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FOREWORD 

EPA is charged by Congress to protect the Nation's land, air and water systems, under a mandate of 
national environmental laws focused on air and water quality, solid waste management and the control of 
toxic substances, pesticides, noise and radiation, the Agency strives to formulate and implement actions 
which lead to a compatible balance between human activities and the ability of natural systems to support 
and nurture life. 

The Robert S. Kerr Environmental Research Laboratory is the Agency's center of expertise for 
investigation of the soil and subsurface environment. Personnel at the Laboratory are responsible for 
management of research programs to: a) determine the fate, transport and transformation rates of 
pollutants in the soil, the unsaturated zone and the saturated zone of the subsurface environment; b) 
define the processes to be used in characterizing the soil and subsurface environment as a recptor of 
pollutants; c) develop techniques for predicting the effect of pollutants on groundwater, soil and 
indigenous organisms; and d) define and demonstrate the applicability and limitations of using natural 
processes, indigenous to the soil and subsurface environments, for the protection of this resource. 

The evaluation of the impact of land disposal of hazardous materials on human health and the 
environment has become a prominent issue of concern to the public, industry, regulators and 
environmental groups alike. Land treatment is an engineered process in which the soil environment is 
used as a treatment medium and provides final disposal of hazardous constituents in the applied waste. 
The key to land treatment is the engineering control which optimizes treatment efficiency and minimizes 
contaminant transport to receiver populations. 

Determination of the volatilization component of contaminant transport from land treatment facilities is 
required to perform a complete mass balance so that it is assured that the tenets of land treatment, Le., 
degradation, transformation, immobilization, are satisfied. This project was undertaken to evaluate the 
nature and extent of the volatilization from land treatment systems of a subset of hazardous organics 
identified in a number of petroleum refining wastes, and to assess the applicability of a simple diffusion 
based model (the Thibodeaux-Hwang Air Emission Release Rate Model) for predicting measured pure 
constituent mass emission rates. The study was conducted with a limited number of soils and a limited 
number of wastes, yet both the laboratory and field results suggest the general applicability of the 
modeling and measurement approaches evaluated in this report to a wide range of surface waste 
application emission scenarios. 
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ABSTRACT 

The magnitude and extent of volatile organic emissions from hazardous waste land treatment systems 
were evaluated in laboratory and field studies using complex petroleum refining hazardous wastes. 
Laboratory experiments were conducted using two soils and a inert construction sand to investigate the 
emission flux rates of seven volatile constituents, i.e., benzene, toluene, ethylbenzene, p-, m-,o-xylene. 
and naphthalene, from API Separatory Sludge and Slop Oil Emulsion Solids wastes in column and flask 
laboratory units as a function of waste application rate, application method (surface versus subsurface), 
soil type and soil phYSical characteristics. Field experiments were conducted at an active petroleum 
refinery hazardous waste land treatment site to which a combined API Separator Sludge/OAF bottom 
sludge was surface applied. The emission rates of the seven pure volatile constituents evaluated in the 
laboratory studies were quantified in the field study. 

Pure constituent collection and quantification in both laboratory and field studies were carried out 
using a surface isolation emission flux chamber and a split stream Tenax™ sorbent tube concentration 
system. Laboratory and field sampling train evaluation indicated that the system is best suited for high 
emission rate measurements, i.e., just following waste application, and requires diligent QNQC 
procedures to minimize background contamination and to assure representativeness of measured data. 
Suggested operating procedures in terms of purge flow rates, split stream sampling rates, sample 
collection volumes for minimal contaminant sorbent tube breakthrough. etc., are presented. 

Measured laboratory and field data were compared to the Thibodeaux-Hwang Air Emission Release 
Rate (AERR) model in an effort to validate this state-of-the-art land treatment air emission mode\. Data 
generally confirm the validity of the diffusion based modeling approach for land treatment air emissions, 
especially for emission rates immediately following surface waste application. Both field and laboratory 
surface application measured data correlated with Thibodeaux-Hwang AERR model predictions within a 
factor of two to ten. Laboratory subsurface application experiments were within one to two orders of 
magnitude of predicted values. The dynamics of the geometry of the subsurface contaminated zone 
following subsurface application, along with the hypothesis of concentration gradient development in the 
soil zone above the application plane, indicate that the simple diffusion based model does not 
adequately describe the unsteady-state diffusion process occurring following subsurface application 
events. 

The variability observed in point waste loading, and soil physical and temperature conditions observed 
during the field study suggest that detailed waste loading data (using a pan method described in the 
report) and site and time specific soil data are required for accurate correlations between measured and 
predicted waste constituent emission flux rates. Once specific data are collected which describe the 
physical environment of the land treatment system, the accurate prediction of pure constituent air 
emissions from surface application and tilling can be provided by the Thibodeaux-Hwang AERR model 
even for complex hazardous wastes applied to complex soil systems. 

This report was submitted in partial fulfillment of Cooperative Agreement CR-81 0999-01-0 by the Utah 
Water Research Laboratory, Utah State University under the partial sponsorship of the U. S. 
Environmental Protection Agency. This report covers a period from August 1983 to January 1986. and 
the work was completed as of July 1986. 
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SECTION 1 

INTRODUCTION 

Land treatment may be defined as the engineered usage of the upper soil zone for the treatment 
and ultimate disposal of waste materials at a rate and to an extent that the land used for disposal will not be 
irretrievably removed from beneficial use sometime in the future (Overcash and Pal 1979). The 
characteristics of waste constituents and their interactions within the land treatment system lead to a 
classification of loading limitations based on: (1) application limiting, (2) rate limiting, or (3) capacity limiting 
constituents (ALC, RLC, CLC) (K. W. Brown and Associates 1980). These classifications relate to: (1) 
the loss of waste components due to volatility or leachability as affected by soil and micrometerological 
site conditions. (2) movement of components from the land treatment area due to their limited 
degradation, transformation, and/or immobilization, or (3) accumulation of non-assimilable components to 
levels that limit the future beneficial use of the land treatment area. 

The primary emphasis in the monitoring and evaluation of land treatment facilities to date has been 
related to rates of degradation of biodegradable waste constituents and to the impact of land disposal 
activities on surface and groundwater systems. This concern for potential releases of hazardous and 
toxic materials to surface and groundwater supplies has been manifested in the form of requirements for 
(40 CFR Part 264 Subparts F and M, Part 265 Subparts F and M. and Part 267 Subparts E and F): 1) 
run-on and run-off controls, 2) leachate prevention and containment, 3) unsaturated zone monitoring 
systems, and 4) leak detection systems (Solid and Hazardous Waste Amendments of 1984. Section 
202). 

The loss of volatile waste constituents from land treatment sites during or after waste application has 
received little attention until recently, yet information gathered at a number of landfills and dump sites in 
the Love Canal and Hudson River basin areas has indicated that land generated air emissions of toxic 
materials from these sources is often of greater magnitude than emissions via water transport (Shen and 
Tofflemire 1980). The 1984 RCRA Amendments acknowledge the potential for air emissions from 
hazardous waste Treatment, Storage and Disposal Facilities (TSDFs) in Section 201 through the 
requirement that EPA promulgate regulations for the monitoring and control of air emissions at hazardous 
waste TSDFs within 30 months of the enactment of the amendments. 

This research project was initiated for the evaluation of a sampling system and collection of data 
relating to the potential magnitude and extent of the volatilization component of hazardous constituent 
transport at hazardous waste land treatment facilities. Laboratory and field scale validation of the 
Thibodeaux-Hwang Air Emission Release Rate (AERR) model (Thibodeaux and Hwang 1982) has been 
conducted to identify the applicability of this modeling approach for describing chemical volatilization 
relationships in flask. microcosm and full-scale land treatment systems, and for predicting the 
effectiveness of management tools for the control of air emissions from land treatment activities. 

The specific objectives of the project were to: 

1. Evaluate an air sampling/quantification method suitable for field use at hazardous waste land 
treatment facilities in conjunction with emission source testing, compliance monitoring and model 
validation activities, 
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2. Evaluate the Thibodeaux-Hwang AERR model, a state-of-the-art land treatment emission model, 
in both laboratory and field studies using actual hazardous wastes to determine its applicability and 
limitations relative to the prediction of full-scale hazardous air emissions from land treatment facilities, and 

3. Compare emissions from one-dimensional laboratory flasks with two-dimensional laboratory 
columns in an effort to develop an inexpensive yet representative screening protocol for estimating the 
volatile organic emission release potential for particular soiVwaste mixtures. 
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SECTION 2 

CONCLUSIONS 

Based on an extensive laboratory and field scale evaluation of an air sampling/concentration protocol 
for use in field and laboratory hazardous volatile air emission release rate monitoring and modeling from 
the land treatment of refinery wastes, the following conclusions were reached: 

General 

1. The emphasis of this study was a laboratory and field evaluation of the Thibodeaux-Hwang AERR 
model. The field evaluation was conducted at an operating land treatment system treating petroleum 
refinery sludges including, but not limited to, hazardous wastes. Therefore, waste organics of particular 
interest were those contained in U.S. EPA's 40 CFR 261 regulations. Among the volatiles listed there as 
either spent, non.halogenated solvents (F003 and FOO5) or Appendix VIII constituents, only benzene. 
toluene, ethylbenzene, P-. m-, and o·xylene, and naphthalene were identified as major volatile 
components of a waste considered typical of what would be applied during the field study. The fact that 
these components were again identified and quantified as major constituents in two additional refinery 
wastes from a different refinery leads to the conclusion that this RCRA volatile organic profile can be 
expected when waste streams from API separators, DAF units, and slop oil tanks are analyzed. 
(reference Table 6). 

2. From experience in utilizing the isolation chamber/split stream sampling system, with TenaxT:M 
sorbent collection/concentration, in flask studies, in microcosm studies, and for full scale field sampling, it 
can be concluded that the system is simple and straightforward, and can provide continuity in sampling 
protocol over a wide range of sampling and collection activities with little modification between source 
configurations. 

Flux Chamber/Sorbent Collection System 

1. The mean recovery efficiencies for the seven compounds of interest from the flux chamber/ 
TenaxTN solid sorbent collection systems used in this study can be expected to range from 61 to 94%. 
(reference page 56; Figures 9 and 10). . 

2. Due to the composition of volatile organics emitted from the refinery wastes evaluated in this 
study, it was concluded that TenaxT:M will out-perform charcoal due to the lack of quantitative recovery of 
naphthalene from the charcoal. (reference page 56; Tables 9. 10 and 11). 

3. When using TenaxT:M for source emission measurements. it was concluded that TenaxT:M 
breakthrough volumes are a strong function of collected mass as well as temperature. (reference pages 
56 to 60). 

4. To limit excessive pressure build-up and potential emission suppression within the enclosures 
evaluated in this study, it was concluded that they must be operated at low purge flow rates (S; 1 IImin) if 
no purge flow pump is utilized. (reference page 61; Figure 12). 
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5. Operation at these low flow rates will provide complete mix condnions within the flux chamber, 
allowing for representative grab sampling of a uniform chamber air space. (reference pages 61 to 63; 
Table 14; Figure 13). 

6. A constant flow purge pump downstream of the flux chamber, used in conjunction wnh a constant 
volume split stream T enax™ sampling manifold provides optimal collectionfconcentration efficiency, air 
phase mixing, and minimal disturbance to soil surface flux activity during sampling. 

7. Results of field breakthrough, blank and manifold variabilny data indicate that the flux chamberl 
solid sorbent system is well suited for high emission rate sampling, i.e., immediately following waste 
application, but requires diligent OAtOe procedures to minimize background contamination to ensure 
representativeness during low emission rate sampling. (reference pages 72 to 75: Tables 16 to 19). 

Laboratory Thjbodeaux-Hwang AERR Model Validation 

1. Measured data followed the predicted linear relationship of flux rate versus 1/t 1/2 for the majority 
of experimental runs conducted. indicating the validity of the modeling approach assuming primarily 
diffusion controlled vapor movement in simulated land treatment systems. (reference pages 63 to 66: 
Figures 16 and 17; Appendix G). 

2. Owing to the unsteady-state nature of contaminant soil vapor phase concentration gradients 
during the initial period following subsurface application of the complex wastes, and to the variable 
boundary conditions ~bserved with time, these flux data did not follow the theoretical linear relationship 
of flux rate versus 11t /2. It was concluded that the Thibodeaux-Hwang AERR model cannot be used to 
predict volatile compound flux rates for subsurface application conditions until a pseudo-equilibrium soil 
concentration profile has been established. (reference page 66; Figure 18; Appendix G). 

3. The temporal variation of hp and hs with time was of such a magnitude that it was concluded that 
incorporation of this time dependent behavior of both hp and hs should be accounted for in laboratory 
Thibodeaux-Hwang model calculations. (reference page 63; Table 15; Figures 14 and 15). 

4. The results of subsurface versus surface waste application studies indicated that a one to four 
order of magnitude decrease in emission rates can be expected when wastes are subsurface applied. 
Vapor flux rate suppression was more significant for the soils than the sand used in microcosm studies, 
leading to the conclusion that soil organic matter interaction is of some importance in soil vapor emission 
suppression. (reference page 70). 

5. Based on studies using a small volatilization screening flask system under controlled laboratory 
conditions, it can be concluded that this apparatus holds promise for use as an inexpensive method for 
the determination of soiVwaste volatilization potential. (reference page 70). 

Fjeld Thibodeaux-Hwang AERR Model Validation 

1. It can be concluded that with strict adherence to oe procedures, two independent laboratories 
can duplicate results precisely for soil oil and grease analyses and for the quantification of the seven 
volatile organic constituents evaluated in this study in highly complex oily wastes and waste/soil mixtures. 
(reference page 72; Tables 6 and 16). 

2. From the results of field emission rate data, which follow the linear relationship of flux versus 
1Itime 1/2, it can be concluded that the Thibodeaux-Hwang AERR model assumption of soil diffusion 
controlled flux is valid. (reference page 75; Appendix G). 
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3. Variability inherent in field testing was apparent from site specific waste loading. and soil physical 
and temperature conditions that were monitored during the field study. It was concluded that site specific 
information for waste application rates (using the pan method described in the report). and site specific 
and lime specific data for soil bulk density. air filled porosity. temperature, etc., are required for accurate 
correlations between measured and predicted waste constituent emission flux rates. (reference pages 
75 to 77; Tables 11 and 20; Appendix H). 

4. The results of model predicted and measured volatile emission data col/ected during the field 
study showed the measured data to be two to ten times the predicted results. The validity of the 
modeling approach and the accuracy of its predictions. especially immediately following waste application 
and initial tilling operations, is clear from field data collected at the particular field site and with the particular 
refinery waste used in this study. From these results it can be concluded that a simple diffusion based 
modeling approach. such as described in the Thibodeaux-Hwang AERR model. is valid for describing 
hazardous air emission rates from complex hazardous waste land treatment systems. (reference pages 75 
to 77; Figures 22 and 24; Appendix J). 
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SECTION 3 

RECOMMENDATIONS 

Results of investigations of contaminant soil emission sampling and concentration equipment and its 
use in field and laboratory model validation activities has led to a number of recommendations regarding 
needs for future air emission modeling and sampling studies. 

1. Based on field breakthrough results it is recommended that further investigations be conducted to 
assess chromatographic effects of a complex matrix on select compound retention. Alternative sample 
collection methods. such as whole air sampling via evacuated canisters. should also be considered for 
use in conjunction with the surface isolation flux chamber sampling system. 

2. Initial studies with the small-scale volatilization flasks for emission rate estimates were encouraging, 
and it is recommended that continued emphasis be placed on refinement of such a technique to provide 
rapid screening of hazardous waste air emission release potentials. Modifications to the procedures 
should be made to simulate subsurface injection to determine if air emission management techniques 
can be assessed rapidly on a flask scale. 

3. Efforts should be pursued to reduce the thermal impact, both positive and negative, on the land 
treatment area during sampling since contaminant vapor pressure is a controlling parameter of vapor 
mobility in the environment. 

4. It is recommended that waste application point sampling, e.g., small metal collection pans on either 
side of the sampler location as used in this study. be conducted as a matter of routine in all future field 
measurement studies. 

5. Based on results of subsurface application experiments in laboratory studies, it is recommended 
that incorporation of the time dependent behavior of ho and hs be considered in further refinement of 
the Thibodeaux-Hwang AERR model to aid in the evaluation of emission rates during early emission 
periods. The time dependent development of contaminant soil vapor density gradients following 
subsurface waste application events should also be evaluated, as this process is not described by the 
Thibodeaux-Hwang AERR model. 

6. Finally. it is recommended that further development of the isolation chamber/split stream collection 
system be conducted to extend its applicability to a wider range of experimental and field scale 
sampling/analysis situations. 
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SECTION 4 

LAND TREATMENT MODEL DEVELOPMENT AND DESCRIPTION 

REVIEW OF SOIL VOLATILIZATION FUNDAMENTALS 

Although a paucity of information exists relating to the modeling of organic contaminant emissions 
from land treatment sites, much information exists concerning the volatilization of organics, i.e., 
pesticides, from soil surfaces. General definitions of volatilization include the loss of chemicals from 
surfaces in the vapor phase, indicating that volatilization requires the vaporization and movement of 
chemicals from a surface into the atmosphere above the surface. The rate of contaminant volatilization is 
a complex function of the properties of the contaminant and its surrounding environment. For organics in 
soil systems Spencer and Cliath (1977) indicate that the factors affecting volatilization include: 

1. Contaminant vapor pressure 
2. Contaminant concentration 
3. Soil/chemical adsorption reactions 
4. Contaminant solubility in soil water 
5. Contaminant solubility in soil organic matter 
6. Soil temperature, water content, organic content, porosity. and bulk density 

The major contaminant property affecting volatilization is its vapor pressure, while the major environmental 
factors affecting contaminant mobility are the various soil/air, soil/water, and airlwater partition coefficients 
that exist for the various soil/water/air environments existing within the soil system.· Additional complexity 
results if the contaminant is added in a carrier fluid such as oil in refinery wastes, where partitioning of the 
contaminant between the oil/soil, oil/water, and oil/air phases would also be expected to affect the 
volatilization of hazardous compounds in the waste. 

Yolatilizatioo From a Nooadsorb;ng Surface 

Wheo a contaminant evaporates from a nonadsorbing surface into the air, its evaporation rate or 
volatilization rate has been shown to be determined solely by its vapor pressure aod its rate of diffusion 
through air (Hartley 1969). The molecular theory of gases indicates that the mean velocity of molecules 
are related to the inverse of the square root of their molecular weights. Since the diffusion coefficient of 
molecules is also related to their mean free path and mean molecular velocity, their molecular diffusion 
coefficients can be shown to be inversely proportional to the square root of their molecular weight. The 
rate of mass transfer by molecular diffusion is proportional to the diffusion coefficient and the molecule 
vapor density, while the vapor density is proportional to the vapor pressure times the molecular weight 
(Hartley 1969). These results yield a relationship between the mass transfer of a compound, 00 the basis 
of its vapor pressure, with respect to the vapor pressure and volatilization rate for a model compound 
under a given set of conditions: 

Fb =~1f2 • Fa 

Pa <MW;)112 

7 

(1) 



where: F 
P 

MW 
a,b 

== vapor flux rate, (massJIength2/time), 
= vapor pressure, (massJIength2), 
== molecular weight, (mass), and 
== model compound and volatilizing compound, respectively. 

Volatilization From an Adsorbing Surface 

Adsorption of a compound onto an adsorbing surface reduces its chemical activity, or fugacity, 
resulting in a reduction in its vapor pressure (Spencer and Cliath 19n). This reduction in vapor pressure 
significantly decreases the vaporization rate of the compound, thus invalidating Equation 1 unless the 
effective vapor pressure of the compound in the soil is determined by some means such as presented by 
Spencer and Cliath (1969). 

Further complications result when the compound is incorporated into the soil as is common in land 
treatment practices. Under such conditions, volatilization of the compound involves: 1) the desorption of 
the compound from liquid layers that coat the soil particles, 2) diffusion through the air filled pore spaces 
within the soil column to the air/soil interface, and followed finally by 3) diffusion from the soil surface to 
the overlying atmosphere (Thibodeaux 1979). Vaporization under soil incorporation conditions occurs at 
a much slower rate as compared to surface spreading due to reductions in the vapor pressure of the 
compound and the slow rate of diffusion within the soil column to the air/soil interface. As volatilization 
occurs, a concentration gradient develops between equilibrium and actual concentration levels in all 
phases, resulting in a driving force for continued diffusion. The rate of diffusion declines with time, 
however. as this concentration gradient is reduced due to an ever increasing diffusion path length to the 
air/soil surface (Hamaker 1972). Simplification of this complex problem by assuming a compound 
concentration at the soil surface equal to zero and a soil column of infinite depth has resulted in 
relationships for mass flux rate with time based on Fick's second law of diffusion in the general form as 
presented by Mayer et al. (1974): 

FA =""OA~J!o­
(xoD A"t) 112 

== component mass flux rate, (maSsllength2Itime) 
== component soil air diffusion coefficient, (length2/time), 
= initial component concentration, (massllength3), and 
= time. 

Contaminant Adyection 

(2) 

An additional source of contaminant volatilization from soil systems is an advection process, labeled 
the "wick effect" by Hartley (1969), that describes the net contaminant transport via a large upward 
diffusion of water toward the soil surface due to evaporation. The impact of this advection term will vary 
from compound to compound and is a function of the compound's soil adsorption characteristics, water 
solubility. and partition coefficients in the air. soil and water phases. A simple relationship for this flux 
term, F, was presented by Spencer and Cliath (1973): 

F=Fw·X (3) 

where: F w == water mass flux rate, (massJIength2Itime), and 
X = component mole fraction in soil water. 
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A complete accounting for the mass flux of a volatile component from a soil system can then be written 
using the summation of Equations 2 and 3 to account for flux due to diffusion and due to mass transport 
via advection with evaporated soil moisture. 

VAPOR TRANSPORT IN lAND TREATMENT SYSTEMS 

The models described above are limited in that they lack the ability to include soil incorporation terms 
for describing land treatment operations, these models only consider air pore diffusion, and soil 
properties are included only as they relate to their effect upon the apparent soil diffusion coefficient, Os' 
To accurately model volatile organic emissions from land treatment sites, both the soil pore diffusion ana 
soil surface diffusion phenomenon must be considered, and means must be provided to predict diffusion 
as a function of soil characteristics and diffusion length characteristics for surface application or 
subsurface injection. 

Thibodeaux Model 

Thibodeaux (1979) began the development of land treatment diffusion models by describing the 
evaporation and diffusion of chemicals within the pore spaces of soil systems using the concept of a 
"dried-out" zone (Figure 1). In his model, soil contamination to a soil depth of h was assumed, with 
compound evaporation from soil surfaces, vapor diffusion into soil air spaces, and movement of the vapor 
up and out of the air/soil interface. A "dried-out" zone develops at the air/soil surface which is relatively 
free of adsorbed contaminant but through which vapors from the lower level must travel. With time, this 
"dried-out" zone increases in depth, correspondingly reducing the contaminated zone to an ever 
decreasing thickness, y. The soil column is assumed to be isothermal and capillary action, soil adsorption 
of vapor through the "dried-out" zone, and biodegradation are all considered negligible. Vapor diffusion 
through soil pores in the "dried-out" zone is considered limiting, resulting in the following expression for 
compound mass flux rate from the contaminated zone through the dry surface zone: 

FA=.....QA- - (CA" -CtJ 
(h-y) 

where h = initial depth of soil contamination, (length), 

(4) 

y = variable thickness of soil contamination after onset of diffusion, (length), 
CA· = eqUilibrium ~ncentration of component in pore spaces at the evaporating plane. 

(massllength ), and 
C Ai = concentration of the compound at the air/soil interface, (massllength3). 

The time for all of the liquid to vaporize from the contaminated zone, te, is given as: 

te - h-MA--- (5) 

2DA - (CA· - CAi) 

where: A = surface area of contaminated region, (length2), and 
MA = mass of component applied to the contaminated zone. 
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FA = C ontemin811t FI ux 

T 
y 

l 

Figure 1. Thibodeaux model description of surface soil emissions. Adapted from Thibodeaux (1979). 

Upon complete vaporization within the contaminated zone, diffusion can be modeled as the diffusion 
of a chemical from vapor filled pores that are saturated to a depth of h. Analysis of the multicomponent 
continuity equation with appropriate boundary conditions (Thibodeaux 1979) resu~s in an expression for 
the average concentration in the contaminated zone at time t of: 

where 

00 

CA=CAi+(CA*-CAi)-jl- L 1 

rf. n=O (2n+1)2 

- exp [-ON! -(2n+1 )2..!1I2] 

4tf 
(6) 

= average compound concentration in the pore spaces at time t, 
(massllength3). 

Thibodeaux (1979) presented a graphical repr~sentation of the fraction of chemical remaining, FA = 
CA/CA*, versus dimensionless time, Iog(DAtlh ). allowing the determination of compound lifetime for 
pore diffusion. Total decontamination time is thus the sum of resu~s from Equation 5 for vaporization time 
and Equation 6 for vapor diffusion time. 

Thibodeaux-Hwang AERR Model 

Refinement of the "dried-out" zone approach to air emissions from land treatment of petroleum 
wastes has been carried out by Thibodeaux and Hwang (1982) and represents the state-of-the-art 
description for the volatilization of organics from land treatment operations. This model assumes an 
isothermal soil column. no capillary action through the soil layer. no adsorption in the soil pore space, and 
no biodegradation of applied organics within the soil column. The description of vapor movement 
through the soillwaste matrix is valid for surface or subsurface waste applications through the use of 
surface injection depth. hs' and depth of penetration or plow slice depth, hp (Figure 2). 

10 



FA = C ontaminant Flux Rat e 

I t 
hs = Injection Depth 
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Figure 2. Theoretical contaminant behavior described by the Thibodeaux-Hwang AERR model. Adapted 
from Thibodeaux and Hwang (1982). 

Under steady-state conditions, the time for the initial mass applied to the soil to completely volatilize 
into the soil pore space, te' and the mass flux rate of each component, FA' are determined through a 
mass balance of the component assuming Fickian diffusion through the soil column. Assuming a 
component vapor concentration at the air/soil interface equal to 0, the following relationship for 
evaporation time can be developed: 

te=M~l 

2A. DA ·CA" 

while mass flux rate is given as: 

where: t = time after component application. 

(7) 

(8) 

The component pore-space concentration, C A", is related to the component concentration within the 
applied oil by equating the rate of movement through the oil phase to that through the dry soil column. 
The transfer rate equality takes the form of: 
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where: ag 
Do 
Zo 

Cia 
Cl 

y 

ag. A· y.Qg. (Cia -Cl) =-"oA-!A-. (CA* - 0) (9) 

2b ~-~ 

= interfacial area per unit volume of soil. (length), 
II: component diffusion coefficient in the oil phase, (length2ltime), 
= oil-layer diffusion length, (length), 
= initial component concentration in the oil, (massllength3). 
.. component concentration on the oil side of the air/oil interface, (massllength3), 
= average thickness 01 the wet zone, (length). 

The concentration of the component in the air and oil phases within the soil pore space is related by a 
modified Henry's law constant to yield: 

CA· = HC' ·Cl (10) 

where: HC' = Henry's law constant with units of cm3 oiVcm3 air. 

Substitution of Equation 9 into Equation 10 allows for the expression of the concentration of the 
component in the soil vapor phase in terms of its initial concentration within the oil as: 

CA = -----I..I(tb;----
1 + He· ----D.A'\.:...· Z~oL.-_ 

Do eag.y.(tp-y) 

(11 ) 

Estimating an average value for the lengthening dry zone diffusion path, y e (hp - y), by the integral of y • 
(hp- y) from 0 to hp- hs divided by hp- hs yields: 

ye (hp - y) =.lJp 2 ~s-=-2bs 2_ (12) 
6 

Substitution of Equation 12 into Equation 11 results in Equation 13: 

C'A* = 1-1--------'-'I"-"f'------ (13) 

1 +Hc· 6·0A~·Z_o~ __ 1 

Do e as • (hp 
2 + tp • hs -2hs 2) 

The relative importance of the oil layer diffusion rate is highly dependent upon the oil-layer diffusion 
length, Zo, and the interfacial area, as' which are intimately tied to the waste application rate and the 
nature of the soil in the land treatment system. Thibodeaux and Hwang (1982) present equations for Zo 
and as for oiVsoil interactions that result in either "film" forms or "lump" forms within the soil column. Oil 
interactions resulting in a thin coating around hypothetical particles result in film forms, while soil 
aggregation and clumping results in the entrapment of oil lumps within the soil matrix. Based on simple 
geometry and an assumed orthogonal arrangement of soil particles. a description of these physical 
parameters take the following form: 
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Film Fonn: Lump Fonn: 

where: 

lD= ~ (14) 
S·Po 

lD=g 
2 

lis == 61d 

d == 
Pp = 

== 

(16) lis = 2.7/d 

particle diameter, i.e., effective size, (length), 
soil particle density, (ma~s/length3). 
oil density. (rnassllength ), and 

(15) 

(17) 

p~ 
"" fraction of oil in the film form == fraction of air filled pore space in soil. 

The fraction of pore spaces that are air filled is assumed to be 50 percent, yielding an estimated f value of 
0.5 

If a thin oil diffusion length. on the order of soil particle diameter, can be assumed, Equation 13 can be 
simplified to Equation 18: 

(18) 

Under most land treatment applications expected, this Zo value would normally not be small, requiring the 
general use of the complete expression as given in Equation 13. 

If the land treatment unit is tilled at time t less than the volatilization life-time of the hazardous 
constituents of interest, the equations above must be modified for the new geometry which results. The 
mass of contaminant lost during the period prior to tilling, MAt' is determined from the integration of 
Equation 8 from t = 0 to t = time of tilling, resulting in Equation 19: 

(19) 

The mass remaining after time t. MAr == MA - MAt. is then used in Equations 7 and 8 above to determine 
the evaporation time and mass flux rate for the residual mass from the tilled soil, assuming uniform mass 
distribution within soil column of dimensions hp = tilling depth and hs = O. 

With the use of Equations 7 through 19, the rate of organic emissions from land treatment sites before 
and after tilling can be detennined once the following three sets of parameters are measured: 1) soil 
parameters including bulk density, particle diameter and particle density; 2) compound parameters 
including air and oil molecular diffusivity and modified Henry's Law constant; and 3) operational 
parameters including surface injection and penetration or plow splice depth, tilling depth. surface area of 
application, mass application, and time. 
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SECTIONS 

MATERIALS AND METHODS 

LABORATORY MATERIALS AND METHODS 

Sampling train and Thibodeaux/Hwang AERR model evaluations were conducted on a laboratory 
scale. Sampling train evaluation consisted of a quantitative investigation of each of the system 
components, i.e., flux chamber, purge/sampling flow system, and sorbent collection/concentration 
tubes, along with a qualitative description of the applicability of system use for field applications in terms of 
ease of use, reliability, durability, etc. Flux chamber design and operation were evaluated based on 
chamber positive pressure development and potential flux rate suppression studies, and on tracer 
studies used to describe mixing conditions within the chamber during emission measurements as a 
function of purge gas flow rate through the chamber. Solid sorbent evaluation included the analysis of 
collection and recovery of pure compounds identified as major volatile components of petroleum refinery 
wastes. i.e., benzene, toluene, ethylbenzene, 0-, m-, p-xylene. and naphthalene. and their mixtures 
using T enax™ and charcoal sorbent tubes. Spike recovery and breakthrough analyses provided data for 
this evaluation. The effects of sampling stream moisture content on the collection and recovery 
efficiency of the charcoal tubes were also investigated. Finally, the combined flux chamber/sorbent tube 
sampling train was evaluated in terms of sampling train collection and recovery efficiency using mixtures of 
the pure compounds listed above. 

Model evaluation was carried out using modular, beaded glass process pipe microcosm systems, and 
ground-glass erhlenmeyer flask screening apparatus used in conjunction with solid sorbent sampling! 
concentration systems. Measured versus predicted pure compound emission rates were compared for 
several petroleum refining hazardous wastes under a range of soil, waste loading, and waste application 
conditions. 

Solid Sorbent Evaluation 

Although established solid sorbent collection and concentration procedures for a wide range of 
volatile hazardous constituents are available from the U.S. EPA (1984) and the U.S. Public Heahh Service 
(1978), limited work has been reported on their use in hazardous waste land treatment emission 
measurements. Criticism has been leveled against solid sorbent concentration methods by a number of 
authors (Walling 1984, Jarke 1985). This criticism pertains to sampling procedures with respect to 
quantification of sorbent collection, concentration, recovery and breakthrough efficiency. When applying 
solid sorbent collection methods to air emission measurements from land treatment facilities, concern 
over compound retention, breakthrough volume and recovery efficiency become even more critical than 
in ambient air sampling. Such concern is due to the elevated levels of constituents released from the soil 
surface, especially immediately following waste application. During this study, detailed compound 
collection and recovery data were collected for Tenax™ and charcoal sorbent tubes because of the 
importance of quantifying trapping efficiency on a compound specific basis. 

Tenax™ Sorbent Tube Manufacture/Preparation--
Ali Tenax™ sorbent traps used in compound collection/recovery studies were prepared according to 

U. S. EPA EMSURTP (U. S. EPA 1981a) and Research Triangle Institute (RTI1983) standard operating 
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procedures for the cleanup and preparation of Tenax™ cartridges for use in volatile organic air 
contaminant sampling. Tenax™ sorbent traps consisted of 5 mm i.d., 10 cm long stainless steel tubing 
loosely packed in the interior 8 cm with 0.27 to 0.28 g of prepared Alltech ASSOCiates, Inc., 60/80 mesh 
T enax™ GC solid sorbent material. Once packed, the traps were thermally desorbed for a minimum of two 
hours at 290'C to ensure the conditioning of packing material and to minimize background organic levels 
in the cartridges. A single trap from a lot of 20 was checked for background contamination via thermal 
desorptionlGC-FID analysis. A cartridge was rejected and the lot was reconditioned if background 
contamination was evident. Once the cartridge tested as clean, cartridges in the lot were placed in 
muffled Teflon@ lined screw capped culture tubes containing a clean glass wool plug to immobilize the 
cartridge. The culture tubes were then placed in air tight metal containers and stored at 2 to 4'C until 
needed. Tubes used in the study were prepared no earlier than three weeks prior to their use to 
accommodate the recommended maximum tube storage time of four weeks. 

Charcoal Tube Preparation--
Charcoal sorbent tubes used in the study were NIOSH approved SKC standard 50/100 mg charcoal 

tubes (SKC#226-01). Standard NIOSH methods CU. S. Public Health Service 1978) were used in all 
blank and sample preparation procedures. 

Laboratory Microcosm Units 

Modular, 7.62 cm I.D., beaded glass process pipe microcosm systems were used in conjunction with 
Tenax™ solid sorbent traps for sample collection and concentration in laboratory AERR model validation 
studies. Figure 3 shows a typical microcosm unit which consisted of two 15.25 cm long body sections 
and removable bottom and top caps for ease of unit assembly and disassembly for cleaning. Sections of 
each unit are connected via TeflonTM lined pipe clamps to provide air and water tight seals at all joints. The 
top cap section had four glass inlet tubes to provide inlet and outlet ports for purge gas, a port for 
connection to a Magnehelic or manometer for pressure determinations, and a port for head space 
temperature and gas composition determinations. Brass SwagelokTM fittings with Teflonnl ferrules were 
used at all connections, with T eflonnl tubing used for all transfer lines to the point of split stream sorbent 
tube sampling. TygonTM tubing was used downstream of the sampling point for purge gas venting to an 
enclosed hood for discharge from the experimental area. 

Organic-free high purity breathing air was utilized as purge gas to eliminate the possibility of oxygen 
limitations to microbial reactions carried out during the volatilization experiments. A series of four 
microcosms were connected to a single purge gas source via balanced glass Y's, with flow balance 
checked by Magnehelic or manometer readings to ensure equal flow to each microcosm unit. Microcosm 
units were placed in a constant temperature room to eliminate temperature variation during a given run. 
Glass rs were provided in the effluent lines to allow the measurement of hazardous components in the 
microcosm purge gas via split stream sampling through T enax™ packed solid sorbent tubes. 

Volatilization Screening Flasks 

A small scale laboratory unit for the screening of the volatilization potential of various soillwaste 
mixtures was evaluated in the laboratory phase of this study. The experimental apparatus used for these 
air emission measurements is shown in Figure 4. The system consisted of four 500 ml, ground glass 
neck, erhlenmeyer flasks with fitted glass aeration caps connected to a single high quality breathing air 
purge gas source via balanced glass Y's. The purge air flowed over the surface of the soil-waste mixture 
contained within each flask and exitted the aeration cap through an effluent tube close to the top of the 
flask. The flow path and configuration of the flasks encouraged effective mixing over the surface of the 
soil. Effluent purge gas containing volatile constituents from the soil-waste mixture left the flasks through 
Teflon™ tubing, passed glass rs used for split stream sampling, and was conducted via Tygonnl tubing 
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Figure 3. Laboratory microcosm apparatus used in laboratory AERR model validation studies. 
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Figure 4. Screening flask apparatus used in laboratory AERR model validation studies. 

16 



to a vent for discharge away from the experimerttafarea. Split stream sampling was conducted using a 
constant volume sample pump connected to a"balanced, capillary flow controlled glass and TeflonTM 
sampling manifold. 

WastelSoil Characterization Methods 

Two listed hazardous wastes from the petroleum refining industry were utilized in laboratory 
experiments, an API Separator Sludge and Slop Oil Emulsion Solids collected at a refinery in the Salt 
Lake City, Utah, area. Constituent analyses were conducted on methanol extracts of samples of the 
waste used in each laboratory experiment. The extract procedure used was a modification of Method 
5030 "Purge-and-Trap Method" (U. S. EPA 1982a), in which 3 to 5 g of waste are extracted with 40 ml 
distilled in glass methanol, the mixture is centrifuged, and the centrate is stored without headspace at 4°C 
prior to analysis via purge and traplGC-FID detection. Pure constituents of interest, i.e., benzene, 
toluene, ethylbenzene, p-, m-, o-xylene, and naphthalene, were quantified via standard spike recovery 
analysis procedures. Waste oil and grease content was determined utilizing a modified freon soxhlet 
extraction/gravimetric procedure (SOP-21) employed by the U. S. EPA, Robert S. Kerr Environmental 
Research Laboratory (RSKERL), Ada, Oklahoma. Water content was determined using ANSIIASTM 
Method 095-70, "Standard Test Method for Water in Petroleum Products and Bituminous Materials by 
Distillation. " 

Waste physical parameters were determined according to standard methods including: 1) density 
using the Pycnometer Method-Method 29 (American Society of Agronomy 1965), and 2) viscosity using 
ANSI/ASTM Method 0445-74, "Standard Test Method for Kinematic Viscosity of Transparent and 
Opaque Liquids (and the Calculation of Dynamic Viscosity)," (ASTM 1977). 

Soil parameters evaluated during the study included: 1) media particle size distribution via Dry Sieve 
Analysis-Method 43-4.3 (American Society of Agronomy 1965), 2) particle density using Pycnometer 
Method-Method 29-3 (American Society of Agronomy 1965), and 3) bulk density via gravimetric 
measurement of a known volume of media in flask and microcosm units. All other physical soil parameters 
used in the study were calculated from these measured parameters. Boundary condition measurements, 
i.e., hp and hs' were determined in the laboratory experiments by visual identification of the wetting front. 
Penetration depth and subsurface application depth values are reported as length measurements with 
respect to the soil surface using a flexible, graduated ruler attached to the outside surface of the 
laboratory units. 

Soil chemical parameters evaluated included: 1) soil organic carbon using Method 50S-Organic 
Carbon (Total) Combustion-Infrared Method (AWWA 1981), 2) oil and grease using RSKERl SOP-21, 
and 3) specific organic constituents by methanol extraction/purge and trap analysis using a modified 
Method 5030 (U. S. EPA 1982a). 

FIELD MATERIALS AND METHODS 

The ultimate objective of this research project was to provide field evaluation of the Thibodeaux­
Hwang AERR model for the prediction of volatile organic emissions from land treatment facilities. Field 
studies involved the use of a sampling chamber, termed an "emission isolation flux chamber", for the 
collection and concentration of volatile organics emitted from a soil surface following waste application. 
The use of an enclosed chamber for the measurement of gases released from soil and plant surfaces has 
been widely practiced in the soil and biological sciences (Hill et al. 1978, Adams et al. 1978, Jury and 
Collins 1982, Johensson et al. 1983), however, the method has been only recently applied to the 
investigation of volatile hazardous emissions from land treatment facilities. Flux chambers used in this 
study were evaluated on a laboratory scale for the quantification of pure compound collection efficiency, 
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and chamber mixing and pressure development relationships prior to being used in field sampling"'·"" 
activities. 

Flux Chamber Design 

An "emission isolation flux chamber" encloses a defined head space above a defined soil surface 
area. An organic.free purge gas is introduced into the chamber at a known controlled rate to sweep 
volatile contaminants out of the chamber for collection/concentration by any means appropriate for the 
contaminants of interest. The flux chamber investigated in this study was a modification of a design 
developed for the U. S. EPA Environmental Monitoring Laboratory, Las Vegas, Nevada, by Radian 
Corporation (Schmidt and Balfour 1983, Balfour et al. 1983, Eklund 1985~ It consisted of a 68.7 x 68.7 
cm square exterior dimension (effective emission surface area=4560 cm ). clear acrylic double-domed 
skylight modified for isolation flux sampling as shown in Figure 5. The acrylic double-dome interior was 
lined with opaque. adhesive Teflon™ tape to provide a non-adsorbing, non-reactive interior surface, and 
to prevent contamination of the sampling system via out-gassing from the chamber interior. Double­
dome construction, as well as the opaque lining, were incorporated into the design as it was felt these 
characteristics would serve to reduce the effects of incident radiation on heating within the chamber 
when used for emission sampling in field monitoring studies. TefionTM was used for all bulk head fittings 
and Purge gas inflow and outflow lines to provide an inert surface in all areas of the chamber. Bulk head 
openings were provided for influent and effluent lines as well as for temperature and chamber interior 
pressure determinations. 

Sampling System Design 

A high-purity breathing air purge gas was passed through the flux chamber via a constant volume 
sampling pump operated at rates of 2 to 6 liters/minute during sampling events. The sampling pump 
provided energy to overcome interior chamber pressure development so high purge rates and short 
chamber residence times were possible without the occurrence of large differential pressures between 
chamber interior and ambient exterior conditions. Purge gas flow adjustment was made via a glass and 
Teflon™ Gilmont micro-valve flow controller. Flow calibration was carried out using a 1 liter bubble tube 
flow meter, and interior pressure measurements were determined by means of a Dwyer Magnehelic 
gauge reading 0.5 inches water full-scale. 

Solid sorbent traps were sampled through a glass T similar to those described above for the laboratory 
experimental units. The traps were connected to the chamber effluent line via a Teflon™ and glass 
three-place, constant flow. capillary manifold, with all connections made via brass or stainless steel, 
Teflon™-lined Swagelok® connectors. The effluent of the sorbent traps was connected to a second 
glass manifold, to which an additional constant rate sampling pump, operated at 200 to 300 
mllminute/trap. was connected. The second sampling pump was used to overcome the large pressure 
drop developed through the manifold/sorbent tube system, thus preventing additional pressure build-up 
and potential vapor suppression within the sampling chamber. 

Effluent sampling pump flow rate calibration was conducted on-site using a bubble tube flow meter. 
An effort was made to adjust purge gas flow rates by monitoring interior chamber pressure with Dwyer 
Magnehelics, however, the soil at the field site was too porous to provide an air tight seal between the 
chamber and soil surface. Purge gas flow rates were subsequently adjusted to purge pump flow values 
based on bubble tube flow meter calibrations carried out in the field before each major sampling event, or 
at least two times daily, to ensure minimal pressure development during sampling. 

Temperature measurement of the chamber air space, 0.64 cm soil depth and 5.1 cm soil depth under 
the sampling chambers were made using a thermocouple/electronic readout system accurate to ± 0.1·C. 
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Figure 5. Schematic of isolation flux chamber evaluated in study. 

Temperature readings were taken manually prior to, during and following each sampling period during 
each sampling event. 

WastelSoil Characterization Methods 

Waste samples at flux chamber locations were collected in 6 inch x 27 inch x 4 inch sheet metal pans 
placed on either side of the flux chamber sampling locations, perpendicular to the long axis of the land 
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treatment application area. These sample collection pans were used for mass application rate 
measurements, and for sample collection for physical/chemical property and specific constituent 
concentration determinations. The collection pans were removed from the application area following 
passage of the waste application vehicle, and were immediately analyzed on-site gravimetrically using a 
top loading balance for application rate determinations. The total sample volume of the two pans at each 
sampling site were composited. Aliquot waste samples were subsequently collected for density, 
viscosity and specific constituent measurements as being characteristic of the waste applied at specific 
sampling locations within the land application site. Duplicate samples were collected in 500 ml VOA 
bottles with Teflon™ lined screw caps, making sure no head space was present following collection. All 
samples were stored at 2 to 4"C prior to transport to UWRl facilities for final analysis. Specific VOC 
analysis samples were analyzed via purge and trap Method 5030 (U. S. EPA 1982a) following methanol 
extraction no later than 12 hours after collection. In addition to 12 waste samples analyzed on-site via GC 
analysis, six samples were shipped at low temperature via overnight express to the UWRl for preparation 
via methanol extraction prior to GCIMS analysis at UWRl facilities. One composite waste sample also was 
prepared and shipped to the RSKERl for GCIMS analysis at that facility. Waste oil and grease content 
and physical parameters were determined as described for laboratory scale experiments. 

Composite soil samples for particle size distribution, particle density. oil and grease. and specific 
constituent analyses were manually collected with a trowel from the surface to a 15 cm depth. Samples 
were composited and stored at 2 to 4"C in air-tight. zip-lock freezer bags for transportation to the UWRl 
and the RSKERl (oil and grease samples) for final analysis. Sulk density and moisture content samples 
were collected according to Core Method-Method 30-2 (American Society of Agronomy 1965) using a 
core sampler from the upper three inches of the soil surface. These samples were transferred to air-tight. 
zip-lock freezer bags and stored at 2 to 4'C prior to analysis on site at the refinery facility. All soil analyses 
in the field study were conducted using standard procedures as described for laboratory studies. The 
magnitude of hp prior to tilling was determined by visual identification of the bottom of the wetting front 
during field exdavation activities during which composite soil samples were collected. The plow splice 
depth, hpJ following tilling was estimated by visual observation of subsurface soil conditions at each 
sampler location following each tilling event. All penetration depths are reported as length 
measurements with respect to the soil surface as determined using a graduated ruler. 

ANALYTICAL METHODS 

Analyses of the T enax™ sorbent tubes were carried out using a T ekmar lSC-1 liquid Sample 
Concentrator equipped with a modified trap oven to accommodate the 2 mm x 10 cm. thin walled. 
stainless steel soment tubes using desorbe and trap bake temperatures of 2S0'C and a desorb time of 4 
minutes. Samples were desorbed into an HP 5880 Gas Chromatograph equipped with an FlO detector. 
A 2 m long, 2 mm Ld. small bore glass column packed with SP-1200/1.7S'% Sentone® 34 on 1001120 
Supelcoport was used for compound separation and quantification. The following GC conditions were 
used throughout the study period: 

Injector Temperature = 2S0"C Detector Temperature =: 2S0"C 
Oven Temperature Program: 

Initial Temperature = 3S"C Initial Time = 4 minutes 
Program Rate 1 == 2"C/min to 60 "C, no hold time 
Program Rate 2 = 1 O"C/minute to 165"C, 20 minute hold time. 

Carrier Flow == 35 mVmin 

Analyses of charcoal sorbent tube carbon disulfide extracts were carried out via direct injection into an 
HP 5880 gas chromatograph using column, injector, oven and temperature programming conditions as 
described above. 
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Analyses of methanol extracts of waste samples and field and laboratory soiVwaste mixtures were 
carried out according to standard GC and GC/MS protocol, "Volatile Aromatics-Method 8020" utilizing 
"Purge and Trap-Method 5030" procedures (U. S. EPA 1982a) for sample concentration and injection. 
The best analytical results were obtained in the purge and trap procedures using a waste methanol 
extract:distilled water ratio of 0.5 ml:100 ml. This ratio was used for all liquid purge and trap samples 
analyzed during the study. An HP 5880 gas chromatograph was used for all methanol extract analyses, 
and all GC oonditions were identical to those listed above. 

GC/MS analyses were conducted for: 1) direct injection standards, 2) thermally desorbed spike. blank 
and field sample sorbent tubes, and 3) purge and traplthermally desorbed methanol extracts of wastes. 
An HP 5985B GC/MSlData System was used. All analyses were conducted in a manner similar to that 
~scribed previously for the HP 5880 GC. The mass spectrometer was tuned prior to analyses using 
perfluorotributylamine (PFTBA) and the HP "Autotune" program which optimizes ion source, mass filter, 
and electron multiplier parameters for optimum sensitivity, peak resolution and mass axis calibration. A 
OFTPP abundance normalization program was also run to meet EPA specifications for ~ectral 
reproducibility. All samples were analyzed using the glass packed SP-1200/1.75% Bentone 34 on 
100/120 Supelcoport column because of the separation it provides for the three xylene isomers of 
interest in the study. Table 1 provides a summary of the GC/MS analysis oonditions used. 

ONOC PROCEDURES 

The Quality Assurance Plan submitted for Cooperative Agreement CR-810999-01-0 served as the 
basis for ONOC procedures for the laboratory and field studies oonducted during this research project. 

A minimum of ten percent of the sampling/analysis effort in both laboratory and field phases of the 
project was devoted to quality control in the form of spikes. blanks, replicate analyses, and performance 
audit samples. Duplicate analyses by the UWRL and the RSKERL for field waste sample specific volatile 
constituent identification/quantification. and soil and waste oil and grease analysis also provided 
additional quality control checks for the accuracy and validity of sampling, concentration and analysis 
methods used for these parameters in the study. A summary of measurement methods and data quality 
objectives used for maintenance of data quality throughout the project is presented in Table 2. 

Field method blank and spiked blank sampling, along with replicate analyses carried out via sampling 
of three (plus breakthrough) parallel sorbent traps during the background and sample collection periods, 
provided quality control during field activities. Ten randomly selected sorbent tubes, including blanks 
and tubes used for actual sample collection and concentration, were spiked with a mixture of a known 
mass of the volatile compounds of interest prior to their use in field sampling. This sample spiking allowed 
an evaluation of the impacts of sampling activity on recovery efficiency due to sample collection and 
transport as well as from unexpected compound breakthrough. Spiked sorbent tubes were prepared at 
the refinery laboratory facility according to EMSURTP (U. S. EPA 1981 b) "Standard Operating Procedure 
for the Preparation of T enax Cartridges Containing Known Ouantities of Organics Using Flash 
Vaporization." Blank traps (22 randomly sampled during field activities) were removed from their culture 
tubes, were exposed to the atmosphere for 10 to 15 seconds, were returned to their culture tubes, and 
were stored. transported. and analyzed as all other traps used in field sampling. These blanks were used 
to indicate compound background levels occurring during sample collection. 

