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SECTION 1 

INTRODUCTION 

Volatilization of organic compounds from contaminated soli or ground­
water Into the air represents a major potential source of exposure which hes 
not been assessed. In order to assess this exposure potential, a method fs 
needed to directly measure gas emission rates from contaminated soils and/or 
groundwater. Additionally, It Is recognized that an understanding of the 
volatll lzatlon, transport, and emission processes could teed to a predictive 
tool for exposure assessment. The Information provided by direct mea­
surement and/or predictive model lng 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 Guide Is to present an approach and proto­
col, namely the emission Isolation flux chamber (or flux chamber) technique, 
for measuring emission rates of volatile organic compounds from contaminated 
soils and/or groundwater. Presented Is the theory of operation, specifica­
tions, sensitivities, method of operation, and data reduction procedures for 
this technique. It Is assumed that the Individuals who wll I use the proto­
col are, In general, famll Jar with sample collection and analysis of vola­
tlle·organlc compounds. Also Included In this document Is e case study that 
demonstrates the measurement and data reduction processes around e spll I 
site. 

The flux chamber technique Is appl feeble to the measurement of emission 
rates from Resource Conservation and Recovery Act CRCRA> facll ltles (hazard­
ous waste landtreatment, and landfll I facll ltles), and from Comprehensive 
Environmental Response, Compensation, and Llabll lty Act CCERCLA> area 
sources contaminated by losses of volatile organic compounds from spll Is, 
from leaking underground storage tanks, from plpel lnes, and/or from surface 
Impoundments. 

This protocol does not present the vast amount of work that was required 
to develop this document. Rather, the protocol Is a result of I lterature 
reviews selecting a measurement technique and field appl lcetlons demon­
strating the technique and developing a data base and val ldatlon studies 
Identifying the method of flux chamber operation. References to the other 
area sources where this technique wes appl led, the work performed to val 1-
date the technique, and the Investigations of variables which control the 
emission process are also given for those Individuals desiring further 
Information. 
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volatile waste Is ag~ln present very near the surface, and resis7ance to 
diffusion Is at a minimum. 

Although also diffusion control led, the emission precess trom under­
ground sources such as landfllled waste or m~terial presenT as a "lens" on 
the water table has significantly different characteristics than that from 
surface or near-surface sources. The depth of the emission source Is 
usually quite substantial. Therefore, the emission rate Is Initially lower 
due to the resistance to diffusion produced by the ccloumn of soli. The 
Initial emission rate Is zero, since It takes some time tor the volatile 
material to diffuse through the sell layer. The adsorptive sites on the 
soil particles must also be Initially saturated. Once the emission rate h~s 
equll Ibrated, the rate Is relatively constant with time until the under­
ground source Is exhausted. 

7~e diffusion process Itself through the soli Is the same for both 
types of sources, landtreatment <surface) and landfill (underground). Con­
sequently, m~ny of the parameters Important to the emission processes are 
the same, Including dlffuslvlty of the VOC In air, soli properties (particle 
size distribution, soli type, moisture content, particle density, porosity), 
soli/waste temperature, and volatii lty of the VOC In the waste. Additional 
p~r8meters Important to the near surface emission processes are the amount 
of m~terlal present In the contaminated sell layer, the Initial depth of the 
cont~Inatlon, the elapsed time from appl !cation Cor til 1 lng) and, possibly, 
ambient conditions such as surface wind speed and relative huml~Ity. The 
depth of the soli l~yer above the waste Is a very Important parameter In the 
emission process from subsurface sources. Additionally, the adsorptive 
properties of the soli may also h~ve a significant effect on the emission 

e fran this laTter source type: 

An understanding of the emission processes and the Important par~ters 
Is necessary In the measurement of emission rates from soli surfaces and In 
the proper Interpretation of the test results. As an example, the emission 
rate from a source Is affected by rain since the porosity and, hence, the 
diffusion rate are reduced with Increasing moisture content of the soli. 
Thus, emission rates Immediately after a rainfall wffl be lower then those 
from drier soils and may take substantial periods of time to return to the 
emission rate prior to the rain.C4) Emission rates may vary with the time 
of day and se~son, as a result of changes In ambient and soll/weste tempera­
tures.C4) Emission rates from soli areas containing fissures can be higher 
and much less homogeneous than those from unfractured areas. Thus, consi­
derable care must be taken In planning and Implementing a measurement pro­
grem to determine representative emission rates from such soli surf~ces. 

2.2 Measurement Techniques 

Based on a I lterature review (5), the techniques fer determining gas 
emissions rates from land surfaces contaminated with organic compounds can 
be divided Into three approaches: Indirect measuremenTs, direct measure­
ments, and laboraTory simulations. Indirect techniques typically require 
measurements of ambient air concentrations aT or near the site. These 
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meesuremenTs are related to the surface area of the area source and local 
meteorological conditions using a dispersion model to determine an emlssf~ 
rate. The second approach Is to direcTly measure emission rates usfng for 
example the flux chamber. The third approach Is to creaTe an emission 
source In the laboratory and model the emissions by various techniques for 
appl lcatfon to field sites. These three approaches were compared for preci­
sion, accuracy, and sensitivity. Other considerations Included appl fcabfl­
fty, complexity, manpower requirements, and costs. 

The most promising technique for measuring gas emission rates from rand 
surfaces was determined to be the emission Isolation flux chamber technique. 
The advantages are: 

o lowesT (most sensitive) detection I lmft of the methods 
examined; 

o easily obtained accuracy and precision data; 

o simple and economical equipment relative to other 
techniques; 

o minimal manpower and time requirements; 

o rapid and simple data reduction; and 

o appl lcable to a wide variety of surfaces. 

2.3 Flux Chamber Operation 

The flux chamber technique has been used by researchers to measure 
emission fluxes of sulfur, nitrogen, and volatile organic species 
C6,7,8,9,10). The approach uses a flux chamber (enclosure device) to sample 
gaseous emissions from a defined surface area. Clean dry sweep air Is added 
to the chamber at a fixed, control led rate. The volumetric flow rate of 
sweep air through the chamber Is recorded and the concentration of the 
species of InTeresT Is measured at the exit of the chamber. The emission 
raTe Is calculated as: 

Er = YrQ/A C2-1) 

where: Er = emission rate of componenT Cmass/area-tlme>, 
Y1 = concentration of componenT In the air flowing from the chamber 

(mass/volume>, 
Q = flow rate of air Into the chamber Cvolume/tlme>, 
A = surface area enclosed by the chamber (area). 

AI I parameters In Equation 2-1 are measured directly. 

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 
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cases, an overall emission ra~e tor the area source Is calculated from 
multiple measurements based on random sampl lng and statistical analysis. 
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SECTION 3 

MEASUREMENT OF GASEOUS EMISSION RATES FROM LAND SURFACES 

USING AN EMISSION ISOLATION FLUX CHAMBER - PROPOSED METHOD 

3.1 Appl lcabfl lty and Principle 

3.1.1 Appl I cab 11 Jty 

The flux chamber technique Is appl !cable to the me~surement of emission 
rates trom Resource Conservation and Recovery Act CRCRA) tacJI ftles such as 
hazardous waste landtreatment and landffl I facfl ltfes. This technique Is 
also applicable tor emlssfon rate measurements from Comprehensive Envlron-

.mental Response, Compensation, and Llabll lty Act CCERCLA) waste sites such 
as areas contaminated by losses of volatile organic compounds frcm spills, 
from leaking underground storage tanks, from plpel lnes, and/or from surface 
Impoundments. 

3.1.2 Principle 

Gaseous emf·2slons are collected from an Isolated surface area with ~n 
enclosure device cal Jed an emission Isolation flux chamber Cor flux cham­
ber). The gaseous emissions are swept through an exit port where the con­
centration Is monitored and/or sampled. The concentration Is monitored 
and/or s91pled either continuously cr.e., "reel-tfme".> or discretely. Reel­
time measurements are typically made with portable total hydrocarbon ana­
lyzers and are useful for relative measurements Cl.e., the determination of 
flux chamber steady-state operation, zoning). Discrete samples are taken 
when absolute measurements are necessary (I.e., steady-state concentrations, 
emission rate levels). The emission rate Is calculated based upon the sur­
face area Isolated, the sweep air flow rate, and the gzsseous concentrcstfon 
measured. An estimated average emission rzste for the aree source Is catcu­
lated·based upon statistical sampl lng of a defined total area. 

3.2 Precision, Accuracy, Sensitivity, and R~nge 

3.2.1 Precision 

Single chamber precision (I.e., repeatabfl lty) of the method Is approx­
J~tely 5 percent at me~sured emission rates of 3,200 ug/mfn•m2. Variabil­
Ity between differenT flux chambers (I.e •• reproducfbfl fty) Is approxlm~tely 
9.5 percent within a measured emission rate range of 39,000 to 
65,000 ug/mfn·m2.C4) . 
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The reproducibil lty results were determined from a bench-scale study. 
The tests were designed to et lminate temporal variations from the flux 
chamber reproducibll lty. However, using the same bencn-scale facil lty, a 
test design was not possible for measuring flux chamber repeatabll lty with­
out bias from temporal variations. As a result, the repeatabll lty tests 
were performea In the laboratory. The differences -~eretore between the 
stated emission rates for repeatabll lty and reproaL~Ibll lty reflect the 
differences In laboratory simulated emission rates and those meausred from 
the bench-scale facll lty. 

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 I lsts measured recoveries for a 
number of compounds tested. The average recovery for the 40 compounds 
tested Is 103 percent. 

Flux chamber emission raTe measurements .made on the soli eel Is 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 lng ranges from 50 percent to 
124 percent. 

3.2.3 Sensitivity 

The sensitivity of this method depends on the detection I lmlt of the 
analytical technique used. When discrete samples are collected using gas 
canisters and analyzed by gas chromatographic methods, the estimated emis­
sion rate sensitivity Is 1.2 ug/mln•m2 for an analytical detection limit of 
10 ppbv benzene. When emission rates are measured In a continuous (real­
time) method·, the estimated sensitivity Is 124 ug/mln·m2 for an analytical 
detection limit of 1 ppmv ben~ene. 

3.2.4 Range 

The range of this method depends upon the analytical technique used. 
High level emission rates are analyzed by Introducing proportional amounts 
of gas sample to the anal~zer. Using this technique, high level emission 
rates of 120,000 ug/mln•m have been measured.(4) Low levels are limited by 
the sensitivity of the analytical technique. Gas chromatographic techniques 
have been used to measure low level emission rates of 1.2 ug/mln·m2 for mea­
sured concentrations of 10 ppbv benzene. 

3.3 Interferences 

3.3.1 Flux Chamber Method 

Impurities In the sweep air and/or organic compounds outgassing from 
the transfer I lnes and aery! lc chamber top may cause background contamina­
tion. The emission Isolation flux chamber must be demonstrated to be free 
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TABLE 3-1 
COMPOUNDS TESTED IN THE EMISSION ISOLATION FLUX CHAMBER 

AND THE MEASURED PERCENT RECOVERY 

PercenT 
Canpound Recovery* Canpound 

ToTal c2 100 3-methylhexane 
ToTal C3 108 2,2,4-trlmeThylpenTane 
lsobuTane 109 n-hepTane 
1-buTene 108 MeThylcyclohexane 
n-buTane 106 Tel uene 
t-2-butene 107 Ethyl benzene 
c-2-butene 109 nrtp-xylene 
lsopentane 112 o-xylene 
1-pentene 105 n-nonane 
2-methyl-1-butene 124 n-propylbenzene 
n-pentane 107 p-ethyltoluene 
n-pentene 103 1,3,5-trlmethylbenzene 
c-2-pentene 105 1,2,4-trlmeThylbenzene 
Cyclopentene 105 2-methyl-2-buTene 
n-hexane 95.1 MeThyl mercapnsn 
lsohexane 107 Ethy I mercapTan 
3-methylpentane 106 Butyl mercapTan 
Methylcyclopentane 105 Tetrahydrothlophene 
Benzene 106 Trichloroethylene 
1,2-Dimethylpentane 105 Ethylene dichloride 

*SecTion 3.8.2 
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PercenT 
Recovery* 

106 
106 
103 
103 
103 
94.7 
88.3 
97.3 
99.4 
95.5 
92.5 
93.5 
88.7 

103 
107 
107 
101 
115 
n.1 
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from significant (<10 percenT of expected measured concentr=Tions) levels of 
such contamination under the measurement operating conditions by running 
method blanks. Background levels above this I lmlt will significanTly bias 
the flux chamber measurements. Typical values measured with a real-time 
analyzer COVA> range from 0 to 2 ppmv exit gas concentration. 

Cross-contamination can occur ~henever high level and low level samples 
are sequentially analyzed. To reduce the I lkel !hood of cross-contamination. 
the chamber should be purged beTween samples with ultra high purity air and 
followed with running a method blank until typical values are achieved. 

The use of a transparent chamber may result In gas and surface warming 
due to greenhouse effects. The degree of gas and surface warming ere depen­
dent upon the outside air temprature. For outside air temperatures of 2a•c. 
a temperature gradient between the Inside flux chamber air and outside air 
Increases from g•c at 5T C30 minutes) to 3o•c 2.5 hours later. Such heating 
Is minimized by the use of short sampl lng tJmes. 

