas chromatography was used for quanti-
tative analysis. Two different un&&s were used at different
times., One was equipped with a Ni®Y detector and an 8-foot
column packed with 3% OV17. The other unit was equipped with a
T3 detector and a 6-foot column packed with 3% SE 30. Both
columns were 1/4 inch outside diameter. The column and detcctor
temperatures of the units were maintained isothermally at about
1650 and 19590C, respectively.

Peak height comparison was used for quantitative analysis.
Area measurement is usually preferred; however, peak height

E-(D-10)



comparison San be more accurale when the pcaks arce sharp and
narrow.{(D-3) The samples in this work were essentially as pure
as standards and the resulting peaks werc sharp and narrow and
not degraded by interfering pcaks (sce Figure D-5). To obtain
maximum accuracy ecach sample pcak height was compared with a
standard pecak that was within 90 to 110% of the sample peak
height. Each sample and standard was injected twice and if
the injeclions differed by greater than 5% of their average,
new injeclions were made until cach pecak heighl in a serices

of threc was within 5% of the average. Lincarity in the work-
ing range was verificd bhefore and after cach series of samples
was analyzed.

¢c. Analylical Accuracy.

Weighing of samples before and aftier vaporization, weigh-
ing and dilution of stiandards, dilution of samples for analysis,
and pcak height variation were all sources of analytical error.
llowever, pcak heighl variation was considered the major source
ol error.

Figurcs D=4 through D-6 were used to illustrate this poten-
tial error. These figures depict® the chromatographs of impingers
1, 2 and 3 from experiment 2. Assume the standard 2,4~D N-butyl
cster pcak height of 18 divisions in Figure D-4 reprcsented 96
picograms/2 pl, i.e., the true value. The impinger 2-1-2 sample
peak height of 19 divisions in Figurc D-5 represented (19/18)
times 96/2 or 51 picograms/ul. Let the standard pcak height be
5% greater than truc and the sample peak height be 5% less than
before. Then the impinger 2-1-2 samplce peak height of 18 divi-
sions represented (18/19) times 96/2 or 45 picograms/pl. The
15 picograms was 11% less than the truc value. This polential
crror applicd to the total mass in the sample. The total mass in
impinger 2-1-2 was in the milligram range while the mass in impine-
ger 2-2 was in the microgram range. Since the overall c¢fficiency
was calculated from milligrams to the nearest tenth, the error in
impinger 2-1-2 was significant vhile the error in impinger 2-2
did not affcct the calculation of overall cfficiency.

The total mass vaporized during a given test was measurcd
to the necarest tenth of a milligram. This mass always exceeded
4 milligrams; therefore, the maximum crror in determining the
total mass cvaporated was 2.5%.

The mass uscd in standards was weighed to the ncarest
microgram on a Cahn balance. Class A volumetrics were used for
dilution and dilutions werc conductcd with hexane and volumetrics
at 209 + 1. The error in this procedurc was considered less than
1%. Samples were diluted in Class A volumectrics at 21°C + 1.
After dilution the samples were placed next to the standards and
given time to cqualize in temperature with the standards,
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In view of this brief error analysis, the mass delermi-
nations were nol considercd more accurate than + 15%. Mass
recovery was considered complete if it fell between 85 and 115%
of the mass vgporized, and the unconcentrated absorbent volume
in the last impinger in the series showed no more than a iLrace
amount of contaminant.

f. Sample Analysis.

A serics of four impingers charged with benzene was uscd
in all experiments cither as the primary absorption sysilem or as
a backup system when Chromosorb 102 or activated carbon was uscd
as the primary collection medium. To determine the quantity of
esters collected in cach individual impinger, the benzene volume
was carcefully measured and cach impinger rinsed a minimum of 5
times with pesticide grade acetonce., For most experiments the
rinsings were added to the benzene remaining in the impinger.
This sample was diluted, if nccessary, and a two micreoliter por-
tion injected ipto the chromatograph and analyzcd.

For several runs, the acetone rinse was analyzed sepa-
rately from the benzene in the impinger. This was done to obtain
some insight into the collection mechanism. Il was beliceved that
the compounds principally absorbed in the benzenc, but condensa-
tion on the frit was also an important mechanism.

The benzene and acctone rinse from the third and fourth
impingers often contained masses of cach ester below the detec-
tion limit of the chromatograph, These solutions were never
concentlrated. The volume of benzene and acelone rinsc from
thesce impingers averaged 300 milliliters. Based on the detection
limit of the gas chromatograph (~5 picograms/ul), the mass con-
tained in these impingers could not have c¢xcecded microgram quan-
tity unless dilution was required. Since dilution was never re-
quired, the mass containcd in these impingers never excceded 0.1%
of the total vaporized.

The standard BIF3 methylation procedurc was uscd to deter-
mine concenirations of the acids in the benzene. The benzene and
acctone rinscs from ecach impinger were concentrated by rotary
vaporization and lransferred to a 15 milliliter conical centri-
fuge tube. The evaporation flask was rinsed with acetone and the
rinse added to ihe tube. The tubc content was dried wilh anhyd-
rous Na2S04, and then concentrated to 0.5 milliliters in a hot
water bath. Afier Lhe concenilrate cooled, 0.5 milliliters of
14% BI'3 in methanol was added and the mixture heated at 50°C for
30 minutes in a water or sand bkath, After the mixture cooled,
0.5 milliliter benzene and 4.5 milliliter of 5% aqucous NagSO4q
solution was added. Afier phase sceparalion, lhe organic layer
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was removed and the surface washed with 1 milliliter benzcne.
The organic layers were passed through a micro cleanup column
of florisil. Benzene was added to the column effluent to bring
the processed sample volume to S5 milliliters. This prepared
simple volume was then analyzed with an electron capture gas
chromatograph.

When Chromosorb 102 or activated carbon was used as the
primary collection medium, the contaminants were extracted from
the medium with acetone in a Soxhlet extractor at 30 cycles per
hour. Again, samples were token directly from the volume of
acetone in the extractor, usually+*200 milliliters, and analyzed
for butyl esters. The solution was then concentrated, and, if
acids had been collected, put through the methylation procedure.
In two cxperiments where esters and acids were collected simultance-
ously, the samples were evaluated for butyl esters before and
after the methylation proccedure. This was done to detecrmine the
possibility of transesterification of the butyl esters to methyl
csters in the methylation procedure. Significant (<3%) transecs-
terification was not detcgted in this work or in similar studics
at the Air Force Academy.(D-4

g. Findings and Discussion.

Absorption of the butyl ceters (2,4-D and 2,4,5-T) in
benzene was evaluated in experiments 1, 2, 6, 8, 20, 22 and 23
(sce Table D-2). The collection of the esters was complete in
all experiments except 20 where the first impinger in the fritted
series had been replaced with a standard impinger. The collection
efficiency in this first impinger dropped from an average 93% with
the fritted inpinger to 14% with the standard impinger. Also, the
last impinger in experiment 20 had a 10% recovery while the last
impinger in the other experiments never had more than a trace.
Coarse frits were used in cxperiments 22 and 23 while finc frits
were used in experiments 1, 2, 6 and 8. No trace of csters was
found in the last impinger of experiments 1, 2, 6 and 8 while a
trace was found in the last impinger of experiments 22 and 23.
These results indicated a slight but insignificant loss of re-
covery cfficiency with the coarse frits. Consequently, the
field sampling unit was designed to use coarse frits because they
operated under much less vacuum requirements than the fine frits
(3"llg vs 9"lg) and significantly decrecased the possibility of
lcaks in the system.

Absorption of the acids in benzene was cvaluated in experi-
ments 10, 11, 20, 22 and 23. Results of 10 and 11 were discarded
due to crrors in analytical procedurcs. The less than complete
recovery in 20 was due to the replacement of the #1 fritted impin-
ger with a standard impinger. In 22 and 23 all impingers were
fritted and recovery was completec.
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LABORATORY TESTING RESULTS
"ORANGE" HERBICIDE PROGRAM

TABLE D-2

. NOV 1973
Exp 4 Overall Efficiency, Specific Components, %
Efficiency Impinger # .Qther * Glassware Washings
%o 3 | 4 Probe Bypass
Ester; Acids |Esters|Acids |Esters|Acids |FEstersjAcids |Estersg! Acids Esteré Acids |Esters jAcids |Esters | Acids
1 96 76 T ND ND ND 20 t
2 105 104 <] ND ND T T
3 89 48 36 5 T T ND
4 39 46 <1 52 ND T ND ND ND < 2
5 98 97 <1 T ND ND ND
6 106 90 3 <1 ND 12
7 103 1 1 T ND 99 <2 <1
8 |15 113 2 T ND ND <1
9_| 98 | ND ND NE NE 98 | _ND ND
10+ | 5 4 >1 ND ND ND ND
1+ ! ND ND ND ND ND ND ND
112 ~1 ND ND ND ND NE | ~1 ND_ ND
13 ~1 ND ND ND ND ND ND ND | ND NE | ~1
14 ~1 ND ND ND ND NE |~1
15 $AMPLE LOSTI DUE TO CONTAMINA TION
16 87 ND ND ND ND 87 _ND _ ND
17 NE NE 12 12 NE NE NE NE & 4 ND ND ND}] ND
18 ~NE 22 NE ND NE ND NE ND NE ND NE 22 ND ND
19 62 97 13 39 21 37 13 13 15 8 ND ND ND ND
20 20 89 14 32 kY] 32 18 15 10 10
21 35 ND ND 35 <1 <]
22 90| 90 86 83 4 7 | <t <1 T T ND ND ND| ND
23 89 b 87 75 2 13 <1 3 T T
T - Trace, None Quantitable Mass
XD - None Detected

NE - Not Evaluated

Efficiency = Mass Recovered

Mass Vaporized

X 100

Mass Measured to 0.1 Milligram

* Other Collection Medium

+ Experiment results were discarded due to
errors in analytical procedures.
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In experiment 19, the first impingor was a modified one
charged with acetone. Recovery of acids was 95% while ester
recovery was only 62%. Experiment 20 was a duplicate of 19
except the first impinger was charged with benzene. Recovery
of esters improved while recovery of acids appeared to decline
with the change to benzene. In both experiments, less than
83% of the esters and acids was recovered in the last impinger
and recovery was therefore not considered complete.

Adsorption of the butyl esters on 40/60 mesh activated
carbon was evaluated in experiment 7. Carbon was spread ovenly
on a fiberglass filter and the assembly was maintained at 350°F
in the filter section. The carbon effectively adsorbed the
esters with less than 3% of the esters breaking through to the
benzene impingers. The esters were not easily extracted from
the carbon and twenty-four hours of Soxhlet extraction was ncces-
sary to achieve total ester recovery. This medium was not fur-
ther evaluated for acid adsorption because of the later experience
with adsorption on Chromosorb.

A cold trap of acetone in an alcohol-dry ice bath was
evaluated in experiment 17. The acetone was contained in a modi-
fied impinger. The impinger insert was a % inch inside diameter
glass tube that extended to within %4 inch of the impinger bottom.
After a sample volume of only 85 liters had bcen collected, the
impinger insert became totally blocked with ice. Also, the collec-
tion efficiency in the trap was only 12%. This sampling technique
was discarded due to the icing problem which would be severe in
scrubbed effluent gas sampling and the low collection efficicncy
in the trap. .

Adsorption of butyl esters on Chromosorb 102 was evaluatcd
in experiment 9 and for the esters and/or acids in experiments 12,
13, 14, 15, 16, 18, and 21. The Chromosorb was packed in the by-
pass glassware in the filter section and maintained at 370°F dur-
ing sampling. Even at this elevated temperature, the Chromosorb
effectively adsorbed the butyl esters in ecxperiments 9 and 16.
Due to the negative recovery of the acids in experiments 12, 13
and 14, recovery of the butyl esters was not evaluated. In experi-
ments 9 and 16, problematic extraction of the esters from the
Chromosorb required sixteen hours of Soxhlet extraction at 30 cycles

per hour to effect >83% recovery.

Experiments 18 and 21 were conducted in an attempt to deter-
mine the reason for negative acid recovery in experiments 12, 13
and 14. Apparently chemical alteration of the acids was occurring
on the Chromosorb due to the significantly elevated adsorption
temperature. As a simple test, the Chromosorb was carefully weighed
before and after adsorption of the acids. The weight gain indicated
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complete mass recovery and no acids were detccted in the backup
benzene train; however, the Chromosorb was discolored at the up-
strcam interface and only 22 and 35% of the acids were reccovered
in experiments 18 and 21, respectively. The temperature in experi-
ment 21 was 320°F comparcd to 370°F in experiment 18. A relation-
ship between tomperature and recovery of the acids was indicated
during thesc Chromosorb experiments.

In cxperiments 2, 6, 7 and 8 the acetonc impinger rinse
was cvaluated separately from the benzene in the #1 impinger. The
percent of esters collected in the acetone rinse relative to the
total collected in the impinger benzene was 12, 6, 30 and 44%
respectively. In experiments 2 and 6 the impinger inscrt remaincd
in the benzene for several minutes before the benzene was rcemoved.
This allowed the esters condensed on the frit to become dissolved
in the benzene. In experiments 7 and 8 the benzene was removed
immediately after sampling ccesced. These data indicated that con-
densation on the frit was an important collection mechanism. This
procedure was not used in the acid experiments; however, condensa-
tion on the frit was indicated. The resistance in the sampling
system incrcascd or the sample flow rate decrcased as sampling pro-
gressed. Also, the first acetone rinse percolated through the frit
slowly. By the fifth rinse, the acetone passcd through the frit
freely. The only obhvious cause of these anomalies was condcnsation
of the acids on the frit. Since the acids had a much higher boiling
temperature than the butyl csters, the condensation mechanism was
important in acid collection and accounted for the excellent collec-
tion efficiency of acids in benzene cven though the solubility of
the acids was less than 1% in benzene.

A caustic scrubber was simulated in experiments 4 and 5 by
replacing the benzene in the first impinger with caustic solution.
A standard impinger and a 10% NaOH solution was used in experiment
4 and a fritted impinger and a 2.5% Ca(OH)2 solution was used in
experiment 5. The purpose of thesc two cxperiments was to cvaluate
the possible hydrolysis of the butyl esters in a caustic scrubber.
In both experiments the hydrolysis, if it occurred, was less than
1%. The methyl csters that were detected could have been formed
from transecsterification of the butyl esters remaining in the solu-
tion after extraction. No conclusions could be drawn from these
experiments.,

Experiments 8 and 22 evaluated the presence of water vapor
on sampling cfficiency. Fifty milliliters of water were placed in
the first impinger. The oven air used to gencrate samplcs was also
saturated with water vapor by allowing a beaker of water to boil in
the oven throughout the sampling period. The sampling cfficiency
was not degraded by this water.
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In the pyrolysis of the butyl esters large amounts of IIC1
would be produced. To tesi the effect that HC1l might have on the
collection efficiency of the butyl esters, five milliliters of
concentrated HCl were poured through the first impinger frit just
before sampling in experiment 6. As the data indicated, no effect
was noticed. There was no reason to suspect that IIC1 would have
any effect upon absorption of the 2,4-D and 2,4,5-T acids.

h. Conclusions.

Complete absorption (>85%) of the butyl esters and acids
of 2,4-D and 2,4,5-T in benzene, using a series of four fritted
Greenburg-Smith impingers, was documented. Test data were conclu-
sive for contaminant concentrations between 0.1 and 50 ppm (b
volume) and flow rates between 2 and 6 liters per minute (STP).
Collection efficiency was not a functbn of contaminate concentra-
tion or flow rate.

Substitution of a standard impinger for the first fritted
impinger in the impinger series decreased absorption efficiency
to <B85%. Test data were not sufficient to document the precise

decrease in efficiency.

TCDD, in view of its chemical similarities to the butyl
esters, should be as effectively absorbed in the benzene-fritted
impinger system as were the esters. Due to its extreme toxicity,
impinger collection of TCDD was not tested in the laboratory.

Water in the impingers and/or the sample gas did not de-
grade sampling efficiency. -Test data verified this at benzenc
to water ratios of greater than 5 by volume.

The presence of HCl1l in the benzene did not affect the
absorption of butyl esters and there was no reason to suspect
that [IC1 would affect the absorption of the acids. In a very
strong acid solution the esters could be hydrolyzed to their
respective acids. If only the acids of 2,4-D and 2,4,5-T are
detected in the field sampling impingers where HC1 will be high,
the sampling condition will be duplicated and further evalualed
in the laboratory,

5. Sampling Procedure.

Sampling was designed to monitor TCDD and the butyl esters
and acids of 2,4,-D and 2,4,5-T simultaneously in the reaction
tailpipe section upstream of the scrubber and in the scrubbed
effluent gas stack downstream of the scrubber. This sampling
scheme¢ in combination with simultaneous scrubber water sampling
provided data required to perform certain material balances of
the incineration process.
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a. Prior to Run:

Minimizing poteniial contaminants that would interfere
with gas chromatographic analyses was e¢ssential. All glassware
in the TCDD systems was soaked in hot, soapy water, rinsed 5
times with distilled water, and rinsed 5 times with pesticide
quality acctone. The first four impingers were charged with
250ml pesticide quality benzene. The last two impingers were
charged respectively with silica gel and activated charcoal and
weighed. The entire train was then sealed with aluminum foil
until sampling commenced. The particulate sampling train was
prepared in accordance with procedures cstablished in 40 CFR 60.

Prior to sampling, all three sampling trains were leak
tested in accordance with proccdures recommended in 40 CFR 60.
To verifly that no leak occurred in the TCDD sampling train on
the stack, the water collected during sampling was comparcd with
the quantity of water collected in the particulate train during
the same burn. The water collected in the rcaction tailpipe TCDD
sampling train was comparcd to the theoretical amount predicted
by the contractor's calculations.

b. During Run:

Sampling was begun after herbicide combustion parameters
in the incinecrator had stabilized and remained so for a period of
time, usually 45 to 60 minutes into the burn.

All three sampling systems were activated as near the same
time as possible. The two TCDD sampling systems were always acti-
vated within five minutes of cach other to provide simultancous
samples pre- and post scrubber.