The ONOC goal of analyzing a minimum of 90 percent of all samples collected in the laboratory and 
field sampling effort was met through the successful analysis of greater than 98 percent of all samples 
collected. 
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TABLE 1. GC/MS ANALYSIS CONDITIONS 

Instrument: 
Gas chromatograph: 
Mass spectrometer: 
Data system: 

Column: 

Temperature program: 

Injector temperature: 

Transfer line temperature: 

Caniergas: 

Thermal desorption: 

Purge parameters: 

Solvent: 

Mass spectrometer operating 
conditions: 

Ion source temperature: 
Ionization energy: 
Trap current: 
Electron multiplier: 
Scan range: 
Scan speed: 

HP 5840 
HP 5985B 
HP 

2 m x 2 mm small bore glass packed column 
SP-1200/1.75% Bentone® 34 on 100/120 Supelcoport 

35"C (4min) to 60'C at 2'C/min, no hold time, then to 
165"C at 1 O'C/min with 20 min final hold time 

290'C 

300'C 

Helium at 30 mVmin 

LSC-1, Desorption temperature=250'C 
Desorption time=4 min 

Purge flow rate=30 mVmin 
Purge time=12 min 

Methanol (distilled-in-glass) 

280·C 
70 eV 
200~ 
-1.75 kV 
50to 450 amu 
1 to 2 sec/scan 
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TABLE 2. MEASUREMENT METHODS AND DATA QUALITY OBJECTIVES FOR WASTE AND SOIL ANALYSES 

Parameters 

A. Wastes: 

Organic Constituents 

Inorganic Constituents 
(metals) 

Residue 

Total Organic Carbon 

Oil and Grease 

Viscosity 

Density 

Particle Size Distribution 

Total Porosity 

Air-Filled Porosity 

Bulk Density 

Measurement Methodl 
Method Instrumentation 

3500 Series· Extraction or purge and trap; analysis 
5000 Series· by HPLC, GC, or GCIMS 
8000 Series· 

3500 Series· Digestion; analysis by flame AA, 
7000 Series· flame less, AA, or ICP 

Section 160.1, Suspended solids; volatile suspended 
160.2t solids; total solids; total dissolved 

Method 209# solids 

Method 505# Infrared with persuHate and heat 
digestion; carbon analyzer 

Section 413.1+ Partition-gravimetric method 
Method 503# 

Method D445-74 * Flow time through capillary viscometer 

Chapter 29 .. Pycnometer method 

Chapter 43 •• Hydrometer method 

Chapter 21 •• Density method 

Chapter 21 .. Difference method 

Chapter 30 .. Core method 

Precision 

±20% 

± 10% 

± 10% 

±10% 

±15% 

±10% 

±10% 

± 10% 

±20% 

±20% 

±20% 

Accuracy 

±20% 

±10% 

Not applicable 

±15% 

± 18% 

±5% 

±5% 

Not applicable 

Not applicable 

Not applicable 

Not applicable 
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TABLE 2 (continued) 

Measurement Methodl 
Parameters Method Instrumentation 

Particle Density Chapter 29 ** Pycnometer method 

Moisture Content Chapter 7 ** Gravimetric 

Total Organic Carbon Chapter 29 tt Combustion; carbon analyzer 
Method 505# 

Oil and Grease Section 413.1+ Extraction method for sludge 
Method 503# samples 

Organic Constituents Chapter 6 tt Extraction; analysis by HPLC, 
3500 Series'" GC,orGCIMS 
8000 Series'" 

hp and hs Direct observation of wetting 
front, ruler measurement 

C. Pure Volatile Constituents: 

Volumes 1 through Solid sorbent collection; 

... U. S. EPA (1982a). 
t U. S. EPA (1979). 
# APHA (1980). 

4 ##, Adsorption Desorption/extraction; analysis 
Collection by HPLC, GC, or GCIMS 

Techniques 

:t American Society for Testing and Materials (1977) . 
...... American Society of Agronomy (1965). 
tt American Society of Agronomy (1982). 
## U. S. PHS (1978). 

Precision Accurac:t 

±10% Not applicable 

±20% Not applicable 

±10% ±15% 

±15% ±18% 

±20% ±20% 

±10% Not applicable 

±5% ±10% 



Representativeness of soil samples used in laboratory experimental studies was ensured through the 
use of standard sieving and sampling procedures for two soils (Durant Clay Loam and Kidman Sandy 
Loam) and a clean construction sand. A single supply of each soil medium was used throughout the 
laboratory phase of the project to ensure relative uniformity of soil material and comparability between 
laboratory runs conducted during the course of the project. Waste sample (API Separator Sludge K051 
and Slop Oil Emulsion Solids K049) representativeness during laboratory studies was ensured through 
the use of a single supply for each waste type along with standard mixing and sampling procedures for 
waste aliquot collection. A methanol extract/purge and trap waste characterization was also carried out for 
each waste aliquot collected. 

Field data representativeness and comparability was ensured through the use of standard sampling 
techniques for all soil, waste, sorbent tube and temperature samples collected. Sampling pans and waste 
compositing for waste application rate measurements at each sampling location were used to provide an 
accurate point determination of waste and constituent loading. Soil samples for reSidual waste 
component measurements and physical soil parameters were composited from the surface to 15 cm to 
provide representative values over the active soil incorporation zone. 

Method calibration procedures were checked on a daily basis. Corrective action was taken if analyzed 
known standards deviated more than 10 percent from the standard calibration curves used as a basis for 
sorbent tube constituent quantification. Performance audits were conducted prior to the initiation and at 
the conclusion of the field sample activities and were passed without modifications to sampling and/or 
analysis procedures. Both field and laboratory sorbent tube chromatograms were identified according to 
the labeling system utilized in field sample collection, were analyzed for specific compounds of interest, 
and were retained for future reference. 

Sample custody forms were generated for each field sample and blank collected (Figure 6) and were 
used to ensure proper handling, treatment and data evaluation for all samples analyzed. Standardized 
data forms for collection and computer calculation of data using electronic spreadsheet software ensured 
and facilitated the generation of accurate, complete, and comparable data throughout the study. 
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Sample Custody Form 
Sample Type___ Sample Number ___ _ 
Flow Rate ml/min Sampling Start Time __ 
Sampling Duration ___ min 
Analyses to be Conducted _____ _ 

VOC 
GC GC/MS 

Sampled by ____ _ Analyzed by _____ _ 
Date Sampled ___ _ Date Analyzed ____ _ 

Blank YES NO Spiked Blank YES NO 

Figure 6. Sample custody/analysis form used for field samples. 
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SECTION 6 

EXPERIMENTAL PROCEDURES 

LABORATORY PROCEDURES 

Sampling is a key step in the measurement and detection of contaminants for evaluation and analysis 
of models for use in predicting the fate of such contaminants in the environment. The flux chamber 
sampling unit and solid sorbent collection/concentration system used in this study were evaluated in 
terms of contaminant collection and recovery efficiency, breakthrough volumes as a function of collection 
mass and temperature, allowable sampling and purge flow rates, sampling configuration, ease of use and 
system durability. 

Solid Sorbent Collection/Concentration System Evaluation 

T enax™ Sorbent Collection/Concentration Evaluation--
Tenax™ recovery data were collected for a number of aromatic compounds identified in hazardous 

wastes evaluated in laboratory and field emission studies including: benzene, toluene. 0-. m-. p-xylene. 
ethylbenzene and naphthalene. These data were collected utilizing U. S. EPA EMSURTP (U. S. EPA 
1981b) standard operating procedures for the spiking of Tenax™ cartridges with a known mass of an 
organic constituent. The procedure involves the use of a flash vaporization technique (Figure 7) in which 
a microflow valve controlled organic-free nitrogen purge gas passing through a 5 mm i.d., 13 cm long 
l-shaped glass injector tube, is heated to approximately 300·C. A half-hole se~tum provides gas-tight· 
access for sample injection into the heated zone, and a Teflon® lined Swagelok connector is used for 
attachment of sorbent traps to the effluent end of the injector tube. Spiking procedures were carried out 
as follows: 1) the heating unit was brought to temperature with a constant purge flow passing through it. 
2) two sorbent traps were removed from cold storage and were connected in series to the effluent of the 
injector tube using Teflon® lined Swagelok® connectors, 3) a 10 III syringe was inserted into the 
half-hole septum and from 2 to 5 III of standard solution (pure compounds dissolved in distilled-in-glass 
methanol) were slowly injected into the center of the heated section, 4) the syringe was removed from 
the half-hole septum and the traps were left on the unit to concentrate the desired purge sample volume, 
and 5) at the completion of the desired sampling time, the traps were removed from the injector tube, 
were placed in their respective labeled culture tubes and were then placed in cold storage prior to GC/FID 
analysis. Data were collected for compound mass injection levels ranging from 0.09 to 250 119. Spikes for 
recovery/desorption efficiency experiments were prepared using a sample volume of 200 ml (purge flow 
of 40 mllmin for a sample time of 5 min) which corresponds to the approximate breakthrough volume of 
methanol solvent. 

Data evaluation consisted of quantification of the mass recovery of the seven pure volatile 
constituents of interest from the Tenax™ sorbent tubes, and was based on calibration data generated 
from direct on-column injection of the same standard solutions used in sorbent tube spiking procedures. 
Results were reported as percent of injected constituent recovery as a function of mass injection level. 
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Figure 7. Schematic of flash evaporation unit utilized for T enaxTM sorbent tube spiking, chamber mixing 
studies and sorbent tube/chamber recovery studies. 

Charcoal Sorbent Collection/Recovery Evaluation--
Charcoal sorbent tube recovery data were obtained for the same pure volatile compounds used in the 

Tenax™ studies according to standard NIOSH (U. S. PHS 1978) methods for all charcoal blank and 
sample preparation procedures. These methods entail: 1) breaking the ends off the tubes and sealing 
them with parafilm, 2) injecting a known mass of each compound in 20 to 40 J.11 of hexane solution directly 
into the primary charcoal bed with a microliter syringe, 3) allowing the tube to stand at least overnight to 
ensure complete adsorption, and 4) desorbing each section of the charcoal tube in 1 ml of carbon 
disulfide for at least 30 minutes on a shaker table prior to GC analysis for constituent quantification. 
Analyses of constituents in the carbon disulfide were carried out via direct injection into an HP 5880 gas 
chromatograph using column, injector, oven and temperature programming conditions described in 
Section 5 of this document. 

Experiments pertaining to the effects of moisture on compound recovery efficiency were conducted 
using the charcoal tubes. Charcoal has a known affinity for water which can potentially interfere with 
volatile constituent/charcoal sorption interactions. Procedures in these experiments were identical to 
those described earlier except that an additional 30 J.11 volume of distilled water was added to charcoal 
tubes following compound spiking in the hexane solution. The sorbent tubes to which water was applied 
were allowed to equilibrate for 48 hours before being desorbed and analyzed via GC/FID procedures. 
This provided adequate time for the complete adsorption of compounds and moisture by the charcoal. 

Quantification of the mass recovery of the seven pure volatile constituents of interest from the 
charcoal sorbent tubes was based on calibration data generated from direct on-column injection of the 
same standard solutions used in sorbent tube spiking procedures. Results were reported as percent of 
injected constituent recovery as a function of mass injection level for individual constituents, constituent 
mixtures, and constituent mixtures with moisture. 
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Sorbent Tube Breakthrough Evaluation--
Due to difficulties in consistently recovering naphthalene from the charcoal tubes at efficiencies 

greater than 50 percent. only T enax™ traps were used for breakthrough volume evaluation studies. 
T enax™ breakthrough analyses were conducted using the procedures described earlier for T enaxTloi 

Sorbent Collection/Concentration Evaluation. Injected mass levels of 1.1 to 120 Ilg were used at 
collection temperatures of 20-22"C and 32-35"C. A purge flow rate of 200 mVmin, comparable to that 
used in laboratory and field emission measurements, was used in these experiments for time periods of 5 
minutes to 2 hours. This procedure resulted in sample volumes ranging from 1 to 24 liters. Breakthrough 
experiments were conducted in a constant temperature environment, with temperature and purge flow 
rate monitored at 15 minute intervals during breakthrough sampling. Flow rate adjustments were made 
using a glass microflow valve to provide constant flow rates during the runs. 

Quantification of the mass recovery of the seven pure volatile constituents of interest from the primary 
and secondary (breakthrough) Tenax™ sorbent tubes was based on calibration data generated from 
direct on-column injection of the same standard solutions used in sorbent tube spiking procedures. 
Results were reported as percent total constituent recovery on both traps as well as mass recovered and 
percent of injected constituent recovered on each sorbent tube as a function of mass injection level, 
temperature. and sorbent tube collection volume. 

Flux Chamber Evaluation--

Flux chamber pressure and mixing studies--The flow regime within the flux chamber is of critical 
importance as component emission rate calculations are based on the assumption that emission 
measurements from the chamber effluent are representative of a completely-mixed chamber volume 
(Schmidt and BaHour 1983, BaHour et al. 1983, Eklund 1985). In addition, adequate flow and turbulence 
must be provided to assure no component mass accumulation within the chamber that may affect the 
component's flux from the soil surface into the lower atmosphere (Thibodeaux and Hwang 1982, Hwang 
1985). Counter to the desire for maximizing flow and turbulence within the flux chamber is the need for 
minimizing positive pressure development within the chamber due to its potential for emission 
suppression and possible flux reversal during emission sampling. 

The impact of purge flow rate on chamber pressure development was evaluated through monitoring 
chamber interior pressure (with respect to ambient), indicated by a Dwyer Magnehelic, as a function of 
purge flow determined at the chamber effluent port. A T eflonTloi coated acrylic sheet was used to seal the 
bottom of the chamber making it air tight. Pressure determinations were made over a range of purge 
flows from 0.7 to 411min as suggested in Radian protocol (Schmidt and Balfour 1983, BaHour et al. 1983, 
Eklund 1985). Results were presented as interior pressure in inches of water as a function of purge flow 
through the flux chamber. 

Mixing within the flux chamber as a function of purge flow rate was evaluated using standard tracer 
techniques. The flash vaporization apparatus described earlier was placed up-stream of the flux chamber 
and was used to vaporize the liquid acetone used as a tracer. Continuous output of chamber effluent 
acetone vapor concentrations were obtained using an AID Model 81 portable GC equipped with a 
photoionization detector. Flow curves were evaluated utilizing standard procedures (Marske and Boyle 
1973) to provide a quantitative description of chamber mixing conditions in terms of dimensionless 
indicator retention time parameters and the Morril dispersion index. 

Flux chamberlsorbent tube col!ectionlrecoyery eyaluation--Contaminant collection and recovery 
efficiency for the combined flux chamber/solid sorbent sampling train was evaluated at 22"C ± 2"C to 
indicate the effect if any the flux chamber had on observed mass recovery efficiency results for the 
TenaxTloi sorbent collection/concentration tubes. The flux chamber was configured as described earlier 
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for the mixing studies. with a four position Tenax'I'M sorbent split-stream sampling system placed in the 
effluent purge gas line. The solid sorbent tubes (sampling and breakthrough traps) were connected 10 
the chamber effluent line via a Teflon'I'M and glass constant flow. capillary manifold with all connections 
made via brass or stainless steel. Teflon'I'M lined Swagelok® connectors. The effluent ends of the 
sorbent traps were connected to a second glass manifold to which a constant flow personal sampling 
pump, operated at 800 mVmin (200 mlltubelmin). was connected. 

Compound recovery data using the flux chamber/sorbent tube sampling train were collected in a 
manner identical to that explained earlier for the T enax'I'M trap spike recovery experiments except that: 1) 
data were collected for compound mass levels ranging from 0.5 to 90 119, 2) chamber purge flow was 
maintained at 4 IIminute. and 3) sampling continued for three theoretical chamber retention times to 
ensure representative sampling of the chamber volume. Sorbent traps were analyzed as described 
previously. and individual trap data were pooled to indicate overall recovery efficiency. contaminant 
breakthrough, and collection variability between positions on the constant flow sampling manifolds. 

Volatilization Screening Flask Experiments--
A specific soiVwaste treatment was routinely set-up in triplicate along with a soil blank, or as two 

treatments run in duplicate, for each volatilization screening experiment. The units were maintained at 
room temperature (22'C ± 2'C) during the screening studies. All units were simultaneously sampled at 
various time intervals to evaluate the measured volatilization potential of various sOil/wasle/application rate 
combinations using a simple screening apparatus for comparison with model predictions and more 
elaborate experimental units. 

An experimental run was initiated by first placing 200 g of the actual field soil within each test unit. At 
time t=O, the appropriate amount of waste was added to the soil in the flask, the soillwaste mixture was 
quickly mixed, and the test unit was quickly capped. Once capped, event timing was begun, the purge 
gas was initiated at a microflow valve-controlled rate of 200 mVmin. Initial emission measurements were 
obtained by drawing a split stream sample of flask effluent gas through the sorbent traps via a constant 
volume sample pump and a balanced. capillary flow controlled, four-place sampling manifold. This 
procedure allowed the concurrent sampling of all flask units for the same period of time and during the 
same time period over the volatilization run. Sample pump rate and purge gas flow rates were measured 
before each sampling event via a bubble tube flow meter, and the duration of the sorbent tube sampling 
was recorded for accurate emission flux rate calculations. The sorbent traps were sampled at a rate of 200 
mVmin/trap for a period not exceeding five minutes to minimize breakthrough of benzene. Breakthrough 
traps were used in at least the first five sampling events to allow the quantification of breakthrough that 
occurred during this time. All mass flux values were calculated with the inclusion of this observed 
breakthrough mass. 

Upon completion of the sampling event. the sorbent tubes were placed in muffled culture tubes and 
were stored at 4·C for a maximum of four weeks prior to specific component identification via GC/FID 
analysis. Sorbenl tube desorption was carried out using a Tekma(l'M LSC-1 liquid sample concentrator as 
described in Section 5, with sample tubes desorbed for four minutes at a temperature of 250·C prior to 
component separation and identification. 

The sampling and analysis procedure was repeated at selected time intervals following waste addition 
corresponding to the anticipated log decay in emission rates of volatile organiCS from the soil systems. 
Although specific sampling times varied between runs, the general sampling schedule followed was: 15 
min, 1 hour, 2.5 hour. 10 hour, 24 hours. 50 hours and 100 hours. Blank and spike traps were used 
throughout the sampling period and during sorbent tube analysis to maintain QA/QC standards during 
these studies. 
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For each volatile constituent of Interest, the calculation of measured mass collected in the flask 
effluent}1as versus time was made. Measured emission rates (masslarealtime) as a function of time and 
1Itime were then calculated based on the soil surface area exposed to the purge air, the fraction of 
purge air actually sampled through the traps, and the cumulative time during effluent sampling. 

Microcosm Experiments--
Two soiVwaste treatments were routinely set-up in duplicate, with four microcosms sampled as a unit in 

each microcosm experiment. The microcosms were maintained in a constant temperature room at various 
temperatures during the studies to evaluate the effect of temperature on observed pure constituent 
emission rates. 

An experimental run was initiated by first placing a given depth of soil media within a microcosm unit, 
the depth being dependent upon the application method being simulated during the run, i.e., surface or 
subsurface. A maximum application of depth of approximately 15.24 cm (6 inches) is possible with the 
two-piece body shown in Figure 3, while deeper application depths are possible with additional body 
units connected in series. The mass of soil added to each unit was measured for as placed bulk density 
calculations. Waste was then applied to the soil in the units at time t == 0 in a rapid and as uniform a fashion 
as possible. The application rates used were based on a weight percent of waste applied with respect to 
the top 15.24 cm (6 inches) of soil in the microcosms. If subsurface injection was simulated, the 
appropriate amount of soil was added to the unit immediately following waste application to provide the 
desired soil depth above the application point. The units were then capped and sealed air tight. event 
timing was initiated, and purge gas was started and maintained constant at 300 to 500 ml/minlmicrocosm 
during the volatilization experiments. 

Glass 1's were provided in the effluent lines to allow the measurement of components in the 
microcosm purge gas via split stream sampling through Tenax™ packed solid sorbent tubes. Air sampling 
consisted of drawing a constant volume sample of microcosm effluent gas through the sorbent traps via a 
constant volume sample pump and a balanced, capillary flow controlled, two- or four-place sampling 
manifold. Separate sampling of surface and subsurface microcosms was necessary when they were used 
within the same microcosm run due to the higher emission rates produced from surface application with 
respect to lower emission rates when subsurface waste application was utilized. This procedure allowed 
the concurrent sampling of identical waste application method microcosm units (i.e., surface versus 
subsurface) for the same period of time and during the same time period over the volatilization run. 
These methods also allowed the use of sampling rates and sampling durations that minimized compound 
breakthrough in surface application units, while allowing the collection of a sufficient mass for accurate 
emission rate measurements from the subsurface application units. The sorbent traps were sampled at a 
rate of 50 to 200 ml/minltrap for a period not exceeding five minutes to minimize breakthrough of the 
benzene. Breakthrough traps were used in the first five sampling events to allow the quantification of 
breakthrough that occurred during this time. All mass flux values were calculated with the inclusion of this 
observed breakthrough. The sampling and analysis procedure was repeated at selected time intervals 
following waste addition corresponding to the predicted log decay in emission rates of volatile organics 
from the soil systems. Although specific sampling times varied between runs, the general sampling 
schedule followed was: 15 min, 1 hour, 2.5 hour, 10 hour, 24 hours, 50 hours and 100 hours. Blank and 
spike traps were used throughout the sampling period and during sorbant tube analysis to maintain 
OA/OC standards during these studies. 

Upon completion of each sampling event, the sorbent tubes were placed in muffled culture tubes and 
stored at 4'C for a maximum of two weeks prior to specific component identification via GC/FID analysis. 
Sorbent tube desorption was carried out using a TekmarTM LSC-1 liquid sample concentrator as 
described in Section 5, with sample tubes desorbed for four minutes at a temperature of 250·C prior to 
component separation and identification. 
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Initial soil data collected for each microcosm included the soil depth above the application point, hs' 
and total depth and weight of soil in the microcosms. Data relating to the physical conditions of the 
microcosm systems were collected at each sampling time and included: 1) air and soil temperature, 2) 
height of the capillary rise observed above the injection point, and 3) depth of the waste wetting front 
below the soil surface, h . The sample rate through each soment tube and the purge gas flow rates were 
measured before each iampling event via a bubble tube flow meter, and the duration of the soment tube 
sampling was recorded for emission flux rate calculations. 

For each volatile constituent of interest, the calculation of measured mass collected in the flask 
effluent ~as versus time was made. Measured emission rates (masslarealtime) as a function of time and 
1Itime 1 were then calculated based on the soil surface area exposed to the purge air, the fraction of 
purge air actually sampled through the traps, and the cumulative time during effluent sampling. Results of 
measured data as a function of waste application method, soil media, temperature, and application rate 
were compared to indicate the effect of these operating parameters on contaminant emission rates. 
Comparison with predicted model data indicated the validity of the modeling approach for emission 
prediction in a controlled laboratory setting. 

FIELD PROCEDURES 

Field validation of the Thibodeaux-Hwang AERR model was carried out at a mid-Western oil refinery. 
Volatile organic compound emission rates from a typical land treatment area at the facility prior to and 
following application of a typical API separator/OAF sludge to the site were monitored utilizing the 
emission flux chamber sampling/concentration system as previously described. 

Fjeld Experimental Design 

Waste Application/Tilling Methods--
The application plot used in field experiments is identified by the refinery as Plot 2 Row 11. The test 

plot was divided lengthwise in haH with three emission measurement locations per each haH (Figure 8), to 
conform with waste application methods normally utilized by the refinery. Individual waste application 
events, spaced two hours apart, were made independently to each side of the field plot. Loading near 
the center of the test plot was heavier than to either side because applications to each overlapped in the 
center. Waste application was carried out via gravity feed from a tank truck equipped with a slotted 
application pipe approximately 3 m in length and 8 cm diameter. Each side of the application area 
received a full truck load of waste corresponding to approximately 880 gallons as reported by the tank 
truck operator. 

Tilling was carried out on one half of the application plot at a time using a rototiller. Tilling was 
conducted approximately 24 hours after waste application. The test plot was retilled approximately 155 
hours after waste application due to rainfall that had occurred following the first tilling event. Tiller depth 
was variable, ranging from approximately 17 cm at Sampler Location F to approximately 23 cm at Sampler 
Location E (Figure 8). From visual observation, tilling resulted in a uniform, expanded soil except in the 
wetter areas of the test plot (West end) where 1 cm and smaller soiVwaste clumps were still evident after 
tilling. The West end of the test plot was lower in elevation than the rest of the site and tended to collect 
and pond rain water. 

Flux Chamber Field Sampling/Storage Procedures--
Sampling was conducted at the field plot using six sampling flux chambers. Four distinct sampling 

phases were conducted: 1) background sampling of the test site prior to tillage, 2) background sampling 
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Figure 8. Refinery land treatment field site indicating sampler locations during field sampling activities. 

of the test site following tillage and prior to waste application, 3) specific constituent emission sampling 
following waste addition, and 4) specific constituent emission sampling following two tilling operations. 

Sampling chambers were systematically placed to provide a representative estimate of emissions from 
the entire application site both during background and specific constituent emission sampling. A 
systematic random sampling of the application area, entailing a plot grid and a random numbers table, was 
used to select sampling locations. The approximate 6 m by 182 m application area was subdivided into six 
subsections, with each subsection further subdivided into 396 grid locations of 0.69 m by 0.69 m. Each 
sampling chamber was placed within a subsection at a location based on the internal grid system and 
random number assignment. The final placement of flux chambers at the refinery land treatment site is 
shown in Figure 8. Once placed at a sampling location, sampling was conducted at that same location 
during background and specific constituent sampling to preserve spatial continuity of the data collected. 
Sample collection frequency was based on a logarithmic time scale in anticipation of results following the 
trends predicted by the Thibodeaux-Hwang AERR model. The actual sampling schedule used during 
the field study for the sampling phases described earlier is shown in Table 3, 

The sampling flux chambers were cleaned and pressure checked for leakage prior to use in the field. 
Themocouple temperature probes were placed at appropriate locations (Le., 0.6 cm (1/4 inch) and 5 cm 
(2 inch) soil depth plus chamber air) under the areas of flux chambers sampling. Temperature readings 
were collected for soil and ambient temperatures prior to chamber placement in the land application area. 
The chambers were then placed in the appropriate locations within the application area at each sampling 
event. The chambers were forced into the soil such that the bottom of the Teflon™ lined acrylic dome 
rested on, and the aluminum dome rim made a tight seal with the soil surface. Purge gas was applied to 
the flux chambers, and the balanced effluent pumps were operated for four retention volumes (=15 
minutes) prior to sample collection with the sorbent traps. The sorbent trap manifold/sample pump system 
was connected to the chamber effluent line via a glass and T eflonTM valve, and was isolated from the 
effluent line prior to actual sampling through the closing of this valve. Temperature measurements were 
read for soil, chamber air and ambient air throughout the sampling event, and sorbent tubes were placed 

33 



TABLE 3. SCHEDULE OF SAMPLING AND TILLING EVENTS DURING FIELD EMISSION 
MEASUREMENT TESTING 

Absolute Sanl>fing Elapsed 
Day ]me Event Location ]me(hre) Comments 

6125 1:12p 88T A -27.43 Background before tilling 
1:48 p B -26.58 
2:17p C -23.93 
2.32p D -23.68 
3.07p E -23.52 
3.03p F -23.17 

6/25 8:11 p BAT 1 A -20.43 Background after tilling Event 1 
5:40p B -22.66 
5:53p C -20.18 
7:03p D -19.18 
7:32p E -19.27 
7:08p F -19.09 

6126 10:43 a BAT 2 A -5.51 Background after tilling Event 2 
10:32 a B -5.83 
11 :42 a C -2.43 
10:05 a D -4.18 
11 :17 a E -3.27 
9:51 a F -4.32 

..... 6/26 4:26p WBT1 A 0.17 Waste application before tilling 
4:20p B 0.02 Event 1 
2:11 p C 0.02 
2:11 p D 0.02 
2:24p E 0.02 
4:12p F 0.02 

6126 4:32p WBT2 A 0.42 Waste application before tilling 
4:36p B 0.26 Event 2 
2:26p C 0.25 
2:29p D 0.30 
2:29p E 0.12 
4:27p F 2.25 

6/26 5:40p WBT3 A 1.60 Waste application before tilling 
5:36p B 1.27 Event 3 
3:24p C 1.22 
3:15p D 1.15 
3:34p E 1.05 
5.Up F 3.12 
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TABLE 3 (continued) 

Absolute SalTpling Elapsed 
Pay Tme Eyent Location ]me(hrs) Comments 

6126 8:30p WBT4 A 4.03 Waste application before tilling 
8:21 p B 3.93 Event 4 
7:39p C 5.55 
7:57p D 5.77 
8:05p E 5.57 
8:41 p F 6.52 

6/26 9:45p WBT5 A 5.32 Waste application before tilling 
9:32p B 5.17 Event 5 
9:02p C 6.82 
9:13p D 7.03 
9:22p E 6.15 
10:05p F 7.96 

6/27 1:51 p WBT6 A 21.49 Waste application before tilling 
2:04p B 21.73 Event 6 
4:09p C 26.00 
4:35p D 26.23 
4:12 p E 25.68 
2:14 p F 24.07 

\",(. 

WAT1 Waste application after first 6/27 2:51 p A 0.01 
2:52p B 0.01 tilling Event 1 
5:00p C 0.01 
5:01 p D 0.01 
4:59p E 0.01 
2:58p F 0.01 

6/27 3:07p WAT2 A 0.18 Waste application after first 
3:07p B 0.24 tilling Event 2 
5:12 p C 0.18 
5:08p D 0.13 
5:0Bp E 0.07 
3:0Bp F 0.1B 

6/27 8:52p WAT3 A 6.02 Waste application after first 
8:49p B 5.94 tilling Event 3 
9:3Bp C 4.61 
10:1Bp D 5.35 
10:01 p E 5.04 
9:15 p F 6.35 
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TABLE 3 (continued) 

Absolute Sarl'Ping Elapsed 
Day Tme Event Location ]me(hrs) Conments 

6/28 12:10 p WAT4 A 21.33 Waste application after fir 
12:11 p B 21.34 tilling Event 4 

1:55 p C 20.90 
1:15 p D 20.35 
1:08 p E 20.12 

12:20 p F 21.43 

6/28 12:26 p WAT5 A 21.58 Waste application after first 
12:26 p B 21.57 tilling Event 5 
2:05p C 21.06 
1:30 p 0 20.55 
1:25 p E 20.37 

12:35 p F 21.71 

6129 11:17 a WAT6 A 44.43 Waste application after first 
11:30 a B 44.62 tilling Event 6 
11:38 a C 42.61 
11:52 a 0 44.88 
11:54 a E 42.92 
12:13 p F 45.32 

7/2 11:57 a WAT7 A 105.10 Waste application after first 
12:24 p B 105.52 tilling Event 7 
12:56 p C 103.91 
1:23p 0 104.43 
1:48p E 104.79 
2:08 p F 107.23 

7/3 12:00 N WAT8 A 129.15 Waste application after first 
11:44 a B 128.85 tilling Event 8 
11 :27 a C 126.43 
11:17 a 0 126.33 
10:58 a E 125.95 
10:49 a F 127.92 

7/3 2:55 p WST1 A 1.92 Waste application after second 
1:15 p B 0.40 tilling Event 1 
1:21 p C 0.38 
1:38 p 0 0.68 
1:45 p E 0.80 
2:06p F 1.22 
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TABLE 3 (continued) 

Absolute Sarrpling Elapsed 
Day Tme Event I.DCalion Tlne(hr§) Conxnents 

7/5 12:31 p WST2 A 45.62 Waste application after second 
12:13 p B 46.97 tilling Event 2 
11 :47 a C 46.37 
11:24 a 0 45.81 
11:09 a E 45.33 
10:43 a F 44.63 

within the sampling manifold system just prior to the completion of the pre-sampling purge events. The 
manifold pumps were operated initially at a rate of 0.6 to 0.9 liters/min, and the valve to the effluent purge 
line was opened, initiating the sampling event. Sample collection via TenaxT:M sorbent traps was carried 
out for a 5 to 15 minute sampling period during the sampling event to ensure adequate contaminant mass 
collection, while minimizing contaminant breakthrough during the sample collection period. Cold packs 
were also placed on the T enaxT:M sorbent tubes during sampling in a further effort to reduce breakthrough 
during field sample collection. 

Sample sorbent tubes were randomly selected for use at the various sampling locations from tubes 
prepared as described in Section 5. labels were placed on the culture tubes containing the sorbent 
traps to document their placement within the sample manifold with respect to sample position, sample 
time, and any observed conditions pertinent to sample collection. Upon completion of the sampling 
sequence for a given tube, the duration of the sampling event and miscellaneous conditions pertinent to 
sample collection occurring during sampling were recorded. Following the sampling event, the valve to 
the sorbent trap manifold/sampling pump system was closed and the sampling pump was stopped. The 
sorbent traps were placed in their respective glass culture tubes, and then placed in air-tight metal 
containers. The samples were stored at 2 to 4'C at the refinery facility prior to analysiS on-site, via thermal 
desorption and GC analysis for volatile constituents of interest, or were transported back to the UWRl for 
final analysis. Isolation flux chambers were then removed from their sampling locations, were rinsed with 
methanol and acetone, and were inspected for damage, leaks, etc., prior to being used for emission 
sampling at the next designated sampling time. 

Transportation of sorbent tubes and soil and waste samples to and from the UWRl facility was carried 
out using land transportation, with low temperature conditions maintained using a AC/DC/propane 
refrigerator designed for portable use. Once at the UWRl facility, samples were maintained at 2 to 4'C 
prior to processing via thermal desorption and GC and/or GC/MS analysis for volatile constituents of 
interest. All sorbent tube samples were analyzed within six weeks of collection. A total of seven sorbent 
tubes from throughout the study were retained for GC/MS analysis to allow confirmation of specific volatile 
constituents quantified via GC analysis. 

The following information is a summary outline of the procedures utilized during field sampling for the 
collection and analysis of soil, waste, and air emission samples and blanks necessary for adequate 
Thibodeaux-Hwang AERR model validation: 
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A. Sampling Preparation 
1. Instrument Calibration 

a. Calibrate pump via bubble tube flow meter 
b. Calibrate laboratory GC via analysis of duplicates and calibration standards 
c. calibrate manifold flow via bubble tube flow meter 
d. Calibrate thermocouple thermometer 

2. Flux Chamber Check 
a. Check visual damage and general condition 
b. Pressure check 

3. Sampler Location Placement 
a. Randomize sampler placement in six subplots of application area 
b. Stake location of sampler on grass travel lanes for spatial continuity between 

sampling times 
B. Background Sampling Events 

1. Background Sampling Before Tilling 
a. Soil Sampling 

i. Collect particle size, bulk density and moisture content, and particle density samples at 
three points around the sampler 

ii. Place soil thermocouples under and within flux chamber sampler 
b. Air Emission Sampling 

i. Place sampling chambers at designated locations in subplots using soil surface to seal 
chamber 

ii. Place inclined shade over sampler to reduce temperature build-up within chambers 
iii. Initiate calibrated purge pump 
iv. ~urge with high purity breathing air for three retention volumes at 2 to 61/min purge flow 
v. Record soil temperature, chamber air temperature, weather conditions, ambient air 

temperature and sampling time 
vi. Connect sampling manifold to split-stream T, connect sampling traps to manifold, 

connect pump manifold to sampling traps, open manifold valve and initiate calibrated 
sampling pump 

vii. Sample the chamber purge gas for 5 to 15 minutes 
viii. At the end of the sampling period, close manifold valve, remove sampling manifold from 

split stream, record duration of sampling time and pertinent sampling conditions, i.e., 
soil temperature, chamber and ambient air temperature, etc., disconnect traps from the 
manifolds, place traps in culture tubes, and store tubes under low temperature 
conditions prior to analysis or shipping 

ix. Remove shading and sampling chambers from soil surface, rinse with methanol and 
acetone. swab dry, check condition of interior and transport lines, and store in low 
hydrocarbon vapor area until next sampling event 

2. Background Sampling After Tilling 
a. Remove soil thermocouples from sampler locations 
b. Till land application site as per normal operations 
c. Repeat steps B.1.a. i. through B.1.b. ix. shortly after tilling 
d. Repeat steps B.1.b. i. through B.1.b. ix. approximately 18 hours after tilling 

C. Waste Application Sampling Events 
1. Waste Application Sampling 

a. Place sheet metal collection pans on either side of flux chamber locations 
b. Waste Sampling 

i. Bulk samples of applied waste are obtained at sampler locations from grab sampling of 
application pan samples 

ii. Waste collection pans are weighed for mass application rate calculations 
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c. Aliquots of bulk sample are placed into VOA bottles for density, viscosity, and specific VOC 
determinations 

d. Repeat steps B.1.a. ii. through B.1.b. III. and B.1.b. v. through B.1.b.viil. as soon as possible 
after the waste application event 

e. Repeat steps B.1.a. ii. through B.1.b. ix. approximately 1 to 2 hours and 3 to 5 hours after 
the waste application event 

f. Repeat steps B.1.a. i. through B.1.b. ix. approximately 6 to 8 hours after the waste 
application event 

g. Repeat steps B.1.a. ii. through B.1.b. ix. approximately 21 to 26 hours after the waste 
application event 

2. Waste Application Sampling After Tilling 
a. Remove soil thermocouples from sampler locations 
b. Till land application site as per normal operations 
c. Repeat steps B.1.a. i. through B.1.b. ix. shortly after tilling 
d. Repeat steps B.1.b. i. through B.1.b. ix. approximately 5 and 10 hours after tilling 
e. Repeat steps B.1.a. i. through B.1.b. ix. approximately 24 hours after tilling 
f. Repeat steps B.1.b. i. through B.1.b. ix. approximately 48, 100 and 124 hours after tilling 

3. Waste Application Sampling After Second Tilling 
a. Remove soil thermocouples from sampler locations 
b. Till land application site as per normal operations 
c. Repeat steps B.1.a. i. through B.1.b. ix. shortly after tilling 
d. Repeat steps B.1.b. i. through B.1.b. ix. approximately 45 hours after tilling 
e. Remove soil thermocouples from sampler locations and complete field sampling 

Flux Shading Procedures-
Large temperature differentials were observed between the flux chamber interior air space and 

ambient air temperature that reached a maximum of 49.5·C during initial background sampling and 33.7"C 
during sampling following waste application. Flux chamber shading was utilized in all sampling events 
following soil tilling after waste application, (WA T), in order to evaluate the effect shading had on chamber 
air and soil temperatures. Flux chamber shading was accomplished utilizing wooden 2x2s supporting a 2 
ft x 4 ft sheet of plywood angled to shade the entire flux chamber. Several sampling events were 
conducted without and without shading to evaluate the effect of soil and chamber air temperature on 
measured emission rates. 

Field QNQC Procedures--
Field blank and spike traps were used in conjunction with breakthrough traps as described in Section 

5 to provide quality control information for field sorbent tube samples. Field blanks were obtained by the 
random selection of sorbent tubes at various time intervals during field activities. These blanks were 
removed from their culture tubes, were exposed to ambient conditions for approximately 15 seconds (the 
approximate time required for sorbent tube placement in the sampling manifolds) and were placed back 
into their respective culture tubes prior to documenting sampling period, sampling location and blank 
identification on sample custody forms. These blanks were then transported, stored, and processed in a 
manner identical to the sorbent tubes used for actual sample collection. 

Additionally, soil and waste samples were split with the RSKERL in Ada, Oklahoma, for oil and grease, 
and specific constituent quantification using identical sample processing and analytical procedures for 
comparison purposes to ensure quality control for these parameter measurements. All other 
measurements were conducted in at least duplicate to provide statistical information regarding 
measurement precision for comparison with original QNQC goals established for the study. Results of 
field QNQC samples are located in Section 8. 
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Reid Data Evaluation-
For each volatile constituent of interest, the calculation of measured mass collected in the flux 

chamber effluent gas versus time was made. Measured emission rates (mass/a realtime) as a function of 
time and Mime 112 were then calculated based on the soil surface area exposed to the purge air, the 
fraction of purge air actually sampled through the traps. the cumulative time during effluent sampling, the 
recovery efficiency of the contaminant observed in the flux chamber/sorbent tube laboratory recovery 
efficiency experiments, and the correction due to blank contaminant mass levels observed from field 
blank tubes. Results of measured data as a function of soil media characteristics, temperature, and 
application rate were compared to indicate the effect of these operating parameters on contaminant 
emission rates. Comparison with predicted model data indicated the validity of the modeling approach for 
emission prediction under actual field sampling and environmental conditions. 

40 



SECTION 7 

PARAMETER CALCULATION/ESTIMATION METHODS 

PARAMETERS REQUIRED FOR THIBODEAUX-HWANG AERR MODEL 

A number of critical model parameters must be calculated or estimated for the soil and waste system 
under consideration. However, only a limited theoretical base exists for the determination of the majority 
of these soiVwaste/component characteristics. The approach taken in this research was to utilize 
correlation equations for estimation of parameters that could not be directly determined experimentally. 

Soil Diffusion Coefficient 

The major compound property affecting vapor diffusion within a soil system is the effective soil 
diffusion coefficient, Ok This parameter has been correlated with physical properties of the soil, namely 
soil total porosity, air filled porosity, and tortuosity. A convenient form of the expression has been 
presented by Farmer et al. (1973): 

DA = DAi • (Sa 10/3)/S? (20) 

o Ai component air diffusion coefficient, (length2/time), 
Sa = soil air filled porosity = St - decimal soil moisture content. and 
St = total soil porosity = 1 - soil bulk density/particle density. 

where 

Modified Henry's Law Constant 

Component partitioning within the complex soil/water/air/oil environment in a contaminated soil 
system will also significantly affect its movement. The partition parameter of concern in the 
Thibodeaux-Hwang model is the modified Henry's Law constant which describes the equilibrium 
partitioning of a component between a soil oil film and the soil vapor phase. No direct calculation method 
is available for such a parameter; therefore, its estimation was based on a combination of partition 
coefficients and component and waste properties. 

Correlation equations are available (Lyman et at 1982) for the estimation of a solvent:water partition 
coefficient for a number of organic solutes and solvents. These correlation equations take the form of: 

where Ksw 
Kow 

a,b 

== the component solvent:water partition coefficient. 
= the octanol:water partition coefficient, and 

(21 ) 

= the slope and intercept, respectively, of the solvent regression equation. 

These equations can be adapted for use in land treatment facility emission modeling by the appropriate 
choice of a representative solvent in the complex waste of concern. Hexane was found to be a major 
component of the wastes used in this study based on GC/MS analyses and was chosen as a model 
solvent for partition parameter estimation. With hexane used to as the solvent system, a = 0.541 and b = 
1.203 (Lyman et al. 1982). 
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Component K w values can be estimated using correlation equations based on aqueous solubility. 
Hansch et at (1988) presented the following relationship for aromatic compounds which were of primary 
concern in this study: 

log liS = 0.996 • log Kow· 0.339 (22) 

where S = component water solubility. (moles/liter). 

An estimate of the effective Henry's Law constant for a particular waste component may then be made 
using its actual Henry's law constant, cm3 water/cm3 air. and the calculated Ksw from Equations 21 and 
22 above. The effective Henry's constant describes the equilibrium pa~itionin?Jpredicted between the 
soil vapor space and the oil matrix on the soil particles, and has units of cm oiVcm air: 

(23) 

Oil Diffusjon Coeffjcient 

The final parameter required for model application is the diffusivity of waste components in the oil film. 
Diffusion coefficient estimates for compounds in multi-solute systems are also not fully developed. and 
the estimation of this parameter was based on a modification of the Wilke-Chang equation for the liquid 
waste solution as follows (Lyman et at 1982): 

Do = 7.4 x 10-S· ( $s. M\JIl)1!2.!.I 

flS· VBo.6 
(24) 

where <j>s = solvent association parameter = 1.0 for non-dissociating solvents, 
MW = component gram molecular weight, (gig-mole). 

T = absolute temperature, ("K), 
11s = solvent/waste viscosity, (centipoises), and 
VB = molar volume, (cm3/g-mole). 

TEMPERATURE CORRECTION OF lABORATORY AND FIELD MODELING PARAMETERS 

Due to the temperature sensitivity of many of the physical and chemical parameters of the waste and 
individual constituents in the waste, various temperature correction procedures were utilized for waste 
viscosity, contaminant vapor pressure and contaminant vapor diffusivity estimations. Although laboratory 
temperature conditions were uniform within a given experiment, temperature variation between 
experiments required temperature adjustment of model parameters for comparison purposes with model 
predictions. In addition, field soil temperature variability was quite large throughout the day and 
demanded temperature correction, again for proper model parameter input into the Thibodeaux-Hwang 
AERR model. 

waste Viscosity Temperature Corrections 

Waste viscosity is critical in the prediction of a contaminant oil diffusion coefficient as indicated in 
Equation 24. Temperature correction for this parameter was carried out using a modification of a method 
presented by Gambill (1959), and recently reviewed by Wooley (1986). The method entails the use of 
actual viscosity data to derive an Antoine-type curve of the form: log 11s -= -2.32417 + 758.56/(T + 53.698 
+ D), where T is temperature in ·C. The coefficient 0 is calculated from this expression using measured 
viscosity data in centipoises at a given temperature. The equation is then used for the prediction of 
viscosity values at any temperature desired. 

42 



Data collected for the field waste (Table 4) were used to calculate the value of D for the waste applied 
in the field experiments. From these data it was determined that the best fit to the measured data could 
be obtained using a variable D with temperature, resulting in the following expression: 

log 11s - ·2.32417 + 758.561(T • 0.4148 • T + 196.8806) (25) 

Equation 25 was used for all field data to estimate a waste viscosity value in centipoises. This viscosity 
value was then input into Equation 24 for the estimation of contaminant oil diffusion coefficients as soil 
and waste temperatures changed during field sampling. 

Contamjnant Vapor pressure Temperature Adjustments 

Contaminant vapor pressure temperature corrections were made using a method described by Lymafl./~ 
et al. (1982) which uses the Antoine equation for compounds which are liquids or gases at~en 
temperature. The method involves the use of the contaminant normal boiling point, Tb, a parameter Kf 
(derived from consideration of dipole moments of the compounds of interest) used for the calculation of 
the heat of vaporization at the normal boiling point, AHvb, and the contaminant vapor pressure at an 
absolute temperature, T. Values of Kf of 1.0 for benzene and naphthalene, and 0.99 for all other 
compounds (Lyman et al. 1982) was used along with their reported boiling points to calculate AHvbfrb 
according to the following equation: 

AHvbffb:: Kf • (8.75 + R • In Tb) (26) 

where R = 1.987 cal/(mol • *K). 

The natural log of the contaminant vapor pressure in atmospheres was then calculated using the 
following expression given in Lyman et al. (1982): 

(27) 

where = 0.97, 
= ·18 + 0.19· Tb, and 
:: temperature at which vapor is to be predicted, CK). 

Results of Equation 27 were used in all model calculations for field data to account for the wide 
variability in soil temperature observed during the study. 

Contaminant Ajr Diffusjyjty Temperature Corrections 

Reported literature values for contaminant air diffusion coefficients required correction to the 
observed laboratory and field temperatures. Temperature correction for gas phase diffusivity values was 
based on the Chapman·Enskog formula as presented by Thibodeaux (1979) which indicates that the 
diffusivity of a contaminant in the air phase is related to the 312 power of the absolute temperature, i.e.: 

Dr2 = Dr1 • ..LI2l3l2 

(T1)3'2 

(28) 

Equation 28 was used to correct reported contaminant air diffusion coefficients for changes in 
temperature that occurred during laboratory and field studies. 
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TABLE 4. KINEMATIC AND DYNAMIC VISCOSITY MEASUREMENTS FOR SUN OIL WASTE COMPOSITE· 
DETERMINED 8/28/85 

Temp Time Ct Kinematic Viscosity Dynamic Viscosity# 
rC) (sec) (m"21sec) (cst) Average (cp) Mean S.D. C. V. (%) 

16.5 72.72 3.03E-07 22.03 22.34 
16.5 74.00 3.03E-07 22.42 22.74 
16.5 72.53 3.03E-07 21.98 22.14 22.29 22.14 0.25 1.1 
18.3 68.93 3.03E-07 20.89 21.18 
18.3 69.03 3.03E-07 20.92 21.21 
18.3 69.86 3.03E-07 20.89 20.90 21.19 20.90 0.02 0.1 
20.1 67.95 3.03E-07 20.59 20.88 
20.1 68.18 3.03E-07 20.66 20.95 
20.1 67.64 3.03E-07 20.49 20.58 20.79 20.58 0.08 0.4 
22.2 63.67 3.00E-07 19.10 19.37 
22.2 64.00 3.00E-07 19.20 19.47 
22.2 63.52 3.00E-07 19.06 19.12 19.33 19.12 0.07 0.4 
24.6 60.35 2.97E-07 17.92 18.18 
24.6 60.38 2.97E-07 17.93 18.19 
24.6 60.42 2.97E-07 17.94 17.93 18.20 17.93 0.01 0.1 
26.5 58.12 2.97E-07 17.26 17.51 
26.5 58.02 2.97E-07 17.23 17.47 
26.5 58.11 2.97E-07 17.26 17.25 17.50 17.25 0.02 0.1 
29.9 54.79 2.97E-07 16.27 16.50 
29.9 55.04 2.97E-07 16.35 16.58 
29.9 55.85 2.97E-07 16.59 16.40 16.82 16.40 0.17 1.0 

* Sample represents waste composite centrifuged at 3000 rpm for 5 minutes. Three layers were observed after 
centrifugation: a darK oily upper layer, a clear middle layer. and a thick solid layer. The clear middle layer was the 
largest fraction and was used for viscosity measurements presented in the table. 

tFrom Dr. Gordon Flammer, Utah State University for #1 00 viscometer. 
#Density measured using a circulating density meter. 



WASTE/SOIL ANALYSES 

SECTION 8 

RESULTS AND DISCUSSION 

Two hazardous petroleum refinery wastes: 1) API Separator Sludge K051 and 2) Slop Oil Emulsion 
Solids K049. were selected for testing in the laboratory studies due to their large quantity production in 
the United States. the current extent of their disposal in land treatment systems, and the broad range of 
physical. chemical and toxicological characteristics represented by the compounds they contain. Two 
soils (Kidman sandy loam and Durant clay loam) were chosen for use in laboratory volatilization studies to 
represent a range of soil types that might potentially receive applications of hazardous wastes. In 
addition to the soils, washed construction sand was evaluated as an inert medium within which 
volatilization of hazardous waste constituents could be studied. Samples of wastes, API Separator 
Sludge and OAF Bottoms. and soils were obtained from the refinery at which the field studies were 
conducted. This refinery has been operating an apparently successful hazardous waste land treatment 
facility since 1975. 

Waste Analyses 

API Separator Sludge Solids are generated from primary settling of wastewaters that enter the oily 
water sewer. This waste sludge typically consists of approximately 73 percent water, 8 percent oil and 19 
percent solids (ERT 1984). The solids are largely sand and coarse silt, but also often contain significant 
quantities of heavy metals such as chromium and lead. The heavy oils that settle in an API separator 
become part of the bottom sludge and are largely composed of heavy tars, large multiple branched 
aliphatic compounds, polyaromatic hydrocarbons, and coke fines. The composition of the oily material in 
the separator sludge depends to a large extent on the source of crude being refined and the refining 
process employed at the refinery in question, while the amount of coke fines is dependent on the 
amount of thermal cracking used in the refining process. 

Slop Oil Emulsion Solids are the residual solids remaining after the treatment of the emulsion layer 
produced from the recovery of oil from slop oil. These emulsion solids are typically 40 percent water, 43 
percent oil and 12 percent solids. Chromium and lead are often present in significant concentrations in 
the solid phase of this waste (ERT 1984). 

Gross chemical and physical parameters of the hazardous wastes used in the laboratory study are 
shown in Table 5, along with waste viscosity and density determinations required as input in model 
validation procedures. These data indicate that the laboratory API Separator Sludge with a measured oil 
and grease content of 35 percent, was much higher in oil and grease than typical separator sludge waste. 
The Slop Oil Emulsion Solids waste was found to be high in solids content (26 percent versus typically 12 
percent) and extremely low in measured water content (0.1 percent versus typically 40 percent water 
content). 

Methanol extracts of the separator sludge, slop oil, and field wastes showed the presence of the 
seven volatile compounds of interest at mean concentration levels (MA in Equations 7, 8 and 19) shown 
in Table 6. Laboratory specific volatile constituent data show relatively large coefficients of variation 
typical for complex wastes. Based on results of field data. it appears that this variation was largely due to 
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TABLE 5. GROSS PHYSICAUCHEMICAL PROPERTIES OF HAZARDOUS 
WASTES USED IN THE STUDY 

Waste 

API Separator Sludge 
Slop Oil 
Field Waste 

Oil and Grease (J.I9/g)* 
Mean St. Dey. C. V. (%) 

350000 25000 7.0 
460000 49000 11 .0 

Waler Content (%)** 
Mean SI. Dey. C. V. (%) 

API Separator Sludge 47t 2.8 7.0 

Slop Oil 0.1§ 

Field Waste 

* Modified from RSKERL SOP~21 . 