As a result of the greenhouse effect. condensation may occur when 
monitoring moist surfaces. Condensation should be recorded when observed 
and drled from chamber surfaces and I fnes between sample runs. Condensation 
could reduce exit gas concentrations of water soluble compounds. 

The emission rate process from sells enclosed by the flux chamber could 
be suppressed as the Internal VOC vapor phase concentration Increases. 
Emission rate suppression Is avoided by Increasing the sweep aJr flow rate. 
Suppression Is not a sJgnlfJcant factor untJI flux chamber entrapped vapor 
concentrations are greater than 10 percent of the equlllbrlum vapor phase 
concentration. The equll Jbrlum vapor phase concentration Is determined from 
the headspace concentration measurements of a soli sample. This concern 
appl las only when sampl lng highly concentrated and volatile waste. 

3.3.2 Emission Process 

Ground moisture resulting from either rain. heavy dew. etc. has a 
definite effect upon the emission rate from land surfaces. Ground moisture 
accumulation from trace amounts of rain (~0.01 Inches) have I 1Ttle or no 
effect, whereas ground moisture resulting from a rainfall of 0.30 Inches of 
water has been observed to dec~ease emission rates by 90 percent.C4> At 
this Jeve~ of preclp·Jtatlon. seven days of hot. sunny weather were required 
before the gas emission rates returned to values equal to that before the 
rain. As such, emission rate measurements made on soils recently experi­
encing an elevated ground moisture content would be biased. Emission rate 
measurements wll I be below those made at normal soli moisture levels. 

3.4 Apparatus and Materials 

3.4.1 Flux Chamber and Supporting Equipment 

A diagram of the flux chamber and supporting equipment Is shown Jn 
FJ~ure 3-1. The flux chamber materials and speclfJcatJons are IJsted In 
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Table 3-2. A construction dl~gram of the flux chamber Is shown In 
Figure 3-2. 

The sweep air carrier gas should be dry, organic free air equal to or 
better than commercial ultra high purity grade (<0.1 ppmv THC). A gas flow 
meter with no Internal rubber parts and adjustable within the range of 1-10 
L/mln should be used to control gas flow. Temperature measurements should 
be made with an accuracy of ±1.0°C. A fine-wire thermocouple with elec­
tronic readout Is recommended. Caution should be taken to avoid any contact 
of a thermocouple with metal. This would give Inaccurate air temperature 
readings. A pressure release port Is required to avoid pressure build-up 
Inside the flux chamber during operation. This port should 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 Discrete Sample Col lectlon 

Discrete grab samples should be collected with air-tight, Inert con­
tainers. For on-slte analysis, 100 ml precision lock, glass syringes are 
recommended. Glass plungers are recommended over Teflon• tip plungers. If 
Teflon• tip plungers are used, then special controls must be followed to 
avoid cross-contamination CSectlon 3.7.1.1). For samples to be transported 
or to be stored for periods longer than 1 hour, 2L stainless steel gas 
canisters are recommended. 

3.4.3 Analysis 

3.4.3.1 Real Time 

Analyzer 

For real-time, continuous monitoring of the exit ges concentration, 
analyzers with precision of ±10 percent of the measured value and a detec­
tion I lmlt of 1 ppmv are recommended. 

Calibration Gases 

The portable, real-tlme.analyzers wll I require the following levels of 
cal lbratlon gases: 

o High-Level Gas: Concentration within 50 percent to 90 per­
cent of the span value (maximum expected concentration or 
upper I lmlt of Instrument I tnear_range). 

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

o Zero Grade Gas: Ultra high purity CUHP> air (<0.1 ppmv THC). 

The cal lbratlon gas for these analyers· can be the same as that used for 
the on-site discrete analyzer CSectlon 3.4.3.2.2>. 



Item 

Carrier Gas Lines: 
Inlet/Outlet 

Sweep Air Wrap 
Pertoratlona 

Flti'lngsb 

Thermocouples 
Air (1) 

Flux Chember: 
Base 

Support rfng 
flange 
Dome 

Seal 
Dome to Base 

TABLE 3-2 
FLUX OiAM3ER MATERIALS SPEC! FICATIONS 

Description 

Teflon• Ccleer) 

Stainless Steel 
four equidistant holes 
jetting direction 

Stainless s-teel 

St~lnless steel 

Fine wire 
K type 

Stelntess steel 
column 
Stainless steel 

Aery I lc 

four holes 

Inlet/outlet 

Air temperature 

Pressure release 

Top gasket 

Dome lip 
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Specification 

1/4" 00, 5' to 8' long, thin 
welled, 1/4" st~lnless steel 
f I Ttl ngs 

1/4" 00, 54" long, perforated 
hole No. 1 (nearest Input>, 5/64" 
10, holes No. 2-4, 3/32" 10, 
axially, horizontally 

1/4" bulkheads with teflon 
washers for c~ember penetration 
1/4" cap to seal wr~p I lne end 

36" long, baed tip, teflon coei'ed 
(extensions opi'lonel), penetrate 
flux chember 3", support with 
1/4" bulkhead with septa 

16" 10 x 7" tall, welded to a 
suppor-t ring flange 
16" 10 X 20" 00 X 1/4" thiCk 

Spherical, 4" displacement at 
center, 16" 10 at seal, 2" I lp· 
for seal, 1/4" thick, molded 
Equidistant, 4" fran aluminum 
gasket 
1/2" 10 with 1/4" stainless steel 
bulkhead 
1/2" 10 with 1/4" st~lnless steel 
bulkhead 
13/16" 10 with 3/4" st~lnless 
steel bulkhead 

Aluminum 16" 10, 20" OD, 1/4" 
thick 
Below aluminum gasket Is the 
acrylic I lp of dane 

CCont I nued ) 

t 

l 
I 
I' 

... ·.· 



Item Description 

TABLE 3-2 
CCon"t In ued ) 

See I I ng washer 

BotTen gasket 
Fasteners 

Volume With 1" soli 
penetration 

Surface Area Enclosed by chamber 

Exit Line Probe Teflon• 

Perforation 2 rows of holes 

Specification 

Teflon, 16" 10, 20" 00, 1/32" 
thick 
Stainless steel support ring 
20, 1/4" bolts equidistant around 
lip 
0.03 ~ C30L> 

0.130 m2 

1/4" 00, 6" long, stainless 
steel fitTing, perforated 
3/32" 10, 5 holes per row, t" 
separation, rows are positioned 
or"thogona I I y 

aAvold placement of exit line probe In JetTing path of sweep air Inlet holes 

bAr I fittings are manufactured by· Swegefok• or equivalent manufacturer 
(bulkheads use Teflon• washers for seel Jng) 

3-8 



FIGURE 3-2 
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Qual lty Control CQC) Gas 

The portable. reel-Time analyzer will require a qual lty conTrol CQC) 
gas concenTrated To tall within the span range. The QC gas for this analy­
zer can be the same as that used for the on-siTe discreTe analyzer. 

3.4.3.2 DiscreTe 

Analyzer 

The analyzer should be sensitive with low detection I lmlts. For on­
site analysis of grab samples. InsTrumenTaTion having precision of ±5 per­
cenT of The measured value with a detection I lmlt of 1 ppm Is recommended. 
Analyzers wiTh InJecTion loops are recommended to reproduce the sample 
volumes InjecTed. For off-slta analysis. InstrumenTaTion with precision of 
±30 percent at de~ectlon I lmlts of 1 ppbv are recommended. 

Cal fbratlon Gases 

The concenTraTions and composition of·the cal Ibratlon gases to be used 
will vary depending on the species of Interest. Preferably, the following 
gas concentrations should be used for each species of Interest: 

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

o Mid-Level Gas: Average expected concentration. 

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

o Zero Grade Gas: Ultra high purity CUHP) air, (<0.1 ppmv THCl. 

Alternatively, a high-level gas mey be used with a dilution system to 
generate the lower level gas concentrations. A dilution system Is recom­
mended that meeTs or exceeds that described In Section 6.2.1.1 of Method 18 
of 40 CFR Part 60. If multlcomponent species are analyzed. then on-site 
cal fbratlon gases should be benzene or hexane. To identify end quantitate 
multfcomponent responses when a single component (benzene or hexene) Is used 
for cal lbratlon. a I fbrary of normal !zed responses relative to the single 
component cal lbratlon gas must be employed. This does not guarantee all 
species of the multlcomponent will be Identified. If specific identifica­
tion and quantltatlon are not required, then quantltatlon and Identification 
should be made relative to the calibration gas. 

QC Gas 

The discrete analyzer will 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 chamoer Is operated Identically tor real-time and discrete 
samp I I ng. 

3.5.1.1 PreparaTion 

AI 1 exposed chamber surfaces should be cleaned with water and wiped dry 
prior to use. Assemble the sampl lng apparatus and check tor malfunctions 
and leaks. 

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 em. Initiate the sweep air and set the 
flow rate at 5 L/mln. Record .data at time Intervals defined by residence 
times or T (tau}, where 1T =flux chamber volume C30L}/sweep air flow rate 
C5L/mln). One T then has the value of 6 minutes under normal operating 
conditions. At T = 0 (flux chamber placement), record the following: time, 
sweep air rate, ch~ber Inside air temperature, ambient air temperature, end 
exit gas concentration Creal-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 air rate shal I be checked Cand corrected to 5 L/mln If necessary>, 
and the gas concentration shal I be recorded Creel-time analyzer). After 4 
residence times C24 minutes), IniTiate sample collection. At this time, 
record the tel lowing data: time, sweep air rate, air temperatures Inside and 
outside, exit gas concentration, and sample number(s). If sulfonated 
organic compounds are of specific Interest, then measurements should be 
taken after 10 residence times C1 hour). 

3.5.2 Sample Col lectlon 

3.5.2.1 Reel Time 

When real-time monitoring Is required, the sample Is collected by the 
real-time analyzer directly from the exit gas line. 

3.5.2.2 Discrete Sample Col Jectlon 

Sample col lectlon should not exceed a flow rate of 2 L/mln. 

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 sampl lng 1 lne manifold. To ensure fresh 
sample at each purge, a sampl lng manifold should be positioned prior to a 
real-time analyzer (Figure 3-1). The analyzer will then drew the sample 
past the manifold for sampl lng. 
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FIGURE 3·3 
FLUX CHAMBER GAS EMISSION MEASUREMENTS FIELD DATA SHEET 

FLUX CHAMBER EMISSIONS MEASUREMENT DATA 

Date ______________ Sampler(s), _____________ _ 

Location ------------.J.Jolne/Grld Point ------------

Surface Description 

Concurrent Activity _________________________ _ 

I 

Sweep Air Resldencol Gao Air Temperature 
Rate, 0 No. Cone. Chamber Ambient Sample 

Time (UMin) (0/V) (ppmv) (C) (C) 'JYpe/No. Comments: 

0 

I 1 

2 . ., 
3 

I I 4 I I I 
I I 5 I I I I 

Comments=-----------------------------
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Gas Can I si"er 

Sample col lectlon wiTh evacua-ted gas canisTers should be performed wiTh 
the real-time analyzer replaced by "the gas canis-ter (Figure 3-4). 

To collect canisTer samples, remove the real-time an~lyzer from the 
exit I lne sampl lng manifold. Securely f~si"en the canister sampl lng manifold 
to the exit I lne manifold. Open the flow con-trol valve CV1, Figure 3-4> 
sl ighi"ly. If This valve Is opened Too much, the large pressure drop ~T -the 
exit 1 ine Inside The flux chamber could dr~ direct air JeTting from the 
sweep air InleT manifold. This would reduce the measured emission rate. A 
large pressure drop Inside the flux chamber could also dr~w ambienT air In 
"through the pressure release pori". These concerns are ImporTanT only when 
the exit I Ina sampl lng rai"e approaches that of the en-trance sweep air rate 
C5 L/mln). If a 2L gas canister Is used, then control the flow to fill the 
can 1 si"er In t to 2 m I nui"es. The use of a capIllary f I ow con-trol I er between 
the exit I lne and canister could be used to control gas flow. 

Af-ter sample col lectlon, seal the sample valve CVt> prior to removal 
from -the sampl lng I lne. This preven-ts con-taminaTion. At "this Time, the 
sample Is labeled and recorded. Record the final pressure of the canis-ter. 

3.5.3 Sample Analysis 

3.5.3.1 Real Time 

Real-time analysis Is a continuous process with the real-time analyzer 
connected to the exit I lne. These daTa are an Initial Indication of the 
exit I lne concenTra-tion. 

3.5.3.2 Discrete 

Gas Syringes 

Gas syringe samples collected should be treated promptly and consis­
ten-tly. Tempera-ture dlfferentl~ls between The flux chamber air and the 
analyTical labora-tory air can cause changes In sample volume. It Is recom­
mended that the analytical air "temperature be constant, recorded twice dally 
and within to•F of the ambienT outside air tempera-ture. The samples should 
be analyzed either Immediately upon arrival Into the analytical area or 
allowed "to thermally equll ibrate (1-5 min depending on syringe size). Since 
Immediate analysis Is not always possible, the later technique Is recom­
mended. 

