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SECTION 1
INTRODUCT ION

Voiat!lization of organic compounds from contaminated soll or ground-
water Intc the alr represents a major potential source of exposure which has
not been assessed. I[n order to assess this exposure potential, a method Is
needed to directly measure gas emlission rates fram contaminated scils and/or
groundwater. Addl!tlonally, It Is recognized that an understanding of the
volat!l lzatlon, transport, and emisslion processes could lead to a predictive
tool for exposure assessment. The Informatlion provided by dlrect mea=-
surement and/or predictlive modelling will allow state and local regulatory
agencies to develop programs to assess and define the need to control gas
emissions from area sources contaminated by organic compounds.

The purpose of this User's Gulde Is to present an approach and proto-
coi, namely the emission Isolatlon flux chamber (or flux chamber) technlique,
for measuring emission rates of volatile organic compounds from contaminated
solls and/or groundwater. Presented Is the theory of operation, specifica-
tlons, sensitivitles, method of operatlion, and data reduction procedures for
this technique. I+ Is assumed that the indlviduals who will use the proto-
col are, In generai, famillar with sampie collectlon and anaiysis of vola-
t1le organic compounds. Also Included In thils document Is a case study that
demonstrates the measurement and data reduction processes around a splll

slte.

The flux chamber technique Is applicable to the measurement of emission
rates from Resource Conservatlion and Recovery Act (RCRA) facllItles (hazard-
ous waste landtreatment, and landfll| faclilitles), and from Comprehensive
Environmental Response, Compensatlion, and Llabiilty Act (CERCLA) area
sources contaminated by losses of volatile organic compounds from splils,
from leaking underground storage tanks, fram pipelines, and/or fram surface

Impoundments.

This protocol does not present the vast amount of work that was required
to develop thls document. Rather, the protocol is a result of |lterature
reviews selecting 2 measurement technique and fleld appllicatlions demon-
strating the technique and developing a data base and valldation studles
ldentitying the method of fiux chamber operation. References to the other
area sources where this technlique was applled, the work performed to vall-
date the technique, and the Investligations of variables which control the
emission process are also glven for those Indlviduais desiring further

Informatlion.
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volatile waste Is again present very near the surface, and resisTance T¢

diffusion Is at a minimum. _

Althougn aliso dlffusion controiled, the emissicn process from under-
ground sources such as landfllled waste or material present as a "lens" on
the water table has significantly dlfferent characteristics +han that from
surface or near-surface sources. The depth of the emission source (s
usually quite subsvantlial. Therefore, the emission rate Is Inltiaily lower
due to the resistance to dlffusion produced by the coioumn of soil. The
Inltial emission rate Is zero, since It takes scme time for the volatile
material to dlffuse througnh the soll layer. The adsorptive sites on the
soll particles must aiso be Inltlally saturated. Once the emission rate has
equ!llbrated, the rate [s relatively constant with time unt!! the under-

ground source s exhausted.

The dlffuslon process [tself through the sol] |s the same for both
types of sources, landtreatment (surface) and landf!l! (underground). Con-
sequently, many of the parameters Important to the emission processes are
the same, [ncluding diffusivity of the VOC In air, soil propertles (particle
size distributlion, soll type, moisture content, particle density, porosity),
soll/waste temperature, and volat!llty of the YOC In the waste. AddIitional
parzmeters Important to the near surfacs emisslon processes are the amount
of material present In the contaminated soll layer, the Initial depth of the
contzmlnation, the eiapsed time from appllication (or t11lIng) and, possibly,
amblent condltlons such as surface wind speed and relative humidity. The
depth of the soll layer above the waste Is 2 very important parameter In the
emisslon process from subsurface sources. Add!tionally, the adsorptive
propertles of the soll may also have a2 signiflcant effect on the emission

e fran thils latter source type.

An understandling of the emisslon processes and the Important parzmeters
Is necessary In the measurement of emission rates from soll surfaces and In
the proper Interpretation of the test results. As an example, the emission
rate from a source s affected by rain since the porosity and, hence, the
diffusion rate are reduced with Increasing molsture content of the soll.
Thus, emisslion rates Immedlately after a rainfall will be iower than those
from drier solls and may tzke substantial periods of time to return to the
emission rate prior to the rain.(4) Emission rates may vary with the time
of day and seascn, 2s a result of changes in amblient and soll/waste tempera=-
tures.(4) Emission rates from soil areas containing flssures can be higher
and much less homogeneous than those from unfractured areas. Thus, consl-
derable care must be taken In planning and Implementing a measurement pro—
gram to determine representative emission rates from such soll surfaces.

2.2 Measurement Techniques

Based on 2 |lterature review (5), the technliques for determining gas
emisslons rates fram land surfaces contaminated with organic compounds can
be dlvided Into three approaches: indirect measurements, dlrect measure—
ments, and |aboratory simulations. Indirect techniques typlically require
measurements of amblent alr concentrations at or near the site. These

2-2
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measurements are reiated to the surface area of the area scurce and |ocal
meteorological condltions using a dispersion model to determine an emission
rate. The secocnd approach [s to directly measure emission rates using for
example the flux chamber. The third approach Is to create an emission
source In the l|aboratory and modei the emissions by various techniques for
appiication to fleid sites. These three approaches were compared for precl-
slon, accuracy, and sensitlvity. Other considerations [ncluded appllicabil-
Ity, cocnplexity, manpower requirements, and costs.

The most promlising technique for measuring gas emisslon rates from |and
surfaces was determined to be the emission Isolation flux chamber technique.

The advantages are:

o lowest (most sens|tlve) detection |Imit of the methods
examined;

o easlly obtained accuracy and precision data;

o] simple and economical equipment relative to other
techniques; :

o minimal manpower and time requirements;

(e} rapld and simple data reductlon; and

o appllcable to a wide variety of surfaces.

2.3 Flux Chamber Operation

The flux chamber technique has been used by researchers o measure
emission fluxes of sulfur, nitrogen, and volatlile organic specles
(6,7,8,9,10). The approach uses a flux chamber (enciosure device) to sample
gaseous emissions fram a def Ined surface area. Clean dry sweep air Is added
+o the chamber at 2 fixed, controlled rate. The volumetric flow rate of
sweep alr through the chamber s recorded and the concentration of the
specles of Interest |s measured at the ex|t of the chamber. The emission

rate Is calculated as:
E; = Y;Q/A (2=1)

where: Ej; = emisslon rate of camponent | (mass/area-time),
concentration of component | In the alr flowing from the chamber

Y =
(mass/volume),
Q = flow rate of alr Into the chamber (volume/time),
A = surface area enclosed by the chamber (area).

All parameters In Equation 2-1 are measured dlrectly.

Most of the emission rate assessments are of area sources much larger
than the enclosed surface area of the flux chamber (0.130 m2), In these

2=3




cases, an overall emission rate for the area source s calculated from
multiple measurements based on random sampiing and statistical anaiysis.
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SECTION 3
MEASUREMENT OF GASEQUS EMISSION RATES FROM LAND SURFACES
USING AN EMISSION ISOLATION FLUX CHAMBER - PROPOSED METHOD

3.1 Applicablllty and Principle

3.1.1 Applicablillity

The flux chambar technique Is appllicable to the measurement of emission
rates from Resource Conservation and Recovery Act (RCRA) facilitles such as
hazardous waste |andtreatment and landf1ll facilitles. Thls technique Is
also applicable for emission rate measurements from Camprehensive Environ=
.mental Response, Compensatlion, and Liabl|lty Act (CERCLA) waste sites such
as areas contaminated by losses of volatile organic compounds fram spllls,
from lezking underground stourage tanks, from plpel ines, and/or from surface

Impouncments.
3.1.2 Princlple

Gaseous emissions are collected from an Isolated surface area with an
enclosure device called an emission Isolation flux chamber (or flux cham-
ber). The gaseous emissions are swept through an exit port where the con-
centration Is monitored and/or sampled. The concentration Is monltored
and/or sampied elther contlnuously (l.e., "reai-tIme™) or dlscretely. Reai-
time measurements are typically made with portable total hydrocarbon ana-
lyzers and are useful for relative measurements (l.e., the determination of
flux chamber steady-state operation, zoning). Dlscrete samples are taken
when absolute measurements are necessary (l.e., steady-state concentrations,
emission rate levels). The emission rate is cajculated based upon the sur-
face area [soiated, the sweep air flow rate, and the gaseocus concentration
measured. An estimated average emission rate for the area source is caicu-
lated based upon statlistical sampling of 8 defined total area.

3.2 Preclslon, Accuracy, Sensitivity, and Range

3.2.1 Precision

Single chamber preclslion (l.e., repeatability) of the method Is approx-
Imately 5 percent at measured emisslon rates of 3,200 ug/mln-mz. Variabll=-
Ity between dlfferent flux chambers (l.e., reproduciblliity) Is approximately
9.5 percent within 2 measured emission rate range of 39,000 to

65,000 ug/min-m2, (4)




The reproduciblllty resuits were determined from a bench-scale study.
The tests were designed to eliminate temporal varlations from the flux _
chamber reproducibllity. However, using the same bench~scaie faciilty, a
test design was not possible for measuring flux chamber repeatablllty with-
out blas from temporal varlations. As a result, the repeatabi! Ity tests
were performea In the laboratory. The differences -herefore between the
stated emission rates for repeatablilty and reproar:ibliity reflect the
differences In laboratory simulated emission rates and those meausrsd from

the bench-scale faclllity.

3.2.2 Accuracy

Flux chamber recovery (Section 3.6.1.4.2) results show a recovery range
of 77 percent to 124 percent. Table 3-1 |Ists measured recoveries for a
number of compounds tested. The average recovery for the 40 compounds

tested Is 103 percent.