Solids (M/9) 
Mean St. Dey. C. V. (%) 

257000 
227000 

32000 12.4 
27000 11.9 

Dynamic Viscosity (ep)# 
Mean St. Dey. C. V. (%) 

22.32@ 17'C 0.03 0.1 
18.14 @ 25.4·C 0.01 0.0 

48.12 @ 16·C 0.25 
39.54 @ 25.5·C 0.28 

22.46 @ 16.5·C 0.25 
17.49 @ 26.5"C 0.02 

0.5 
0.7 

1.1 
0.1 

.. Standard Method of Test for Water in Petroleum Products and Bituminous Materials by Distillation. 
ASTM D95~70. 

# Sample density @ 21·C = 0.8185 glee for Slop Oil. 0.9806 glee for Separator Sludge. and 1.014 glee 
@ 16.5"C for field waste. Separator Sludge viscosity determination for oil layer separaled following 
centrifugatio n. 

t Utah Waler Research Laboratory Apparatus. 
§ USEPA Robert S. Kerr Environmental Research Laboratory Apparatus. 
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TABLE 6. SPECIFIC ORGANIC CONSTITUENTS OF HAZARDOUS WASTES 
USED NTHE STUDY 

Mass (~g/g Waste} 
Compound Mean SI. Dev. C. V. (%} n 

SLOP OIL 
Benzene 5421 2403 44 16 
Toluene 7696 1953 25 18 

Ethylbenzene 1639 657 40 18 
p-Xylene 3399 928 27 18 
m-Xylene 8500 1910 22 18 
o-Xylene 3365 1108 33 18 

Naphthalene 1621 687 42 16 

SEPARATOR SLUDGE 

Benzene 2350 648 28 6 
Toluene 2487 899 36 8 

Ethylbenzene 605 212 35 9 
p-Xylene 1686 467 28 8 
m-Xylene 3641 607 17 8 
o-Xylene 2194 654 30 9 

Naphthalene 2306 692 30 9 

FIELD WASTE 

UWRL Analyses (GC) 

Benzene 249.2 29.7 12.0 10 
Toluene 631.7 50.0 8.0 10 

Ethylbenzene 22.0 1.2 6.0 10 
p-Xylene 33.2 4.6 14.0 10 
m-Xylene 181.2 14.9 8.0 10 
o-Xylene 56.0 3.0 5.0 10 

Naphthalene 124.6 8.8 7.0 10 

RSKERL Analyses (Gc/MS) 

Benzene 278 
Toluene 687 

Ethylbenzene 36 
p-Xylene & m-Xylene 238 

o-Xylene 81 
Naphthalene 108 
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changing characteristics of the wastes used in laboratory studies which took place over the ten month 
period, as wen as to routine waste sampling, extraction, and analysis errors. The data generated in 
laboratory tests suggest that an evaluation of specific volatile constituents is necessary in each aliquot of 
raw waste prior to its use in volatilization runs. Table 6 data also indicate that the hazardous wastes used 
in laboratory studies were significantly higher in all constituents than the waste applied during the field 
study. This once again indicates the importance of accurate waste characterization as the waste 
generating and handling processes have a significant impact on the concentration of volatile constituents 
actually applied to the land treatment system. Comparison of GC analyses conducted at the UWRL with 
those conducted at the RSKERL via GC/MS procedures indicate very good correlation between results. 
This finding substantiates the accuracy of measured data and the analytical procedures used in the field 
study. 

Prominent aliphatic and aromatic compounds, along with their substituted analogs identified in GC/MS 
analyses of the volatile and base/neutral fractions of the wastes used in laboratory studies, are presented 
in Tables 7 to 9. 

Soil Analyses 

Soil physical. chemical and biological properties of the Kidman sandy loam, the Durant clay loam, the 
washed construction sand. and the field soil are indicated in Table 10. The laboratory media were used 
during the study to provide a range of soil particle sizes and particle size distributions. textures, organic 
contents, exchange capacities and water holding capacities to investigate the sensitivity of the 
Thibodeaux-Hwang AERR model to these critical soil parameters. The effective size listed in Table 10 is 
defined as the diameter of particles representing 10 percent of the mass of the sample analyzed by dry 
sieve analysis and was taken as the representative diameter for Zo and as estimations in Equations 14 
through 17. Other critical soil physical parameters, including total porosity. air filled porosity, and bulk 
density were determined on an individual basis for each laboratory unit (microcosm or flask) for each 
experiment conducted. These data are presented in Appendices F and G along with measured and 
theoretical emission data. 

Physical soil parameters necessary for field validation were collected at various time intervals 
throughout the field sample excursion as describe in Section 6. Table 11 presents a summary of physical 
properties measured for the field soil for each time period and at each sampler location. Data obtained 
during background sampling, both before and after tilling. indicated that the soil within the experimental 
field plot was quite uniform and well mixed. Due to non-uniform waste application within the field plot. 
however. waste before tilling (WBT) samples indicated generally a greater bulk density and lower total 
porosity for sample locations C, D. E. and F than at locations A and B. Due to the variable nature of 
measured moisture content during the period throughout the field plot, variable air filled porosity values 
were also observed. After the first tilling following waste application (WAn. bulk density and total porosity 
results approached initial background levels and were once again relatively uniform throughout the field 
plot. Following the second tilling after waste application (WSn. field site soil physical characteristics were 
very uniform. Soil moisture content variability became apparent during this period, however, due to a 
rainfall event which allowed moisture to pond in the low lying areas of the field site, especially at sample 
locations C. E and F. Both the spatial and temporal variability of these soil parameters were incorporated 
into calculations for theoretical emission rates by their substitution into model equations described in 
Section 4 at time increments corresponding to actual field sampling times. 
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TABLE 7. ORGANIC COMPOUNDS TENTATIVELY IDENTIFIED IN API SEPARATOR SLUDGE 
AND SLOP OIL WASTE SAMPLES (VOLATILE FRACTION) BY GCIMS 

Cyclohexane 
2,2.4-trimethylpentane 
Methyl-cyclohexane 
Toluene 
1,3-dimethyl-trans-cyclohexane 
Octane 
Ethyl-cyclohexane 
p-xylene 
o-xylene 
1-ethyl-3-methylbenzene 
trimethylbenzene 
1-methyl-4-propyl-benzene 
1-methyl-2 or 411-methylethyl-benzene 
1-methyl-3(1-methylethyl)benzene. or 

1-ethyl-2.4-dimethylbenzene 
(1,1-dimethylbutyl)benzene 
Undecane 
1-ethyl-3,5- or 2,4- or 1,2-dimethylbenzene 
1-ethyl-3.5-dimethyl or 1,2.3/4.5-tetramethylbenzene 
Octacosane 
Naphthalene 
1-ethyl-1-methyl-cyclopentane 
2.3-dihydro-1,6-dimethyl-1 H-indene 
Octadecane 
Methyl-naphthalene 
2-methyl-naphthalene 
Pentacosane 
1.1'-biphenyl 
Ethylnaphthalene 
Dimethyl-naphthalene 
Ethyl-naphthalene 
2-(1-methylethyl--naphthalene 
Trimethyl-naphthalene 
1,6,7-trimethylnaphthalene 
1-methyl-9HFluorene 
Phenanthrene 
4-methylphenanthrene 
Dimethyl-phenanthmne 
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Molecular 
Weight 

84 
114 
98 
92 
112 
114 
112 
106 
106 
120 
120 
134 
134 

134 
162 
156 
134 
134 
394 
128 
112 
146 
254 
142 
142 
352 
154 
156 
156 
156 
170 
170 
170 
180 
178 
192 
206 

Retention 
]me (min) 

5.93 
6.53 
7.45 
8.55 
8.82 
9.28 

10.15 
10.95 
11.5 
12.9 
13.57 
14.6 
14.8 

15.17 
15.3 
15.35 
15.85 
15.93 
17.05 
17.2 
17.83 
18,4 
18.6 
18.98 
19.27 
20.07 
20.2 
20.47 
20.62 
21.4 
22.02 
22.3 
22.83 
24.75 
25.73 
27.02 
28.48 



TABLE 8. ORGANIC COMPOUNDS TENTATIVELY IDENTIFIED IN API SEPARATOR 
SLUDGE WASTE (BASE NEUTRAL FRACTION) BY GC/MS 

Corrpouod fonrula Molecular Wejgtn Retention Jj!1Jl (minutes) 

Heptane C6H16 100 0.8 
Hexane, 2, 5-Dimethyl, C8H18 114 1.0 

Heptane,2-Methyl 
Cyclopentane, ethyl-methyl, C8H16 112 1.1 

or alkane 
Cyclohexpane, dimethyl? C8H16 112 1.8 
Benzene, methyl C7H8 92 2.1 
Nonane C9H20 128 

_ .. -
3.0 

Cyclohexane,1-ethyl-4- C9H18 126? 3.1 
methyl? 

Benzene, dimethyl CBH10 106 4.4 
Nonane,4-methyl, C10H22 142 4.6 

actane, dimethyl 
Benzene, dimethyl C8H10 106 5.4 
Decane C10H22 142 6.1 
Decane,4-methyl C11H24 156 6.6 
Benzene. propyl C9H12 120 7.2 
Benzene, ethyl methyl; C9H12 120 7.5 

Benzene, trimethyl 
Benzene, alkyl substituted C9H12 120 7.7 
Benzene, trimethyl; C9H12 120 8.1 

Benzene, ethyl methyl 
Benzene, trimethyl; C9H12 120 8.4 

Benzene, ethyl methyl 
~~. Undecane C11H24 156 9.1 

Benzene, trimethyl; C9H12 120 9.4 
Benzene. ethyl methyl 

Benzene, diethyl; C10H14 134 9.8 
Benzene. methyl propyl 

Benzene, diethyl; C10H14 134 10.0 
Benzene, methyl propyl 

Benzene, diethyl; C10H14 134 10.2 
Benzene, methyl propyl 

Benzene, ethyl dimethyl; C10H14 134 10.5 
Benzene. tetramethyl; etc., 

Benzene, ethyl dimethyl; C10H14 134 10.8 
Benzene. tetramethyl; etc .• 

Dodecane C12H26 170 11.4 
Benzene. ethyl dimethyl; C10H14 134 11.7 

Benzene. tetramethyl, etc .• 
Benzene. Dimethylethyl C11H16 148 11.9 

methyl? 
Tridecane, methyl? C14H30 198 12.6 
Tridecane C13H28 184 13.4 
Naphthalene • Azulene C10H8 128 14.1 
Tetradecane C14H30 198 15.2 
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TABLE 8 (continued) 

Coapouod Eonrula MoleaJlar Weight Retention Jjme (mirutes) 

Naphthalene, methyl CllHl0 142 15.9 
Naphthalene, methyl CllH10 142 16.5 
Pentadecane C15H32 212 16.9 
Tetradecane, trimethyl C17H36 240 17.5 
1,1 '-Biphenyl C12H10 154 17.7 
Naphthalene, Dimethyl C12H12 156 17.9 
Naphthalene, Dimethyl C12H12 156 18.3 
Hexadecane Cl6H34 226 18.4 
Naphthalene, Dimethyl C12H12 156 18.7 
Hexadecane, Dimethyl C18H38? 254? 19.0 
1 ,1 '-Biphenyl, methyl C13H12 168 19.4 
Heptadecande Cl7H36 240 20.0 
Naphthalene, trimethyl C13H14 170 20.2 
Naphthalene, trimethyl C13H14 170 20.6 
Octadecane Cl8H38 254 21.4 
Naphthalene, alkyl substituted? Cl4H16 184 22.0 
Nonadecane C19H40 268 22.7 
Eicosane C20H42 282 24.0 
Phenanthrene, anthracene C14Hl0 178 24.6 
Heneicosane C21H44 296 25.2 
Dibenzothiophene, methyl; C13Hl0S 198 25.4 

9H-thioxanthene 
Dibenzothiophene, methyl; C13H10S 198 25.7 

9H·thioxanthene 
Anthracene/Phenanthrene C15H12 192 26.0 

~;.;: 
methyl substituted 

Docosane C22H46 310 26.2 
Anthracene/phenanthrene C15H12 192 26.4 

methyl substituted 
Dibenzothiophene, dimethyl C14H12S 212 26.9 
Tricosane C23H48 324 27.4 
Phenanthrene/anthracene, Cl6H14 206 27.6 

dimethyl 
Phenanthrene/anthracene, Cl6H14 206 27.9 

dimethyl 
T etracosane C24H50 338 28.5 
Phenanthrene/anthracene, C17H16 220 28.9 

Trimethyl 
Phenanthrene/anthracene, C17H16 220 29.2 
TrimethylPentacosane C25H52 352 29.5 
Hexacosane C26H54 366 30.6 
Heptacosane C27H56 380 31.5 
Octacosane C28H58 394 32.5 
Nonacosane C29H60 408 33.7 

C30H62 422 35.0 
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TABLE 9. ORGANIC COMPOUNDS TENTATIVELY IDENTIFIED IN SLOP OIL EMULSION SOLIDS 
WASTE (BASE/NEUTRAL FRACTION) BY GC/MS 

ConpouOO FotmJIa Molerular Weight Retention Jjme (minutes) 

Dichloromethane CH2CI2 85 
Hexane, 2,2-dimethyl; or CSH18 114 0.8 

Butane, 2,2,3,3 tetra-
methyl 

Heptane CGH16 100 1.0 
Methyl benzene C7H8 92 2.3 
Nonane C9H20 128 3.5 
Benzene, dimethyl CSH10 106 5.1 
Benzene, dimethyl CSH10 106 5.9 
Decane C10H22 142 6.8 
Benzene, propyl C9H12 120 7.5 
Benzene, ethyl methyl C9H12 120 7.9 

substituted 
Cyclohexane, butyl, or C10H20 140 8.1 

thiophthene C6H4S2 140 
Benzene, ethyl methyl; or C9H12 120 8.4 

benzene, trimethyl 
Benzene, trimethyl; or C9H12 120 8.8 

benzene, ethyl methyl 
Benzene, methyl propyl; C10H14 134 9.3 
benzene. ethyl dimethyl, or 

benzene, tetramethyl 
Undecane C11H24 156 9.5 
Benzene, 1,2,3-trimethyl C9H12 120 9.7 

~,;i 
Benzene, diethyl C10H14 134 10.1 
Benzene, methylpropyl; or C10H14 134 10.3 

benzene, tetramethyl; or 
benzene, ethyldimethyl 

Benzene, tetramethyl; C10H14 134 10.7 
benzene, ethyldimethyl; or 
benzene, methylpropyl 

Benzene, ethyl-dimethyl C10H14 134 10.9 
substituted; benzene, C12H8 152 
1- methyl-4-(1-methylethyl)-; 
or benzene, diethyl; 
acenaphthylene 

Alkyl-substituted benzene C11H16 148 11.1 
Dodecane C12H26 170 11.7 
Benzene, ethyl dimethyl C10H14 134 11.8 

substituted; or benzene, 
methyl-dipropyl 

Benzene, diethylmethyl C11H16 148 12.1 
Benzene, diethylmethyl; C11H16 148 12.5 

or benzene, ethyltrimethyl 
Indane, dimethyl; naphthalene, C11H14 146 13.3 

or tetrahydromethyl; benzene C11H16 148 
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TABLE 9 (continued) 

Qgf1l!O!.!l)j FonruIa Mclacula[ Wejgbt B~elJlion Dt:m (mjrutes) 
Tridecane C13H28 184 14.2 
Naphthalene C10H8 128 14.4 
Tetradecane Cl4H30 198 15.4 
Naphthalene, -methyl C11Hl0 142 16.2 
Naphthalene, -methyl C11H10 142 16.6 
Pentadecane C15H32 212 17.1 
Naphthalene, dimethyl C12H12 156 18.5 

substituted 
Hexadecane Cl6H34 226 18.7 
Naphthalene, dimethyl C12H12 156 18.8 

substituted 
Naphthalene, methyl ethyl C13H14 170 19.0 
Naphthalene, trimethyl, or C13H14 170 19.5 

naphthalene, methyl ethyl 
Naphthalene, alkyl substituted C13H14 170 
Naphthalene, alkyl substituted C13H14 170 20.1 
Heptadecane Cl7H36 240 20.2 
Naphthalene, trimethyl substituted C13H14 170 20.4 
Naphthalene, trimethyl substituted C13H14 170 20.7 
Naphthalene, tetramethyl; C14H16 184 20.9 

or naphthalene, alkyl 
substituted 

Biphenyl, dimethyl; or biphenyl C14H14 182 
ethyl 

Octadecane C18H38 254 21.6 
Naphthalene, methyl, isopropyl C14H16 184 22.2 

;..:: ... Naphthalene, dimethyl, isopropyl C15H18 198 22.5 
naphthalene, alkyl substituted C14H16 184 

Nonadecane C19H40 268 23.0 
Eicosane C20H42 282 24.2 
Phenanthrene/anthracene C14H10 178 24.7 
Heneicosane C21H44 296 25.3 
Anthracene; phenanthrene, C15H12 192 26.1 

methyl substituted 
Anthracene; phenanthrene, C15H12 192 26.2 

methyl substituted 
Docosane C22H46 310 26.4 
Anthracene; phenanthrene, C15H12 192 26.6 

methyl substituted 
Dibenzothiophene, dimethyl C14H12S 212 26.9 
Dibenzothiophene, dimethyl C14H12S 212 27.1 
Phenanthracene, anthracene, C16H14 206 27.4 

dimethyl substituted 
Penanthrene, dimethyl C16H14 206 27.8 

substituted; anthrazene 
Benzo[ghi]fluoranthene C18H10 226 28.0 
T etracosane C24H50 338 28.4 
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TABLE 9 (continued) 

ConpouOO Fonwla MoleqJlar Weight Retention ]me (mirutes) 
Phenanthrene, trimethyl; 

anthrene. trimethyl 
Fluoranthene; pyrene 
Pentacosane 
Hexacosane 
Heptacosane 
Octacosane 
Nonacosane 

C17H16 

C16H10 
C25H52 
C26H54 
C27H56 
C28H58 
C29H60 

220 

202 
352 
366 
380 
394 
408 

28.9 

29.2 
29.5 
30.5 
31.5 
32.5 
33.6 

TABLE 10. PHYSICAUCHEMICALlBIOlOGICAL CHARACTERISTICS OF MEDIA UTILIZED IN 
LABORATORY AND FIELD MODEL VALIDATION STUDIES 

Parameter Kjdman Sandy loam Durant Clay Loam Sieved Rne Sand FjeldSoji 

Packed Bulk Density 1.44 1.59 1.48 0.93 to 1.20 
(g/cc) 

Texture Loam Silt Loam Sand Clay Loam 
Moisture (%) at: 

1/3 atmosphere 20 41.6 
1 atmosphere 14.34 to 30.33 
15 atmospheres 7 12 
Saturation 24 55 

Effective Size (mm) 0.29 0.111 0284 0.23(1.29 Site F) 
Unijormity Coefficient 12.8 7.41 1.65 19.7 (11.1 Site F) 
pH 7.9 6.6 
CEC (meq/100g) 10.1 20.5 
Organic Carbon (%) 0.5 2.88 Negligible 
Soil Plata Counts: 

Bacteria 6.7x106/g 5.1x107/g 
Fungi 1.9x104/g 2.6x1cf/g 

"Range encountered during field investigation. 
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TABLE 11 . FIELD SOIL PARAMETER DATA SUMMARY 

SafTl)ling % Moisture Bulk Density Total Porosity Air Filled Porosity 
Eyent locatbn Cortert (o'CX() C%) cYsl 

BBT A-F Mean 19.1 1.03 61.1 42.0 
S.D. 2.9 0.07 2.6 3.4 
C.V. 15.4 6.8 4.3 8.1 

BAT 1 A-F Mean 19.0 0.95 64.1 45.1 
S.D. 2.6 0.07 2.8 3.6 
C.V. 13.5 7.6 4.3 8.1 

WBT2 A&B Mean 23.0 1.04 60.8 37.8 
S.D. 5.2 0.09 3.3 4.7 
C.V. 22.5 8.4 5.5 12.4 

C-F Mean 27.3 1.2 54.7 27.4 
S.D. 3.0 0.1 3.6 3.9 
C.V. 10.9 11.3 6.8 14.9 

WBT6 A&B Mean 28.9 1.04 60.8 31.9 
S.D. 2.7 0.18 6.7 2.7 
C.V. 9.2 17.2 11.1 10.0 

C-F Mean 28.0 1.10 58.5 30.5 
S.D. 2.0 0.09 3.2 2.8 
C.V. 7.1 7.8 5.6 8.9 

WAT1 A-F Mean 30.3 0.95 64.1 33.9 
S.D. 6.8 0.13 4.8 8.4 
C.V. 22.6 13.3 7.4 24.9 

WAT7 A&C-F Mean 17.0 1.05 60.4 43.4 
S.D. 1.9 0.10 3.6 4.0 
C.V. 11.0 9.0 6.0 9.4 

B Mean 23.0 1.05 60.4 37.4 
S.D. 0.35 0.10 3.6 4.0 
C.V. 1.5 9.0 6.0 9.4 

WST1 A-F Mean A 14.8 0.93 64.8 46.9 
S.D. B 17.6 0.09 3.5 4.5 
C.V. C 19.2 9.9 5.4 9.6 

016.3 
E 18.0 
F 21.8 

WST2 A-F Mean A 14.6 1.02 61.4 45.5 
S.D. B 17.5 0.07 2.7 3.6 
C.V. C 15.7 7.0 4.4 7.9 

014.3 
E15.4 
F 18.2 
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SAMPLING/COLLECTION SYSTEM EVALUATION 

Tenax™ RecoyetylDesorptjon Efficiency Results 

Constituent mass recovery data from the Tenax™ and Tenax™/chamber recovery studies for the 
seven aromatic compounds of interest are presented in Figures 9 and 1 0, along with the mass injection 
levels utilized and the mean and 95% Confidence Intervals resulting for each compound. Mass injection 
levels were chosen based on expected sorbent tube mass collection levels from Thibodeaux-Hwang 
model emission estimates (Thibodeaux and Hwang 1982) and GC and GC/MS analyses of Slop Oil and 
API Separator Sludge waste samples that were used in subsequent laboratory and field emission 
measurement studies. Data represent 30 to 44 analyses, with a minimum of four tubes used at each of six 
to eight mass levels applied over the range of masses investigated for each compound. As indicated in 
Figure 9. T enax™ mean recovery efficiencies ranged from 78 to 97 percent for all compounds of interest, 
with coefficients of variation under 1 0 percent for all compounds except naphthalene which produced a 
C.V. = 14.4 percent. Corresponding 95% Confidence Intervals for compound recovery efficiencies 
ranged from ± 0.9 percent for m-xylene to ± 3.8 percent for naphthalene over mass injection levels 
ranging from 0.09 to 250 J.l.g/tube. These results are approximately 10 percent lower than those 
presented in the literature (Pellizzari 1977. Pellizzari and Little 1980) for benzene and toluene, 30 
percent lower for naphthalene (Timmons et at 1985), and 30 percent higher for ethylbenzene, yet are 
felt to be representative of recovery efficiencies that can be expected for the wide range of mass levels 
collected in land treatment air emission measurement activities. 

T enax™/chamber recovery efficiencies shown in Figure 1 0 ranged from 60.5 percent ± 12.9 percent 
for naphthalene. to 94.0 percent ± 12.5 percent for toluene, indicating a much wider range of variability 
than with the sorbent tubes used alone. This variability is attributed to component losses within the 
sampling unit, sampling manifold between-tube variability, and purge flow/sorbent tube/sampling flow 
variability during the sampling event in addition to analytical errors inherent in tube desorption and GC 
analysis. With the wide confidence interval about the means of Tenax™/chambar recovery data, no 
significant difference existed between recovery results of the Tenax™ alone versus the Tenax™/ 
chamber sampling system except for p- and m-xylene and naphthalene. These results suggest that 
recovery data should be collected which allow the quantification of collection and recovery efficiency 
values for the combined sampling/collection system. All Tenax™ sorbent tube collection data are located 
in Appendix B along with statistical information related to recovery performance. 

Charcoal Recoyecy/Desorption Efficiency Results 

Mean charcoal tube recovery data are shown in Figure 11 along with 95% Confidence Intervals and 
compound mass injection levels used. No significant difference at the 95% confidence level was 
observed for recovery data for benzene, toluene, and the three xylenes when analyzed as individual 
compounds, when in mixtures, or when moisture was added to charcoal tubes. Recovery data were 
comparable with those collected using TenaxTM for benzene, toluene, and the xylenes; however, 
consistent quantitative recovery of naphthalene at levels greater than 50 percent were not possible from 
over 100 samples analyzed during the study. Similar difficulties have been reported for the recovery of 
aromatics from charcoal using pentane as a solvent (Timmons et al. 1985). Because of the interest in 
monitoring naphthalene in subsequent laboratory and field studies, charcoal was not used in further 
sampling system analyses. All charcoal sorbent tube collection data are located in Appendix A along with 
statistical information related to recovery performance. 

Tenax™ Breakthrough Results 

Because of the efficiency of collection and recovery of all seven compounds of interest using 
Te nax™ , this sorbent material was further investigated with respect to operating limitations in terms of 
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.. 

Naphthalene (0.5-60 pg) 

o-Xylene (0.48-36.0 pg) 

m-Xylene (1.1-79.7 pg) 

p-Xylene (0.48-36.4pg) 

Ethylbenzene (0.4-33.4 pg) 

Toluene (2.3-262 pg) 

Benzene (0.09-250 pg) 

o 10 20 30 40 50 60 70 80 90 100 
Recovery Efficiency (Mean % showing ± 95% Confidence Intervals) 

Figure 9. T enax™ recovery efficiency data 

Compound (Mass 
Injection Range) 

Naphthalene (1.0-S0 J1g) 

o-Xylene (0.6-31.4 pg) 

m-Xylene (1.9-90.9 pg) 

p-Xylene (0.9-41.8pg) 

Ethylbenzene (0.4-14.2 J1g) 

Toluene (1.0-50.0 119) 

Benzene (1.0-50.0 pg) 

91.4±14.1 

94.0±12.S 

o 10 20 30 40 50 60 70 80 90 100 
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Figure 10. Tenax™/fIux chamber recovery efficiency data 
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Figure 11. Charcoal recovery efficiency data, individual compounds, mixtures and 
moisture effects 

breakthrough volume during sampling. A range of mass levels from 1.1 to 120 J..lg were used to spike 
individual Tenax™ traps connected in series at 19 to 23"C and 28 to 32"C working temperatures used in 
laboratory and field emission measurement experiments. Results of these breakthrough studies are 
summarized in Table 12. Results are expressed as collected sample volume in liters/O.28 9 sorbent tube 
at a given compound mass level which provided a 50 percent and 90 percent retention of the injected 
mass on the first trap of the two trap series. These values were generated from the following expressions 
representing least-squares regression of all collected breakthrough data for benzene and toluene: 

Benzene (28-32"C) 1.1 to 120 u.gUrap 
In[90%Breakthrough Volume(l)] = 1.36 - 0.0 4- [Mass(J..lg)] + [Mass(u.g)]2 

57J4 
In[50%Breakthrough Volume(l)) = 2.90 - 0.06 - [Mass(J..lg)] + [Mass(u.g)]2 

3731 
Toluene (28-32"C) 2 to 120 lloUrap 

In[90%Breakthrough Volume(l)] = 3.73 - 0.12 - [Mass(llg)]+ [Mass(u.g)]2 
1000 

In[50%Breakthrough Volume(l)) = 3.69 - 0.025 - [Mass(llQ}] 

. r2 = 0.8824 (29) 

, r2 = 0.8668 (30) 

. r2 = 0.9507 (31) 

,r2 = 0.9536 (32) 

Benzene (19-23·C) 1,8 to 120 lloUrap 
In[90%Breakthrough Volume(l)] = 2.28 - 0.032 • [Mass(J..lg)] • ,2 = 0.9136 (33) 

In[50%Breakthrough Volume(I)] = 2.54 - 0.023 • [Mass(J..lg)] + [Mass(u.g)]2 , ,2 = 0.9599 (34) 
10747 

All other compounds did not breakthrough in sufficient levels, even with 120 J..lg injections and 24 liter 
collection volumes, to allow development of regression equations for breakthrough volume predictions. 
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TABLE 12. TENAX SORBENT TUBE BREAKTHROUGH VOLUMES AS A FUNCTION 
OF TEMPERATURE AND MASS INJECTION LEVEL 

MassLeve! Benzene Toluene Ethy!benzene o-Xy!ene m-Xylene a-Xylene Naphthalene 

19·23·C Tenax Breakthrough Volumes (I) for a Given Percent Recovery 
on First Trap of Two Trap Series 

120,Q UQ 
90% Recovery 0.20 5.08 25.01 32.55 25.84 21.03 
50% Recovery 3.15 14.68 110.6 150.0 115.1 91.78 

2Q,Q Ll Q 

90% Recovery 1.87 • .. • • • 
50% Recovery 4.90 • • .. • • • 

M~ Bm:I!;I!.~; a,~l~.Q WJ lQ:]~,~ ug a,z ug l~,!l WJ 2!i!,a WJ ll,Zug lB,Q ug 
90% Recovery 3.02 25.41 .. • • 
50% Recovery 7.79 49.52 • • • .. • 

Mass RaOO2; ] ,a:2,Q WJ 2,2 ug 1,1 ug l.a ug ~2 ug 1.~WJ 2.!l ug 
90% Recovery 5.27 .. • 
50% Recovery 28.10 .. .. • .. * 

28-32'C Tenax Breakthrough Volumes (I) for a Given Percent Recovery 
on First Trap of Two Trap Series 

120,0 UQ 
90% Recovery 0.28 0.20 11.31 12.08 10.97 12.77 .. 
50% Recovery 0.60 2.50 22.22 22.48 24.09 25.44 * 

§Q,Q WJ 
90% Recovery 0.71 0.22 14.28 14.87 15.24 14.90 • 
50% Recovery 1.79 5.96 24.88 25.43 27.05 28.54 

:15,0 WJ 
90% Recovery 1.21 17.35 .. .. .. * .. 
50% Recovery 3.54 33.20 .. • .. .. • 

:1,1-4.2 WJ 
90% Recovery 4.50 19.22 • • 
50% Recovery 13.67 40.35 • .. .. .. 

.. == »24 liters 
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The benzene breakthrough data collected in this study were used to generate a series of regression 
equations for the prediction of the percent recovery of benzene as a function of mass injected and 
sample volume collected on the 0.28 g sorbent tubes. These regression equations were developed for 
specific temperature and benzene mass injection levels as indicated below: 

Benzene (19~23'C) 1.8 to 60 ugfTrag 
% Recovery == (-3.99 - 0.154 - (Mass, 1lQ» -Vol. Collected (I) +111.9 ,r2 == 0.7876 (35) 

Benzene (19-23'C) 120 uaarap 
% Recovery == (-12.9)" Vol. Collected (1)+91.5 ,r2 == 0.9716 (36) 

Benzene (28-32'C) 1,8 to 120 uglTrap 
% Recovery == (2.706 - 0.973 • (Mass, 1lQ» .. Vol. Collected (I) +117.2 ,r2 = 0.8244 (37) 

A number of references report data for breakthrough volume for volatile aromatics utilizing T enax™ 
sorbent tubes (Pellizzari 1980, U. S. EPA 1982b). These values are summarized in Table 13 for water, 
benzene, toluene and ethylbenzene for which data have been reported. These data indicate a major 
discrepancy in the suggested breakthrough volumes appropriate for Tenax™ sorbent tube sampling. 
Comparison of Table 13 values with those col/ected in this study also indicate that reported data do not 
adequately address the effect mass has on breakthrough volume. Under conditions of high volatile 
constituent mass loadings to the sorbent tubes, as is likely in source emission sampling, breakthrough 
volumes may be greatly overestimated based on current EPA sampling protocol (U. S. SEPA 1982b). 
For source emission measurement sampling for which 1 to 20 J.lg are collected during sampling, a 
maximum 200 to 500 ml sample volume is recommended when using Tenax™ sorbent tubes to ensure 
minimum (S10 percent) breakthrough of compounds with volatilities similar to that of benzene. 

TABLE 13. LlTERATURETENAXTRAP BREAKTHROUGH VOLUME RESULTS· 

Conpound 

Benzene 
Toluene 
Ethylbenzene 
Water 

B·p·rC) 

80 
110.6 
136 
100 

Breakthrough Volume at Stated Temperature (IjterJO.28 g Tenax) 
10'C 21'C 2TC 32"C 38·C 

13.7 
62.9 

In.2 
0.0 

6.9 
31.2 
88.2 

0.0 

4.8 
22.0 
62.0 

0.0 

3.4 
15.5 
43.8 

0.0 

2.415.3t 
10.9/27.2t 
30.8156.0t 

0.0 

*Breakthrough volumes shown are those reported by Pellizzari (1980) representing a 50% mass 
breakthrough, except those indicated by a t which are reported by U. E. EPA (1982b) for an unspecified 
mass breakthrough. 
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Isolation Flux pressure Development Resutts 

The development of pressure under the flux chamber during purging was found to be significant at 
purge flow rates as low as 1 liter/min as indicated in Figure 12. Pressure increased rapidly at purge flows 
greater than 1 liter/min, reaching nearly 2 inches of water with respect to the outside of the chamber at a 
purge rate of 6 liters/min. Because Radian protocol recommends purge rates between 1 and 10 liters/min 
(Schmidt and Balfour 1983, Balfour et at 1983. Eklund 1985). concern over interior pressure effects on 
emission measurements are warranted. Pressure increases should be quantified as a function of flow 
rate for the particular chamber being used in emission sampling. If a sealed sampling chamber is utilized in 
field measurements, purge flows on the order of 1 to 1.5 liters/min should be an upper limit unless a 
constant volume sampling pump downstream of the sampling chamber is used to balance pressure 
between the chamber interior and the ambient atmosphere. 

Isolation Flux Chamber Mixing Results 

Because of the low flow rate necessary to minimize pressure build-up under the flux chamber, 
concern was raised regarding the mixing characteristics of the chamber at low purge rates. Complete-mix 
conditions are assumed within the sampling chamber when using chamber effluent concentrations for 
the estimate of surface flux rates. Flux chamber mixing results were used to test this assumption. Table 
14 provides a summary of indicator retention time parameters and index data from mixing studies at purge 
flow rates ranging from 0.73 to 3.73 liters/min. These data were calculated based on flow curves 
generated from acetone tracer concentration profiles in the flux chamber effluent measured over time 
without internal mechanical mixing. A typical flow curve is shown in Figure 13, and indicates the 
complete-mix nature of the flow regime once the tracer is uniformly dispersed within the chamber. The 
decay portion of all flow curves did not vary more than 15 percent from corresponding theoretical 
complete-mix curves, meeting suggested Radian protocol for the use of flux chambers for soil surface 
emission measurements (Balfour et al. 1983). 

1.8 
1.6 -.' FluxChamber A 
1.4 

Magnehelic 1.2 -01 FluxChamber B 
Reading 1.0 (inc h es ot \I8l er 

0.8 above ambient) 
-.' FluxChamberC 

0.6 -c .. FluxChamberD 
0.4 
0.2 
0.0 

0 2 3 4 5 6 

Flo\rlRate (liters/min) 

Figure 12. Pressure above ambient developed undertluxchamberas atunction ot 
purge tlo\rlrate. 

61 



TABLE 14. FLUX CHAMBER MIXING DATA INDICATOR RETENTION TIME 
PARAMETERSIINDICESt 

Theoretical 
Fbw Rate Retention lime 
{mVminl T{min} li (min} Tm (min} Ta {min} TIlT TmlT TafT T10 {min} TOO {min} 

732 30.4 1.28 6.67 30.44 0.04 0.22 1.00 7.51 83.89 
732 30.4 0.55 5.65 14.91 0.02 0.19 0.49 3.82 30.65 
1650 13.5 0.40 4.16 8.97 0.03 0.31 0.67 2.62 17.87 
1650 13.5 0.24 2.00 8.35 0.02 0.15 0.62 2.16 17.07 
2727 8.2 0.18 0.44 4.73 0.02 0.05 0.58 0.88 10.39 
2727 8.2 0.10 0.19 4.61 0.Q1 0.02 0.56 0.60 10.69 
2727 8.2 0.40 0.92 8.78 0.05 0.11 1.08 1.10 20.50 
2727 8.2 0.14 0.49 4.68 0.02 0.06 0.57 0.54 10.92 
3726 6.0 0.30 0.46 3.78 0.05 0.08 0.63 0.66 8.42 
3726 6.0 0.10 0.19 3.04 0.02 0.03 0.51 0.52 6.82 
3726 6.0 0.40 0.68 4.12 0.07 0.11 0.69 0.76 9.35 
3726 6.0 0.45 0.86 7.30 0.08 0.14 1.22 1.06 16.98 

Morril 
Index 

11.17 
8.02 
6.82 
7.90 

11.81 
17.82 
18.64 
20.22 
12.76 
13.12 
12.30 
16.02 

t Ti -lime to initial tracer detection t T10 - lime to 100k area under tracer curve 
t Tm -lime to peak concentration of tracer t T90 - lime to 900/0 area under tracer curve 
t T a - Time to centroid of area ... average retention time t Mornl Dispersion Index - TooIT10 

1.20 

1.00 

0.80 
- Tracer..£.. Co 

..£.. 0.60 ·0 Theoretical ..£.. 
Co Co 

0040 

0.20 

0.00 ..... -----If----+--+----t---+--+----1 
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 

Tim e (min ut es) 

Figure 13. Typical tluxchemberflowcurve. Run #4. 
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Inspection of the data in Table 14 indicates that mixing conditions within the sampling chamber were 
relatively insensitive to purge flow rate based on calculated retention time parameters and Morril Index 
values. The Morrillndex is a relative measure of dispersion within a reactor, indicating the spread of the 
flow curve based on the ratio of the time to 90 percent curve area to the time to 10 percent curve area. As 
this ratio increases, the degree of mixing or dispersion within the reactor increases, and the reactor is 
classified as being more completely-mixed. Morril Index values ranged from 6.82 to 20.22, with an 
average index value ±95% Confidence Interval of 13.18 ± 2.86. No trend in dispersion with purge flow 
rate was evident. The additional retention time index parameters used, i.e., TilT, TmIT, and TafT, also 
confirmed flow regime similarity among all flow rates investigated. These results are encouraging as the 
complete-mix assumption for flux chamber contents appears to be valid, even at flow rates as low as 0.73 
Vmin. This expands the applicability of the flux chamber approach as it allows the use of such a chamber 
for representative soil surface emission measurements without a downstream purge pump. 

LABORATORY MODEL EVALUATION 

Temporal Variation of hp and hs 

Both capillary rise and penetration depth were observed to follow a linear relationship with log time in 
both the sand and soil media for both wastes studied. A linear depth versus log time plot of the wetting 
front data resulted in relationships as shown in Figures 14 and 15. The rate of hs increase with time was 
shown to be a function of both the waste type and the media properties and ranged from 0.33 
cmllog(hour) for Separator Sludge application to sand to 2.31 cmllog(hour) for Slop Oil application to the 
Kidman sandy loam. An increase in hp with time occurred in all units, with the rate being much more rapid 
in the sand than the soil as expected from particle size and organiC carbon content considerations. The 
slope of hp versus log(hour) was shown to be a function of both the media type and waste characteristics, 
and for the soil microcosms ranged from 0.71 to 2.96 cmllog(hour) for the Slop Oil applied to the Kidman 
and Durant soils, respectively. The same waste application to the sand resulted in slope values greater 
than 4.8 cmllog(hour). The Separator Sludge was evaluated using only the Kidman soil and the sand, 
and the mean slope values were approximately 1.5 units lower for both as indicated in Table 15. 
Relationships for the Kidman soil appeared independent of waste loading rate, however, the Durant soil 
showed an increase in the change in hp with 1/Iog(time) with an increase in loading rate as shown in Table 
15. These variable relationships with time indicate that the dynamic nature of the boundary conditions 
occurring within the treatment zone can be significant in low organic matter soils when it is loaded with a 
low viscosity waste, or even in high organic content soils at high waste loading rates. The variable hp and 
hs values are not accounted for in the Thibodeaux-Hwang model as presented in Section 4. An effort 
was made to incorporate variable boundary conditions into model results, however, through the solution 
of the Thibodeaux-Hwang model over discrete time periods ranging from 0 to 1, 0 to 10, and 0 to 100 
hours using mean values of hs and hp during these time increments based on data as plotted in Figures 
15 and 16. Raw hp and hs data from the microcosm runs are provided in Appendix E along with linear 
regression data for all depth versus log time relationships investigated. 

Measured Versus Theoretical Emission Rates in Microcosm Units 

Emission Rate Temporal Relationships--
The first test of model validity is related to the ability of the model to describe, in general terms, the 

nature of emission rates from soil systems. If the model as writttn in Equation 8 describes vapor 
emissions from soils, a plot of emission rate as a function of 1Itime 12 should follow a straight line, the 
slope and intercept of which would be related to the input parameters given in the equation. Data plotted 
in this fashion is expected to have a positive slope decreasing in magnitude from the most volatile 
benzene, to the least volatile naphthalene. 

63 



o . ~ 

2 •• 

4 .• 

6 .~ 

S ... 

10 ... 

12 ... 

hp Surface Applicelion: 
Depth=-0.39(1og[hours]) + 3.53 

~ r2=0.9072 

.--~ 

• --...-­.--. 
hs Surface Applicelion: 

Depth=-0.19(log[hours])+ 6.91 
r2= 0.9627 

~ hp Subsurface Ap pliceli on: 
• .--..._____. • Depth=-0.57(log[hours])+10.24 

~ r2=O.9644 . ------------
14+---+:--~:--~:--~:~-~:--~:--~: 

-2 -1 o 2 3 4 5 

10 a(Time) (Iog(hours)) 
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TABLE 15. MEAN HP AND HS TEMPORAL CHARACTERISTICS AS A FUNCTION OF 
WASTE AND MEDIA TYPE 

Regression Slope 
Application Waste l..oadDJ (an1og(hours» 

Waste MeOla Mettpdt (!J'trtrpoosrnl hp hg 

Slop Oil Kidman SS 49.3 -2.96 2.31 
Kidman SS 54.2 -2.72 1.45 
Kidman SS 31.9 -2.09 
Kidman SS 31.3 -1.92 
Kidman SS 79.0 -2.26 
Kidman SS 79.0 -2.61 1.88 
Kidman S 38.1 -2.09 
Kidman S 37.7 -1.91 

Mean = -2.32 1.88 
S.D. = -0.40 0.43 
C.V. = 17.1 22.7 

Slop Oil Durant SS 30.6 -1.03 0.34 
Durant SS 30.9 -1.08 0.33 
Durant S 30.3 -0.762 
Durant S 30.8 -0.708 

Mean = -0.895 0.34 
S.D. -0.19 
C.v. = 20.9 

Durant SS 57 -1.85 
Durant SS 57 -1.54 

Mean = -1.70 

Slop Oil Sand S 37.7 -4.84 
S 37.9 -5.09 

Mean = -4.96 

Separator Kidman SS 38.0 -1.35 0.42 
Sludge Kidman S 37.1 -0.90 

Kidman SS 36.5 -0.61 0.33 
Kidman S 34.4 -0.999 

Mean = -0.96 0.37 
S.D. = -0.30 
C.V. = 31.6 

Separator Sand SS -4.29 
Sludge Sand S -2.64 

Mean = -3.46 

t SS =: Subsurface, S = Surface Application Methods 
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Figures 16 and 17 show typical results of Separator Sludge and Slop Oil data collected in the study 
that fit the diffusion based assumption for emission flux predictions very well. Appendix G contains a 
comparison of measured versus theoretical values for all constituent flux rate versus 1ltime 1/2 data 
collected. Results for the majority of regressions of surface waste applied microcosm experiments 
indicated the validity of the Thibodeaux-Hwang modeling approach for describing volatil~ emissions from 
laboratory SOi~?2sterns. The majority of these experiments yielded highly correlated (r>0.85) flux rate 
versus 1Itime relationships indicating the Fickian nature of constituent emission from the microcosm 
units. The notable exception was the surface applied Separator Sludge/sand experiment (Run#3, 
Position #6) which yielded correlation coefficients for the regression of measured flux rates of less than 
0.2 to 0.6 for all compounds of interest. 

The subsurface application experiments in virtually all media did not exhibit ideal behavior, however. 
These experiments produced increasing flux rates (negative slope of flux rate versus 1Itime 112) with time 
to a point, until suc~~me as apparent diffusion type behavior occurred as indicated by decreasing linear 
flux versus 1ltime 1 relationships. Data presented in Appendix G clearly show the duality of vapor 
emission rates in these units. These increasing flux rates with time suggest a decreasing diffusion path 
length that could occur in subsurface applications due to capillary rise within the soil microcosm. Those 
media possessing the greatest opportunity for soil capillarity development, Le., the Kidman sandy loam, 
would be expected to produce the greatest amount of non-ideal behavior in subsurface applications. 
However, all media used in the laboratory experiments were observed to produce this phenomenon. 
Regression of this early period flux data against the natural log of time was investigated to determine 
whether the flux increase could be correlated in a manner similar to the boundary condition variability 
described earlier. These results vary, with some data regressing well against Iog(time) (Run#1 Position 
#2, Slop Oil subsurface Kidman sandy loam; Run #1 Position #4, subsurface sand), while others (Run #3 
Position #5, Separator Sludge subsurface sand) showed no significant correlation with log(time). 
Following the flux increase during the early portion of the subsurface runs (variable from four to ten 
hours), contaminant behavior for all constituents and in all media reverted to diffusion based control as 
indicated by significant regression coefficients for flux versus 1/t 112 for the later portions of the runs. 
Regression of the second portion of the flux curves from the subsurface experiments are presented in 
Appendix G, and typical data from which these diffusion based relationships were generated are shown in 
Figure 18. 

The reason for the anomalous behavior in the subsurface experiments is not fully understood, but can 
be attributed to unsteady-state diffusion behavior during the initial emission period. This behavior is likely 
due to the variable boundary geometry which changes with time following waste application, along with 
the development of contaminant concentration profiles within the soil column during this time 
(Thibodeaux, personal communication, 1986.). Immediately following subsurface waste application, no 
contaminant exists within the soil vapor pore space above the point of application. As the contaminant 
vapor moves from the application plane toward the soil surface, a concentration gradient profile develops. 
This concentration profile provides the driving force for steady-state diffusion as described by the 
Thibodeaux-Hwang AERR model. however, while the profile is developing, contaminant flux rates would 
be expected to increase from very low levels to some maximum value before finally decreasing 
logarithmically, as was observed in laboratory subsurface application experiments. The Thibodeaux­
Hwang AERR model describes emission flux during the period following development of this 
steady-state concentration gradient prOfile, and Equation 8 should not be applied to subsurface 
application events until that point in time when a "pseudo-equilibrium" soil concentration profile has been 
established, and steady-state diffusion assumptions hold true. 

Actual Versus Predicted Flux Data--
A second indicator of model validity is the relationship of the magnitude of the estimated parameter to 

that actually measured. Appendix G indicates all calculated model emission rates and measured 
component flux values for the sampling periods used in the laboratory microcosm studies. All measured 
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Figure. 16. Separator Sludge :surface application to Kidman :sandy loam, Run#4, Position#8. 
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Figure 17. Slop Oil surface application to Durant clayloam, Run#8, Position#5. 
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Figure 18. Separator Sludge subsurface application to 30 mesh sand, Run#4, Position#S. 

data reported in Appendix G represent recovery efficiency corrected values based on laboratory T enax™ 
recovery efficiency data presented in Figure 9 and Appendix B. The Thibodeaux-Hwang model 
predicted values were calculated using time averaged hp and hs values based on observed boundary 
condition movement during the experiments as described earlier. Refer to Appendix L for example 
procedures used to calculate Thibodeaux-Hwang AERR model emission rate predictions. 

Model estimates based on equations and methodology presented above consistently overestimated 
the flux rates for pure constituents by a factor of two to ten in all experiments except a subset of the 
subsurface application runs which showed variances between measured and predicted flux rates of two 
orders of magnitude or greater. The runs showing poor model fit included: Run #3 Position #7 Separator 
Sludge subsurface application to Kidman Sandy Loam, Run #4 Position #7 Separator Sludge subsurface 
application to Kidman Sandy Loam, and Run #7 Position #1 Slop Oil subsurface application to Du'rant 
Clay Loam. These runs produced some flux estimates two to three orders of magnitude higher that those 
predicted from Equation 8. Problems associated with unsteady-state diffusion, which is not described by 
the Thibodeaux-Hwang AERR model, as well as the lack of sufficient mass collected for reliable emission 
rate quantitation are thought to be the cause of these divergent results for subsurface application runs. 
Figures 19 and 20 indicate the relationship between measured and model predicted emission rates for all 
data collected in microcosm surface and subsurface application experiments, respectively. 

Laboratory emission study data, especially those from surface application runs, produced hi~h~ 
correlated relationships between measured and predicted flux rates and flux rate changes with 1ft I . 
These results clearly indicate the validity of the Thibodeaux-Hwang modeling approach for vapor 
emission estimates once steady-state diffusion assumptions are satisfied. 
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Figure 19. Parity plot of surface application microcosm data. 
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Figure 20. Parity plot of subsurface application microcosm data. 
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Surface Versus Subsurface Application--
A potential air emission control procedure that has been proposed for land treatment facilities is the 

use of subsurface waste application methods in place of current spreading and tilling practices. An 
analysis of the effects of application methods on contaminant emission rates confirmed the anticipated 
benefits of subsurface application for both waste types and both soils used. Results from the sand runs 
were mixed, with from 0 to 2 orders of magnitude reduction in emission rates observed during the study. 
Measured contaminant flux rates through soils used in the study were reduced by a factor of 10 to 10,000 
when waste subsurface application was carried out. Emission reduction factors of only 10 to 100 were 
predicted from the Thibodeaux-Hwang AERR model for subsurface versus surface waste application, 
indic~ting that interactions not accounted for in the model, such as soil adsorption, may have significantly 
affected emission flux rates in these laboratory columns. 

Soil Characteristics Affecting Soil Vapor Emissions-
The physical structure and water holding capacity of the medium is considered to some degree in the 

Thibodeaux-Hwang model through the use of media particle characteristics for estimating the configura­
tion of the soil oil (Equations 14 through 17) and through the use of total and air filled porosity for 
effective contaminant soil diffusion coefficient estimations. The model, however. does not take into 
account adsorption of the contaminant vapor within the soil column. The soil media used in the laboratory 
studies were chosen to investigate the effects of physical soil characteristics as well as adsorption and 
partitioning on soil vapor emissions. As indicated earlier in discussions of hp and hs variabilty, media type 
had a major impact on waste movement and subsequent vapor emissions measured during the laboratory 
studies. As would be expected with the Durant clay loam. which has an effective size more than three 
times larger than the Kidman soil. capillary rise in this soil was very small. Downward boundary movement 
was also greatly attenuated in the Durant soil, which is likely due to its relatively high organic matter 
content. Although this high organic matter content did not provide additional flux attenuation over the 
Kidman soil, both soils provided significant reductions (factor of 2 to 200 ) in flux rates following 
subsurface application as compared to the sand units during Run #4 sampling. These results indicate 
the apparent importance of soil organic matter on attenuation of vapor movement in soil. 

Microcosm Versus Screening Flask Results 

Comparison was made between two-dimensional microcosm units and the smaller. simpler, less 
expensive screening flask apparatus to determine whether such a simplified system could be used for 
initial volatile emission estimate screening. Flask systems were operated as surface microcosm units with 
constant hp values and hs=O. 