The sampling system used at the reaction tailpipe section
was operated at a sampling rate of 8 to 20 liters per minute and
was constant for cach burn. Loss of benzene due to cvaporation
necessitated the low sampling rate and also contirolled the dura-
tion of sampling. The total sample volume for cach burn usually
cxceeded 500 liters at conditions in the rcaction tailpipe scction.

The particulate and TCDD sampling systems used on the
scrubbed cffluent gas stack were operated isokinetically. The
system used to sample for TCDD and the butyl esters and acids
(of 2,14-D and 2,4,5-T) was not traversed across the stack. Move-
ment of this system would have broken the unprotected glass praobe,
$0 it was nccessary to conduct single point sampling. ‘This was
acceptable because temperalure and velocity traverses across the
stack showed uniform velocity and temperature profilces. The glass
probe tip was sized to kcep the sample flow rate between 4 and 6
liters per minute to prevent benzene loss. Sample volume for cach
burn was betwecen 200 and 400 liters at stack conditions.
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The particulatc sampling train was traversed across one
diameter of the stack. Eight points were sampled with a sampling
time of 10 minutes at each point. Because of the prescnce of the
other sampling train in the stack, it was impossible to sample
along the other diameter. The average sample volume was S00
liters at standard temperature and pressure, and dry. This train
was operated in accordance with procedures recommended in 40 CFR
60 for isokinetic stack sampling.

¢. After Run:

Upon completion of the sampling run, the trains used to
sample for TCDD and the butyl esters and acids (of 2,4-D and
2,4,5-T) werc cleaned according to the following procedures. The
final volume of benzene and water in each impinger was measured.
Each impinger was then rinsed five times with pesticide quality
acetone followed by a deionized water rinsc. The volume of this
rinse was recorded and added to the benzene and water for that
particular impinger. All glassware from thc probe tip to the
first impinger was rinsed with about 200ml of acetone and the
rinsings added to the liquid from the first impinger. This vol-
ume was also recorded. All glass connectors between impingers
were rinsed into the preceding impinger. Both impingers contain-
ing silica gel and activated carbon were weighed. This weight
was uscd to determinc the amount of benzene vapors that were
adsorbed on the silica gel and carbon. If more benzene was lost
from the impingers than was recovered, a sample volume adjustmcnt
was nccessary. However, the data indicated that all benzene vapors
were recovered in the adsorption media.

The particulate train samples were handled in accordance
with recommended EPA procedures. Additionally, a small samplc of
water from the first two impingers in this train was analyzed for
hydrochloric acid and free chlorine by the Environmental Hecalth
Laboratory, Kelly AFB, Texas. After the particulate sample filter
was dessicated and weighed the particulate matter was qualitatively
and quantitatively analyzed by WCTS.

6. Field Sampling Results and Discussion

a. Results.

(1) Particulates. These data are prescnted in Table D-3.
The Federal particulate emission standard for incinerators used in
Federal government activities is 0.2 grains per standard cubic foot
of dry flue gas corrected to 12% carbon dioxide (40 CFR 76). The
particulate emissions in the incinerator's scrubbed effluent gases
during thesc tests averaged 0.076 gr/scf (standard deviation =
0.035), and were thus well below the Federal standard. Also, these
particulates, by visual observation, appeared to bc mostly sodium
salts that had been entrained in the scrubbed effluent gas during
the scrubbing process in the caustic scrubber (see sccond paragraph,

page G-7, Appendix G).
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TABLE

D-3

SCRUBBED EFFLUENT GAS PARTICULATE SAMPLING DATA

"ORANGE" HERBICIDE INCINERATION TESTS

12 - 30 NOV 73

STACK PARTICULATES
Pressure Flow Sample Volume

Temp Dry Gas Inches Dry @ Stp Dry @ Stp Gr/SCF
Burn# °F Fraction Hq ft*/min Fi® 1bs/hr @12%002 %lsokinetice
I 161 0.66 30.07 1551.2/1211.8 22.58 0.72 0. 054 + - 72.7/ 93.1
II 166  0.62 30.04 1465.0/1256.2 13,66 0.64 0,051 + 93.1/109.0
111 163  0.65 30.09 1415.4/1290.1  24.49 0.39  0.032 + 86.4/ 95.0
v 163 0.65 29.96 1515.9/1417.9  26.05 0. 71 0.055  0.055 85.8/ 91.7
v 156 0.71 30,28 1719.1/1269.1 27,26 1. 39 0.095  0.09% 79.2/107.0
VI 175 0.53 30.20 1222,5/1306.9 15,69 0.9t 0.087 0.087 85.1/ 79.6
VII 170 0.59 30.12 1447.0/1252.5  20.85 1. 05 0.085 0,082 71.9/ 83.1
VIIX 151 0.74 30.09 1589.9/ 896.5  20.28 1. 98 0.145 + 63.7/116.5

Stack _Area: 1003.8 Square Inches.

Velocity is at stack conditions.

*1st number is based on actual velocity pressure measurements/2nd number is based on velocities
calculated from theoretical data (see Appendix I for discussion).

+Not calculated due to erroneous CO2 measurements during Burns I, II, 1III, and VIII.
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(2) But{l Esters and Acids (of 2,4-D and 2!4,5-TE and
TCDD. Sample volume data are presented in Table D-4. Nelther
TCOD, the butyl esters nor the acids (of 2,4-D and 2,4,5-T) were
detected in any of the combustion or scrubbed effluent gas samples.
Detection limits for these compounds during the different burns
are presented in Tables G-2 and G-3 in Appendix G. Also see fur-
ther discussion in Appendix I.

(3) Hydrocarbons. Results and discussion of thesc data
are presented In Appendix I.

(4) CO, CO2 and 02. These data arc presented in Tables
D-5 and D-6. “Uoncentrations of CO, CO2 and 02 in the scrubbed
effluent gas for burns IV, V, VI and VII were indicative of effi-
cient combustion. A sampling probe leak invalidated CO, CO2 and
02 results for burns I, II, IIT and VIII.

(5) NOx. These data are presented in Table D-5. NOx
emissions from Incinerators are normally low due to the low combus-
tion temperature (<2900°F). NOx emissions from the incinerator
during "Orange" Herbicide incineration were low (<100 ppm) and in
agreement with combustion temperatures and the excess air.

b. Discussion.

(1) Particulates. IXsokinetic sampling was difficult due
to the low velocily pressure (0.008 to 0.01 inch of water pressure)
which could not be read more accurately than + 10% in the scrubbed
effluent gas stack. A greater than 100% carbon recovery (Table D-6)
as calculated from measured gas velocity pressures and mole frac-
tions of CO2 and CO in the scrubbed effluent gas indicated that gas
velocity pressures were read consistently high and that the scrubbed
effluent gas velocities were greater than the actual velocities.
To evaluate this-possibility revised, scrubbed effluent gas veloci-
ties for each burn (see Table D-3) were calculated based on theoreti-
cal combustion data (Marquardt) and a chlorine mass balance. The
ratio of measured/calculated scrubbed effluent gas velocities aver-
aged 1.15 with a standard deviation of 0.14. Thus it was concluded
that measured velocity pressures were read high. A thorough discus-
sion of the revised, calculated scrubbed effluent gas velocities is
given in Appendix I.

The EHL(M) thermocouple used to obtain the scrubbed
effluent gas temperature was reading 20°F too high (discovered
during recalibration after this program). The dry gas fraction
used to establish isokinetic sampling parameters had to be calcu-
lated from the water vapor saturation value of the scrubbed efflu-
ent gas at the sampling temperature. With the incorrect temperature,
the indicated dry gas fraction was smaller than the actual. Calcu-
lations based on these data indicated that scrubbed effluent gas
sampling had been performed at less than isokinetic flow. Fortu-
nately, with the aforementioned revised scrubbed effiuent gas
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TABLE D-4

TCDD, BUTYL ESTER & ACID (OF 2,4-D & 2,4,3-T) SAMPLING VOLUMES, RATES, AND TIMES

"ORANGE" HERBICIDE INCINERATION TESTS

12 - 30 NOV 73

SAMPLE VOLUME, Liters Date Start Time RATE, Liters/Min

Burn # Sample Meter Con'd Stack Con'd Dry @ STP Nov Duration Dry @ STP Stack Con'd
CG 184, 4 512.6 137. 4 13 1445/61 2.25 B.40
I 5G 139.3 188.3 106.6 1455/59 1.81 3.19
cG 45,0 131,1 34.0 16 1550/17 2.00 7.71
I1 SG 158.3 228.5 120. 4 1622/55 2.19 4,15
cG 294.2 790. 9 223.2 19 1432/64 3. 49 12. 36
111 5G 126.9 174. 8 97.2 1428/57 1.70 3.07
CG 334.0 956.9 250.3 20 1357/60 4,17 15,95
v SG 176. 2 242, 7 134. 4 1345/60 2.24 4.05
CG 7.9 24,06 6.0 27 1350/10 0. 60 2.41
v 5G 145.3 179.7 111.1 1356/60 1,85 3.00
CcG 220,9 582.1 165.9 28 1158/31 5.35 18,77
VI 5G 50,7 B1.3 36,3 1207/36 1.01 2.26
cG 150, 7 437.2 112,15 29 1007/23 4. 89 19.00
VII S5G 115.5 165, 3 82.6 1030/56 1.48 2.95
CG 169, 4 615.0 128. 2 30 0952/33 3.88 18, 64
VIII sG 124.0 142.3 90, 4 0957/58 1.56 2.45

CG: Combustion Gas, Prescrubber (Reaction Tailpipe)
SG: Scrubber Gas, Postscrubber (Scrubbed Effluent)
Duration, in minutes
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CO, CO3, 02, Ho0 AND NOy SAMPLING RESULTS
"ORANGE" HERBICIDE INCINERATION TESTS

TABLE D-5

12 - 30 NOV 73

CONCENTRATION % BY VOLUME

NOx Temp Inches Hg
Burn # Sample CO CO, O, H,O ppm °F Preesure
CG <0,01 9.1 9.7 4.3 -~ 1875 36.9
1 SG @ se=-- == == 34 44,2 161 30. 07
cG <0.01 9.6 9.1 4,5 --- 1850 35.4
IX SsG @ ----- -——- ..~ 38 43.3 166 30.04
CG <0, 06 11.5 6.6 5.4 - 1975 41.0
IIi 8G = cea-- --- -——- 35 50. 6 163 30,09
CcG 0. 07 11,5 NA 5.4 == 1840 35.9
IV SG 0. 90 12, 0. 4.8 35 48,7 163 29.96
CG 0.16 12.9 4.7 6.1 -——- 2140 38.1
v SG 0.90 12.0 4.8 29 44.8 156 30.28
CG 0.03 11.5 NA 5.4 - 1780 38.1
Vi SG 0.90 12. 0 4,8 47 46,3 175 30.20
CG 0. 14 12. 7 4.9 6.0 -—-- 2200 41.0
VII SG 0.90 12. 4 4.8 4] 95.9 170 30.12
CG 0.19 12,7 4.8 6.0 -——- 2160 32.8
VIII SG @ e-e-- -—-- -——- 26 100.5 151 30.09
SG - Values are average of 4 measurements
CG - Values are theoretical (Ssee main report paragraph 2.6)
NOTES: NA - Not available

CG - Combustion gas pre-scrubber

SG - Stack gas post-scrubber
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TABLE D-6
CARBON MASS BALANCE ON SCRUBBED EFFLUENT GASES

"ORANGE"” HERBICIDE INCINERATION TEST
12 - 30 NOV 73

-1

L
]

(62-a

Flow* CO, CO Feed Rate
Dry @ STP CO, CcO Mass as C Fuel Air Recovery** .
Burn # f2/min Volume % 1bs /min lbs/min %o
Iv 1515.9/1417.9 12.0 0.9 5.65/5.28 0.42 4.80 0.01 126/119
vV 1719.1/1269.1 12,0 0.9 6.41/4.73 0.48 5.45 0.01 126/ 96
VI 1222.5/1306.9 12.0 0.9 4.356/4.87 0.34 4.80 0. 01 102/108
VI 1447.9/1252.5 12,4 0.8 5.37/4.82 0.40 5,48 0. 01 109/ 95

*First number based on measured velocity pressures/second number based on Marquardt theoretical
data, see discussion, Appendix I.

**Does not include carbon mass as CO2 removed by the caustic scrubber or the carbon mass as

particulate matter and as hydrocarbor gases escaping in the scrubbed effluent gas.
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velocities, recalculated isokinetic sampling flows were 96.9% (s=
12.9%) and no adjustments of particulate data were necessary.

(2) Butyl Esters and Acids (of 2.4-D and 2,4,5-T) and
TCDD., All sample volumes were sufiicient to detect ég'ppb'ﬁf_
these compounds, except for the six liters of combustion gas
sampled from burn V when the air cooled sampling probe clogged
part way through the desired sampling period. Although the air
cooled sampling probe clogged during burn II, a sufficient sample
volume was obtained.

A set of three identical sampling probes was used in
burns I through V. The same probe was used in burns II and V.
Since the clogging problem was isolated to one probe used in
burns II and V, it seemed probable that the sampling conduit was
crimped or the 900 bend was too sharp allowing particulate matter
to build up. A new water cooled probe was used in burns VI, VII
and VIII. This new probe had a 3/16' ID conduit versus the 1/8"
ID conduit in the air cooled probe. The larger conduit allowed
the high pressure in the reaction tailpipe section to be trans-
mitted to the sampling train. The sample flow rate had to be
increased to neutralize the positive pressure in the sampling
train.

(3) Hydrocarbons. See Appendix I.

(4) Co0, CO2, 02. A sampling probe leak developed in
burns I, II, an I. The CO, CO2 and 02 data for these
burns were considered invalid.

C02 and 02 concentrations in the scrubbed effluent
gas of burns IV, V, VI and VII were in excellent agrccment (even
though CO2 was absorbed in the scrubber) with the theoretical
values calculated by The Marquardt Company. However, CO values
were not in agreement. The measured concentrations of CO were
significantly greater than the theoretical values (Marquardt).
These data indicated that actual combustion efficiency was
slightly less than theoretical efficiency.

(5) NOx. These data were taken in anticipation of higher
combustion tefipératures than were actually attained. NOx cmissions
from the incinerator were low (<100 ppm) and would not be expected
to pose any environmental impact.

7. Definitions and Formulas

Butyl Esters: Includes N-Butyl 2,4,5 Trichlorophenoxy-acetate
and N-Butyl 2,4 Dichlorophenoxy-acetate.

TCbD: 2,3,7,8 - tetrachlorcdibenzo-p-dioxin.
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Acids: Free acids of 2,4,5 Trichlorophenoxy-acetate and
2,4 Dichlorophenoxy-acetate.

STP: 70°F and 29.92 inches of Hg.

Isokinctic Sampling: Extracting a gas sample from a flowing
gas strecam at the same velocity of the gas flow,

Meter Conditions: Temperature and pressurc of gas being
measured by the dry gas meter.

Stack Conditions: Temperaturc, pressure, and moisture con-
tent of the gas at the sampling point.

DGF: Dry gas fraction, the mole fraction of dry gas in the
samplc volumec.

Gr/scf: Grains per standard cubic feet dry.

40 CFR 60: Code of Federal Regulations, Protcction of the
Environment, Part 60, Standards of Performance for New Station-
ary Sources.

Conversion From Volume at Standard Conditions To Volume at
Stack Conditions:

stk 29.92 1
Vstk = Vstp X =335~ X Pgp, in Hg * OGF

Conversion From Volume at Meter Conditions To Volume at
Standard Conditions:

5300R Pm
vStp =V X T X 59,03
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APPENDIX E
SCRUBBER WATER MONITORING

1. INTRODUCTION: This appendix describes the equipment, procedures, and techni-
ques used to collect scrubber water samples for chemical analyses and bioassay
studies. Methods and results of chemical anmalyses performed by EHL(K) are also
described, presented, and related to the combustion system operating parameters.

2. CLEANING OF SAMPLE CONTAINERS

a. Containers for Chemical Samples: Upon receipt of the bottles from the
manufacturer, EHL{X) washed all bottles and caps once with detergent and rirsed
them thoroughly several times with hot tap water. Bottles and caps were then
dried for about an hour in a 110°C drying oven. Dried bottles and caps were
finally rinsed twice with pesticide grade quality hexane. New aluminum foil
was likewise rinsed with pesticide grade hexane and then used to 1ine all bottle
caps before the caps were placed on the bottles.

b. Containers for Bioassay Samples: The contractor provided reconditioned
55-gallon drums which had been steamed cleaned. EHL(K) then rinsed these drums
with a 25% by weight NaOH solution and then thoroughly fiushed them with copious
amounts of tap water.

3. DESCRIPTION OF SAMPLE BOTTLES FOR CHEMICAL SAMPLES: A1l water and residue
samples collected for chemical analyses were composited and stored for analyses
in new, especially cleaned glass bottles. Dark amber, wide mouth glass bottles
of 250, 1250, 1500, and 2000 m! capacity were used with molded black plastic
caps lined with plastic ringlite. Clear, wide mouth glass bottles of three
gallon capacity were also used and had metal screw caps lined with plastic ring-
lite. The clear bottles were always stored at room temperature in their card-
board shipping containers to keep 1ight away from the collected samples. Bottle
caps lined with new aluminum foil were used if the bottle contents were to be
analyzed for herbicide and its associated products. Aluminum foil was discarded
and not used on the caps of other sample bottles because the alkaline samples
would dissolve the aluminum and thus cause analytical interferences with

the inorganic analyses.

4. SAMPLE COLLECTION AND COMPOSITING

a. Fresh Scrubber Water: A 1500 ml sample of fresh scrubber water was
collected prior to commencing record burn tests I, II, III and IV. The supply
tank had just been well mixed via agitation with shop air and the samples were
taken from the tank's side port.

b. Scrubber Water Discharge to Holding Tanks

(1) Spent scrubber water samples were collected from a sample port down-
stream of the scrubber discharge pump, see paragraph 3.7 and Figure 6 of the
report. Sampling was begun after a period in which incinerator operation
had stabilized to equilibrium conditions and a cycle of accumulated spent
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scrubber water had been pumped from the bottom of the scrubber tank. This
period was usually thirty minutes after the caustic scrubber water flow and
herbicide ignition had begun. The rate of spent scrubber water accumulation
in the bottom of the scrubber tank was such that the float actuated discharge
pump cycle was approximately seven minutes in the "ON" mode followed by about
thirteen minutas in the “OFF" mode. This twenty minute pumping cycle varied
32 minutes for all record test burns. The discharge pump was allowed to

run about one minute and the sample port 1ine was purged before a “"pump cycle
grab sample” was collected.