Fiux chamber emission rare measurements made on the soll csllis range
from 50 percent to 100 percent of the predicted emission rates. That Is,
the measured emission rates can be expected to be within a factor of one-
half of the "true”" emission rates.(4) The flux chamber accuracy based upon
both the recovery tests and predictive model ing ranges from 50 percent to

124 percent,

3.2.3 Sensitlvity

The sensitivity of this method depends on the detection |Imit of the
analytlical technique used. When discrete sampies are collected using gas
canisters and analyzed by gas chromatographic methods, the estimated emis=-
sion rate sensitivity Is 1.2 ug/mln-mz for an analytical detectlon |imit of
10 ppbv benzene. When emission rates are measured In a_continuous (real-
time) method, the estimated sensitlvity Is 124 ug/min-m? for an analytical

detectlon |imit of 1| ppmv benzene.

3.2.4 Range

The range of this method depends upon the analytical technique used.
High level emission rates are analyzed by Introduclng proportional amounts
of gas sample to the analyzer. Using this technique, high level emission
rates of 120,000 ug/min°m< have been measured.(4) Low leveis are |imited by
the saensitivity of the analytlical technlique. Gas chroamatographic technlques
have been used to measure low level emission rates of 1.2 ug/min- for mea-

sured concentrations of 10 ppbv benzene.
3.3 Interferences
3.3.1 Flux Chamber Method
Impurltles In the sweep air and/or organlc compounds outgassing from

the transfer |Ines and acryllc chamber top may cause background contamina=
tlon. The emission Isolatlon flux chamber must be demonstrated to be free

3=2



COMPOUNDS TESTED IN THE EMISSION ISOLATION FLUX CHAMBER

TABLE 3~1

AND THE MEASURED PERCENT RECOVERY

Percent Percent
Compound Recovery#* Compound Recovery#*
Total Cz 100 3-methy | hexane 106
Total Cs 108 2,2,4-trimethyipentane 106
Isobutane 109 n-heptane 103
1-butene 108 Methy|cyclohexane 103
n-butane 106 Toluene 103
t-2-butene 107 Ethy! benzene 94,7
c-2~-butene 109 mtp-xylene 88.5
| sopentane 112 o-xylene 97.3
1-pentene 105 n-nonane 99.4
2-msthyi-i~butene 124 n-propylbenzene 95.5
n-pentane 107 p—ethyltoluene 92.5
n=-pentene 103 1,3,5-trimethylbenzene 93.5
c-2-pentene 105 1,2,4-trimethyl benzene 88.7
Cycliopentene 105 2-methyi-2-butene 103
n-hexane 95.1 Methy! mercaptan 107
| sohexane © 107 Ethy! mercaptan 107
3-methylpentane 106 Butyi mercaptan 101
Methy lcyclopentane 105 Tetrahydrothlophene 115
Benzene 106 Trichlorcethylene 77.1
1,2-Dimethyipentane 105 Ethylene dichlorlde 103
—

#Sectlon 3.8.2



tfrom slgnlflicant (<10 percent of expected measured concentrzrtions) levels of
such contaminatlion under the measurement operating condltlons by running
method blanks. Background levels above this |Imit will signiflicanTly blas
t+he flux chamber measurements. Typlcal values measured with a reai-time
analyzer (OVA) range from 0 to 2 ppmv exit gas concentration.

Cross-contamination can occur whenever high level and low level samples
are sequentiaily analyzed. To reduce the |lkellhood of cross-contaminatlon,
the chamber should be purged between samples with uitra high purlty air and
followed with running a method blank untll typical values are achleved.

The use of a transparent chamber may result In gas and surface warming
due fto greenhouse effects. The degree of gas and surface warming are depen—
dent upon the outslide alr temprature. For outside air temperatures of 28°C,
a temperature gradlent between the inside flux chamber alr and ocutside alr
Increases fram 9°C at 5t (30 minutes) to 30°C 2.5 hours later. Such heatling
Is minimlzed by the use of short sampiing times.

As a result of the greenhouse effect, condensation may occur when
monltoring molst surfaces. Condensatlon should be recorded when observed
and dried fram chamber surfaces and |Ines between sample runs. Condensatlion
could reduce exlt gas concentrations of water soluble compounds.

The emisslion rate process fram soils enclosed by the flux chamber could
be suppressed as the internal YOC vapor phase concentration increases.
Emisslion rate suppression Is avolded by increasing the sweep air flow rate.
Suppression Is not a signlflcant factor untll flux chamber entrapped vapor
concentratlions are greater than 10 percent of the equlllbrium vapor phase
concentration. The equllibrium vapor phase concentration Is determined from
the headspace concentration measurements of a soll sample. Thls concern
appl les only when sampling highly concentrated and volatile waste.

3.3.2 Emission Process

Ground molsture resulting from either rain, heavy dew, etc. has 2
defInite effect upon the emisslion rate from land surfaces. Ground moisture
accumulatlion from trace amounts of rain (<0.0! Inches) have |!t++ie or no
effect, whereas ground moisture resulting fram a rainfall of 0.30 Inches of
water has been observed to dec-ease emission rates by 90 percent.(4) At
this level of precipltation, seven days of hot, sunny weather were required
before the gas emisslion rates returned to values equal to that before the
rain. As such, emisslon rate measurements made on solls recently experi-
encing an elevated ground molsture content wouid be biased. Emission rate
measurements will be below those made at normal soil moisture [evels.

3.4 Apparatus and Materials
3.4.1 Flux Chamber and Supporting Equipment
A dlagram of the flux chamber and supporting equipment Is shown In

Figure 3-1. The flux chamber materlais and speciflcatlions are |Isted In
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FIGURE 3-1
A CUTAWAY DIAGRAM OF THE EMISSION ISOLATION FLUX CHAMBER AND
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Table 3-2. A construction dlagram of the flux chambper Is shown In
Filgure 3-2.

The sweep air carrler gas should be dry, organic free air equal to or
better than cammerclal ultra hligh purity grade (<0.!1 ppmv THC). A gas flow
meter with no internal rubber parts and adjustabie within the range of 1-10
L/min should be used to conirol gas fiow. Temperature measurements shouid
be made with an accuracy of +1.0°C. A fine-wire thermocouple with elec-
tronic readout Is reccmmended. Cautlion should be taken to avold any contact
of a thermocouple with metal. Thls would glve Inaccurate alr temperature
readings. A pressure release port |s required to avoid pressure build-up
inside the flux chamber during operation. This port shouid never be
blocked. For system blanks, a clean Teflon™ sheet should be used to provide

a clean surface for the flux chamber.
3.4.2 Dlscrete Sample Collect!on

Discrete grab samples should be colliected with air-tight, [nert con-
tainers. For on-slte analysls, 100 mi precision lock, glass syringes are
recommended. Glass plungers are recommended over Tefion™ tip plungers. If
Teflon™ +1p plungers are used, then special controis myst be followed to
avold cross-—contamination (Section 3.7.1.1). For samples to be transported
or to be stored for periods longer than 1 hour, 2L stalnless steel gas

canisters are recommended.
3.4.3 Anﬁlysls
3.4.3.1 Real Time
Analyzer

For real~tIme, continuous monitoring of the exit gas concentration,
analyzers with precislon of +10 percent of the measured value and a detec-
tion Iimlt+ of 1 ppmvy are recommended.

Calibratlion Gases

The portable, real-time.analyzers wiil require the foiloulng levels of
callbratlon gases:

o High-Level Gas: Concentratlion within 50 percent to 90 per-
cent of the span vaiue (maximum expected concentration or
upper |imit of instrument |Inear range).

o Low~Levei Gas: Concentration less than or equal to 0.01
percent of the span value.

o Zero Grade Gas: Ultra high purity (UHP) alr (<0.1 ppmv THC).
The calibration gas for these analyers. can be the same as that used for

the on-site dlscrete anaiyzer (Sectlon 3.4.3.2.2).
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TABLE 3=-2
FLUX CHAMBER MATERIALS SPECIFICATIONS _

|tem Description Specification

Carrier Gas Llnes:

Inlet/Outlet Teflion™ (clear) - 1/4" 0D, 5' 1o 8! long, thin
walled, 1/4" stainless steel
fittings
Sweep Alr Wrap Stainless Steel 1/4™ 0D, 54" long, perforated
Perforation® four equid!stant holes hole No. 1 (nearest Input), 5/64"
jetting dlirection 1D, holes No. 2-4, 3/32" |D, -
axlally, horizontally -
Fl+t+ings?  Stalnless steel 174" buikheads with tefion ’
washers for chamber penetration
Stainless stesl 1/74%" cap to seal wrap line end
Thermocouples
Alr (1) ) Fine wire 36" long, bead tip, teflon coated
K type (extenslons optlonal), penetrate

fiux chamber 3", support with
1/4" bulkhead with septa

Flux Chamber:

Base Stalntess steel 16" D x 7™ tall, weided to a
col umn support ring flange

Support ring Stainless stesl 16™ ID x 20" OD x 1/4" thick

flange

Dome Acryilic _ Spherical, 4" displacement at

center, 16" ID at seal, 2" |lp
for seal, 1/4" thick, molded

four holes Equidlstant, 4" from aluminum
gasket
Inlet/outlet 1/2" 1D with 1/4" stalnless steel
bul khead ;
Alr temperature 1/2" ID with 1/4" stalnless steel =
bul khead 28
Pressure release 13/16" ID with 3/4" stzinless
steel bulkhead
Seal
Dome to Base Top gasket Afuminum 16™ 1D, 20" 0D, 1/4"
thick
Dome 11p Below aluminum gasket |s the

acrylic lip of dcme

(Contlnued)




TABLE 3-2
(Contlinued)

|tem Description

Speclflcation

Seal Ing washer

Bottom gasket

Fasteners

Yoiume With 17 soll
penetration

Surface Area Enclosed by chamber

Exit Line Probe Teflon™

Perforation 2 rows of holes

Teflon, 16" ID, 20" OD, 1/32"
thick

Stainless steel support ring

20, 1/4" bolts equidistant around

I1p
0.03 m> (30L)

0.130 m2

1/4" 0D, 6™ long, stalnless
steel fitting, perforated

X/32" I1D, 5 holes per row, 1"
separation, rows are posltloned
orthogonal ly

2Avoid placement of exit I|lne probe In Jetting path of sweep alr inlet holes

b fl+t+ings are manufactured by- Swagelok® or equlvalent manufacturer
(bulkheads use Tefion™ washers for sealIng)

3-8



FIGURE 3-2
EXPLODED VIEW OF THE FLUX CHAMBER
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Qual [ty Control (QC) Gas

The portable, reai-time analyzer will require a qual Ity control (QC)
gas concentrated to fall within the span range. The QC gas for this analy=-
zer can be the same as that used for the on-site dlscrete analyzer.