Appendix F contains all data collected using the screening flask apparatus. An inspection of these 
data indicates a good correlation with theoretical Fickian diffusion assumptions in terms of high regression 
coefficients for flux versus 11t 112 relationships. The absolute magnitude of slope values for this relation­
ship varied within a factor of two to ten between the microcosm and screening flask units for all 
compounds except naphthalene, which often varied by a factor of fifteen or more. 

Appendix F data indicate that the absolute magnitude of flux rates observed for all compounds in the 
Separator Sludge when applied to the sand and the Kidman soil, and Slop Oil applied to the sand flask 
runs were equivalent to those observed in the microcosm runs. However, flux rates from the flask units 
were consistently an order of magnitude higher than microcosm results in the Slop Oil applied to the 
Kidman and Durant soil experiments. This screening flask method seems to hold promise for the easy 
determination of waste/soil volatilization potentials and appears accurate for some waste/soil 
combinations. More work is required. however. to identify operating and/or sampling characteristics that 
result in the low observed flask system emission rates as compared to both microcosm and theoretical 
estimation methods for real soiVwaste systems such as investigated in this study. 
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FIELD MODEl:- EVAlUATION 

BetjnerylWasteJLand Treatment Facility Descriptjon 

The hazardous waste used for field sampling activities was generated from a mid-Western refinery 
which has a crude oil processing capacity of approximately 90,000 barrels per day. Operations 
conducted at the facility include atmospheric distillation, vacuum distillation, delayed coking, fluid catalytic 
cracking, catalytic reforming, aromatic isomerization, lube oil processing, and asphalt processing. 

The field study utilized a test plot which has been used routinely in the past for land treatment of oily 
sludges. Figure 21 indicates oil application and soil concentration data for the field test plot as provided 
by refinery personnel. These data correspond well with those reported from UWBL and BSKEBL 
analyses (Table 16), and indicate a pseudo-equilibrium soil oil content of approximately 9 to 12 percent 
on a dry soil weight basis. 

Most of the sludge applied to the site in the last three years has been an oily wastewater treatment 
sludge composed of API separator and OAF bottom sludges with an average composition of 71 percent 
water, 22 percent oil, and 7 percent solids. The field test plot also receives biological sludge from the 
facility activated sludge plant two to three time a year. Single monthly sludge applications of 20 to 25 bbls 
oil per plot or approximately 100 bbls oiVac (equivalent to 75 bbls sludge per plot) are normal during warm 
periods. Loading at half these rates are routinely applied during cold weather operation. Plots are 
generally tilled within a few days of surface waste application. A second tilling is usually carried out two to 
three weeks later. A four week treatment period from the first tilling event is generally used before waste 
is reapplied in a given location. 
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Figure 21. Biodegradation relationships at refinery field site, Plot 2. 
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Waste application to Plot 2 prior to the field study (6125 to 7/5185) included: 1) biosludge application 
during the period 216 to 2111/85 at a rate of 72 bbls sludge per plot, with tilling occurring from 2111 to 
2118185, and 2) two oil wastewater treatment sludge applications with the following characteristics: 

Waste Application 

3/27/85 

5131185 

Application Bate 

76 bbls sludge. 19 bbls oil 

38 bbls sludge. 10 bbls oil 

Tilling Date 

4/1185 

614185 

Waste was applied to Plot 2 one week earlier than the nonnal four week treatment period. but was added 
at a typical rate of approximately 76 bbls sludge per plot based on estimates from the tank truck operator. 

Fjeld ONQC program BesuUs 

Data collected in the field OAJOC program were used to evaluate sampling. transport, storage and 
analyses activities to indicate the reliability and accuracy of results obtained. OC procedures used during 
field activities included: 1) analyses of waste/soil oil and grease samples split between the UWBL and 
BSKERL. 2) analyses of waste samples for specific constituent identification, 3) analyses of field blanks, 
spiked blanks and spiked samples for Tenax™ recovery and breakthrough evaluation. and 4) determina­
tion of sampler manifold tube recovery variability to indicate the acceptability of sampler field operation for 
comparison with similar laboratory generated values. 

Oil and Grease Analyses--
Data for oil and grease analyses conducted on waste/soil mixtures obtained at sampler locations 

within the field land treatment plot are located in Table 16. These data include results for laboratory 
analyses of standard oil and grease samples and indicate the validity of in-house analytical methods. The 
data indicate the reliability of sampling and analysis methods for oil and grease samples collected during 
the field study, with parameter variability less than 20 percent between laboratories for all but sample 
WAT1C. These results add confidence to general field operating procedures in terms of accuracy and 
precision of collected data. 

Field Blank and Spike T enax™ Data--
Blank sorbent tube data collected throughout the field study are presented in Table 17. These data 

are divided into blanks collected before waste application and those collected following waste application. 
As other investigators have reported (Eklund 1985, Jarke 1985, Timmons et al. 1985). a number of very 
high mass levels of benzene and toluene were detected on several blanks collected during field 
sampling. A number of these high blank values were attributed to the GC analysis technique employed at 
the UWBL which resulted in high mass carry over from waste before tilling samples into blank sorbent 
tube analyses. The problem was subsequently corrected through post analysis temperature 
programming designed to rid the column of high residual contaminant masses between samples. These 
high benzene mass levels. i.e .• 41.55 J,lg in WBT2F. 41.31l9 in WBT5E. and 16.31l9 in WBT3C samples, 
were not found in any other blanks used throughout the study and were traced back to high level WBT 
samples run just prior to analysis of these blank tubes. These high erroneous values were not included in 
blank corrections for mass collection data. The mean values presented in Table17 exclude these high 
mass tubes contaminated during GC analysis. These adjusted mean blank values were used for all blank 
corrections within their respective sampling time periods. i.e .• BBT and BAT. WBT. WAT, and WST. Blank 
correction values generally decreased as compound vapor pressure increased. Blank background levels 
increased during the waste application period before slowly falling to pre-waste application levels by the 
WAT sampling event. 
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TABLE 16. Oil AND GREASE ANALYSES RESULTS 

SAMPLE: LABORATORY QNOC SAMPLES 
Measured Actual 

Oil & Grease Oil & Grease 
(mglkg) (mglkg) 

#2 Fuel Oil 940000±10000 >880000 
EPA Reference Oil 860oo0± 10000 >880000 

(Prudhoe Bay Crude) 

SAMPLE: FIELDSAMPLEOllANDGREASECOMPARISONDATA,UWRlANDRSKERl 

UWRl RSKERl 
Oil & Greaset Oil & Grease 

% d!1 wt % d!1 wt % wet wt 
BBn 

A 11.26/10.48 10.0 8.0 
B 8.9 9.0 7.4 
C 7.7 10.0 8.2 
D 7.0 9.2 7.6 
E 7.3 9.0 7.7 
F 9.3118.99 11.0 8.9 

WBTS 
A 16.1 21.0 14.0 
B 17.8* 21.0 16.0 
C 13.8 12.0 7.1 
D 27.1 24.0 18.0 
E 14.3 17.0 11.0 
F 20.1 15.0 11.0 

WST2 
A 11.0 9.4 
B 9.1 7.5 
C 9.9 8.1 
D 11.0 9.8 
E 8.8 7.1 
F 12.0 9.4 

* Designates percent oil on a wet weight basis for UWRl samples. 
t Multiple values indicate results of duplicate analyses. 
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UWRl RSKERl 
Oil & Greaset Oil & Grease 

% d!1 wt %d!1 wt % wet wt 
WBT2 

A 25.6 21.0 16.0 
B 19.37/16.39 24.0 16.0 
C 15.5 25.0 18.0 
D 17.6 25.0 18.0 
E 18.1 23.0 16.0 
F 22.3 28.0 19.0 

WAT1 
A 9.4*/8.4* 9.5 7.1 
B 14.4 13.0 8.4 
C 11.3 4.8 3.1 
D 16.6/16.1 17.0 12.0 
E 14.6 12.0 9.1 
F 9.4* 11.0 8.1 



, 

TABLE 17. SUMWlRY OF F1B.D BL.AN( DATA 

MASS RECOVEREY (1I(l) CO .... ENTS 
Background Benzene Toluene EI!!r!benzene e:Xl!!ne m·X~lene o-Xl!!ne N!!I!hlhalene 

B8T1B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
B8nB-SB 0.30 0.00 0.04 0.00 0.04 0.03 0.16 

BAnE 3.70 0.90 0.00 0.00 0.00 0.00 0.00 
BAT2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MEAN 1.00 0.23 0.01 0.00 0.01 0.01 0.04 
ST.DEV 1.81 0.45 0.02 0.00 0.02 0.02 0.08 

C.V. 180.55 200.00 200.00 200.00 200.00 200.00 
n 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

1O.51n-1 3.18 3.18 3.18 3.18 3.18 3.18 3.18 
C. L' 2.87 0.72 0.03 0.00 0.03 0.02 0.12 

Wa.te Before Tilling 
WBT2A 0.28 0.04 0.00 0.00 0.00 0.00 0.00 

WBT3E-SB 0.49 0.22 0.14 0.00 0.00 0.00 0.00 
WBT4B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
WBT4C 0.18 0.02 0.00 0.00 0.00 0.00 0.00 

WBT2F 41.55 9.11 0.04 0.06 0.10 0.00 High M ... 
WBT3C 16.37 .41 0.26 .05 O. 3 .00 Sorbent Tube 
WBT5E 41.30 15.96 0.05 0.06 0.27 .00 Preceedlng 
WBT6B 3.40 0.99 0.01 0.10 0.12 0.02 The .. GC Run. 

Not IncludlngProblem MEAN 0.23 0.07 0.04 0.00 0.00 0.00 0.00 
Trap. ST. DEV 0.21 0.10 0.07 0.00 0.00 0.00 0.00 

C.V. 88.80 144.75 200.00 
n 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

10.51n-1 3.182 3.182 3.182 3.182 3.182 3.182 3.182 
C.,: 0.33 0.18 0.11 0.00 0.00 0.00 0.00 

IncludlngProblem MEAN 12.94 4.22 0.08 0.03 0.10 0.02 0.00 
Trap. ST.DEV 18.41 5.99 0.09 0.04 0.13 0.03 0.01 

C.V. 142.21 142.02 148.32 115.23 128.88 141.42 282.84 
n 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

10.51n-l 2.385 2.385 2.385 2.365 2.385 2.365 2.385 
C.,: 15.39 5.01 0.08 0.03 0.11 0.02 0.01 

Wa.te After Tilling 
WAT2E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
WATSB 0.01 0.00 0.00 0.00 0.00 0.00 0.02 
WAT6B 2.59 0.81 0.04 0.01 0.03 0.02 0.00 
WAT6E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

,;?f~ WAT7F 0.83 1.14 0.00 0.01 0.04 0.01 0.01 
WATeB 5.77 2.18 0.15 0.00 0.10 0.07 0.00 
WAT8F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MEAN 1.29 0.59 0.03 0.00 0.02 0.01 0.00 
ST.DEV 2.19 0.84 0.06 0.00 0.04 0.03 0.01 

C.V. 170.48 142.63 207.01 170.78 153.81 180.09 183.59 
n 7.00 7.00 7.00 7.00 7.00 7.00 7.00 

to.51n-l 2.45 2.45 2.45 2.45 2.45 2.45 2.45 
C.I: 2.03 0.77 0.05 0.00 0.03 0.02 0.01 

Waete After Second Tilling 
WST1A 0.00 0.00 0.08 0.00 0.23 0.04 0.00 
WSTID 0.45 0.12 0.00 0.00 0.01 0.01 0.01 
WST2A 0.14 0.00 0.00 0.00 0.01 0.00 0.09 

MEAN 0.20 0.04 0.02 0.00 0.08 0.02 0.03 
ST.DEV 0.23 0.07 0.03 0.00 0.13 0.02 0.05 

C.V. 117.10 173.21 173.21 152.42 124.90 147.99 
n 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

10.5In.l 4.30 4.30 4.30 4.30 4.30 4.30 4.30 
C.I: 0.57 0.17 0.09 0.00 0.32 0.05 0.12 

• C. I. - 95% Confidence Intervals 
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Spiked Tenax™ field trap data are presented in Table 18. Several traps were not considered in 
recovery results due to known problems with their transport from the field site to the UWRL facility, namely 
culture tube breakage and tube warping that required the use of shop facilities to retool the tube to fit the 
T ekmar trap oven. These activities would be expected to have an unknown effect on contaminant 
retention and recovery and results are presented for reference only. The wide variability in recovery 
efficiency results is particularly obvious for benzene and naphthalene, with field recovery values including 
the range of recovery efficiencies observed in laboratory recovery studies (Table B-2). Recovery data 
presented in Table B-2 were used for field recovery efficiency mass calculations for comparisons of 
measured flux rates with Thibodeaux-Hwang AERR model predictions. 

Laboratory and Field Manifold Data--
Table 19 contains laboratory and field data regarding variability of measured mass between the 

three sorbent tubes used on each sampling manifold. Field data were grouped according to field 
sampling events, while laboratory data were pooled from all flux chamberfTenax™ mass recovery data 
collected. Field data were much more variable than laboratory data and appear to be significantly affected 
by mass collection level. During sampling events when the highest mass of contaminants were being 
emitted, i.e., just following waste application, background contamination and sorbent tube variability 
became less significant, and between trap variability approached those values observed in a controlled 
laboratory setting. Prior to waste application, and further in time after the application event, sorbent tube 
characteristics and background contamination become more Significant. requiring a strict OA/OC program 
to ensure adequately prepared and stored sorbent tubes. 

Measured Versus Theoretical Emission Rates in Fjeld Studies 

Emission Rate Temporal Relationships--
As with laboratory microcosm and flask units, the relationship of flux versus 1/t 1/2 can be used to 

investigate the nature of the observed emission event with respect to simple Fickian diffusion 
assumptions. All flux data collected during the field study are summarized in Appendix ~, along with the 
slope and regression coefficients for the relationship of emission flux rate versus 1/t 1/ . Inspection of 
these data indicates the general validity of the diffusion assumption. Most measured data follow the 
relationship quite well with regression coefficients generally 0.7 and above. There are notably 
exceptions with the bulk of the naphthalene data and a number of WBT ethylbenzene samples, however. 
Data become nearly perfect for all compounds of interest following waste/soil tilling. This suggests that 
waste ponding on the soil following waste application may be the cause of some variability in the 
observed results. 

Actual Versus Predicted Flux Data--
The second test of model validity is the absolute match of measured and predicted data. Due to the 

great variability in point waste application. temperature, soil condition, etc., values at a given sampling site, 
a large amount of site specific data was collected for use as input to the Thibodeaux-Hwang AERR model. 

The first major piece of data necessary is the waste mass application rate at each sampler location, as 
this parameter is a major input to model calculations. Sampler-specific mass application data were 
collected as described earlier using metal pan collectors, and resulted in the following: 

.6IIE. 
A 
B 
C 
D 
E 
F 

WASTE APPLICATION BATE (o'crrfl 
1.35 
1.09 
1.92 
1.30 
1.44 
1.56 
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TABLE 18. FIELD SPIKE DATA SUMMARY 

RECOVERY EFFICENCY (%1 COMMENTS 
Benzene Toluene Eth~lbenzene e:X~lene m-Xl::lene o-X~lene Nae!!thalene 

lab Spike 124.50 108.50 101.50 99.50 106.00 104.50 68.00 
BBT1B-SB 160.00 94.00 108.00 90.00 108.00 106.00 130.00 

BBT1D1 212.00 166.00 114.00 106.00 114.00 106.00 36.00 
BAT2A3 145.00 100.00 86.00 80.00 102.00 78.00 24.00 

WBT3E-SP 124.50 111.00 107.00 94.50 98.00 98.50 28.50 
WAT7D2 54.00 180.00 53.00 65.90 72.00 94.00 57.00 

BAT1B2 Tube Broke 
WAT1B1 Tube Refllted 

Not IncludlngProblem MEAN 136.67 126.58 94.92 89.32 100.00 97.83 57.25 
Trape ST.DEV 51.81 36.73 22.63 14.45 14.75 10.83 39.48 

C.V. 37.91 29.02 23.84 16.18 14.75 11.07 68.95 
n 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

to.5In-1 2.571 2.571 2.571 2.571 2.571 2.571 2.571 
C. I.. 54.37 38.55 23.76 15.17 15.48 11.37 41.43 

Including Problem MEAN 113.00 117.64 111.00 103.36 112.94 99.88 61.11 
Trape ST.DEV 63.73 41.03 40.48 35.98 32.63 10.79 37.45 

C.V. 56.40 34.88 36.47 34.81 28.89 10.80 61.29 
n 8.00 7.00 8.00 8.00 8.00 8.00 7.00 

to.5In-1 2.365 2.447 2.365 2.365 2.365 2.365 2.447 
C. I.. 53.29 37.95 33.85 30.08 27.28 9.02 34.64 

• C, I. - 95% Confidence Interval 

TABlE 19 lABORATORY AND FIELD MANIFOlD TUBE VARIABILITY 

COMPOUND RELATIVE STANDARD DEVIATION WITHIN MANIFOlD GROUP 
Benzene Toluene Ethl::lbenzene e:Xl::lene m-Xl::lene o-Xl::lene Naphthalene 

LABORATORY 
Mean 13.9 16.3 14.1 14.4 14.2 14.4 19.9 

~., 

S.D. 9.5 9.2 9.7 10.4 7.8 6.6 12.2 
C.V. 68.3 56.4 68.8 72.2 54.9 45.8 61.3 

11= 80 85 90 90 90 85 85 

FIELD 
BBT Mean 121.5 120.8 135.2 140.0 119.1 83.4 173.0 

S.D. 29.0 56.2 64.0 42.2 63.5 68.6 
C.V. 23.8 46.5 47.4 30.1 53.3 82.3 

n- 17 16 10 7 13 13 

WBT Mean 31.0 23.4 30.3 43.9 22.0 23.7 104.4 
S.D. 34.8 33.6 34.8 41.5 23.2 25.4 47.4 
C.V. 112.3 143.7 114.9 94.4 105.5 107.1 45.5 

n- 36 36 36 22 36 36 35 

WAT Mean SO.5 64.6 65.6 87.2 28.8 36.3 76.3 
S.D. 42.8 48.9 61.4 63.0 38.3 32.1 49.8 
C.V. 84.7 75.8 93.6 72.3 132.8 88.6 65.3 

n- 48 48 48 38 48 48 48 

WST Mean 59.2 72.3 126.3 72.8 29.5 31.8 72.1 
S.D. 45.4 49.6 65.4 65.1 36.3 26.5 79.1 
C.V. 76.8 68.6 51.8 89.4 123.1 83.4 109.7 

11= 12 12 12 12 12 12 10 
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Next, individual constituent data are required to convert this mass loading rate to MAin Equation 8. 
These data were presented earlier in Table 6. Results presented in Table 6 for UWRL analysis of the field 
waste were used for theoretical mass emission levels based on the approach outlined in Sections 6 and 
7. 

Finally, site and time specific information regarding soil and temperature conditions throughout the 
study are required for adequate model calculations. A detailed summary of all temperature data collected 
during the field study is presented in Appendix H. All field soil data for the field experiments are located 
in Table 11, while Table 20 contains sampler location specific plow splice depths. The 2 inch soil 
temperature at the completion of the sampling time, given in Appendix H, was used as input to model 
parameters requiring temperature adjustment as it provided the best correlation between measured and 
predicted field flux rates. Refer to Appendix L for example procedures used to calculate Thibodeaux­
Hwang AERR model emission rate predictions for the field emission study. 

The results of these calculations and comparisons with actual measured data are presented in 
Appendix J, and Figure 22 for the sampling events following waste application. Appendix K contains all 
background flux data collected prior to waste application. The theoretical calculations were based on 
updated temperature and soil property data to ensure an accurate description of the land treatment 
system using the model. 

Inspection of data in Appendix J indicates the validity of the Thibodeaux-Hwang approach for air 
emission modeling from land treatment facilities for waste before tilling and initial waste after tilling events. 
Most measured data, with the exception of naphthalene, were well within an order of magnitude of the 
predicted values, with many being within a factor of two or less during these sampling periods. 
Naphthalene emissions measured at all sites, and during all sampling events generally were within one to 
two orders of magnitude of theoretical estimates. Results for all compounds deviated from model 
predictions by a factor of ten or greater some 70 hours following initial tilling after waste application. 
These deviations from model predictions are apparent from Figure 23 which shows a gradual movement 
of measured field flux data away from theoretical predictions during the latter (WAT and WST) field 
sampling events. This increased deviation from the model with time may be related to component 
biodegradation/adsorption within the soil column that is not accounted for in the Thibodeaux-Hwang 
model. 

Figure 23 indicates the variability in emission rates measured for benzene flux at field Site 0 during 
field sampling that was typical for all data collected. Emission spikes were produced during waste 
application and tilling events for all compounds quantified during the study at all sampler locations. Figure 
23 also indicates the variability of soil percent oil and grease content measured at Site 0, also clearly 
identifying waste application and tilling events which occurred through time at the site. Theoretical and 
measured flux data for benzene emissions at sampling Site 0 are shown in Figure 24. The validity of the 
modeling approach and the accuracy of its prediction is evident from these curves, especially during 
emission events immediately following waste application and initial tilling. Results give encouraging 
evidence that a simple modeling approach, such as that of the Thibodeaux-Hwang AERR model, may be 
adequate and highly effective for the description of a highly complex hazardous waste land treatment 
system. 
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TABLE 20. MEASURED TILLER PLOW SPLICE DEPTH 
(MEASURED 713/85 FOLLOWING TILLING) 

Plow Splice 
Chamber Location Depth (cm) 

A 19.3 
18.0 
19.3 

B 22.0 
23.7 
20.5 

C 21.0 
23.3 
22.7 

D 21.5 
20.5 
21.5 

E 24.0 
22.2 
21.8 

Mean Plow 
Splice Depth (cm) 

18.9 

22.1 

22.3 

21.2 

22.7 

16.8 
* Sample site too wet for direct observation. Tiller stated he used minimum 

plow splice depth (16.8 cm) at this location. 
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Figure 22. Parity plots ottheoretical versus measured field flux dala.. 
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APPENDIX A CHARCOAL SOlID SOABENT RECOVERY DATA 

TABlE 1.01 CHARCOAl RECOVERY DATA FOR PURE COMPOUNDS 

% % % % % % % 
Meli6 Benz_ Mass Toluene Mass Xylenes Mass p-Xyl_ Mass m-Xylene MaIi& o-Xyl_ Mass Acelone 
(pg) Recovery (IIQ) Recovery (pg) Recovery (pg) Recovery (v.g) Recovery (pg) Recovery (v.g) Recovery 

17.57 130.90 17.34 32.18 17.37 80.91 30.00 106.66 30.00 104.47 30.00 101.37 15.71 99.84 
17.57 120.17 17.34 12.38 17.37 95.20 30.00 106.49 30.00 104.24 30.00 101.80 15.71 102.71 
17.57 163.12 17.34 22.28 17.37 80.91 30.00 107.98 30.00 105.68 30.00 103.17 15.71 108.53 
17.57 141.64 17.34 71.78 17.37 88.05 30.00 107.28 30.00 104.96 30.00 102.53 23.56 109.48 
26.36 108.73 17.34 61.88 17.37 88.05 30.00 106.25 30.00 104.81 30.00 101.33 23.56 84.43 
26.36 123.04 26.01 80.85 26.06 92.04 30.00 106.91 30.00 104.38 30.00 101.70 23.56 28.51 
26.36 130.20 26.01 80.85 26.06 87.27 30.00 99.59 30.00 97.55 30.00 95.58 23.56 86.78 
26.36 108.73 26.01 80.85 26.06 101.57 30.00 101.41 30.00 99.83 30.00 98.22 23.56 107.02 
26.36 101.57 26.01 80.85 26.06 101.57 36.42 91.57 SO.OO 97.80 36.03 99.97 31.42 66.71 

30 61.47 26.01 74.25 26.06 101.57 36.42 94.82 SO.OO 97.38 36.03 99.60 31.42 108.24 
30 62.29 30.00 97.87 34.74 97.63 SO.OO 98.84 SO.OO 100.68 SO.OO 96.24 31.42 102.99 
30 58.77 30.00 97.90 34.74 94.06 SO.OO 98.26 SO.OO 100.77 SO.OO 96.34 31.42 103.66 
30 62.69 30.00 104.77 34.74 94.06 SO.OO 101.22 SO.OO 99.82 50.00 99.49 31.42 84.72 
30 61.01 30.00 104.63 34.74 90.49 SO.OO 101.35 SO.OO 100.59 50.00 99.85 60.00 82.64 
30 62.82 30.00 99.19 500.00 89.68 SO.OO 100.60 SO.OO 103.23 SO.OO 99.21 60.00 80.24 
30 61.19 30.00 99.89 500.00 114.87 SO.OO 101.53 SO.OO 102.42 SO.OO 99.92 60.00 71.84 
30 60.76 30.00 97.78 500.00 89.68 50.00 104.42 SO.OO 105.14 50.00 102.16 60.00 77.82 
30 59.86 30.00 98.61 500.00 105.98 50.00 103.56 50.00 104.96 50.00 104.37 250.00 78.30 
30 61.53 30.00 98.SO 500.00 119.31 SO.OO 106.31 79.72 94.33 50.00 102.89 250.00 71.18 

35.14 97.67 30.00 98.37 500.00 119.31 SO.OO 106.34 79.72 93.92 SO.OO 101.61 250.00 92.54 
35.14 92.30 34.68 75.49 1000.00 96.69 250.00 92.54 
35.14 113.78 34.68 70.54 1000.00 81.88 250.00 85.42 
35.14 92.30 34.68 70.54 1000.00 107.80 250.00 99.66 
35.14 92.30 34.68 80.44 1000.00 105.95 500.00 103.22 

65 57.68 65.00 96.47 1000.00 92.99 500.00 106.77 
65 57.80 65.00 97.36 1000.00 72.99 500.00 113.89 
65 57.90 65.00 96.78 1500.00 116.81 500.00 96.10 
65 57.75 65.00 97.58 1500.00 106.44 500.00 99.66 
65 57.73 65.00 91.58 1500.00 91.87 500.00 106.77 
65 57.05 65.00 91.54 1500.00 103.97 1000.00 124.57 
65 57.09 65.00 98.37 1500.00 84.21 1000.00 121.01 
65 57.67 65.00 98.58 1500.00 100.51 1000.00 119.23 
65 55.50 65.00 98.40 1000.00 122.79 
65 51_58 65.00 98.17 1000.00 112.11 
439 75.00 281.80 106.64 1000.00 122.79 
439 95.83 281.80 125.22 
439 66.67 281.80 125.22 
439 91.67 281.80 106.84 
439 100.00 281.80 106.84 
439 100.00 563.60 62.61 
878 91.67 563.60 62.61 
878 79.17 563.60 53.42 
878 93.75 563.60 71.80 
878 95.83 563.60 71.80 
878 79.17 563.60 80.99 
878 79.17 1127.20 118.62 
1317 102.78 1127.20 123.21 
1317 94.44 1127.20 109.43 
1317 102.78 1127.20 132.40 
1317 95.83 1127.20 104.83 
1317 100.00 1127.20 114.02 
1317 102.78 

Mean ·85.44 Mean 88.90 Mean 96.70 Mean 102.57 Mean 101.35 Mean 100.37 Mean 96.42 
St Dev. 26.24 St Dev. 24.49 St Dev. 11.60 St Dev. 4.49 St Dev. 3.67 St Dev. 2.40 St Dev. 19.74 

C.V. 30.71 C.V. 27.53 C.V. 12.00 C.V. 4.36 C.V. 3.62 C.V. 2.39 C.V. 20.47 
n- 52 na 51 n- 32 n- 20 n- 20 n- 20 n- 35 

10.51n-1- 2.0094 10.51n-1. 2.0105 10.5Jn-1a 2.04 10.5In-1. 2.093 10.51n-1. 2.093 1 0.5In-1 a 2.093 10.51n-1c 2.034 
C.L 92.76 C.l. 95.79 C.L 100.88 C.L 104.66 C.L. 103.07 C.L 101.49 C.L. 103.21 

78.13 82.01 92.51 100.47 99.63 99.24 89.63 
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TABlE A-2 Ctw«XW. RECOVERY DATA FOR PURE COMPOUNDS 1\1 MIXTURES 

% % % % 
Mass Benzene Mass Toluene Mas& Xylenes Mass Acetone 
(pg) Recovery (110) Recovery (pg) Recovery (pg) Recovery 

17.57 97.88 17.32 88.39 17.36 100.73 31.44 47.32 
17.57 101.81 17.32 99.69 17.36 109.45 31.44 54.46 
17.57 93.96 17.32 95.92 17.36 109.45 31.44 47.32 
17.57 78.24 17.32 92.15 17.36 109.45 47.16 SO.6 
17.57 113.59 17.32 110.99 17.36 118.17 47.16 60.13 
17.57 86.1 17.32 107.22 17.36 109.45 47.16 60.13 
17.57 82.17 17.32 103.46 17.36 100.73 62.88 37.95 
17.57 82.17 17.32 99.69 17.36 100.73 62.88 73.69 
26.36 62.62 25.98 76.51 26.04 78.78 62.88 52.25 
26.36 67.86 25.98 89.06 26.04 84.6 
26.36 73.1 25.98 99.11 26.04 107.85 
26.36 83.57 25.98 86.55 26.04 96.22 
26.36 78.33 25.98 81.53 26.04 94.6 
26.36 75.72 25.98 81.53 26.04 94.6 
26.36 73.1 25.98 81.53 26.04 78.78 
26.36 73.1 25.98 73.99 26.04 72.97 
35.14 68.58 34.64 95.05 34.72 89.61 
35.14 78.4 34.64 95.05 34.72 89.61 
35.14 82.33 34.64 85.63 34.72 76.53 
35.14 72.51 34.64 74.33 34.72 76.53 
35.14 72.51 34.64 76.22 34.72 76.53 
35.14 74.47 34.64 76.22 34.72 76.53 
35.14 84.29 34.64 89.4 34.72 85.25 
35.14 82.33 34.64 87.52 34.72 85.25 

Mean 80.78 Mean 89.45 Mean 92.60 Mean 53.76 
St Oev. 11.58 St Dev. 10.62 St Oev. 13.56 St Dev. 10.15 

C.V. 14.34 C.V. 11.87 C.V. 14.65 C.V. 18.88 
n= 24 n= 24 n= 24 fie 9 

to.5In-1= 2.069 to.5In-1. 2.069 to.5In-1. 2.069 t 0.5In-1. 2.306 
C.L 85.67 C.L. 93.93 C.L. 98.33 C.L 61.56 

75.89 84.96 86.87 45.96 

TABlE A-3 CHAR:X>A.l. RECOVERY DATA FOR PURE COMPOUNDS WITH MOISTURE 

% % % % 
Mass Benzene Mass Toluene Mas& Xylenes Mass Acetone 
(pg) Recovery (110) Recovery (pg) Recovery (pg) Recovery 

17.57 184.6 17.34 71.78 17.37 88.05 15.71 36.4 
17.57 152.38 17.34 81.68 17.37 88.05 15.71 80.16 
17.57 141.64 17.34 61.88 17.37 95.2 15.71 37.67 
17.57 120.17 17.34 71.78 17.37 95.2 15.71 35.1 
17.57 109.43 17.34 81.68 17.37 95.2 15.71 82.78 
26.36 80.1 26.01 80.85 26.06 96.8 23.56 72.76 
26.36 130.2 26.01 80.85 26.06 96.8 23.56 45.37 
26.36 108.73 26.01 80.85 26.06 96.8 23.56 60.54 
26.36 94.41 26.01 80.85 26.06 96.8 23.56 67.57 
35.14 65.45 26.01 87.45 26.06 106.33 23.56 62.57 
35.14 81.56 34.68 85.39 34.74 104.78 31.42 91.6 
35.14 65.45 34.68 85.39 34.74 94.06 31.42 91.28 
35.14 60.08 34.68 90.34 34.74 108.35 31.42 111.11 
35.14 65.45 34.68 90.34 34.74 104.78 31.42 92.31 

34.68 85.39 31.42 84.56 

Mean 104.26 Mean 81.10 Mean 97.66 Mean 70.12 
St Oev. 38.03 St Dev. 7.61 St Oev. 6.26 St Dev. 23.52 

C.V. 36.48 C.V. 9.38 C.V. 6.41 C.V. 33.54 
n= 14 n= 15 n= 14 n= 15 

t 0.5In-1= 2.16 to.5Jn-1z 2.145 to.5In-1= 2.16 to.5In-1. 2.145 
C.L. 126.22 C.L. 85.31 C.L. 101.27 C.L 83.14 

82.30 76.89 94.04 57.09 
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APPENOIX B TENAX'" SOLID SORBENT RECOVERY DATA 

TABLE 8-1 TENAX RECOVERY OATA FOR PURE COMPOUND MIXTURES 

'!Go '!Go '!Go '!Go '!Go '!Go '!Go 
Male Benzene Masa Toluene Mass Ethylbenzene Male p,Xrlene Male m-Xylene Mass o-Xrlene Mass Naphlhalel'l8 
(jig) Recove!y (1lII) Recovel)' (0) ReC:OIleI)' (jig) Rec:OIIeI)' (0) Rec:ovel)' (1lII) Rec:ovel)' (JI.9) Rec:ovel)' 
0.09 86.50 2.27 109.79 0.42 89.23 0.48 90.64 1.10 93.75 0.48 92.48 0.50 69.48 
0.09 92.67 2.27 110.43 0.42 90.93 0.48 92.25 1.10 93.03 0.48 93.07 0.50 93.34 
0.09 109.04 2.27 108.90 0.42 90.74 0.48 92.30 1.10 93.42 0.48 95.28 0.50 90.39 
0.09 92.73 2.27 108.49 0.42 86.01 0.48 86.80 1.10 95.07 0.48 100.99 0.50 86.50 
1.6 102.70 2.27 108.56 0.65 75.99 0.48 86.40 1.10 89.02 0.48 87.37 0.50 72.16 
1.5 89.75 6.00 94.42 0.65 89.31 0.73 74.42 1.84 92.15 0.72 112.40 1.50 49.57 
1.5 89.23 6.00 92.27 0.65 77.09 0.73 86.01 1.84 93.23 0.72 96.16 1.50 56.44 
1.5 103.54 5.00 94.38 0.65 84.88 0.73 76.68 1.84 93.84 0.72 113.02 1.50 70.62 
1.5 90.44 5.00 93.92 0.65 91.13 0.73 84.13 1.84 95.00 0.72 102.42 1.50 72.72 
2.5 92.14 6.00 92.13 1.96 89.37 0.73 91.48 1.84 93.74 0.72 95.21 1.50 61.14 
2.5 97.93 29.50 93.84 1.96 89.22 2.16 89.04 4.73 91.07 2.14 93.00 2.50 61.47 
2.5 92.90 29.50 94.78 1.96 88.77 2.16 89.39 4.73 90.89 2.14 93.42 2.50 81.91 
2.5 91.96 29.50 93.32 1.96 90.71 2.16 89.09 4.73 91.00 2.14 91.98 2.50 87.84 
2.6 103.29 29.50 93.43 1.96 86.09 2.16 90.82 4.73 93.15 2.14 95.57 2.50 85.86 
10 82.80 29.50 92.48 5.43 92.70 2.18 85.93 4.73 93.62 2.14 102.70 2.50 84.61 
10 84.97 41.56 94.44 5.43 95.16 5.92 92.95 12.87 93.70 5.88 95.91 10.00 70.17 
10 87.84 41.56 97.48 5.43 95.13 6.92 95.12 12.87 95.87 5.88 96.54 10.00 75.13 
10 87.20 41.56 95.74 5.43 94.50 5.92 95.29 12.87 95.97 6.68 96.21 10.00 81.27 
10 85.48 41.56 94.86 5.43 93.00 5.92 94.32 12.87 95.47 5.68 97.76 10.00 70.99 
25 86.07 41.56 94.68 8.93 96.91 5.92 93.28 12.87 94.49 5.88 97.18 10.00 81.99 
25 84.78 112.56 89.76 8.93 93.84 9.77 98.44 21.08 97.66 9.66 99.41 20.00 85.03 
25 81.83 112.56 87.70 8.93 96.75 9.77 93.42 21.08 95.11 9.66 97.47 20.00 91.48 
25 81.03 112.58 89.62 8.93 97.02 9.77 95.94 21.08 99.56 9.66 103.16 20.00 97.69 
25 81.36 112.58 92.91 16.97 89.58 9.77 96.76 21.08 97.72 9.66 99.63 20.00 96.86 
50 74.14 112.58 87.73 16.97 86.29 18.46 89.41 39.88 90.26 18.30 92.17 20.00 90.35 
50 76.71 262.33 96.84 16.97 90.09 18.46 85.99 39.88 87.89 18.30 90.50 46.00 83.61 
50 74.60 262.33 95.94 16.97 91.33 18.46 90.15 39.88 90.83 18.30 92.71 46.00 76.77 
50 73.49 262.33 95.60 16.97 91.62 18.46 91.35 39.88 92.23 18.30 95.11 46.00 76.06 
50 76.34 262.33 93.24 33.39 89.29 18.46 91.57 39.68 92.30 18.30 94.22 46.00 71.96 

100 100.98 262.33 94.63 33.39 95.81 36.42 89.58 79.72 89.07 36.03 93.72 46.00 75.06 
100 76.46 33.39 94.29 36.42 95.95 79.72 95.01 36.03 96.39 80.00 74.82 
100 76.08 33.39 91.78 36.42 94.48 79.72 93.66 36.03 98.47 80.00 82.64 
100 79.27 33.39 93.96 36.42 91.57 79.72 94.33 36.03 99.97 80.00 80.24 
100 79.99 36.42 94.82 79.72 93.92 36.03 99.60 60.00 71.84 
100 85.59 60.00 77.82 
100 89.68 
100 79.67 
100 81.79 
100 80.51 
250 93.88 
250 93.65 
250 87.08 
250 87.46 
250 87.44 

Mean 87.04 Mean 96.00 Mean 90.56 MIlan 90.62 Moan 93.44 Mean 97.27 MIlan 77.57 
st. Dev. 8.65 S1.Dev. 8.30 S1.Dev. 4.85 st. Dev. 4.99 $I. Dev. 2.53 $I. Dev. 5.36 st. Oev. 11.19 

C.V. 9.94 C.V. 6.56 C.V. 5.36 C. V. 5.52 C.V. 2.71 C.V. 5.50 C.V. 14.43 
1'\00 44 1'\00 30 1'\00 33 1'\00 34 1'\00 34 n. 34 1'\00 36 

t 0.510.1. 2.018 10.510.1. 2.046 10.510.1. 2.038 10.5In-l. 2.036 t 0.5Jn-l. 2.036 10.510.1. 2.036 10.610.1. 2.034 
C.L 89.67 C.L 98.36 C.L 92.28 C.L 92.27 C.L 94.32 C.L 99.14 C.L 81.41 

84.40 93.86 88.84 88.78 92.55 95.40 73.72 

88 



TABLE B-2TENAXIFUJX CHAt.eER RECOVERY OATA FOR PURE COMPOUND MIXTURES 

% % % % % % % 
Ma. Benzene MaR Toluene MaR Ethylbenzene Ma. p-Xytene MaR m-Xytene MaR o-Xylene MaR Naphthalene 
(JAg) Recovery (JAg) Recovery (Jig) Recovery (Jig) Recowry (JAg) Recovery (Jig) Rae_ry (JAg) Recovery 
0.5 143.70 0.6 79.10 0.32 0.66 1.06 0.39 0.5 73.80 
0.5 135.70 0.5 251.00 0.32 0.66 1.06 0.39 0.6 124.10 
0.5 85.80 0.5 102.00 0.32 0.66 1.06 0.39 0.5 101.70 
1 71.30 1 97.40 0.36 113.00 0.91 81.80 1.93 89.70 0.85 99.30 1 52.50 
1 108.00 1 162.00 0.36 169.00 0.91 111.50 1.93 115.30 0.85 121.90 1 133.20 
1 68.40 1 90.70 0.36 79.90 0.91 80.70 1.93 62.90 0.85 64.70 1 82.10 
2 74.50 2 82.50 0.72 99.40 1.82 71.70 3.68 76.90 1.30 86.20 2 55.30 
2 57.70 2 110.20 0.72 68.90 1.82 66.10 3.86 64.10 1.30 70.00 2 65.80 
2 134.10 2 105.10 0.72 97.20 1.82 64.10 3.68 72.10 1.30 64.70 2 69.70 
5 69.10 6 n.oo 1.79 70.40 4.54 63.20 9.68 70.70 326 76.10 5 37.30 
5 74.90 5 101.10 1.79 76.70 4.54 67.80 9.66 76.30 3.26 89.30 5 61.80 
5 62.40 5 68.80 1.79 75.40 4.54 69.00 9.66 75.20 326 85.60 5 66.10 
10 63.90 10 97.80 2.84 108.40 8.36 97.70 18.18 104.30 6.28 111.70 10 60.80 
10 78.10 10 95.90 2.84 93.50 8.36 95.80 18.16 65.10 6.28 109.00 10 54.00 
10 55.50 10 85.50 2.64 75.00 8.36 70.20 18.18 91.40 8.28 78.80 10 47.30 
50 68.20 50 64.60 14.20 77.00 41.79 73.20 90.90 82.50 31.36 88.90 50 38.40 
50 59.80 50 75.60 14.20 73.80 41.79 71.30 90.90 77.40 31.36 80.90 50 46.00 
50 59.60 50 76.30 14.20 73.30 41.79 70.90 90.90 78.90 31.36 64.00 50 46.80 

Mean 82.81 Mean 102.36 Mean 91.39 Meao 75.11 Mean 81.52 Mean 67.34 Meao 67.03 
St. DeY. 28.22 St. Dev. 42.55 $I. Dev. 25.42 St. Dey. 15.16 St. DeY. 14.18 St. Dey. 16.89 St. Dey. 27.41 

C.V. 34.06 C.V. 41.57 C.V. 27.81 C.V. 20.19 C.V. 17.37 C.V. 19.33 C.V. 40.89 
~ 18 n- 18 o. 15 ~ 15 ~ 15 ~ 15 ~ 18 

10.5In-l. 2.11 10.5In-l. 2.11 t O.5ln-l. 2.145 10.510-1. 2.145 10·51n-l. 2.145 10.5In-l- 2.145 t 0.510-1. 2.11 
C.L 96.64 C.L 123.52 C.L 105.47 C.L 83.50 C.L 89.36 C.L 96.69 C.L 80.66 

68.77 61.19 77.32 66.71 73.68 77.99 53.40 
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APPENDIX C lENAX'" SORBENT BAEAKTHOOJGH DATA 

TABlEC-119T023'CBAEAKTHOOJGHDATA 

Benzene Toluene Ethyibenzene p-Xylene 

M865 Volume % Recovery M_ Volume % Rec:Qvery Mass Volume % Recovery Mass Volume % 
(jig) (I) 1 lit Trap of Injected (IIQ) (I) 111t Trap of Injected (jig) (I) 111t Trap of Injected (jig) (l) 111tTrap 

1.8 1 100.0 106.0 2.15 1 100.0 104.5 1.1 1 100.0 111.2 1.8 1 100.0 
3 98.4 104.0 3 99.8 106.0 3 100.0 126.3 3 99.9 
6 100.0 103.0 6 100.0 105.4 6 100.0 112.9 6 100.0 

12 63.0 99.3 12 100.0 106.5 12 100.0 114.2 12 100.0 
12 SO.6 101.6 12 100.0 105.5 12 100.0 112.8 12 100.0 
24 3.5 71.5 24 100.0 105.0 24 100.0 111.8 24 100.0 
24 0.0 40.9 24 99.0 89.5 24 100.0 97.0 24 100.0 

2.0 1 97.0 115.0 2.0 1 100.0 106.5 2.0 1 100.0 91.0 2.0 1 100.0 
3 91.4 93.5 3 100.0 90.5 3 100.0 79.5 3 100.0 
6 93.2 125.0 6 100.0 113.5 6 100.0 107.0 6 100.0 
6 78.9 104.5 6 100.0 113.5 6 100.0 112.5 6 100.0 

24 8.0 75.0 24 99.6 112.0 24 100.0 111.5 24 100.0 
8.44 24 0.0 11.8 10.18 24 85.7 112.7 6.46 24 100.0 115.2 8.94 24 100.0 

26.6 0.7 99.2 26.6 87.2 11o.s 26.6 100.0 112.3 26.6 100.0 
12.7 1 100.0 95.4 15 1 100.0 98.9 9.7 1 100.0 92.2 13.4 1 100.0 

3 100.0 95.6 3 100.0 97.9 3 100.0 92.4 3 100.0 
6 79.6 92.4 6 100.0 79.9 6 100.0 90.9 6 100.0 
6 90.3 87.2 6 96.9 16.9 6 100.0 86.5 6 100.0 
12 60.2 88.2 12 97.3 77.4 12 100.0 87.7 12 100.0 
24 10.4 77.9 24 98.7 75.1 24 100.0 91.8 24 100.0 

15 1 99.4 105.0 15.3 1 100.0 94.3 15 1 100.0 97.5 15 1 100.0 
3 97.8 105.4 3 100.0 94.6 3 100.0 96.3 3 100.0 
6 61.1 70.4 6 99.9 92.8 6 100.0 81.9 6 100.0 
6 68.8 18.6 6 100.0 88.1 6 94.8 17.8 6 100.0 

12 14.1 102.4 12 100.0 89.6 12 100.0 77.1 12 100.0 
24 6.1 43.4 24 99.2 92.3 24 100.0 76.1 24 100.0 

60 1 99.9 98.1 60 1 100.0 94.9 60 1 100.0 97.8 60 1 100.0 
1 99.8 94.9 1 100.0 93.8 1 100.0 98.6 1 100.0 
3 90.6 109.4 3 100.0 91.9 3 100.0 98.5 3 100.0 
3 64.8 90.3 3 91.9 108.4 3 99.6 97.3 3 99.8 
6 33.5 138.2 6 96.2 99.8 6 100.0 97.0 6 100.0 

120 1 74.2 115.0 120 1 99.3 125.5 120 1 100.0 108.1 120 1 100.0 
3 54.9 113.9 3 100.0 126.4 3 100.0 109.8 3 100.0 
3 58.3 62.6 3 99.6 81.5 3 100.0 81.2 3 100.0 
6 11.3 130.0 6 89.7 124.9 6 100.0 106.4 6 99.2 
6 9.8 126.2 6 89.0 124.3 6 99.9 98.4 6 100.0 

24 3.5 6.9 24 4.4 82.3 24 83.7 81.6 24 87.6 
24 2.0 15.5 24 17.6 81.1 24 96.8 80.8 24 98.0 
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TABlE Col (continued) 

m-Xylene o-Xylene Naphthalene 

Recowry Mass Volume ". Recovery Mass Volume ". Recovery Mass Volume ". Recovery 
ollnjeeted (jJ.g) (I) 1st Trap oflnjected (jJ.g) ~) 1st Trap 01 Injected (jJ.g) (I) lstT rap of Injected 

103.3 4.2 1 100.0 102.1 1.9 1 100.0 90.5 2.0 1 84.9 73.0 
110.2 3 100.0 112.0 3 97.3 100.5 3 93.1 65.0 
104.5 6 100.0 103.3 6 100.0 91.0 6 
105.2 12 100.0 104.9 12 100.0 92.6 6 100.0 107.5 
104.5 12 100.0 104.1 12 100.0 91.2 24 100.0 107.0 
99.8 24 100.0 106.7 24 97.0 96.4 2.4 1 98.9 101.0 
66.5 24 100.0 91.0 24 100.0 81.6 3 99.7 99.9 
87.0 2.0 1 100.0 91.5 2.0 1 100.0 92.0 6 98.3 101.5 
77.5 3 100.0 80.5 3 100.0 80.0 12 98.2 103.3 
102.5 6 100.0 114.5 6 99.0 102.0 12 99.8 99.7 
112.5 6 100.0 115.0 6 100.0 114.0 24 100.0 95.0 
114.5 24 100.0 114.5 24 100.0 114.0 24 99.8 93.4 
99.0 19.84 24 100.0 116.8 7.5 24 100.0 135.5 12 24 99.9 116.0 
96.5 26.6 100.0 113.9 26.6 100.0 132.3 26.6 99.1 112.1 
91.1 15 1 100.0 100.3 11.3 1 100.0 94.3 15 1 99.9 97.4 
91.6 3 100.0 102.9 3 100.0 94.4 3 99.0 96.1 
90.0 6 100.0 83.7 6 100.0 92.6 6 99.0 72.2 
85.6 6 97.4 17.9 6 100.0 88.7 6 100.0 15.5 
86.1 12 100.0 79.1 12 100.0 90.4 12 100.0 62.9 
91.0 24 100.0 79.0 24 100.0 93.7 24 100.0 17.7 
98.0 29.8 1 100.0 93.2 15 1 100.0 95.6 18.0 1 99.8 86.8 
101.3 3 100.0 93.4 3 100.0 93.9 3 100.0 88.2 
81.3 6 100.0 92.0 6 100.0 84.2 6 99.8 87.6 
15.4 6 100.0 87.4 6 99.6 16.0 6 99.6 82.8 
76.3 12 100.0 89.5 12 100.0 78.9 12 100.0 71.4 
74.7 24 100.0 92.8 24 100.0 77.5 24 99.1 89.7 
100.9 60 1 100.0 101.3 60 1 100.0 97.3 60 1 100.0 45.5 
97.3 1 100.0 95.7 1 100.0 95.7 1 99.7 30.2 
89.9 3 100.0 85.4 3 100.0 95.6 3 85.6 47.1 
87.9 3 99.4 84.4 3 98.3 97.8 3 99.0 57.7 
100.8 6 100.0 101.5 6 99.9 97.3 6 73.7 3.7 
49.6 120 1 100.0 62.3 120 1 99.9 120.2 120 1 79.1 51.5 
52.4 3 100.0 65.2 3 100.0 120.3 3 44.0 31.8 
91.1 3 100.0 76.4 3 100.0 85.0 3 99.9 14.3 
51.4 6 99.7 49.8 6 99.7 119.5 6 100.0 13.7 
36.5 6 99.8 43.4 6 99.6 120.4 6 98.2 10.8 
85.2 24 84.2 82.5 24 81.9 83.6 24 100.0 13.9 
89.5 24 97.0 77.8 24 94.3 85.6 24 99.6 10.7 
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TABLE C-2 2S TO 3:rC BREAKTHROlJGi DATA 

Benzen& ToIU9fle Elhylbenzene p-Xylene 

Maas VoMne '" Recovery Ma" VoQne '" Recovery Mau Volume "'Recovery Ma66 Volume '" Recovery 
(pg) (II 111 Trap 01 Injected (pg) (I) 111 Trap of Injecled {algI (I) 111 TRIp 01 I",ected (1IlI) (II 111 Trap 01 Inje<:led 

1.8 3 100 79 2 I 100 89.5 1.1 3 100 90.3 1.8 3 100 84.8 
3 100 91.3 I 100 91 3 100 102.3 3 100 95.8 
8 73.2 104.3 12 100 111 8 100 120 8 100 114.4 
8 100 75.7 12 100 III 8 100 94.5 8 100 84.8 

2 1 91.2 102 12 68.2 69.5 2 1 100 76.5 2 1 100 74 
1 96.3 95.5 12 69.7 108.5 I 100 78.5 I 100 72.5 

12 76 104.5 24 0 17.5 12 100 97.5 12 100 94.5 
12 0 79 24 83.B 114.5 12 100 47 12 100 13 
12 39.4 16.5 2.15 3 100 83.9 12 100 92.5 12 100 92.5 
12 20 25 3 100 95.6 12 100 106 12 100 104.5 
24 0 3 6 100 97 24 12.5 11.5 24 10.5 9.5 
24 27.3 16.5 6 100 82.8 24 100 93.5 24 100 88 

12.66 3 97.3 82.6 15 I 100 105.7 9.89 3 100 83.1 13.41 3 100 82.3 
8 100 87.8 I 100 92.7 8 100 66.4 6 100 85.2 
12 28.1 93.6 I 99.9 122.3 12 100 88.2 12 100 87.3 