(2) Grab sample volumes collected during each pump cycle were: 1500 ml
for compositing into a hourly composite, about 1300 ml for a reserve sample,
and three to five gallons for compositing a drum of total burn period sample
to be used for bioassay studies. A 1200 ml volume (or a proportional fraction)
of each hourly composite was used to prepare a total burn period composite (TBC).

c. Scrubber Water Collacted From Holding Tanks: After at least 24 hours
of quiescent settling, a 1 ml sample was collected from the side port on a
holding tank. This sample was for EHL(K) chemical analyses. At the same time,
the bottom valve on the holding tank was opened slowly and a 1500 m1 sample of
settled particulates was collected. A fraction of this particulate sample was
analyzed by WCTS for hydrocarbons and the remaining fraction of this sample was
kept by EHL(K)} for any future analyses.

d. Holding Pond Waters: Six two-quart grab samples were collected one
foot below the surface and at equal distent points around the holding pond.
These six grabs were blended to form a composited holding pond sample. The
holding pond was so sampled once before any spent scrubber water had been dis-
charged Into 1t. Spent scrubber water from the following groups of record test
burns were then discharged into the holding pond and a holding pond composite
sample collected 24 hours after the last record burn's water had been
discharged: I and II; IIT and IV; V, VI and VII.

5. EHL/X METHODS AND EQUIPMENT FOR INORGANIC ANALYSES OF SCRUBBER AND

HOLDING POND WATER SAMPLES: Tables E-1 and E-2 1ist the techniques and equip-
ment used by EHL/K to measure physical and analyze inorganic chemical parameters
of collected water samples. Additional comments are:

a. The analyses of diluted samples for specific conductance were multiplied
by two different factors to relate the two different dilutions back to the
original sample strength. These factors were different because specific
conductance readings are nonlinear with dilutions (see Table 154 of reference
¢ited in Table E-1). Analyses of 1/99 dilutions were multiplied by 80.44 while

10/90 dilutions were multiplied by 8.73.

b. Solids analyses that required filtration were filtered through 0.6y
glass fiber filter disks. Since the volatile solids fractions from burns I
and II were such an insignificant fraction of their respective total solids,
ths volatile solids were not analyzed in subsequent samples.

¢. Total dissolved solids were measured per Standard Methods (TDS-Ms) and
with a meter (TDS-Mt) in order to compare the meter's results to the conven-
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TABLE E-1:

EHL/R TECHANIQUES OF ANALYSES OF WATER SAMPLES

t

Volume of Sample Analyzed (ml)

Reference to

/Dilution Volume (ml) Procedures
Inorganic or SG-P#* Followed¥*
Physical Parameter FSW™ SSWt HT* HP* 1 &2 (pages /method)
Temperature N/A N/A N/A N/A NT N/A
pH 100/0 . 100/0 100/0 100/0 " 500
Specific Gravity 250/00 250/0 250/0 250/0 " 550
Specific Conductance 1/99 10/90 10/90 100/0 " 323-327
Total Solids (TS) 10/0 10/0 10/0 10/0 " 535-541
Volatile Total Sclids (VTS) ) NT 10/0 10/0 NT " "
Total Dissclved Solids (TDS) - Meas. 10/0 10/0 10/0 10/0 " "
Total Dissolved Solids (TDS) Meter 1/199 17199 1/199 NT " RA
Volatile Total Diascolved Solide (VIDS) NT 10/0 10/0 NT " 535-541
Suspended Solids (S8) NT 100/0 100/0 NT " "
Volatile Suspended Solids (SS) NT 100/0 100/0 NT " "
Chlorides 1/9% 1/99 1/99 100/0 100/C 377/203B
Total Chlorine Residual 2/0 1/249 1/249 2/0 2/0 385/204B
Free Available Chlorine 2/0 1/249 1/249 2/0 2/0 "
'Sodium 1/2499 17999 17999 1/9 NT 317/153A
Iron, Total 20/0 20/0,1/249 20/0 20/0 " 211/1294
Total Alkalinity 2/98 2/98 2/98 100/0 " 370/pH mater
Hydroxyl Alkalinity 2/98 2/98 2/98 100/0 " "
Bicarbonate Alkalinity 2/98 2/98 2/98 100/0 " "
Carbonate Alkalinity 2/98 2/98 2/98 100/0 " "

*See Appendix C for definition of these sample codes.

NT - Not Tested

**Standard Methods for the Examination of Water and Wastewater, 13th Ed, American Public

Health Association, 1015 18th St NW, Washingtom DC 20036 (1971).
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TABLE E-2: EQUIPMENT USED BY EHL/X TO ANALYZE WATER SAMPLES

Meaasured

Paramster Equipment Description

Temperature Immersion mercury thermometer

pH Beckman Century SS pH Meter with combination 0-14 pH electrode. Meter
Model 76. Standardized with pE buffers 4.0, 7.0, 10.0, and 12.45.

Sp. Gravity Bydrometers: For liquids 1.000-1.200, and for liquids 1.200-1.500

Sp. Conductance
TDS-Mt

Chlorine Residuals
Sodium
Iron, Total

Veights

Delta Scientific Conductivity Monitor/Racorder, Model 3314-01,
Sarial No. 2277.

Total Dissclved Solids Mater, Model 51275, Serial No. 062137,
Myron L. Company.

Hellige Chlorine Comparator

Atomic lba?rption, !ezk:l.n Bl?r. lhgcl 423.
” L ]

Mattler Balance, ¥Nodel H-10Tw, accurate to 0.1 mg.
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tional standard method. This was done because the standard method was very

time consuming and subject to larger errors because of weighing and calculations
based on a 10 ml sample. Figure E-1 presents these different TDS values.
Although the values differed by an order of magnitude, the meter values were
acceptably correlated to the measured values. The error in correlation was
acceptable considering the overall error (+15%) in measuring such high concen-
trations of hygroscopic solids, 1.e. sodium hydroxide and sodium salts.

d. EHL/K chlorine residuals of burn I were verified by WCTS analyses
using the iodometric method. Since acceptable agreement of these analyses
was within 120 mg/1, subsequent chlorine residual analyses were done using
the Hellige chlorine comparator.

e. Alkalinities were analyzed per the potentiometric method using pH
titration endpoints of 10.0, 8.3, 4.5, and 4.2. A1l results were expressed as
mg/1 as calcium carbonate.

6. ANALYTICAL RESULTS AND DISCUSSION OF SCRUBBER WATERS INORGANIC QUALITY

a. Fresh scrubber water analyses in Table E-3 showed the quality of this
highly caustic solution which was prepared to range from 8.7 to 15.5% by wei?ht
NaOH. From data in Tables E-4 through E-11, spent scrubber water (SSW) quality
was essentfally constant between hourly composites, the TBC, and the holding tank
sample for a given burn. The only inconsistency was in burn VI when the applied
caustic flow rate was increased from 1.73 pps to 2.32 pps. This change In
scrubber water quality in burn VI SSW-C1's indicated the very strong effect that
applied caustic had on the SSW quality. Chemical constituents in each burn's
SSW holding tank were converted to total mass produced (pounds) and pounds per
drum of herbicide burned. This last value was calculated so that the chemical
constituents could be compared directly between burns and independent of the
volume of scrubber/cooling water produced or the durations of the burns.

b. Although the concentrations of SSW inorganic constituents changed between
burns because of different applied caustic and herbicide fuel feed rates, the
following concentrations were consistently within the following ranges and worth

noting:
(1) pH: 10.5 to 11.8.
(2) Specific Gravity: 1.040 to 1.075
(3) Specific Conductance (x104umho/cm): 11.3 to 15.8

(103 (4%) TogaIOSolig; gr Total Dissolved Solids - both being about equal
x10° mg/1): 61.0 to 87.

(5) Suspended Solids {mg/1): 56 to 97. As discussed in Appendix I,
these solids contained no hydrocarbons and were essentially carbon containing
less than 10% by weight iron. The volatile fraction of the suspended and total
solids was considered insignificant. The concentration of suspended solids
increased significantly to 500-800 mg/1 because of iron content when applied
caustic was decreased below two times theoretical requirements.
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TABLE E--3:

SUMMARY OF EHL/X FRESH SCRUBBER
WATER ANALYSES

SAMPLE II11-FSW IV-FSW
NUMBER ) ) B B

Time Collected (hrs) 1000 1450 AVERAGE

Date Collected (Nov 73) Mon 19 Tue 20 VALUES

Date Analyzed (Nov 73) Sat 24 Sat 24 ]

Parameter (mg/l unless

noted)
gTemp (OF) at time:
pi| Collected 66. 63. -
£l Analyzed 72. 72, -
Ol . 13+ 13+ 13+ ]

Sp. Gravity e, 1.149 1.154 1.151

Sp. Cond, (x109. p mho/cm) 65,9 68.3 67.1

TS (x103) - 174.77 189,37 182,07

NTS (x 103) - - -

DS, Mt (x10®) 50.0 50.0 50.0
E DS, Ms (x103) - - ~ |
ANTDS (x103) - - - ]

53 - - -

VSS - - -
Jkchlorides _(x103) 0.014 0.014 0.01%
S[fotal Chl. Resid, 0.0 0,0 0.9
SlFree Avatl, Chl. 0.0 0,0 0.0
Sisodiue_(x103) 97.5 97.5 97.5 ]
SfIron, Total 1.45 1,61 1.53
ETOtal Alk (CaC03) (x103) 195.8 198.0 196 .9 |
H[oi-ALk (CaC03) (x10%) 193.3 | 196.3 194.3 I
Jicoy ~AIK_(CaC04) (x103) 0.0 0.0
Q[co3 -Alk (CaC03) (x103) 2.5 1.7
e . L

E-(E-7)
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A,

TABLE E-4; SUMMARY OF EBL/K SPENT SCRUBBER WATER ANALYSES ~ BURN I
I - SSW-
SAMPLE Ave.
HUMBER c-1 c-2 c-3  E-1/c-3 TBC HT-1 §r-1
1430- | 1520- | 1613- 1430- | 1430-

Time Collected (Hrs) 1505 | 13537 | 1847 1647 | 1706 | 1045 15/Drun
|__Date Collected (Nov 73) Tue L3 Tue 13 [ue 13 [Tue 13 Tue 13 pat 17 Berbicide
Date Analyzed (Nov 73 ed T4 lued 14 JWed 14 Jwed 14 JWed 14 Bat 17 1bs Burne

Paraneter (mg/l unless
noted)
Temp (OP) at time:
3 Collected 164, 164, 64. 164, - - - -
Sp. Gravity 1.060 { 1.060 | 1.060 1.060] 1.060 ] 1.055 | - -
Sp. Cond. (x10* ymho/em) 14.9 15.1 14.8 16.9 |14.8 14,0 - -~
TS (x103) 78,77 Y 7a.28 175,77 -1 74.94 {75.61 171.23 bug2.14l 943,34
VTS (x 103) %.10 411 6,05 4,75 1 5.82 - - -
TS, Mt (x10%) 13.1 13.3 14.1 13.5 |13 11.8  ko7e.s0]  1562.74
»
s, M (x109) 76,35 17513 V76,82 | 76,10 }75.97 - kszs.oz‘ 1006.,13%
VIDS (x103) 6.78 5.02 7.23 6.341 ] 5.86 - - -
ss 74, 73. 70. 72, - - 2.49 0.95%
vss — <10 1] <10 » <1° - <10 » (10 . 0 - - el
| wChlorides (2103) 17.5 | 18.3  ]17.9 17.9 _118.0  |14.5 }so3,231 192,03
Total Chl. Resid. 281, 281, 281, 281, 280, B25. 7.78 2,98
Free Avail. Chl. 281, 281, 81. 281,  pso. 25, 7.78 2.98
E§Sod1u- (x10%) 35.0 35.0 35,0 35.0 | 35.0 32,0 i;;ggi;% 423,79 |
Filron, Total - 5.00 4.89 4.01 4.63 | 4.88 0.99 0.1 0.06*
p{Total Alk (CaCOs) (x103) 45,5 46.3 46,8 46,2 | 45.6 44,3 h 531,28 586 .69
=
Z{0B-Alk (mLy(gg% 18,9 | 185 {116 18.3 J18.2 J17.1 ] s91.08] 226,47
g{Hc03 -Alk (CaC03) (4103 0.0 0.0 0.0 0.0 0.0 0,0 0.00 0.00
CO; —Alk (CaC03) (5193 26,7 22.8 4 29.3 27.9 127.4 27.2 940,20} *  360.23

*Basad upon concentration in TBC sample.

(
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TABLE E-5: SUMMARY OF EEHL/K SPENT SCRUBBER WATER ANALYSES - BURN I
1T -55W-
SAMPLE Ave,
NUMBER c-1 c~2 c-3 _b-1/c-3 TBC HT-1 HT-1
1552- 1651- | 1751- | 1552- | 1552- 1b/Drun
Tizme Collected (Hzs) | 1633 17z1  taesr  1igm | 1ma 0900 of
Date Collected (Nov 73) Fri 16 Fri 16 jFri 16 {Fri 16 Fyi 16 |Tue 20 Herbicide
Date Analyzed (Nov 73) _  {Sat 17 Sar 17 lSat 17 jSat 17 Sat 17 JWed 21 E_].l:'s Burned
Parameter (mg/l unlesa
noted)
Temp (DF) at time:
Bl Collected 164 . 163. 163, 163. - - - -
S analyzed 72. 72. 72. 72. 72, 72. - =
S| pH 11.40 12.45 Y 11.55 l11.50 §11.50 | 11.50 - -
Sp. Cravity 1.062 1.063 | 1,062 ! 1.062 | 1.062 | 1.064 - -
Sp. Cond, (x10% pmho/em) | 15,7 15.7 15.7 15.7 15.5 15.8
TS (x103) 75.97 75.62 | 75.10 | 75.56 | 75.74 78.32 |[2536.98] 862.08
VIS (x 103) 1.41 1.55 2.88 1.95 0.00 = = =
DS, Mt (x10%) 14.0 14.2 13.8 14.0 14.2 14,3 [4723.41§ 1574.02
£TDS, Ms (x203) 75.82 76.36 ) 77.72 } 76.63 | 80.40 - 2655.56] 884,98+
VIDS (x103) 1.52 2.21 5,22 2,98 8.73 - - -
s 69 . %% 60.%* | 58.%#% | 62. 65, ** - 2,15 0,72%
VSS '(10. <10. <1°. <10- ‘10. - - -
wyChlorides (x103) 18.5 18.1 j18.4 {18.3 118.3 116.0 |528.49) 176,11
$'Total Chl, Resid. 250, 260. 280, 263, 250, 225, 7.43 2,48
Slrree Avail. Chl. 250. 260. 280. 263, 250, 225, 7.43 9.48
e
%Sodim (x103) F 37.0 36.0 37,0 36.7 37.0 36,0 |1189.11%  396.26
Hl|Iron, Total 3,36t 2,71 ! 3,79 29 3.29 ! 90,73 0.1 0,04%
p{Total Alk (CaC03)(x103) 52,5 52,0 |52.0 1522 Fs25 1s1.6 lzoa.39] 567,97
ZI0H-Alk (CaCO3) (x107) 20.8 20.3 1203 205 1208 {217 |716.77] 238.86
33003 -Alk (CaC03Xx103) 0.0 0.0 0.0 0.0 0.0 0.0 0,00 0.00
| JIC0, ~Alk (CaC03) (x103) 31.7 31.7 3L,/ 31.7 31.7 29.9 987,621 329,11

* Based upon concentraztion in TEC sample,
**% Average of replicate samples.
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TALLE E-6: SUMMARY OF EHL/K SPENT SCRUBBER WATER ANALYSES - BURN 1II

111 -SSW-
SAMPLE ~ Ave.
NUMBER c-1 c-2 c-3 P-1/c-3 TRC Hr-1 gr-1
1435~ 1535- ) 1638- | 1435- 1435~
Time Collected (Brs) 1519 1616 {1718 | 1718 | 1718 1000 1"’2;""
Date Collected (Nov 73) Mon 1% [Mon 19 Mon 19 [ Mon 19 {Mon 19 {Tues 20 Berbicide
Date Analyzed (Nov 73 Wed 21 | Wed 21 ! Wed 21 Fed 21 1bs 3:!2215
Parameter (mg/l unless
noted) ' ]
Temp (OF) at time:
3 Collected 164, 164, 163, [164. - - - -
&) Analyzed 72. 72. 72, 72. 72. 72. - -
E pE . 11.60 | 11.55 J11.60 }11.60 )11.60 }11.65 - -
Sp. Gravi 1,050 | 1.050 § 1.048 | 1.049 | 1.050 | 1,053 { - -
Sp. Cond, (x10% pmho/cm) 11.9 11.9 11,5 11.8 11.6 11.3 - -
TS (x103) 61.64 81.06 65,21 6%3.30 66,02 72.58  12414.00 614.46
VIS (x 109) - = - - = - = -
DS, Mt (310%) s.80 | 9.30 | 9.70 | 9.77 | 9.80 | 5.9
RvIDs (x103) - . - _ - - - -
8s 76, 81, 81. 79, 78, - 2.5%; 0,66%
vSS _ <10. <10. <10, <10. K10, - - - -
wiChlorides (x103) 20.1 | 20.1 20,0 20,1 20.1 19.6" 651.8H  165.93
SiTotal Chl. Resid. 280, 280. 280. 280. 280. p2s. 2.4 .
‘ i 7.&3 1.90
Free Avail. Chl. m. __2!_0- 80, #80. &25‘
gs«uu (x1033 28.0 21,0 | 28.0 22.7 24.0 1300 997.80 253.98 |
Aliron, Total 3.49 2.86 3.21 3.19 3.37 0.85 + oual 0.03%
|Total Alk (CaCO3)(x103) 33.5 32.7 32.4 32.9 32.9 32.9 hggq.zs 278.53
H hy—
ZiOH-Alk (CaC03)  (x103) 8.6, 5.9 £.0 4.2 % A2 5.5 182930 46 %5
C03 -Alk (CaC03) (x103) 0.0 0.0 0.0 0,0 _ % 0.0 0.0 0,00 0.00
0, =-Alk (CaCO3) (x103) 26.9 26.8 26.4 26.7 26,7  127.4 911,32} 231.97