3.4.3.2 Dliscrete

Analyzer

The analyzer should be sensitive with low detectlon |imlts. For on-
site anaiysis of grab samples, Instrumentation having precision of +5 per-
cent of the measured value with a detectlon iImit of | ppm I|s recommended.
Analyzers with Injectlion loops are recommended to reproduce the sampie
volumes [njJected. For off-sits anaiysis, Instrumentation with preclision of
+30 percent at detection |Imits of 1 ppbv are recammended.

Cal ibration Gases

The concentrations and composition of -the cal Ibration gases to be used
will vary depending on the specles of Interest. Preferably, the following
gas concentrations should be used for each specles of Interest:

o High-Level Gas: 90 percent of the span value.

o Mid-Level Gas: Average expected concentratlion.

o Low-Level Gas: 0.01 pgrcanf of the span value.

o] Zero Grade Gas: Ultra high purity (UHP) air, (<0.1 ppmv THC).

Alternatlively, a high-level gas may be used with a dllution system to
generate the lower l|evel gas concentrations. A dllutlion system Is recom=-
mended that meets or exceeds that described In Sectlon 6.2.1.1 of Method 18
of 40 CFR Part 60. If multlcomponent specles are analyzed, then on=site
callbratlon gases shouid be benzene or hexane. To Identlfy and quantitate
mul tIcomponent responses when a single component (benzene or hexane) s used
for callbration, a llbrary of normail Ized responses relative to the single
component cal Ibration gas must be empioyed. This does not guarantee ail
species of the multlcomponent wiil be identifled. |If speciflc Identifica-
+lon and quantitation are not required, then quantitation and Identification
should be made relative to the calibration gas.

QC Gas

The discrete analyzer wiil require a QC gas that has a concentration
within the span range.
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3.5 Procedure
3.5.1 Flux Chamber Operation

The flux champer is operated ldenticaliy for reai-time and dliscrete
sampi Ing.

3.5.1.1 Preparation

All exposed chamber surfaces should be cieaned with water and wiped dry
prior to use. Assemble the samplling apparatus and check for maifunctions

and |eaks.
3.5.1.2 Operation

Place the flux chamber over the surface area to be sampled and work It
Into the surface to a depth of 2-3 cm. Inltlate the sweep air and set the
flow rate at 5 L/min., Record data at tImeé Intervals deflined by residence
times or T (tau), where 1T = flux chamber volume (30L)/sweep alir flow rate
(5L/min)., One T then has the value of 6 minutes under normal operating
conditlons. At T = 0 (flux chamber placement), record the following: time,
sweep alr rate, chamber Inside alr temperature, amblent alr temperature, and
exlt gas concentration (real-time analyzer)., The data should be recorded on
the data sheet shown In Figure 3-3., At each residence time (T, 6 minutes),
the sweep alr rate shail be checked (and corrected to 5 L/min If necessary),
and the gas concentratlon shall be recorded (reai-time analyzer). After 4
resldence tImes (24 minutes), Initlate sample collection. At this time,
record the following data: time, sweep alr rate, alr temperatures Inside and
outslde, exit gas concentration, and sample number(s). |f sulfonated
organic compounds are of speclflc Interest, then measurements should be
taken after 10 residence tImes (1 hour).

3.5.2 Sample Collection
3.5.2.1 Reai Time

When real-time monitoring Is required, the sampie Is collected by the
real-time anaiyzer directly from the exit gas llne.

3.5.2.2 Dlscrete Sample Collection

Samplie collectlion should not exceed a flow rate of 2 L/min.

Gas Syringes

Sample col lectlon with syringes should be performed after purging the
syringe three times with the sample gas. This should be performed without
removing the syringe from the sampling |Ine manifold. To ensure fresh
sample at each purge, a sampling manifold should be positlioned prior to a
real-time a2nalyzer (Figure 3-1). The analyzer will then draw the sample

past the manifold for sampling.
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FIGURE 3-3
FLUX CHAMBER GAS EMISSION MEASUREMENTS FIELD DATA SHEET

FLUX CHAMBER EMISSIONS MEASUREMENT DATA

Date Sampler(s)

Zone/Grid .Point

Location

Surface Description

Concurrent Activity

Sweep Air|Residence| Gas Air Temperature
Rate, Q Na Conc. | Chamber Ambient | Sample
Time | (L/Min) Q/vy |(ppmv) © © Type/No. Comments:
o
1
2
3
4
5
Comments:

7-86-24843
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Gas Canlster

Sample col lectlon with evacuated gas canisters should be performed with
the reai-time analyzer replaced by the gas canister (Figure 3-4),

To coliect canister samples, remove the reai-tlme analyzer from the
exit |ine sampling manifold. Securely fasten the canister sampling manifold
to the exit |Ine manifold. Open the flow control valve (Vy, Figure 3-4)
slightty. If thils valve Is opened too much, the large pressure drop at the
exit |ine Inside the flux chamber could draw direct air jetting from the
sweep alr Inlet manifold. This would reduce the measured emission rate. A
large pressure drop inslide the flux chamber could also draw amblent alr In
through the pressure reiease port. These concerns are Important only when
the exit |1ne sampllng rate approaches that of the entrance sweep alr rate
(5 L/min). {f a 2L gas canister Is used, then control the fiow to fll]l the
canister In 1 to 2 minutes. The use of a2 caplllary flow controller between
the exit |lne and canister couid be used to control gas flow.

After sample collectlon, seal the sampie vaive (V) prlior to removal
from the sampiing IIne. This prevents contamination. At this time, the
sample Is labeled and recorded. Record the final pressure of the canister.

3.5.3 Sample Analysis
3.5.3.1 Real TIme

Real-tIme analysis Is a continuous process with the real-time anajyzer
connected to the exit |lne. These data are an Inltlal indlcation of the
exIt |Ine concentration,

3.5.3.2 Dlscrete

Gas Syringes

Gas syringe sampies collected should be treated prompt!y and consis~
tently. Temperature differentlals between the flux chamber 2Ir and the
analytlical laboratory alr can cause changes In sample volume. It Is recom=-
mended that the analytical alr temperature be constant, recorded twice dally
and within 10°F of the ambient ocutside alr temperature. The samples should
be analyzed elther Immedlately upon arrival Into the anaiytical area or
allowed to thermally equlllibrate (1-5 min depending on syringe size). Since
Immediate analysis Is not always possible, the later technique Is recom—

mended.

Gas Canlsters

Prior to sample preparatlon for analysis, the canister pressure should
be measured. The canisters are then pressurized to 18 psi with ultra high
purity nitrogen. Measure the final pressure. A known volume of dliuted gas
canister sample Is taken framn the canister by releasing sampie Into an
" evacuated volumetric stainiess steel canister (3.55L). From this volumetric
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FIGURE 3-4
STAINLESS STEEL GAS CANISTER AND SAMPLING MANIFOLD
(NOT TO SCALE)
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gas canister, the sample Is then Introduced Into the gas chraomatograph.
through cryogenic traps. The dilution factor Is calcuiated by Eguation 3-2

(Section 3.8.3).
3.5.4 Samplling Strategy

The following sampling strategy provides an accurate and precise esti-
mate of the emission rate for a total area source through randam sampiing In
which any locatlon within the area source has a theoretically equal chancs
of being sampied. The sampiling strategy described below provides an esti~
mated average emisslion rate within 20 percent of the true mean with 95

percent confldence.
3.5.4.1 Zones

Based on area source records and/or prellminary survey data, subdlvide
the total area source into zones [f nonrandom chemical distribution Is
exhlblted or anticlpated. The zones should be arranged o maximize the
between-zone varlabillty and minimize the withln~zone variablllty.

3.5.4.2 Grlds

Divide each zone by an Imaginary grid with unlit areas that depend on
zone area size (Z) as follows:

if Z < 500 mz, then divide the zone area Into unlits with areas
equal to 5 percent of the total zone area (l.e., 20 units total).

1f 500 m2 < Z < 4,000 mz, then dlvide the zone area into unlts of
area 25 m2.

If 4000 m2 < Z < 32000 mz, then dlvide the zone area Into 160
units. :

1+ Z > 32000 mz, then dlvide the zone area Intoc unlts with area
equal to 200 mZ,

Assign a serles of consecutlve numbers to the units In each zone.
3.5.4.3 Sample Number

Using Equation 3-3 (Sectlon 3.8.4), calculate the number of unlts (grid
points) to be sampled for the Kth zone (ng).