15 1 99.5 110 3 100 102.7 15 1 100 74 15 1 100 42.8 
1 99.5 100 3 99.9 111.7 1 100 86 I 100 66.4 
1 74.2 130.8 6 87.7 93.8 I 100 115.2 I 100 106.9 
3 83.6 134.2 6 90.6 112.4 3 100 102.5 3 100 113.4 
3 67.5 121.5 12 97.6 101 3 100 112.3 3 100 110 
6 5.9 78.1 12 99.9 120.7 8 41.7 113.4 6 43 113.2 
6 5 26.6 12 99.9 101.6 6 99.6 93.8 ., 99.9 101.2 
12 1.7 92.5 24 89.2 100.6 12 100 100.2 12 100 117.1 
12 100 8.9 24 63.2 112.8 12 99.8 124 12 99.8 123.7 
12 1 101.6 15.27 3 100 84 12 100 105.1 12 99.9 105.1 
24 2.9 23.4 8 100 87.8 24 100 97.7 24 100 110.4 
24 7.8 66 12 100 85 24 100 96.1 24 100 110.4 

60 0.2 100 89.6 60 0.2 100 91.3 60 0.2 100 99.8 60 0.2 100 99.8 
0.2 100 66.1 0.2 100 68.3 0.2 100 96.5 0.2 100 101 
1 91.5 85.5 1 100 94.5 I 100 94.5 1 100 95.7 
I 100 133.3 1 SO. 1 100 1 100 99 I 99.5 100 
1 10.5 100 I 81.6 100 1 93.5 100 1 96 100 
1 71.9 89.5 1 99.9 96.2 1 100 97.1 1 100 98.1 
3 0.5 100 3 24.6 100 3 100 122.7 3 100 124.9 
3 2.2 100 3 78 100 3 100 127.6 3 100 130.3 
8 1.1 67.5 6 32.2 129.6 6 98.4 131.7 6 99.3 132.5 
6 1.9 132 6 88.1 129 6 100 128.8 8 100 130.9 
12 0.8 64.3 12 31.9 131.8 12 98.7 134 12 99.2 137.4 
12 2.1 24.2 12 5.9 129.7 12 91.6 128.9 12 93.4 130.8 
12 1 44.9 12 24.2 133.6 12 97.6 133.4 12 98.8 135.6 
24 26.6 1.1 24 0.8 123.4 24 57.2 133.8 24 59.5 134 
24 28.6 1 24 0.8 107.8 24 51.6 119.3 24 53.5 119.2 

120 0.2 100 108.9 120 0.2 100 108.25 120 0.2 100 98.8 120 0.2 100 36.1 
0.2 100 108. I 0.2 100 107.75 0.2 100 98.2 0.2 100 36.6 
1 0 103.9 1 56.6 100 1 99.5 100 1 99.8 100 
1 1.7 100 I 67.4 100 1 98.9 100 1 99.5 100 
3 2 104.5 3 57.2 113.7 3 98 112.6 3 98.9 131 
3 0.8 76.2 3 29.7 115.4 3 96.7 111.8 3 98.1 126.1 
8 0.8 89.4 6 21.9 117.9 6 90.4 113.7 6 93.1 124 
8 1.1 SO 6 8.9 143.7 6 85.7 134.3 6 89.9 ISS.1 
12 0.5 100 12 7.5 100 12 100 96.1 12 100 109.7 
12 0.5 91.6 12 54.9 25.3 12 91.5 110.4 12 91.8 128.4 
24 34.8 0.6 24 0.8 87 24 37.6 115.7 24 39.2 117.3 
24 51.5 0.6 24 1.6 44.2 24 40.7 85.8 24 41.6 87.3 

92 



TABLE C-2 (conlinued) 

m-Xylene o-Xylene Naphlhalene 

Mus Volume 'II.R_.., Mus Volume 'II. Recovery Maaa Volume 'II. Recov • .., 
IJ.IgI (I) lal Trap 01 Injecled 1J.Ig) (I) latTrap 01 Injected 1J.Ig) (I) 1 at Trap 01 Injected 

2 1 100 78 1.9 3 100 15.6 2.0 1 96.4 55 
1 100 76 3 100 64.9 1 96.7 79.5 

12 100 96.5 6 100 65.9 12 96.7 77.5 
12 100 37.5 6 100 74.8 12 95.6 68.5 
12 100 97 2 1 100 79 12 100 91 
12 100 112.5 1 100 79 12 100 95.5 
24 6.7 7.5 12 100 97 24 100 22 
24 100 93.5 12 100 53.5 24 100 85.5 

4.2 3 100 85.1 12 100 97.5 2.4 3 100 83.3 
3 100 94.9 12 100 111.5 3 100 90.4 
6 100 96 24 28.6 10.5 6 100 90.2 
8 100 64.5 24 100 93.5 6 100 82.9 

15 1 100 83.7 12.81 3 100 74.7 15 1 100 16.5 
1 100 85.7 6 100 78.4 1 99.6 94.2 
1 100 143.8 12 100 77.6 3 99.1 105.6 
3 100 114.4 15 1 100 77.1 6 99.9 94.5 
3 100 119.3 1 100 65.3 12 99.6 104.5 
6 99.8 101.6 1 100 126.7 12 100 113.7 
6 41.9 116.5 3 100 100.3 24 99.9 90.6 
12 100 119.3 3 100 117.2 24 100 101.6 
12 99.8 127.2 6 99 89 18 3 99.8 81.2 
12 100 107.7 6 39 115.6 6 99.8 82.7 
24 100 112.9 12 100 96.5 12 100 91.8 
24 100 112.8 12 99.6 129.8 60 0.2 98.7 45.9 

29.76 3 100 84 12 99.9 106.9 0.2 100 89 
6 100 87.6 24 100 95.1 3 90 100 
12 100 88.1 24 99.9 94.1 3 62.7 100 

60 0.2 100 101 60 0.2 100 96.6 6 99.5 24.5 
0.2 100 99.2 0.2 100 91.8 6 100 43.4 
1 100 96.1 1 100 96.1 12 100 115.3 
1 100 99.2 1 100 98.7 12 100 112.2 
1 94.2 100 1 89.7 100 12 100 86 
1 99 100 1 97.5 100 24 100 40.7 
3 100 132.2 3 100 122.2 24 100 108.3 
3 100 13Q.6 3 100 129.5 120 0.2 99.4 55.5 
6 98.6 135.8 6 96.7 137 0.2 100 14.1 
6 100 130.9 6 99.9 128.9 3 100 27.7 
12 96.9 136.6 12 98.1 133.1 3 100 17.9 
12 93 131.4 12 90.2 129.6 6 100 19.6 
12 96 135.5 12 96 136.2 6 100 23.8 
24 65 135.9 24 67.9 130.9 12 100 14 
24 60.5 121.8 24 65.2 119.8 12 100 86.4 

120 0.2 100 44.2 120 0.2 100 120.2 24 100 19.8 
0.2 100 42.5 0.2 100 121.3 24 100 19.8 
1 99.5 100 1 98.6 100 
1 98.9 100 1 97.8 100 
3 98 101.9 3 98.4 116.1 
3 96.9 104.2 3 94.8 115.2 
6 91 109.7 6 87.9 116.4 
6 87 122 8 85.8 137.5 
12 100 93.6 12 100 96.2 
12 87.1 110.9 12 99.4 102.9 
24 48.3 119.6 24 53.6 118.2 
24 50.4 92.2 24 58 97.1 
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APPENDIX D CHAMBER MIXING DATA 

Row CUrve Data for Shroud Mixing Studies 

Run' 1 Run' 2 Run' 3 Run' 4 Run' 5 Run' 6 
a (Vmin)= 0.732 a (Vmln)= 0.732 a (Vmin)= 1.65 a (Vmin)= 1.65 a (Vmin)= 2.72 a (Vmln)= 2.72 

T(min)= 30.4 T(min)= 30.4 T(min)= 13.5 T(min)= 13.5 T(min)= 8.2 T (min)= 8.2 
Co(mgJI) .. 35.83 Co(mgJI) = 17.92 Co (mgI1) = 35.83 Co (mgJI) = 35.97 Co (mgJI) = 53.91 Co (mgJI) = 35.95 

Time [Tracer) Time [Tracer] Time [Tracer] Time [Tracer] Time [Tracer] Time [Tracer) 
(minutes) (mgll) (minutes) (mgII) (minutes) ppm (minutes) ppm (minutes) ppm (minutes) ppm 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.20 0.00 0.60 0.00 0.40 0.00 0.30 0.00 0.2 0.00 0.14 0.00 
1.35 2.18 0.65 4.02 0.42 2.01 0.32 0.77 0.21 8.05 0.15 1.2 
1.79 10.14 0.86 6.42 0.58 4.05 0.56 8.01 0.26 16.04 0.27 20.03 
2.05 220.02 1.24 4.95 0.73 10.11 0.59 11.98 0.3 27.99 0.28 40.03 
2.49 28.88 1.51 6.28 0.77 14.43 0.68 20.03 0.31 35.99 0.35 60.01 
2.88 23.93 1.72 9.91 0.91 15.75 0.84 22.36 0.32 46.03 0.38 79.96 
3.45 19.24 1.91 14.47 1.08 14.18 0.97 20.04 0.35 55.99 0.47 101.21 
3.80 24.10 2.17 18.46 1.28 12.36 1.19 16.36 0.38 66.03 0.49 120 
4.04 30.43 2.46 17.53 1.59 16.44 1.42 20.01 0.44 74.81 0.55 87.89 
4.18 36.94 2.92 22.01 1.69 20.41 1.54 23.99 0.5 68.03 0.6 59.97 
4.49 44.50 3.25 24.40 1.90 30.30 1.63 27.97 0.59 60 0.68 40.04 
4.81 47.35 4.36 26.86 2.21 34.98 1.68 32.04 0.65 51.99 0.77 29.03 
5.24 44.77 5.23 27.48 2.47 34.36 1.83 39.99 0.86 35.26 0.96 31.96 
5.74 41.39 5.65 27.59 3.27 40.89 2.00 41.98 1.06 40.04 1.28 36.67 
6.33 43.77 7.86 25.50 4.16 41.40 2.18 39.93 1.17 47.95 1.73 31.98 
6.64 46.86 9.15 23.47 5.20 39.41 2.46 36.54 1.2 51.94 3.02 23.92 
7.14 48.71 11.84 19.47 6.74 34.10 2.90 39.98 1.34 59.97 3.96 20 
7.88 47.73 14.54 16.21 8.41 28.05 3.08 40.84 1.44 61.74 6.46 11.96 
8.85 47.83 19.88 11.17 9.67 24.03 3.45 39.99 1.67 59.99 10.48 5.31 
9.59 48.31 25.26 7.62 11.10 20.14 4.04 39.26 1.79 56.07 14.21 2.38 
10.83 47.26 30.65 5.05 12.55 16.06 5.10 35.97 1.97 51.98 18.56 1.02 
14.05 44.38 35.98 3.34 14.54 12.00 6.19 32.64 2.55 47.92 20.45 0.55 
17.98 40.31 41.37 2.27 18.13 7.10 7.44 27.94 3.07 43.96 
22.41 35.83 20.81 4.84 8.61 23.93 3.41 39.98 
26.90 31.55 24.61 2.69 9.93 19.99 4.35 32.06 
31.66 27.21 28.66 1.35 11.61 15.93 5.59 23.95 
37.66 22.8 30.92 0.88 14.30 11.19 6.56 20.01 
43.01 19.34 17.00 7.80 8.08 14.07 
47.03 17.29 19.68 5.19 10.79 7.72 
53.17 14.34 22.41 3.42 13.45 4.22 
59.10 12.32 25.95 1.94 16.15 2.08 
65.14 10.30 18.89 0.77 
70.97 8.85 
77.48 7.32 
83.5 6.06 

90.73 5.19 
96.3 4.48 

101.94 3.91 
(continued) 
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APPENDIX D (continued) 

Flow CII'Ve Data for Shroud Mixing Studies 

Run # 7 Run # 8 Run # 9 Run # 10 Run # 11 Run # 12 
a (Vmin)= 2.72 a (Vmin)= 2.72 a (Vmin)= 3.73 a (Vmin)= 3.73 a (Vmin)= 3.73 a (Vmtn)= 3.73 

T(min)= 8.2 T(min)= 8.2 T(min)= 6.0 T(min) .. 6.0 T (min) .. 6.0 T(min)= 6.0 
Co (mgII) .. 35.98 Co (mgII) = 53.61 Co (mgII) - 53.87 Co(mgII) .. 35.79 Co (mgII).. 35.95 Co (mgII) = 35.89 

Time (Tracer] Time (Tracer) Time (Tracer) Time (Tracer] Time (Tracer) Time (Tracer] 
(minutes) (mgII) (minutes) (mgll) (minutes) ppm (minutes) ppm (minutes) ppm (minutes) ppm 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.4 0.00 0.1 0.00 0.3 0.00 0.4 0.00 0.1 0.00 0.45 0.00 

0.49 8.02 0.10003 21.48 0.31 12.01 0.53 19.95 0.116 4.05 0.5 11.92 
0.51 16.02 0.10004 33.42 0.316 20.07 0.54 40.11 0.127 8.06 0.51 32.01 
0.54 28.03 0.1005 41.51 0.32 39.99 0.58 60.04 0.139 12.05 0.73 47.97 
0.6 43.95 0.101 53.5 0.33 60 0.68 80.1 0.145 16.01 0.78 68.02 

0.66 68.01 0.103 65.56 0.34 68.02 0.68 92.48 0.169 20.08 0.83 79.93 
0.73 84.03 0.15 77.52 0.35 79.99 0.81 40.03 0.174 28.08 0.86 87.12 
0.92 96.21 0.16 89.57 0.36 95.97 0.84 34 0.187 32.04 1.07 60 
1.03 79.9 0.17 97.55 0.39 102.5 1.05 34.9 0.187 40.07 1.35 37.72 
1.16 67.98 0.18 99.94 0.46 115 1.7 28 0.189 59.98 1.56 38.5 
1.26 55.97 0.19 110 0.51 79.98 2.91 19.96 0.19 72 3.07 32.03 
1.42 39.95 0.22 89.52 0.53 68.04 4.31 13.76 0.191 80 5.05 23.96 
1.53 32.04 0.27 69.48 0.66 59.89 6.33 7.94 0.192 88.41 6.23 19.98 
1.79 27.16 0.28 57.5 0.83 64.05 9.68 3.27 0.193 44.05 7.85 15.96 
2.25 31.93 0.59 41.91 1.1 59.99 12.35 1.6 0.195 37.84 10.05 11.96 
2.53 35.98 0.74 49.46 1.42 56.02 19.29 0.37 0.37 41.34 12.28 8.73 
2.85 38.96 1.06 55.22 1.67 52.03 0.81 36.03 12.95 8 
3.33 36.01 1.4 49.5 2.3 44.01 1.2 32.01 17.69 4.16 
3.97 30.52 1.96 43.44 3.47 32.01 1.62 28.04 28.53 0.62 
4.78 29.43 2.62 37.47 4.53 24 2.84 20.03 39.31 0.02 
5.76 26.08 3.8 29.44 5.22 20.05 4.18 13.87 
8.17 20.01 4.64 25.51 7.02 12.21 6.12 8.04 
11.22 14.8 6.53 17.51 8.51 8.06 8.43 4.01 
13.15 11.96 8.65 11.24 12.45 2.48 9.58 2 
16.53 8.49 9.4 9.45 15.49 0.98 10.16 0.99 
21.96 5.01 12.11 5.34 16.7 0.38 10.45 0.49 
27.43 2.92 17.1 1.65 10.59 0.24 
32.78 1.72 18.13 1.12 
38.17 1.02 19.17 0.6 
43.49 0.59 
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,W5~~m.!tt. Appendix E Miaocosm hp and hs Temporal Variations 

fUl* Position * waste Amount of Soil Applialtion Tme hp hs Slope Y -Intercept R-squared 
Type waste appI. Type (hrs) (an) (an) (cmllog[tll (em) 

(0) 

Slop Oil 50.84 30 mesh sand subsurface 0.00 6.50 6.50 
0.50 18.5 (bottom) 

2 Slop Oil 49.27 Kidman subsurfece 0.50 9.00 6.50 -2.963 -9.83 0.995 (hp) 
2.50 11.00 2.306 -5.8 (hsl 
5.00 12.00 
10.00 12.50 3.50 
25.00 14.00 
50.25 15.00 

3 Slop Oil 54.16 Kidman subsurface 0.00 8.50 6.50 -2.723 -9.69 0.977 (hpJ 
0.50 9.00 5.00 1.454 -4.95 0.960 (hsl 
2.50 11.00 4.25 
5.00 11.00 4.00 
10.00 12.50 
25.00 13.50 
50.25 14.50 

4 Slop Oil 52.33 30 mesh sand subsurface 0.00 6.00 6.00 
0.50 19.5 (bottom) 

2 Slop Oil 37.68 30 mesh sand surface 0.00 0.00 0.00 -4.837 -3.255 0.98 (hp) 
0.25 0.25 
0.50 0.70 
0.75 3.50 
1.00 7.00 
8.25 7.00 
45.25 12.00 
69.50 12.00 
93.50 12.50 

2 Slop Oil 37.87 30 mesh sand surface 0.00 0.00 0.00 ·5.087 -4.415 0.982 (hp) 
0.25 0.30 
0.50 4.00 
45.25 13.50 
69.50 13.50 
93.50 14.00 

3 Slop Oil 38.05 Kidman surface 0.00 0.00 0.00 -2.092 -0.516 0.988 (hpj 
0.25 0.00 
0.50 0.25 
1.00 0.50 
2.00 1.00 
4.00 1.50 
8.25 2.25 
20.25 3.25 
45.25 4.00 
69.50 4.50 
93.50 4.75 

(continued) 
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'_!,#;;:~.e:""-"'" .......... -. Appendix E (continued) 

RI.I'I' Position' Waste Amount of Soil Application Tme hp hs Slope V-Intercept R-squered 
Type wasteappi. Type (hrs) (an) (an) (cmllog[t)) (em) 

(g) 

2 4 Slop Oil 37.7 Kidman surface 0.00 0.00 0.00 ·1.91 -1.118 0.993 (hp) 
0.25 0.30 
0.50 0.50 
1.00 1.00 
2.00 1.50 
4.00 220 
8.00 2.75 
2025 3.60 
45.25 4.25 
69.50 4.75 
93.50 5.00 

3 5 ;ep. Sludg« 36.3 30 mesh sand subsurface 0.00 7.50 7.50 -4.29 -17.523 0.974 (hp) 
0.25 15.00 
0.50 16.50 
1.00 17.00 
4.00 2O.3(botlom) 
72.00 6.25 

6 ;ep. Siudgi 36.01 30 mesh sand surface 0.00 0.00 0.00 -2.643 -9.37 0.951 (hp) 
0.25 8.50 
0.50 8.50 
1.00 8.50 

72.00 14.50 
7 ;ep. Sludgl 37.96 Kidman subsurface 0.00 7.50 7.50 -1.349 -10.241 0.930 (hp) 

0.25 9.00 7.25 0.416 -6.909 0.926 (hs) 
0.50 10.00 7.00 
1.00 10.50 6.75 
2.00 10.50 6.75 
4.00 11.50 6.75 
9.00 11.50 
20.00 12.00 6.50 
49.00 12.00 6.25 
72.00 13.00 6.00 

8 ;ep. Sludgl 37.09 Kidman surface 0.00 0.00 0.00 -0.902 -3.529 0.822 (hp) 
0.25 3.00 
0.50 3.50 
1.00 3.50 
2.00 3.75 
4.00 4.00 
9.00 4.25 
20.00 4.50 
49.00 4.50 
72.00 6.00 

(continued) 
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Appendix E (continued) 

Run. Position. Waste Amount of Soil Application Tme hp hs Slope V-Intercept R-squared 
Type waste appl. Type (hrs) (ern) (ern) (cmllog(tn (em) 

(g) 

4 5 3ap. Sludge 35.94 30 mash sand subsurface 0.00 7.50 7.50 
0.10 8.25 
0.50 20 (bottom) 

6 Sap. Sludge 35.85 30 mesh sand surface 0.00 0.00 0.00 

7 :.ep. Sludgl 36.48 Kidman subsurface 0.00 7.00 7.00 .0.613 -10.311 0.935 (hp) 
0.10 9.50 6.50 0.328 -6.144 0.915 (hs) 
0.25 10.00 6.25 
0.50 10.25 6.25 
1.00 10.25 6.00 
2.00 10.50 6.00 
4.00 10.75 6.00 
6.00 11.00 5.80 
8.00 11.00 5.80 
18.00 11.00 5.80 
20.00 11.00 5.80 
24.00 11.00 5.80 
50.00 5.50 

8 Sap. Sludge 34.43 Kidman surface 0.00 0.00 0.00 .0.999 -2.68 0.952 (hpj 
0.10 2.00 
0.25 2.25 
0.50 2.50 
1.00 2.50 
2.00 2.75 
4.00 3.00 
6.00 3.25 
8.00 3.50 
18.00 3.75 
20.00 3.75 
24.00 3.75 
31.00 4.50 
43.00 4.50 
50.00 4.50 
76.50 4.75 
90.00 4.75 
96.00 4.75 

5 1 Sap. Sludgl 6.74 30 mesh sand flask 0.00 1.70 0.00 
2 Sap. Sludge 6.87 30 mesh sand flask 0.00 1.70 0.00 
3 Sap. Sludge 6.93 Kidman flask 0.00 1.50 0.00 
4 Sap. Sludge 7.08 Kidman flask 0.00 1.50 0.00 

6 1 Slop Oil 7.94 30 mesh sand flask 0.00 1.70 0.00 
2 Slop Oil 7.94 Kidman flask 0.00 1.50 0.00 
3 Slop Oil 7.89 Durant flask 0.00 2.50 0.00 
4 Slop Oil 7.88 Durant flask 0.00 2.50 0.00 

(continued) 
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Appendix E (continued) 

Run' Position' Waste Amount of Soil Application Tme hp hI Slope Y -Intercept R-squared 
Type waste appI. Type (h/'s) (em) (em) (em/log It]) (em) 

(g) 

7 Slop 01 30.61 Durant subsurface 0.00 7.00 7.00 -1.032 -10.9428 0.960 (hp) 
0.08 10.00 7.00 0.3443 -6.7231 0.960 (hs) 
1.00 10.50 6.75 
2.00 11.50 6.75 
5.25 11.50 6.50 
2125 12.50 625 
41.25 12.50 625 
68.00 13.00 6.00 
92.00 13.00 6.00 
118 13.00 6.00 

2 Slop Oil 30.9 Durant subsurface 0.00 7.00 7.00 -1.078 -10.454 0.973 (hp) 
0.08 9.00 7.00 0.326 -6.678 0.967 (hs) 
1.00 10.50 6.75 
2.00 11.00 6.50 
5.25 11.50 6.50 
21.25 12.00 625 
41.25 12.00 625 
68.00 12.50 6.00 
92.00 12.50 6.00 

3 Slop Oil 30.33 Durant surface 0.00 0.00 0.00 -0.7623 -3.4707 0.973(hp) 
0.08 2.50 
0.50 3.50 
1.50 3.50 
4.50 4.00 
20.50 4.50 
41.00 4.50 
67.50 5.00 
92.50 5.00 

117.50 5.00 
4 Slop Oil 30.81 Durant surface 0.00 0.00 0.00 -0.708 -3.41 0.88 (hp) 

0.08 2.50 
0.50 3.50 
1.50 3.50 
4.50 4.00 

20.50 4.00 
41.00 4.00 
67.50 5.00 

.:. .. 91.50 5.00 
117.50 5.00 

(continued) 

99 



Appendix E (continued) 

Run" Po81~on" Waste Amount of SOIl Application TIme hp h8 Slope Y -Intercept R·squared 
Type waste appl. Type (hrs) (an) (an) (cmlloglll) (an) 

(Q) 

8 5 Slop Oil 30.82 Kidman (wei) surface 0.00 0.00 0.00 
0.50 27 (bottom) 

6 Slop Oil 31.23 Kidman (wei) surface 0.00 0.00 0.00 
0.50 27 (bottom) 

7 Slop Oil 31.87 Kidman subsurface 0.00 7.50 7.50 -2.09 -11.283 ().991 (hp) 
0.17 10.00 7.50 
0.67 10.50 7.50 
0.92 11.50 7.50 
2.00 11.75 7.50 
4.50 12.50 7.50 
23.60 14.00 7.50 
45.00 14.75 7.50 
48.00 14.75 7.50 
67.00 15.00 7.50 
72.00 15.25 7.50 
90.00 15.50 7.50 
100.00 15.50 7.50 
123.00 15.75 7.50 

8 Slop Oil 31.26 Kidman subsurface 0.00 7.50 7.50 -1.918 -11.07 0.985(hp) 
0.17 10.00 7.50 
0.67 10.50 7.50 
0.92 11.00 7.50 
2.00 11.50 7.50 
4.50 12.25 7.50 
23.60 13.50 7.50 
45.00 14.00 7.50 
48.00 14.00 7.50 
64.00 14.50 7.50 
72.00 15.00 7.50 
90.00 15.00 7.50 
100.00 15.00 7.50 
123.00 15.25 7.50 

Slop Oil 79 Kidman subsurface 0.00 7.50 7.50 -2.256 -12.612 0.985 (hp) 
0.17 11.00 <4 
0.25 11.50 <4 
1.25 12.50 <4 

.~ 
11.00 14.50 0.50 
33.00 16.00 0.00 
48.50 16.50 0.00 
60.00 17.00 0.00 

(oontinued) 
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Appendix E (continued) 

Rln" Position" Waste Amount of SOil Application Trne hp hs Slope Y-Intercept R-squared 
Type waste appl. Type (hrs) (an) (an) (cmllog[tll (em) 

(ul 

2 Slop Oil 79 Kidman subsurface 0.00 7.50 7.50 -2.606 -13.995 0.995 (hp) 
0.17 12.00 5.00 1.876 -3.9511 0.971 (hs) 
0.25 12.50 5.00 
1.25 14.00 4.50 

11.00 17.00 2<4.5 
33.00 >17.00 1.00 
48.50 >17.00 0.75 
60.00 18.50 0.50 

3 Slop Oil 57 Durant subsurface 0.00 7.50 7.50 -1.846 -12.962 0.840 (hp) 
0.17 12.00 6.00 
0.25 12.00 6.00 
1.25 13.00 6.00 
11.00 13.00 6.00 
33.00 16.00 
48.50 16.50 
60.00 17.00 4.50 

4 Slop Oil 57 Durant subsurface 0.00 7.50 7.50 -1.538 -14.817 0.996 (hp) 
0.17 13.50 6.50 
0.25 14.00 6.50 
1.25 15.00 6.50 
11.00 16.50 6.00 
33.00 17.00 
48.50 17.50 
60.00 17.50 5.50 

10 1 Slop Oil 16.5 Kidman Flask 0.00 1.50 0.00 
2 Slop Oil 16.5 Kidman Flask 0.00 1.50 0.00 
3 Slop Oil 16.2 Durant Flask 0.00 2.50 0.00 
4 Slop Oil 16.2 Durant Flask 0.00 2.50 0.00 
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TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.00 

20.00 
50.00 
73.00 

R.E.: 

slope-
rA2-

(n.9) 

..... 
0 
I\) 

TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.00 

20.00 
50.00 
73.00 

slope-
rA2-
(n-9) 

APPENDIX F. VOLATLllAllON SCREENING FLASK FlUX DATA· MEASURED VERSUS THEORETlCAl.. 

RUN#: 5 
POSITION#: 1 

WASTE TYPE: Separator Sludge 
LOADING: 3.37% 

SOL TYPE: 30 mesh sand 
APPLICATION: flask 

BULK DENSITY(9'anA3): 1.45 
% MOISTURE: 0.00% 

FLUX COMPARISON (ug/cmA2Isec) 
BENZENE FLUX TOlUENE FLUX ETHL YBENZENE FLUX P·XYLENE FLUX 

TEMPERATURE rC): 22 
TOTAl.. POROSITY: 0.45283 

AIR-FLLED POROSITY: 0.45283 
APPlICATION AREA (cm'2): 58.3 

M·XYLENE FLUX O-XYLENE FLUX NAPTHALENE FLUX 
MEASURE THEOR MEASURE THEOA. MEASURE THEOR. MEASURE THEOR. MEASURE THEOA. MEASURE THEOR. MEASURE THEOR. 
2.10E.Q2 1.38E.Q1 1.59E·02 6.44E.Q2 N I 1.07E.Q2 3.23E·03 2.28E.Q3 
1.96E.Q2 9.74E.Q2 1.34E·02 4.55E.Q2 NI 7.56E.Q3 2.71E·03 1.61E.Q2 
1.74E.Q2 6.89E.Q2 9.94E-03 3.22E.Q2 NI 5.35E.Q3 2.71E-03 1.14E.Q2 
4.29E.Q3 4.87E.Q2 5.60E.Q3 2.28E.Q2 NI 3.78E.Q3 2.07E·03 8.07E.Q3 
3.75E.Q3 3.44E.Q2 2.76E-03 1.61E.Q2 2.58E.Q4 2.67E.Q3 7.62E·04 S.71E.Q3 
1.65E.Q3 2.44E.Q2 1.S6E-03 1.14E.Q2 Nt 1.89E.Q3 3.07E.Q4 4.03E.Q3 
3.27E.Q5 1.15E.Q2 1.74E-04 7.2OE.Q3 NI 1.2OE.Q3 3.72E-04 2.SSE.Q3 

NP 9.74E.Q3 NP 4.S5E.Q3 BOL 7.60E.Q4 BOL 1.61E-03 
7.07E.Q6 8.23E.Q3 BOL 3.85E.Q3 BOL 6.40E.Q4 5.73E.Q7 1.36E.Q3 

87.04% 96.00% 90.56% 90.52% 

0.Q133 
0.8802 

n-8 

0.0695 0.0094 
0.9992 0.9600 

RUN#: 5 
POSITION#: 2 

na7 

0.0322 
1.0000 

WASTE TYPE: Separator Sludge 
LOADING: 3.44% 

0.0053 0.0018 
1.0000 0.8537 

r.7 

0.0114 
1.0000 

SOIL TYPE: 30 mesh sand 
APPLICATION: flask 

BULK DENSITY( 9'an'3): 1.45 
% MOISTURE: 0.00% 

FLUX COMPARISON (uglcmA2Isec) 
BENZENE FLUX TOlUENE FLUX ETHL YBENZENE FLUX P·XYLENE FLUX 

1.56E·02 5.91E.Q2 4.01E.Q3 3.53E.Q2 5.7SE.Q5 5.38E.Q3 
1.47E·02 4.18E.Q2 3.S7E.Q3 2.50E.Q2 1.S9E.Q4 3.73E.Q3 
1.oee-02 2.9SE.Q2 3.21E·03 1.77E.Q2 1.30E.Q4 2.64E.Q3 
9.12E.Q3 2.09E.Q2 2.53E·03 1.25E.Q2 1.61E.Q4 1.87E.Q3 
4.53E·03 1.48E.Q2 1.54E.Q3 8.80E.Q3 1.42E.Q4 1.32E.Q3 
2.82E·OS 1.D4E.Q2 8.93£-04 6.2OE.Q3 6.46E.Q5 9.33E.Q4 
2.24E.Q3 6.60E-03 7.21E.Q4 4.00E.Q3 9.40E.Q5 5.91E.Q4 
9.63E.QS 4.18E-03 3.72E-OS 2.50E.Q3 S.31E.QS 3.73E.Q4 
S.69E·OS 3.53E.Q3 3.2OE·05 2. 1 OE.QS 3.7SE.QS 3.15E.Q4 

93.44% 97.27% 77.S7% 

0.0090 
0.9227 

0.0295 0.0022 0.01n 0.0001 0.0027 
1.0000 0.8881 1.0000 0.6392 0.9998 

TEMPERATURE rC): 22 
TOTAl.. POROSITY: 0.45283 

AIR·Fl.LED POROSITY: 0.45283 
APPLICATION AREA (cm'2): 58.S 

M·XYLENE FLUX O-XYLENE FLUX NAPTHALENE FLUX 
MEASURE THEOR MEASURE THEOA. MEASURE THEOR. MEASURE THEOR. MEASURE THEOA. MEASURE THEOR. MEASURE THEOR. 
2.58E.Q2 1.39E.Ql 1.SOE.Q2 6.45E.Q2 NI 1.08E.Q2 3.1SE-03 2.S0E.Q2 
1.83E.Q2 9.B4E.Q2 1.0ee-02 4.60E.Q2 NI 7.6SE.QS S.07E-03 1.63E.Q2 
1.25E.Q2 6.95E.Q2 9.4SE-OS 3.25E.Q2 Nt 5.40E.Q3 2. 75E-03 1.1 SE.Q2 
5.S3E.QS 4.92E.Q2 5.0SE-OS 2.S0E.Q2 Nt 3.82E.Q3 1.94E-03 8.15E.Q3 
3.24E.Q3 3.4BE.Q2 2.42E-03 1.63E.Q2 3.21 E-D4 2.70E.Q3 3.07E-04 5.76E.Q3 
7.59E.Q4 2.46E.Q2 NO 1.15E.Q2 NI 1.91E.Q3 Nt 4.07E.QS 
3.81E.Q4 1.56E.Q2 9.21E-OS 7.27E-03 3.15E-05 1.21E.Q3 1.B4E-04 2.58E-03 

NP 9.83E.Q3 NP 4.60E.Q3 BOL 7.60E.Q4 Nt 1.63E-03 
BOL 8.S1E.Q3 BOL 3.88E.Q3 1.44E·05 6.50E.Q4 BOL 1.38E-03 

0.0152 
0.9891 

rt-7 

0.0695 
1.0000 

0.0085 
0.9613 

n-6 

0.0323 
1.0000 

0.0009 
0.9510 

r.3 

0.0054 
1.0000 

0.0018 
0.7669 

rt-7 

0.0012 
1.0000 

1.42E.Q2 S.96E.Q2 3.S1E.Q3 S.57E.Q2 9.46E.Q5 S.33E.Q3 
1.27E-02 4.22E.Q2 3.44E·03 2.S2E.Q2 1.75E.Q4 3.77E.Q3 
1.15E-02 2.98E.Q2 3.06E·03 1.78E.Q2 2.S0E.Q4 2.66E.Q3 
8.32E.Q3 2.11E.Q2 2.47E.Q3 1.26E.Q2 2.01E.Q4 1.88E.QS 
3.75E.Q3 1.49E.Q2 1.SSE·03 8.90E-03 1.S9E.Q4 1.S3E.Q3 

NO 1.0SE.Q2 4.88E·04 6.30E.QS 3.39E.QS 9.42E.Q4 
1.41E.Q3 6.67E.Q3 S.23E.Q4 4.00E.Q3 1.21E.Q4 S.96E.Q4 
1.0SE·04 4.22E.Q3 S.S2E-OS 2.50E.Q3 3.95E.QS 3.77E.Q4 
4.42E-06 3.56E-03 BOL 2.10E-03 7.04E.Q5 3.19E.Q4 

0.0083 
0.8964 

rt-8 

0.0298 
1.0000 

0.0020 
0.8270 

n-8 

i 

0.0178 
1.0000 

0.0001 0.0027 
O.S726 1.0000 

(continued) 



..... 
o 
c.> 

TIME 
(HAS) 
0.25 
O.SO 
1.00 
2.00 
4.00 
8.00 

20.00 
SO.OO 
73.00 
R.E.: 

RUN#: S 
POSITIONII: 3 

WASTE TYPE: Separator Sludge 
LOADING: 3.47% 

APPENDIX F. (continued) 

SOIL TYPE: Kidman sandy loam 
APPLICATION: lIask 

BULK DENSITY(glcm"3): 1.47 
% MOISTURE: 1.60% 

FLUX COMPARISON (ugcm"2Isec) 

TEMPERA11.JRE C'C}: 22 
TOTAL POROSITY: O.44S283 

AlR-FILLED POROSITY: 0.429283 
APPlICATION AREA (C1'II"2): 60 

BENZENE FLUX TOLUENE FlUX ETHLYBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYLENE FLUX NAPTHALENE FlUX 
MEASURE. THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE n£OR. MEASURE THEOR. MEASURE THEOR. MEASURE n£OR. 
S.27E-03 1.37E-01 3.SOE·03 6.38E-02 8.23E-03 1.06E·02 1.92E-oa 2.26E-02 8.62E-oa S.8SE-02 2.47E-oa 3.soe-02 BOl 5.23E-oa 
3.91E·03 9.6SE·02 2.seE·03 4.S1E-02 NI 7.49E-03 NI 1.60E·02 I'() 4. 14E-02 1.27E-03 2.47E-Q2 1.01E-05 3.70E-oa 
3.08E·03 S.8SE-02 2.22E·03 3.19E-02 NI S.29E·03 1.28E-oa 1.13E-02 S.OSE-03 2.93E-02 1.81E-03 1.7SE-02 2.32E-04 2.61E-oa 
1.03E-oa 4.84E-02 1.5OE-03 2.26E-02 1.54E-04 3.7E-03 7.71E-04 7.99E-03 4.09E-03 2.07E-02 USE-OS 1.2E-02 1.22E-04 1.8SE-oa 
2.21E-Q4 3.42E-02 6.19E-04 1.59E-02 1.71E-07 2.6SE-03 3.60E-04 S.65E-03 9.03E-04 1.46E-02 3.44E-04 8.1OE-03 1.01E-04 1.31E-oa 

BOt.. 2.42E-02 2.72E-OS 1.l3E-02 BOt.. 1.87E-03 2.67E-04 3.99E-oa 1.23E-oS 1.0SE-02 S.96E-04 S.2OE·OS 3.63E-04 9.24E-04 
NP 1.53E-Q2 NP 7. 1 SE-Q3 BDL 1.1SE-OS NI 2.53E-OS 1.6SE-04 6. 54E-03 S.l5E-oS S.9OE-OS S.23E-os 5.84E-04 

2.2E-OS 9.SSE-OS BOl 4.S1E-QS BDL 7.5OE-04 NP 1.60E-03 BD!.. 4.14E-oS BOl 2.soe-OS 8.98E-oG 3.70E-04 
NP 8. 1 SE-03 NP S.81E-oa NP 6.30E-04 BOt.. USE-OS BD!.. 3.SOE-oS BOl 2.10E-OS 1.12E-QS 3.12E-04 

87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.S7% 

slope- 0.0031 0.0069 0.0020 0.0319 0.0058 
0.9876 

0.0053 
1.0000 

0.0010 
0.9391 

0.0113 
1.0000 

0.0048 
0.9347 

O.029S 
1.0000 

0.0012 
0.8016 

0.017S 
1.0000 

0.0002 
0.9760 

0.0026 
1.0000 r"2- 0.9459 1.0000 0.9278 1.0000 

TIME 
(HRS) 
0.2S 
O.SO 
1.00 
2.00 
4.00 
8.00 

20.00 
SO.OO 
73.00 
slope-

r"2-

RUN#: S 
POSITIONII: 4 

WASTE TYPE: SeparaiJr Sludge 
LOADING: 3.54% 

SOIL TYPE: Kidman sandy loam 
APPLICATION: flask 

BULK DENSITY(gfcm"3}: 1.47 
% MOISTURE: 1.60% 

FLUX COMPARISON (ugcm"2Isec) 

TEMPERA11.JRE fc}: 22 
TOTAL POROSITY: O.44S283 

AIR-FILLED POROSITY: 0.429283 
APPlICATION AREA (cm"2): 60 

BENZENE FLUX TOLUENE FlUX ETHL YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYLENE FLUX NAPTHALENE FlUX 
MEASURE. THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE n£OR. 
2.03E-02 1.3SE-Ol 1.31E-02 6.4SE-02 1.26E-02 1.07E-02 3.68E-oS 2.2BE-02 1.63E-02 S.91E-02 4.28E-OS S.54E-02 2.S7E-Q4 S.28E-03 
1.48E-02 9.79E-02 1.27E-03 4.56E-02 NI 7.S7E-03 2. 59E-03 1.62E-02 1.22E-02 4.l8E-02 2.99E-03 2.soe-02 1.77E-04 S.73E-03 
1.8SE-02 G.92E-02 S.96E-03 3.22E-02 NI S.SSE-03 2.02E-03 1.14E-02 7.84E-03 2.96E-02 2.48E-OS 1.77E-02 8.S0E-oS 2.64E-03 
4.30E-03 4.89E-02 4.0SE-03 2.28E-02 S.94E-OS 3.7SE-OS 1.36E-03 8.OSE-OS 6.21E-oS 2.09E-02 1.9E-OS 1.25E·02 2.00E-04 1.87E-03 
G.8SE-04 3.46E-02 1.seE-03 1.61E-02 NI 2.6SE-03 S.74E-04 S.71E-03 3.87E-03 1.48E-02 1.1SE-OS 8.8OE-OS 4.42E-oS 3.12E-03 
3.1SE-OS 2.4SE-02 1.27E-04 1.14E-02 7.G9E-06 1.89E-03 1.24E-04 4.04E-03 1.63E-oS 1.0SE-Q2 S.66E-04 6.3OE-OS 6.14E-oS 9.34E-04 
2.0E-OS 1.SSE-02 BDL 7.21E-03 1.80E-OS 1.2OE-03 2.7SE-oS 2.55E-03 4.S1E-04 6.61E-03 1.99E-04 4.00E-Q3 S.67E-oS S.91E-04 
2.2OE-OS 9.79E-03 BOL 4.56E-03 NP 7.6OE-04 NP 1.62E-03 3.24E-oG 4. 18E-oS 2.43E-06 2.soe-OS 1.17E-05 S.74E·04 

BOL 8.27E-OS BDL 3.8SE-03 2.32E-05 6.40E-04 S.24E-oS 1.37E-OS S.82E-oS S.53E-oS 7.44E-06 2.10E-OS 5.0SE-OS 3.16E-04 
0.0126 6.90E-02 0.0061 O.OS22 0.007 0.0053 0.0021 0.0114 0.009 O.029S 0.0023 0.0177 0.0001 0.002S 
0.8312 1.0000 0.6200 11.0000 0.9182 1.0000 0.9790 1.0000 0.9917 1.0000 0.9744 1.0000 0.7110 0.8819 

(cOn1lnued) 



-' 
o 
oj:>. 

TIME 
(HAS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.00 
20.00 
40.00 

RUN#: 6 
POSrrlON#: 1 

WASTE TYPE: Slop Oil 
lOADING: 3.97% 

APPENDIX F. (continued) 

SOIL TYPE: 30 mesh sand 
APPlICATION: flask 

BULK DENSITY(glcmA3): 1.45 
% MOISTURE: 0.00% 

FLUX COMPARISON (uglcmA2I'sec) 

TEMPERATURE eC): 22 
TOTAl POROSITY: 0.4528302 

AIR-FIllED POROSITY: 0.4528302 
APPlICATION AREA (cmA2): 58.3 

BENZENE FLUX TOLUENE FLUX ETHl YBENZENE FLUX P-XYlENE FLUX M-XYlENE FLUX o-XYlfNE FLUX NAPTHAlENE FLUX 
MEASURE TI£OR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 

NO 2.86E-01 NO 1.80E..()1 NO 2.62E"()2 NO 4.17E-02 NO 1.25E"()1 NO 4.91 E..()2 NO 3.36E-03 
6.30E"()2 2.02E-01 4. 19E-02 1.27E"() 1 UlOE-02 1.85E"()2 1.06E"()2 2.95E-02 2.7OE-02 8.83E"()2 7.39E..()3 3.47E..()2 2.04E·04 2.38E-03 
4. 59E"()2 1.43E-01 3.57E-02 9.01E"()2 1.nE-02 1.31E"()2 8.73E"()3 2.0aE·02 2.47E-02 6.24E..()2 5.77E"()3 2.45E"()2 1.10E-04 1.68E-03 
4.83E"()2 t01E-01 3.72E-02 6.37E"()2 2.60E-02 9.27E-03 1.00E"()2 1.47E"()2 3.52E-02 4.42E"()2 9.09E"()3 1.74E..()2 2.39E-04 1.19E-03 
4.50E"()2 7.15E-02 3.23E-02 4.51E"()2 NI 6.56E-03 1.05E"()2 1.04E"()2 2.4OE-02 3.12E"()2 7.93E"()3 1.23E..()2 2.42E-04 8.4OE"()4 
1.88E"()2 5.06E-02 1.6aE-02 3. 19E..()2 NI 4.64E"()3 5.82E"()3 7.37E-03 1.4OE-02 2.21E"()2 4.58E"()3 8.70E"()3 1.21E-04 5.94E-04 
7.67E"()3 3.2OE-02 7.24E-03 2.02E"()2 NI 2.93E"()3 4.46E"()3 4.66E-03 1.02E·02 1.4OE"()2 3.84E"()3 5.50E-03 2.91E-04 3.76E-04 
3.65E"()4 2.26E-02 1.04E·03 1.43E"()2 NI 2.07E-03 1.63E-03 3.29E-03 4.63E-03 9.87E"()3 1.57E"()3 3.90E..()3 1.81E·04 2.66E-04 

R.E.: 87.04'Y. 96.00% 90.56% 

·0.0105 
0.6297 

90.52% 

0.0058 
0.5673 

93.44% 97.27% 77.57% 

Slope- 0.0464 0.1429 
1.0000 

0.0307 
0.7473 

0.0899 
1.0000 

0.0131 
1.0000 

0.0209 0.0168 0.0625 0.0035 0.0245 
1.0000 

0.0000 
0.0465 

0.0017 
1.0000 rA200 0.7970 1.0000 0.5076 1.0000 0.3700 

TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.00 

20.00 
40.00 

RUN#: 6 
POSrrlON#: 2 

WASTE TYPE: Slop Oil 
lOADING: 3.97% 

SOIL TYPE: Kidman sandy loam 
APPLICATION: flask 

BULK DENSITY(glcmA3): 1.47 
%MOISTURE: 1.60% 

FLUX COMPARISON (uglcmA2Isec) 

TEMPERATURE eC): 22 
TOTAl POROSITY: 0.445283 

AIR-FIllED POROSITY: 0.429283 
APPlICATION AREA (cmA2): 60 

BENZENE FLUX TOLUENE FLUX ETHl YBENZENE FLUX P-XYlENE FLUX M-XYlENE FLUX o-XYlfNE FLUX NAPTHAlENE FLUX 
MEASURE TI£OR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 
6.2OE"()2 2.82E·01 3.59E·02 1.76E"()1 3.7BE-03 2.56E"()2 5.29E"()3 4.07E·02 1.29E-02 1.22E"() 1 3.78E"()3 4.80E"()2 1.55E..()5 3.28E-03 
5.27E"()2 2.00E·01 3.29E·02 1.25E"()1 NI 1.81E"()2 5.22E"()3 2.88E-02 1.31E-02 8.63E"()2 3.67E..()3 3.39E..()2 3.28E-05 2.31E-03 
4. 55E"()2 1.41E"()1 2.87E·02 8.82E"()2 NI 1.28E"()2 4.75E"()3 2.04E·02 1.19E"()2 6.10E"()2 3.51E"()3 2.4OE..()2 7.66E-05 1.64E-03 
4.11E"()2 9.98E·02 2.73E-02 6.23E"()2 NO 9.06E"()3 5.31E"()3 1.44E-02 1.33E-02 4.31E"()2 3.94E"()3 1.70E..()2 6.76E-05 1.16E-03 
4.66E"()2 7.06E-02 2.81E·02 4.41E"()2 NO 6.41E"()3 6.34E"()3 1.02E·02 1.44E-02 3.05E"()2 4.81E"()3 1.2OE"()2 8.09E·05 8.21E-04 
1.68E"()2 4.99E-02 1.50E-02 3.12E"()2 3.31E-03 4.53E-03 4.32E"()3 7.2OE·03 9.76E·03 2.16E"()2 3.38E"()3 8.50E-03 9.90E·05 5.80E-04 
6.75E"()3 3.16E·02 6.81E-03 1.97E"()2 NI 2.87E"()3 1.96E"()3 4. 55E-03 6.95E-03 1.36E"()2 1.87E"()3 5.4OE"()3 2.98E-05 3.67E-04 
3.05E-04 2.23E·02 2.04E-03 1.39E"()2 5.3OE-03 2.03E"()3 1.94E"()3 3.22E-03 5.34E-03 9.65E"()3 1.63E"()3 3.80E"()3 5.31E·05 2.60E-04 

slope- 0.0303 0.1411 
1.0000 

0.0162 
0.6951 

0.0881 
1.0000 

-0.0004 0.0128 0.0014 
0.3028 

0.0204 0.0031 0.0610 0.0008 0.0240 0.0000 
0.2824 

0.0016 
1.0000 r"200 0.7313 0.1463 1.0000 1.0000 0.3723 1.0000 0.2093 1.0000 

(continued) 



APPENDIX F. (continued) 

RUN#: 6 SOIL TYPE: Durant clay loam TEMPERATURE ('C): 22 
POSITION#: 3 APPLICATION; lIask TOTAl POROSITY: 0.5849057 

WASTE TYPE; Slop Oil BULK DENSITY(9'cm"3): 1.1 AIR-FLl£D POROSITY: 0.5449057 
LOADING: 3.95% % MOISTURE: 4.00% APPLICATION AREA (ctn"21: 52.8 

FLUX COMPARISON (u9'cm"21sec) 
TIME BENZENE FLUX TOlUENE FLUX ETHLYBENZENE FLUX P.)(YlENE FLUX M-XYl£NE FLUX O-)(YlENE FLUX NAPTHAlENE FLUX 
(HAS) MEASURE THECA. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 
0.25 7.11 E-Q2 2.63E-01 4.19E-02 1.64E-01 1.30E-02 2.39E-02 7.06E-03 3.80E-Q2 1.80E-Q2 1.14E-Q1 4.89E-Q3 4.47E-Q2 1.94E-Q4 3.06E-03 
O.SO 6.07E-Q2 1.86E-Ol 3.90E-02 1.16E-01 NI 1.69E-02 6.13E-Q3 2.68E-Q2 1.56E-Q2 8.05E-Q2 4.53E-Q3 3. 16E-Q2 1.39E-04 2.16E·03 
1.00 5.9OE-Q2 1.31E-01 3.72E-02 8.22E-02 NI 1.2OE-02 8.81E-03 1.90E-Q2 2.11E-Q2 5.69E-Q2 6.22E-Q3 2.24E-Q2 1.4OE-04 1.53E·03 
2.00 6.64E-Q2 9.30E-02 3.90E-02 5.81E·02 2.01E·02 8.45E-03 9.64E-Q3 1.34E-Q2 2.22E-Q2 4.02E-Q2 6.82E-Q3 1.see-Q2 2.38E-04 1.oee·03 
4.00 5.13E-Q2 6.57E-Q2 2.99E-02 4.11E-02 5.98E·03 5.97E·03 7.97E·03 9.49E-Q3 1.89E-Q2 2.84E-Q2 8.37E-Q3 1.12E-Q2 1.87E-04 7.6SE-D4 
8.00 1.43E-Q2 4.65E-02 9.90E-03 2.91E-02 NI 4.22E-03 4.77E-03 6.71E-Q3 1.0SE-Q2 2.01E-Q2 3.7SE-Q3 7.90E-Q3 1.2OE-04 5.41E-04 
20.00 6.93E-Q3 2.94E-02 6.43E-Q3 1.84E-02 1.27E-Q3 2.67E-03 1.88E-Q3 4.24E-Q3 5.93E-Q3 1.27E-Q2 1.28E-Q3 5.00E-Q3 BDl 3.42E·04 
40.00 4.07E-04 2.0eE-02 2.56E-03 1.30E-02 1.51E-03 1.89E-03 1.9eE-Q3 3.00E-Q3 5.42E-Q3 8.99E-Q3 1.74E-Q3 3.SOE-Q3 3.77E-06 2.42E-04 
R.E.: 87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.57% 

all (nc8) 
slope. 0.0359 0.1315 0.0208 0.0820 0.0016 0.0120 0.0022 0.0190 0.0058 0.0570 0.0014 0.0224 0.0001 0.0015 
r"2- 0.6333 1.0000 0.6552 1.0000 0.3173 1.0000 0.2389 1.0000 0.3140 1.0000 0.1812 1.0000 0.2131 1.0000 

t<4hrs (n .. 4) 
slope. O.OOSO 0.1315 0.0027 0.0820 0.0120 -0.0022 0.0190 -0.0038 0.0570 -Q.0016 0.0224 0.0000 0.0015 
,'2- 0.2548 1.0000 0.6277 1.0000 1.0000 0.6044 1.0000 0.5083 1.0000 0.7026 1.0000 0.0473 1.0000 

~4hrs (na4) 
slope. 0.1429 0.1315 0.0763 0.0820 0.0142 0.0120 0.0187 0.0190 0.0403 0.0570 0.0148 0.0224 0.0005 0.0015 
,.2- 0.9008 1.0000 0.8959 1.0000 0.9495 1.0000 0.9604 1.0000 0.9519 1.0000 0.9302 1.0000 0.9949 1.0000 

...... 
0 RUN#: 6 SOIL TYPE; Durant clay loam TEMPERATURE ('C): 22 
01 POSITION#: 4 APPLICATION: lIask TOTAl POROSITY: 0.5849057 

WASTE TYPE: Slop Oil BULK DENSITY(9'cm"3): 1.1 AIR-FLl£D POROSITY: 0.5449057 
LOADING: 3.94% % MOISTURE: 4.00% APPLICATION AREA (="2): 52.8 

FLUX COMPARISON (u9'cm"21sec) 
TIME BENZENE FLUX TOlUENE FLUX ETHLYBENZENE FLUX P.)(YlENE FLUX M-XYl£NE FLUX O-)(YlENE FLUX NAPTHAlENE FLUX 
(HRS) MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 

~ 
0.25 9.06E-Q2 2.63E-01 4.60E-02 1.64E-01 2.71E-02 2.39E-02 1.28E·02 3.80E-Q2 4.33E-Q2 1.14E-Q1 1.08E-Q2 4.47E-Q2 3.53E-D4 3.06E·03 ! O.SO 7.11 E-Q2 1.86E-01 4.09E-02 1.16E-01 3.07E-02 1.69E-02 1.15E-Q2 2.68E-Q2 4.11E-Q2 8.05E-Q2 1.04E-Q2 3.16E-Q2 3.89E-04 2. 16E-03 ' (. 