Gas Can I stars 

Prior To sample preparation for analysis, the canister pressure should 
be measured. The canisters are then pressurized to 18 psi with ultra high 
purity nitrogen. Measure the fln~l pressure. A known volume of diluted gas 
canister sample Is taken fran the canister by rele~slng sample into an 
evacuated volumetric sTainless steel canis-ter (3.55L). From this volumetric 
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gas canister, the sample Is then Introduced Into the gas chrcm~tograph 
through cryogenic traps. The dilution factor Is calculated by Equation 3-2 
CSectfon 3.8.3). 

3.5.4 Sampl lng Strategy 

The following sampl lng strategy provides an accurate and precise estl­
~te of the emission rate for a total area source through random sampl lng In 
which any location within the area source has a theoretically equal chance 
of being sampled. The sampl lng strategy described below provides an esti­
mated average emission rate within 20 percent of the true mean with 95 
percent confidence. 

3.5.4. T Zones 

Based on area source records and/or prel lmlnary survey data, subdivide 
the total area source Into zones If nonrandom chemical distribution Is 
exhibited or anticipated. The zones should be arranged to maximize the 
between-zone varlabll lty and minimize the within-zone varlabll lty. 

3.5.4.2 Grids 

Divide each zone by an l~glnary grid with unit areas !hat depend on 
zone area size CZJ as follows: 

If Z ~500m2, then divide the zone area Into units with areas 
equal to 5 percent of the total zone area Cl.e., 20 units total). 

If 500m2 < Z ~ 4,000 m2, then divide the zone area Into units of 
area 25 m2. 

If 4000 m2 < Z ~ 32000 m2, then divide the zone area Into 160 
unIt's. 

It Z > 32000 m2, Then divide The zone area lnt"o unit's with area 
equal To 200 m2. 

Assign a series of consecuTive numbers to the units In each zone. 

3 .s·. 4 • 3 Samp 1 e Nunber 

Using Equation 3-3 (Section 3.8.4), calculaTe the number of units Cgrld 
points) to be sampled for the Kth zone CnK>· 

3.5.4.4 Sample locat"lons 

Using the random numbers table (Appendix A), Identify nK grid points 
Cunlts> that" wll I be sampled In zone K. A grid point" shal I be selected for 
measurement only once. CThls Is not to be confused with dupl lca+e sampl lng, 
Section 3.7.2.2.) 
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3.5.4.5 Emission RaTe CalculaTions 

AfTer sample collecTion, use EquaTions 3-4, 3-5, 3-6, 3-1, and 3-8 to 
calculaTe the measured emission raTe <EcKI) for each grid point (I) 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 field data, a correction factor for temperature varia­
tions has been developed. The correcTion factor compensates a measured 
emission rate for chamber air temperature variations frcm the nominal cham­
ber air temperature. 

The nominal chamber air temperature can be defined In two ways de­
pending on the purpose of emission rate measurements. If emission rate 
measurements are for an esTimate of an area source, then the nominal chamber 
air temperature should be the mean chamber air temperature of ell the mea­
surements made at that area source. If emission rate measurements are 
compared between area sources, then the nominal chamber air temperature 
should be 2s•c C298Kl. 

3.5.4.6 Prel lmlnery Estimates 

W~th Equations 3-2, 3-10, and 3-11, calculate the zone mean emission 
rete <EK), variance CSK), and coefficienT of variation CCVK), respectively. 
For these calculaTions, use the first emission rate measurement of a dupl 1-
cete set. 

3.5.4.7 Further Sampl lng 

Use Table 3-3 and CVK to datenmlne the Total number of samples <NK> 
required from a given zone to esTimate with 95 percent confidence an emis­
sion rate within 20 percent of the mean. If NK > nK, then NK-nK additional 
samples must be collected from zone K. Locate these additional samples 
using a random numbers table •. Do not dupl lcate previously sampled loca­
tions. 

If NK >> nK, It may be most effective to rezone using the prel lmlnary 
measured emission rates as a guide. If new zones are established, then 
these new zones will need to be grldded accordingly <Section 3.5.4.2). 

3.5.4.8 Final Estimates 

Col feet any additional samples and secalculate the emission estimates 
for the sample mean CEK) and variance CSK) ior each zone (Sec!lon 3.~.4.6). 
Then compute the overall area source mean CE> and variance CS) tor the 
total site area using Equations 3-13 and 3-14, respecTively. ·Determine the 
95 percent confidence Interval for each zone CCIK) and for the site area 
CCI) using Equations 3-15 and 3-16. 
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TABLE 3-3 
TOTAL SAMPLE SIZE RE~ IRED BASED ON THE PREL JM I NARY 

SAMPLE COEFFICIENT OF VARIATION ESTIMATE* 

Coefficient ot 
Variation - CV <%>** 

0 - 19.1 
19.2- 21.6 
21.7- 24.0 
24.1 - 26.0 
26.1 - 28.0 
28.1 - 29.7 
29.8 - 31 .5 
31.6 - 33.1 
33.2 - 34.6 
34.7- 36.2 
36.3- 37.6 
37.7 - 38.9 
39.0 - 40.2 
40.3- 41.5 
41.6- 42.8 
42.9 - 43.9 
44.0 - 45.1 
45.2 - 46.2 
46.3 - 47.3 
47.4 - 48.4 
48.5 - 49.~ 
49.6 - 50.7 
50.8- 51.6 
51.7- 52.3 
52.4 - 53.4 

Number ot Samples 
Required CNK) per Zone K 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Z7 
28 
29 
30 

*Value given Is the sample size required to estimate the average emission 
rate with 95 percent confidence that the estimate will be within 20 per­
cent ot the true mean. 

**For CVs greater than 53.4. the sample size re~ulred Is greater or equal to 
cv2;t oo. 
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3.6 Cal lbratlon 

3.6.1 Equipment 

3.6.1. t Flow Meters 

The flow meTer should be cal lbrated againsT an NBS-traceable bubble 
meTer before sampl lng. The flow meTer should have a working range of 2-10 
L/mln. 

3.6.1.2 Thermocouple 

Fine wire K-type Insulated thermocouples are recommended for tempera­
ture measuremenTs. Prior to field use, the thermocouple ·and readout should 
be cal lbrated againsT a mercury-In-glass thermometer meeTing ASTM E-1 No. 
63C or 63F specifications. The thermocouple should have an accuracy within 
±t•c. 

3.6.1.3 Cal lbratlon Gases 

For checking the concentrations of the cal lbratfon gases, use cal lbra­
tlon gases thaT are documented traceable to NaTional Bureau of Standard 
Reference Materials. Use Traceabll lty Protocol for Establ lshlng True Con­
cenTrations of Gases Used for Calibrations and Audits of Continuous Source 
Emission Monitors CProtocol Number 1) that Is available from the Environ­
mental Monitoring and Support Laboratory, Qual lty Assurance Branch, Mall 
Drop 77, Environmental ProTection Agency, Research Triangle Park, North 
Carol Ina 27711. ObTain a cerTification from the gas manufacturer that the 
protocol was followed. 

3.6.1.4 F I ux Chamber System 

Several tests should be performed to characTerize a new flux chamber 
prior to use •. These tesTs should be repeated If a chamber Is exposed to 
severe conditions such as corrosive gases, extremely high levels of organic 
vapors, or organic I lqulds. 

Blanks 

Check the flux·chamber for background by placing the chamber over e 
clean Teflon• surface and running a tesT using ulTra high purity sweep elr 
and rouTine operating conditions. Sample collecTion and analysis should be 
as previously described <SecTions 3.5.2 and 3.5.3). 

Recovery Efficiency 

Check the flux chamber sample recovery efficiency by placing the chem­
ber over a flat Teflon• surface containing an Inlet port at the center for 
IntroducTion of a cal lbratlon gas<es). The cal lbratlon gas should be that 
used for the on-site analyzer at a concentration of at leasT 1,000 ppmv 
(high-level gas). The cal lbratlon gas should be Introduced Into the chamber 
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aT a flow rate of no greater than 0.5 L/mln. Add ultra high purity sweep 
air concurrently through the enclosure sweep air Inlet (5 L/mln) and deTer-­
mine the concentration exiting the enclosure under routine operaTing condi­
tions. Compare the measured concentraTion to the true concenTraTion (cor­
recTed tor diluTion), and calculaTe a percenT recovery using Equation 3-1. 
Results tor a varieTy of volaTile organic compounds are presenTed In Table 
3-1. Results should be within 10 percenT of the true concenTraTion. The 
1 lmlted daTa characterizing the recovery efficiency for halogenaTed com­
pounds Indicate an acceptance level that may be larger than 10 percenT. 

CorrecTive Action 

If the background levels of the flux chamber are greaTer Than 10 per­
cent ot the measured concentrations or 10 ppmv, whichever. Js smaller, then 
rerun the blank sample. If high levels persisT, then disassemble the flux 
chamber, clean all Internet parTs with water and replace those suspecTed to 
be contaminated, and reassemble for another blank run. RepeaT above until 
satisfactory levels are reached. 

It the recovery efficiency Is below 90 percent for non-halogenated 
compounds, then rerun the recovery tesT. If low recoveries persisT, check 
for poor seal lng and/or Inlet gas shortcuttlng directly from the Input I Ina 
to the exit I lne and/or mfsadjusted flow rate settings. 

3.6.2 Analyzers 

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

3.6.2.1 Real Time 

Real-time analyzers are used more fer relaTive, conTinuous measuremenTs 
Than fer absolute measuremenTs. It these analyzers are InTended for abso­
lute measurements, then they should be cal lbrated according To Section 
3.6.2.2. Real-time analyzers m8Y be used when data qual lty requiremenTs are 
less stringent (SecTion 3.1.2). As such, these analyzers require less 
stringent qual lty control practices. 

Each day prior To sampl lng, a thr~polnt cat lbraTion should be per­
formed on each analyzer <Section 3.4.3.1.2). Consider The cal lbratlon 
acceptable If responses are within ±20 percent of the expected response. If 
the responses are not acceptable, then recal lbrate the Instrument. 

3.6.2.2 Discrete Analyzer 

Discrete analyzers are those that are the most ret led upon for abso­
luTe, quantitaTive data of the analyzers used on site. As such, these 
analyzers require mere stringent qual lty control practices <Section 3.1.2). 
The cal lbratlon procedure suggested here Is for I !near detectors Cl.e., FlO, 
PIO). Compensations for non-1 lnear detectors used fer analysis of sulfo­
nated compounds (flame photometric detectors) must be made. 
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Prior to each field Investigation, a multipoint cal lbratlon Including 
zero and at least three upscale concentrations (Subsection 3.4.3.2.2) should 
be perrormed to establIsh the I lnearlty or the analyzer. The results may be 
used to prepare a cal lbratlon curve for each compound. Alternatively, If 
the ratio of GC response to amount Injected (response factor) Is a constant 
over the multipoint range (<10 percent coefficient of variation, standara 
deviation/mean), I lnearlty through the origin can be assumed, and .the aver­
age response factor can be used In place of a calibration curve. 

Each day prior to sampl lng and after every fifth sample, the working 
calibration curve Cor response factor) must be verified by the measurement 
of one or more cal lbratlon standards. If the response for any standard 
varies from the predfcted response by 20 percent, the test must be repeated 
using a fresh cal fbratfon standard. If the analyzer response Js still 
unacceptable, a new calibration curve (or response factor) must be prepared 
tor that compound. A new cal lbratlon curve (or response factor) should be 
calculated after each verification of cal lbratlon using the acceptable 
results of the one or more cal lbratlon standards Injected. 

3.7 Qual lty Control 

3.7.1 Sampl lng Equipment 

3.7.1.1 Syringes 

Prior to use for sample col lectlon, alI syringes should be challenged 
with one or more ot the cal lbratlon standards. An acceptable response Is 
within ±10 percent of·the predicted response. If the response fs unaccept­
able, then repeat the test. Alternatively, check for leakage around the 
·plunger or lock valve by pressurizing the syringe and submerging It under 
water. Syringes should be checked after every 25 to 30 uses or whenever 
leakage Is suspected. If Teflon• tip plungers are used, then suspect memory 
effects after exposure to high levels of organics. In Instances when memory 
effects are i!!pp.arenT, the Tef I on• tips should be rep I aced. 

3.7.1.2 Gas Canisters 

Gas canisters should b& cleaned and evacuated before each use. The 
pressure shouJ.d be recorded after each evacuation. Prfor to sample collec­
tion, check the pressure and compare It to that recorded af-t-er cleaning. 
Acceptable differences are <10 percent of The post evacue-t-ron pressure. 
Canisters having unacceptable pressure differences should not be used for 
sample col lectlon. 