3.5.4.4 Sample Locations
Uslng the randam numbers table (Appendix A), Identlfy ng grld polnts

(units) that will be sampled In zone K. A grid point shall be selected for
measurement only once. (This Is not to be confused with duplicate sampling,

Sectlon 3.7.2.2.)
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3.5.4.5 Emlission Rate Calculations

After sampie collectlion, use Eguations 3-4, 3-5, 3-6, 3-7, and 3-8 to
calculate the measured emission rate (E.x;) for each grid point (1) In each
zone (K). Research has shown an emission rate dependency upon the air
temperature Inside the flux chamber.(4) Through a statistical analysis of
both laboratory and fleld data, a correction factor for temperature varia-
t+ions has been deveioped. The correctlon factor compensates a measured
emission rate for chamber air temperature variations from the nominal cham-

ber alr temperature.

The ncminal chamber ajr temperature can be defined |n two ways de-
pending on the purpcse of emission rate measurements. |f emission rate
measurements are for an estimate of an area sourcs, then the nominal chamber
alr temperature should be the mean chamber air temperature of ail the mea-
surements made at that area source., |f emission rate measurements are
compared between area sources, then the nominal chamber air temperature

should be 25°C (298K).
3.5.4.6 Preiiminary Estimates

With Equatlions 3-9, 3-10, and 3-~11, calculate the zone mean emission
rate (E¢), varlance (Sg), and coefficlent of variation (CV¢), respectively.
For these calculatlons, use the first emission rate measurement of a dupll-

cate set.
3.5.4.7 Further Sampling

Use Table 3-3 and CVx to determine the total number of sampies (Ng)
required fram a gliven zone to estimate with 95 percent confidence an emis-
slon rate within 20 percent of the mean. |f Ng¢ > ng, then Ne-ny additional
sampies must be collected from zone K. Locate these additlonal sampies
using a random numbers table.. Do not dupllcate previously sampied loca-

tlons.

If N¢ >> ng, It may be most effective to rezone using the preiiminary
measured emisslon rates as a gulde. If new zones are establlshed, then
these new zones will need to be gridded accordingly (Section 3.5.4.2).

3.5.4.8 Flinal Estimates

Col lect any addltlonal samples and Eacalculafe the emission estimates
for the sample mean (Ey) and variance (Sg) for each zone (Sec}!on 3.5.4.6).
Then compute the overall area source mean (E) and varlance (S€) for the
total site area using Equations 313 and 3-14, respectively. Determine the
95 percent conflidence Interval for each zone (Ciy) and for the site area
(C1) using Equations 3-15 and 3-16.
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TABLE 3-3
TOTAL SAMPLE SIZE REQUIRED BASED ON THE PREL IMINARY -
SAMPLE COEFFICIENT OF VARIATION ESTIMATE®

Coefflclient of Number of Sampies
VYariation = CY (3)&» Required (Ng) per Zone K

0 - 19.1 6
19.2 - 21.6 7
21.7 - 24.0 8
24.1 - 26.0 9
26.1 - 28.0 10
28.1 - 29.7 11
29.8 - 31,5 12
31.6 - 33.1 13
33.2 - 34.6 14
34.7 - 36.2 15
36.3 - 37.6 16
37.7 - 38.9 17
39.0 - 40.2 18
40.3 - 41.5 19
41.6 - 42.8 . : 20
42.9 - 43.9 21
44.0 -~ 45.1 22
45.2 - 46.2 23
46.3 ~ 47.3 24
47.4 ~ 48.4 25
48.5 - 49.5 26
49.6 - 50.7 27
50.8 - 51.6 28
51.7 - 52.3 29
52.4 - 53.4 30

*Yajue given [s the sémple slze required to estimate the average emission
rate with 95 percent conf ldence that the estimate will be within 20 per-

cent of the true mean.

’*FoE'CVs greater than 53.4, the sample size required Is greater or equal to
cv</100. ' :
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3.6 Caillbratlion
3.6.1 Equipment
3.6.1.1 Flow Meters

The flow meter shouid be callbrated agalnst an NBS-traceable bubble
meter before sampiing. The flow meter should have a working range of 2-10

L/min.
3.6.1.2 Thermocoupie

Filne wire K~type Insulated thermocouples are recommended for tempera-
ture measurements. Prlor to fleld use, the thermocoupie and rsadout should
be cal Ibrated against a mercury-in-giass thermometer meeting ASTM E-1 No.
63C or 63F speciflcations. The thermoccupie shouid have an accuracy within

+1°C.
3.6.1.3 Callbration Gases

For checkling the concentrations of the callbration gases, use callbra-
tlon gases that are documented traceable to Natlonal Bureau of Standard
Reference Materlials. Use Traceabl[(ty Protoco! for EstablIshing True Con=-
centrations of Gases Used for Callbrations and Audits of Contlinuous Source
Emisslon Monitors (Protocol Number 1) that Is avallable from the Environ-
menta! Monlitoring and Support Laboratory, Quallty Assurance Branch, Mall
Orop 77, Environmental Protection Agency, Research Trlangle Park, North
CarolIna Z7711. Obtain a certification fran the gas manufacturer that the
protocol was fol lowed,

3,6.1.4 Flux Chamber System

Severa| tests should be performed +o characterize a new flux chamber
prior to use. . These tests should be repeated If a chamber ls exposed to
severe condltlons such as corrosive gases, extremeiy high ievels of organic

vapors, or organic |lqulids.
Blanks

Check the flux-chamber for background by placling the chamber over 2
clean Teflon™ surface and running a test using ultra high purity sweep air
and routline operating conditions. Sample col lectlion and analysis should be
as previously descrlbed (Sectlons 3.5.2 and 3.5.3).

Recovery Efflclency

Check the flux chamber sampie recovery efflclency by placing the cham=
ber over a flat Teflon™ surface containing an Inlet port at the center for
Introductlon of a callbration gas(es). The callbration gas should be that
used for the on-site analyzer at a2 concentration of at least 1,000 ppmv
(high-level gas). The callbration gas shouid be Introduced Into the chamber
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at a flow rate of no greater than 0.5 L/min. Add uitra high purity sweep
air concurrently through the enclosure sweep air [nlet (5 L/min) and deter-—
mine the concentration exiting the enclosure under routine operating condl=-
tions., Compare the measured concentration to the true concentration (cor-
rected for dilution), and caiculate a percent recovery using Equation 3-1.
Results for a varlety of volatile organic compounds are presented In Table
3-1. Results shouid be within 10 percent of the true concentration. The

| Imited data characterizing the recovery effliclency for halogenated com=-
pounds indlcaTe an accsptance level that may be larger than 10 percent.

Correctlve Actlon

If the background levels of the flux chamber are greater than 10 per=-
cent of the measured concentrations or 10 ppmv, whichever Is smaller, then
rerun the blank sample. |f high levels persist, then dlsassemble the flux
chamber, clean all Internal parts with water and replace those suspected to
be contaminated, and reassemble for ancther blank run. Repeat above untll|

satlsfactory levels are reached.

If the recovery efficlency Is below 90 percent for non-halogenated
compounds, then rerun the recovery test. I|f low recoverles persist, check
for poor seallng and/or Inlet gas shortcutting directly from the Input |lne
to the exit Iine and/or misadjusted flow rate settings.

3.6.2 Analyzers

The following procedures should be performed at the recommended fre=-
quency durling the analysis of flux chamber samples.

3.6.2.1 Real Time

Real-tIme analyzers are used more for reiative, contlnuous measurements
than for absoclute measurements. I|f these analyzers are Intended for abso-
lute measurements, then they shouid be callbrated according to Sectlion
3.6.2.2. Reai-time analyzers may be used when data quallty requirements are
less stringent (Sectlion 3.1.2). As such, these analyzers requlre less

stringent quality control practices,

Each day prior to samplling, a three-point callbration shouid be per-
formed on each analyzer (Section 3.4.3.1.2). Consider the callbration
acceptabie [f responses are within +20 percent of the expected response.
the responses are not acceptable, then recalibrate the instrument.

If

3.6.2.2 Dlscrete Analyzer

Discrete analyzers are those that are the most relled upon for abso-
lute, quantitative data of the analyzers used on site. As such, these
analyzers require more stringent quallty control practlces (Sectlon 3.1.2).
The callbratlion procedure suggested here Is for |lnear detectors (l.e., FID,
PiD). Compensations for non-|inear detectors used for analysls of sul fo-
nated compounds (flame photcmetrlc detectors) must be made.
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Prlior to each fleld Investigation, a mult!point cailbration including
zero and at least three upscaile concentrations (Subsectlon 3.4.3.2.2) should
be performed to establIsh the [Inearity of the analyzer. The resuits may be
used to prepare a cailibration curve for each compound. Alternatively, If
the ratlo of GC response to amount Injected (response factor) Is a constant
over the mult!point range (<10 percent coefflclent of variation, standarg
deviation/mean), |lnearlty through the origin can be assumed, and the aver-
age response factor can be used In place of a callbration curve.

Each day prior to sampiing and after every flfth sampie, the working
calibration curve (or response factor) must be verifled by the measurement
of one or more callbration standards., If the response for any standard
varles from the predicted response by 20 percent, the test must be repeated
using a fresh callbration standard. |f the analyzer response Is still
unacceptabie, a new callbration curve (or response factor) must be prepared
for that compound. A new callbration curve (or response factor) should be
calculated after each veriflcation of callbration using the acceptable
results of the one or more callbration standards Injected.

3.7 Quallty Control
3.7.1 Sampiing Equipment

3.7.1.1 Syringes

Prior to use for sample collect!lon, all syringes should be challenged
with one or more of the callbration standards. An acceptable response Is
within +10 percent of the predicted response. If the response Is unaccept-
able, then repeat the test. Alternatively, check for leakage around the
‘plunger or lock valve by pressurlizing the syringe and submerging !t under
water. Syringes should be checked after every 25 to 30 uses or whenever
leakage Is suspected. If Teflon™ t+ip plungers are used, then suspect memory
effects after exposure to hligh levels of organics. In Instances when memory
effects are apparent, the Teflon™ t+1ps should be replaced.