1.00 6.5SE-Q2 1.31E-01 4.35E-02 8.22E-02 3. 19E-02 1.2OE-02 1.17E-Q2 1.90E-Q2 4.18E-Q2 5.69E-Q2 1.0ee-Q2 2.24E-Q2 3.54E-04 1.53E-03 ·r 2.00 6.71E-Q2 9.30E-02 4.08E-02 5.81E-02 3.29E-02 8.45E-03 1.11E-Q2 1.34E-Q2 3.96E-Q2 4.02E-Q2 1.04E-Q2 1.58E-Q2 3.55E-04 1.OSE-03 
4.00 5.12E-Q2 6.57E-02 3.54E-02 4.llE-02 NO 5.97E-03 1.17E-02 9.49E-Q3 2.96E-Q2 2.84E-Q2 8. 56E-Q3 1.l2E-Q2 3.63E-Q4 7.65E·04 ? 
8.00 1.74E-Q2 4.65E-02 1.66E-02 2.91E-02 NI 4.22E-03 6.31E-03 6.71E-Q3 1.42E-Q2 2.01E-Q2 5.06E-Q3 7.9OE-Q3 2.95E-04 5,41E-04 

" 

20.00 6.84E-Q4 2.94E-02 4.54E-03 1.84E-02 1.39E-02 2.67E-03 7.31E-03 4.24E-Q3 1.36E-Q2 1.27E-Q2 5.66E-Q3 5.00E-Q3 4.71E-Q3 3.42E-04 
40.00 1.31E-04 2.0eE-02 1.51E-03 1.30E·02 5.91E-03 1.89E-03 2.09E-03 3.00E-Q3 5.49E-Q3 8.99E-Q3 1.51E-Q3 3.SOE-Q3 2.84E-04 2.42E-D4 1 all (nc8) 
slope. 0.0475 0.1315 0.0224 0.0820 0.0104 0.0120 0.0042 0.0190 0.0195 0.0570 0.0041 0.0224 -Q.0008 0.0015 
r'2- 0.7736 1.0000 0.6233 1.0000 0.4348 1.0000 0.5355 1.0000 0.6745 1.0000 0.5765 1.0000 0.1188 1.0000 

t<4hrs (nx04) 
slope. 0.0190 0.1315 0.0032 0.0820 -0.0044 0.0120 0.0012 0.0190 0.0024 0.0570 0.0002 0.0224 0.0000 0.0015 
,.2- 0.8425 1.0000 0.5200 1.0000 9673 1.0000 0.8212 1.0000 0.7551 1.0000 0.2047 1.0000 0.0133 1.0000 

~4hrs (n,,4) 
slope. 0.1531 0.1315 0.1006 0.0820 0.1220 0.0120 0.0231 0.0190 0.0629 0.0570 0.0168 0.0224 -Q.0053 0.0015 
,.2- 0.9334 1.0000 0.9786 1.0000 1 (n=2) 1.0000 0.7816 1.0000 0.8906 1.0000 0.7718 1.0000 0.1316 1.0000 



.... 
o 
0) 

TIME 
(HRS) 
0.25 
1.00 

10.50 

RUN#: 10 
POSITION#: 1 

WASTE TYPE: Slop 011 
LOADING: 8.00% 

APPENDIX F. (continued) 

SOIL TYPE: Kidman sandy loam 
APPlICATION: flask 

BULK DENSITY(glcm"3l: 1.42 
% MOISTURE: 2.36% 

FLUX COMPARISON (uglcm"2!sec) 

TEMPERA11JAE (,Cl: 23 
TOTAl POROSITY: 0.-4641509 

AIHLLED POROSITY: 0.4405509 
APPLICATION AREA (cm"2): 52.8 

BENZENE FLUX TOLUENE FLUX Ell'IL ¥BENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYlENE FLUX NAPTHAlENE FLUX 
MEASUFE THEOR. MEASURE lliEOR. MEASURE lliEOR. MEASUFE lliEOR. MEASURE THEOR. MEASURE lliEOR. MEASUFE THEOR. 
3.39E-<l2 3.31E-01 4.37E-<l2 2.07E-<ll 5.72E.Q3 3.00E-<l2 1.63E-<l2 4.77E-02 4.41E-02 1.43E-<l1 1.7OE-<l2 5.62E-<l2 3.97E-D4 3.8SE-03 
2.08E-<l2 1.6SE-Ol 3.0SE-<l2 1.03E-<l1 NI 1.50E-<l2 1.27E-<l2 2.39E-02 3.49E-02 7.1SE-02 1.39E-02 2.81E-<l2 3.23E-<l4 1.92E-03 
7.35E-<l3 5.23E-02 1.10E-02 3.27E-<l2 NI 4.75E.Q3 6.18E-<l3 7.54E-03 1.74E-02 2.26E-02 6.7OE-<l3 8.90E-<l3 1.81E-<l4 6.09E-Q4 

R.E.: 87.04% 96.00% 90.56% 90.52% 

0.0058 
0.9288 

93.44% 97.27% 77.57% 

slope­
r"2-
(n-3) 

TIME 
(HAS) 
0.25 
1.00 

10.50 

0.0155 
0.9874 

0.1649 0.0189 
1.0000 0.9542 

RUN#: 10 
POSITION#: 2 

WASTE TYPE: Slop Oil 
LOADING: 7.95% 

0.1031 
1.0000 

0.0149 
1.0000 

0.0237 
1.0000 

0.0153 
0.9223 

SOIL TYPE: Kidman sandy loam 
APPlICATION: flask 

BULK DENSITY(glcm"3): 1.42 
% MOISTURE: 2.36% 

FLUX COMPARISON (uglcm"2!sec) 

0.0712 0.0059 
1.0000 0.9009 

0.0280 
1.0000 

0.0001 
0.9211 

TEMPERA11JAE ('C): 22 
TOTAl POROSITY: 0.-4641509 

AR-FLLED POROSITY: 0.4405509 
APPLICATION AREA (cm"21: 52.8 

0.0019 
1.0000 

BENZENE FLUX TOLUENE FLUX Ell'IL ¥BENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYlENE FLUX NAPTHALENE FLUX 
MEASUFE lliEOR. MEASURE lliEOR. MEASURE THEOR. MEASUFE THEOR. MEASURE THEOR. MEASURE THEOR. MEASUFE THEOR. 
S.63E-<l3 3.30E-Ol 7.83E.Q3 2.0SE-<l1 NI 2.99E-<l2 3.13E.Q3 4. 76E-<l2 8.48E-03 1.43E-<l1 3.54E-03 5.60E-<l2 5. 56E-<l4 3.83E-03 
2. 19E-<l2 1.65E-01 3.17E-03 1.03E-<l1 NI 1.50E-<l2 1.34E-<l2 2.38E-02 3.58E-02 7.13E-<l2 1.34E-02 2.80E-<l2 2.08E-<l4 1.92E-<l3 
6.SSE.Q3 5.21E-02 1.19E-02 3.26E-<l2 NI 4.73E-<l3 4.78E-<l3 7.52E-03 1.74E-02 2.25E-02 5.79E.Q3 8.90E.Q3 5.30E-<lS 6.0SE-D4 

slope- -<1.0012 O.lS44 -0.0018 0.1026 0.0149 
1.0000 

-<1.0016 0.0237 -0.0068 0.0713 -0.0019 0.0279 0.0003 
0.9873 

0.0019 
1.0000 r"2- 0.0142 1.0000 0.1325 1.0000 0.0637 1.0000 0.1744 1.0000 0.1016 1.0000 

(continued) 
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TIME 
(HAS) 
0.25 
1.00 

10.50 

RUN#: 10 
POSITION#: S 

WASTE TYPE: Slop Oil 
lOADING: 7.90% 

APPENDIX F. (continued) 

SOIL TYPE: Durant clay loam 
APPliCATION: flask 

BULK DENSITY(glcmA3): 1.09 
% MOISTURE: 8.95% 

FLUX COMPARISON (uglcmA2Isec) 

TEMPERATURE rC): 23 
TOTAl.. POROSITY: 0.5886792 

AIR-FLL£D POROSITY: 0.4991792 
APPlICATION AREA (cm"2): 49.5 

BENZENE FLUX TOlUENE flUX ETHl YBENZENE FLUX P·XYlENE flUX M-XYlENE flUX ()'XYlENE flUX NAPTHAlENE flUX 
MEASURE THEOR. MEASURE THECA. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASlR: THEOR. MEASURE THEOR. 
4.23E-Q2 S.OOE-Ql 4.23E-02 1.88E-Ql 7.51 E-OS 2. 73E-Q2 2.1SE-Q2 4.S4e-02 5.74E-Q2 1.SOE-Q1 2.23E-Q2 5.11E-02 1.10E-03 S.50E-03 
S.01E-Q2 1.50E-Ol 4.0SE-02 9.40E-Q2 NI 1.S7E-Q2 1.61E-Q2 2.17E-02 4.57E-Q2 6.51E·02 1.6SE-Q2 2.56E-Q2 2.87E-Q4 1.7SE-QS 
9.78E-QS 4.75E-02 1.49E-02 2.97E-Q2 NI 4.S2E-QS 8.72E-QS 6.00E-OS 2.41E-Q2 2.OSE·02 1.0SE·02 8.10E·OS 2.52E-03 5.53E-04 

R.E.: 87.04% 96.00% 90.56% 90.52% 9S.44% 97.27% 77.57"1. 

slope.. 0.0187 0.149S 
1.0000 

0.0152 
0.7090 

0.0936 
1.0000 

0.01S6 
1.0000 

0.0074 
0.9628 

0.0216 
1.0000 

0.0191 0.0647 0.0070 0.0254 -Q.0007 0.0017 
rA2- 0.9397 0.9263 1.0000 0.9847 1.0000 0.2951 1.0000 

(n-.3) 

TIME 
(HAS) 
0.25 
1.00 

10.50 

slope.. 
rA200 
(n-.3) 

RUN#: 10 
POSITION#: 4 

WASTE TYPE: Slop Oil 
lOADING: 7.90% 

SOIL TYPE: Durant clay loam 
APPlICATION: flask 

BULK DENSITY(glCmAS): 1.09 
% MOISTURE: 8.95% 

FLUX COMPARISON (uglcmA2Isec) 

TEMPERATURE rC): 22 
TOTAl.. POROSITY: 0.5886792 

AIR-FLL£D POROSITY: 0.4991792 
APPlICATION AREA (cm"2): 49.5 

BENZENE FLUX TOlUENE flUX ETHl YBENZENE FLUX P·XYlENE flUX M·XYlENE flUX ()'XYlENE flUX NAPTHAL.E.NE flUX 
MEASURE THEOR. MEASURE THEOA. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE 1l£OR. 
5.22E-Q2 3.00E·Ol 5.62E·02 1.87E-Q1 5.15E·Q3 2.72E-Q2 2.00E-Q2 4.33E-Q2 5.02E-Q2 1.30E-Ol 1.70E·02 5. 1 0E-02 BDl 3.49E-Q3 
2.67E-Q2 1.50E-Ol 3.92E·02 9.S7E-Q2 NI 1.36E-Q2 4.32E-03 2.16E-02 4.50E-Q2 6.49E·02 1.78E-02 2.5SE·02 9.87E-Q4 1.74E·03 
9.05E-03 4.74E-02 1.S4e-02 2.96E-Q2 NI 4.S1E-Q3 5.66E-03 6.84E.-Q3 2.01E-Q2 2.0SE·02 7.31E-03 8.10E-Q3 3.69E-Q4 5.S2E-04 

0.0255 
1.0000 

0.1494 
1.0000 

0.0247 
0.9510 

0.0931 
1.0000 

0.0135 
1.0000 

0.0090 
0.7737 

0.0216 
1.0000 

0.0169 0.0648 0.0053 0.0254 
0.7979 1.0000 0.5878 1.0000 

0.0009 
1.0000 
(n-2) 

0.0017 
1.0000 

NI- not Integrated NP- no peak recognized No- no data BOLa below detectable limits 
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RUN#: 1 
POSITION.: 1 

WASTE TYPE: Slop Oil 
LOADING: 4.57% 

APPENDIX G. MICROCOSM FlUX DATA-MEASURED VERSUS n1EClFETICAl 

SOIL TYPE 30 mesh sand 
APPLICATION: subsurface 

BULK DENSrrY(ltcm"3): 1.6 
% MOISTURE: 0.00% 

FlUX COMPARISON (ultcm"2Isec) 

TEMPERATUREfC): 15.1 
TOTAl POROSrrY: 0.S962264 

AIR-FILLED POROSIlY: 0.S962264 
APPLICATION AREA (cm"2): 45.6 

TIME BENZENE FLUX TOLUENE FLUX:rH...YBENZENE FlUX P.XYl.ENE FLUX M-XYl.ENE FlUX o.XYl.ENE FLUX NAPTlW.ENE FlUX 
(HRS) MEASURE n£OR. MEASURE n1EOR. MEASURE THEOR. MEASURE n1EOR. MEASURE n1EOR. MEASOOE n1EOR. MEASURE n£OR. 
0.00 5.2SE-03 1.66E-02 5.S5E-OS 1.51E-02 9.6SE-04 1.66E-03 S.29E-04 2.06E-oS 1.02E-03 6.28E-oS 2.65E-04 2.69E-oS .VAlUEI 3.04E-OS 
O.SO 6.82E-OS 1.64E-02 5.70E-OS l.SOE-02 2.2SE-04 1.65E-03 2.59E-04 2.05E-03 7.7SE-04 6.26E-03 1.66E-04 2.6SE-03 S.30E-oG S.04E-05 
1.00 NO 1.61E-02 NO 1.48E-02 NO 1.65E-03 NO 2.0SE-oS NO 6.24E-os NO 2.67E-OS .VAlUEr S.OSE-OS 
2.SO 5.74E-03 1.66E-02 5.65E-03 1.56E-02 8.69E-04 1.77E-03 4.00E-04 2.22E-03 1.17E-oS 6.74E-03 2.SSE-04 2.88E-oS S.21E-oG S.S4E-OS 
5.00 7.S5E-03 1.57E-02 6.9SE-OS 1.SOE-02 1.SlE-os l.73E-03 5.78E-04 2.19E-oS 1.70E-03 6.6SE-oS S.61E-04 2.83E-03 1.88E-oG S.S4E-OS 
10.00 NO 1.S9E-02 NO 1.S8E-02 NO 1.64E-03 NO 2.12E-03 NO 6.S8E-os NO 2.72E-03 .VAlUEI 3.3SE-05 
25.00 NO 1.0SE-02 NO 1.14E-02 NO l.54E-03 NO 2.16E-03 NO 6.S1E-oS NO 2.66E·03 .VAlUEI 4.1SE-OS 
SO.OO 5.84E-03 8.61E-03 6.88E-oS 9.42E-oS 2.OSE-03 1.S2E-03 8.65E-04 1.91E-03 2.71E-03 5.51E-oS 5.61E-04 2.S1E-03 5.S8E-08 4.10E-OS 

101.SO 5.55E-oS 6.S2E-03 7.28E-03 7.0SE-03 2.36E-oS 1.02E-03 9.09E-04 1.54E-oS S.08E-03 4.S7E-oS 6.24E-04 1.82E-03 4.04E-07 4.0SE-OS 
R.E.: 87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.57% 

all (n-8) flul VII 111"0.5 
slope.. 0.0007 0.0065 -0.0012 0.0047 -0.0015 O.ooos -0.0005 0.0002 -0.0017 0.0007 

,"2- 0.2421 0.5709 0.6526 0.4737 0.8964 0.2963 0.8466 0.101S 0.7966 0.1827 
1<Sh1ll (n-3) flux va In(t) 

slope.. 0.0001 
,"2- 0.2203 

t!5il1ll (n_5) flux va 111"0.5 

0.0004 
0.5985 

0.0001 
0.8157 

0.0001 
0.8157 

O.OOOS 
0.7875 

-0.0003 
0.8192 

0.0001 
1 (n-2) 

O.oooS 
0.2088 

0.0001 
0.7819 

2.4OE-oG 
0.7199 

-5.60E-08 
1 (""'2) 

8.4OE-06 
0.6886 

1.90E-oG 
0.7932 

slope.. 0.0051 0.0265 -0.0004 0.0218 -0.0028 0.0018 -0.0009 0.0014 -0.OOS7 0.0053 -0.0007 -0.0003 -5.70E-07 -2.soe-05 
,"2- 0.9985 0.9579 0.1462 0.9081 0.9679 0.7808 0.9999 0.5700 0.9775 0.6654 0.9856 0.8494 0.8422 0.7793 

RUN#: 1 SOIL TYPE Kidman sandy loam TEMPERATURE eel: 15.1 
POSITION#: 2 APPLICATION: subsurface TOTAl POROSrrY: 0.4301887 

WASTE TYPE: StopOiI BULKDENSrrY(gIcm"3): 1.51 AIR-FILLEDPOROSIlY: 0.41S7887 
LOADING: 4.71% % MOISTURE: 1.64% APPLICATION AREA (cm"2): 45.6 

TIME BENZENE FLUX TOLUENE FlUX:rH... YBENZENE FlUX P-XYl.ENE FLUX M-XYl.ENE FlUX o.XYl.ENE FLUX NAPTlW.ENE FlUX 
(HRS) MEASURE TI1EOR. MEASURE THEOR. MEASURE TI1EOR. MEASURE THEOR. MEASURE n1EOR. MEASURE THEOR. MEASURE TI1EOR. 
0.00 S.57E-03 1.64E-02 8.SSE-OS 1.49E-02 NI 1.65E-03 NI 2.04E-oS 7.04E-oS 6.21E-oS 5.16E-oS 2.67E-03 NP S.OOE-OS 
O.SO 6.53E-oS 1.64E-02 4.55E-OS 1.49E-02 2.04E-03 1.64E-03 4.97E-04 2.0SE-oS 1.89E-oS 6.21E-oS 4.S2E-04 2.66E-03 4.71E-05 S.OOE-05 
1.00 7.51E-03 1.6SE-02 5.69E-03 1.49E-02 1.S1E-oS 1.64E-03 3.9SE-04 2.OSE-03 1.24E-oS 6.20E-oS 2.59E-04 2.66E-OS 8.95E-05 S.OOE-05 
2.SO 8.OSE-03 2.07E-02 5.91E-OS 1.94E-02 7.84E-04 2.19E-03 2.91E-04 2.75E-oS 8.6SE-04 8.S6E-oS 1.54E-04 S.SSE-OS 2.SOE-05 4.1SE-05 
5.00 8.52E-oS 1.97E-02 6.98E-OS 1.87E-02 9.2OE-04 2.15E-03 S.62E-04 2.71E-oS 1.01E-oS 8.24E-oS 2.11E-04 S.52E-OS S.SOE-06 4.1SE-05 
10.00 1.08E-02 1.76E-02 1.18E-02 1.73E-02 1.72E-oS 2.06E-03 5.69E-04 2.64E-oS 2.OSE-04 7.96E-oS S.87E-04 S.39E-03 S.96E-oG 4.12E-OS 
25.00 7.94E-03 1.20E-02 1.01E-02 1.28E-02 2.23E-OS 1.74E-03 8.9SE-04 2.44E-oS 2. 57E-oS 7.12E-oS 4.94E-04 S.ooe-os 2.45E-oG 4.67E-05 
SO.OO 6.55E-03 9.69E-03 1.25E-02 1.61E-02 3.19E-OS 1.49E-03 1.16E-03 2.1SE-oS S.5SE-oS 6.21E-oS 6.69E-04 2.soe-03 2.31E-oG 4.6SE-OS 

101.SO 5.9SE-03 7.11E-03 9.SSE-03 7.91E-oS 4.03E-OS 1.15E-03 1.S7E-oS 1.73E-03 4.S8E-oS 4.92E-oS 1.00e-oS 2.05E-03 2.S2E-07 4.55E-05 
all (n-8) flux va 1/1"0.5 
slope.. -0.0005 0.0053 
r"2- 0.2421 0.5709 

t<5hlll (n-3) flUl( va In(t) 

-0.0054 
0.6526 

0.0019 
0.4737 

-0.0011 
0.8964 

0.0001 
0.2963 

-0.0006 
0.8466 

-0.0001 
0.101S 

slope.. 0.0008 0.0019 9.00E-04 0.0021 -0.0005 0.0003 -0.0001 0.0004 
,"2- 0.95n 0.7185 0.9187 0.n24 O.800S 0.8140 0.610S 0.8216 

t!5il1ll (n-5) flul( va 1/1"0.5 
slope.. 0.0229 0.OS67 -0.0081 0.0241 -0.0083 0.0027 -0.0029 0.0025 

r"2- 0.9943 0.9580 0.2749 0.6217 0.9123 0.8697 0.953S 0.n70 

-0.0013 -0.0001 
0.7966 0.1827 

-0.0004 0.0011 
0.7439 0.8198 

-0.0107 0.0087 
0.7609 0.8246 

-0.0003 0.0003 0.0001 -1.4OE-05 
0.8192 0.2088 0.7199 0.6886 

-0.0001 0.0005 -2.60E-05 5.90E-oG 
0.6907 0.8174 0.5122 0.8435 

-0.0019 0.0039 7.70E-oG ·1.7OE·05 
0.8381 0.8372 MOOG 0.7S26 

(continued) 
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RUN#: 1 
POSITION#: 3 

WASTElYPE: Stop 011 
LOADING: 5.S6% 

APPENDIX G. (continued) 

SOIL "TYPE Kidman Sandy loam 
APPLICATION: subsurface 

BULK OENSITY(gfcm'3): 1.45 
0/. MOISTURE: 1.64% 

FLUX COMPARISON (ugfcm'21sec) 

TEMPERATURE rCl: 15.1 
TOTAL POROSITY: 0.45283 

Afl-FLLED POROSITY: 0.43643 
APPLICATION AREA (cm'2): 45.6 

TIME BENZENE FLUX TOlUENE FLUX ETHl YBENZENE FWX P·XYLENE FLUX M·XYLENE FLUX O-XYLENE FLUX NAPnW..ENE FLUX 
(HRS) MEASURE THEOR MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE nEOR. 
0.00 NO 1.92E.o2 I'D 1.75E.o2 NO 1.93E-03 NO 2.3eE-03 I'D 7.2eE-03 NO 3. 12E.o3 NO 3.52E-05 
0.50 5.61E.o3 1.91E.o2 1.45E.o2 1.74E.o2 Nt 1.92E-03 Nt 2.3eE-03 1.31E.o2 7.27E-03 2.92E-03 3.12E-03 2.31E-06 3.52E-05 
1.00 7.76E.o3 1.90E.o2 9.82£.03 1.74E.o2 5.57E.o3 1.92E-03 NI 2.3eE-03 8.33E.o3 7.26E-03 1.7OE-03 3.11E-03 4.01E.o5 3.52E-05 
2.50 5.80E.o3 2.00E.o2 8.39E.o3 1.86E.o2 3.48E.o3 2.09E-03 9.78E-04 2.61E-03 3.80E.o3 7.95E-03 9.06E·04 3.4OE-03 2.08E.Q4 S.91E-05 
5.00 5.03E.o3 1.92E.o2 7.95E-03 1.81E.o2 2.88E.o3 2.06E-03 1.07E-03 2.59E·03 3.33E.o3 7.86E-03 7.7eE-04 3.36E-03 1.37E.o5 3.91E-05 
10.00 NO 1.75E.o2 I'D 1.70E.o2 NO 1.99E·OS NO 2.53E-03 I'D 7.65E-03 NO 3.27E.oS NO S.90E-05 
25.00 4.50E-03 1.27E.o2 4.65E-03 1.34E.o2 1.47E-03 1.nE·03 4.41E·04 2.42E-03 1.36E-03 7.13E-03 2.48E-04 3.01E.o3 1.04E.o5 4.36E-05 
50.00 4.84E-03 1.04E.o2 5.41 E-03 1.13E.o2 1.62E-03 1.55E-03 5.28E·04 2. 19E-OS 1.58E-03 6.37E.o3 2.92E-04 2.68E-03 5.56E-06 4.34E-05 

101.50 3.09E-03 7.75E.o3 4.83E.o3 8.56E.oS 1.87E-03 1.23E-03 5.8OE-04 1.81E.o3 1.74E-03 5.18E-03 3.S4E-04 2.16E-03 4.19E-06 4.2BE-05 
R.E.: 87.04% 96.00% 90.560/. 90.520/0 93.44% 97.27% n.57% 

aU (n-8) flux va 1/1"<l.5 
alo~ 0.0020 0.0071 0.0070 0.0051 
r'2- 0.4782 0.4922 0.9568 0.4082 

t<5hrs (naS) nux ys In(1) 
slope- 0.0006 .0.0037 0.0008 
r'2- 0.7404 0.8839 0.8157 

tl!5hrs ("",5) flux va 11t"<l.5 

0.0044 
0.9608 

0.0003 
0.2555 

0.0001 
0.8157 

0.0011 
0.7460 

0.0002 
0.1084 

0.0001 
0.8157 

0.0087 
0.9580 

.0.0057 
0.9910 

0.0008 
0.1713 

0.0004 
0.8058 

0.0019 
0.9634 

-0.0012 
0.9600 

0.0004 
0.1953 

0.0002 
0.7916 

1.70E.o5 -6.7OE-06 
0.0123 0.8282 

0.0001 
0.9287 

2.50E-06 
0.8157 

slope- 0.OOS5 0.0229 0.0074 0.0180 0.00S6 0.0014 0.0011 0.0012 0.0047 0.0044 0.001S 0.0020 O.OOOS ·9.5OE-06 
r"2- 0.6597 0.8564 0.8961 0.8155 0.8993 0.7324 0.7460 0.6337 0.9043 0.6805 0.9152 0.6910 0.686S 0.6901 

RUN#: 1 SOIL "TYPE 30 mesh sand TEMPERATURE rCI: 15.1 
POSITION#: 4 APPLICATION: subsurface TOTAL POROSITY: 0.445283 

WASTE lYPE: Slop 011 BULK OENSrTY(gfcmAS): 1.47 AIR·FLLEO POROSITY: 0.445283 
LOADING: 5.120/0 % MOISTURE: 0.00% APPLICATION AREA (cm'2): 45.6 

TIME BENZENE FLUX TOlUENE FLUX ETHl YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYLENE FLUX NAP11iALENE FLUX 
(HRS) MEASURE THEOR MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR MEASURE nEOR. 
0.00 7.16E.o3 1.94E.o2 1.68E.o2 1.76E.o2 NI 1.94E·03 NI 2.4OE-03 1.01E.o2 7.33E.o3 1.67E-03 S.15E.o3 1.73E-06 3.54E-05 
0.50 7.51E.o3 1.90E.o2 1.05E.o2 1.74E.o2 NI 1.93E-03 NI 2.39E-OS 6.65E.o3 7.30E-03 1.45E-03 3.13E.o3 4.52E-06 3.54E-05 
1.00 7.69E-03 1.87E.o2 1.36E.o2 1.73E.o2 NI 1.92E-03 NI 2.38E-OS 5.21E.o3 7.27E-03 9.92E-04 3.12E.o3 2.82E.o5 3.54E-05 
2.50 NO 1.90E.o2 I'D 1.79E.o2 NO 2.05E-03 NO 2.58E-03 I'D 7.82E-03 NO 3.35E.o3 NO 3.90E·05 
5.00 6.07E.o3 1.77E.o2 7.4OE-03 1.71E.o2 2.69E.o3 2.ooE·03 1.06E-03 2.53E·03 3.45E-03 7.67E·03 7.90E-Q4 3.28E.o3 8.95E.o5 3.89E-05 
10.00 7.S2E.o4 1.56E.o2 1.01E.o3 1.55E.o2 3.08E.Q4 1.88E-03 1.61E·04 2.44E·03 5.06E.o4 7.33E-03 1.16E-04 3.12£-03 7.84E-Q6 3.89E-05 
25.00 NO 1.15E.o2 I'D 1.24E.o2 NO 1.71E-03 NO 2.42E-03 I'D 7.ose.oS NO 2.95E-03 NO 4.81E-05 
50.00 3.7SE.o3 9.25E.o3 5.13E.o3 1.02£.02 1.91E.o3 1.44E-03 7.67E-04 2.11E-03 2.38E.o3 6.07E-03 5.14E·04 2.54E-03 4.62E-06 4.77E-05 

101.50 4.17E-03 6.74E.o3 5.46E.o3 7.53E-03 1.94E.o3 1.11E·03 7.66E-04 1.68E·03 2.44E.o3 4.74E-Q3 5.98E-Q4 1.97E.o3 NP 4.67E-05 
all ("",S) flux VI 11t"<l.5 
slope- 0.0037 0.0081 0.0064 0.0061 
r"2- 0.5451 0.6012 0.5732 0.5197 

t<2hrs (n-3) flux VI In(l) 
51o~ 2.00E.o5 
r"2- 0.0064 

1>5hrs ("",5) flux va 11t"<l.5 

0.0003 
0.6813 

0.0006 
0.0008 

0.0004 
0.3566 

0.0001 
0.7592 

0.0002 
0.0099 

0.0003 
0.1752 

0.0001 
0.7801 

0.0037 
0.7906 

0.0011 
0.2549 

0.0003 
0.7766 

slo~ .0.0163 0.0311 .0.0214 0.0264 .0.0080 0.0023 -0.0030 0.0020 -0.0094 0.0072 
r'2- 0.9935 0.9578 0.9862 0.9284 0.9720 0.8315 0.9659 0.6565 0.9756 0.7377 

0.0007 
0.7355 

-0.0022 
0.9996 

0.0005 
0.2837 

0.0001 
0.7850 

0.0033 
0.7664 

-1.00E-05 ·1.00E-05 
0.0230 0.6928 

2.00E-06 
0.8157 

0.0003 -3.00E.o5 
0.7064 0.7730 

(continued) 
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TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.17 
20.25 
45.25 
69.58 
93.58 
R.E.: 

all (n-10) 
slope. 

,A2-

TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.00 
8.17 
20.25 
45.25 
69.58 
93.58 

all (n-l0) 
slope. 
,'2-

RUN#:2 
POSITION#: 1 

WASTE TYPE: Slop Oil 
LOADING: 4.020/0 

APPENDIX G. (continued) 

SOIL TYPE: 30 mesh sand 
APPLICATION: surface 

BULK DENSITY({tcm'3): 1.35 
0/. MOISTURE: 0.00% 

FLUX COMPARISON (u{tcm'21sec) 

TEMPERATURE (,e): 16.9 
TOTAL POROSITY: 0.490566 

AIR-FlLED POROSITY: 0.490566 
APPLICATION AREA (c:m'2): 45.6 

BENZENE FLUX TOLUENE A.UX ETHLVBENZENE FWX P-XYLENE FLUX M-XYLENE A.UX ()'XYLENE FLUX NAPTHALENE A.UX 
MEASURE THEOR MEASURE THEOA. MEASURE THEOA. MEASURE THEOA. MEASURE TliEOA. MEASURE TliEOR MEASURE THEOA. 
8.44E-{)2 1.70E-{)1 1.09E-01 1.93E-{)1 S.41E-02 2.96E-02 1.34E-02 4.74E-{)2 4.38E-{)2 1.S1E-Ol 1.43E-{)2 5.40E-{)2 3.47E-06 3.98E-{)3 
3.45E-{)2 1.2OE-{)1 7.6aE-02 1.37E-{)1 2.66E-02 2.09E-02 1.ose-02 3.35E-{)2 3.48E-{)2 9.26E-{)2 1.14E-{)2 3.82E-{)2 1.96E-{)4 2.81E-{)3 
3.46E-{)2 8.50E-{)2 5.55E-02 9.66E-{)2 2.30E-02 1.4BE.Q2 8.86E.Q3 2.37E-{)2 2.9OE-{)2 6.55E.Q2 9.53E-{)3 2. 7OE.Q2 2.68E-{)4 l.99E-{)3 
2.61E-{)2 4.77E-{)2 3.86E-02 5.42E-{)2 1.89E-02 8.30E-03 6.97E-03 1.33E-{)2 2.28E-{)2 S.67E-{)2 6.79E.Q3 1.51E-{)2 2.33E-{)4 1.11E-03 
1.54E-{)2 3.37E-{)2 2.65E-02 3.83E-{)2 1.55E-02 5.87E-03 5.52E-03 9.40E-{)3 1.8OE.Q2 2.6OE-02 5.71E.Q3 1.07E-{)2 7.04E.Q5 7.89E-04 
8.47E-{)3 2.38E-{)2 1.29E-02 2.71E-{)2 9.33E-03 4.15E-03 3.0aE-OS 6.65E-{)3 9.93E.Q3 1.84E.Q2 3.15E-{)3 7.57E.Q3 1.23E-{)4 5.58E-{)4 
5.85E-{)3 1.29E-{)2 7.16E-03 1.46E-{)2 5.43E-Q3 2.24E-03 1.8OE.Q3 3.59E-{)3 5.63E.Q3 9.93E-03 1.70E.Q3 4.09E.Q3 1.51E-{)4 S.01E-{)4 
6.90E.Q3 8.1SE-{)3 6.42E-03 9.26E.Q3 1.24E-03 1.42E-03 1.4OE-03 2.27E-{)3 4.41E-03 6.28E-03 1.15E-{)S 2.59E-{)3 4.90E-{)5 1.91E-04 
4.49E-{)3 6.90E-{)3 4.55E-03 7.83E-{)3 NI 1.2OE-03 1.19E-03 1.92E.Q3 3.56E-OS 5.S1E-OS 1.09E-{)S 2.19E-{)3 8.92E-{)5 1.61E-{)4 
7.27E-{)3 5.76E-{)S 6.82E-03 6.55E-{)3 1'27E-{)3 1.00E.Q3 1.54E-03 1.61E-{)S 4.55E-OS 4.44E·OS 1.SlE.QS 1.83E-{)3 5.72E-{)5 1.35E·04 
87.04% 96.00% 90.56% 90.52% 9S.44% 97.27% 77.57% 

0.0379 0.0885 0.0565 0.1006 0.0166 
0.9174 0.9960 0.9970 0.9959 0.9218 

RUN#: 2 
POSITION#: 2 

WASTE TYPE: Slop Oil 
LOADING: 4.04% 

(tl!1 hr) 
0.0154 
0.9960 

0.0067 0.0247 0.0220 0.0682 0.0073 0.0281 0.0002 0.0002 
0.9581 0.9960 0.9566 0.9959 0.9621 0.9958 0.4398 0.9958 

SOIL TYPE: 30 mesh sand 
APPLICATION: surface 

BULK DENSITY({tcmA3): 1.35 
% MOISTURE: 0.00% 

FLUX COMPARISON (u{tcmA2Isec) 

TEMPERATURE ('e): 16.9 
TOTAL POROSITY: 0.490566 

AIR-FLLED POROSITY: 0.490566 
APPLICATION AREA (cmA2): 45.6 

BENZENE FLUX TOLUENE FLUX ETHL VBENZENE FLUX P-XYLENE FLUX M-XYLENE A.UX ().XYLENE A.UX NAPTHALENE A.UX 
MEASURE THEOA. MEASURE TliEOA. MEASURE THEOA. MEASURE THEOA. MEASURE TliEOA. MEASURE TliEOA. MEASURE THEOA. 
4.84E-{)2 1.66E-{)1 8.34E-02 1.88E-{)1 2.47E-02 2.88E-02 1.07E-02 4.62E-{)2 3.22E-02 1.28E·Ol 1.0SE-{)2 5.26E-{)2 2.29E-{)5 3.87E-03 

NO 1. 17E-{) 1 NO 1.33E-{)1 NO 2.04E-02 ND 3.26E-{)2 ND 9.02E-02 ND 3.72E-{)2 NO 2.74E-{)3 
3.26E.Q2 8.28E-{)2 5.96E-02 9.41E-{)2 2.19E-02 1.44E-02 9.07E-03 2.31E-{)2 2.74E.Q2 6.3BE-02 8.89E.Q3 2.63E-{)2 1.31E-{)4 1.94E-{)3 
1.92E-{)2 4.87E-{)2 3.3BE-02 5.54E-{)2 1.65E-02 8.48E-03 6.45E-03 1.36E-{)2 1.95E-02 3.75E-02 6.22E.Q3 1.55E-{)2 2.41 E-{)4 1. 14E-03 
1.53E-{)2 3.44E-{)2 2.92E-02 S.92E-{)2 1.56E·02 6.00E-03 6.15E-03 9.60E-{)3 1.85E.Q2 2.65E-02 6.07E-{)3 1.10E-{)2 2.17E-{)4 8.06E-{)4 
1.06E-{)2 2.44E-{)2 1.57E-02 2.77E-{)2 1.07E-02 4.24E-03 3.54E-03 6.79E-{)3 1.13E-{)2 1.88E-02 3.6SE-{)S 7.73E-{)S 1.93E.Q4 5.70E-04 
6.23E-{)3 1.31E-{)2 7.13E.Q3 1.49E-{)2 5.29E-03 2.28E-03 1.77E-03 3.65E-{)3 5.48E-03 1.01E-02 1.67E.QS 4.16E-{)3 1.47E-{)4 3.06E-04 
7.26E-{)3 8.28E-{)3 7.02E-03 9.41E-{)3 1.30E-03 1.44E-03 1.43E-03 2.30E-{)3 4.62E-03 6.3BE.Q3 1.1SE.Q3 2.63E.Q3 2.99E-{)5 1.94E-{)4 
6.33E-{)3 6.70E-{)3 5.63E-{)S 7.96E-{)3 NI 1.22E.Q3 1.31E-03 1.95E-{)3 S.84E-03 5.39E-03 1.17E.Q3 2.22E.QS 1.0SE.Q4 1.64E-04 
7.11E-{)3 5.86E-{)3 6.51E-03 6.66E-{)3 1.27E-03 1.02E-03 1.49E-03 1.6SE-{)3 4.26E-03 4.51E-OS 1.46E.Q3 1.86E-{)3 1.05E.Q4 1.S7E-04 

0.0234 0.0855 0.0438 0.0969 0.0125 
0.9732 0.9974 0.9533 0.9974 0.7651 

0.0149 
0.9974 

0.0054 0.0238 0.0162 0.0659 
0.8540 0.9974 0.8522 0.9974 

(tl!1 hr) 
0.0053 0.0271 O.OOOS 0.0020 
0.8491 0.9975 0.7636 0.9974 

(continued) 
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APPENDIX G. (continued) 

RUNll:2 SOIL lYPE Kidman sandy loam TEMPERATURE rC): 16.9 
POSITION#: 3 APPLICATION: surface TOTAl. POROSITY: 0.490566 

WASTE1YPE: SlopOiI BULK OENSITY(9'an'3): 1.35 AIR-FILlED POROSITY: 0.474166 
LOADING: 4.06% % MOiSTURe: 1.64% APPLICATION AREA (cm"2): 45.6 

FLUX COMPARISON (u9'cm'21sec) 
TIME BENZENE FLUX TOLUENE FLUX ETHLYBENZENEFLUX P-XYlENE FLUX M-XYLENE FLUX Q.XYLENE FLUX NAPrnAlENE FLUX 
(HRS) MEASURE THEOR. MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASUAE THEOR MEASURE THEOR. 
0.25 7.92E-02 2.59E·Ol 8.4SE-D2 2.94E-Dl 2.29E-D2 4.51 E-02 NI 7.221:-02 4.27E-02 1.99E-Dl 1.02E-D2 8.22E-D2 4.77E·05 6.06E-D3 
0.50 5.03E-02 1.83E·Ol 7.31E-D2 2.08E-Dl 2.50E-D2 3.19E·02 NI 5.10E-02 4.17E-02 1.41E-Dl 1.02E-D2 5.81E-D2 2.2BE-05 4.28E-D3 
1.00 3. 14E-02 1.29E-Ol 7.81E-D2 1.47E-D2 2.47E-D2 2.25E-02 NI 3.61E-02 4.27E-02 9.97E-D2 1.04E-D2 4.11E-D2 6.60E-05 3.03E-D3 
2.00 3.26E-02 7.98E-02 6.53E-D2 9.07E-D2 2.23E-D2 1.39E-02 NI 2.23E-02 3.75E-02 6. 15E-D2 9.07E-D3 2.53E-D2 1.91E-04 1.81E-D3 
4.00 2.221:-02 5.64E-02 4.50E-D2 6.42E-D2 1.95E-D2 9.82E·03 NI 1.57E-02 3.23E-02 4.35E.-D2 8. 1 OE-D3 1.79E-D2 1.66E-04 1.32E-D3 
8.17 1.47E-02 3.99E-02 2.69E-D2 4.54E-D2 1.60E-D2 6.94E-03 NI 1.11E-02 2.45E-02 3.01E-D2 5.96E-D3 1.21E-D2 1.66E-04 9.33E-04 

20.25 5.84E-03 2.10E-02 1. 16E-D2 2.39E-D2 8.55E-D3 3.66E-03 2.98E-03 5.89E-03 9.54E-03 1.62E-D2 2.7OE-D3 6.7OE-D3 1.44E-04 4.92E-04 
45.25 1.12E-02 1.33E-02 9.82E-D3 1.51E-D2 NI 2.31E-03 2.4SE-03 3.71E-03 7.62E-03 1.03E-D2 2.24E-D3 4.2OE-D3 1.59E-04 3.11E-D4 
69.58 7.44E-03 1.12E-02 7.15E-D3 1.2ae-D2 NI 1.96E-03 1.81E·03 3.13E-03 5.51E-03 8.66E-D3 1.64E-D3 3.60E-D3 1.28E-04 2.83E-D4 
93.58 7.8OE-03 9.4OE-03 8.85E.-D3 1.07E-D2 NI 1.64E-03 2.04E-03 2.62E-D3 6.45E-03 7.2se-D3 1.91E-D3 3.00E-D3 1.53E-04 2.2OE-04 
R.E.: 87.04% 96.00% 90.56% 90.52"'- 93.44% 97.27% 77.57% 

tl all (n-l0) (tl!1 hr) 
slope. 0.0362 0.1331 0.0451 0.1387 0.0065 0.0232 0.0092 0.0371 0.0214 0.1023 0.0050 0.0422 0.0001 0.0031 ; ~: 
r'2- 0.9712 0.9986 0.8163 0.8314 0.4998 0.9986 0.8757 0.9980 0.7061 0.9986 0.6975 0.9985 0.7432 0.9986 

RUNII: 2 SOIL lYPE Kidman sandy loam TEMPERATURE rC): 16.9 

..... POSITION#: 4 APPLICATION: surface TOT AI. POROSITY: 0.490566 

..... WASTE1YPE: Slop Oil BULK DENSITY(9'an"3): 1.35 AIR-FIlLED POROSITY: 0.474166 

..... LOADING: 4.02% % MOISTURE: 1.64% APPliCATION AREA (cm'2): 45.6 

FLUX COMPARISON (u9'cm"21sec) 
TIME BENZENE FLUX TOLUENE FLUX ETHL YBENZENE FLUX P-XYlENE FLUX M-XYLENE FLUX Q.XYLENE FLUX NAPrnAlENE FLUX 
(HAS) MEASURE THEOR. MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASUAE THEOR. MEASURE THEOR. 
0.25 7.98E-02 2.21E-Ol 8.73E-D2 2.52E-D1 3.9SE-D2 3.85E-02 NI 6.17E-02 4.47E-02 1.71E-Dl 1.10E-D2 7.03E-D2 3.88E·05 5.18E-DS 
0.50 4.62E-02 1.56E-Ol 4.85E-D2 1.78E-Dl 1.60E-D2 2.72E-02 NI 4.36E-02 2.76E-02 1.21E-Dl 6.92E-D3 4.97E-D2 1.S7E-04 3.66E-D3 
1.00 3.73E-02 1.11E-Ol 7.2OE-D2 1.26E-Dl 2.23E-D2 1.93E-02 NI 3.09E-02 3.88E-02 8.53E-D2 9.30E-D3 3.51E-D2 7.89E-05 2.59E-D3 
2.00 3.58E-02 6.78E-02 7.11E-D2 7.70E-D2 2.27E-D2 1.18E-02 NI 1.S9E-02 3.9OE-02 5.22E-D2 1.04E-D2 2. 15E.-D2 9.72E-06 1.56E-D3 
4.00 2.44E-D2 4.79E-02 4.60E-D2 5.45E-D2 1.92E-D2 8.34E-03 NI 1.34E-02 3.19E-02 3.69E-D2 7.72E-D3 1.52E-D2 NP 1.12E-D3 
8.17 1.45E-02 3.39E-02 2.72E-D2 3.85E-D2 1.59E-D2 5.9OE-03 NI 9.44E-03 2.47E-02 2.61E-D2 5.99E-DS 1.08E-D2 1.59E-04 7.93E-04 
20.25 NO 1.86E-02 NO 2.11E-D2 NO S.23E-03 NO 5.17E-03 NO 1.43E-D2 NO 5.90E-D3 NO 4.34E-D4 
45.25 1.09E-D2 1.17E-02 1.11E-02 1.SSE-D2 8.60E-D3 2.04E-OS 2.73E-03 3.27E-03 8.48E-03 9.04E-D3 2.50E-D3 3.7OE-D3 1.59E-04 2.75E.-04 
69.58 7.see-D3 9.92E-OS 7.31E-DS 1.13E-D2 NI 1.73E-03 1.83E-03 2. 77E-03 5.58E-03 7.64E-D3 1.69E-D3 3.10E-D3 1.19E-04 2.S2E-D4 
93.58 8.72E-OS 8.3OE-OS 9.38E-DS 9.43E-D3 NI 1.44E-03 2.26E-03 2.31E-OS 7.08E-03 6.39E-D3 2.0ae-D3 2.60E-D3 1.52E·04 1.94E-D4 

all (n-l0) (tal hr) (tal hr) (ta1 hr) 
slope. 0.0352 0.1134 0.0388 0.1293 0.0250 0.0198 0.0127 0.0317 0.0578 0.0870 0.0145 0.OS61 -4.6OE·06 0.0027 

r"2- 0.9662 0.9984 0.7105 0.9983 0.9630 0.9984 0.4193 0.9984 0.9699 0.9983 0.9907 0.9984 0.3098 0.9980 

(continued) 



..... ..... 
~ 

RUN#: 3 
POSITION#: S 

WASTE TYPE: Separator Sludge 
LOADING: 3.60% 

APPENDIX G. (continued) 

SOIL TYPE: 30 mesh sand 
APPLICATION: subsurface 

BULK DENSITY(gcm"3): 1.45 
% MOISTURE: 0.00% 

FLUX COMPARISON (ugcm'2Isec) 