*Based upon concentration in TBC sample, USAF EHL{K)
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TAELE E-7: SUMMARY OF EHL/K SPENT SCRUBBER WATER ANALYSES - BURN IV

IV —58wW—
SAMPLE Ave,
NUMBER c-1 c-2 c-3 _k-1/c-3 TBC HT-1 HT-1
1355- 1505- {1609 1355- | 1355~ o/D
Tizme Collected (Hrs) 1445 1553|1659 1659|1659 | 1000 1b/Drun
Date Collected (Nov 73) Tue 20 Tue 20  JTue 20 {Tue 20 ue 20 NWed 21 Herbicide
Date Analyzed (Nov 73) Fri 23 Fri 23 |Fri 23 J¥ri 23 i 23 [Fri 23 | 1bs Burned
= O —— P ——
Parameter (mg/l unless
noted) |
Tenp (OF) at time:
g Collected 161. 160. 161. 161. - - - -
4| Analyzed 72, 72, 72. 72, 72. 72, - -
alon 11.60 11.60 §11.55 |} 11.60 }11.55 {.11.60 - -
Sp. Gravity 1.052 1.052 | 1.052 { 1.052 [ 1.052 | 1.051 - -
Sp. Cond. (x10% pmho/em) 11.6 11.8 11.8 1.7 11.8 11.4 - -
TS (x103) 60,52 62,09 |63.98 | 62.20 [62.16 |61.05 his0.25 545.73
VIS (x 109) - - - - - - - -
mTDS- Mt ("107‘; 10.00 9.90 9.90 9.93 9.90 {10.00 hsos.72}  893.90
08, Ms (x10°) 62,656 1 64,71 | 62,57 163.31 162,77 - b200.58l  se1. 100
SVIDS (x103) - - - - - - - -
ss 73. 62. 56. 64. 70. - 2,43 0,63
VsS <10. <10. <10, <10. <10, - - -
wjChlozides (x103) 16.8 26,7 1165 116.7  116.6 16.1 | s64.42] 143,92
§Total Chl. Resid. 280. 280, 280, 280. 280, 225. 7 89 2,01 |
JiFree Avail. Chbl. 280. 280, 280, 280. 280, 225, 7.89 2.01
g
Zlsodium 27.0 29.0 27.0 27.7 27.0 31.0 J1086.78]  277.11
~{Iron, Total 3.07 3.07 2.57 2,90 2,86 0.74 a.5o 0.03%
_: Total Alk (08303) (1103) 34.7 35.1 34.8 34.9 4.7 33.9 188. 44 303.03
- )
Z[OH-Alk (CaCO3) (x103) > 10.1 9,5 10,0 9.9 10.3 9.9 | 347,07 88,50
g[HC03 ~Alk (CaC03) (x103) _ | 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
| {603 -Alk_(CaC03). (x103) 24.6 25,7 24,8 25.0 2.4 24,0 |841,37f 214.54

*Based upon concentration in TIBC sample.
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TABLE E-8: SUMMARY OF EHL/K SPENT SCRUBBER WATER ANALYSES - BURN V

¥V -S5W=
SAMPLE ve.
NUMBER c-1 c-2 c-3  E-1/c-3 TBC HT-1 ET-1
3a4- 14842- [ 1542- 1344 1344~ 1b/Drum

Time Collected (drs) 1423 {1523 Jie1s 1614 1614 - { 1mo | of

Date Collected (Nov 73) ue 27 |Tue 27 | Tue 27 [Tue 2/ | Tue 27 [Wed 28 | Berbicide

Date Analyzed (Nov 73) Fed 28 |Wed 28 | Wed 28 Jied 28 |Wed 28 | Thur 29 | 1bs

Paraneter (mg/l unless

notad)

Temp (OF) at time: 1
S c°11.c:d 164 . 166 . 166 . 165 - - - - -
E . Avalyzed 72. 72. 72. 72. 72, 72, - -
Slpr 11.50 11.55 } 11,45 § 11.50 ) 11.40 | 11.4S - -

Sp. Gravity 1.072 1,074 1.073] 1.073f 1.0722] 1.070 - -

Sp. Cond. (xl0% ypmho/em) 13,2 13.1 13,9 13.4 13.2 13.1 - -

TS (x103) 91.06 36.99 | 87.14 { 88.40 | 86.33 | 86.94 Fsgz.so 645,38

VIS (x 103) - - - = = - - -

TS, Me (x104) 12.5 13.0 {1 13.9 | 133 {132 {127 L}M_&SZ 76

DS, Ms (x103) 80.91 | ®3.81 | e3.88 } 82.87 | 86.63 | - h;sa,zs 643,08+

vros (x103) - - - - - - - -

]

£S 89, 97, 8%, 93, 27, - 2,59 Q,65% |
w/Chlorides (x103) L 23.2 23.4 23.6 23.4 23,3 22,2 {661.99f 164,80
Total Chl. Resid, $00. 500. 500, 500. 500. 438, | 13.06 3,25
gll’"e Avail, Chl. 500. 500, 500, 500, 500, 438, 13,06 3,25
£lsodiue (x10°) 33,0 33,0 37,0 24,3 !t aeo 1 150 . 250 82

Iron, Total 4.36 4,30 4.59 4,42 3.78 0,93 0,114 0.03*
g{Total Alk (CaCO3)(x103) 44.6 46.3 46.8 45,9 45,6 44,6 1329.94)] 331,08 |
-
Z|0H-Alk (CaC03)  (x103) 11.8 1.6 11.6 11.7 11.8 11.8 |351.87 87.60
SHCO03 -Alk (CaC03) (4107) 0.0 0.9 0.0 | 0.0 9.0 | 00 4 000L 000 |

CO4 -Alk (CaC03) (x103) 32.8 3.7 5.2 34,2 33.8 32.8  1978.08) 243.48

*Baged upon concentration in TBC sample.
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TABLE E~9: - SUMMARY OF EHL/K SPENT SCRUBBER WATER ANALYSES - BURN VI *
SAMPLE VI -$5W- -
NUMBER. C~1 C-2 D1 D=2 D-3 D=4 HT-1
Time Collected (Hrs) 1108- 1213~
1156 1231 |} 1111 1133 1156 1213 -
Date Collected (Nov 73) Wed 28 Wed 28] Wed 28 | Wed 28 | Wed 28 | Wed 28 Thur 29
Date Analyzed {(Nov 73) Thur 29 § Thur 29] Thur 29 {Thur 29 |Thur 29 {Thur 29 Thur 29
Parameter {mg/l unless
noted)
Temp (UF) ac time:
2 Collected 167, 165, - - - -~ -
el Analyzed 72, 72, 72, 72. 72. 72, 72,
apﬁ 11.40 11.40 2.0 11.3 11.3 11.3 -
Sp. Gravity 1.042 1.062 1.025 1,050 1.060 1.062 1.051
Sp. Cond. (x10% L mho/em) 8.4 12.3 - - - - -
TS (x103) 70.03 85.43 - - - - -
VIS (x103) - - - - - - -
DS, Mt (x10%) 8,0 12.4 - - - - -
|7
ETDS, HB (ﬂ03) 50.95 ! 73.94 - - - - - B
A VIDs (x103) - - - - - - -
Ss 799. 89, - - - - -
VSS <10, <10. - - - - -
Chlorides (x103) 21.0 23.2 - - - -
Total Chlu Resida 33- 3500 - - - - -
Sodium _ (x103) 22.0 35.0_ - - - - -
Iron, Total 303.57 5.47 - - - - -
T [Total Alk (CaC0q)  (x103) 19.5 42.8 = - - = =
E OH-ALk (CaC03) (n1g9) 4.3 14 6 - - ~ -~ —
HCU3-Alk (CaC03)  (x109) 0.0 0.0 - - - - -
CO3-Alk (CaCO3) (x107) 15.2 28.2 ~ - - - -

S8W C-1 and C-

5

*A TBC was not grepared for this burn due to the distinct

Alsc, a holding tauk 1i
because the tank did not fill to the ggmﬁi

ing port.

differences in
id sagple was not collected
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TABLE E-10: SUMMARY OF EHL/K SPENT SCRUBBER H’A'.I.'Elv ANALYSES ~ BURN VII

VII ~SSW- VI/VII -SSW-
SAMPLE Ive.
NUMBER c-1 c-2 c-3  p-1/c-3 TBC BT-1 #:-1
0947- | 1047- | 1150- 0947- | 0947-
Tizma Collected (Hrs) 1027 | 1127 1227 1227 1227 1230 “ﬁm
Date Collected (Nov 73) Thur 29 iThur 29 | Thur 29 Fbhur 29 ur 29 {Sac 1 DEC Berbicide
o Date Analyzed 73 Fri 30 Fri 30 Fri 303 ¥ri 30 I¥ri 30 Fat 1 Ded lbs Bu
Parameter (xzg/l unlass :
nntul)or L
T At time:
‘3 ‘331{«2« 166, 166. 172. 168. - - - -
E . mlzgﬂ 72. ?3- 72. 72- ?2- 72. - -
olor 11.30 11.30§ 11.35 | 11.32 11.35 11.35 - -
Sp. Gravicy 1,071 1,074 1.075{ 1.073 1.073 1.065[ - -
Sp. Cond. (x10% pmbo/cm) - - - - 15.1 13.7 - -
Ts (x103) - - - - 82.31 } 81.67 m
VTS (z 103) - ~ - - - - - -
0§, Mt (x10%) 13.9 14.0 | 14.0 14.0 14.0 § 12,0 |s670.13] 900.15
DS, Me (x103) - _ _ _ 82.08 - 5 718
Bvivs (x103) - - - - - - - -
8s - - - 83, - 3.92 0,62%
?ss - = - - 14. - - -
Chlorides (x103) 23.0 24.0 23.6 23.5 23.6 | 22.4 I‘J'm 168,03
Total Chl. Resid. 438, 438, 438, 438, 438, 1275, 12.99 2.06
g]rr.. Avail. Chl, 438, 438, 438. 438, 438, {275, 12,99 2.06
?Sodg._ul (x10%) 38.0 36,0 1 35.0 36,3 33,0 | 35.0 fes3.70) 262,55 |
~{Iron, Total 4,48 3,43 386 ) 392 L 4531 077 0.21 0,03 |
piTotal Alk (CaC0y)(x103) - - - - 45.8 | 29.8 880,591 208 55
ZioH-Alk (CaC03)  (x103) - - - - 12,6 | 12.9 le09,54l 96,77
3 HCO3 -Alk (CaCO3) 153y - - - - 0.0 0.0 0,00 0,00
0, -uk_.(f:a_co;)__moi) - - - : - ¢ 33.2 [ 26.9 0271.05] 201.78

*Based upon concentration in TBC sample.
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SUMMARY OF EHL/K SPENT SCRUBBER WATER ANALYSES - BURN VIII

TABLE E-11:
VIII -SSW- 1
SAMPLE Ave,
NUMBER c-1 c-2 c-3 _ p-1/c-3 TBC BT-1 §T-1
0946~ |} 1109- §1232- |0946- |0946- 1b/D
Time Collected (drs) 1041 {1208 11300 1300 1300 1235 éfm"
Date Collected (Nov 73) ; : :
___Date Analxzed sNov 73;
Parameter (mg/l unless
noted)
Temp (OF) at time:
2l Collected 164. 164, 165, 164, - - - =
‘g . Analyzed 72. 73. . 72, iz, 73, - -
olpr 10.95 11.05 9.05 | 10.35 | 10.80 | 10.80 - -
Sp. Gravity 1,044 1.046 4 1.061} 1.044] 1.044) 1.041] - -
Sp. Cond. (x104% pmho/ca) - - - - 8.9 8.5 - -
5 (x103) - - - - 82,06 { 68.01 hg16.20]  406.86
vIs_(z 109) - - = - - = - -
DS, Mt (x10%) 7.9 8.0 7.4 | 7.8 7.9 _1-7.5 booz.g6] 448.68
DS, Ms (x109) - - - - 5892 - 0s573.48]  352.48e
Slvips (x103) _ _ - - - i _ - "
e - - - - |se0, - 14,95 3.35%
vss - - - - <10. - - -
wjChlorides (x103) 27.7 27.6 28.1 |27.8 27.9 | 26.7 713.02]  159.73
&|Total Chl. Reeid. 275. 275. 275.  B7s. 275.  ]138.° 3.69 0.83
grree Avail. Chi. 275. 275, 275. s, 275, 138, 3,69 0.83
%’Sodim (x10 3) 24.0 25,0 25,0 124.3 25.0 24.0 | 143,58
Silron, Total 160,00 $191.96 1407.26 $53.07 214,29 | 0,74 { 5,72 1,28%
plTotal Alk (CaC03) (x103) - - - - 12.7 11.3 301.76 __ 67.60
Z{OH-Alk (Cac03) (x10) - - - - 0.0 0.0 0,00 0.00
gﬂcoa -Alk (CaC03) (430°) - - - - 0.1 0.9 24 0% 5,38
CO3 -Alk (CaCO3) (x103) - - - - 12,6 | 10.4 | 277,74  62.22

*Based upon concentratiom in TBC sa:mple.
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(6) Chlorides (103 x mg/1): 16.5 to 28.0. Chloride concentrations
:;re 1:1.p?ndent of applied caustic as Tong as applied caustic was two times
eoretical.

(7) Chlorine Residuals (mg/1): 250 to 500. There was no combined
available chlorine and thus the free available chlorine residual equalled the
total chlorine residual.

(8) Sodium (103 x mg/1): 32 to 38. Sodium concentrations were
directly related to the applied caustic. Burn VIII applied caustic averaged
0.054 pps (less than half the lowest rate of agy other burn) to cause the SSW
sodium concentration to average only 25.0 x 109 mg/1 even though Burn VIII
epplied water recovery (59.1%) was the lowest of all burns. Sodium masses
were considered conservative through the scrubber system except for the minor
fractions of sodium salts entrained and exhausted in the scrubbed effluent

gases.

{9) 1Iron, Total {mg/1): 3.0 to 5.0 except up to 400 when applied
caustic fell below two times theoretical. Lack of adequate caustic allowed
the HC1, €12, and any monatomic chlorine of the combustion gas to react with
the metal of the scrubber tank walls.

(10) Tota) alkalinity as CaCOy {x103 mg/1): 32.0 to 52.5 except down
to 12.0 (£0.7) when applied caustic was less than two times theoretical. As
long as applied caustic was twice theoretical, carbonate alkalinity averaged
70(s=8)% of total alkalinity, the remaining alkalinity was hydroxyl, and no
bicarbonate alkalinity was detected. At caustic less than twice theoretical,
carbonate alkalinity increased to 90(3=10)X of total alkalinity, the remaining
alkalinity was bicarbonate, and no hydroxyl alkalinity was detected.

7. EFFECT OF INCINERATOR OPERATING PARAMETERS ON SPENT SCRUBBER WATER
INORGANIC QUALITY

a. Table E-12 presents the quality and chamical constituent loading in
sach burn's total SSW as a function of drums of herbicide incinerated. Values
for burns VI and VII were averaged into the VI/VII column. Comparison of data
in Table E-12 indicated_that all measured parsmeters except the relatively
constant temperatures (X=1649F), specific gravities (x=1.057), and chlorides
{x=167 pounds/drum burned) wers directly related to spplied caustic and inde-
paendent of F/A or Percent Excess Air. Multiple regression statistics were
spplied to these data and excellent correlation coefficients were obtained to
relate these chemical product loadings to the ratio of applied caustic to that
required to nsutralize the theoretically expected amounts of HCI{Ny/Ny) - see
Figures E-2 through E-4. Except as discussed in paragraph "e¢" below, all of
these retationships were linear.

b. The following reasoning substantiated why these correlatfons agreed so
well with expectations:

(1) Temperature was & function of combustion gas temperature, combus-
tion gas volume, and total water volumes feed to the scrubber. Since all of
these parameters were consistent in relative proportions and gas/water contact
time in the scrubber tank was probably consistent, the effluent scrubber water

E-(E-16)
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*Data/calculation based on analyses of total burn composite (TBC) sample.