3.7.1.2 Gas Canisters

Gas canisters should be cleaned and evacuated before each use. The
pressure should be recorded after each evacuatlon. Prlor to sampie collec-
tion, check the pressure and compare It to that recorded after cleaning.
Acceptable dlfferences are <10 percent of the post evacuation pressure.
Canisters having unacceptable pressure dl fferences should not be used for

sample collectlon.

To identify gas canisters and record pressure values, each gas canister
should have a chain-of-custody form (Fligure 3-5). Coples of thls form
shouid be retalned for the sampler, |aboratory, and sample control.
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FIGURE 3-5
CHA IN-OF-CUSTODY FORM FOR GAS CANISTER SAMPLES

STAINLESS STEEL CANISTER
CHAIN OF QUSTODY

e e-e-e=e====-=T0BE CONETED BY FIELD SMPLER = = = = = = = = = = -
SAMPLE CONTROL NUMBER:
CANISTER NUMBER:

DATE SAMPALED: TINE:
WEL.L/STAT ION NUMEER:
OYA READING (PEAK):
ADDRESS/REF INERY LOCAT IONs .
HE IGHT /DEFTH/ROOM:
SAMPLER'S INITIALS:
TASK:

TYPE (CIRCLE ONE): AMBIENT or POINT SOURCE (specify):

COMMENT S 2

-----.------mgmmmw(PWO’E)---------—-

OPERATION DATE INITIALS COMMENT S

1. Canister cleaned
2. Fliter clssned

3. Canister svacuated Pressures

4, Canister shipped
5. Canister received
6. Analysis compieted
7. Sampie discarced

e eececee--e--TOBE COMPLETED BY LAB (PRT TWO) = ~ = = = = = = = =

PARAMETER DILUTION 1 DILUTION 2 DILUTION 3 OILUTION 4

lnlf.;ll Pressure
Final Pressure

Add UHP Alr

Dilutlon Facter
EINAL Dliution Factor
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3.7.2 Samplling

These tests should be performed at the speciflied frequency during use
of the flux chamber.

3.7.2.1 Sample Blanks

Sample blanks should be performed once daily or after extremely high-
Jevel samples. The flux chamber shoulid be cieaned and blanks. rerun until
exlt concentrations are <10 ppmv or <10 percent of expectsd concentrations,

whilchever Is smailer.
3.7.2.2 Dupllicate Samples

A minimm of 10 percent of the sampling points should be sampled In
dupl icate. Take the two sampies over as brief a time span as feasible to
minimize any temporal variations [n the emitting source.

3.7.2.3 Control Polnt Samples

One sampling location (grid polint or unit) In each zone should be
resampled after every ten Indlvidual measurements (or a minimum of once per
day) when an area source |s belng Investigated. Preferably, thls control
point shouid be measured at different times during the dlurnal cycle (maxi-
mum dlfference In amblient temperatures). These values provide a measure of
temporal varlabllity of the emission rate from the area source.

3.7.3 Analytical
3.7.3.1 Reai-Time Analyzers

Real~time measurements are typically made with portable total hydrocar-
bon analyzers. Real-time analyses are useful for reiatlve measurements
(l.e., to determine If steady-state operatlion of the flux chamber has been
attalned or to determine the zoning boundarles). Each day following cali-
bration, the a2naiyzer should be challenged with the QC gas (Section
3.4.3.1.3). Analyzer performance should be considered acceptable If the
measured concentration [s within 20 percent of the cert!fled concentration.
If this criterion Is not met, the QC analysis should be repeated. |[f the
criterion Is stlil not met, then dally calIbratlion should be repeated.

At the conclusion of each day, the QC gas should be reintroduced to the
analyzer. The difference between pretesting and posttesting responses pro=
vides a measure of upscale drift., Drifts >30 percent should be flagged and
not relled upon. If these data are necessary, then resample the grid points

sampled on that day.
3.7.3.2 Dlscrete Analyzers

Each day after callbratlion, the analyzer should be challenged with the
QC gas (Section 3.4.3.2.3). Analyzer performance should be considered
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acceptable If the measured concentration Is within 10 percent of the certi-
fled concentration. |f this criterion Is not met, repeat the QC gas analy--
sis. |f the criterion sTIll cannot be met, then repeat the dally callbra=-

+ion (Sectlon 3.6.2.2).

At the conciuslon of each day's testing, the QC gas and zero grade gas
should be reintroduced to the analyzer. The differences between pretesting
and posttesting values provide a measure of upscale and zero drifts, Dally
drift results that show >20 percent should be flagged and tests repeated If

determined necessary.
3.7.3.3 Analysis of Integrated Sampies

Qual Ity control for the analysis of Integrated samples should Inciude a
minlmum of 10 percent analytlcal blanks and 10 percent duplicate analysis.
I+ Is reccmmended that dupilcate samplies each be analyzed In dupllicate to
provide Information on anaiytical as well as sampiing varlation. A con-
venient technique Is the use of a2 nested sampl ing scheme as shown in Flgure

3-6.
3.8 CALCULATIONS

3.8.1 Deflnltlons

A

surface area enciosed by the flux chamber (0.130 mZ)

number of carbon atcoms per compound molecule

conf idence Intervel for the area source emission rate mean
(+ug/min+m2)

Cl

Clk = confldence Interval for the zone K emission rate mean (1yg/mln'm2)

measured concentration of specles | (ppmv) corrected for dllution

Cim =
Cit = theoretlcal concentration of species | (ppmv)
Cx; = measured concentration for point | In zone K, total NMHC (ppmv=C)

CVk = coefflclent of varlance for zone K (%)

E = mean emisslon rate for the area source (ug/mln-mz)

Ex = zone K emission rate mean (ug/minem2)

Ex; = measured emission rate for point | In zone K (ug/mln-mz)

Eck] = measured emisslon rate for point | In zone K (ug/mln°m2) corrected
for temperature varlatlons
MV = molecular weight of compound (g/mole)
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o)

T

total number of grid points sampied In the area sourcs (all zonef)
tinal number of grid points (units) sampied In zone K

initlal number of grid polnts (units) samplied In zone K
atmospher!c pressure (atm)

sweep alr flow rate (L/min)

gas constant (0.08205 L-atm/moi -K)

standard error of the overai| area source emission rate mean
(ug/min-m2)

zone K emission rate variance
temperature of laboratory where analyzer Is located (K)

temperature of the flux chamber air (°C)

‘the 97.5th percentage point of a student's t-dlstribution (Table

3=4)
volume enclosed by the flux chamber (30L)

the fractlion of the site represented by the zone K (zone area
(m2)/slite area (m2))

measured concentration for point | In zone K, total NMHC (ug/L)
parameter defining the level of confldence 100(1-2a) percent
total number of zones In the total area source

conf ldence Interval (%)

measure of resldence time V/Q (min)

3.8.2 Percent Recovery

The percent recovery measurements used to characterize the flux chamber
performance are calculated accordingly:

Percent Recovery = (Cj;u/C;7) x 100 (3-1)

where: C;m = the measured concentration of specles | (ppmv) corrected for

dllution as follows:

Cim = (1/DF) x C : (3-1a)




TABLE 3-4
TABULATED VALUES OF STUDENT'S ngn

v
— ——

Degrees of Tabuiated Degrees of Tabuiated
Freedom* "+ Yalue*# Freedom* "N Vajue¥*#
1 12.706 21 2.080
2 4.303 22 2.074
3 3.182 23 2.069
4 2.776 24 2.064
5 2.571 25 2.060
6 2.477 26 2.056
7 2.365 - 27 2.052
8 2.306 28 2.048
9 2.262 29 2.045
10 2.228 30 2.042
11 2.201 40 2.021
12 2.179 60 2.000
13 2.160 120 1.980
14 2.145 © 1.960
15 2.131
16 2.120
17 2.110
18 2.101
19 2.093
20 2.088

—_

*Degrees of -freedom (df) are equal to the number of samples collected less
one.

*#Tabulated "t" values are for a two~talied conflidence Interval and a
probabll Ity of 0.05 (the same values are appiicable to a one-talled
conf Idence Interval and a probabll!lty of 0.025).

3-26



where C Is the sample concentration (ppmv) and
DF Is the dilutlon factor caiculated as follows: _

$1/(S2+5¢) (3~1b)

where Sy Is the flow rate of the trace gas and
Sz is the sweep air flow rate

CyT = the true concentration of species |, gas cyllinder value (ppmv)

3.8.3 Calculation of the Dilution Factor Involved In Gas Canister
Analysis .

Anaiyzing the gas canlsters requires pressurizing the canister with
nltrogen. This Intrioduces a dllutlon which must be accounted for as

fol lows:
DF = (P2 = P1)/(14.7 + P3) (3-2)

the measured pressure after cleaning and canister evacuation
prior to sampiing (psig)

= the measured pressure after sample collection (psig)

Pz = the measured pressure after pressurizing with nitrogen (psig)

where: Pi

The temperature Is not required If all pressure measurements used In thls
equation are performed In the same laboratory (l.e., same temperature) after
the canisters have thermally equllIbrated.