TEMPERArmE rCI: 16.9 
TOTAl POROSITY: 0.4528302 

AIR·FLLED POROSITY: 0.4528302 
APPLICATION AREA (cm"2): 45.6 

TIME BENZENE flUX TOLUENE FLUX ElHL YBENZENE FLUX P·XYLENE FLUX M·XYlENE FLUX ()'XYLENE FLUX NAPlHALENE FLUX 
(HAS) MEASUFE lHEOR MEASUFE lHEOR MEASUFE lHEOR MEASUFE lHEOR MEASURE lHEOR MEASUFE lHEOR MEASUFE lHEOR. 
0.25 1.03E-03 7.73E-03 7.94E-04 5.25E-03 2.90E-04 6.61 E-04 3.76E-04 1.10E-03 l.23E-03 2.90E-03 4.27E-04 1.89E-03 1.62E-05 4.66E-05 
0.58 N) 7.68E-03 NO 5.23E-03 N) 6.60E-04 NO 1.10E-03 N) 2.90E-03 NO 1.89E-03 ND 4.66E-05 
1.00 1.19E-03 7.62E-03 8.nE-04 !i21E-03 1.72E-04 6.58E-04 2.28E-04 1.10E-03 7.10E-04 2.89E-03 2.15E-04 1.89E-03 3.58E-05 4.66E-OS 
1.92 1.53E-03 7.60E-03 1.05E-03 !i2SE-03 1.95E-04 6. 73E-04 2.61E-04 1.13E-03 7.74E-04 2.97E-03 2.43E-04 1.93E-03 9.50E.()6 4.83E-05 
4.00 4.57E-03 7.22E-03 4.52E-03 5.08E-03 8.61E-04 6.60E-04 1.06E-03 1.14E-03 3.0SE-03 2.93E-03 9.93E-04 1.91E-03 6.91E.()6 4.82E-05 
8.92 1.03E-03 6.48E-03 6.28E-04 4.70E-03 1.60E-04 6.32E-04 1.58E-04 1.08E-03 5.38E-04 2.83E-03 1.47E-04. 1.94E-03 2.89E-OS 4.82E-05 
20.00 1.62E-04 !i48E-03 3.06E-04 4.17E-03 1.63E-04 5.94E-04 3.ooE-04 1.05E-03 7.28E-04 2.72E-03 2.49E-04 1.76E-03 !i27E.()6 4.99E·OS 
49.33 4.86E-05 4.03E-03 1.99E-04 3.21 E-03 3.16E-04 4.92E-04 5.13E-04 9.21 E-04 2.16E-03 2.33E-03 7.33E-04 1.49E-03 7.98E-05 4.96E-05 
72.67 N) 3.52E-03 NO 2.85E-03 1.55E-04 4.48E-04 NO 8.56E-04 9.05E-05 2. 15E-03 8.23E-OS 1.37E-03 2.41E.()6 4.94E-05 
R.E.: 87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.57% 

all (na7) (1')09) 
slope. 0.0001 0.0019 -4.00E-05 
r"2- 0.0027 0.5422 

!S4h1ll (n-5) flux va In(I) 
slope. 0.0011 -0.0002 
r"2- 0.5919 0.7481 

~4h1ll (n-S) flux vs 1/t"O.5 
slope. 0.0129 0.0096 
r"2- 0.8864 0.9162 

RUN#: 3 
POSITION#: 6 

0.0003 

0.0011 
0.5331 

0.0121 
0.8118 

-4.70E·05 
0.4686 

0.0057 
0.8827 

WASTE TYPE: Separator Sludge 
LOADING: 3.S7% 

0.0010 
0.4829 

0.0002 
0.3415 

0.0015 
0.5959 

7.10E.()6 0.0001 -0. COO 1 0.0001 
0.0004 0.3926 0.0150 0.2911 

1.50E.()6 0.0002 1.60E-05 O.OOOS 
0.Q705 0.3390 0.7791 0.2899 

0.0005 0.0016 0.0007 0.0046 
0.8224 0.3796 0.8376 0.3400 

SOIL TYPE: 30 mesh sand 
APPLICATION: surface 

BULK DENSITY(gcmA3): 1.45 
'Y. MOISTURE: 0.00% 

0.0003 4.90E.()6 0.0020 -5.50E-06 
0.3414 0.0001 0.3490 0.0183 

1.50E-OS 0.0002 1.2OE-05 ·4.30E·06 
0.3726 0.2486 0.4723 0.1498 

0.0019 0.0014 0.0013 -0.0001 
0.7952 0.2848 0.8013 0.1024 

TEMPERAruRErC): 16.9 
TOTAl POROSITY: 0.4528302 

AIR·FLlED POROSITY: 0.4171302 
APPLICATION AREA (cmA2): 4S.6 

·1.80E.()6 
0.7581 

7.10E-07 
0.7~00 

-4.2OE-06 
0.6682 

TIME BENZENE flUX TOLUENE FLUX ElHL YBENZENE FLUX P-XYLENE FLUX M-XYlENE FLUX ()'XYLENE FLUX NAPlHALENE FLUX 
(HAS) MEASUFE lHEOR MEASUFE lHEOR MEASUFE lHEOR MEASUFE lHEOR. MEASURE lHEOR MEASUFE lHEOR MEASUFE lHEOR. 
0.25 2.09E-03 8.18E-02 1.35E-03 6.93E-02 2.86E-04 1.21E-02 3.42E-04 2.61 E-02 1.24E-03 6.23E-02 4.27E-04 3.91E-02 9.11E-05 6.28E-03 
0.58 8.62E-04 5.36E-02 3.90E-03 4.54E-02 8.44E-03 7.94E-03 2.10E-03 1.71 E-02 7.33E-03 4.08E-02 2.50E-03 2.56E-02 1.5SE-04 4.11E-03 
1.00 1.54E-04 4.09E-02 5.06E-04 3.47E-02 NI 6.06E-03 1.S7E-03 1.31E-02 4.39E-03 3.11E-02 1.71E-03 1.95E-02 1.92E-04 3.14E-03 
1.92 1.32E-04 2.21E-02 5.47E-04 1.88E-02 NI 3.28E-03 8.23E-04 7.06E-03 3.03E-03 1.69E-02 1.21E-03 1.06E-02 4.06E-05 1.70E-03 
4.00 4.37E-04 1.57E-02 7.02E-04 1.33E-02 NI 2.32E-03 8.08E-04 4.99E-03 2.85E-03 1.19E-02 1.1SE-03 7.48E-03 3.79E-05 1.2OE-03 
8.92 4.02E-04 1.04E-02 2.06E-04 8.85E-03 1.90E-04 1.55E-03 1.80E-04 3.33E-03 9.87E-04 7.9SE-03 3.83E-04 4.98E-03 1.86E-04 8.00E-04 
20.00 7. 23E-04 7.00E-03 4.14E-05 5.93E-03 1.39E-OS 1.04E-03 2. 19E-06 2.23E-03 7.28E.()6 5.33E-03 1.14E-OS 3.34E-03 4.86E-OS S.38E-04 
49.33 3.37E-04 4.43E-03 1.80E-04 3.75E-03 3.08E-05 6.56E-04 5.ooE-05 1.41E-03 2.37E-04 3.37E-03 8.04E-05 2.12E-03 7.61E-05 3.4OE·04 
72.67 9.11E-05 3.74E-03 8.2SE-05 3.17E-03 NI 5. 55E-04 NI 1.19E-03 8.49E-05 2.85E-03 8.15E-OS 1.79E-03 6.82E.Q6 2.87E·04 

all (n-9) 
slope- 0.0008 0.0432 0.0012 0.0358 0.0017 0.0063 o.oooS 0.013S 0.0020 0.0322 0.0007 0.0202 3.80E-05 0.0032 
rA2- 0.5985 0.9923 0.3952 0.9924 0.1384 0.9923 0.1970 0.9922 0.2555 0.9924 0.2339 0.9924 0.1229 0.9923 

(continued) 
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APPENDIX G. (continued) 

F1JN#: 3 SOIL TYPE: Kidman sandy loam TEMPERATURE rC): 16.9 
POSrTlONt/: 7 APPlICATION: subsurface TOTAl POROSITY: 0.4264151 

WASTE TYPE: Separator Sludge BULK DENSITY({tcm"3): 1.52 AIR-FLLEO POROSITY: 0.4100151 
LOADING: 3.60"1. % MOISTURE: 1.64% APPlICATION AREA (cmA2): 45.6 

FLUX COMPARISON (uftcmA2Isec) 
TIME BENZENE flUX TOlUENE A.UX ElHL YBENZENE FLUX P·XYl.ENE FLUX M-XYl.ENE FLUX ()'XYLENE flUX NAPTHAlENE FLUX 
(HRS) MEASURE THEOR. MEASURE THEOR. MEASIJAE THEOR MEASURE THEOR MEASIJAE THEOR MEASURE THEOR. MEASURE THEOR. 
0.25 1.25E-04 6.52E-03 5.44E-05 4.43E-03 1.12E-05 5.56E-04 5.60E-06 9.25E-04 5.43E-06 2.44E-03 8.68E-06 1.S9E-03 5.44E-06 3.92E-05 
0.58 4.39E-04 6.51E·03 2. 13E-05 4.42E-03 1.12E-05 5.56E-04 5.60E-06 9.25E-04 5.43E-06 2.44E-03 8.68E-06 1.S9E-03 4.58E-08 3.9<£-05 
1.00 1.68E-03 6.50E-03 5.38E·05 4.42E-03 1.12E-05 5.56E-04 1.87E-06 9.25E-04 5.43E-06 2.44E-03 4.43E·06 1.S9E-03 1.77E-06 3.9<£-05 
1.92 1.31E-03 6.6SE·03 9.30E-05 4.54E-03 1.12E-05 5.74E-04 3.73E-07 9.56E-04 5.43E-06 2.52E-03 4.86E·06 1.64E-03 NP 4.06E-05 
4.00 3.93E-03 6.54E-03 7.S9E·04 4.49E-03 9.13E-06 5.70E-04 1.52E-05 9.53E-04 3.03E-05 2.51 E-03 1.04E-05 1.64E-03 1.59E-06 4.06E·05 
8.92 4.06E-03 6.28E-03 2.7<£-03 4.37E-03 1.65E-04 5.62E-04 NI 9.45E-04 4.22E-04 2.48E-03 U6E-05 1.62E-03 NP 4.06E-05 
20.00 1.83E-03 5.87E-03 8.43E·04 4.27E-03 3.54E-05 5.73E-04 3.S9E-05 9.84E-04 1.85E-04 2.57E-03 4.92E-06 1.67E-03 NP 4.38E-05 
49.33 NO 4.74E-03 NO 3'62E-03 NO 5.17E-04 NO 9.19E-04 NO 2.37E-03 NO 1.53E-03 NO 4.37E-05 
72.67 1.91 E-03 4.28E-03 6.89E-04 3.32E-03 2.58E-04 4.87E-04 NI 8.82E-04 3.44E-04 2.26E-03 NP 1.46E-03 NP 4.36E-05 
R.E.: 87.040/. 96.00% 90.56% 90.52% 93.44% 97.27% 77.57"10 
all (n-8) (n-9) 

slope: -0.0016 0.0008 -0.0008 0.0004 -0.0001 1.SOE-05 -1.30E-OS -3.90E-06 -0.0020 1.70E-05 -9.5OE-06 1.60E-05 2.40E-06 -2.SOE-06 
rA2- 0.4814 0.3733 0.3077 0.2955 0.3308 0.1124 0.3647 0.0073 0.4487 0.0140 0.1110 0.0249 0.4410 0.6473 

IS4hrs (n,,5) flux YS. In(t) 
slope: 0.0013 2.5OE-05 0.0020 3.40E-05 ·6.20E-07 6.70E-06 2.20E-06 1.30E-05 7.40E-06 3.20E-05 2.20E-05 -l.00E-06 6.1<£-07 
rA2- 0.8001 0.1956 0.5553 0.4747 0.5102 0.6451 0.1606 0.6972 0.5102 0.6869 0.7272 0.2709 0.7222 

t::4hrs (na5)ux vs 111"0.5 ... slope: 0.0064 0.0056 0.0011 0.0028 -0.0005 0.0002 -0.0001 0.0001 -0.0006 0.0005 -1.8OE-06 0.0004 -9.60E-06 ... rA2- 0.7151 0.8103 0.0324 0.7364 0.4785 0.5593 0.2782 0.3-466 0.4014 0.0001 0.4619 0.7801 
c.J 

F1JN#: 3 SOIL TYPE: Kidman sandy loam TEMPERATURE rC): 16.9 
POSrTION#: 8 APPlICATION: surface TOTAl POROSITY: 0.445283 

WASTE TYPE: Separator Sludge BULK OENSITY({tcm"3): 1.47 AIR·FLLEO POROSITY: 0.428883 
LOADING: 3.64% % MOISTURE: 1.64% APPlICATION AREA (cmA2): 45.6 

TIME BENZENE FLUX TOlUENE A.UX ElHL YBENZENE FLUX P-XYl.ENE flUX M·XYl.ENE FLUX ()'XYLENE flUX NAPTHAlENE flUX 
(HRS) MEASIJAE THEOR. MEASURE THEOR. MEASURE THEOR MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 
0.25 1.78E-02 1.20E-01 1.4<£-02 1.02E-Ol 1.31 E-02 1.78E-02 4.04E-03 3.84E-02 1.39E-02 9. 16E-02 4.42E-03 5.75E-02 4.71E-05 9.24E-03 
0.58 NO 7.88E-02 NO 6.68E-02 NO 1. 17E-02 NO 2.51 E-02 NO 6.00E-02 NO 3. 76E-02 NO 6.0SE-03 
1.00 9.03E-03 6.0<£-02 1.34E·02 5.10E-02 1. 18E-02 8.92E-03 3.70E-03 1.92E-02 1.26E-02 4.58E-02 4. 14E·03 2.87E-02 2.64E-04 4.6<£·03 
1.92 6.01 E-03 3.98E-02 1.07E-02 3.37E-02 9.19E-03 5.90E-03 2.91E-03 1.27E-02 1.00E-02 3.03E-02 3.3OE·03 1.90E-02 7.73E-05 3.06E-03 
4.00 9.31 E-03 2.81 E-02 1.4<£-02 2.39E-02 9.28E-03 4. 17E-03 3.15E-03 8.98E-03 1.03E-02 2.14E-02 3.35E-03 1.34E-02 4.83E-05 2. 16E-03 
8.92 9. 72E-03 1.88E-02 1.29E-02 1.59E-02 NI 2.78E-03 2.23E-03 5.99E-03 1.21E-02 1.43E-02 4.11E-03 9.00E-03 1.61E-05 1.44E-03 
20.00 3.93E-03 1.07E-02 3. 56E-03 9.lOE-03 5.73E-03 1.S9E-03 1.52E-03 3.42E-03 5.06E-03 8.17E-03 1.87E-03 5. 1 OE-03 1.52E-04 8.24E-04 
49.33 5.55E-03 6.79E·03 7.71E-03 5.75E-03 NI 1.01E-03 1.66E-03 2.17E-03 NI 5.17E-03 NI 3.20E-03 6.18E-05 5.21E-04 
72.67 1.30E-03 5.74E-03 9.5SE-04 4.86E-03 6. 1 OE-04 8.SOE-04 6.96E-04 1.83E-03 2.70E-03 4.37E-03 8.94E-04 2.70E-03 1.74E-04 4.4OE-04 

all (n-l0) 
slope: 0.0069 0.0612 O.OOSO O.OS20 0.0054 0.0091 0.0015 0.0191 0.0046 0.0467 0.0014 0.0293 -8.20E-06 0.0047 
r'2- 0.7658 0.9993 0.3849 0.9993 0.6765 0.9993 0.7113 0.9994 0.5231 0.9993 0.4676 0.9994 0.0038 0.9994 

(continued) 
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RUN#: 4 
POSITION#: 5 

WASTE TYPE: Separator Sludge 
LOADING: 3.57% 

APPENDIX G. (continued) 

SOIL TYPE 30 mesh sand 
APPLICATION: subsurface 

BULK DENSITY(gcm"3): 1.45 
% MOISTURE: 0.00% 

FLUX COMPARISON (!JO'cm"2Isec) 

TEMPERA11JRE (0): 19.6 
TOTAl POROSITY: 0.4528302 

AIR·FIlLED POROSITY: 0.4528302 
APPlICATION AREA (cm"2): 45.6 

TIME BENZENE FLUX TOlUENE flUX ETHL YBENZENE flUX P-XYLENE FLUX M-XYLENE FLUX ()'XYl.ENE FLUX NAPTl-IAlENE flUX 
(HRS) MEASURE THEOR. MEASURE THEOR. MEASURE THEOR MEASUA: THEOR. MEASURE THEOR MEASUF£ THEOR MEASUF£ THEOR. 
0.25 6.99E~ 2.13E'{)2 1.83E-03 4.S6E.{)S 6.1SE'{)5 4.95E'{)4 2.S1E'{)5 8.09E.{)4 4.59E-04 2.51E~ 1.16E.{)4 1.49E~ 1.22E.{)4 S.16E-05 
0.50 7.50E'{)S 2.12E'{)2 2.47E-OS 4.S6E~ 1.2OE.{)4 4.94E.{)4 4.72E'{)5 8.09E.{)4 6.04E-04 2.51 E'{)S 1.SSE.{)4 1.49E~ 4.6SE'{)5 S.16E-OS 
1.00 6.SSE~ 2.12E'{)2 2.56E-OS 4.S6E'{)S 9.81 E'{)S 4.94E'{)4 S.03E'{)5 8.08E'{)4 8.27E-04 2.51 E~ 1.8SE.{)4 1.49E~ BOl S.16E-05 
2.00 5.53E~ 1.88E'{)2 2.49E-OS 4.25E'{)S 1.6SE'{)4 4.88E'{)4 9.71E'{)5 8.0SE'{)4 1.11E-OS 2.48E~ 2.83E'{)4 1.48E'{)S BOl S.16E-OS 
4.00 5.10E~ 1.70E'{)2 2.13E-OS 4.1SE'{)S 1.86E'{)4 4.83E'{)4 1.10E.{)4 7.97E.{)4 1.04EoOS 2.'I6E.{)S 2.81E.{)4 1.'I6E.{)S 4.98E'{)4 S.16E-oS 
8.00 4.0SE'{)3 1.'I6E'{)2 1.71E-OS S.96E~ 9.47E'{)S 4.71E.{)4 4.60E'{)5 7.86E-04 7.42E·04 2.41E~ 2.S9E.{)4 1.4SE~ BOl S.16E-OS 
20.00 S.11E'{)3 1.91E'{)2 1.16E-03 S.51E~ NP 4.42E'{)4 S.89E'{)S 7.54E'{)4 4.2BE-04 2.28E'{)3 2.04E'{)4 1.35E'{)3 NP 3.1SE-OS 
50.00 3.86E'{)4 7.S1E~ 4.21E-04 2.84E.{)3 NP 3.87Eo04 NI 6.90E'{)4 NO 2.0SE~ 1.34E'{)4 1.21Eo03 3.22E-<l6 3.14E-OS 
76.50 9.44E'{)5 6.08E~ 4.83E-05 2.4SE~ BOl S.48E.{)4 4.23E'{)5 6.4OE'{)4 3.7BE-04 1.84E~ 1.84E'{)4 1.10E'{)3 4.60E'{)S S.13E-OS 

101.00 2.72E'{)5 5.49E'{)3 USE-05 2.26E'{)3 NP 3.28E'{)4 NI 6.12E.{)4 NO 1.74E'{)3 1.05E.{)4 1.04E'{)3 6.21E-<l6 3.13E-OS 
R.E.: 87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 71.57% 

slope.. 0.0040 0.0070 0.0010 0.0010 ·4.60E-05 7.00E'{)S 1.60E'{)5 O.OOE+OO -3.5OE-OS S.2OE.{)4 -2.60E-05 1.9OE'{)4 1.60E'{)S 1.29E-07 
r"2- 0.7060 0.5460 0.4160 0.5310 0.3720 0.4820 0.1050 0.4580 0.0070 0.4710 0.0640 0.4730 0.0040 0.4120 

tJ:l hi'll (n03) flux va In(t) 
slope. 0.0010 0.0001 ·0.0010 
r"2- 0.2290 0.8300 0.9060 

Q:1hrs (nan flux va 11tAQ.5 
alope.. 0.0070 0.0160 0.0030 
r"2- 0.8180 0.8430 0.8230 

RUN#: 4 
POSITION#: 6 

0.0020 
0.7210 

WASTE TYPE: Separator Sludge 
LOADING: 3.56% 

·4.10E·OS 1.00E-<l6 -9.50E-06 9.30E'{)7 -3.60E-04 
0.4810 0.8300 0.1470 0.6600 0.9520 

-6.60E·Q5 
0.8600 

1.30E'{)4 

-2.97E'{)5 1.67E'{)4 1.4OE'{)5 1.90E'{)4 1.00E~ 1.00E'{)3 9.80E'{)5 4.50E'{)4 1.00E'{)S 
0.0330 0.6580 0.0190 0.6290 0.4850 0.6460 0.2470 0.6550 0.9820 

SOIL TYPE 30 mesh sand 
APPlICATION: surface 

BULK DENSITY(gcm"3): 1.4S 
% MOISTURE: 0.00% 

TEMPERATURE (C): 19.6 
TOTAl POROSITY: 0.4528302 

AIR-FILLED POROSITY: 0.4528302 
APPlICATION AREA (cmA2): 45.6 

S.24E-07 
0.6000 

TIME BENZENE flUX TOlUENE flUX ETHL YBENZENE flUX P·XYLENE FLUX M-XYLENE flUX ()'XYl.ENE FLUX NAPTl-IAlENE flUX 
(HRS) MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR MEASURE THEOR. 
0.25 1.91Eo02 1.48E-01 2.10E-02 6.91E'{)2 NI 1.1SE'{)2 6.42E'{)3 2.4SE'{)2 2.74E-02 6.S4E'{)2 6.49E~ 3.78E'{)2 BOl S.66E-03 
0.50 2.18E'{)2 1.0SE'{)1 1.44E-02 4.89E'{)2 1.90E'{)2 8.11 E'{)3 5.0SE~ 1. 7SE'{)2 2.37E·02 4.48E'{)2 6.10E~ 2.68Eo02 2.84E.{)4 4.00E-03 
1.00 1.59E'{)2 7.42E'{)2 1.14E-02 3.'I6E'{)2 8.54E.{)4 S. 74E-03 3.2SE~ 1.22E'{)2 1.73E-02 3.17E'{)2 5.08E'{)3 1.9OE'{)2 3.71E'{)4 2.83E-03 
2.00 S.87E'{)3 4.02E'{)2 7.16E-OS 1.87E'{)2 9.97E'{)4 S.11 E~ 8. 78E'{)3 6.63E~ 1.09E'{)2 1.72E'{)2 3.2OE'{)3 1.03E'{)2 2.22E'{)4 1.53E-03 
4.00 S.52E~ 2.84E'{)2 3.54E·03 1.S2E'{)2 5.66E'{)4 2.2OE'{)3 1.13E'{)3 4.69E'{)3 7.38E-03 1.21E'{)2 2.49E~ 7.30E-03 3. 73E'{)4 1.OSE-OS 
8.00 1.15E'{)S 2.01E'{)2 1.SOE-03 9.3SE'{)3 S.15E'{)4 1.S5E~ 6.58E'{)4 3.31 E-03 4.54E-03 8.58E'{)3 1.55E'{)3 5.10E~ 2.69E.{)4 7.66E-04 
20.00 1.70E'{)4 1.27E'{)2 8.70E·OS 5.92E~ 4.60E'{)5 9.80E'{)4 NP 2.10E'{)3 5.83Eo04 5.43E.{)3 4.2OE'{)4 3.2OE.{)S 7.94E'{)S 4.85E·04 
50.00 S.l7E'{)S 8.03E'{)3 BOl 3.74E'{)3 BOl 6.2OE'{)4 4.44E-<l6 1.33E~ 3.54E-04 3.43E~ 1.52E.{)4 2.10E'{)S 8.99E'{)S 3.07E-04 
76.50 S.OOE'{)5 6.35E~ BOl 2.96E'{)3 BOI. 4.90E.{)4 BDl 1.05E~ 1.18E-04 2.71 E'{)3 6.32E'{)5 1.60E'{)S 5. 76Eo05 2.42E-04 

101.00 1.78E'{)5 5.68E~ BDL 2.6SE.{)S BDl 4.4OE'{)4 BDl 9.4OE.{)4 5.19E·OS 2.43E'{)S S.06E'{)S 1.50E'{)S 4.11E'{)5 2.17E·04 
all (n-10) 

slope.. 0.01S0 0.0760 0.0120 0.0360 0.0140 0.0060 0.0030 0.01 SO 0.0160 0.0030 0.0040 0.0140 0.0002 0.0030 
r"2- 0.8790 0.9940 0.9860 0.9930 0.6590 0.9940 0.4010 0.9940 0.9710 0.9940 0.9220 0.9940 0.5070 0.9930 

(continued) 
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RUN#: 4 
POSrnON#: 7 

WASTE TYPE: Separator Sludge 
LOADING: S.46~o 

APPENDIX G. (continued) 

SOIL TYPE Kidman sandy loam 
APPLICATION: subsurface 

BULK DENSIlY(gfcm"S): 1.52 
% MOISTURE: 1.64% 

FLUX COMPARISON (uglcm"21sec) 

TEMPERATUfI: rC): 19.6 
TOTAl.. POROSITY: 0.4264151 

AIR-FUEDPOROSIlY: 0.4100151 
APPLICATIOO AREA (cnr'2): 45.6 

TIME BENZENE FlUX TOlUENE FlUX:lliL YBENZENE FLUX P·XYLENE FlUX M-XYLENE FlUX O-XYLENE FLUX NAPTHALENE FWX 
(HRS) MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASlRE THEOR MEASURE THEOR 
0.25 6.46E"()4 2.56E.o2 S.48E"()5 5.26E.o3 BDL 5.96E.o4 3.68E-004 9.75E.o4 3.48E.oo4 3.02E.o3 BOL 1.80E.oS NP 3.81E.o5 
O.SO 3.19E"()4 2.55E"()2 8.66E-06 5.26E-03 BOL 5.96E.o4 BOL 9.74E"()o4 BOL S.02E"()3 BOL 1.80E-03 BOL 3.81E"()5 
1.00 4.87E"()4 2.53E"()2 2.45E"()5 S.25E"()3 BOL S.95E"()4 BOL 9.704E.o4 BOL 3.02E-03 BOL 1.80E-03 BOL 3.81E"()5 
2.00 1.34E.o3 2.704E''()2 1.32E"()5 6.03E.o3 7.44E"()5 6.90E-04 3.99E-04 1.13E.o3 S.98E.o4 3.SOE-03 7.37E"()S 2.08E-03 BOL 4.45E-05 
4.00 NO 2.54E.o2 NO 5.92E-03 NO 6.84E-04 NO 1.13E"()3 NO 3.48E.o3 NO 2.07E-03 NO 4.44E-OS 
8.00 3.64E.o3 2.25E.o2 4.0SE.o5 S.72E.oS BOL 6.72E"()4 BOL 1.12E"()3 BOL 3.43E"()3 BOL 2.04E.oS S.6SE-05 4.44E"()S 
20.00 2.11E-03 1.73E.o2 1.24E.o5 S.48E.o3 BOL 6.84E"()4 BOL 1.16E.o3 BOL S.S2E"()3 BOL 2.10E-03 1.64E-04 4.84E..()5 
SO.OO 2.67E"()3 1.2OE"()2 9.40E.o4 4.48E.oS 5.13E"()S 6.0SE.o4 BOL 1.07E.oS BOL 3.16E.o3 2.08E.oS 1.88E.oS 1.17E-04 4.8SE-OS 
76.SO 1.84E-03 9.76E.oS 3.9SE-04 3.aae.o3 1.70E-04 5.48E"()4 2.204E-04 1.00E.oS S.47E"()4 2.89E-03 1.03E..()S 1.72E-03 BOL 4.81E-os 

101.00 1.19E-03 8.81E-03 S.79E"()4 S.60E"()3 NI 5.17E"()4 1.07E-04 9.58E"()o4 6.S5E"()o4 2.74E-03 1.5OE-04 1.64E-03 BOL o4.8OE-OS 
R.E.: 87.04% 96.00% 90.56% 90.52% 9S.44% 97.27% 77.57% 
al (n-9) (n.10) 

slope.. .0.0010 0.0080 .0.0003 0.0005 .0.0001 1.10E-04 -5.30E·05 -l.30E-04 -6.30E.o5 1.30E.oS ·3.80E"()S -S.SOE-004 -6.30E-06 
r"2a 0.4410 0.4880 0.2720 0.1360 0.1370 0.4870 0.1750 0.7130 0.0200 0.0040 0.0210 0.4400 0.8310 

1<o4hrs (n-4) flux va In(l) 
slope.. S.2OE"()4 2.2OE"()4 ·7.00E·06 3.00E"()4 S.80E.oS 1.SOE-OS 6.70E"()S 2.40E.oS 2.00E.o4 1.2OE-04 2.70E-06 
r"2a 0.4200 0.0730 0.2900 0.6990 0.7270 0.7470 0.7390 0.7410 0.7460 

t!:4Mrs (n-6) flux vs VI"O.S 
slope.. 0.0070 0.0420 ..().002O .0.0020 ..().0040 0.0004 0.0080 0.0004 .0.0070 0.0020 -0.0030 0.0010 -0.0003 -1. 1 OE"()5 
r"2a 0.7230 0.9500 0.3780 0.3780 0.6S70 0.4940 0.5920 0.5270 0.5860 0.4400 0.8060 

TIME 
(HRS) 
0.25 
O.SO 
1.00 
2.00 
4.00 
8.00 
20.00 
SO.OO 
76.SO 

101.00 
all (n-10) 

slope.. 
r"2a 

RUN#: 4 
POSITION#: 8 

WASTE TYPE: Separator Sludge 
LOADING: S.37% 

SOIL TYPE Kidman sandy loam 
APPLICATION: surface 

BULK DENSIlY(glcm"S): 1.47 
% MOISTURE: 1.64% 

TEMPERATURE (,C): 19.6 
TOTAl.. POROSITY: 0.44S283 

AIR-FUED POROSIlY: 0.428883 
APPLICATION AREA (cm"2): 45.6 

BENZENE FlUX TOlUENE FlUX:TH.YBENZENE FLUX P-XYLENE FlUX M-XYLENE FlUX O-XYLENE FLUX NAPTHALENE FLUX 
MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THEOR MEASURE THem 
3.S8E.o2 2.72E.ol 2.17E.o2 1.27E"()1 NI 2.11E"()2 5.SOE-03 4.49E"()2 2.39E.o2 1.16E.ol 6.19E.oS 6.96E.o2 2.91E-04 1.04E"()2 
2.89E.o2 1.93E"()1 2.08E"()2 8.97E"()2 NI 1.49E.o2 5.06E-03 S.18E.o2 2.00E.o2 8.22E.o2 5.59E-03 4.92E.o2 S.17E-04 7.S5E-OS 
2.46E.o2 1.36E.o1 1.79E.o2 6.34E.o2 NI 1.05E.o2 o4.13E-03 2.2SE"()2 1.81E.o2 5.82E.o2 4.70E-03 3.48E"()2 2.23E-04 S.l9E-OS 
1.17E"()2 8.79E"()2 1.11 E.o2 4.09E"()2 N I 6.80E-03 S.SSE-03 1.45E.o2 1.42E"()2 3.75E.o2 3.82E-03 2.25E.o2 7.00E-OS S.S5E-OS 
9. 58E.o3 6.21E.o2 9.16E.o3 2.89E.o2 2.84E-04 4.80E.o3 2.54E-03 1.0SE.o2 1.1SE.o2 2.65E"()2 S.44E-03 1.59E-02 3.21E-04 2.37E-OS 
7.704E.o3 4.S9E"()2 S.28E.o3 2.0SE"()2 3.59E.oo4 3.40E.o3 1.63E-OS 7.2SE"()S 6.91E.o3 1.88E.o2 2.21E-03 1.12E"()2 USE-03 1.68E-OS 
4.74E.oS 2.27E.o2 2.99E.o3 1.06E.o2 4.19E"()4 1.75E.oS 1.76E-04 3.704E.oS 3.82E.o3 9.69E"()3 1.25E-03 S.80E.o3 1.79E-04 8.65E-04 
1.60E-03 1.44E.o2 9.63E.o4 6.68E.o3 2.53E.o5 1.11 E.o3 2.03E-04 2.37E.oS 1.63E"()3 6.13E-03 5.70E-04 3.70E"()3 8.66E-05 S.48E-04 
7.44E.o4 1.1SE"()2 4.88E.o4 S.28E-03 6.87E.o6 8.80E.o4 2.25E-04 1.87E.oS 1.24E"()3 4.8SE.oS 4.28E-04 2.90E.o3 1.17E-04 4.33E-04 
S.76E"()4 1.01E.o2 3.27E.o4 4.73E.oS 1.70E.oS 7.80E.o4 1.46E-04 1.67E.o3 9.88E"()o4 4.3SE"()3 3.41E"()o4 2.60E.o3 5.54E-05 3.87E-04 

0.0190 
0.9540 

0.1390 0.0130 0.06SO 
0.9990 0.9090 0.9990 

0.0010 0.0110 0.0030 0.0230 0.0127 0.0594 0.0032 0.0356 2.80E-05 0.0053 
0.4710 0.9990 0.8960 0.9930 0.9083 0.9993 0.8863 0.9993 0.0034 0.9993 

(continued) 



...... 

...... 
(1) 

TIME 
(HRS) 
0.25 
0.50 
1.00 
2.00 
4.50 
8.00 
21.25 
41.25 
79.45 
117.50 
R.E.: 

all (1'10010) 
slope. 

rA2-
~8hrs 
slope. 

rA2-

TIME 
(HAS) 
0.25 
0.50 
1.00 
2.00 
4.50 
8.00 

21.25 
41.25 
79.45 
117.50 

all (1'10010) 
slope.. 
rA2-

t?8hrs 
slope. 

rA2a 

FlJN#: 7 
POSrTlON#: 1 

WASTE 1YPE: Slop Oil 
LOADING: 3.96% 

APPENDIX G. (continued) 

SOIL TYPE: Durant clay loam 
APPLICATION: subsurface 

BULK DENSITY(o'cmA3): 1.11 
% MOISTURE: 4.00% 

FLUX COMPARISON (uo'cmA2Isec) 

TEMPERATURE ('C): 22 
TOTAL POROSITY: 0.5811321 

AIR-FILLED POROSITY: 0.5411321 
APPLICATION AREA (cm"2): 45.6 

BENZENE FLUX TOLUENE FLUX:rHL YBENZENE FLUX P-XYLENE FLUX M-XYlENE FLUX o.XYlENE flUX NAPTHALENE FLUX 
MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THEOR. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. 
4.94E-04 6.82E-02 3.65E-OS 1.88E-03 2.57E-oS 1.88E-03 BDI.. 2.29E-03 3.32E..06 8.21E-03 BDI.. 3.20E-03 1.42E-03 3.11E-OS 
3.22E..Q4 6.76E-02 3.85E-05 1.88E-03 SOL 1.88E-03 BDI.. 2.28E-03 BDI.. 8.21E-03 BDI.. 3.20E-03 BDI.. 3.11E-OS 
4.83E-04 6.63E-02 V16E-04 1.87E-03 4.53E-oS 1.87E-03 6.521:-05 2.28E-03 2.14E..Q4 8.19E-03 8.22E-05 3.20E-03 BDI.. 3.11E-OS 
1.2liE..Q3 6.43E-02 8.ME·OS 1.96E-03 NI 1.96E-03 NP 2.39E-03 4.71E..06 8.58E-03 2.06E-05 3.3OE-03 BDI.. 3.29E-05 
6.78E-03 5.58E·02 2.4OE·03 1.92E-03 3.01E..Q3 1.921:-03 1.66E-03 2.37E-03 S.3SE..Q3 8.45E-03 1.85E-03 3.3OE·03 BDI.. 3.29E-05 
S.17E-03 4.99E-02 7.921:-0S 1.89E..Q3 SOL 1.89E-03 BDI.. 2.34E-03 BDI.. 8.321:-03 BDL 3.20E·03 BDI.. 3.29E-05 
1.00E-02 3.35E·02 7.4OE-04 1.79E..Q3 SOL 1.79E-03 NP 2.32E-03 BDI.. 8.01 E-03 BDI.. 3.10E-03 BDI.. 3.50E-OS 
7.3SE..Q3 2.48E-02 1.35E-03 1.58E-03 6.59E..06 1.58E-03 BDL 2.13E-03 BDI.. 7.16E-03 BDI.. 2.80E-03 BDI.. 3,4SE-OS 
S.97E..Q3 1.80E-02 2.4OE-03 1.32E-03 7.4OE-05 1.321:-03 2.87E·OS 1.85E-03 6.8SE-05 6.06E-03 6.58E..06 2.4OE-03 BDI.. 3.46E-05 
S.06E..Q3 1.49E-02 2.5OE-03 1.15E-03 1.33E-04 1.15E-03 S.97E-OS 1.66E-03 1.39E-04 5.34E-03 1.95E-OS 2.10E-03 BDL 3.44E-OS 
87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.S7% 

-0.0043 
0.629 

0.027 
0.6S1 

-0.001 
0.407 0.303 0.196 

0.0002 -0.0006 
303 0.19S1 0.036 

0.0009 
0.268S 

0.0003 
0.0005 0.2848 

0.0389 0.1493 -0.01S1 O.OOS -0.0019 O.OOS -0.0016 0.OOS2 -o.003S 0.021 -0.0006 0.0078 
0.9959 0.9994 0.9594 0.9667 0.9704 0.9667 0.9493 0.963 0.9515 

RUN#: 7 
POSrTlON#: 2 

WASTE 1YPE: Slop Oil 
LOADING: 4.00% 

SOIL TYPE: Durant clay loam 
APPLICATION: subsurface 

BULK DENSITY(gcmA3): 1.1 
% MOISTURE: 4.00% 

FLUX COMPARISON (ugcm"21sec) 

TEMPERATURE (,C): 22 
TOTAL POROSITY: 0.58490S7 

AIR-FILLED POROSITY: 0.54490S7 
APPLICATION AREA (cm"2): 45.6 

0.7777 

0.9532 

BENZENE FWX TOLUENE FLUX::THL YBENZENE FLUX P-XYLENE FLUX M·XYlENE FLUX o.XYlENE FLUX NAPTHALENE FLUX 
MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THEOR. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. 
2.18E-03 6.81E-02 4.48E-04 1.89E-02 2.21E-04 1.87E-03 2.76E-04 2.28E-03 8.99E..Q4 8.19E-03 2.78E-04 3.20E-03 BDL 3.11E-05 
1.11E-03 6.75E-02 3.44E-04 1.88E-02 2.76E-05 1.87E-03 2.321:-0S 2.28E-03 2.03E-04 8.1eE-03 4.42E-OS 3.20E-03 1.08E·04 3.11E-OS 
2.87E-04 6.63E-02 NP 1.88E-02 5.52E-05 1.87E-03 NI 2.28E-03 NO 8.17E-03 2.06E-05 3.20E-03 1.28E-05 3.11 E-05 
2.41E-03 6.35E·02 1.25E-04 1.91E-02 SOL 1.921:·03 SOL 2.3SE-03 2.57E-05 8.421:-03 2.78E·07 3.3OE-03 NP 3.23E-OS 
8.27E-03 S.54E-02 9.48E-05 1.8SE-02 SOL 1.89E-03 BDI.. 2.33E-03 BDI.. 8.3CE-03 BDL 3.20E-03 BDL 3.23E-oS 
8.16E-03 4.98E-02 2.19E-04 1.79E-02 SOL 1.86E-03 BDI.. 2.30E-03 2.2SE-oS 8. 19E-03 BDI.. 3.20E-03 BDI.. 3.23E-OS 
1.2liE-02 3.45E-02 1.56E-03 1.60E-02 NP 1.81E-03 4.75E-06 2.33E-03 6.21E-oS 8.07E-03 1.13E-05 3.20E-03 BDI.. 3.5OE-OS 
9.88E-03 2.57E-02 2.4OE-03 1.33E-02 2.1SE-oS 1.61 E-03 BDI.. 2.15E-03 1.04E-oS 7.26E-03 BDI.. 2.80E·03 BDL 3.48E-oS 
8.27E-03 1.87E-02 3.96E-03 1.0SE-02 1.44E-04 1.35E-03 6.96E-OS 1.89E-03 1.61 E-04 6.19E-03 2.36E-OS 2.4OE-03 BDL 3.46E-OS 
6.66E-03 1.54E-02 3.85E-03 8.93E-03 1.44E-04 1.1eE-03 8.4OE-OS 1.70E-03 2.46E-04 S,4SE-03 2.47E-05 2.10E-03 BDL 3.44E·OS 

·0.005 0.0267 -0.0014 0.0039 
0.5883 0.6567 0.329S 0.4317 

0.0002 
0.3053 

0.0002 
0.2017 

0.0456 0.1531 -0.024 0.0561 -0.0021 0.0049 -0.0006 0.0049 -o.001S 
0.9869 0.9989 0.9358 0.98S7 0.9056 0.9627 0.999S 0.946 0.5901 

0.0008 
0.2782 

0.0203 
0.9604 

0.0003 
0.2771 

-0.0001 0.0086 
0.9943 0.9753 

(continued) 

0.6865 

0.0000046 
0.9532 

:1 
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..... ..... 
-....j 

" 

TIME 
(HAS) 
0.25 
0.58 
1.00 
2.00 
4.00 
7.50 

20.50 
41.00 
79.25 
117.50 
R.E.: 

all (n.10) 
slope­

rA2-

TIME 
(HAS) 
0.25 
0.58 
1.00 
2.00 
4.00 
7.50 

20.50 
41.00 
79.25 
117.50 

all (n-10) 
slope­

rAa. 

RUN#: 7 
POSITION': 3 

WASTE TYPE: Slop Oil 
LOADING: 3.85% 

APPENDIX G. (continued) 

SOL TYPE: Durant clay loam 
APPLICATION: surface 

BULK DENSITY(g'cmA3}: 1.13 
% MOISTURE: 4.00% 

FLUX COMPARISON (ugfcm"21sec) 

TEMPERATURE rC): 22 
TOTAL POROSITY: 0.573585 

AIR-FILLED POROSITY: 0.533585 
APPLICATION AREA (cmA2): 45.6 

BENZENE FlUX TOlUENE FLUX ElHL YBENZENE FlUX P-XYLENE FLUX M-XYLENE FlUX o.XYLENE FlUX NAPTHALENE FlUX 
MEASURE THEOR MEASURE THEOR. MEASURE THEOR MEASURE THEOR. MEASURE THEM MEASURE Tt£OR. MEASURE Tt£OR. 
1.84E"()1 4.61E"()1 1.67E-01 2.98E-01 7.28E"()2 4.19E"()2 3.20E-02 6.65E"()2 8. 56E"()2 1.99E"()1 3.OSE"()2 7.83E·02 6.32E..()4 5.36E·03 
2. 18E"()1 3.26E"()1 1.46E"()1 2.04E·Ol 6.96E"()2 2.96E"()2 3.09E·02 4.70E"()2 8.13E..()2 1.41E"()1 2.98E"()2 5.54E"()2 8.12E"()4 3.79E·03 
1.84E"()1 2.30E"()1 1.25E-01 1.44E"()1 NI 2.09E"()2 2.65E-02 3.33E"()2 7.06E"()2 9.97E"()2 2.57E..()2 3.92E"()2 6.57E..()4 2.68E·03 
1.26E"()1 1.52E"()1 9.06E·02 9.53E"()2 NI 1.38E"()2 1.77E-02 2.20E"()2 5.24E"()2 6.59E"()2 1.75E"()2 2.59E-02 2.32E..()4 1.nE-03 
8.39E"()2 1.08E..()1 7.08E·02 6.74E·02 NI 9.79E..()3 1.88E-02 1.56E"()2 5. 14E"()2 4.66E"()2 1.85E"()2 1.83E"()2 1.29E"()3 1.25E·03 
5. 74E"()2 7.62E"()2 4.79E"()2 4.76E-02 NI 6.92E"()3 1.22E"()2 1.10E"()2 3.53E"()2 3.30E"()2 1.23E"()2 1.30E"()2 5.29E"()4 8.87E-04 
4.25E"()2 4.42E"()2 3.13E-02 2. 76E"()2 8.26E..()3 4.02E..()3 9.28E-03 6.38E"()3 2.57E"()2 1.91E"()2 9.66E"()3 7.5OE"()3 3.61E"()4 5.15E·04 
1.84E"()2 3.13E"()2 1.46E-02 1.96E,02 3.67E"()3 2.84E"()3 4.31E·03 4.51E"()3 1.28E"()2 1.35E"()2 4.32E..()3 5.30E..()3 1.68E..()4 3.64E-04 
4. 14E"()3 2.21E"()2 7.4OE-03 1.3SE-02 NI 2.01E"()3 2.98E..()3 3. 19E"()3 9.2OE"()3 9.56E..()3 3.08E..()3 3.80E"()3 2.58E"()4 2.57E"()4 
5.51E"()3 1.81E"()2 5.31E-03 1.13E-02 NI 1.64E..()3 2.43E-03 2.61E"()3 7.81E"()3 7.81E"()3 2.57E"()3 3.10E"()3 2.58E..()4 2.10E"()4 
87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.57% 

0.1807 
0.9901 

0.2382 0.119 
0.9969 0.9798 

RUN#: 7 
POSITION#: 4 

WASTE TYPE: Slop Oil 
LOADING: 4.01% 

0.1489 
0.9968 

0.0405 
0.9208 

0.0216 
0.9969 

0.0233 
0.947 

0.0344 0.0609 0.1029 0.223 0.0405 0.003 0.0028 
0.997 0.9407 0.9969 0.9403 0.9969 0.568 0.9969 

SOL TYPE: Durant clay loam 
APPLICATION: surface 

BULK DENSITY(g'cmA3}: 1.11 

TEMPERATURE rC}: 22 
TOTAL POROSITY: 0.581132 

AIR-FILLED POROSITY: 0.541132 
APPLICATION AREA (cm"2): 45.6 % MOISTURE: 4.00% 

FLUX COMPARISON (ugfcm"21sec) 
BENZENE FlUX TOLUENE FLUX ElHL YBENZENE FlUX P-XYLENE FLUX M-XYLENE FLUX o.XYLENE FlUX NAPTHAlENE FlUX 

MEASURE THEOR MEASURE THEOR. MEASURE THEM MEASURE THEM MEASURE THEOA. MEASURE Tt£OR. MEASURE Tt£OR. 
2.07E"()1 4.71E"()1 1.35E"() 1 2.95E-Ol 2.04E"()2 4.28E"()2 2.54E-02 6.80E"()2 6.74E"()2 2.04E-01 2.47E"()2 8.01E"()2 3.09E"()4 5.4BE·03 
1.49E"()1 3.33E..()1 8.96E-02 2.0SE"() 1 NI 3.03E"()2 1.66E-02 4.81E"()2 4.92E"()2 1.44E"()1 1.64E"()2 5.66E..()2 3.48E"()4 3.86E"()3 
1.06E"()1 2.36E"()1 7.92E"()2 1.47E·01 NI 2.14E"()2 1.44E-02 3.40E"()2 4.49E"()2 1.02E..()1 1.44E"()2 4.01E"()2 4.38E"()4 2.74E-03 
8.62E"()2 1.56E"()1 6.67E-02 9.74E-02 1.42E"()2 1.42E"()2 1.66E-02 2.25E"()2 4.2SE"()2 6.74E"()2 1.54E"()2 2.65E"()2 7.48E..()4 1.81E"()3 
6.55E"()2 1.10E"()1 5.10E-02 6.89E"()2 NI 1.00E"()2 1.10E-02 1.59E"()2 3.42E"()2 4.77E"()2 1.13E"()2 1.87E"()2 5.29E"()4 1.28E-03 

NO 7.79E"()2 NO 4.87E-02 NO 7.08E"()3 tI) 1.12E"()2 tI) 3.37E"()2 tI) 1.32E"()2 tI) 9.07E·04 
3.33E..()2 4.52E"()2 2.29E·02 2.83E-02 6.45E..()3 4.11E"()3 6. 52E-03 6.53E"()3 1.93E"()2 1.96E"()2 6.99E"()3 7.70E-03 9.28E"()5 5.26E·04 
1.15E"()2 3.2OE"()2 1.03E-02 2.00E"()2 3.00E"()3 2.90E"()3 3.31E-03 4.61E"()3 1.02E"()2 1.38E"()2 3.29E"()3 5.4OE"()3 1.55E"()4 3.72E"()4 
6.20E"()3 2.26E"()2 6.25E"()3 1.41E·02 2.76E"()3 2.05E"()3 3.09E-03 3.26E..()3 8.56E"()3 9.78E"()3 3.39E"()3 3.80E·03 3.35E"()4 2.83E"()4 
3.22E"()3 1.85E"()2 3.13E-03 1.15E-02 NI 1.68E..()3 1.66E-03 2.66E"()3 5.35E..()3 7.99E"()3 1.75E"()3 3.10E"()3 1.90E"()4 2. 15E"()4 

0.1068 0.2434 0.0678 0.1523 0.0091 0.0221 0.0116 0.0351 0.0314 0.1054 0.0112 0.0414 0.0001 0.0028 
0.9861 0.997 0.9652 0.9971 0.8841 0.9969 0.9066 0.9969 0.909 0.997 0.9155 0.997 0.0686 0.9968 

(contiooed) 

if tr 



APPENDIX G. (continued) 

RUN#: 8 SOL TYPE: Kidman sandy loam TEMPERATURE rC): 20 
POSITIONN: 5 APPLICATION: surface TOTAL POROSITY: 0.4792453 

WASTE TYPE: Slop Oil BULK DENSITY(glcm"3): 1.38 AIR-FillED POROSITY: 0.3542453 
LOADING: 3.210/. % MOISTURE: 12.50% APPlICATION AREA (anA2): 45.6 

TIME BENZENE FLUX 
FLUX COMPARISON (ugtanA2Isec) 

TOlUENE FlUX:nL YBEN2ENE FlUX P·XYlENE FLUX M·XYlENE FLUX o-XYlENE FLUX NAPTHAlENE FlUX 
(HRS) MEASURE THEClA. MEASURE THEOR MEASURE THEClA. MEASURE THEOR. MEASURE THEClA. MEASURE lHEClA. MEASURE THEClA. 
0.25 1.38E-Q1 1.67E-01 1.01E-Q1 1.04E-Ql NI 1.52E·02 2.32E-Q2 2.41E-02 6.31E-02 7.22E-02 2.36E·02 2.84E-02 1.19E·03 1.94E-Q3 
0.50 1.15E-Ql 1.18E-01 8.65E-Q2 7.38E-Q2 NI 1.07E-02 1.99E-02 1.70E-02 5.67E-02 5.11E·02 1.95E-02 2.01E-02 7.09E·04 1.37E-Q3 
1.00 7.35E-Q2 8.35E-02 7.08E-Q2 5.22E-Q2 NI 7.59E-03 1.44E·02 1.21E-02 5.14E-02 3.61E-Q2 1.75E-Q2 1.42E·02 2.97E-04 9.71E-04 
2.00 4.71E-Q2 3.60E-02 3.85E-Q2 2.25E-Q2 9.39E-Q3 3.26E-03 1.10E-02 5.18E-03 3.32E·Q2 1.55E-02 1.23E-02 6.10E-03 5.29E-04 4.18E-Q4 
4.80 2.18E-Q2 2.32E-02 2.08E-Q2 1.45E-Q2 2.9SE-Q3 2.11E-03 5.97E-03 3.35E-03 1.93E-02 1.00E-02 6.89E-03 3.90E-03 USE-03 2.70E-04 
8.00 2.07E-Q2 1.80E-02 1.17E-Q2 2.30E-Q3 1.44E-03 1.63E-03 5.41E-03 2.59E-03 1.71E-02 7.77E-03 S.76E-03 3. 1 OE-03 5.41E-04 2.09E-04 
24.00 NO 1.04E-02 NO S.48E-Q3 NO 9.4OE-04 NO 1.50E-Q3 NO 4.49E-03 NO 1.80E-03 NO 1.21 E-Q4 
48.00 5.28E-Q3 7.34E-03 4.38E-03 4.58E-03 1.66E-03 6.7OE-04 1.55E-03 1.06E-03 4.S0E-03 3.17E-03 1.54E-03 1.2OE-03 3.22E-04 8.53E-QS 
72.00 S.2OE-Q3 5.99E-03 NI 3.74E-Q3 NI 5.4OE-04 NI 8.60E-04 NI 2.59E-03 NI 1.00E-03 1.SSE-04 6.97E-QS 

101.50 S.06E-Q3 5.0SE-03 2.92E-Q3 3.15E-Q3 NI 4.60E-04 1.66E-03 7.30E-Q4 4.82E-03 2. 18E-03 1.95E-03 9.00E-04 6. 57E-04 S.87E-Q5 
124.00 2.99E-Q3 4.57E-03 1.25E-03 2.85E-03 NI 4.10E-04 4.42E-04 6.60E-04 1.50E-03 1.97E-03 5.14E-04 8.00E-04 4.13E-04 5.31E-QS 
R.E.: 87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 17.57% 

all (n-11) 
slope- 0.0753 8.S5E-Q2 0.0569 O.054S 0.0142 0.0079 0.0124 0.0125 0.0348 0.0374 0.0126 0.0147 0.0003 0.001 
rA200 0.9853 0.9838 0.9621 0.9744 0.7821 0.9937 0.9728 0.9836 0.9218 0.9835 0.9453 0.9855 0.5574 0.9838 

RUN#: 8 SOL TYPE: Kidman sandy loam TEMPERATURE rC): 20 
POSITION#: 6 APPlICATION: surface TOTAL POROSITY: 0.4792453 ..... 