TABLE E-12: QUALITY AND CHEMICAL LOADINGS IN SPENT SCRUBBER WATER FOR THE TEST BURNS
BURN NUMBER 1 II 111 1v v VI/Vil ViI1
- — — - _ _ _ A,
it Operations -Average
N.OEu,ed/N,OH;heory 3.05 3.18 2.06 2.16 2.23 2.20 1.29
Fuel to Air Mass Ratio (F/A) 0.086 0.086 0.106 0.105 0.120 0.115 0.118
z Excess Alr 39. 89. 52. 53. 34. ao. 3?0
Spent Scrubber Water -
Holding Tank
{ Physical Parameters
Temp (°F) @ Collection* 164, 163. 164, 161, 165. 166, 164,
Sp. Gravity 1.055 1.064 1.053 1.051 1.070 1.065 1.041
Sp. Conductance 14.0 15.8 11.3 1l.4 13.1 13.7 8.5
(x10* 1 mho/cm)
Chemical Mass (lbs) Per Drum
of Herbicide Incinerated
Total Solids 943.34 862.08 614,46 545.73 645.38 612,63 406,86
Total Dissolved Solids-MS* 1006.13 884.98 567.31 561.10 643,08 615.71 352.48
Suspended Solids* 0.95 0.72 0.66 0.63 0.65 0.62 3.35
Chlorides 192,03 176,11 165.93 143,92 164.80 168.03 159.73
Free Available Chlorine 2,98 2.48 1.90 2,01 3.25 2.06 0.83
Sodium 423.79 396,26 253,98 277.11 259,82 262,55 143.58
Iron-Total* 0.06 0.04 0.03 0.03 0.03 0.03 1.28
Total Alkalinity as C,CO3 586.69 567.97 278.53 303.03 331.08 298.05 67.60
0B-Alkalinity as CgC03 226.47 238.86 46,56 88.50 87.60 96,77 0.00
ECOS—Alka.I.inity as 03003 0.00 0.00 0.00 0.00 0.00 0.00 5.33
! CO3-Alkalinity as CaCO3 360,23 329.11 231.97 214,54 243.48 201.78 62,22
e

USAF EHL(X)




(81-3)3
Pounds in Spent Scrubber Water Per
Drum of Herbicide Incinerated

1000 A0 B A T TR e < B eadsrane.
motal Dissolved Solids - Ms &
500F y = =27.14 + 301.29x 1
R2= 0,92
giey Totzl Solids
y = 82,63 + 253,57x
700F R2= 0,91
600 @
og
500%
400 =
Chlorides
300§ y = 136,10 + 13,63x
R2= 0.41
200% =N
'_’I‘\ % r= -yl
100}
0 [} ;_ L I L it k o, 2 P
0 1 2 3 4

NaQh Applied To Scrubhbery
Nz2OH Theoretically Required To Neutralize HCl in Combustion Gases

GURE E-2 RELATIONSHIP OF CAUSTIC USED TO TOTAL SOLIDS, DISSOLVED SOLIDS,
AND CHLORIDES IN SPENT SCRUBBER WATER
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Pounds in Spent Scrubber later Per

Drum of Herbicide Incinerated
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Frege Available and Total Chlorine Residual

y,= =0.089 + 0.908x
R%= 0,87 a:]
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= 10,36 =7,73x + 1, JOx
R2- 0.98
\ AL ﬁﬁ

N Total Iron
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WaCll Applied To Scrubber

Na0H Theoretically Required To Neutralize HCl in Combustion Gases

FIGURE E~-3 : RELATIONSHIP OF CAUSTIC USED TO CHLORINE RESIDUAL

AKD TOTAL IRON IN SPENT SCRUBBER WATER
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300
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Pounds in Spent Scrubber dater Per
Drum of Herbicide Iancinerated
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FIGURE E-&
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Total Alkalinity as CaC0472 Sodium
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Carbonate Alkaliuity,CaCO3
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RELATIONSHIP GF CAUSTIC USED TO ALKALINITIES AND SODIUM IN SPENT SCRUBBER WATER
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temperature was relatively constant.

(2) Specific gravity was dependent on these same parameters plus caustic
feed. However, specific gravity is a relatively insensitive measurement and
would be expected to change only when the parameters on which it depended had

changed more dramatically.

(3) The slightly variable chlorides in pounds per drum of herbicide
burned was apparently due to its following consistencies of:

(a) Chlorine weight percent in the herbicide feed,

(b) percent production of HC1, Clp, and monatomic chlorine from
the incinerated chlorinated hydrocarbons, and

(¢) efficiency of the caustic scrubber to collect chlorine
species as long as the applied caustic was greater than twice theoretical.

Thus, these combined situations allowed collection of -chlorides almost ingdenend-
ent of any Ny/Ny ratios greater than 1.1.

(4) The inorganic loading of the fresh scrubber water into the spent
scrubber water far outweighed any contributions that the herbicide combustion
products (COﬁ, Hp0, any hydrocarbons) may have produced. Only the chlorine
species of the combustion gases exerted any significant effects on inorganic
scrubber water loads, and their effects were independent of Ny/Ny greater than

1.1.

¢. A1l but three of the correlated inorganic parameters increased directly
over the range of Ny/Ny=1 to Njy/Ny=3. Total iron decreased rapidly to a
constant value as Ny/Ny 1ncreaged from one to two. This was because at Ny/Nrt
greater than 1.1 enough caustic was available to neutralize the HC1 which
otherwise reacted with the scrubber tank walls to produce ferric precipitates.
Suspended solids responded in the same manner because the ferric precipitates
were a large fraction of suspended solids when Nj/Ny was less than 1.29 (Burn
VIII). The last exception was hydroxyl alkalinigy which was zero at (1)
N¥/NT, increased nonlinearly with Ny/Nt from one to two and then increased
directly when Ny/NT was greater than two. Hydroxyl alkalinity approached
zero at (1) Ny/NT because it was depleted via reaction with the HCT in the
combustion gases. For Ny/MNT between 1.0 and 2.0, excess hydroxyl ions were
present above HC1 requirements but they were being reacted with C0». Excess
of hydroxyl ion rose steadily for Njy/Ny values greater than about %wo because
all HC1 demands were met and the short water/gas contact time in the scrubber
tank precluded any additional reaction with CO2. These relationships of
hydroxyl utilization for HC1 and CO2 reactions were very correlatable to
calculated data; see Figure E-5 which was plotted from the data in Table E-13.
It was interesting to note that an average of 10(:4)% of the calculated CO2
in the combustion gas was reacted with NaOH to produce carbonates.

8. SCRUBBER WATER REQUIREMENTS AND RECOVERY

a. Caustic solutfon and cooling water mass flow rate requirements to cool
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Weight Percent
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quodiag Judram

190
H o ]
=& Caustic Feed (as OH) Used to
m Remove CO)
y = =47.50 +69.5&x - 13,27x2]°C
R= D.87
460
Caustiec Feed (as 0H) Used to Remove HCI
vy = 139.69 - 67.72x +10.31x2
R2= 0.95
140
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Removal of CO2 from Combustion Gases
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FIGYRE E-5; CAUSTIC USED vs PERCENT CO% REMOVAL AND PERCENT
OF CAUSTIC USED TO REMOVE HC1 AND COo
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TABLE E-13: PERCENT OF CAUSTIC FEED USED TO REMOVE €O,
FROM COMBUSTION GASES
- P'§cru2bﬁr : _Férceﬁti
ercent Remova Of Caustic N;O0Hysed

Burn of (02 From Feed Used To NaUH$: o

No. Combustion Gases* Remove Cog* a eory

I 15.3 39.6 3.05

II 13.8 4.0 3.18

IT1 9.8 44.2 2.06

IV 9.1 39.9 2,16

' 10.2 43.3 2.23
VI/VII 8.5 36.3 2.20

VIII 2.6 19,3 1.29
Ave 9.9 37.7 2.3
Std D. 4.1 8.5 0.64

*Weight Percent

£-( E-23)
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and neutralize the combustion gases weare based on estimetes of combustion

gas mass flows, chlorine composition, and temperature. These thres parameters
wore dependent on the fuel to air mass ratios {F/A), see Appendix A. Consistent
selection of scrubber water flow rates in relation to F/A were thus expected
to produce correlations between scrubber water feed volumes, collected spent
scrubber water volumes, and F/A. Excellent correlation of these variables
are shown in Figure E-8 as plotted from the data in Table E-14. Even though
total water flow into the scrubber was comparable, scrubber water rlcovcr{
from burns VI and VIII did not correlate to the other burns. The most 11kely
reason for this poorer water recovery in Y1 and VIIi wes that the effective
caustic strength of the scrubber water into the ventur{ was lower and thus

had & higher vapor pressure than in other burns. This difference of physical
property allowed more scrubber water volatilization in burns VI and VIII

than 1n the other burns.

b. Evaluation of Figure E-8 showed that higher strength caustic stock
solutfon (-15% by uui?ht NaOH) was usad to minimize total scrubber water
requirements to 1200 {150) gallons/drum of herbicide burned at F/A's of 0.115
(10.005). Scrubber water recovery averaged about 75% or 1000 gallons/drum
of herbicide burned.

9. REMOVAL OF IRON FROM SPENT SCRUBBER WATER: The color of spent scrubber
water sediments indicated the presence of particulate iron; particularly

burns VI ad VIII. 1Iron concentrations fn well mixed SSW-TBC samples were
compared with concentrations in settlad holding tank supernatant. The average
percent iron removal after settling way 77.5 percent and increased as iron con-
centration in the SSW-TBC incrsased. (See Table E-15). Thus conventional
settling tanks would effectively reduce the tron to acceptable concentrations

for discharge.
10. MASS BALANCE OF SYSTEM CHLORINE, SODIUM, AND HYDROXIDE

a. These mass balances were based upon the inorganic analyses of fresh and
spent scrubber water and chlorine's theoretical average composition in the
herbicide fuel. Considerin? the 1imited number of samples and the calculation
errors involved in determining masses for each burn, the average accountability
of sodfum (104.1%), hydroxide (95.4%), and fead chlorine ($6.2%) attested to
the overall accuracy of scrubber water collsction and analyses.

b. Data presented in Table E-16 denote the fractions of hydroxide used t¢
react with HC1 and C0». Table E-17 shows that scrubber water analyses indicated
that about $8.7% of the herbicide chlorine was converted to HC) and monatomic
chiorine while 1.3% was formed into diatomic chlorine.

11. EFFECTS OF SPENT SCRUBBER WATER ON INORGANIC QUALITY OF HOLDING
POND WATER

a. Inorganic analyses of holding pond water were conducted on samples
collected before and after incremental volumes of spent scrubber water were
into the 1.4 million gallon concrate wastewater reservoir. No other
known industrial wastewaters of any significant detriment were discharged to
this reservoir during the sampling pertod.
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Total Water Volumes (gallons/Drum of Ilerbicide Incinerated)

Percent Excess Air (+1%)

96 80 64 48 32 16
l?ec i ¥ 1 T 1 ¥ | loo
Caustic & Cooling Water Into Scrubber
1600 ¢ y = (3.6 - 30,9% + 87.6x%)1000
R2= 0,992
1500 % £90
1400% “ \\Y?

Perceat Water Recovery ——7
1300} ¥ = (1.7 - 16.6x + 72.1x2)10

430
2= 0.79
1208 ;
E
12.00F 170
Scrubber Water Collected In Holding Tank
10001 y= (4.7 - 56.8x + 212x2)1000 N
2%= 0.977 @
9004 £580
. - A&
860 A & Data from Burns VI &YIII which
] did not fit to other data points
andé were neglected in the curve fitting, 4
700 et : ——w : : 50
0.05 0,07 0.09 0.11 0.13 0.15

Ratic of Tuel To Air (F/A) There Air Was 1.55 pounds/second And
Fuel Was Undiluted "Qrange" Herbicide Flow in pounds/scconé

FIGURE E-6: RELATIONSHIP OF WATER USED/DISCEARGED TO FUEL/AIR RATIOS
DURING INCINERATICN OF ORANGE HERBICIDE

USAF EHL (K)
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TABLE E-14:

SCRUBBER WATER USED/RECOVERED FOR BURN CONDITIONS

TOTAL WATER
Into Scrubber covered In Holding Tank
Percent NaOHysed (Gallons per Drum of (Gallons per Drum of Percent
Burn Nusper F/A Excess Air Wrx Nerbicide Incinerated)] Herbicide Incimerated) Recovery
I 0.086 89. 3.05 1650, 1397. 84.7
I1 0.086 89. 3.18 1606. 1322. 82.3
1991 0.106 52. 2.06 1353, 1013. 74.9
Iv 0.105 53, 2.16 1364. 1073, 78.7
v Q.120 34. 2.23 1204, 892, 4.1
vl 0.106 52, 2.1 1342. 841. 62,7
Y1l 0,120 34, 2.26 1199, 934, 77.9
VIII 0.118 37. 1.29 1214. nz, 59.1
Avarage 0.106 55. 2,27 1366. 1023, 74.3
Std. Deviation 0.014 23, 0.64 176. 234, 9.0

USAF EHL(K)



TABLE E-15: TOTAL IRON REMOVAL FROM SPENT SCRUBBER WATER
VIA SETTLING
Total Iron Concentration
Into Holding Tank |Holding Tank Supernatant Percent Removal
Burn No.* (T8C - mg/1) _jmg/lg (Based on Concentration

I 4.88 0.99 79.7

Il 3.29 0.73 71.8

111 3.3 0.85 74.8

IV 2.86 - 0.74 740

'} 3.78 0.93 75.40

VIl 4,53 0.77 83.00

VIl 214.29 0.74 99.7
Rverage ¥ .79 0.84 77.5

*Burn No.-VI data were not evaluated because the holding tank did not fill
enough to get a sample from the sampling port.
*Based on Burns I, II, III, IV, V, and VII

E-{g-27)
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TABLE E-16:

CAUSTIC MATERIAL BALANCE FOR SODIUM AND
HYDROXIDE FOR THE BURNS

reresnEoT T odroxide _
en SW Percent of FoW
Feed Accounted [ Used to React | Unused and

Burn For In With i In Holding Accounted Unaccoun

No. Holding Tank ACY 0, Tank for for

1 101.3 26.8 39.6 24.9 91.3 8.7

I1 112.7 30.3 41.0 29.7 100.0 0.0

111 105.2 44.8 4.2 8.9 97.9 2.1

v 109.4 37.2 39.9 16.1 82.2 7.8

v 100.5 4.7 43.3 15.6 100.6 0.0

1/Vil 102.6 42.8 36.3 17.4 96.5 3.5

96.7 0.0 89.1 10.9

95.4 4.7
4.5 4.4

USAF EHL(K)



TABLE E-17:

CHLORINE MATERIAL BALANCE
FOR THE BURNS

T Percent ot reed Chlorine (Mass) |

.2
B:;T _Hcftgngg{ted ch12_ Accounted For **I
| 98.46 1.54 110,09
Il 98.60 1.40 100.91
111 98.86 1.14 94.96
IV 98.61 1.39 .83.00
v 98.05 1.95 94.98
VI$/VIL 98.78 1.22 96.81
VIII t 99.48 0.52 92,77
Ave 98.69 1.31 96.22
Std D. 0.44 0.44 X 8.21

Based on analytical measurements of spent scrubber

water and assuming:

*100% scrubbing efficiency.
** 29,78% weight chlorine in herbicide feed
and all settled iron was as FeCly.

t+ Stack sampling crew could smell chlorine in
scrubbed exhaust gases.

TR

USAF EHL (K}
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b. Analytical results are presented in Table E-18 and graphed in Figure
E-7. The abscissa was double labeled and related the average gallons (1000)
of spent scrubber water discharged per drum of herbicide incinerated. The
“freshwater” quality of the reservoir changed significantly in rising pH, total
and carbonate alkalintty, sodium, chlorides, specific conductance, and total
dissolved solids. The rise in pH from 7.4 to 9.7 was the most noticeable and
easily measured parameter of change. The pH then slowly increased to the
equilibrium value of 10.4 for the bicarbonate-carbonate system. The fluctuating
bicarbonate alkalinity indicated the water system's attempt to equilibrate

the carbonate alkalinity reactions. Total dissolved solids content stabilized

as the pH reached 10.0 -- indicating precipitating reactions had begun. Spent
scrubber water caused no significant changes in any other measured parameters of
the reservoir's water quality: specific gravity, total solids, chlorine residuals
(0.0 mg/1), or hydroxyl alkalinity (0.0 mg/1 as CaCO3).

¢. The elevated chemical concentrations in the holding pond would begin to
decrease as the system slowly adjusts to a more natural equilibrium, with a pH
of approximately 8. Exceptions to this natural adjustment would be the con-
servative sodium and chloride which would increase the reservoir’s salinity,
but to a level much less than that of sea water.

E-(E-30)



TABLE E-18: SUMMARY OF EHL/K HCLDING POND WATER ANALYSES

Sample No: HP- 1 2 3 4
Accumulative Holding Tanks I& 1II & vV, VL &
Dumped to Holding Pond NONE 11 IV VII
Date 1{01d:l.ng Tanks Mon 19 Tue 27 Tue 4 Dec
woere duﬂped (Nov 73) N/A Wed 21 Thu 29 o
bate Collected (Nov 73) Mon 19 | Sat 24 Sat 1 Dec | Wed 5 Dec
Date Analyzed (Nov 73) Wed 21 | Mon 26 Sat 1 Dec |Wed 12 Dec

Parameter (mg/l unless
noted)

y{Temp (OF) at time: Mid 60's

5| collected

% Analyzed 72. 72, 73. 72, ]

“lon 7.40 9,70 10,00 10.40
Sp, Gravity 1.0035 1.0010 1.0020 1.0010
Sp. Cond. (x10% w mho/cm)| 0.06 0.10 0.16 0.21
TS (x10%) 0.40 1.48 0.85 1.24
VTS (x 103) - - - -

« [IDS, Mt (x10%) 0.035 0.065 0.150 0.140

ETDS, Ms (x103) - _ - -

& lvips (x 107) - r - - _
58 - - - -
vss i _ _ _

3 Chlorides 26.0 88.0 170. P28,

3 Total Chl. Resid. . 0.0 0.0 0.0 0.0

g Free Avail. Chl, 0.0 0.0 c.0 2.0

.

2] Sodium 85,0 220,0 370,0 50,0

S |Iron, Total 0.48 0,68 0.58 0.55

o [Fotl ALk (CaCQ3) 77. 202. 365, 515, ]

 [Oll-ALk (CaC03) 0.0 0.0 0.0 0.0

3 1003 -ALk (CaC0y) 77. 53.5 68.0 59,

| 2 [C03-ALk (CacOy) 0.0 148.5 297.0 56,

E-(E-31)
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FIGIRE E~7: EFFECTS OF SPENT SCRUBBER WATER DISCHARGE AND ORANGZ HERBICIDE INCINERATED
ON HOLDING POND WATER QUALITY.
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APPENDIX F

DRUM CLEANING, DISPOSAL., AND ANALYSES OF DRUM RINSE SAMPIES

1. Introduction

This task was investigative in nature and was not designed
nccessarily for future use in any drum cleaning requircments.
The objective of this study was to assess the maximal rcmoval of
normal butyl csters of 2,4-D and 2,4,5-T from the drums. TCDD
removal was not mcasured but estimates of its removal were made.
This appendix describes the cquipment and procedures used to clean
and disposc of the drums. Methods and results of USAF Environmen-
tal Illcalth Laboratory-Keclly AFB (EHL/K) drum rinse analyses are
also presented and discussed.