3.8.4 Area Source Emission Rate Equations

The number of units or grids (nk) to be sampled per zone (K) Is depen-
dent upon the zone area as foliows:

nK = 6 + 0.15 \area of zone K (m2) (3-3)

Flux chamber measurements taken at each of the ng sampling units are
measured In terms of ppmv=C. To caiculate an emission rate representing the
sampled unit, the measured concentration (Ckxj) must flrst be converted from

ppmv—C to ug/L as follows:
Yc1 = (P/(R-T))(Mi/a)Cx; (3-4)

where P Is pressure (atm), R Is Rydberg's gas constant (L-atm/mole*K), T Is
the flux chamber alr temperature (K) (Sectlon 3.5.4.5), MW Is the specles!
molecular weight (g/mole), a Is the number of moles of carbon per mole, Cgki
Is the measured concentration of sampied unit I in zone K (ppmv=C}, and Yk;
Is the measured concentration of sampied unlt | In zone K (ug/L).

The emission rate for polnt | In zone K (Ex;) Is then calculated using
the converted gas concentration (ug/L) as follows:
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Exy = (Q°Yk1)/A (3-5)

where Q Is the flux chamber sweep alr flow rate (L/min), A Is the enclosed
surface area measured (m2), and Exi Is the emission rate measured for polnf

I In zone K (ug/mZ-min).

Prior to calculating a3 mean emission rate for the zone measured, the
emisslon rates measured for the individual sampling points need to be cor-
rected for fluctuations [n chamber alr the temperature (l.e., atmosphere

temperature).

The approach used to deveiop the correctlon procedure Involved devel-~
oping an empirical equatlon to predict emisslon rates as a functlion of
chamber alr temperature.(4) The resuiting emission rate equatlion was then
used to define the correction factor (C), as follows:

C = EFs/EFa (3-6)

where: EFg = emission factor calculated at the nominal chamber air tempera-

. ture (Section 3.5.4.5)
EFy = emissfon factor caiculated at the measured chamber air tem-

perature

Both EFg and EF, are predicted using the proper chamber air tempera-
tures and the following equation:

EF(S or a) * exp E0.013(TB4P(5 or a))] (3-7)

where TEMP |s measured in °C,

The measured emission rate (EFx;) Is then corrected to the nominal
emission rate (EFek]) accordingly:

Eext = C-EFk (3-8)

The above procedure has a signiflcance level (l.e., probabiiity that
the correlation between chamber air temperature and emission rate measured
Is due to chance) of 0.4 percent. The standard error of the coefflclent In

Equation 3-7 Is $0.003.

The mean emission rate for each zone Is then calculated accordingly:

- nK
K p=

where Eqx; |s the temperature corrected emission rates (Equatlon 3-8) and ng
Is the number of points sampled in zone K (Section 3.5.4.7).

For each zone (K) sampled, the zone varlance (SE) and coefflclient of
variance (CVx) must be determined as follows:
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n
K
s¢ = E;fT L (Eqd) - ng EZ (-1
=1

CVy = 100 * Se/Ey (3-11)

where ng, E-xj, and Ex are defined In Equations 3-3, 3-8, and 3-9, respec-
tively, The standard deviation (Sg) should be calculated for nk-1 degrees
of freedom for populations (ng) less than or equal to 30. Larger sample
sizes require ng degrees of freedom.

Prior to .calculating the overail emission rate that represents all the
zones measured, the data must be tested for level of confldencse. That Is,
for the glven coefflclent of varlance (CVk) of zone K, the zone sample size
(ng) must be equal to or greater than the sample size required (Ng), |isted
In Table 3=3, to estimate the overall emission rate with 95 percsnt confl-
dence that the estimate will be withln 20 percent of the frue mean,

Table 3=3 Ilsts sample slzes requlred for 95 percent conflidence and 2
20 percent conflidence Interval. The total number of samplies (Ng) to be
col lected for dlfferent levels of confldences are calculated accordingly:

t2cvE
x
Ng 2

2 p2

(3-12)

where a study requires 100(1-2a) percent confldence that the emission rate
estimates will be within p percent of the true mean. The parameter t, Is
the (1-a) percentage point of a student's t-distribution with Ng degrees of
freedom. A table of t-values can be found In any book on standard statis-
tical techniques. Recammended values for ty, 2re listed In Table 3-4,

Use Table 3-3 and CVkx to determine the total number of samples (Ng)
required fron a glven zone. If N¢ > ng, then Ng-ng additlional sampies must

be collected from zone K.

Collect any addlitlonal samples and recalculate the emission estimates
for the zone mean (Ey) and varlance (S{) using Equations 3-9 and 3-10,
respectively. |f N¢-n, addltlonal samples were collected, then use Ny
samples Instead_of n, In the recaiculations. The overall area source mean
emission rate (E) Is then calculated as fol lows:

Y
E= I W E (3-13)
K=1 K =K

where Ek Is defined by Equatlon 3-9, Wk Is the fraction of site covered by
zone K (zone area/site area) and Y Is the total number of zones sampled.
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Finally, caiculate the variance of the overall area source mean (S<)
and the confldence Intervals for each zone K (Clg) and area source (Cl)
emisslon rate mean as follows:

y

s?= [ © wisg/n (3-14)
K=1
- 2
Cl = E % 45 gp5°S (3-16)
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SECTION 4

CASE S7UDY
To supplement the protocol presented In Sectlon 3, a case study will be
reviewed. Thls study will Illustrate an actual application of the protocol.
Calculations and pertlnent declslons will be presented.

The site, referred to as the Bonifay Spill Site, was the scene of an
acclidental spill of 5500 gaiions of JP~4 aviation fuel. The splill site
occurred near the Intersectlon of two rocads. The majority of the contami-
nated sol! was excavated. The residual product extended over two areas, 30
feet of unvegetated right-of-way a2long the hlighway and Into a plne forest
containing dense underbrusn.

The free surface of the water table was three feet below the land sur-
face. The thlckness of the unconsol [dated sediments that comprised the
water table aqulfer at the site ranged from 20 to 50 feet. The state
.aqulfer underlald thls sediment layer. Contamination of the free water
table surface was expected since It was only 3 feet below landsurface.
However, the state aqulfer was not conslidered threatened due to the contami-

nants net upward hydraullc gradlent.

A prel Iminary survey was performed to deflne the contaminated area. A
series of ten borings Indicated that the contaminants had percolated down-
ward to the caplllary fringe and moved laterally down gradlent. A lens of
product several Inches thick was detected at a depth of seven feet below
land surface. The estimated extent of contamination at the time of the
survey study was 7,000 square feet (Figure 4-1).

Resulits from a preliminary emissions survey performed with a portable
real-time analyzer (organic vapor analyzer) held a few Inches above ground
were used to dlvide the area source Into emission zones for grlidding pur-
poses. The survey Indicated only one zone was present, and the site was
gridded accordingly. The fleld data for the survey Is shown In Table 4-1i.
The grid system used Is shown In Figure 4-2.

Surface emission measurements were made Inltlally at elght samplling
grid points. The protocol, at that time, called for the minimum number of
sampl Ing points per zone, ng, to be selected according to the following
equation (note, thls equation has since been changed to Equation 3-3).

ng 2 6 + 0.1\jrzone area (m2)




FIGURE 4-1
SCHEMATIC DIAGRAM OF BONIFAY SPILL SITE, MONITOR WELLS, AND
EXPLORATORY BORINGS (EROWN AND KIRKNER, INC., 1983)
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EXCAVATED AREA

AN

A
o | S »
~EEE |\ PROJECT AREA OF
g leess j\ : SUBSURFACE CONTAMINATION
ot
= \ :
wiy P-1
|1\ \
@ |l ‘p.8 P-2 P.5 P-6'P.7
g 9/ Q
Ropo . — o) t/
/ P-3
@]
P-4
KEY

Ei AREA OF MAXIMUM PRODUCT ACCUMULATION
IMMEDIATELY AFTER SPILL

2@ WATER-LEVEL MONITOR WELL AND
" IDENTIFICATION NUMBER

P-2
O EXPLORATORY BORING AND
IDENTIFICATION NUMBER

«ag—TO BONIFAY

SCALE .
0 25 50 75 100 FEET

4-2

TOA4344



€=y

TABLE 4-1%

FIELD DATA SHEET FOR UNDISTURBED SURFACE SURVEY

Operator: _BME

Date: _1-12-84

Weather: _ Temperature = 45°F. LIght breeze, pactly cloudy
GC-PID
Grid Surface Alr Peak Average ' Comment
Point Temperature Temperature (ppmv) (ppmv)
01 40-42 45°F 0.10 Sampler was 2"-6"
02 0.10 above soll surface
04 0.10
08 0.10
14 0.10
20 0.10-0.12
21 0.10-0.12
22 0.10-0.12
23 0.10-0.12
24 0.10-0,12
25 0.10-0,12
16 0.10
18 0.10
19 0.10
Well P-3 5~-6
Well P-4 25 40770
:::: :—; 65 Measurement on 1/14/84

- MR LTSRN

(with GC-FID)

Comments: Survey done at Midday. Results Indicate only one zone



FIGURE 4-2
SCHEMATIC DIAGRAM OF SAMPLING GRID AT BONIFAY SPILL SITE

POINT RANDOMLY SELECTED FOR SAMPLING
USING EMISSION ISOLATION FLUX CHAMBER

p
O MONITOR WELL AND IDENTIFICATION NUMBER

\ PA. AREA OF MAXIMUM PRODUCT ACCUMULATION
IMMEDIATELY AFTER SPILL
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For the single zone at Bonlfay, thls reduced to:

g 2 6 + 0.1 \,650 m¢ = 8.5

The 8 locatlons were selected through the use of a random number table,
Appendix A. Grlid polnt 08 was selected to be the control point (l.e., a
sampl Ing point to be repeated each day) since |t was bel leved that emissions
would be of the largest magnitude at that locatlon. At each sampling |oca-
tlon a gas syringe sample was tzken for on-site analysis. At several sam=
piing locations, 2 gas canister was collected In addition to the syringe
samples for off-site detalled analysis. A sample fleld data sheet I|s shown
In Figure 4-3. The results of the emisslon rate measurement are given In
Table 4-2, and a sample calculation [s given In Table 4-3.