To Identify gas canisters and record pressure values, each gas canister 
should have a chain-of-custody form <Figure 3-5). Copies of this form 
should be retained for the sampler, laboratory, and sample control. 
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FIGURE 3-5 
OiA I N-QF-OJSTOOY FORM FOR GAS CANISTER SAMPLES 
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TIME: 
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- - - - - - - - - • - TO BE o::Jifll.ETED BY LM CPART Of£) - - - - - -.- - • - -

OPERATION DATE INITIIU CXM4EHTS 
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"· Canister snipped 

'· Canister realved 

6. ~nalysls caaplated 
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- - - - - - - - - - - - TO EE c:::cJall.ETED BY LAS CPifrr ~J - - - - - - - - - -

PARAJ!ETER 

Initial Pressure 

Final Pressure 

Add UI-P Air 

DIIU'tlon FaC'tcr 

..E..llt!L D II utI on F ec:tcr 

DILUTION 1 DILUTION 2 DILUTION 3 DILI1TION .& 
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3.1.2 Sampl lng 

These tesTs should be performed aT the specified frequency during use 
of the flux ch~ber. 

3.7.2.1 Sample Blanks 

Sample blanks should be performed once dally or afTer extremely high­
level samples. The flux chember should be cleaned and blanks. rerun until 
exft concenTraTions are <10 ppmv or <10 percent of expected concentrations. 
whichever Is smeller. 

3.1.2.2 Dupl fcate Samples 

A mfnfmum of 10 percent of the sampf lng points should be sampled In 
dupl JcaTe. Take the two samples over as brief a time span as feasible to 
minimize any temporal variations In the emitting source. 

3.1.2.3 Control Point Samples 

One sampl lng location (grid point or unit) In each zone should be 
resampfed after every ten lndlvldual measurements Cor a mfnfmum of once per 
dey) when an area source Is being InvesTigated. Preferably, this control 
poinT should be measured at differenT times during the diurnal cycle (maxi­
mum difference In ambient temperaTures). These values provide a measure of 
temporal varlabfl lty of the emission raTe from the area source. 

3.1.3 Analytical 

3.1.3.1 Real-Time Analyzers 

Reel-time measuremenTs are typically made with porTable total hydrocar­
bon analyzers. Real-time analyses are useful for relative measurements 
(I.e., to determine if steady-state operation of the flux chamber has been 
attained or to determine the zoning boundaries). Each day following cal i­
bretion, the analyzer should be challenged with the QC gas CSectlon 
3.4.3.1.3). Analyzer performance should be considered acceptable If the 
measured concentration Is within 20 percent of the cerTified ooncentratfo~. 
If this criterion Is not met, the QC analysis should be repeated. If the 
criterion Is still not met, then dally cal lbratlon should be repeated. 

At the conclusion of each day, the QC gas should be reintroduced to the 
analyzer. The difference between pretesting and posttestlng responses pro­
vides a measure of upscale drift. Drifts >30 percent should be flagged end 
not rei led upon. If These date ere necessary, then resample the grid points 
sampled on that day. 

3.1.3.2 Discrete Analyzers 

Each day after cal lbratlon, 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
fied concentration. If this criterion Is not met, repeat the QC gas analy-­
sis. If the criterion still cannot be met, then repeat the dally cal lbra­
tlon <Section 3.6.2.2). 

At the conclusion of each day's testing, the QC gas and zero grade gas 
should be reintroduced to the analyzer. The differences between pretesting 
and posttestlng 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 Samples 

Qual lty control for the analysis of Integrated samples should Include a 
minimum of 10 percent analytical blanks and 10 percent dupl lcate analysis. 
It Is recommended that dupl lcate samples each be analyzed In dupl lcate to 
provide Information on analytical as wei I as sampl lng variation. A con­
venient technique Is the use of a nested sampl lng scheme as shown In Figure 
3-6. 

3.8 CALOJLATIONS 

3.8.1 Definitions 

A= surface area enclosed by the flux chamber (0.130 m2) 

a = number of carbon atans per canpound mol ecu I e 

Cl =confidence lntervel for the area source emission rate mean 
C±ug/mln•m2) 

CIK =confidence Interval for the zone K emission rate mean <±ug/mln·m2> 

CrM = measured concentration of species l Cppmv) corrected tor dilution 

CrT = theoretical concentration of species I Cppmv) 

CKI = measured concentration for point In zone K, total NMHC Cppmv-c> 

CVK =coefficient of variance for zone K CS> 

E = mean emission rate for the area source Cug/mln•m2) 

EK = zone K emission rate mean Cug/mln•m2) 

EKI = measured emission rate for point 

EcKI = measured emission rate for point 
for temperature variations 

In zone K Cug/mln·m2) 

In zone K Cug/mln•m2) corrected 

MW =molecular weight of compound Cg/mole) 
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N = total number of grid points sampled In the area source Cal I zones) 

NK =tina& number of grid points (units) sampled In zen~ K 

nK = Initial number of grid points Cunlts) sampled In zone K 

P = atmospheric pressure <atm) 

Q = sweep air flow rate CL/mln) 

R =gas constant (0.08205 L·etm/moi•K) 

S = standard error of the cveral I area source emission rate mean 
Cug/mln·m2) 

s~ = zone K emission rate variance 

T = temperature of laboratory where analyzer Is located CK) 

TEMP= temperature of the flux chamber air (°C) 

to.o2s =the 97.5th percentage point of a student's t-dlstrlbutlon <Table 
3-4) 

V =volume enclosed by the flux chamber C30l) 

WK = the fraction of the site represented by the zone K (zone area 
cm2)/slte area cm2)) 

YKI = measured concentration tor point I In zone K, total NMHC Cug/l) 

a= parameter defining the level of confidence 100Ct-2a) percent 

y = total number of zones In the total area source 

P =confidence Interval CS> 

T = measure of residence time V/Q Cmln) 

3.8.2 Percent Recovery 

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

Percent Recovery = cc 1M;c 1r> x tOO (3-1) 

where: C1M = the measured concentration of species I Cppmv) corrected for 
dilution as follows: 

c1M = <t/DF> x c (3-1 a> 
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TABLE 3-4 
TABULATED VALUES OF S1l.JDENT 1S "t" 

Degrees of TabulaTed Degrees of TabulaTed 
Freedan* "t" Value** Freedan* "t" Value** 

1 12.706 21 2.080 
2 4.303 22 2.074 
3 3.182 23 2.069 
4 2.n6 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 CD 1.960 
15 2.131 

16 2.120 
17 2.110 
18 2.101 
19 2.093 
20 2.086 

*Degrees of .freedom Cdf) are equal to the number of samples collected less 
one. 

**TabulaTed "t" values are for a two-tailed confidence Interval and a 
probabll lty of 0.05 {the same values are appl lcable To a one-tailed 
confidence InTerval and a probability of 0.025). 
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where C ls the sample concentration Cppmv) and 
OF Is the dilution factor calculated as follows: 

where s, rs the flow rate of the trace gas and 
S2 Is the sweep air flow rate 

(3-lb) 

CrT= the true concentration of species f, gas cyl fnder value Cppmv) 

3.8.3 Calculation of the Dilution Factor Involved fn Gas Canister 
Analysis 

Analyzing the gas canisters requires pressurizing the canister with 
nitrogen. This lntrloduces a dilution which must be accounted for as 
follows: 

(3-2) 

where: Pt = the measured pressure after cleaning and canister evacuation 
prior to sampl lng Cpslg) 

Pz = the measured pressure after sample col lectlon Cpsfg) 
P3 =the measured pressure after pressurizing with nitrogen Cpslg) 

The temperature Is not required If aJ I pressure measurements used In this 
equaTion are performed In the same laboratory CJ.e., same temperature) after 
tne canisters have thermal Jy equlf fbrated. 

3.8.4 Area Source EmJsslon Rate Equations 

The number of units or grids CnK) to be sampled per zone CK) Is depen­
denT upon the zone area as follows: 

nK ~ 6 + 0.15 \/area of zone K cm2) (3-3) 

Flux chember measurements taken at each of the nK sampl lng units are 
~sured In terms of ppmv-c. To calculate an emission rate representing the 
sampled unit, the measured concentration CCKi) must first be converted frcm 
ppmv-c to ug/l as follows: 

(3-4) 

where P Is pressure Catm), R Is Rydberg's gas constant CL·atm/mole•K), T Is 
the flux chember air temperature CK) <Section 3.5.4.5), MW Is the species• 
molecular weight Cg/mole), a Is the number of moles of carbon per mole, CKr 
Is The measured concen-tration of sampled unit I In zone K Cppmv-c>, and YKJ 
ls The measured concentration of sampled unit I In zone K Cug/l). 

The emission rate for point I In zone K CEKJ> Is then calculated using 
the converted gas concentration Cug/L> as fol I ows: 
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(3-5) 

where Q Is the tlux chamber sweep air flow rate (L/mln), A Is the enclosed 
surface area measured cm2), and EKI Is the emission rate measured tor point 
I In zone K Cug/m2•mln>. 

Prior to calculating a mean emission rate tor the zone measured, the 
emission rates measured for the Individual sampl lng points need to be cor­
rected for fluctuations In chamber air the temperaTure (I.e., atmosphere 
temperature). 

The approach used to develop the correction procedure Involved devel­
oping an empirical equation to predict emission rates as a function of 
chamber air temperature.C4) The resulting emission rate equation was then 
used to define the correction factor <Cl, as follows: 

where: EFs 

(3-6) 

= emission factor calculated at the nominal chamber air tempera­
ture <Section 3.5.4.5) 

EFa = emission factor calculated at the measured chamber air tem­
perature 

Both EFs and EFa are predicted using the proper chamber air tempera­
tures and the following equation: 

EFcs or a) • exp [O.Ot3CTEMPcs or a>>J (~7) 

where TEMP Is measured In °C. 

The measured emission rate CEFK1> Is then corrected to the nominal 
emission rate CEFcKI> accordingly: 

(3~) 

The above procedure has a significance level Cl.e., probabll lty that 
the correlation between chamber air temperature and emission rate measured 
Is due to chance) of 0.4 percent. The standard error of the coefficient In 
Equation 3-7 Is ±0.003. 

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

- nK 
EK • _l t EcKI 

nK 1•1 
(~9) 

where EcKI Is the temperature corrected emission rates <Equation 3~) and nK 
Is the number of points sampled In zone K <Section 3.5.4.7). 

For each zone CK) sampled, the zone variance CS~) and coefficient of 
variance CCVK) must be determined as follows: 
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nK 
s2 = -L r 

K. n -1 
K 1=1 

<3-101 

(3-11) 

where "K• EcKI• and EK are defined In EquaTions 3-3, 3-8, and 3-9, respec­
tively. The sTandard deviaTion CSK) should be calculated tor nK-1 degrees 
of freedom tor populaTions CnK) less than or equal to 30. Larger sample 
sizes require nK degrees of freedom. 

Prior TO calculaTing the overal I emission raTe thaT represenTs al 1 the 
zones measured, the daTa musT be TesTed for level of confidence. ThaT Is, 
for The given coefficienT of variance CCVK) of zone K, The zone sample size 
CnK) must be equal to or greater Than the sample size required CNK), listed 
In Table 3-3, to esTimaTe the overal I emission rate wiTh 95 percenT confi­
dence thaT the estimaTe wit I be within 20 percent of the true mean. 

Table 3-3 I lsTs sample sizes required tor 95 percenT confidence and a 
20 percenT confidence Interval. The toTal number of samples CNK) to be 
collected for differenT levels of confidences are calculaTed accordingly: 

t2cv2 
N > a K 
K- 2 p 

(3-12) 

where a sTudy requires 100C1-2a) percenT confidence thaT The emission raTe 
esTimates wll I be wiThin p percenT of The True mean. The parameter Ta Is 
the (1-a) percentage poinT of a sTudenT's T-dlstrlbuTion wiTh NK degrees of 
freedom. A table of T-values can be found In any book on sTandard sTaTis­
tical techniques. Recommended values for Ta are I lsTed In Table 3-4. 

Use Table 3-3 and CVK to deTermine The toTal number of samples CNK) 
required from a given zone. If NK > nK, then NK-nK addiTional samples must 
be collecTed from zone K. 

CollecT any ad~ITional samples an~ recalculaTe The emission esTimaTes 
for the zone mean CEK) and variance CSK) using EquaTions 3-9 and 3-10, 
respecTively. If NK-nK addiTional samples were collecTed, then use NK 
samples lnsTead_of nK In The recalculaTions. The overal I area source mean 
emission raTe <E> Is Then calculaTed as follows: 

y 

E = 1: WK•EK 
K=1 

(3-13) 

where EK Is defined by EquaTion 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, calculaTe the variance of the overal I area source mean ($2) 
and The confidence InTervals tor each zone K <CIK) and area source <CI) 
emission ra~e mean as tol lows: 

y 

r w~-s~/~ 
K=1 

(3-14) 

(3-15) 

(3-16) 
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SECTION 4 

CASE STUDY 

To supplement the protocol pr·esented In Section 3, a case study wll 1 be 
reviewed. This sTudy will Illustrate an actual appl lcatlon of the protocol. 
Calculations and pertinent decisions wll I be presented. 

The site, referred to as the Bonifay Spill Site, was the scene of an 
accidental spfl I of 5500 gal Ions of J?-4 aviation fuel. The spll I site 
occurred near the Intersection of two roads. The majority of the contami­
nated soli was excavated. The residual product extended over two areas, 30 
teet of unvegetated right-of-way along the highway and Into a pine forest 
containing dense ~nderbrush. 