2. Drum Cleaning Proccdures

a. Drum clcaning operations were performed in the partially
enclosed area north of Building 57. This area was curbed and had
a sloped concrete floor with a catchment type drain (sce Figure 9).

b. Less than two quarts of "Orange" Herbicide were usually
loft in each drum after the drum's contents had been transferrecd
to the fucl feed tank. Before each drum was rinsed, the contractor
upended it and its contents were allowed to "free board" drain
until steady dripping stopped. This drain time depended on the
herbicide's drip rate, and the drain time ranged from six to nine
minutes with an average of 7.3 minutes (s = 0.90). See Table F-1.
llerbicide color and drip ratc were subjectively observed and no
consistent relationship was obtained between herbicide color and
drip rate/total drain time.

¢. As specified by EHL/K, the contractor used the following
procedure to clcan the twenty-eight drums that had been drained
per paragraph '"b" above:

(1) To a first set of seven random drums:

(a) Five gallons of unused JP-4 were poured into a
drum and the drum was recapped.

(b) The drum was placed in a barrel rolling device
for five minutes.

(c) Drum contents were poured into a "rinse collec-
tion" drum as EHL/K personnel collected a 250ml samplc of the
rinse solution midway through this draining step. The 250ml sam~
ple container had been specially cleaned and the cap lined with
aluminum foil per the procedure described in paragraph 2a, Appen-
dix E.

E-(F-1)



TABLE F-1: DRUM DRAINING/DRIPPING DATA

EEL(K) | DRAIN WM m(:)i'ﬁn—ﬁi-! REMARKS

DRUM TIME HERBICIDE| DRIP DRUM TIME HERBICIDE | DRIP
NQ. (MIN) : COLOR | RATE NO. (NIN) COLOR RATE
83 8 Dark Slow 73 8 Light Slow
88 6 Honey Fast T4 8 Light Slow
90 8 Dark Slow 68 7 Light Slow
82 6 Honey Fast 15 7 Light Slow
71 6 Honey Fast 62 9 Dark Slow
81 7 Dark Slow 91 8 Light Slow
92 ? Honey Fast 65 8 Light Slow
66 8 Dark Slow 76 8 Dark Slow
80 6 Heney Slow 63 ‘9 Dark Slow
84 7 DPark Slow 64 7 Light Slow
70 6 Honey |.Fast Tk 8 Light Slow
86 ? Honey Fast

69 7 Honey Fast

78 6 Honey Faat

87 8 Dark Slow

89» 8 Dark ° Slow

83 7 Dark Slow .

* Drum 89 was a damaged #% Drum 77 Was suspected of having
Drum and was manually shaken, H20 in it. However none was
observed.

NOTES: (1) Average drain time for all drumes was 7.32 minutes, & = 0.90
(2) . Average ambient air temperature was 60°F during drainings.

USAF EHL{K)
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(d) Steps (a) through (c¢) above were rcpcated
twice.

(e) Drum was then recapped and stored for dis-
posal.

(2) To a sccond set ¢f seven random drums, (1) above
was accomplished except threce gallons of unuscd JP-4 were used
for cach of the threec rinses per drum.

(3) To a third set of seven random drums, (1) above
was accomplishcd except two gallons of unused JP-4 werc used
for each of the three rinses per drum.

(4) To a fourth set ¢f the seven remaining drums, (1)
above was accomplished except that the following volumes of
unused JP-4 were used for cach rinse: five gallons for the
first rinse, three gallons for the second rinse, and two gal-
lons for the third rinse,

3. Drum Disposal

a. ENL/K inquired locally about public landfills which
were approved by regulatory agencies for burial of hazardous
materials. The Los Angeles County "Class 1" Landfill Number S5
at Calabasas, CA was so approved and sclected by EHL/K for the
drum disposal. Mr. Robert Van Iluet, Los Angeles County Sanita-
tion Office (213-484-1370) and Mr. Jack Johnson, Site Foreman
of the Calabasas Landfill (213-889-1430), approvcd the drum
burial after they had been briefed by EIHL/K on the following
characteristics of the drums:

(1) Quantity and quality of the drums.

(2) Herbicidal content of the drums and the method of
drum cleaning that had been accomplished.

(3) Recquirement that the drums be crushed and buried
to preclude any chance of them being salvaged and recycled for
anyonc's use.

b. The cleaned drums were loaded onto a flathed truck,
uncapped, and loaded with several cups of laundry detergent
and about twenty gallons of tap water. This detergent solu-
tion sloshed around in the drums as the truck was driven to
the landfill. This action of detcrgent rinsing was taken to
stop any JP-4 vaporization and cmulsify any residual JP-4/
herbicide that may have been in the drums.

¢. The uncapped drums were rolled from the truck bed into
a pit freshly dug by the landfill operators. The drums were
then immecdiately crushed, mixed, and compacted with other refuse,
and buricd while EHL/K personnel obscrved.

E-(F-3)



4. EHL/K Procedures/Methods of Analyses of Drum Rinse Samples

a. Equipment and Materials.

(1) Gas Chromatograph - Tracor 220 equipped with flame
ionization detector (FID).

(2) Chromatographic column: 4 feet glass "U'" tube
packed with 3% ov-1 on Chromosorb W, 80/100 mesh.

(3) Chromatographic operating conditions:
(a) Injector temperature - 225°C,
(b) Detector temperature - 175°C,
(c) Column temperature:

1 Programmed initial temperature at 15C°C for
six minutes rising at 109C per minute to a final temperature of

200°C.
2 Isothermal condition of 160°C.
{(d) Carrier gas - nitrogen.
(e) Gas flow - 70 cc/minute.

b. Standards. Standard solutions of nb 2,4-D and nb 2,4,5-T
estors werc prepared in JP-4. Standard curves were prepared for
the nb 2,4-D and nb 2,4,5-T esters at three different concentrations:
6 ug/ul, 2 pg/el, and 0.2 pg/ul. Linearity was obtained from 0.2 ug
to 24 ug but was lost above 24 ug for both the 2,4-D and 2,4,5-T nb
esters. Standard curves were prepared by plotting peak height (cm)
vs concentration of ester in micrograms (ug).

¢c. Proccdure.

(1) Samples were injected into the gas chromatograph at
an adjusted injection volume so that the concentration would be
within the concentration of the prepared standard curves. Sample
dilution was therefore unnecessary.

(2) Samples from the first and sccond rinses were analyzed
using the column temperature program. Samples from the third rinse
werc analyzed using the isothermal column temperature. This was
done because samples from the third rinse had the lowest ester con-
centrations and the solvent interfered with the 2,4-D n-Butyl ester

peak when using the temperature program.
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(3) Concentration of the samples was calculated using
the standard curves. The value obtained was in micrograms per
microliter which was Lhen converted to milligrams per liter of
sample.

5. Analytical Results and Discussion of Drum Rinse Samples

a. Prescntation of Analytical Results.

(1) Analytical results werc obtained for each individual
nb 2,4-D and nb 2,4,5-T ester in each rinse sample (mg/r). These
data were reduced to determine the:

(a) Mass (gm) of cach ester and the sum of both
esters' masses in each rinsc volume,

(b) Accumulated (acc.) mass in grams of cach ester
and the sum of both esters' masses in the accumulated rinse vol-
ume, and

{(c) Fraction of accumulated mass of each ester and
sum of both c¢sters' masses in the accumulated rinse volume as a
percent of the accumulated ester(s) removed in all three rinses.

(2) These reducecd data as well as statistical qualitics
on them are presented in Tables F-2 through F-5. The data points
were highly variable with many standard deviations large when com-
parcd to a mcan value. Whenever possible, statistical comparisons
were performed on the data to determine the significance between
data scts at or above the 90% confidence level.

(3) TCDD was not analyzed in the rinse samples, but the
samples were saved should any nced arise. Since TCDD has similar
solubility to 2,4-D and 2,4,5-T esters in organic solvents, its
removal from thc drums was based on the removal efficiencies
found for 2,4-D and 2,4,5-T.

b. Relative Removals of Each Ester.

(1) Review of the data in Tables F-2 through F-5 revealed
that the 2,4~D mass in a rinse was almost always grcater than the
2,4,5-T mass in the rinse. This was expected since the blended
herbicide analyses, Table G-1, showed that nb 2,4-D and nb 2,4,5-T
csters, respectively, averaged 50.90 and 43.78 percent of the herbi-
cide total weight. FPigure F-1 considers the 2,4-D and 2,4,5-T nb
csters to be 100 percent of the total herbicide in the rinse and
presents the average mass percentage of cach of these csters in
each rinsc for all drums. Also shown is the mass percent of thesc
csters when they are considered to be 100 percent of the herbicide
total mass rather than their average 94.68 pergent. Similarily,
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TABLE F-2: SUMMARY OF HERBICIDE MASS 1IN RINSE SOLUTION -~ DRUM SET A

) A
ate Collactors: DiL.o:ranzo? Knerl
Drum Set A" EHL(K) Drum Numbers Rinses 1 2 | 3 [Eollected: 3—4 Dec 73
63/64/74/75/76/72/91 Gal/Rinse| 5 | 5 | 5 1;'3:3';3'= Chemists: Hodgkinson/Rodriguez
Drain ob 24D ester nb  245T ester ub Total Esters
prip Acc. gm/rinse Acc. gm/rinse Acc. gm/rinse
SAMPLE| Time go/rinse 2 Total gm/rinee 2 _Total ga/rinse % Total
NO. | (Min) 1 ) 3 [ 1 2 3 1 7 3 1 2 311 [ 2 |3 1 2 3
179.4 | 32,17 (16.45[178.4 |211.6 [228.0{173.7 | 27.82 |9.88 {173.7[201.5]211.4 %35.1 €0.0 P6.3]353.1 k13,1 [439.4
A-63] 9 78.7| 92.8 82.2] 95.3 80.4 | 94.0
162.4 | 41.07| 1.10[162.4(203.5 [204.6]153.3 1 33.50 | 0.62 [153.3(186.8(187.4 P15, .6 [ 1.71315.71390.3 [392.0
A-641 7 79.4} 99.5 81.8 80.51 99.6
178.0 | 19.43 ) 6.25]176.0(195.5 [201.711656.9 | 10.03 | 2.21 |166.9 78.5(342.9 [372.4 |380.9
A-74) 8 87.2] 96.9 93,2
75.3110.22 1.2 (I28. 3 138. 5 045.6{131.7 | Z.92 12.63 |1I31.7 3.8
A=751 7 88.1} 95.1 94.6
r 173.7 [ 15, 5.60(173.71189.2 195.9169.2 [ 7.38 | Z2.22 (169.2 9.1
A-76| 8 88.7| 96.6 94,5
T158.7  43.53,27.73|156.71200.2 [228.01151.0 5 . 151.0 . 3.0
A-777: 8 68.7| 87.8 76.7
; 135.1 [12.11] 7.301135.1(147.2 [154.51130.7 [ 6.06 12.78 {139.7] .
A-91: 8 87.41 95.3 94.0
‘Ave () 158.8 | 24.87 {10.37[158.8183.7 194.0{155.1 {17.19 {5.12  {155.1i172.3]177.4 $813.9/ 42.1 [15.5{313.8%355.9 {371.4
Std D. (4) 20.2 {13.89! 8.90} 20.2] 28.8| 32.6{ 15.8 {12.80 |5.38 15.8} 23.0| 25.6 1 35.8] 26.6 R4.2} 35.8] 51.6 @ 58.0
Ave (X) 82.6| 94.8 88.1] 97.3 85.3|96.0 ;
fsta . ) 7.4 3.7 7.6{ 2.6 ; ] 7.5] 3.2 |

USAF EHL(K)
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TABLE F-3:

SUMMARY OF HERBICIDE MASS 1IN RINSE SOQLUTION -

DRUM SET B
Date Collectors: DiLorenzo/Knerl
Drum Set "B" EHL}K) Drum Numbers Rinses 1 2 3  [collected: 3-4 Dec 73
62/66/68/73/82/85/90 Gal/Rinse ate —I7T Dec 73- Chemists: Hodgkinson/Rodriguez
3 3 _ WBnalyzed: 8 Jan 74
Draig nb 24D ester nb 245T ester nb Total Esters
or Acc. gm/rinse Acc. gm/rinse Acc. gm/ripse
SAMPLE TE;éP go/rinse % Total gm/rinse % Total gm/rinse % Total
NO.  [(Min) 1 2 3 1 72 13 1 12 3 1 2" 3 ] 1 2 3 1 2 3
68.8 8.8614.66 1 68.8 77.7, 82.3| 68.1 | 4.66| 1.67 68.1 | 72.8] 74.4[136.9 |13.5 | 6.3 |136.9 [150.4]156.8
B-62 | 9 : 83.6 | 94.3 91.5| 97.8 87.3]96.0
' 9%.0 | 7.04]0.90794.0,101.0/101.9] 81.8 | %.201 0.49 81.8| 86.0] 86.5175.8 [ 11,2 [ 1.4 |175.8[187.0]188.54
B-66 ! 8 92,21% 99,1 94,6 | 99.4 73.3) 99.3
158.1 | 36.00[5.40 [158. T [194.1|199.6 |149.9 '22.14 [ 2.46 149.9 | 172.0§174.5/308,0 | 58,1 | 7.9 [308.0 |366.1[374.1
B-68 | 7 79.21 97.3 85.9| 98.6 82,31 97.9
T U3.% 2. JRTULES5 IO 6 |I08.7 109.6 | 97.4 | 3.18) 0.41 97.4 | 100.6[101.0{201.0 | 8.5 | 1.1 {201.0]209.5|210.6
B-73 | 8 94.5| 99.4 96.4 | 99.6 95.5| 99.5
BI.8 | 4.20(0. 78T UL.BT B6.U| 86.89 86.5 | 2.73| 0.39 86.5 | 89.2] 89.6{168.3 : 6.9 | 1.2 |168.31175.21176.%
B-82 | 6 94.3] 99.1 96.5 | 99.6 95.4 ] 99.3
02.7 | io.2213.127 6Z.71 27 9| B1.0| 65.4 | 8.29]1.23 65.4 | 73.7| 74.9128.1 | 23.5 | 4.4 |128.1[151.6(156.0
B-851 7 77.4| 9¢.2 87.3| 98.4 , 82.1! 97.2
I27°6 | II- 204|041 {122.61(133,.8 |13%-31110.4 | ©-70 | 023  {110.4 | 117.1]117.3233.0 | 17.9 | 0.6 1233.0230.5|251.6
B-90 | 8 91.3| 99.7 94,1 | 99.8 92,61 99.7
Ave (%) 98.8 | 12.56|2.28! 98.8[111.4(|113.6] 94.2 | 7.41| 0.98 94,2 | 101.6} 102.4193.0 | 20.0 | 3.3 [193.0 [212.9]216.3
std D. () 33.2 | 10.99f 2.11) 32.2| 41.6§ 42,3} 29.1{ 6.78| 0.84 29.21 34.7) 35.% 62.1 |17.8 2.7} 62.1| 76.0] 77.2
Ave (X) 87.5| 97.9 92.3] 99.0 89.8] 98.4
std D. () 7.3 2.0 4.3 0.8 5.9 1.4
_#

(2~d} 3I
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TABLE F-4:

SUMMARY OF HERBICIDE MASS IN RINSE SOLUTION - DRUM SET C
R i
: te Collectors: Dilorenzo/Knerl
Drum Set "C" EHL(K) Drum Numbers Rinses 1l {2 3 llected:3—4 Dec 73
71/81/83/86/88/89/92 Gal/Rinse| 9 2 2 ate %7;2267232 Cheaists: Hodgkinson/Rodriguez
Drain nb 24D ester pb 245T ester nb Total Esters
Dgip Acc. gm/rinse Ace, gm/rinse Acc. gm/rinse
SAMPLE (Time gn/rinse % Total rinse X _Total ga/rinse Z Total
NO. ((Min){ 1 2 3 | 1 2 3 1 ) 3 1 2 | 31 2 3 i 2 3
6 82.2 6.59 |0.81] 82.2] 88.8| 89.6] 75.9 | 3.86 | 0.43 75.9 1 79.8} 80.2 1)10.5] 1.2 .1]168.61169.8
e-71 l ‘ 91.7] 99.1 94,7 | 99.5 93.1} 99.3
7 55.0 5,00 !1.2d 55.0! 60.0; 61.2; 49.5 | 2.80 | 0.64 99.5 | 52.3] 52.9009.5] 7.8 I. 04.51112.31114.1
c-81 89.9! 98.01 ~ 93.5 | 98.8 91.6] 98.4
N05.4 | 9.84 | 2.49105.4:115.2 (117.7] 99.0 | 5.83 | 1.26 | 99.0 | 104.8]106,1p204.4 | 15,7 3.7 [2058.47220.11223.8
c-83 8 89.6! 97.9 93.3| 98.8 51.3{ 8.3
7 104.5 | 15.29 {1.74104.51119.81121.6] 97.7 3.2% | 0.91 57.7 [ 106.9 57.§?D2.T 5.51 2.7 202.21226.7/229.4
c-86 : , 86.0! 98.6 90.6 | 99.2 88.1] 9s.8
6 80.8 | 7.80 ;1,74 80.3, 83.6190.3] 74.0 %.47 1 0.90 | 75.0 5| 79.4154.8 12,3, 2.6 |154.81167.1|169.7
C-88 | i 89.5! 98.1| - 93.2 | 98.9 | 91.21 98.5
125.8 | 18.17 ' 1.43125.81144.0]145.4{119.9 16.35 | 0,74 1119.9 |136.3 157.q2h5.7 57 2.2 1245.71280.21282.4
c-83 | 8 : i 86.5, 99.0 87.5| 99.5 87.0] 99.2
' 0107.2 | 13.93 -1.7¢910/.2:121.1 .8 1102.2 . 5.90 [102.2 | IIL.1(IIZ2.0209.% [ 22.9 2.6 1309.4,232.31234.9
€921 7 : i 87.3} 98.6 91.2 ] 99.2 ' 89.21 98.9
ve (x) 9.4 , 10.94 1,58 94.4i105.4 106.91 88.3 | 7.35{ 0.83 | 88.3 1 95.7. 96.5182.7 [18.3 { 2.4 [182.7/201.0/203.4
Std D. (&) 23.3 | 4.92|0.51 23.3| 27.9{28.1] 23.3 | 4.67 0.26 { 23.3 | 27.5| 27.6/46.6 | 9.5 0.8 { 46.6 55.3! 55.6
ve (3) i 88.6 98.5 92.0 | 99.1 90.2!) 98.8
Std D. (8) ; | 2.1; 0.5 2.4 0.3 ‘ .2‘ 0.4
———
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TABLE F-5:

SUMMARY OF HERBICIDE MASS IN RINSE SOLUTION ~ DRUM SET D
I e
ate Collectors: DiLorenzo/Knerl
Drum Set "D" EHL(X) Drum Numbers Rinses 1 2 3 ollected: 3-4 Dec 73
65/69/70/78/80/84/87 Gal/Rinse| 5 3 12 ate I7 Dec 73 Chemists: Hodgkinson/Rodriguez
Drain nb 24D ester nb 245T ester nb Total Esters
D:; Acc. gm/rinse Acc, gm/rinse Acc., gm/rinse
SAMPLE Timg gm/rinse % Total _gm/rinse % Totgl go/rinse % Total
NO. |¢mimy| 1 2 3 ] 1 2 3 1 2 3 1 21 311 2 3 1 2 3
109.0(113.01114.2 102.2 | 104.6 [105.2 211.2|217.6]219.
D-65 1 8 1109.0! 3.97 [1.20{ 95.5| 98.9(100.0[102.2 | 2.38 |0.63 {97.1 1 99.4 211.2| 6.4| 1.8 | 96.3] 99.2
6 I38.51146.9147.5 127.2 |132.1|132.% 265.71279.0(279.3
D-69 | 7 1138.5]| 8.40 ]0.60] 93.9} 99.6 127.2 ] 4.8810.28 96.1 ! 99.8 265.7)13.3 | 0.90 | 94.91 99.7
i 98.8|112.7 |[114.1 93,1 [100.9 (101.7 191.3(213.6]215.38
[ D79 | 6 |98.8]13.85|1.43| 86.6] 98.7 93.1} 7.8410.76 | 91.5 | 99.3 191.9[ 21.7{ 2.2 | 88.9] 99.0
118.1[125.11126.0 109.0 1113,2 |113.7 7277238312397
D-78 | ¢ |118.1| 7.04 |0.89] 93.7| 99.3 109.0| 4,20|0.48 !95.9 ] 99.6 227.111.2] 1.4 | 94.7} 99.4
163.51174.7(17%. 56.7 |163.4 {164.2 320.21338.1 3404
D-80 | & M163.5111.24 11.491 92,8{ 99.2 156.71 6:7010.78 95,4 | 99.5 1320.2017.9| 2.3 1 94.1! 99,3
- . 139.0(185.61187.0 149.9 |166.71167.5 308.9[352.31355.5
D-84 | 7 1159.0 }26.57 |1.46{ 85.0] 99.2] 149.9 | 16.81 | 0.77 1 89.5 | 99.5 i308.9} 43,4 2.2 | 87.11 99.4
120.4(176.0°177. 117.0 |1668.3|169.1; 7375|3544 346.6
D-87 | 8 |120.4!55.64 {1.45{ 67.8] 99.2 117.0 | 51.32 |0.79 {69.2 | 99.5 237.4107.0| 2.2 | 68.5| 99.4
ve (3) 129.6 | 18.10 |1.22}129.6{147.7{149.0{122.1} 13.45 | 0.64 §22.2 {135.6 136.3]251.8 31.0| 1,9 [251.8|283.3,285.2
td D. (8) 24,8 118,08 ;0.35] 24.8] 31.4] 31.5] 23.9|17.34|0.20 [23.9 | 30.2]| 30.3} 48.6/ 35.8] 0.5 | 48.6] 61.5| 61.7
ve (X) ! 87.91 99.2 90.7 | 99.5 89.2{ 99.3
td D. (8) 9.7| 0.3 9.9 | 0.2 9.7 0.2

6=d)-1
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FIGURE F-1 WEIGHT PERCENT OF 2,4-D AND 2,4,5-T ESTERS
OF TOTAL UERBICIDE IN EACH RINSE ‘
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Figure F-2 gives, for all drums, the average accumulative mass
percentage of each of these esters in the accumulative rinses.

(2) An evaluation of Figures F-1 and F-2 indicated that
slightly more of an original mass of nb 2,4,5-T ester was rcmoved
from a drum during its first rinse than was the nb 2,4-D ester.
This better proportional removal of an original 2,4,5-T mass ap-
peared indepcndent of the solvent volume used in the initial
rinse. Apparently, in the competing solubilities, 2,4,5-T was
absorbed more rapidly than 2,4-D in an initial rinse of JP-4.

The proportion of 2,4,5-T decrcased markedly in successive rinses
because a larger fraction of it had already becn removed. The
accumulative three-rinse effect of this phenomenae was less dra-
matic than the individual rinses but still showed a proportionately
higher average removal (106%) of original masses of 2,4,5-T thaa
2,4-D, respectively, from the drums.

c. Estimate of llerbicide Mass in Drum.

(1) The average accumulative mass of total csters in the
accumulative rinses and the average mass of total esters in cach
rinse are plottcd for cach drum set in Figures F-3 and F-4, respec-
tively. The curves in both figures were fitted by regression analy-
ses and found to best fit power equations (Figure F-3) and exponen-—
tial decay equations (Figurc F-4). Data in both figures indicated
that ester mass removal in the rinses was controlled by a first
order absorption isotherm. There was no significant difference in
the total herbicide mass in drum set "B" and "C" rinses which was
only 70 to 80 percent of the mass in drum set "A" and "D" rinses.

(2) Drum set "A" rinses contained significantly higher
amounts of total herbicide mass on a per rinse basis and on an
accumulative basis. Drum set "A" rinses removed more herbicide
from the drums and this set's data were used to estimatc the
average total herbicide mass originally in the drums. Applying
the principle of first order decay, the seventh rinse or 35th ac-
cimulative gallon of rinse should remove an estimated 99 plus per-
cent of the drum's herbicide mass. The cquations of best fit were
then used for the seventh rinse and 450 (+ 25) grams of herbicide
were concluded to be the best estimate of original mass of herbicide

in drum.

d. Herbicide Removal Per Gallon of Rinse Used.

(1) Table F-6 presents the accumulative herbicide mass
per gallon of accumulative rinse for each drum in all drum sects.
The data in Table F-6 werc statistically compared with cach other
for herbicide mass per accumulated gallon of rinse. At the 95%
confidence lcvel, these comparisons showed that:

E-(F-11)
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FIGURE F—3: MASS OF ACCUMDLATIVE HERBICIDE ESTERS IN RINSES vs ACCIMULATIVE RINSE VOLUMES AND RINSE NUMBERS
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(a) Variances of herbicide mass per accumulated
gallon of rinsc for the following cases were:

1 Equal for rinse gallon combinations of
5,3,5, and 2/2 and the poolecd variance of these rinse gallon
combinations was unequal to any other single or pooled vari-
ances. Note range of rinse gallons: 3 to 5 gallons.

2 Equal for rinse gallon combinations of 5/5,
3/3, 5/3, and 2/2/2 and the pooled variance of these rinse gallon
combinations was unequal to any other single or pooled variances.
Note range of rinse gallons: 6 to 10 gallons.

3 Equal for rinse gallons combinations of
5/5/5, 3/3/3, and 5/3/2 and the pooled variance of these rinse
gallon combinations was unequal to any other single or pooled
variances. Note range of rinsc gallons: 9 to 15 gallons.

4 Unequal for any rinse gallon combinations or
their pooled variances when compared to the single rinse of 2 gal-
lons.

(b) Means of herbicide mass per accumulated gallon
of rinse for the following casecs were:

1 Equal for rinse gallon combinations of 5,3,5,
and 2/2 and the pooled mean of these rinse gallon combinations was
unequal to any other single or poolcd mean. Note range of rinse
gallons: 3 to 3 gallons.

2 Equal for rinse gallon combinations of 5/5,
3/3, 5/3, and 2/2/2 and the pooled mean of these rinse gallon com-
binations was unequal to any other single or pooled means. Note
range of rinse gallons: 6 to 10 gallons.

3 Equal for rinse gallon combinations of 5/5/5,
3/3/3, and 5/3/2 and the pooled mean of these rinse gallon combina-
tions was unequal to any other single or pooled means. Note range
of rinse gallons: 9 to 13 gallons.

4 Unequal for any rinse gallon combinations or
their pooled means when comparcd to the single rinse of 2 gallons.

(¢) Rinses with smaller volumes cauwsed significantly
higher variances in performance. The three gallon rinses had dra-
matically less variance than the two gallon rinses,

(2) Considering these statistical evaluations, the data
of Table F-6 were plotted in Figure F-5 against rinse number and
in Figure F-6 against accumulative rinse volume. Interpretation
of these figures indicated that:

E-(F-15)



TABIE F-6: Accumlative Herbicide Mass Per Gallon of Rinse

Acc, Mass of Herbicide Esters Acc. Mass of Herbicide Esters
Per Acc. Gal. Rinse (gm/gal) Per Acc. Gal. Rinse (gm/gal)
Drum Rinse Number/ Drum Rinse Number/
Set Acc. Rinse Volume (gal JP-4) Set Acc. Rinse Volume (gal JP-4)
A 1/5 2/10 3/15 C 1/2 2/4 3/6
70.62 41.31 29.29 79.05 42.15 28,30
63. 14 39,03 26,13 322.25 28.08 19.02
68.58 37 .24 25,39 102,20 55.03 37 .30
52.00 27.51 18.99 101.10 56.68 a8,23
68.58 36.58 24,99 77 .40 41.78 28,28
61.54 38.19 28.33 122.85 70.05 47 .07
m 54.96 29.30 20.21 104.70 58.08 39.15
? b3 62.77 35.59 24.76 X 91.36 50.26 33.91
js s 7.16 S5.16 3.86 ] 23.30 13.82 9,27
82 51. 26.64 14.93 82 542.99 191.09 85.95
g B 1/3 2/6 3/9 D l 1/5 i 2/8 i 3/10
‘ 45.63 25.07 17 .42 l 42,24 27 .20 21.94
1 28.60 31.17 20,93 53.14 ! 54.88 27 .99
102.67* 61.02* 41.57* 38.38 26.70 i 21.58
67.00 34,92 23.40 45,42 ! 29,79 . 23.97
56.10 29.20 19.60 ¢ 64.04 . 42.26 : 34.04
42 .70 25.27 17.33 61,78 44.04 35.45
Ve .67 41.82 27 .96 47 .48 43.05 34.66
X- 57.95 | 31.24 | 21.10 Eox T 50.35 35.42 | 28.52
s 13.11 6.38 4,06 s : 9.72 7.69 | 6.17
s2 171.79 40.67 16 .48 g2 i 94.57 590.15 | 38.11
]

*Considered to be a possible outlier and not used in statistical calculation.

USAF EHL{(K)
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(a) Herbicide removal per gallon of solvent was
cssentially independent of any two applicd rinse volumes whose
accumulative total volume was <5 gallons, 6 to 10 gallons, and
11 to 15 gallons. However, a more consistently average perfor-
mance could be expected if volume per rinse werce maximized within
cach of these volumetric groupings, i.e., usc a single rinse of
5 gallons if total rinse volume is <5 gallons; use two rinse vol-
umes of 3/3, 4/4, or 5/5 gallons if total rinse volume is betwcen
6 and 10 gallons: ctc.

(b) The difference in average performance diminished
between rinse sets on the third rinse because &50% of the herbi-
cide had been removed from the drum and each rinsc set had approach-
¢d its respective platcau for herbicide removal per rinse (see Fig-
ures F-3 and F-4).

¢c. Estimate of llerbicide Removal Efficicency.

(1) The accumulative mass of total herbicide in each
rinse volume was compared to the estimated 450 grams of total
herbicide in cach drum. Percent removal of this estimated
amount of herbicide after two rinses was 79.1% for "A", 63.0%
for "D", 47.3% for "B", and 44.7% for "C." Regardless of rinsc
volume used, the third rinse improved the overall herbicide re-
moval cfficiency by less than 3%.

(2) Percents of original herbicide remaining in the drum
were calculated for each drum set and plotted against accumula-
tive rinse volume in Figure F-7, The five gallon rinses left 15
to 30 percent less herbicide in the drums than did any other
rinses. It was thus concluded that given two or three rinses
whose total volume was less than 10 gallons, the optimal removal
cfficicncy (79.1% for the total gallons used) was achieved using
two rinses of five gallons cach.

6. Conclusions and Recommendations

a. [Merbicide mass removal from the drums using JP-4 appeared
to be dependent upon the applied rinse volume and to follow a
first order absorption isotherm.

b. Accumulative mass of herbicide in the accumulative JP-4
rinses were fitted quite well to exponential curves which were
uscd to estimate the original mass of total herbicide in the

drained drums: 450 (+ 25) grams.

¢. Based upon the original weights of 2,4-D and 2,4,5-T csters
in the herbicide, proportionately more 2,4,5-T ester mass than
2,4D cster mass was removed in the first JP-4 rinse. These pro-
portions rcversed during the following rinses, but the accumulative
cffect was that about 106 percent more 2,4,5-T ester mass was re-
moved than was the 2,4-D ester mass.

E-(F-19)
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d. Removing drum cnds and spraying the rinsce downward through
an open drum would provide belter herbicide removal efficiency pevr
gallon of rinsc used. This is because successive rinses could be
thoroughly drained from the drum. Since such draining could not
be achieved in this test program, 10 to 25 percenl improved results
could be cxpccted depending on rinse volumes uscd.

c. Dcpending on ultimate drum disposal, desired drum clcanlti-
ness, and availability of rinsc (JP-4), this program concluded
that under the following two constraints, scparate rinsc proced-
ures coirld be used to obltain maximum results:

(1) [Limited supplics of JP-4 rinsc (=5 gallons per drum)
and some¢ clcaning desired. Use the five gallons in a single rinsc
to obtain minimal variation of drum cleanlincess. Any volumectric
rinscs totaling five gallons per drum would remove about the same
herbicide mass but would be more variable in performance.

(2) Up to 10 gallons of JP-4 rinse available per drum and
optimal drum cleaning requircd--use two rinscs of 3/35 gallons to
remove the most herbicide from the drum, i.c., 79% compared to 45
to 63% for the rinse volumes of 2/2/2, 3/3/3, or 5/3/2 gallons.

(3) A third JP-4 rinsc cqual to or less than 5 gallons
would not improve the overall removal efficiency by more than 3%.

f. No cvidence cexists to indicate that contaminated JP-4
could not be used to achieve Lhe same drum cleaning performance
as unused JI-4,

g. Calculations based on an average TCDD concentration of
13.25 mg/kg of herbicide showed that the mass of TCDD in these
drained drums was 5.96 mg. This calculation of TCDD mass in the
drum before and after rinses presented the worst case for all
herbicide stocks becausc the TCDD in these 28 drums was 7 times
greater than the average TCDD concentration in the Air Force stock
(sce paragraph 2.2). If TCDD removal efficiency was equal to the
herbicide esters, then 1.25 mg of TCDD would have been in the drums
after two JP-4 rinses of 5/3 gallons, Rinse samples were not ana-
lyzed for TCDD but were saved for analyses should they be needed
to select a final drum disposal method.

h. The data of this study can be used to determine the volu-

metric rinses of unused or contaminated JP-4 needed to meet any
prescribed drum cleaning requirements.
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WEST COAST TECHNICAL SERVICE, INC.

APPENDIX G
(TO APPENDIX E)
ORGANIC AMALYSES OF BLENDED HERBICIDE,
COMBUSTICN AND SCRUBBED EFFLUENT GASES,
SPENT SCRUBBER WATER, AND RESIDUES
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WEST COAST TECHNICAL SERVICE INC / 17605 FABRICA WAY, SUITE D / CERRITOS, CA 90701

(213) 921-9831
{714) 523-9200

REPORT

date/ revruary 1, 1974 JOb No./ sx:
P.0. NO./ sos137-1

prepared fOl‘ / The Marquardt Company
. 16555 Saticoy Street
Dr. R. P, Babbitt Van Nuys, California 91409

The samples from the combustion of liquid herbicide have been
analyzed by gas chromatography, combined gas chromatography-
mass spectrometry, and/or atomic absorption. The various samples
were processed prior to analysis by one of the procedures described
below. In addition, extraction efficiency, sensitivity and detection
limits for the various compounds were determined. These data are
given helow:

I Procedures

A. Equipment
1. Mass Spectrometer

A DuPont Model 490 Mass Spectrometer was used for
identification of the various components. The mass
spectrometer was connected to the gas chromatograph

! through an all glass jet separator., All specira were
taken at an ionizatlon voltage of 70e.v. The spectra
were recorded on a recording oscillograph.

2. Gas Chromatograph
A Varian Model 2700 Gas Chromatography equipped
with a flame ionizaion detector was used for separa-
tion and quantization of all volatile components. The
operating parameters were as follows:

Column -10 ft. x 1/8 inch stainless steel packed
with §% OV-17 on Chromsorb G (AW DMCS)

Detector - 325°C

Injector - 310°C

Flow Rate - 22cc/minute )

Column Tempetature - 165° - 310°C at 10°C/minute

3. Atomic Absorption
A Perkin-Elmer Model 403 Atomic Absorption Spectro-
meter was used for determining the iron content of
certain samples. The aqueous solutions were run
against stancard iron solutions. The iron content of
the blended herbicide was determined by diluting the
sample with xylene and running against an organo-iron
standard dissolved in xylene.

E=(G=1) _
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WEST COAST TECI-M.CA'L:SERVICE INC. )

The Marquardt Company “ Pebruary 1, 1974
Dr. R, P. Babbitt - JIN$252 Page 2
I Calibration

A standard aclution containing the following material was prepared
in benzene. This solution was used for calibration and determination
of recovery efficlency. The solution contains 500 mlcroqrams of the
following compounds per milliliter of solution.

2,4-dichlorophenoxy acetic¢ acid

2,4, 5~trichlorophenoxy acetic acid
3,4-dichlorophenoxy acetic acid butylester
2.4, 5-trichlorophenoxy acetic acid butylester
2,4,5-trichlorophenoxy acetic acid octylester
2,4-dichorophenol

In addition, the standard contained 51 micrograms of 2,3,7,8-
tetrachlorodibenzo-p-dicxin per milliliter of solution. The standard
solution was treated with diazomethane to convert the acids and

phenol to the esters and sther. The sample was then diluted to volume
and injected into the gas chromatograph, and the responase of the

various components determined. The detection limit for these compounds
was determined. Since all test samples were taken to a final volume of
2§ microliters, the absolute detection limits for the various components
were calculatsd baaed on this volume. These Umits are, therefore, the
limit for the quantity present in the total sample.