Total non-methane emisslion rates were calculated for each grid point
based on the on-site anaiytlical data. These emission rates are aiso pre-
sented In Table 4-2. The variation (spatiaily and temporally) In measured
emission rates over the extent of the contaminated area was large (93.8
percent coceffliclent of variation). Replicate sampiing at the control polnt
al lowed an estimate of the emisslon rate temporal variability. The temporal
variabllilty was also large (96.0 percent). The major contrlibutor to the
variation In measured emission rates fram point-to-point can, therefore, be
attributed to day-to-day (temporal) varlablilty. The spatlial variablllty
was then estimated to be negligible. Using Table 3-3 to determine the total
number (Nx) of samples to be collected based upon the spatlal variablllty
shows that at least 17 samples should have been col lected. Although addl-
tlonal samples were required to be collected, sampling was terminated due to
rain., It was reallzed that the lack of a complete data set would then
result In & larger emission rate confidence Intervai.

Using the following equation, the 95 percent conflidence interval (Cl)
for the zone emission rate was estimated. '

Cl = ER % tg_p254 /sZ/NK

where ER Is the mean emisslon rate of the zone, s Is the zone variance, Ny
s the fotal number of sites sampied, and tg 25 is obtained from Table 3-4.
The 95 percent confldence Interval for the zone emission rate Is from 11.3

ug/min-m2 to 55.2 ug/min-mZ,
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FIGURE 4-3
FIELD DATA SHEET FOR ISOLATION FLUX CHAMBER SAMPLING AT GRID POINT 08

Date 1-13-84 Samplers BIE

Locacion Bomnifay Spill Site, Grid Point 08

Concurrent Activity None

Surface Description Sand

Purge Air | Residence | Temp. °F Gas Data Air
: or Time Num- . Sample
Time| Flowrate ber (T) Surface Air | OVA ppmv ENU ppamv|  Number
0858 [4.86 L/min 0 46 48 | - 0.15
0902 [4.86 L/min 1 - 0.16
0906 [4.86 L/min 2 . - 0.16
0910 [4.86 L/min 3 4.0 0.16
0914 [4.86 L/min 4 4.0 -
0913 [4.86 L/min 5 ' - - Canister B0O3
0933 (4.86 L/min 9 4.0 0.16 Gas Syringe
' ’ B002
Comments OVA background = 4 ppm. Some trouble with syringe needle
plugging :
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TABLE 4-2
RESULTS OF GC ANALYSIS OF GAS SYRINGE TAKEN DURING FLUX CHAMBER SAMPL ING

Grid Sample Total NMHC Syringe Sweep Alr Atmospherlc Average Emlsslon
Polnt No. Date Rate Iempeacature ate
(ppmv~C) (ug/L) (L/mIn) °F °c - (ug/m“*min)
4 B004 1/13/84 1.0 0.62 2.60 47 8.3 14.4
6 BO17-A 1/14/84 6.8 4,2 2.60 S1n 10.6 12,6
8 8001 1/12/84 2.0 1.2 5.00 42 5.5 79.6
8 8002 1/13/84 1.0 0.62 4,86 48 8.9 24.9
8 BO16 1/14/84 1.0 0.62 2.60 52 1.1 10.0
14 B006 1/13/84 1.0 0.62 2,60 45 7.2 16.6
15 BO13 1/13/84 1.0 0.62 2,60 51 10.6 10.7
19 BOO9 - 1/13/84 1.0 0.62 2.60 51 10.6 10.7
~ 23 8ot 1 1/13/84 1.0 0.62 2,60 50 10,0 11.5
3 25 B0OB 1/13/84 8.8 5.4 2,60 53 1.7 81.4

Variabllity '
Spatial and Temporal:

Mean 33.24
Standard Deviation 31.17
cv(s) 93.8
Temporail: (Control Polnt 8)

Mean 38.2
Standard Devlatlion 36.6
cv(%) 96.0

*Surface temperature used rather than the chamber alr temperature due to & large temperature
differential not present In the other measurements. Thls Is suggestive of an error In chamber 3Ir
temperature measurement,

...................
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TABLE 4-3
SAMPLE CALCULATIONS OF THE EMISSION RATE FOR GRID POINT 08 ON 1/13/84

Concentration Conversion:

Y| = (P/(R-T))(MA/a)(Cy) | (Equation 3-4)

1 atm

0.08205 L-atm/moie-K

282.6K (average area site alr temperature)
86.18 g/mole (referenced to hexane)

6 moles of carbon/mole of hexane

1.0 ppmv=C

where:

P
R
T
M

a
Ci
1 atm 86.18 g/mole

- x 1.0 ppmv~C
(0.08205 L-atm/mcie<K)(282.6K) 6 mole C/mole

Yi

Y; = 0.6194 ug/L

Emlssion Rate (uncorrected)

E; = (QY;)/A (Equation 3-5)

where: Q = 4.86 L/min
Y; = 0.6194 ug/L
A= 0.130 mZ
4,86 |/min-0.6194 ug/L
E; = v
0.130 m
E; = 23.15 ug/min-m?

Emisslion Rate Correctlon Factor
EFs = exp[0.13(TEMPg)] (Equation 3-7)

9.45°C (nominal chamber alr temperature °C)

where: TEMPg
emission factor at nominal chamber air temperature

EFs
EF = exp (0.13-9.45) |
EFg = 3.416 - -

(Continued)
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TABLE 4-3
(Contlnued)

EF, = exp[0.13(TEMP,)]

where: TEMP, = 8.9°C (measured chamber 2ir temperature °C)
EFs = emisslon factor at the measured chamber air temperature.
EFa = exp(0.13-8.9)
EFy = 3.180
C = EFg/EF, (Equation 3-6)
C=3.416/3.180 :
C=1.074
Emission Rate (corrected for temperature variation)
Ecy = C-Ey ' (Equation 3-8)
Eej = 1.074-23.15 ug/min+m2
= 24.86

24.9 ug/min-m2
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SECTION 5
ADDITIONAL INFORMAT ION

For further Information on vapor/llquid equlllbrla (VLE) for organic
systems, the following reference Is suggested. The intent of this bibllog-
raphy was to provide a ready listing of the references for data on VLE.

Nelson, T.P., N.P. Meserocle, Annotated Bibllography of Publlshed
Material on Vapor/Liquid Equillbria. EPA, July 1983.

For further Information on the selectlon of the flux chamber enclosure
method for dlirect measurement of gas emisslon rates from contaminated solls
and/or groundwater, the following reference [s suggested.

Radlan Corporation. Soll Gas Sampling Techniques of Chemicals for
Exposure Assessment, lInterim Report. EPA Contract No. 68-02-3513, Work
Assignment 32, August 1983,

For further Informatlon on the actual fleld appllications of this tech-
nique, the fol owing references are suggested:

Radlan Corporaflon, Séll Gas Sampling Techniques of Chemicals for
Exposure Assessment: Tustin Spil] Site Data Volume. EPA Contract No.
68-02-3513, Work Asslgnment 32. July 27, 1984,

Radlan Corporatlon, Scil Gas Sampling Technlques of Chemicals for
Exposure Assessment, Bonifay Splil Site Data Volume. EPA Contract No.
68-02-3513, Work Asslignment 32, 1984,

For further Information on the valldation of the flux chamber technlque
for emisslon rate measurements on soll surfaces, the following reference [s
suggested:

Klenbusch, M.R., D. Ranum, Valldation of Flux Chamber Emission
Measurements on Soll Surfaces. EPA Contract No. 68-02-3889, Work
Assignment 18, December 1985,

For Informatlon concerning the emisslon process Including diffusion and
adsorption, the following reference Is suggested:




Manos, C.G., Jr., Effects of Clay Mineral Organic Matter Complexes on
YOC Adsorptlion, Draft Report. EPA Contract No. 68-02-3889, Work

Asslgnment 18, October 3, 1985.

Radlan Corporation. Soll Gas Sampllng Techniques of Chemicals for-
Exposure Assessment; Laboratory Study of Emission Rates from Soll
Columns, Draft Final Report. EPA Contract No. 68-02-3513, Work
Ass{gnment 32, October 1984.
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APPENDIX A
SELECTION OF A RANDOM SAMPLE

An 1llustration of the method of use of tables of random numbers
follows. Suppose the popuiatlion consists of 87 Items, and we wish to select
a2 random sample of 10. Assign to each Individual a separate two-diglt
number between 00 and 86. In a table of randam numbers, pick an arbitrary
starting place and decide upon the directlion of reading the numbers. Any
direction may be used, provided the rule (s fixed In advance and |s Indepen-
dent of the numbers occurring. Read two-digit numbers from the table, and
select for the sample those Indlviduals whose numbers occur unti{l 10 Indl-
viduals have been salected. For example, In Table A=1, start with the
second page of the table, column 20, I|ine 6, and read down. The 10 items
plcked for the sampie would thus be numbers 38, 44, 13, 73, 39, 41, 35, 07,

14, and 47.