The tree surface of the water table was three feet below the land sur­
face. The thickness of the unconsol ldated sediments that comprised 1he 
water table aquifer at the site ranged from 20 to 50 feet. }he state 

.aquifer underlaid this sediment layer. Contamination of the tree water 
table surface was expected since It was only 3 teet below landsurtace. 
However, the state aquifer was not considered threatened due to the contami­
nants net upward hydraul lc gradient. 

A prel lmlnary survey was performed to define the contaminated area. A 
series of ten borings Indicated that the contaminants had percolated down­
ward to the capfl lary fringe and moved laterally down gradient. A lens of 
product several Inches thick wes 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). 

Results from a prel lmlnary emissions survey performed with a portable 
real-time analyzer Corganlc vapor analyzer) held a few Inches above ground 
were used to divide the area source Into emission zones for grfddlng pur­
poses. The survey Indicated only one zone was present, and the site was 
grldded accordingly. The field data for the survey Is shown In Table 4-1. 
The grid system used Is shown In Figure 4-2. 

Surface emission measurements were made Initially at eight sampl lng 
grid points. The protocol, at that time, called for the minimum number of 
sampl lng points per zone, "K• to be selected according to the following 
equation Cnote, this equation has since been changed to Equation 3-3>. 

nK ~ 6 + 0.1~ zone area cm2) 
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FIGURE 4-1 
SCHEMATIC DIAGRAM OF BONIFAY SPILL SITE, MONITOR WELLS, AND 

EXPLORATORY BORINGS CEROWN AND KIRKNER, INC., 1983) 
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Weather: 
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14 
20 
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23 
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25 
16 
18 
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TABLE 4-1 
FIELD OATA SHEET FOR UNDISTURBED SURFACE SURVEY 

Temperature = 45of. Ll ht g breeze, p~rtly cloud 

Surface 
Temperatura 

40-42 

Air 
Temperatura 

45°F 

Peak 
Cppmv) 

25 
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o. 10 
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0.10 
0.10 

o. 10-0.12 
o. 1 o-o. 12 
o. 10-0.12 
0.10-0.12 
o .1 o-o .12 
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0.10 
0.10 
0.10 
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40-70 
65 

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

Date: 1-12-8~ 
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Measurement on 1/14/84 
Cwlth GC-FID) 



FIGURE 4-2 
SCHEMATIC DIAGRAM OF SAMPLING GRID AT BONIFAY S?lll SITE 
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For the single zone at Bonifay. this reduced to: 

nK ~ 6 + 0.1 "650m2 = 8.5 

The 8 loc8tlons were selected through the use of a random number table, 
Appendix A. Grid point 08 was selected to be the control point (I.e., a 
sampl lng point to be repeated each d8y) since It was bel leved th8t emissions 
would be of the largest m8gnltude 8t th8t location. At each sampling loca­
tion a gas syringe sample was taken for on-site an8lysls. At sever8l sam­
pi lng locations, a gas canister was collected In addition to the syringe 
S8mples tor off-site det8lled analysis. A sample field data sheet Is shown 
In Figure 4-3. The results of the emission rate me8surement are given In 
Table 4-2, and a sample calculation Is given In Table 4-3. 

Total non-methane emission rates were calculated for each grid point 
b8sed on th·e on-site an8lytlcal data. These emission rates are also pre­
sented In Table 4-2. The variation (spatially and tempor81 ly) In measured 
emission rates over the extent of the contaminated area was large (93.8 
percent coefficient of variation>. Repl reate sampl lng at the control pofnt 
allowed an estimate of the emission rate temporal varlabll lty. The temporal 
varlabll lty was also large (96.0 percent). The major contributor to the 
v8rlatlon In measured emission rates from point-to-point can, therefore, be 
attributed to day-to-day <temporal> varlabll lty. The sp8tlal varfabfl lty 
was then estimated to be negf lgfble. Using Table 3-3 to determine the total 
number CNK) of samples to be collected based upon the spatial variability 
shows that at least 17 samples should have been collected. Although addf­
tlon81 samples were required to be collected, sempl lng was termln8ted due to 
rain. It W8S reel fzed that the lack of a complete data set would then 
result In a larger emission rate confidence Interval. 

Using the fol towing equation, the 95 percent confidence Interval CCI) 
for the zone emission rate was estimated. 

cr ~ ER ± t 0 • 025 .Js21Nt< 

where ER Is the mean emission rate of the zone, s2 Is the zone variance, HK 
Is the tot81 number of sites sampled, and t 0•02s Is obtained from Table 3-4. 
The 95 percent confidence lnterv81 for the zone emission r8te Is from 11.3 
ug/mln·m2 to 55.2 ug/mln•m2. 
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FIGURE 4-3 
FlaD DATA SHEET FOR ISOLATION FLUX OiAM3ER SAioA..ING AT GRID POINT OS 

Da~e l-13-84 Samplers ______ s~:_tE ____________________ _ 

Loca~ion Sonifay Spill Si~e. Grid Point 08 

None Concurren~ Ac~ivity -----------------------------------------------------
Surface Descripcicn ______ s_an __ d ____________________________________________ __ 

Purge Air Residence Teml). •: Gas Data Air 
or TimeNum- Sample 

Time 1 Flcwra~e ber (T) Surface Air OVA ppmv .ill!!L ppmv Number 

~658 ~.86 L/min 0 46 48 - 0.15 

b902 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 -
0918 4.86 L/min 5 - - Canister B003 

0933 4.86 L/min 9 4.0 0.16 Gas S~inge 
B002 

Comments OVA background = 4 ppm. Some trouble with syringe needle 
plugging 



.... 
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TmLE4~ 
RESULTS OF GC ANALYSIS OF GAS SYRINGE TAKEN DURING FLUX CHAMBER SAMPliNG 

Grid Sample Totnl NMHC Syringe Sweep Air Atmospheric Average Emission 
Point No. Onte Rate Iempecatuca ~ate 

Cppmv-c) Cug/U Cl/m In) Of •c Cug/m "min) 

4 8004 1/13/84 1 • 0 0.62 2.60 47 8.3 14.4 
6 8017-A 1/14/84 6.8 4.2 2.60 51• 10.6 72.6 
8 BOOt 1112/84 2.0 1.2 5.00 42 5.5 79.6 
8 8002 1/13/84 1 .o 0.62 4.86 48 8.9 24.9 
8 8016 1/14/84 I. 0 0.62 2.60 52 II • 1 10.0 

14 8006 1/13/84 I .o 0.62 2,60 45 7.2 16.6 
15 8013 1/13/84 1 • 0 0.62 2.60 51 10.6 10.7 
19 8009 '1/13/84 1.0 0.62 2.60 51 10.6 I o. 7 
23 BOt I 1/13/84 1.0 0.62 2.60 50 10.0 It .5 
25 8008 1/13/84 8.8 5.4 2.60 53 It. 7 81.4 

Varlnblllty 
Spatial and Temporala 
Mean 33.24 
Standard Deviation 31 .17 
CVC~) 93.8 

Temp~ral a (Control Point 8) 
Mean 38.2 
Standard Deviation 36.6 
CV(~) 96.0 

•surface temperature used rather than the chamber air temperature due to a large temperature 
differential not present In the other measurements. This Is suggestive of an error In chamber air 
temperature measurement. I 
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TABLE 4-3 
SAMPLE CALCULATIONS OF THE EMISSION RATE FOR GRID POINT 08 ON 1/13/84 

ConcenTraTion Conversion: 

Y1 • CP/CR•T))(f.flt/a)(Ct> 

where: P • I atm 
R • 0.08205 L•atm/mole•K 
T • 282.6K (average area siTe air temperaTure) 

MW = 86.18 g/mole (referenced to hexane) 
a • 6 moles of carbon/mole of hexane 

C1 a 1.0 ppmv-c 

1 atm 86.18 g/mole 
y I = -------:------- X X 

<0.08205 L·atm/mcie•KlC282.6K) 6 mole C/mole 

Y1 = 0.6194 ug/L 

Emission Rate <uncorrected) 

E I = C Q• Y r >I A 

where: Q = 4.86 L/mln 
Yr • 0.6194 ug/L 

A • 0.130 m2 

4.86 l/mln•0.6194 ug/L 

0.130 m2 Er = 

Er = 23.15 ug/mln·m2 

Emission Rate Correction FacTor 

EF5 = exp(0.13CTEMP5 l] 

where: TEMP5 = 9.45°C Cnomlnal chamber air temperature •c) 

<EquaTion 3-4) 

1 .0 ppmv-c 

(Equation 3-5) 

CEquaT I on 3-7 > 

EFs = emission factor at nominal chamber air temperature 

EF5 = exp (0.13•9.45) 
EF5 = 3.416 

(Continued) 



EF8 = exp[0.13CTEMPa>J 

TABLE 4-3 
<Coni' I nued ) 

where: TEMP8 = 8.9°C (measured chamber air temperature °C) 
EF8 = emission factor at the measured chamber air temperature. 

EF8 = exp(0.13·8.9) 
EF8 = 3.180 

C = EF5 /EF8 c = 3.416/3.180 
c = 1.074 

Emission Rate (corrected for temperature variation) 

Ecf = C·E 1 
Eel= 1.074•23.15 ug/mln·m2 

= 24.86 
= 24.9 ug/mln•m2 
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SECTION 5 

ADDITION.at INFORMATION 

For further Information on vapor/liquid equll lbrla CVLEl for organic 
systems. the following reference Is suggested. The Intent of this blbl log­
raphy was to provide a ready I !sting of the references tor data on VLE. 

Nelson. T.P •• N.P. Meserole, Annotated Blbl logrephy of Published 
Material on Vapor/Liquid Equll lbrla. E?A. July 1983. 

For further Information on the sel.ectlon of the flux chamber enclosure 
method tor direct measurement of gas emission rates from contaminated sells 
and/or groundwater. the following reference Is suggested. 

Radian Corporation. Soli Gas Sampl lng Techniques of Chemicals for 
Exposure Assessment. Interim Report. EPA Contract No. 68-02-3513. Work 
Assignment 32. August 1983. · 

For further Information on the actual field appl !cations of this tech­
nique. the tel :owing references are suggested: 

Radian Corporation. Soli Gas Sampl lng Techniques of Chemicals for 
Exposure Assessment: Tustin Spill Site Date Volume. EPA Contract No. 
68-02-3513. Work Assignment 32. July 27. 1984. 

Radian Corporation. Soli Gas Sampl lng Techniques of Chemicals for 
Exposure Assessment. Bonifay Spll I Site Data Volume. EPA Contract No. 
6S-Q2-35t3. Work Assignment 32. 1984. 

For further Information on the vel ldatlcn of the flux chamber technique 
for emission rate measurements on soli surfaces. the following reference Is 
suggested: 

Klenbusch. M.R., D. Ranum. Val ldatlcn of Flux Chamber Emission 
Measurements on Soli Surfaces. EPA Contract No. 68-Q2-3889. Work 
Assignment 18, December 1985. 

For Information concerning the emission process Including diffusion end 
adsorption, the following reference Is suggested: 
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Manos, C.G., Jr., Effects of Clay Mineral Orga.nlc MaTter Complexes on 
VOC AdsorpTion, DrafT ReporT. EPA ConTracT No. 68-02-3889, Work 
AssignmenT 18, OcTober 3, 1985. 

Radian CorporaTion. Soil Gas Sampl lng Techniques of Chemicals for· 
Exposure AssessmenT; LaboraTory Study of Emission Rates from Sofl 
Columns, DrafT FtnaJ ReporT. EPA ContracT No. 68-02-3513, Work 
Assignment 32, October 1984. 
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APPENDIX A 

saECT I ON OF A RANDOM SAMPLE 

An II lustratlon of the method of use of tables of random numbers 
follows. Suppose the popul~tlon consisTs of 87 Items, and we wish to select 
e random sample of 10. Assign to each lndfvldu~l a separate two-digit 
number between 00 and acs. In e teb I e of randan numbers, p lck an arb ltrery 
starting place and decide upon the direction of reading the numbers. Any 
direcTion may be used, provided the rule Is fixed In ~dvence end Is Indepen­
dent of the numbers occurring. Reed two-digit numbers from the table, and 
select tor the sample those lndlvldu~ls whose numbers occur untfl 10 Indi­
viduals h~ve been selected. For e~mple, In Table A-1, s~iT wfth the 
second page of the table, column 20, I Ina 6, and reed down. The 10 Items 
picked tor the sample would thus be numbers 38, 44, 13, 73, 39, 41, 35, 07, 
14, and 47. 