The detection limits for the components of the standard solution were

as follows:
Detection Limit
Nanggragns/'rotal Sample

2,4-dichlorophenoxy acetic acid (methylester) 22
2,4, 5-trichlorophenoxy acetic acid (methylester) 21
2.4-dichlorophenoxy acetic acid butylester 23
2.4, 5-trichlorophenoxy acetic acid butylester 21
2,4,S-trichlorophenoxy acetic acid octrlutor 19
2,4-dichlorophenol (methylether) 29
2,3,7,8-tetrachlorodibenzo-p-~-diaxin a1

Previous calibration and stability tests show the detection limit to be
valid to ¢ 10% of the valus.

E-( G-2)
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III Recovery Efficiency

The efficlency of extraction for the various compounds from a water
solution was determined as follows:" 1.00ml of the standard solution
described in II above was pipetted into a 1 liter beaker. The benzene
was removed under a nitrogen stream at 40°C. 500ml of tap water
was added and the solution mixed. The water solution was then
added to a separating funnel, made acid-pH-2, and extracted four (4)
times with 50ml portions of diethylether. The ether extracts were
combined, dried over anhydrous sodium sulfate, filtered and evapor-
ated to a volume of Scc. Excess diazomethane in ether was added and
allowed to stand for 15 minutes as the solution evaporated under .
nitrogen at 40°C. The extract was then diluted to 1.00ml with benzene
and analyzed by gas chromatography. =

A 1.00m} volume of the standard solution was evaporated to dryness

and treated with excess diazomethane for 15 minutes. The ether was
then removed and the mixture diluted to 1.00ml with benzene. This

solution was then analyzed by gas chromatography.

The recovery efficiency was calculated as the percentage of the
standard components extracted from the water solution relative to
that from the esterfied standard solution.

The recovery efficlency of the standard components were found to be

as follows:
Efficlency of
Recovery

2,4-dichlorophenoxy acetic acid 92%
2.4,5-trichlorophenoxy acetic acid 92%
2,4-dichlorophenoxy acetic acid butylester 96%
2,4,5-trichlorophenoxy acetic acid butylester 98%
2.4,5-trichlorophenoxy acetic acid octylester 97%
2,4,-dichlorophenol 72%
2,3,7,8-tetrachlorodibenzo-p-dioxin 93%

E-{ G~3)
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IV Work Up and Analysis of Sample

A. Analysis of blended herbicide samples

0.5ml of the blended herbicide was tested with excess diazomethane
to convert any acid or phenol present to the more volatile methyl
derivation, The ether was removed at 40°C under a stream of
nitrogen. The samples were then chromatographed and the composi-
tion of the mixture determined. The identity of the various com-
ponents was determined on the first sample by a use of the combined
gas chromatography-meass spectrometry. Subsequent samples were
analyzed by gas chromatography only using the retention me from
the original gas chromatography-mass spectrometry run for
1dentification . )

B. Analysis of combustion,scrubbed effluent,and miscellaneous gas
impinger samples

The quantity of the benzene solutions was determined and recorded.
The bentene was removed by distillation. The residue was treated
with excess diazomethans in sther for 15 minutes and the ether re-
moved at 40°C under & stream of nitrogen. The residue was then
diluted to 25 microliters with methylenechloride and analyzed by

gas chromatography. Combined gas chromatography-mass spectro-
metry was used to identify the various compounds in the first sets of
samples. Subsequent samples were analyzed by gas chromatography
using the retention time data for identification.

The water layer from those samples which contained water were
acidified to pH-2 with hydrochioric acid and extracted four (4)
times with sther. The ether was dried over anhydrous sodium
sulfate. The ether extract was then added to the corresponding
benzene solution or treated with diazomethane and processed in a
corresponding manner.

E-(G-4)
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C. Analysis of fresh and spent scrubber waters

D.

500ml of the scrubber water sample was acidified (pH-2) with
concentrated hydrochloric acid. The water solution was then
extracted four (4) times with éther. The ether was than dried

and evaporated. The extract was treated with excess dlazomethane
after which the solvent was evaporated and the residue diluted to
25 microliters with methylenechloride and analyzed by gas
chromatography. Combined gas chromatography-mass spectrometry
was used to ldentify the various components from the first runs.
Subsequent samples were analyzed by gas chromatography using
the retention time data for identification. The presence of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in sample III SSW TBC was confirmed
by gas chromatography-mass spectrometry.

Analysis of combustion chamber residues

The hard carbonaceous reside was pulverized. A 100 gram sample
was then extracted four (4) times with a boiling mixture of 75% benzene
-25% methanol. The extracts were combined and the solvents re-
moved by distillation. The residues were treated with excess
diazomethane, concentratad and diluted to 25 microliters with
methylenechloride. The residues were analyzed by gas chromato-
graphy. Combined gas chromatography-mass spectrometry was

- used to identify the various components. Five grams of the carbon

residues were ignited in a platinum crucible. The ash was treated
with hydrochloric acid ar:d diluted to 25ml. The acid solution was
then analyzed for iron by atomic absorption.

The ash content was determined by thermogravimetric analysis in
alr. The sample began to lose weight (undergo oxidation) at
approximately 525°C. The carbon was completely oxidized by 725°C.

Analysis of spent scrubber water sediment

The dark precipitate from the scrubber water sample was separated
by filtration through one micron glass filter and washed with 60ml
of delonized water. The residue was air dried and weighed. The
residue was ther treated in the same manner as the combustion
chamber deposit.

£-(G~3)
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F. Analysis of particulate filter samples "

The filters were extractad four (4) times with hot benzene. The
benzene was then removed by distillation. The residue was
treated with excess diazomethane and the solvent evaporated. The
residue was then diluted to 25 microliters with methylenechloride
and analyzed by gas chromatography. Combined gas chromatography-
mass spectrometry was used to identify the various components. :

The benzene insoluable material was then extracted with hot 5%
hydrochloric acid. The extract was then diluted to 25ml and
analyzed for iron by atomic absorption.

V General Comments

The presence of ionol and didecylphthlate in several of the samples is
moet probably due to contamination. Since these compounds are used
extensively as an anti~oxidant and plasticizer, respectively, in plastics,
then presence is quite frequently encountered. These compounds oould
have been picked up from the aample bottles, screw caps, plastic tubing
or from the work ares atmosphere.

The absence of biphenyl in the combustion gas and scrubber water
while seen in other samples, raises certain questims. It is possible
that the biphenyl was not observed in the combustion chamber gases as
a result of peak interference. Its absence from the spent scrubber water
is most prabably due to its being removed by the hot water vapors.
Since the biphenyl has a very low solubility in water and the presence
of the salt and caustic further reduce this solubility, there is no driving
force to retain it in the water phase, The detected biphenyls were
unchlorinated.
The preaence of butylalcohol was specifically monitored in the spent
scrubber water and scrubbed effluent gas since it is a hydrolysis product
of the principal herbicides. It was possible that some butyleaters of the
herbicide would survive the combustion and react with the hot caustic
solution. Saponification could then occur producing the acid salt and

¢+ butylalcohol. The absence of butylaloohol therefore eliminates the
possibility cf the ester reaching the scrubber and being hydrolyzed.

E-/G-6)
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There was no evidence for the presence of aldehyde in the combustion
gases. This was substantiated by the fact that the several peaks
identified as aliphatic and aromatic hydrocarbons occurred both in the
combustion gas and spent scrubber water samples. If aldehydes had
been present in the combustion chamber, they would have undergone
further reactions in the presence of hot aqueous caustics and not been
detected in the spent scrubber water.

The bulk of the residues on the particulate sampling filters appeared
by visual examination to be sodium chloride. The only analysis which
was carried out on these residues was for iron and volatile organic
compounds.

It is difficult to fully explain the presence of the phenoxyacetic acid in
sample III RACC-2, combustion chamber residue. It would appear that
it arises directly from the blended herbicide feed since it is present

as the butylester in the range of 0.02% to 1.64%, It would therefore
appear that the compound exhibits a higher stability than the other
products in the zone where the carbon deposit occurs.

No attempt was made to identify the positional isomers of the mono-
chlorophenol or the dichlorophenol. It is reasonable to assume that
the monochloro derivitive s a mixture of ortho and para isomers, since
these are the normal products from the preparation of chlorophenol.

It is also reasonable to assume that the dichlorophenol is 2,4-dichloro-
phenol since it is a reactant in the preparation of 2, 4-d1chlorophenoxy
acetic acid.

The identity of specific aromatic and aliphatic hydrocarbon was not
undertaken. The mass spectrometry of these materials showed them

to contain no chlorine. The aromatic hydrocarbons were distributed
around the C4 substituted benzene derivation. These compounds also
appeared to have saturated sidechain. The amount of these aromatic
hydrocarbons was therefore calculated as butylbenzene. The aliphatic
hydrocarbons in the system spanned the range of C7 through C 15

The preponderance of them was centered at Cyp. These compounds
were therefore calculated as CygHz2 even though many of them appear
to be unsaturated.

E-(G-v)
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VI Results

The results of the various analyses are given in the following tables.

If we can be of any further assistance, please do not hesitate to contact us.

Respectively submitted,

HDF /1p

P.B,

Reported values were not adjusted for analytical recovery
efficiencies but all the reported detection: limits were.

E-( G-8 )
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Dichlorophenol

Trichlorophenol

Phenoxy acetc acid -
butylester

2,4~dichlorophenoxy
acetlc acid

2,4.5-trichlorophenoxy
acetic acid

2,4-dichlorophenoxy acetic
acid-butylester

Monochlorophenoxy acetic
acid-octylester

2,4, 5trichlorophenoxy
acetlc acid-butylester

2,4, -dichlorophenoxy acetic
acld-octylester

2.4, 5-trichlorophenoxy
acetic acid - octylester

2.3,7,8tetrachlorodibenzo-
p~dioxin

Iron

Total

TABLE G-1

COMPOSITION OF BLENDED HERBICIDE FEED

{(weight percent except as noted)

I BH O BH III BH N BH V BH
62/63 78/80/ 71/81
64/65 76/77 /91 89/92 86/87/90 82/84
1.86 .63 .78 .82 .52
.61 .03 .08 .09 .55
.02 .08 .33 .38 .28
.93 .44 .33 .33 .14
.48 .37 .28 .32 .24
50.35 52.02 53.14 52.99 52.71
.43 .34 .27 .29 .00
44 46 45, 30 44 4] 44,29 45.21
77 .73 .32 .31 .32
.49 .06 04 .19 .00
12ppm* l4ppm* llppm* 16ppm* l4ppm*
7.2ppm* 6.7ppm* B.2ppm* 14.3ppm* 7.6ppm?*
100.00 100.00 99.98 100.01 99.97

* ppm by weight (mg/kg)

V1 BH
66/83
85/88

2.97
1.64

1.27
1.47
.94
47 .59
.76

43.21

.09

12ppm*
12 .3ppm*

100.00

VIO BH
69/73

2.00
1.16

.85
1.64
72

4925

41.23
1.24
1.25

13ppm*
6.2ppm*

100.00

Vil BH
68/70
74/75

2.13
1.12

079

.B2
49.15
.60
42 .15
1.13
1.15

14ppm*
9. lppm*

100.00

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-2

COMPOSITION OF COMBUSTION GAS SAMPLING TRAN
IMPINGER SAMPLES
(micrograms per total sampie as compound except as noted)

Detection Limits*

1CG-1 ICG-2 0G-3 ICG+4 nanograms /Hter

Aromatic hydrocarbons (1) 382 3.2 51.9 2.9 6.18
Aliphatc hydrocarbons (2) t %] 4.1 2.1 2.7 0.18
Chlorinated aromatic

hydrocarbons (3) ND ND ND ND .18
Chilorinated aliphatic .

hydrocarbons {(4) ND ND ND ND 6.18
Chlorophenol 146 ND - ND ND 8.22
Dichlorophenat ND ND ND ND 8.22
2, dichlorophencxy

acetié acid (methylester) ND ND ND ND 8.16
2.4, 5trichlorophemoxy

acetic acid (methylester) ND ND ND ND 9.15
2.4, -dichlorophenoxy i

acetic acid - butyieswer ND ND ND ND 6.17
2,4,5-trichlorophenoxy

acetic acid - betylester ND ND ND ND 8.15
Ionol 1.67 3.2 4.3 4.9 0.18
Didecylphthlae 14 1.8 1.5 0.6 e.16
Biphenyl ND ND ND ND 6.18
2.3,7,8~tetrachiorodibenzo— .

p-dioxin ND ND ND ND 8.1
Total vwolume of i

solution (ml) 647 249 272 213
{1) ‘calculated as butylbenzene . . + Based on flow-data
(2) calculated as decane furnished by EHL/M

(3) calculated as dichiorobenzene .
(4) calculated as C,HCl, .
WEST COAST TECHNICAL SERVICE INC.
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TABLE G-2 (cont'd)

COMPOSITION OF COMBUSTION GAS SAMPLING TRAIN
IMPINGER SAMPLES

(micrograms per total sample as compound except as noted)
Detection Limits*

oCcG-1 OCG-2 0cG-3 HCG-4 nanograms/liter

Aromatic hydrocarbons (1) 314 8.2 6.1 0.6 0.74
Aliphatic hydrocarbons (2) 29.3 6.2 1.2 1.0 0.74
Chlorinated aromatic

hydrocarbons (3) . ND ND ND ND 0.74
Chlorinated aliphatic :

hydrocarbons (4) ND ND ND ND 0.74
Chlorophenol . ND ND ND ND 0.88
Dichlorophenol ND ND ND ND 0.88
2.4 dichlorophencxy

acetic acid (methylester) ND ND ND ND 0.65
2,4,5-trichlorophenoxy

acetic acid (methylester) ND ND ND ND 0.62
2,4,-dichlorophenoxy

acetic acid - butylester ND ND ND ND 0.67
2,4, 5~trichiorophenoxy

acetic acid - butylester ND ND ND ND 0.62
Tonol 121.2 37.3 67.2 1.2 0.4
Didecylphthlate 223 2.2 7.3 1.4 0.74
Biphenyl ND ND ND ND 0.74
2,3,7,8~tetrachlorodibenzo- :

p-dioxin ND ND ND ND 0.65
Total volume of

solution (ml) 781 368 320 324 .
(1) calculated as butylbenzene * Based on flow data
(2) calculated as decane . furnished by EHL/M

{3) calculated as dichlorobenzene
(4) calculated as CpH4Cly ”
WEST COAST TECHNICAL SERVICE INC
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Aromatic hydrocarbons (1)
ABphatic hydrocarbons (2)
Chilorinated aromatic
hydrocarbons (3)
Chlorinated aliphatic
hydrocarbons (4)
Chlorophenol
Dichlorophenol
2,4-dichlorophenoxy
acetic acid {methylester)
2,4, 5-trichlorephenoxy
acetic acid (methylester)
2,4, ~dichlorophenoxy
acetic acid - butylester
2.4, 5-trichlerophenoxy
acetic acid - butylester
Ional :
Didecylphthiate
Biphanyl
2,3.7, 0-muachlorodibenzo-
p~dioxin

Toml volume of
salution (ml)

(1) calculated as butylbenzene

(2) calculated as deacane

TABIE G-2 (cont'd)

COMPOSITION OF COMBUSTION GAS SAMPLING TRANN

MPINGER SAMPLES

{micrograms per total sampils as compound except as notad)

moG-1  BIG-2
100, 3.2
200, 27.1
ND ND
ND ND
ND ND
ND ND
ND ND
ND KD
ND ND
ND ND
12.5 .6
16.2 2.3
ND ND
ND ND
46 360

(3) calculated a8 dichlorobenzense

(4) calculated a8 CpH Cl)

|CG-3 eG4 manograms /ey

4.3 2:5 8.11
11.2 . 5.9 0.11
ND ND 9.11
ND ND 6.11
ND ND 0.13
ND ND 8.13
ND ND 9.10
ND ND 0.1
ND ND 0.10
ND ND é.10

0.5 0.6 8.11

3.1 0.2 0.11
ND ND 0.1}
ND ND 0.10
352 410

WEST COAST TECHNICAL SERVICE INC.
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TABLE G-2 (cont'd)

COMPOSITION OF COMBUSTION GAS SAMPLING TRAIN
IMPINGER SAMPLES
{micrograms per total sample as compound except as noted)

Detection Limits*
VCG-1 IVCG-2 IVCG-3 IVCG-4 nanograms/liter

Aromatic hydrocarbons (1) 0.7 0.4 0.3 0.2 0.10
Aliphatic hydrocarbons (2) 0.27 0.45 0.23 0.2 0.10
Chlorinated aromatc

hydrocarbons {3) ND ND ND ND 0.10
"Chlorinated aliphatic .

hydrocarbons (4) ND ND ND ND 0.10
Chlorophenol ND ND ND ND 0.12
Dichlorophenol ND ND ND ND 0.12
2.4~dichlorophenoxy

acetic acid (methylester) ND ND ND ND 0.09
2.4, 5~trichlorophenoxy

acetic acid {methylester) ND ND ND ND 0.09
2,4, ~dichlorophenoxy

acetc acid - butylester ND ND ND ND 0.09
2,4,5-trichlorophenoxy

acetic acid - butylester ND ND ND ND 0.09
Ionol 0.3 0.9 36.2 1.4 0.10
Didecylphthlate 2.4 0.6 8.2 16.9 0.10
Biphenyl ND ND ND ND 0.10
2.3,7,8-tetrachlorodibenzo-

p-dioxin ND ND ND ND 0.09
Total volume of

solutdon {ml) 524 286 228 K1:1:]
{1} calculated as butylbenzene * Based on flow data
(2) calculated as decane furnished by EHL/M

{(3) calculated as dichlorobenzene
{4) calculated as CzH.;Clz
WEST COAST TECHNICAL SERVICE INC.



	0001-Cover Page - A.pdf
	00094-II.pdf