The method described Is applicable for obtalning simple random samples
fram any samplied population consisting of a finite set of Indlviduals. In
the case of an Infinite sampled population for the target population of
welghings as comprising all welghings which might conceptually have been
made durlng the time while welghing was done. We cannot, by mechanical
randanizatlion, draw a random sample fram thls population, and so must recog-
nize that we have a random samplie only by zssumption. This assumption will
be warranted If previous data Indicate that the weighling procedure Is in a
state of statistical control; unwarranted If the contrary Is Indlcated; and
a leap In the dark If no previous data are available.
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TABLE A~i
SHORT TABLE OF RANDOM NUMRERS
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ajvtical Methods, Repornne [imits. and iteria

EPA Method TO-14 by GC/MS-SCAN

* See warget compound list on page 3
* Reportng limit of 10 pans per billion by volume (ppbV)
* QC Criteria
* BFB Tune - same as CLP.
* [nitial Calibration: minimum five concentration levels. 1-20 ppoV modified as
necessary depending on sampie concentrations.
* Method Blank: no target analytes above reporting limits.
e NIST Reference Sample (anaiytical accuracy): contains |5 target analytes.
recovery within 2% of certified concentraton.
* Replicate sampie analysis (analytical precision:
twice. RPD within 10%.
* Duplicate sampies (method precision): single analysis of sample collected in
duplicate on 10% of total samples collected, RPD within 20%.
* Holding time for SUMMA canisters: 30 days from sample receipt by
laboratory.

analysis of single sample

Fixed Gases by GC/TCD

* CO,,CH.N,.O,,and H,

* Reporing limit: 0.1 volume percent (1,000 ppm)
*  QC Criteria

* Precision: To be quantified through ongoing laboratory calibrations at ESE.

the initial sampling results, and discussions between ESE. LANL,
DBS&A. and ERM/Golder.

* Accuracy: = 1% of true concentration for known check standard

Turnaround Time
Completed analytical dara packages must be received within 3 weeks from receipt of
samples.

Preliminary analytical data summaries must be transmitted (via fax) to John Williams at
(505) 662-1398, within 2 weeks from receipt of samples.
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T10-14 COMPOUNDS

Dichlorodifluoromethane (Freon 12)
Chloromethane

1,2-Dichioro-1,1.2 2-tetrafluoroethane (Freon [14)
Vinyi chioride

Bromomethane

Chloroethane
Trichlorofluoromethane (freon 11)
1,1-Dichloroethene

Methylene chloride
1,1,2-Trichloro-12.2-trifluoroethane (Freon 113)
cis-1 2-Dichioroethene
1.1-Dichiorcethane

Chlorororm

12-Dichloroethane
1.1,1-Trichloroethane

Benzene

Carbon tetrachloride
1.2-Dichioropropane
Trichloroethene
cis-1,3-Dichloropropene

trans- 1 3-Dichloropropene
1,1,2-Trichloroethane

Toluene

1.2-Dibromoethane
Tetrachloroethene

Chlorobenzene

Ethyl benzene

m.p-Xvlenes (2)

Styrene

1,1.22-Tetrachloroethane
o-Xylene

155-Trimethylbenzene
12.4-Trimethylbenzene

Benzyi chionide
1.3-Dichlorobenzene
1.4-Dichlorobenzene

1 2-Dichiorobenzene

1 2.4 Trichlorobenzene
Hexachlorobutadiene



MEMORANDUM

ERM/GOLDER Los Alamos Project Team

To: Chariie Wilson

From: Ralph Perona f\"/o
Date: Sepiember 13, 1995

Regarding: Flux Chamber Calculations for the Airport Landfill

At your request. [ have calculated maximum purge gas flow rates. associated with risk-based
concentrations of chemicals-of-potential-concern (COPCs), for flux chamber sampling at the
airport landfill. Input parameter values are provided in the accompanying spreadsheet.

The calculations utilize a “box model” approach for estimating a soil gas flux of a2 VOC
associated with a target concenrration of the VOC in the amnosphere above the contaminared zone.
The area and width of the contaminated zone are used to define a theoretical box above the
contaminated zone with height equal to the estimated atrnospheric mixing height. In this case. the
mixing height is conservatvely assumed to be equal to the breathing zone. The air within the
theoretical box is assumed to be weil-mixed. An equilibrium concentration of 2 VOC in the box
is calculated based on the assumed wind speed through the box and the emission rate of VOC

from the soil into the box.
Application of the calculated purge gas flow rates is dependent upon additional assumptions for
the flux chamber system. A well-mixed volume in the flux chamber, such that VOC emissions
and purge gas achieve equilibrium in the flux chamber, is necessary to accurately measure VOC

flux. The initial atmosphere in the flux chamber (i.e., narural atmosphere) must be completely
exhausted prior to sampling. The analyte detection limit of 10 ppbv must be met or exceeded for

each VOC.
Risk-Based Concentration in Air for Carcinogens

Cc. = TRx AT xBW
*  SFxIRxEFxED

where:
Cyir = risk-based air concentration ( mg/‘mj)
TR = target risk level
AT = averaging time (d)
SF = slope factor (mgrkg-d)™!
IR = ingestion rate (mg/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
BW = body weight (kg)

ERM/Golder Los Alamos Project Team
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Emission Rate of a VOC from Landfill

E=0CixQy
where,
E= emission rate of VOC from landfill (g/s)
Cur = risk-based air concentration (mglm’) .
Qe = air flow rate through hypothetical box over landfill (m’/s)
and:
Q¢ = pxwxh
where. )
p= average wind speed at landfill (rmvs)
W = width of landfill (m)
h= mixing height of ammosphere (m)

Flux of a YOC from Landfill

J=%If

where,
] = flux of a VOC from landfill (g/m>-s)
E = emission rate of VOC from landfill (g/s) C
Ay = area of landfill (m") _\ b 'i

Maximum Flux Chamber Purge Gas Flow Rate e
s X
_ JxA,chV u U

Qfg Cd.l . r’y.
where,’ <

Q. = flux chamber purge gas flow rate (cm’/s)

= flux of a VOC from landfill (g/mz-s)

A = area of flux chamber (m?) \

CF = units conversion factor (10*® cm’/m’)

Cy = concentration of VOC at detection limit (g/m’)

cc John Williams

ERM/Golder Los Alamos Project Team



COMMERCIAL

, 9/13/95
‘NARIO 9:43 AM
L .Crlterla H YalueJ Units Contaminant Risk-Based Concentrations (Carcinogens)
larget Risk i'LOE-06 ! unitless | | Soil Ingestion | Dust Inhalation| Vol Inhalation | Air Inhalation | GW Ingestion
e S e __(mg/kg) | (mpkg) | (mg/kg) (mg/m’ | (mg/l)
Inhalation benzene NA NA NA 1.5E-03 NA
IR_inh. _ - 0.83 ____n_fﬂl_[- chloromethane NA NA o ﬁ;\'__ __(.Si-SE()i—_ T NA
T o 8 oo ichoroeihene 1T | T NA " | ™" NA | A ZAE | TTNA”
GF_inh 322300l dlyr meilyiene chloride NA NA NA 27602 NA
ED_inh ;i;zs\ﬂ: yr lelrachloroelhcnc NA NA NA 2.2E-02 NA
BW_inh ﬁ7‘%‘____kg trichioroethene NA NA NA 72803 | NA
AT inh HEgp? 'i'____-L_ vinyl chloride NA _ NA NA 14604 | NA
) o IR i ’.-.. _ e o o - maxmmmu
Purge Gas Flow Rate Calculations source |  Contaminant molecular wt | detection limit { emission rate | landfill flux purge gas flow
. e | o | g @) | (ghls) | (L/min)
average wind speed (m/s) ] 1 benzene 78 2..§l:'j-'9_5 2.0E-03 4.0E-08 13
width of Tandfill (m) _ 150 | 2 | chioromethane 50.5{  1.6E-05 9.2E-03 1.8E-07 KT
mixing height (m) 3 3| dichloroethene-1, 1 97| 3.1E-05 3.2E-04 6.5E09 1.7
area of landfill (mz) 50000 2____ methylene chloride 85 2.7E-05 3.6E-02 7.3E-07 212
analyte detection fimit (ppbv) | 10 4__|. tetrachlorocthene 166/ 52B:05 | 20m02 | 5BE0T | 87
flux chamber arca‘(m ) 0.13 4 __Irichloroethene 131 4.1E-05 9.7E-03 1.9-07 ¢+ 37 -
mgl_gg volume at t LA ( (moI/L) ng + 4 'mel chlondc 62.5 ____g()l‘ QS 1.9E-04 3.9E-09 ks
box model flow (m'/s) | 1350 | |
| - Los Alamos Climatology data T N ]

2 - Soil Gas Emaninon‘Samplmg at the TA-73 Airport Landfill, draft C.R. Wilson

3- Gcomclnc mean of data ranging from 0.3 (0 250 m (thbcrl et al. 1983) used in DOE's RESRAD code as a default value for mixing height.

4~ Measurement of Gascous Emission Rates from Land Surfaces Using an Emission Isolation Flux Chamber. User's Guide PB86-223161




AIRPORT2.XLS (Tox Values)

EPA Region IX values taken from “Region 1X Preliminary Remediation Goals* memo, February 1, 1995.

COMMERCIAL 9/13/95
SCENARIO 9:38 AM

Contaminunt CAS # (mg/kg-d) (mg/kg-d) Source (mg/kg-d)’l (mg/kg-d)" Source
benzene 71-43-2 NA - L NA 2.9E-02 EPAIX
chlaromethane 74-87-3 NA - NA 6.3E-03 F[’A’IX
dichlorobenzene-1,4 | 106-46-7 NA | L .23E0 EPAIX JNA | 24E02 | EPAIXT
dichloroethene-1,1 75-354 NA 9.0E-03 EPA IX '_ NA l_gl_i_gl____ EPAIX
methylene chloride 75-09-2 NA 8.6E-01 EPA IX NA 1.6E-03 EPAIX
tetrachloroethene 127-184 NA 1.0E-02 EPA X : NA 2.0E-03 EPAIX
trichloroethene 79-01-6 NA 6.0E-03 EPAIX* NA 6.0E-03 EPAIX
vinyl chloride 75-01-4 NA - NA 3.0E-01 EPA IX
) Ora| | toxicity value \]Jgt_:(_i as a surrogate for inhalation value. - L L L

&