The method described Is appl lc~ble tor obtaining simple random samples 
from any sampled popul~tlon consisting of~ finite set of lndlvldu~ls. In 
the case of an Infinite sampled population tor the target population of 
welghlngs as comprising ell welghlngs which might conceptually have been 
mede during the time while weighing was done. We cannot, by mechanical 
randomization, dr8W a random sample from this population, and so must recog­
nize that we have a random sample only bx cssumgtlon. This assumption will 
be warranted It previous da~ Indicate that the weighing procedure Is In a 
sTate of statistical control; unwarranted If the contrary Is Indicated; end 
e leap In the dark If no previous date are available. 
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TABLE A-1 
SHORT TABLE OF RANDOM NUMBERS 

"' 91; 85 ~ :-:- 92 8& zs •s 21 89 91 11 42 64 64 sa z: 73 81 ':'.& 91 .&8 4& 18 
-'4 19 1.5 3Z 63 .55 87 rr 33 Z9 4.5 oo 31 34 84 05 ':"! 90 .w 21 78 ~ 01 62 17 
34 39 80 62 :Z4 33 81 Iii 2! 11 34 ':'9 25 35 34 z: 09 94 00 80 55 31 63 91 
74 97 80 30 liS 01 11 30 01 S4 47 45 89 70 74 13 04 90 51 21 61 34 63 !':' 44 
22 14 61 60 86 38 33 11 13 33 'i2 08 16 13 50 56 48 51 29 48 30 93 45 66 :Z9 

40 03 96 40 03 .&1 24 60 09 21 21 18 00 0.5 86 52 85 40 13 13 57 58 35 33 91 
52 33 76 .W .56 15 47 1S 71 73 78 19 87 06 98 47 48 02 62 03 42 05 32 55 02 
~ 9 ~ ~ H n u u ~ ~ ~ n ~ n ~ M u ~ n n ~ n u ~ oo 
11 02 55 57 41 14 74 31 Z2 67 19 20 lS 92 S3 37 13 7S .;.& 89 56 13 Z3 39 01 
10 33 n :zs 34 .5' 11 33 89 74 61 41 Z3 11 49 18 n os sz 85 10 o5 13 u 11 

67 59 28 25 41 89 11 65 65 20 42 23 95 41 64 21) 30 89 87 64 37 93 36 96 35 
~ ~ n ~ " u M u ~ ~ ~ n 23 ~ ~ ~ ~ ~ n " u ~ ~ n " 
24 43 23 r. 80 64 u 21 23 46 15 36 10 63 21 59 69 76 02 62 31 62 47 60 34 
39 91 63 18 31 21 10 11 81 14 42 32 oo 97 92 oo 04 94 ~ os 75 az 10 ao 35 
74 62 19 67 54 11 2! 92 33 69 98 96 74 35 12 11 61 2S 08 95 31 19 11 ':'9 54 

91 03 3.5 60 81 15 61 97 2.5 14 78 21 ~ OS 25 47 :ZS 37 80 39 19 OS 41 02 00 
42 57 66 i6 i2 91 . 03 63 48 46 44 01 33 53 62 2! 80 59 55 05 02 16 13 11 3-6 
06 36 63 OS 15 03 iZ 38 01 58 2.5 37 66 48 56 19 56 n 29 21 75 49 74 39 SO 
92 70 96 70 89 80 87 14 25 49 2.5 94 62 78 25 15 41 39 48 75 64 69 61 06 38 
91 08 88 .)J 52 13 04 82 23 00 25 36 47 44 04 08 84 80 07 .W 76 51 52 H 59 

68 85 97 i.& 47 33 90 05 90 S4 87 48 2.5 01 11 OS 45 11 43 15 60 .40 31 84 59 
.:;9 -~ 13 09 13 80 . 42 29 63 03 24 64 12 43 21 10 01 65 62 OT D U 05 59 U 
19 18 :12 69 33 46 5I 19 34 03 59 2! 97 31 02 65 47 47 10 39 74 11 30 ~ 65 
67 .&3 31 O!f 12 60 1!1 57 63 i! 11 ~ 10 9T 15 70 04 89 81 11 5-' 14 87 83 42 
61 75 37 19 56 liO 1.i 39 03 56 49 92 12 95 Z1 52 87 47 12 52 5-' 52 43 :3 13 

71 10 91 11 00 63 19 63 74 5I 69 03 51 38 60 31 53 51 11 ot 69 03 89 91 24 
93 23 n sa ot 78 o8 03 oT 11 n 32 25 19 st oc .&O 3:1 12 os 11 91 97 aa 95 
37 55 41 82 63 89 92 59 14 12 19 11 Z2 51 ~ ~ 03 64 91 60. 41 01 95 44 14 
62 13 11 11 17 23. 29 25 13 85 33 35 07 69 2S 61 51 92 57 11 14 .. 01 33 61 
:!9 89 97 4 j 03 13 20 86 22 45 59 91 64 53 89 64 94 81 55 87 13 81 58 46 42 

16 !14 85 82 89 07 17 30 29 89 89 80 98 36 25 36 53 02 49 14 34 03 52 09 20 
0·' 93 10 59 75 12 98 84 60 93 61 16 81 60 11 30 46 56 5I 45 88 12 50 46 11 
9:1 71 43 68 97 18 85 17 13 08 00 so i7 50 46 92 45 25 91 21 48 = 23 08 32 
86 05 :19 14 35 48 61 18 35 57 09 62 40 28 87 011 74 79 91 01 21 12 43 32 03 
5!.• 30 60 10 41 31 00 69 63 77' 01 89 94 60 19 02 TO 88 12 33 31 88 20 60 86 

05 45 :15 40 S4 03 98 
71 85 11 i4 65 Z1 .85 
80 20 32 80 98 00 40 
1:1 50 78 02 ~ 39 66 
Iii 92 63 41 45 36 1i 

" 76 21 77 
19 55 56 51 
92 57 51 
82 01 Z! 67 
96 46 21 

&4 80 08 
l6 .&8 92 

52 u 14 55 
51 75 61 

14 39 56 36 

64 60 44 34 54 24 85 21) 85 i1 32 
32 44 40 .&7 10 38 22 52 42 Z9 91 
31 99 13 23 40 oT 54 54 44 " 21 
33 ~ n ~ .~ " u ~ u sa ~ 
10 lS i4 .&3 62 69 u 30 i7 za rr 

72 56 i3 "" 25 04 S"l 81 15 35 79 25 99 57 28 z:: 25 94 80 62 95 48 911 23 86 
za 116 85 64 94 11 sa 78 4.5 36 34 45 91 38 51 10 61 3& 87 11 16 rr 30 t9 3& 
69 .;; 40 110 44 94 60 82 94 93 98 01 48 50 57 69 60 i7 69 60 74 22 05 i1 17 
;1 20 o3 :10 79 zs 74 11 78 34 54 45 04 i1 42 59 75 78 54 99 37 o3 18 oa· 31 
at 98 ~.:; 98 .... 45 12 49 82 11 57 33 28 69 so :;s 15 ot 25 n 39 42 sc 18 10 

sa 7.& 112 111 14 o2 o1 o5 r. "' 55 57 10 39 42 u 56 84 31 st 18 10 n 7.& 60 
.:;o 54 ':':1 11 91 01 81 25 25 45 49 61 ~ 88 41 20 oo 15 59 93 51 so 65 65 63 
49 !13 i'Z 90 10 :!0 65 21 44 63 95 86 TS 78 69 2~ 41 65 86 10 34 10 ~ 00 93 
11 85 01 •:J 6.5 02 85 59 56 88 !14 29 64 !15 48 ts 10 11 rr u 01 34 82 91 04 
=~• tz 4& u sc ;.a :rr 02 57 11 47 93 n o2 95 s:; 75 74 st 69 n 34 31 92 13 
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TABLE A-t 
C CONTINUED) 

OS 57 23 06 26 23 08 66 16 11 75 :!! 81 56 14 62 8% 45 65 80 36 0% 76 55 63 
37 78 16 06 57 12 46 = 90 97 78 67 39 06 63 60 51 0% 07 16 75 12 90 41 16 
~ 11 rs o8 u "' 87 zs ot zo 46 12 o5 ao 19 zr 47 15 76 51 58 S'1 o6 ao ~ 
~2 S'1 98 u S'1 u zs 11 45 o8 19 47 75 3o 26 12 33 " 92 51 95 23 %5 s.; 7& 
05 83 03 84 32 62 83 Z1 48 83 09 19 84 90 20 20 50 87 74 93 51 62 10 23 30 

60 46 18 41 23 74 ~ 51 72 90 40 52 95 41 20 89 48 98 Z1 38 81 33 83 8Z 94 
32 80 64 75 91 98 09 40 64 89 Z! 99 46 35 69 91 so 73 75 92 90 51 8Z 93 2& 
n u ~ n u ~ 62 n " n 11 ~ u n u u A ~ u " u n ~ ~ ~ 
45 13 23 32 01 09 46 36 43 66 37 15 35 04 A 79 83 53 19 13 91 59 11 11 87 
20 60 97 48 %1 41 84 = 72 j7 99 81 83 30 46 1S 90 21 51 13 " 34 " 40 60 

51 91 " 83 43 25 56 33 u 80 99 53 %1 56 19 80 71 3% • 53 95 07 53 Ot 11 98 
81 50 75 93 81 35 68 45 37 83 47 44 92 57 61 59 5& 11 48 39 21 !N 54 .. 40 
61 73 38 31 23 36 10 95 15 01 lO 01 59 71 55 H 2& 81 31 U 00 13 IS 10 a 
55 11 50 2! 11 13 97 o• 20 39 20 22 11 u 43 oo 15 10 12 35 ot 11 oo at 05 
:3 54 33 87 9% 92 04 49 73 96 57 53 57 08 93 09 " 11 83 07 41 39 50 31 85 

41 48 67 79 44 57 40 Z9 10 34 58 63 51 18 07 41 0% 39 79 14 40 61 10" 01 61 
03 97 71 72 43 %1 36 2& 59 84 1!2 87 26 31 11 " %! 58 99 47 u 21 3$ zz 88 
90 2c 83 41 01 41 5& sa 11 14 n 75 48 Iii· 08 90 89 63 87 oo ot 18 a 21 91 
98 98 91 42 %1 11 80 51 . 13 13 03 42 91 lC 51 22 15 48 67 52 ot 40 34 60 85 
74 20 94 21 49 H 51 69 99 85 43 76 55 81 36 11 A 61 32 43 08 14 78 05 34 

94 n 48 87 u 84 oo 85 93 ss 43 99 21 7& 84 13 56 •1 90 91 30 04 19 a 1:1 
sa 18 sc 8% 11 23 6& 33 19 2s ss 11 90 84 2c 91 75 31 t4 83 ac z: TO ac 89 
31 47 za 2c 81 49 zs 69 78 a 23 45 ~ 38 n 55 11 " 91 93 91 a 11 01 20 
45 62 31 06 70 92 73 %1 83 57 15 64 40 57 5C S.. 42 35 40 9S 55 8Z 01 78 17 
31 " 87 12 21 u 01 91 12 " 63 42 06 " az 11 21 31 •s 31 " 01 os u 11 

a 37 22 23 41 10 73 83 fi2 ~ " ss 41 23 e 11 " 20 n 12 11 sa 11 10 41 
93 67 21 Sti !18 4:l 52 53 14 !I 2& 70 25 11 %3 %3 5C 24 03 II 11 01 41 10 23 
17 56 11 37 01 32 20 11 '70 79 20 85 17 89 21 17 17 15 52 47 u 30 3$ 1% 75 
37 07 47 79 60 75 2& 15 31 63 25 93 %1 " 19 53 52 " 91 45 12 12 01 00 32 
12 08 11 01 13 46 39 60 37 58 22 25 20 84 30 0% 03 S% 61 58 31 04 01 U H 

55 22 48 46 12 SO 14 2C 47 67 84 37 3% 84 12 6C 97 13 6J 81 20 0t SO 41 75 
69 ~ H 90 ~ ~ 34 ~ ~ 23 U 6J ~ SO U n 84 3% 2J 91 ~ U TO ~ U 
01 81 Ti 11 21 91 61 11 84 55 ca 75 21 H s1 40 51 53 31 39 77 a 01 25 01 
51 co " 01 80 61 :J.C 2J 46 2J 11 41 41 !N 60 65 01 63 11 01 19 35 05 32 5I 
51 78 oz 85 80 2! 67 27 " 01 61 23 20 21 z: 52 97 u a 13 41 12 10 n 01 

~ 75 18 51 00 33 56 IS S4 34 Z1 50 • 11 55 12 81 51 43 54 14 a J1 1.C 9T 5I 
sa 60 31 cs 52 01 95 93 11 59 35 22 91 78 oc 97 91 ao 20 04 31 9S 13 n 30 
12 13 12 95 32 17 99 32 83 I;~ 40 17 92 57 2% 61 91 79 11 23 53 5I 5I 01 41 
zz 21 13 11 10 52 57 11 ~o -'ll 95 2s s5 31 95 s1 zs 25 11 os 31 o5 a 51 n 
91 94 83 67 90 61 7& 81 17 22 31 01 04 33 C9 38 47 57 61 17 15 39 &a 11 00 

Ot 03 61 53 63 29 "l1 31 &a oS-1 39 34 II 11 OC 35 80 n 52 74 99 11 52 01 IS 
2J 95 61 4% ISS 05 'T'l 21 :5 J 8 09 U 2C 59 41 03 91 55 31 G 11 Tl · 47 31 31 
11 91 71 90 41 &1 3A 36 33 95 0$ 90 21 12 15 23 23 30 TO 51 5I IS 2S N 10 
« 62 20 11 21 57 57 85 00 41 26 10 87 22 &5 12 03 51 15 2S 31 38 H 11 11 
61 91 12 15 08 02 Jll 74 ~E ':'!f 21 S3 63 41 17 15 07 39 87 11 19 25 IZ 19 30 

29 33 17 60 23 09 :!5 09 42 :.!IS 01 15 40 61 51 %! 58 75 N 01 19 5o& 31 11 63 
54 13 39 19 zs " 97 73 11 61 78 o3 zc oz 93 11 . a 71 74 za oa ta u 01 2S 
75 11 11s " " 93 15 sa 01 84 ts 41 57 14 45 .u 10 t3 11 eo 47 ao to 13 oo 
31 41 17 01 79 03 92 83 18 42 95 41 27 37 99 91 11 !N " 12 01 95 42 31 17 
2J 61 Oll 21 91 23 76 7% N 98 215 23 51 54 81 88 95 14 82 57 17 99 11 21 99 
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T.ABLE A-1 
< CONT I NUED ) 

03 46 38 56 34 81 2!l 89 61 52 45 41 01 i'l 55 14 18 05 18 01 74 94 so 66 01 
74 12 14 57 zs 12 41 83 67 04 aa 69 o5 27 z:s 61 84 z:s sz 01 21 67 13 s:z 01 
oa 23 'i3 51 ::s n 93 o5 54 32 84 4& 61 33 gz 13 30 91 13 11 30 44 21 n zo 
99 21 30 24 79 30 18 06 96 20 62 01 47 96 07 04 &2 93 01 56 62 70 43 22 116 
H H 9 ~ 23 22 20 H n 00 U U G U H U ~ ~ U ~ n M ~ U U 

5Z 16 18 23 M 50 90 57 50 54 04 91 09 01 17 14 G 17 80 80 51 10 17 11 57 
21 40 8% 41 45 41 41 89 46 18 55 86 94 3% 57 44 12 64 75 12 Tl 01 13 0 81 
u ~ ~ u ~ n H 30 u u ~ u ~ ~ " ~ 50 n ~ a n u 54 ~ n 
29 65 33 93 92 99 21 01 8S 11 86 42 41 81 59 2& 91 35 07 17 67 31 ~ 89 1% 
11 49 OS 1% 13 5I 01 91 80 17 83 3S 31 14 19 8% 83 56 44 51 3S 40 10 Sl ::: 

a 3s 47 29 1s a 22 27 62 93 1s ~ 43 13 os ~ 75 •o 01 as 44 10 89 14 13 
Ta o9 76 &1 01 •• 31 27 41 u 91 n 21 95 o3 01 u 11 sz n 61 n 11 so zs 
13 11 94 21 39 01 41 5I 56 97 OS iS 82 89 15 61 81 G 11 91 12 44 11 57 43 
&1 12 89 " as sa ,o9 94 39 92 09 oa 75 54 81 82 13 u 94 39 02 19 o7 sa 21 
44 30 30 40 85 91 34 99 87 03 93 03 00 14 18 67 13 97 11 12 59 30 54 51 H 

54 56 85 50 81 32 42 53 ~ 36 98 03 65 10 ~ zs 5Z 64 74 35 28 13 2& 65 23 
65 99 30 88 81 44 91 Z: 50 n 61 95 90 98 80 65 03 45 04 %1 81 iO !I 40 49 
55 sa 01 94 o9 94 02 11 as 10 27 20 s1 27 86 og 15 11 62 41 o3 22 82 10 60 
55 78 G 40 57 16 20 11 13 02 76 09 62 9S 85 61 75 45 99 G 59 55 88 %1 99 
u 78 98 57 23 31 gs 61 os sa 69 01 35 &2 10 35 u 61 sa 01 75 45 83 33 10 

20 14 ss 2s as n 33 37 34 1s so 63 n 74 s& 49 84 12 sa oo 93 sa 11 47 41 
48 04 07 78 13 43 03 62 46 20 01 94 09 %1 69 00 11 51 43 84 21 12 81 03 51 
n 10 14 39 57 a7 7& ~ 7'1 02 01 50 15 ~ 46 ::: n sz rr 43 a sa a 19 oz 
" 91 31 96 42 2:% 57 18 13 44 41 81 95 15 37 91 81 63 33 31 39 50 47 41 94 
89 53 u 10 33 10 4& 41 63 84 20 "' 81 u o5 !2 95 sa 11 23 03 13 94 21 " 

" 45 81 42 40 as 95 11 21 n 65 20 10 90 34 33 61 11 01 31 31 za 11 oo 31 
84 11 ZS 39 49 31 80 IS 53 51 3S 41 22 21 25 21 OS 31 11 90 50 11 40 41 5I 
29 ~ ~ 21 ~ z:s u 12 23 41 u 21 34 " sz n ~ 13 ~ 04 13 d n n n 
sa g:z 40 :n 19 "' 20 85 :n 69 34 17 99 n ss 39 15 n 55 53 65 29 15 51 3% 
94 19 57 99 21 10 11 04 43 18 44 18 75 11 10 53 21 ~ n 30 92 54 21 02 &Z 

8& 34 sa 4& 85 sa 91 23 65 2& n 19 11 11 79 90 83 47 81 :n 41 n 97 10 11 
63 z: 34 35 10 02 o5 03 47 93 45 ~ 25 21 90 :n 91 41 45 91 33 11 91 n 19 
42 53 20 46 19 11 11 93 21 93 14 91 74 9% 31 97 68 2& 20 35 19 54 75 31 14 
37 90 1s 51 sa "' zs sa 21 a 55 55 13 10 :z: " 19 23 ao 03 51 11 oo 11 31 
20 12 97 40 %5 45 94 35 1a 65 10 99 31 24 4% 14 53 n 41 19 3S 51 'TJ 19 11 

2' u 65 19 '92 46 11 u " 37 33 23 ,. 23 'i3 93 99 53 1• 49 40 01 a 11 14 
91 21 62 11 29 13 5Z OS 2S 35 30 SZ 74 61 20 57 4S 81 31 5o& 75 29 && 41 43 
02 u u ~ 19 12 7'1 n 33 n ~ :n ~ 39 04 04 u 65 n 20 n n d a " 
91 20 87 54 ot 93 31 53 o1 31 n oo ::: 95 s5 19 69 21 90 49 z' 61 n 19 d 
11 86 31 34 32 29 40 23 61 71 14 91 93 75 02 10 13 86 %1 32 5! 31 40 OS 61 

75 50 70 15 34 21 99 81 09 37 21 40 61 01 'i3 13 44 OS 10 43 91 11 '73 13 91 
n ~ 7'1 sa u sz n u n ~ a sa n 9 ~ u ~ 35 n 61 ~ a u n u 
20 93 99 75 sa 93 oo 39 11 15 51 39 49 n 13 sa u 80 01 n 11 1s 95 94 · 53 
91 02 55 u 16 57 93 " 7S 45 21 " 51 58 96 12 52 42 10 'TJ 57 44 ,., 35 .. 
58 49 25 97 78 12 90 94 15 ~ 36 40 97 41 11 S3 3S 55 41 38 49 91 8% 10 H 

91 51 20 13 n 75 8S 22 52 68 35 11 02 47 99 sa 80 21 34 10 09 zz 84 5! 33 
os 32 54 11 31 87 20 n 78 80 98 42 41 42 47 .u 11 11 41 19 41 41 zs M 59 
40 96 49 91 19 57 18 61 SO 48 OS 01 6i 43 07 01 04 01 ZZ 03 11 11 T5 95 02 
sa 43 93 93 53 01 61 75 7& 90 2s 97 01 T& 69 35 65 z' u as oo 49 31 os 41 
11 98 IS 43 60 47 8S 65 '73 62 61 15 91 17 20 43 H 21 17 53 57 31 92 II 41 



TABLE A-1 
(CONTINUED) 

24 81 01 14 98 24 93 58 63 " 58 25 24 45 65 91 42 68 61 42 li1 74 r. 93 45 
75 55 54 :!9 61 02 81 01 61 :.4 08 81 34 00 79 62 38 5% u &8 38 6i 59 41 97 
49 11 80 54 37 13 34 11 ,.. 14 91 86 82 41 02 76 12 36 71 38 43 12 84 36 ::~ 
04 19 41 35 54 91 00 41 47 44 63 13 27 50 18 75 15 12 40 90 02 45 87 82 15 
66 15 52 42 %2 91 = 96 38 41 03 Z1 15 61 25 35 81 75 11 82 94 33 62 01 94 

10 80 17 61 83 05 31 23 08 01 40 00 60 44 65 70 16 31 73 05 46 41 47 64 61 
40 42 Z1 55 76 82 81 42 76 51 58 49 58 75 38 23 57 01 64 69 46 90 09 55 61 
95 57 21 21 Z5 12 05 41 70 28 03 59 97 37 64 41 69 41 59 60 89 75 35 13 05 
57 ::7 64 94 98 81 93 70 86 59 " 84 01 32 31 75 61 19 49 11 21 46 76 19 21 
80 56 69 " 63 13 1! 78 76 36 89 51 16 47 35 86 69 96 69 81 91 %2 47 ~ 14 

44 51 75 51 01 17 43 53 31 09 60 34 34 61 93 61 01 94 37 13 24 09 75 2S 21 
55 42 48 · 76 50 13 89 69 00 OS 99 45 82 01 53 81 58 81 36 50 75 20 17 94 4'7 
80 50 61 83 01 97 76 21 64 34 62 43 02 84 31 13 60 25 3% 31 81 43 17 5I 41 
03 64 65 44 0% 75 41 33 91 28 82 97 57 31 49 %7 25 97 34 "' 21 12 00 61 24 
14 53 75 37 91 43 95 15 13 26 33 27 45 48 33 80 80 26 59 75 04 87 83 5I 3% 

01 s.. .c3 35 30 11 2c 75 sz ~ o1 81 13 35 4& aa 62 sa s. 69 81 2s 73 n 91 
39 38 79 42 17 77 99 35 32 85 13 35 48 49 80 83 59 06 34 94 06 03 61 85 02 
u 96 24 94 89 54 66 29 35 88 50 46 65 50 25 62 45 80 61 95 07 99 57 10 54 
21 16· 54 55 77 46 38 33 88 55 21 56 18 93 32 94 24 80 97 03 1! 39 13 87 70 
sa 51 99 53 96 13 60 77 z1 o6 76 59 78 55 9f 99 o7 53 91 95 99 60 56 61 n 

46 98 Z1 95 19 2% 29 41 56 76 83 41 49 82 79 7J 20 00 25 40 2% 50 14 ·30 '73 
58 " 36 76 19 18 00 60 50 28 32 44 18 35 99 28 91 50 53 62 21 61 21 41 81 
43 05 50 00 20 33 %5 46 84 39 27 39 92 42 59 04 64 15 09 35 07 11 Z5 51 17 
14 07 33 83 87 14 33 79 07 66 60 43 66 57 57 57 59 01 78 80 13 77 53 5I 10 
93 54 23 7'% 70 09 . 36 16 24 04 u 05 65 2:9 64 61 .37 2! 13 98 01 41 2:9 75 IJ 

54 46 i"Z 02 34 ~ 81 38 52 96 l4 54 .%7 3% 41 74 84 83 90 01 97 59 87 H 41 
43 60 84 21 32 93 91 76 10 31 · 50 z: o9 40 u 64 as 82 76 91 1& 11 99 91 10 
64 80 80 16 92 41 42 " 47 2% 87 16 20 6S 82 01 45 21 C9 80 17 39 70 14 03 
78 70 39 30 06 59 65 14 84 04 82 2! " 64 05 89 11 80 09 89 5i 11 %7 81 44 
lC 81 61 03 59 3% 15 83 04 01 20 82 92 Z5 34 II 84 80 76 69 Z5 10 04 81 0% 

69 28 0& 18 56 78 97 49 14 15 01 58 31 15 20 53 74 03 Z1 OS 80 39 15 67 C9 
99 68 09 9& 36 54 10 77 95 81 90 14 52 15 52 58 87 51 31 11 61 53 11 85 50 
01 66 :: 15 54 63 83 54 15 30 21 11 41 11 u a 92 15 11 " 31 os 11 10 24 
61 85 26 91 %3 1C 2! 01 76 C7 65 12 58 24 %7 61 59 43 20 15 93 47 30 51 %7 
13 91 15 76 91 97 IS 48 . 99 SO 40 91 30 61 97 1% 61 0& 90 97 6S 2! 44 91 01 

95 12 %0 95 52 65 95 03 48 TS 64 Z5 04 13 85 10 13 37 01 11 09 2! 53 OT 61 
44 06 82 4:1 21 %7 3C 53 42 35 44 1% 40 64 35 0& 2! 14 37 Z3 97 38 07 60 10 
99 22 25 64 15 11 0& 96 2% 93 77 c& 13 57 51 2% 54 12 37 99 H %7 25 IT 77 
08 44 26 1% S1 12 42 13 57 r. 61 07 " 24 62 17 76 19 45 11 91 11 C7 co 31 
14 96 76 0& 37 32 09 72 81 22 87 70 81 93 71 93 37 2% 32 Z5 31 45 31 03 31 

%7 86 (1 53 58 16 49 99 19 03 62 91 79 81 98 IS 03 ~ 32 93· 61 24 14 44 50 
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33 83 9C 07 so 18 19 16 16 so 09 97 04 76 51 41 20 56 so 20 33 53 70 10 = 
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Aoalvtica! Methods. Reporring lim.jts. and OC Criteria 

EPA Method T0-14 by GC!rviS-SCAN 
• 
• 
• 

See target compound list on page 3 
Reporting limit of 10 pans per billion by volume (ppbV) 

QC Criteria 
• BFB Tune- same as CLP. 
• 

• 
• 

• 

• 

• 

Initial Calibr:uion: minimum five concentration levels. 1-20 ppb V modified as 
necessary depending on sample concentrations. 
Method Blank: no target analytes above reponing limits . 
NIST Reference S.1mple (analytical accuracy): contains 15 target analytes • 
recovery within 2.5% of certified concentration. 
Replic:ue sampie :1nalysis (analytical precision 1: Jnalysis of single sample 
twice. RPD wnhin 109C. 
Dup1ic:~.te samples (method precision): single analysis or' sample collected in 
duplic:ue on 1 0~ of total samples collected. RPD within 20%. 
Holding time !or SUMMA c:~.nisters: 30 days from sample receipt by 
laboratory. 

Fixed Gases by GC/TCD 
• C02 , CH •• N:, 0:, and H! 
• 
• 

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

• Precision: To be quantified through ongoing laboratory c:~.librations at ESE. 
tbe initial sampling results. and discussions between ESE. LANL. 
DBS&A. and ER.M/Golder. 

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

Turnaround TilDe 

• Completed analytical data packages must be received within 3 weeks from receipt of 
samples. 

• Preliminarv :malvtic:ll data summaries must be tr.msmitted (via fa"t) to John Williams at 
(505) 662:1398.-within 2 weeks from receipt of samples .. 

,. 
~· . 

:· 



T0-14 COMPOUNDS 

Dichlorodifluoromethane t'Freon 12) 
Chloromethane 
I ,2-Dichloro-1.1.2.2-tetrafluoroethane (Freon 114.) 
V" my I chloride 
Bromomethane 
Chloroethane 
Trichlorotluoromethane (freon 11) 
1.1-Dichloroethene 
Methvlene chloride 
1.1.2:Trichloro-1.2.2-trifluoroethane (Freon 113) 
cis-1.2-Dichloroethene 
1.1-Dichloroethane 
Chloror"orm 
12-Dichloroeth::me 
1.1.1-Trichloroethane 
Benzene 
Carbon tetr:lchloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-1 .3-Dichloropropene 
1.1 ,2-Trichloroethane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethvl benzene 
m.p-Xylenes 12) 
Styrene 
1.1.2.2-Tetrachloroethane 
o-Xvlene 
1.3.5-Trimethvlbenzene 
1.2.4-Trimethvlbenzene 
Benzvl chloride 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
1.2-Dichlorobenzene 
1.2.4-Trichlorobenzene 
Hexachlorobutadiene 



MEMOR .. -\NDUYI 
E R ~1 I G 0 L D E R L o s A I a m o s P r o j e c r T e :1 m 

To: Charlie Wilson 

From: Ralph Perona {(.P 

Date: September 13, 1995 

Regarding: F1u."t Chamber Calculations for the Airpon Landfm 

At your request. I 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 rlux of a VOC 
associated with a target concentration of the VOC in the atmosphere above the contaminated zone. 
The area and width of the contaminated zone are used to defme a theoretical box above the 
contaminated zone with height equal to the estimated atmospheric mixing height. In this case. the 
mixing height is conservatively assumed to be equal to the breathing zone. The air within the 
theoretical box is assumed to be weil-mixed. An equilibrium concentration of a VOC in the box 
is calculated based on the :tssumed 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 aanosphere in the flux chamber (i.e., narural aanospherei must be completely 
exhausted prior to sampling. The analyre detection limit of 10 ppbv must be met or exceeded for 
each VOC. 

Risk-Based Concentration in Air for Carcinogens 

where: 

c2ir = 
TR= 
AT= 
SF= 
IR = 
EF= 
ED= 
BW= 

TRxATxBW 
SF X IR X EF X ED 

risk-based air concentration (mgimi) 
target risk level 
averaging time (d) 
slope factor (mg/kg-df1 

ingestion rate (mgid) 
exposure frequency ( d/yr) 
exposure duration (yr) 
body weight fkg) 

ERM/Golder Los Alamos Project Team 



E R M G 0 L 0 E R L o s .-\ I J m o s P r o r e c t T e a m 

Emission Rate of a VOC from Landiill 

where. 
emission rate of VOC from landfill (g/s) 
risk-based air concentration (mgim3

) , 
air flow rate through hypothetical box over landfill (m· /s) 

and: 

where. 

Q =rrxwxh If r-

J.-L= 
w= 
h= 

average wind speed at landfill (rnJs) 
width of landfill (m) 
mixing height of aanosphere (m) 

Flux of a VOC from Land.iill 

where. 
] = 
E= 
A,r = 

., 
flux of a VOC from landfill Cg/m--s) 
emission rate of VOC from landfill (g/s) 
area of landfill (m:) 

Maximum Flux Chamber Purge Gas Flow Rate 

. ~ ... 

- t'.f..• 
; ' ......... . '\{ 

where. 

Q = JxArc xCF/ 
rc /Cdl 

~· 

Qrc: = 
J= 
Are= 
CF = 
cd, = 

flux chamber purge gas flow rate (cm3 /s) 
flux of a VOC from landfill (g/m2-s) 

area of flux chamber (m2
) 

units conversion factor (10+
6 cm3/m3

) 

concentration of VOC at detection limit (g/m3
) 

cc John Wiiiiams 

,.,. 
'\ '( 

ERM/Golder Los Alamos Project Team 



t:OMMERCIAL 
'NARIO 

9113195 
9:43AM 

1" Criteria Dalue I Units I Contaminant I Risk-Based Concentrations (Carcinogens) 

~ar;ct_ R~~ . . . . i'J:OE:o61Eun!!!~~~ __ . .. ·····-- _ Soill~gestion ~~~~ !~~~!~~ion ~~! !~~~!!~!~on A!!_!~!~~!~!~~~ GW ~~~~~~~~!! 
·- iiibaiatimi- ---q--· -- - · ·- ·· benzene-·-·----- -- <m~~~!- - --- ~~~1~L -- __!!!~~~ -~~~~~~~ --- -··~!~~L 

IR_inh · 0.83 ; m1/hr chi;-omechane-- ·--NA ____ -- NA -- ---NA-- -6~sE:()j ___ ---- NA 
iiTJriii- . · , 8 ,.-ilrld- <i~ciiioroeiiiene:i~-~ --NA ____ -·-- NA --- --NA-- --2:4E:~o4--·· ----··NA.--. 

f:F i_Rh ~~i~~ft~i -dtyf- ffieiii~ien<~~lOride --~A =~~=·-~A _2.?~~~-- =~~=-~-· 
ED _anh -?~·;2S::~:I yr tetrachloroethene NA NA NA 2.2E-02 NA 
·------- • '· !!.I ·~·--- ---------------·-- ·--·---- -··-·· .. -··--· --- -- -----· ·---··---·-

~W)!'h ·~:~1H~i~h-~-g _ !~~~~~~~~!~~~-- NA . --~~----~A ____ 7:~§.:~~-· ---~~--·-·· 
~"!'1~~!-----~· I tO .. -~~-- ~~~¥~ ~~~~~~~~~ ·-- ·-~~--- ·-·- .. ~~- NA _!.4E-~~- ·-~~---·· 

--·· -------- ----- ---····· -- . ·-- ·----------·- -- ... ------ ·---- ---·- ~- ·····-- ---·-·---- ~---.~= ---------·=-=~~~-~·--
0131111111111 

~~~~~~.~as!!~~!!~~~ Calcul~tions ~!!rce~ ~~~~~~~!!!inant molecular wt- dete~foli.!!mit. -emission rate landm(nux pu~ge-~~~-~~~ 
------·----···- ·---- -·· ·- -·- ---- . ·--- ·-·· --· __ j~~~~~L ____ !~1~1 .... ·- ~g/sL __ (g~m~~-- ---~!::~~~~~!. 

average wind speed (m/s) 3 I benzene 78 2.5E-05 2.0E-03 4.0E-08 13 
widch of landfill (m) 150 2 - chioromethane 50.5 --(6E~o5- -9jE-03- -i:iifi:o7- ---·91·· --· 
mixi"ng-heighr -(m) _____ --- --3-·- -3- -dlchioraethene-1,1 97 -J:IE-05- --3:2E-04- --6:5ff~o9- t.7--
·----... ---·-----· ------- ------------ ----- ------· ------·-··· 
area of landfill (m2

) 50000 2 melhylene chloride 85 2. 7E-05 3 .6E-02 7.3 E-07 212 

analyte dekction-iimit (ppbv) 10 4 -letrachloroeihene !~~ =~;~~:~~= 2~2g-o2 -~~~~-~i= ------· ~?-= ~ 
tlux -ch~;b~-;:-are~-(m2-) -- --O~ll- --4- - -~~~~hl~;oerhe-;- 131 4.1 E-05 9.7E-03 1.9E-07 37 

molar volume ariA (moiii.Y 3fs - .vinyl chloride- 62~5 =~;~~~~~·= _!:9~-o4- ·-3:9e:o9-- ~-~·-·-·-~:~~·-- --
··--·- ... -a••••••- -• --- ----- ---·-- -- •--• -•••-• -•••------ -

box ~~el n~~ (~i/;) 
·--· 

1350 

c=los_Aiiffiosciimatology data I -'=~-~.~---=~ 1=·==1 ~-- -__ : -_----·---··--.-
2- Soil Gas Emanation Sampling at the TA-13 Airport Landfill, draft C.R. Wilson 
.. - --·-·---·----------·-··--·--·------ ·-·-·--·-··--- '-----------·- ··-·--·- -·------ ---·-·· 
3- Geometric mean of data ranging from 0.3 to 250m (Gilbert et al. 1983), used in DOE's RESRAD code as a default value for mixing height. 
4: Meastrrementof Gaseous Emission Rates from-i".and S~rfaces. Uslngan -Emission Isolation Flux Chambe~ User'S Guide PB86-22Ji 6)--------

:. i. :'. c . 
I .. ~-. •& \·· 

J • .. : ,. 

\ -
'). J. ). J ,1. 
~ ··' J. ·; 

·····:······ ... 

____ _,l':":'~-.------.... ----~-------..... ~~~'!"'~...,~-,:"!""-.-----------------------.. -"7"'~~~ ...... =·...----···· .. 
.. . ....... . 

::<::' :. ... . -. ::·:. ·: ~· . ·::. . . . .• ' 



AIRPORT2.XLS (Tox Values) 

Contamlmmt CAS# (mg/kg-d) 
benzene 71-43-2 NA -------------- --------- --------·-- ---
chloromethane 74-87-3 NA 

COMMERCIAL 
SCENARIO 

(mg/kg-d) Source 
------------- -- -----------

(mg/kg-d)"1 

NA ---
NA ·---·--------- ----- ------

dichlorobenzene-1,4 106-46-7 NA 2.3E-OI EPA IX NA 
···- ····------------ --------- ---· ------·-·· -· ---------- ----·--·--·-·. . ---··-·· .... -----
dichlnroethene-1,1 75-35-4 NA 9.0E-03 EPA IX a NA ·-·-···------------- ------- -------··· -------- ------ ----·-- ···----
methylene chloride 75-09-2 NA 8.6E-OI EPA IX NA ·----·-- - -------------
tetrachloroethene 127-18-4 NA I.OE-02 EPA IX a NA --·--------- ---- --------·· 
trichloroethene 79-01-6 NA 6.0E-03 EPA IX a NA ------- - -
vinyl chloride 75-01-4 NA - NA ----· ----------- ---
. ------- ------

3 Oral toxicity value used as a surrogate for inhalation value. ----- -~-- .... -. ----~-_·_ ·-~·-- ---·----""J--- ----·r ------··---,-----·-
EPA ~e8i()n_l'f values taken from "Region IX Preliminary Remediation Goals" memo, F_C:b~~ryJ._!295. ______ 

:J 

(mg/kg-df1 

2.9E-02 
---

6.3E-03 ------
2.4E-02 --------------
I.SE-01 ---------
1.6E-03 

2.0E-03 -----
6.0E-03 
3.0E-01 

9/13/95 
9:38AM 

Source 
EPA IX 

-----·----
EPA IX --------· ··- --

EPA IX a 
-·-····--·--- --- .. 

EPA IX -------- ---··· 
EPA IX 

EPA IX -------
EPA IX -------
EPA IX ----------

------- --- - ---

. --------·---

----- ---
- -· --------- ----~--