WASTE TYPE: Slop Oil BULK DENSITY(glan"3): 1.38 AIR·FlllED POROSITY: 0.3542453 ..... 
CO LOADING: 3.25% % MOISTURE: 12.50% APPLICATION AREA (anA2): 45.6 

FLUX COMPARISON (uglanA2Isec) 
TIME BENZENE FLUX TOlUENE FlUX:nL YBEN2ENE FlUX P-XYlENE FLUX M-XYlENE FLUX o-XYlEHE FLUX HAPTHAlENE FlUX 
(HAS) MEASURE THEClA. MEASURE THEOR MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE lHEClA. MEASURE THEOR 
0.25 1.14E-Q1 1.02E-01 8.13E-Q2 6.40E-Q2 NI 9.29E-03 2.10E-02 1.48E-02 5.67E-Q2 4.43E-02 2.16E-02 1.74E-02 8.90E-04 1.19E-Q3 
0.50 5. 74E-Q2 7.24E-02 4. 79E-Q2 4.52E-Q2 HI 6.57E-03 1.10E-02 1.04E-02 3.42E-02 3. 13E-Q2 1.13E-02 1.23E·02 6.9SE-04 8.42E-04 
1.00 5.51E-Q2 5.12E-02 4.27E-Q2 3.2OE-Q2 HI 4.65E·03 1.02E-02 7.3SE·03 3.10E·02 2.21E-02 1.01E-02 8.70E-03 7.35E-04 S.9SE-Q4 
2.00 2.87E-Q3 3.S2E-02 3.33E-Q3 2.26E-Q2 9.83E-04 3.29E-03 9.39E-04 5.22E-03 2.78E-03 1.57E-02 8.84E-04 6.10E-03 BDl 4.21E-Q4 
4.80 1.38E-Q2 2.34E-02 1.25E-Q2 1.46E-Q2 HI 2. 12E-03 4.42E-03 3.37E-03 1.39E·Q2 1.01E-02 5.04E-03 4.00E-03 6.32E-04 2. 72E-Q4 
8.00 1.61E-Q2 1.81E-02 1.35E-Q2 1.13E-Q2 3.75E-03 1.S4E-03 4.31 E-03 2.61E-03 1.39E-02 7.82E-03 4.73E-03 3.10E-03 1.6SE-03 2.10E-Q4 
24.00 4.83E-Q4 1.05E-02 NO 6.53E-Q3 HI 9.5OE-04 1.22E-04 1.51 E-03 3.53E-04 4. 52E-03 4.42E-05 1.80E-03 BDl 1.22E-Q4 
48.00 6.09E-Q3 7.39E-03 4.79E-Q3 4.62E-03 HI 6.70E·04 1.33E-03 1.07E-Q3 3.42E-03 3.19E-03 1.34E-03 1.30E-03 HP 8.59E-QS 
72.00 5.51E-Q3 S.03E-03 3.75E-Q3 3.77E-Q3 6.96E-04 5.5OE·04 7.84E-04 8.70E-04 2.57E-03 2.61E-03 7.61E-04 1.00E-03 1.25E-04 7.01E-QS 

101.50 4.14E-Q3 5.08E-03 4.27E-Q3 3. 17E-Q3 NI 4.6OE-04 1.66E-03 7.30E-04 4.92E-03 2.2OE-03 1.64E-03 9.00E-04 2.0SE-04 5.91E-QS 
124.00 2.87E-Q3 4.60E-03 1.77E-Q3 2.87E-03 4.75E-04 4.2OE-04 5.08E-04 6.60E-04 1.61E-03 1.99E-03 5.35E-04 8.00E-04 9. 54E-OS 5.34E-QS 

all (0.=11) 
slope- 0.0537 0.0511 0.0393 0.0320 0.0010 0.0046 0.0097 0.0074 0.0272 0.0221 0.0100 0.0087 0.0004 0.0006 
rA200 0.8950 1.0000 0.9092 1.0000 0.0435 1.0000 0.8936 1.0000 0.8954 1.0000 0.8884 1.0000 0.7980 1.0000 

(continued) 



APPENDIX G. (continued) 

RUN#: 8 SOL TYPE: Kidman sandy loam TEMPERATURE ("C): 20 
POSITION#: 7 APPlICATION: subsurface TOTAl. POROSITY: 0.5207547 

WASTE TYPE: Slop Oil BULK DENSITY(glcm'S): 1.27 AIR-FLLED POROSITY: 0.4007547 
LOADING: S.54% % MOISTURE: 12.00% APPLICATION AREA (cm"2): 4S.6 

FLUX COMPARISON (uglcm'2Isec) 
TIME BENZENE FLUX TOLUENE FLUX ElHL YBENlENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAP11W..ENE FLUX 
(HRS) MEASURE THEOR. MEASURE lHECA. MEASURE lHEOR MEASURE lHEOR. MEASURE THEOR. MEASURE lHEOR. MEASURE lliEOR. 
0.28 2.53E-OS 2.85E-02 2.29E-oS 7.8SE-oS 4.64E-04 7.80E-04 4.64E-04 9.5OE-04 1.S9E-oS S.41E-OS S.80E-04 1.30E-oS 1.29E-04 1.29E-oS 
0.60 2.75E-OS 2.84E-02 3.23E-03 7.8SE-03 9.72E-04 7.80E-04 7.7SE-04 9.50E-04 2. 25E-oS S.41E-OS 7.40E-04 1.30E-oS 8.25E-oS 1.29E-oS 
1.00 2.87E-OS 2.82E-D2 S.44E-03 7.84E-oS 8.39E-04 7.80E-04 9.17E-04 9.5OE-04 2.89E-03 S.40E-OS 9.S6E-04 1.30E-03 BDL 1.29E-oS 
2.08 2.41E-OS 2. 74E-02 S.02E-03 7.79E-oS 7.29E-04 7.80E-04 7.40E-04 9.5OE-04 2.0SE-oS S.40E-03 6.89E-04 1.S0E-oS BDL 1.29E-oS 
4.92 2.3OE-OS 2.59E-02 3.02E-03 7.70E-03 7. 18E-04 7.70E-04 7.7SE·04 9.40E-04 2. 14E-oS S.38E-OS 7.09E-04 1.S0E-oS BDL 1.29E-oS 
8.1S 2.53E-OS 2.4SE-02 S.SSE-03 7.60E-oS 1.10E-03 7.70E-04 1.09E-03 9.40E·04 3.10E-03 S.36E-03 1.1SE-03 1.30E-oS BDL 1.29E-oS 

24.18 4.02E-OS 1.77E-02 NO 6.87E-oS NO 7.S0E-04 NI 9.10E-04 9.8SE-03 S.22E-OS 3.50E-oS 1.S0E-03 BDL 1.29E-oS 
48.18 NO 1.40E·02 NO 6.18E-03 NO 6.90E-04 1.02E-03 8.8OE·04 S.10E-03 S.06E-oS 1.02E-oS 1.20E-oS BDL 1.29E-oS 
72.00 1.01E-03 1.19E-02 1.2SE-03 S.66E-03 7.S1E-04 6.50E-04 4.42E-04 8.50E-04 1.28E-oS 2.92E-OS 4.42E-04 1.10E-oS BDL 1.29E-oS 
101.6S 1.38E-OS 1.OSE-D2 1.56E-oS S.18E-oS 8.17E-04 6.10E-04 7.73E-04 8. 1 OE-04 2.0SE-oS 2.77E·03 7.61E-04 1.10E-03 BDL 1.29E-OS 
124.17 1.1SE·OS 9.40E-03 1.S5E-oS 4.88E-03 6.40E-04 S.90E-04 6.S2E-04 7.9OE-04 1.61 E-03 2.67E-OS 6.48E-04 1.10E-03 BDL 1.29E-OS 
R.E.: 87.04% 96.00% 90.56% 90,52% 9S.44% 97.27% 77.S7"Io 

all (0&11) 
slope- 1.00E-OS l.00E-02 1.00E-03 1.00E-03 -8.40E-06 8.40E-oS -9.4OE-OS 6.8OE-OS -1.00E-03 3.20E·04 -4.20E-04 9.40E-oS 7.80E-oS 
r'2- 0.13 6.12E-Ol 0.207 0.49S 0.081 0.454 0.073 0.448 0.OS7 0.456 0.082 O.S58 

S24hrs (n.7) 
61ope- 1.80E-04 -2.00E·03 1.70E-04 ·l.93E·04 9.50E-oS ·9.40E·06 l.20E·04 ·7.80E-oB 1.00E-03 -3.60E-OS 1.00E-03 oS.10E·OS 

r·2- 0.2540 0.7770 0.2760 0.6760 0.2990 0.6490 0.5460 0.6950 0.5470 0.6770 0.5800 -0.0001 

.... ~4hrs(nzS) 

...... 61ope- 0.0260 0.07S0 -0.0050 0.0170 O.OOSO 0.0010 0.0050 0.0010 0.0730 0.0050 0.0250 0.0020 
1.0 ,'2- 0.91S0 0.9930 0.9270 0.9600 0.2150 0.9310 0.2590 0.8960 0.8730 0.9260 0.8420 0.9440 

RUN#: 8 SOIL TYPE: Kidman sandy loam TEMPERATURE ("C): 20 
POSITION#: 8 APPLICATION: subsurface TOTAl. POROSITY: 0.5207547 

WASTE TYPE: SlopOil BULK OENSITY(glcm'S): 1.27 AtR·FLLED POROSITY: 0.4007547 
LOADING: S.S9% % MOISTURE: 12.00% APPLICATION AREA (cmA2): 4S.6 

TIME BENZENE FLUX TOLUENE FLUX ElHl YBENlENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAP11W..ENE FLUX 
(HRS) MEASURE THEOR. MEASURE lHEOR MEASURE lHEOR MEASURE lHEOR. MEASURE THEOR. MEASURE THEOR MEASURE lliEOR. 
0.28 1.06E·OS 2.8SE-02 8.6SE-04 7.8SE-03 S.SOE-04 7.80E-04 S.97E-04 9.5OE·04 1.93E-oS S.41E-03 6.99E-04 1.3SE-03 S.74E-os 1.29E-OS 
0.60 4.14E-04 2.84E-02 S.02E-04 7.8SE-oS 1.66E-04 7.80E-04 1.77E-04 9.5OE-04 6.8SE-04 S.41E-OS 2.47E-04 1.SSE-oS 1.80E-04 1.29E-OS 
1.00 S.17E-04 2.82E·02 4.17E-04 7.84E-oS 2.54E-04 7.80E-04 2.54E-04 9.50E·04 9.S2E-04 S.40E-03 S.50E-04 1.3SE-03 S.22E-oS 1.29E-OS 
2.08 7.01 E-04 2. 73E-02 7.19E-04 7.79E-oS S.98E-04 7.80E-04 S.87E-04 9.50E-04 l.S9E-03 S.40E-OS S.04E-04 1.SSE-03 S.80E-oS 1.29E-OS 
4.92 6.09E-04 2.59E-02 6.15E-04 7.70E-oS 4.7SE-04 7.70E-04 4.42E-04 9.4OE-04 1.S9E-oS S.38E-OS S.86E-04 1.S2E-oS 7.22E-oS 1.29E-OS 
8.13 1.0SE-OS 2.4SE-02 9.58E-04 7. 59E-oS 4.7SE-04 7.70E-04 4.97E-04 9.4OE-D4 1.50E-03 S.36E-OS 5.6SE-04 1.S1E-oS 2.71E-oS 1.29E-OS 

24.18 1.10E-02 1.76E-02 8.23E-03 6.8SE-03 1.66E-03 7.30E-04 1.77E-03 9.10E-04 S.S7E-03 S.21E-OS 1.8SE-03 1.26E-oS 9.67E-oS 1.29E-OS 
48.18 S.86E-OS 1.S9E-02 S.10E-oS 6. 1 SE-oS 9.50E-04 6.90E-04 1.66E-03 8.8OE-04 4.S9E-oS S.OSE·03 1.7SE-oS 1.19E-03 1.11E-oS 1.29E-OS 
72.00 S.79E-03 1.18E-02 S.02E-03 S.64E-oS 8.28E-04 6.50E-04 6.85E-04 8.5OE-04 1.93E-03 2.91E-OS 6.S7E-04 1.14E-oS BDL 1.29E-05 
101.6S 2.3OE-04 1.02E-02 1.46E-04 5.1SE-oS S.42E-os 6.10E-04 2.S2E-05 8.10E·04 1.71 E-04 2.75E-OS 3.S9E-oS 1.08E-03 BDL 1.29E-OS 
124.17 S.2BE·03 9.32E-03 3.02E-03 4.8SE-03 1.55E-03 5.90E-04 1.22E-03 7.9OE-04 3.32E-oS 2.66E-OS 1.23E-03 1.04E-03 BDL 1.29E-OS 

all (0&11) 
slope- -S.OOE-OS 1.10E-02 -2.QOE-03 1.00E-oS -3.90E-04 8.40E-oS -4.00E-04 6.8OE-oS -1.00E-03 3.3OE-04 -3.60E-04 1.S0E-04 2.00E-oS 
r'2- 0.2150 0.6130 0.2070 0.4960 0.1880 0.4540 0.1590 0.4480 0.1260 0.4590 0.1270 0.4S10 0.0500 

~4hrs(n=S) 
slope- 0.07S0 0.0720 0.0600 0.0170 0.007 0.0010 0.0110 0.0010 0.0360 0.0050 0.0120 0.0020 0.0010 

,A2- 0.7180 0.9930 0.8290 0.9600 O.23S 0.9310 0.4700 0.8960 0.5910 0.9260 0.4860 0.9S50 
(continued) 
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RUN#: 9 
POSITION#: 1 

WASTE T't'PE: Slop Oil 
LOADING: 7.99% 

" 

APPENDIX G. (continued) 

SOL TYPE Kidman sandy loam 
APPLICATION: subsurface 

BULK DENSITY(gfcm"3): 1.42 
% MOISTURE: 2.36% 

FLUX COMPARISON (ugfcm"21sec) 

TEUPERATUFE ("C): 20 
TOTAL POROSITY: 0.464151 

AIR-FIll.ED POROSITY: 0.440551 
APPLICATION AREA (cm"2): 45.6 

BENZENE FLUX TOLUENE FLUX E1lIL YBENZENE FLUX P-XYlENE FLUX M-XYLENE FLUX o.XYtENE FLUX NAPTHALENE FLUX 
MEASUFE THEOR. MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASUFE THEOR. MEASUFE THEOR. 
2.62E-D3 1.18E-01 2.25E-04 3.35E-D2 NP 3.34E-03 3.19E-06 4.07E·03 USE-Os 1.46E-02 1.23E-06 5.70E-03 5.47E-06 5.56E-05 
4.01E-D3 1.03E-01 1.99E-03 3.25E-D2 NP 3.29E-03 7.21E-05 4.03E-03 2.10E-04 1.44E-02 7.66E-DS S.60E·03 BDL 5.56E-05 
4.52E-D3 2.64E-02 4.84E-03 1.65E-D2 NP 2.4OE-03 2.53E-03 3.81E-03 8.22E-03 1.14E-02 3.04E-D3 4.50E·03 3.02E-D5 5.56E-05 
7.63E-D3 2.22E-02 1.20E-02 1.39E-D2 1.34E-03 2.02E-03 3.91E-03 3.20E-03 1.62E-02 9.60E-03 6.58E-D3 3.*lE·03 4.68E-D4 2.58E-04 
3.00E-D3 1.99E-02 4.15E-03 1.25E-D2 1.37E-03 1.81E-03 2.71E-03 2.87E-03 7.71E-03 8.62E-03 3.42E-D3 3.4OE·03 5.14E-D4 2.31E.04 
87.04% 96.00% 90.56% 90.52% 93.44% 97.27% 77.57% 

-D.0013 0.0550 -0.0039 0.0113 0.0007 -0.0018 0.0005 -0.0063 0.0028 -D.0026 0.0011 -D.0002 -0.0001 
0.2884 0.8533 0.4847 0.7857 0.7291 0.7099 0.4956 0.5827 0.6964 0.5843 0.6950 0.3844 0.3530 

0.0004 -D.0193 0.0009 -D.0037 -0.0002 0.0005 -0.0001 0.0018 -0.0007 0.0007 -0.0003 S.OOE-06 
0.8042 0.9703 0.9961 0.9267 0.9240 0.9111 0.9668 0.9081 0.9285 0.9099 0.9381 1.0000 

0.0174 0.1545 -0.0185 0.0952 0.1400 -0.0101 0.2240 -0.0260 0.0661 -D.0241 0.0261 -D.0121 -0.0046 
0.0246 1.0000 0.0082 1.0000 1.0000 0.0821 1.0000 0.0136 1.0000 0.0702 0.9998 0.9303 0.7896 

RUN#: 9 SOL TYPE Kidman sandy loam TEUPERATUFE ('C): 20 
POSITION#: 2 APPLICATION: subsurface TOTAL POROSITY: 0.464151 

WASTE T't'PE: Slop Oil BULK DENSITY(gfcm"3): 1 .42 AIR-FIll.ED POROSITY: 0.440551 
LOADING: 7.970/_ % MOISTURE: 2.36% APPLICATION AREA (cm"2): 45.6 

FLUX COMPARISON (ugfcm"21sec) 
BENZENE FLUX TOLUENE FLUX ETHL YBENZENE FLUX P-XYlENE FLUX M-XYlENE FLUX o.XYtENE FLUX NAPTHALENE FLUX 

MEASURE THEOR. MEASURE THEOR MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 
7.82E-D3 7.64E-02 2.64E-04 2.13E-D2 NI 2.11E-03 3.83E-05 2.57E-03 1.47E-04 9.24E-03 3.66E-D5 3.60E-03 3.4OE-D5 3.51E-05 
1.55E-D3 7.21E-02 l.26E-D4 2.10E-D2 BDL 2.10E-03 BDL 2.56E-03 BDL 9.20E-03 BDL 3.00E-03 NP 3.51E-05 
2.77E-03 2.56E-02 3,42E-03 1.59E-D2 NI 2.31E-03 5.*lE-04 3.65E-D3 1.5OE-03 1.10E-02 3.47E-D4 4.30E-D3 BDL 2.22E-04 
7.9OE-D3 2.15E-02 1.70E-02 1.34E-D2 3.38E-03 1.94E-03 7.57E-03 3.08E-03 2.02E-02 9.25E-03 7.20E-03 3.00E-03 BDL 2.00E-04 
4.93E-D3 1.93E-02 6.07E-03 1.20E-D2 3.07E-03 1.75E-03 3.15E-03 2.nE-03 8.50E-03 8.31E-03 2.71E-03 3.30E-03 NP 1.86E-04 

0.0010 0.0318 -0.0051 0.0045 0.0210 0.0001 -0.0020 -0.0003 -D.0054 -0.0001 -D.0019 -0.0001 NO -0.0001 
0.0771 0.8089 0.3575 0.7158 0.0711 0.3031 0.3798 0.3014 0.0148 0.2696 0.0239 NO 0.7488 

-D.0008 -0.0109 0.0007 -D.0012 4.00E-05 0.0001 0.0002 0.0003 0.0004 0.0001 0.0002 4.00E-05 
0.3814 0.9378 0.8735 0.9252 0.8701 0.9922 0.8850 0.9971 0.8971 

-D.0685 0.1499 -0.1174 0.0926 0.0210 0.0134 -0.0855 0.0209 -0.2314 0.0640 -D.0806 0.0240 0.0009 
0.3216 1.0000 0.1211 0.9999 0.9998 0.2663 1.0000 0.2730 1.0000 0.2439 0.9968 0.9982 

(continued) 
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RUN#: 9 
POSmON#: 3 

WASlC TYPE: Slop Oil 
LOADING: 7.55% 

BENZENE FLUX TOlUENE FLUX 
MEASURE THEOR. MEASURE THEOR. 
2.67E-<l3 5. 79E-<l2 4.1 8E-04 1.60E-02 
3.60E.03 5. 59E-<l2 2.21E-03 1.59E·02 
2.86E.03 2.44E-<l2 2.89E-03 1.28E·02 
3.72E-<l3 2.08E-<l2 5.85E-03 1. 14E-02 
2.53E.03 1.8SE-<l2 2. 76E·03 1.05E-02 
87.04% 96.00% 

-<l.0001 0.0215 ·0.0019 0.0026 
0.0405 0.7929 0.6006 0.7090 

-4.83E-07 -<l.0072 0.0005 -0.0007 
0.0000 0.9271 0.8099 0.9132 

0.0029 0.1331 -0.Q109 0.0543 
0.0103 1.0000 0.0176 0.9979 

RUN#: 9 
POSITION#: 4 

WASlC TYPE: Slop Oil 
LOADING: 7.49% 

BENZENE FLUX TOLUENE FLUX 
MEASURE THEOA. MEASURE THEOR. 
3.63E-<l3 5.34E-<l2 5.82E·04 1.48E-02 
5.51E-<lS 5.14E-<l2 3.55E-03 1.47E-02 
4. 57E-<l3 2.37E-<l2 4.23E-03 1.18E-02 
4.50E-<l3 2.03E-<l2 6.83E-03 1.07E-02 
3.39E.03 1.S4E-<l2 3.53E-03 9.92E-03 

-<l.0001 0.0191 ·0.0023 0.0024 
0.0179 0.7956 0.6878 0.7227 

0.0001 -<l.0064 0.0007 -0.0006 
0.1029 0.9S07 0.7317 0.9142 

0.0249 0.1259 0.0026 0.0442 
0.8424 0.9999 0.001 0.9948 

APPENDIX G. (continued) 

SOIL TYPE: Durant clay loam 
APPLICATION: subsurface 

BULK DENSITY(gcmAS): 1.09 
'Y. MOISTURE: 8.95% 

FLUX COMPARISON (ugcmA2Isec) 

TEMPERATURE rCI: 20 
TOTAl POROSITY: 0.588679 

AfR-FfLLED POROSITY: 0.499179 
APPLICATION AREA (cmA2): 45.6 

ETHL YBENZENE flUX P·XYLENE FLUX M·XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. MEASURE THEOR. 

NP 1.59E-OS NP 1.941:·03 2.S4E-<l5 6.96E.os SOL 2. 70E-<l3 1.481:·05 2.64E·05 
2.10E-<l4 1.59E·OS 1.86E·04 1.93E·OS 5.57E-<l4 6.94E-<lS 1.13E-<l4 2.70E-<lS SOL 2.64E·05 

NI 1.57E·OS 6.23E·04 2.12E-OS 1.72E-<l3 7.12E-<lS 5.27E-<l4 2.80E-<l3 SOL S.50E-05 
NI 1.44E-OS 2.13E-03 1.9SE-OS 5.77E-<l3 6.5SE-<lS 1.96E·03 2.60E-<lS SOL S.50E'()5 

7.19E-<l4 1.35E-OS 6.41E·04 1.9OE-OS 1.72E-<lS 6.21E-<l3 5.46E-04 2.4OE-<lS SOL 3.48E·05 
90.56% 90.520/. 9S.44% 97.27% 77.57% 

-<l.0007 0.0001 -O.OOlS -3.65E-<l5 -<l.0018 
0.3836 0.S165 0.1167 0.4014 

-0.000004 0.0001 0.00004 0.0003 
0.8971 0.8670 0.9997 

0.0052 -0.0073 0.0052 -<l_0186 
0.9957 0.0323 0.9957 0.0287 

SOIL TYPE: Durant clay loam 
APPLICATION: subsurface 

BULK DENSITY(glcmA3): 1.09 
% MOISTURE: 8.95% 

FLUX COMPARISON (ugcmA2Isec) 

0.0002 ·0.0012 0.0001 
0.1903 0.3164 0.1113 

0.00004 0.0001 0.00002 
0.82n 0.8971 

0.0214 -<l.007 0.0092 
0.9961 0.0327 0.9713 

TEMPERATURE ("C): 20 
TOTAl POROSITY: 0.588679 

AfR·FfLLED POROSITY: 0.499179 
APPLICATION AREA (cmA2): 45.6 

-5.00E·Q6 
0.7673 

0.000002 
0.8971 

0.000004 
0.5910 

ETHL YBENZENE FLUX P-XYLENE FLUX M·XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
MEASURE THEaR. MEASURE THEaR. MEASURE THEOA. MEASURE THEOA. MEASURE THEaR. 

NP 1.47E-03 NP 1.79E-03 4.93E-<l5 6.43E-<l3 SOL 2.50E-<lS 3.3SE-Q6 2.44E-05 
3.94E-<l4 1.46E-03 S.241:·04 1. 79E·03 9.01 E-<l4 6.41 E-<lS 1.92E-<l4 2.50E-<lS SOL 2.44E-05 

NI 1.39E-03 9.58E-04 1.83E·OS 2.61 E-<lS 6.26E-<l3 8.2SE-04 2.4OE-<l3 SOL 2.87E-05 
Nl 1.30E·03 2.53E-03 1.75E-03 6.87E-<lS 5.8SE-<lS 2.S4I:-<l3 2.30E-<lS 1.47E-05 2.86E-05 
NI 1.23E-OS 8.76E·04 1.6SE-03 2.39E-<lS 5.61E-<l3 7.75E-04 2.20E-<lS 1.0SE-05 2.86E-05 

0.0001 -0.0015 2.2SE-05 -<l.0022 0.0003 -0.0015 0.0001 -5E·Q6 -2.5E-<l6 
0.5769 0.3604 0.1072 0.4791 0.4803 0.3798 0.5568 0.8869 0.7672~ i 

-0.000017 0.0002 8.7E-Q6 0.0005 -0.000036 0.002 -2.2E-<l5 9.37E-07 
0.9559 0.8971 1 0.9529 1 0.8971 0.8971 

0.0037 -0.0055 0.0035 -0.015 0.0153 -0.0058 0.0046 0.003 2.5E-<l6 
0.9904 0.0159 0.9827 0.016 0.9947 0.0196 0.971S 1 O.880S 

N Iz not integrated NP .. no peak recognized No.. no data BOt.. below delectable limits 



APPENDIX H FIELD TEMPERATURE DATA 
BACKGROUND BEFORE TIWNG·1· 

Sample Date 6125/85 

Purge Start Time. 12:45 pm Sample fI BBT1A 

TIME: 12:45 1:03 1 :12 
Ambient 32.5 

Shroud Air 59 74 78 
114 • Soil 65 77 82 
2" Soil 37.1 38.6 40 

CONDITION PS MS ES 

Purge Start Time. 1:28 pm Sample fI BBT1B 

TIME: 1:27 1:28 1:38 1:43 1:48 
Ambient 33 

Shroud Air 50 71 78.6 75 
1/4" Soil 58.6 57 63 67.6 67 
2" Soil 38.2 40 41 41.6 42.4 

CONDITION PRE PS SS MS ES 

Purge Start Time. 1:56 pm Sample fI BBT1C 

TIME: 1:57 2:05 2:10 2:17 
Ambient 

Shroud Air 47.5 71 76.5 78 
1/4" Soil 51.5 71 76.5 77.6 
2" Soil 39.8 39.8 40.2 40.5 

CONDITION PS SS MS ES 

Purge Start Time. 2:09 pm Sample # BBT1D 

TIME: 2:09 2:20 2:28 2:32 
Ambient 

Shroud Air 45 70.4 72.1 73 
1/4" Soil 54.5 68.4 72.7 73 
2" Soil 39.8 40.5 41.3 41.8 

CONDITION PS SS MS ES 

Purge Start Time. 2:47 pm Sample # BBT1E 

TIME: 2:47 2:57 3:05 3:07 
Ambient 

Shroud Air 56 72.6 77 77.7 
1/4" Soil 59 70.8 74.7 75.3 
2" Soil 42.8 42.7 43.4 43.7 

CONDITION PS SS MS ES 

Purge Start Time. 2:38 pm Sample # BBT1F 

TIME: 2:38 2:53 2:58 3:03 
Ambient 

Shroud Air 44 68 73 74.3 
1/4" Soil 49 66 70.4 71.4 
2" Soil 32 33.2 34.2 34.7 

CONDITION PS SS MS ES 

(continued) 
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APPENDIX H (continued) 
BACKGROUND AFTER TIUJNG-1' 

Sample Date 6/25/85 

Purge Start Time. 7:52 pm Sample # BATlA 

TIME: 7:52 7:57 8:01 8:07 
Ambient 29 

Shroud Air 31.4 32 30.4 32 
1/4' Soil 32.5 32 30.5 32.3 
2" Soil 37.7 37.5 37.4 37.3 

CONDITION PS MP SS MS 

Purge Start Time. 5:15 pm Sample # BAnB 

TIME: 5:19 5:27 5:31 5:40 
Ambient 32 

Shroud Air 52 55.6 54.8 52.2 
1/4' Soil 54 57.4 56.4 53.2 
2" Soil 36.3 36.4 36.8 37.4 

CONDITION MP MP SS ES 

Purge Start Time. 5:30 pm Sample # BAT1C 

TIME: 5:41 5:53 
Ambient 

Shroud Air 47.7 51.6 
1/4" Soil 49.6 53 
2" Soil 43.7 51.4 

CONDITION SS SE 

Purge Start Time. 6:32 pm Sample # BAT1D 

TIME: 6:32 6:42 6:53 7:03 
Ambient 32 30.2 

Shroud Air 36.6 44 45 43.1 
1/4' Soil 39 46.3 47.2 45.1 
2" Soil 36.9 37.1 37.2 37.6 

CONDITION PS MP SS ES 

Purge Start Time. 7:12 pm Sample # BAnE 

TIME: 6:35 6:40 6:55 7:22 
Ambient 32 30.3 30.3 30.5 

Shroud Air 37.7 36 38.1 41.1 
1/4 • Soil 38.5 36.9 37.3 38.7 
2" Soil 37.5 37.5 37.2 37.4 

CONDITION PS MP MP SS 

Purge Start Time. 6:44 pm Sample # BAnF 

TIME: 6:53 7:08 
Ambient 30.2 30.3 

Shroud Air 41 41.7 
1/4" Soil 41 41.5 
2" Soil 30 30.7 

CONDITION S5 E5 
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APPENDIX H (continued) 
BACKGROUND AFTER TILUNG-2-

Sample Date 6/26/85 

Purge Start Time. 10:30 am Sample # BAT2A 

TIME: 10:30 10:33 10:43 10:53 
Ambient 28.5 28.5 28.5 

Shroud Air 37.6 57.4 61.6 
1/4· Soil 40.3 42.5 55.1 58.3 
2" Soil 33.4 33.4 34 34.5 

CONDIllON PRE PS SS POST 

Purge Start Time. 10:09 am Sample # BAT2B 

TIME: 10:03 10:10 10:22 10:31 
Ambient 28 28.5 

Shroud Air 40 58.2 61 
1/4" Soil 35.7 36.7 53 62 
2" Soil 29 29.5 PROBE OUT OF SOIL 

CONDIllON PRE PS SS POST 

Purge Start Time. 11:25 am Sample # BAT2C 

TIME: 11 :20 11:26 11 :35 11 :42 11:45 
Ambient 30.5 30.5 

Shroud Air 50 64.7 68 69.3 
1/4" Soil 40 48.7 56 58.8 60 
2" Soil 34.4 44.5 PROBE OUT OF SOIL 

CONDIllON PRE PS SS ES POST 

Purge Start Time. 9:45am Sample # BAT2D 

TIME: 9:44 9:47 9:57 10:05 
Ambient 28 28 

Shroud Air 38.8 50.7 54.6 
1/4" Soil 36.8 39.1 44.4 48.1 
2" Soli 31.5 31.6 32 32.7 

CONDIllON PRE PS SS ES 

Purge Start Time. 10:56 am Sample # BAT2E 

TIME: 10:55 10:56 11 :07 11 :12 11 :17 
Ambient 28.5 

Shroud Air 40.2 61.5 64 66 
1/4" Soil 42.8 40.1 48.7 46.1 47.6 
2" Soil 32 32.3 32.9 33.3 33.6 

CON DillON PRE PS SS MS ES 

Purge Start Time. 9:27am Sample # BAT2F 

TIME: 8:51 9:25 9:27 9:32 9:41 9:51 
Ambient 27 26.5 28 28 

Shroud Air 37.7 45.2 49.8 52.4 
1/4" Soil 31.2 33.2 35.7 37.4 40.3 43 
2" Soil 25.7 26.7 26.6 26.6 26.9 27.5 

CONDIllON PRE PRE PS MP SS ES 

(continued) 
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APPENDIX H (continued) 
WASTE BEFORE TlLlING-1" 

Sample Date 6/26/85 

Purge Start Time. NO PURGE Sample # WBT1A 

TIME: 4:00pm 4:12 4:26 4:32 
Ambient 

Shroud Air 51.2 56.6 58.3 
1/4" Soil 38.5 40.1 41.3 41.3 
2" SOU 40.1 40.1 40.2 40.3 

CONDITION PA US ES POST 

Purge Start Time. NO PURGE Sample # WBT1B 

TIME: 3:59pm 4:08 4:20 
Ambient 

Shroud Air 53 57 
1/4' Soil 50 44.8 46.2 
2" Soil 39.3 39.5 39.5 

CONDITION PA US ES 

Purge Start Time. NO PURGE Sample # WBT1C 

TIME: 2:06pm 2:11 
Ambient 

Shroud Air 46.7 59 
1/4" Soil 46.6 48.8 
2" Soli 40 40.1 

CONDITION SS ES 

Purge Start Time NO PURGE Sample # WBT1D 

TIME: 2:06pm 2:11 
Ambient 

Shroud Air 51 52.7 
114" Soil 45 45.8 
2" Soil 40 40.3 

CONDITION SS ES 

Purge Start Time. NO PURGE Sample # WBT1E 

TIME: 2:08pm 2:19 2:24 2:31 
Ambient 

Shroud Air 55 58 62.7 64.2 
114' Soil 43.7 45.7 47 48.1 
2" Soil 39 39.6 40 40.5 

CONDITION PS US as POST 

Purge Start Time. NO PURGE Sample # WBT1F 

TIME: 3:57 pm 4:07:30 4:19 
Ambient 

Shroud Air 46 57.1 
114" Soil 46.6 43 45.1 
2" Soil 34 35 35.8 

CONDITION PA SS POST 

(continued) 
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APPENDIX H (continued) 
WASTE BEFORE TilUNG-2" 

Sample Date 6/26/85 

Purge Start Time _ 4:15 pm Sample. WBT2A 

TIME: 4:26 4:32 
Ambient 

Shroud Air 56.6 58.3 
1/4" Soil 41.3 41.3 
2" Soil 40.2 40.3 

CONDITION SS ES 

Purge Start Time. 4:17pm Sample • WBT2B 

TiME: 4:20 4:27 4:36 
Ambient 

Shroud Air 57 59.2 59.6 
1/4" Soil 46.2 48 48.6 
2" Soil 39.5 39.9 40.3 

CONDITION MP EP ES 

Purge Start Time _ 2:11 pm Sample • WBT2C 

TIME: 2:21 2:26 
Ambient 

Shroud Air 62.2 63.9 
114" Soil 51.9 53 
2"8011 40.6 41 

CON DIllON SS ES 

Purge Start Time. 2:11 pm Sample # WBT2D 

TIME: 2:24 2:29 
Ambient 

Shroud Air 55 56.3 
1/4" Soil 48.2 49.2 
2"8011 40.9 41.2 

CONDITION SS ES 

Purge Start Time _ 2:23pm Sample # WBT2E 

TIME: 2:24 
Ambient 

Shroud Air 55.8 
1/4" Soil 43.5 
2"8011 40.6 

CONDITION SS 

Purge Start Time _ 4:12pm Sample. WBT2F 

TIME: 4:19 4:25 
Ambient 

Shroud Air 57.1 57 
1/4" Soil 45.1 41.3 
2" Soil 35.8 40.2 

CON DIllON MP MS 

(continued) 
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APPENDIX H (continued) 
WASTE BEFORE TllLlNG-3· 

Sample Date 6/26/85 

Purge Start Time. 5:22 pm Sample # WBT3A 

TIME: 5:22 5:35 5:40 
Ambient 31.4 

Shroud Air 47.5 53.8 54.7 
1/4" Soil 36.4 35.8 35.5 
2" Soli 39.6 39.2 39 

CONDIllON PS SS ES 

Purge Start Time. 5:17 pm Sample # WBT3B 

TIME: 5:17 5:29 5:36 
Ambient 

Shroud Air 38.4 45 50.8 
114" Soil 38 39.8 41.3 
2" Soil 39.3 38.5 38.5 

CONDIllON PS SS POST 

Purge Start Time. 3:07pm Sample # WBT3C 

TIME: 3:07 3:19 3:24 
Ambient 30.5 

Shroud Air 41.2 51.2 53 
1/4" Soil 41.9 48.5 50.1 
2" Soil 42.1 41.8 42 

CONDIllON PS SS ES 

Purge Start Time. 3:00pm Sample # WBT3D 

TIME: 3:10 3:20 
Ambient 

Shroud Air 44.4 61.4 
1/4" Soil 44.2 46.4 
2" Soli 42.2 42 

CON DillON SS POST 

Purge Start Time. 3:16 pm Sample # WBT3E 

TIME: 3:34 
Ambient 

Shroud Air 59.8 
1/4· Soil 45.8 
2" Soil 40.4 

CONDIllON ES 

Purge Start Time. 5:03 pm Sample # WBT3F 

TIME: 5:03 5:13 5:17 
Ambient 29 

Shroud Air 45.3 49.5 51.6 
1/4" Soil 38.5 41 41.8 
2" Soil 37 37.2 37.1 

CONDIllON MP SS ES 

(continued) 
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APPENDIX H (continued) 
WASTE BEFORE TILLING-4 

Sample Date 6/26/85 

Purge Start Time. 8:15 pm Sample # WBT4A 

TIME: 8:15 8:28 
Ambient 31.4 

Shroud Air 27.7 29 
114· Soli 30.8 30.5 
2" Soli 35.2 35 

CONDITION PS MS 

Purge Start Time. 8:00pm Sample # WBT4B 

TIME: 8:01 8:16 
Ambient 25.4 

Shroud Air 28 28.7 
1/4 "Soil 29.6 30.2 
2" Soil 33.2 32.8 

CONDITION PS SS 

Purge Start Time. 7:25pm Sample # WBT4C 

TIME: 7:29 7:37 7:44 
Ambient 29.4 

Shroud Air 33.5 34.3 33 
1/4" Soil 32.5 34.4 34.4 
2" Soil 37 36.7 36.6 

CONDITION MP MS POST 

Purge Start Time. 7:41pm Sample # WBT4D 

TIME: 7:42 7:52 7:57 
Ambient 

Shroud Air 30.2 31.3 31.4 
1/4" Soli 33.1 33.6 33.7 
2" Soil 36.7 36.5 36.3 

CONDITION PS SS ES 

Purge Start Time. 7:44pm Sample # WBT4E 

TIME: 7:45 7:55 8:05 
Ambient 

Shroud Air 29.1 30.6 30.7 
1/4· Soil 32.2 32.5 32.7 
2" Soli 33.6 33.4 33.2 

CONDITION PS SS ES 

Purge Start Time. 8:25 pm Sample # WBT4F 
TIME: 8:25 8:36 8:41 

Ambient 
Shroud Air 26.7 27.3 27.4 
1/4· Soil 28.2 28.9 29.1 
2" Soli 32.8 32.6 32.5 

CONDITION PS SS ES 

(continued) 
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APPENDIX H (continued) 
WASTE BEFORE TIWNG-5· 

Sample Date 6/26/8S 

Purge Start Time. 9:29 pm Sample' WBTSA 

TIME: 9:30 9:41 9:45 
Ambient 

Shroud Air 24.6 2S.8 26.2 
1/4" Soil 28.3 28 28 
2" Soil 33.S 33.3 33.2 

CONDITION PS MS ES 

Purge Start Time. 9:16 pm Sample' WBTSB 

TIME: 9:23 9:30 
Ambient 

Shroud Air 2S.4 25.8 
114· Soil 27.2 27.5 
2· Soil 31.3 31 

CONDITION MP MS 

Purge Start Time. 8:47pm Sample , WBTSC 

TIME: 8:47 9:00 
Ambient 

Shroud Air 26.1 28.9 
1/4" Soil 29.8 30.6 
2" Soil 3S.3 3S 

CONDITION PS MS 

Purge Start Time. 8:S7pm Sample , WBTSD 

TIME: 8:S8 9:13 
Ambient 2S.6 

Shroud Air 27.2 28.S 
1/4 • Soil 30.8 31.S 
2· Soil 3S 33.7 

CONDITION PS ES 

Purge Start Time. 9:0Spm Sample # WBTSE 

TIME: 9:03 9:19 9:22 
Ambient 24.4 23.S 

Shroud Air 26.2 27.S 27.S 
1/4· Soil 29.7 29.9 29.2 
2· Soil 31.9 31.S 30.6 

CONDITION PS MS ES 

Purge Start Time. 9:54pm Sample # WBTSF 

TIME: 9:S7 10:0S 10:08 
Ambient 22.S 22.2 

Shroud Air 24 24.4 24.4 
1/4· Soil 26.2 26.6 26.6 
2· Soil 31.1 30.9 30.9 

CONDITION MP ES POST 

( continued) 
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APPENDIX H (continued) 
WASTE BEFORE TILLING-6· 

Sample Date 6/27/85 

Purge Start Time. 1:26pm Sample' WBT6A 

TIME: 1:26 1:28 1 :41 1:45 
Ambient 23.3 

Shroud Air 40.8 54.1 55.2 
1/4 • Soil 40.4 35.5 39.9 41.2 
2· Soil 32.1 32.6 33.3 33.8 

CONDI110N PRE PS SS MS 

Purge Start Time. 1:45 pm Sample , WBT6B 

TIME: 1 :45 1:55 2:04 
Ambient 24 

Shroud Air 42 55 57.5 
1/4 • Soil 37 39.3 41.7 
2" Soil 31.5 32 32.7 

CONDI11ON PS SS POST 

Purge Start Time. 3:51 pm Sample' WBT6C 

TIME: 3:50 3:52 4:04 4:11 
Ambient 27.5 

Shroud Air 39.7 56 58.1 
1/4· Soil 42.8 42.9 49.7 51.5 
2" Soil 36.4 36.5 36.7 36.7 

CONDI110N PRE MP MS POST 

Purge Start Time. 4:15pm Sample' WBT6D 

TIME: 4:15 4:25 
Ambient 

Shroud Air 37 48.6 
1/4· Soil 32.7 32.6 
2" Soil 35.8 36 

CONDITION PS SS 

Purge Start Time. 3:56 pm Sample' WBT6E 

TIME: 3:54 3:56 4:08 4:12 
Ambient 

Shroud Air 45 52.4 56 
1/4" Soil 40 40.3 43.2 44.1 
2· Soil 35.5 35.5 35.8 35.9 

CON DillON PRE PS MS ES 

Purge Start Time _ 1:59 pm Sample , WBT6F 

TIME: 1:59 2:09 2:14 
Ambient 

Shroud Air 41.2 54.2 55.7 
1/4· Soil 36.8 40.9 42.5 
2" Soil 30.5 30.6 30.8 

CONDI11ON PS SS ES 

(continued) 
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APPENDIX H (continued):!:... 
WASTE AFTER TllUNG-1· 

Sample Date 6127185 

Purge Start Time. 2:36 pm Sample' WAT1A 

TIME: 2:38 2:47 2:51 
Ambient 

Shroud Air 32.5 49.9 51.8 
1/4" Soil 34.7 42.3 44.2 
2" Soil 30.6 32.1 32.4 

CONDIllON MP MS ES 

Purge Start Time. 2:37pm Sample # WAT1B 

TIME: 2:38 2:48 2:53 
Ambient 

Shroud Air 37.3 51.4 53.6 
1/4 * Soil 32.9 37.4 39.5 
2· Soli 33 32.8 33 

CONDIllON MP MS POST 

Purge Start Time 4:42 pm Sample # WAT1C 

TIME: 4:44 4:50 4:56 5:01 
Ambient 26.5 

Shroud Air 34.6 43.5 49.9 48.4 
1/4" Soil 34.6 37.1 40.6 42 
2" Soil 36.6 36.2 36.1 36,2 

CON DillON MP MP MS POST 

Purge Start Time. 4:42 pm Sample # WAT1D 

TIME: 4:45 4:57 
Ambient 

Shroud Air 33.9 46.4 
1/4· Soil 34.5 38.7 
2" Soli 35.1 35.1 

'!~.~ 
CONDIllON MP MS 

Purge Start Time. 4:45 pm Sample # WAT1E 

TIME: 4:45 4:55 4:59 
Ambient 

Shroud Air 34.6 48.8 51.5 
1/4" Soil 34.6 36.9 38.8 
2* Soil 35 34.8 34.8 

CON DillON MP MS ES 

Purge Start Time. 2:41 pm Sample # WAT1F 

TIME: 2:42 2:54 
Ambient 25.5 

Shroud Air 35.9 SO. 1 
1/4" Soil 31',8 41.3 
2" Soil 31.3 32 

CONDIllON MP MS 

(continued) 
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APPENDIX H (continued) ,,---' WASTE AFTER T1lUNG-2 SHADEDII-

Sample Date 6/27/85 

Purge Start Time. 2:51 pm Sample # WAT2A 
No Shade 

TIME: 2:56 2:58 3:02 
Ambient 27.4 

Shroud Air 53.4 45.5 40.6 
114 -Soil 46.2 44.2 41.8 
2- Soil 32.9 33.3 33.3 

CONDITION UP UP MS 

Purge Start Time. 2:52 pm Sample # WAT28 

TIME: 2:53 2:58 3:02 3:07 
Ambient 25 25.5 25.5 

Shroud Air 53.6 54 45.1 41.2 
1/4 - Soil 39.5 42.1 42.1 41.3 
2- Soil 33 33.3 33.9 34.5 

CONDITION UP UP SS ES 

Purge Start Time. 4:57pm Sample # WAT2C 

TIME: 5:08 5:12 
Ambient 27.2 

Shroud Air 41.5 40.2 
114 - Soil 41 40.5 
2- Soil 36.4 36 

CONDITION MS ES 

Purge Start Time. 4:57 pm Sample # WAT2D Only 3 min. purgel 

TIME: 4:58 5:05 
Ambient 

Shroud Air 49 41.4 
114" Soli 40.6 39.8 
2" Soil 35.1 35.3 

,~ .. ' ''-: 

CONDITION UP ES 

Purge Start Time. 4:57pm Sample # WAT2E Only 5 min. purge! 

TIME: 5:03 
Ambient 

Shroud Air 43.2 
1/4 "Soil 39.4 
2" Soil 34.9 

CONDITION MS 

Purge Start Time. 2:56 pm Sample # WAT2F Only 5 min. purge! 

TIME: 3:01 3:05 
Ambient 25 25.5 

Shroud Air 41.7 37.7 
1/4" Soli 40.9 39 
2" Soli 33.3 34 

CONDITION SS MS 

(continued) 
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APPENDIX H (continued) 
WASTE AFTER TIWNG-3· 

Sample Date 6/27/85 

Purge Start Time. 8:37pm Sample • WAT3A 

TIME: 8:34 8:44 8:47 8:52 
Ambient 19.8 

Shroud Air 20.2 21.7 21.9 
1/4" Soil 22.2 24.1 24.3 
2" Soil 29 28.7 28.6 

CONDITION PS MP SS ES 

Purge Start Time. 8:32 pm Sample # WAT3B 

TIME: 8:34 8:42 8:49 
Ambient 21.1 

Shroud Air 20.5 22.2 22.3 
1/4" SoU 25.6 26 26.2 
2" Soil 29 29 28.8 

CONDITION SP SS ES 

Purge Start Time. 9:23pm Sample # WAT3C 

TIME: 9:25 9:33 9:38 
Ambient 

Shroud Air 17.7 18.8 18.8 
114" Soil 22.2 22.8 23 
2" Soil 28.8 28.6 28.4 

CONDITION SP SS ES 

Purge Start Time. 10:03 pm Sample # WAT3D 

TIME: 10:03 10:13 10:18 
Ambient 

Shroud Air 17.3 19 19.4 
1/4" Soil 19.5 20.8 21.2 

' .. " 2" Soil 28.1 27.8 27.8 
CONDITION PS SS ES 

Purge Start Time. 9:46 pm Sample # WAT3E 

TIME: 9:47 9:57 10:01 
Ambient 18.5 

Shroud Air 17.3 19.1 19.2 
114" Soil 22 22.5 22.8 
2" Soil 27.8 27.6 27.5 

CONDITION PS SS ES 

Purge Start Time. 9:01 pm Sample' WAT3F 

TIME: 9:01 9:10 9:15 
Ambient 19.2 19.2 

Shroud Air 18.1 19.3 19.4 
1/4" Soil 20.2 21.2 21.5 
2" Soil 24.7 24.7 24.7 

CONDITlON PS SS ES 

(continued) 
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APPENDIX H (continued) 
WASTE AFTER TILLlNG-4-

Sample Date 6/28/85 

Purge Start Time. 11:54 am Sample # WAT4A 

TIME: 11 :54 12:04 12:11 
Ambient 27 

Shroud Air 45 65.5 69.1 
1/4" Soil 48.9 58.5 61.9 
2· Soil 32.7 33.2 34.1 

CONDITION PS SS POST 

Purge Start Time. 11:56 am Sample # WAT4B 

TIME: 11:56 12:06 12:13 
Ambient 28 

Shroud Air 52 67 70.7 
1/4" Soil 38.5 41.6 44.2 
2" Soil 32.9 33.6 34.4 

CONDITION PS SS POST 

Purge Start Time. 1:41 pm Sample # WAT4C 

TIME: 1:40 1:41 1 :51 1:55 
Ambient 

Shroud Air 44.4 68.9 70.6 
1/4" Soil 45.4 44.7 47.1 48 
2" Soil 35.2 35.3 35.7 35.8 

CONDITION PRE PS SS ES 

Purge Start Time _ 1:00 pm Sample # WAT4D 

TIME: 12:57 1:00 1 :10 1 :18- - Shade put on during 
Ambient this period. 

Shroud Air 40 67 60 
1/4" Soil 52.6 51.7 60.3 55.6 
2· Soli 32.8 32.9 33.7 34.2 

CONDITION PRE PS SS POST 

Purge Start Time _ 12:53 pm Sample # WAT4E 

TIME: 12:54 1:02 1:06 
Ambient 29 28.5 

Shroud Air 45.5 65.9 68.4 
1/4· Soil 41.1 44 45.6 
2" Soli 32.3 32.9 33.1 

CONDITION MP MP MS 

Purge Start Time. 12:00 N Sample # WAT4F 15 MINUTE PURGE TIME! 

TIME: 11 :59 12:00 12:15 12:20 
Ambient 

Shroud Air 40 61.4 62.6 
1/4· Soil 47.5 49 58.8 60.5 
2· Soil 33.2 33.2 35.4 36.9 

CONDITION PRE PS SS ES 

(continued) 
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APPENDIX H (continued) -..;..-

WASTE AFTER TILLlNG-5 SHADED'" 

Sample Date 6/28/85 

Purge Start Time. 12:09 pm Sample # WAT5A 
No Shade 

TIME: 12:11 12:21 12:26 
Ambient 

Shroud Air 69.1 47.3 43.2 
1/4 • Soil 61.9 48.1 44.6 
2" Soil 34.1 35.2 35.6 

CONDITION MP SS ES 

Purge Start Time. 12:11 pm Sample # WAT58 

TIME: 12:13 12:21 12:27 
Ambient No Shade 29 

Shroud Air 70.7 49.8 44.9 
1/4 "Soil 44.2 43.2 41.4 
2" Soil 34.4 35.3 35.5 

CONDITION MP SS POST 

Purge Start Time. 1:55 pm Sample # WATSC 
No Shade 

TIME: 1:55 2:00 2:05 
Ambient 

Shroud Air 70.6 57 50.1 
1/4" Soil 48 47.5 45.9 
2· Soli 35.8 36.1 36.5 

CONDITION PS SS ES 

Purge Start Time. 1:15 pm Sample # WAT5D 
No Shade 

TIME: 1 :18 1:25 1:30 
Ambient 

Shroud Air 60 49.1 45.4 
1/4" Soil 55.6 48.4 46 
2" Soil 34.2 34.5 35 

CONDITION MP SS ES 
Purge Start Time. 1:07pm Sample # WAT5E 

TIME: 1:09 1 :12 1 :17 1 :21 
Ambient 29.5 

Shroud Air 61.6 55.7 49.3 45 
1/4· Soil 46.1 45.9 44.9 43.3 
2" Soil 33.3 33.4 33.8 34.3 

CONDITION MP MP SS MS 

Purge Start Time. 12:20 pm Sample # WAT5F 

riME: 12:29 12:31 12:37 
Ambient 

Shroud Air 49.1 46.4 43.2 
1/4" Soil 49.7 47.9 45 
2" Soil 37.8 38.1 37.9 

CONDITION SS MS POST 
(continued) 
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APPENDIX H (continued) 
WASTE AFTER TllUNG-6 SHADEDII' 

Sample Date S/29/85 

Purge Start Time. 11:01 am Sample II WATSA 

TIME: 11:02 11 :15 11 :17 
Ambient 27.5 

Shroud Air 40 39.5 39 
114' Soil 44 40 39.S 
2'Soil 31.9 32.4 32.5 

CONDITION PS MS ES 

Purge Start Time. 11:13 am Sample II WATS8 

TIME: 11 :10 11 :15 11 :25 11 :30 
Ambient 27.5 27.5 

Shroud Air 47.4 42.4 41.2 
1/4" Soil 39.5 40 38.2 37.S 
2" Soli 31.8 32.2 32.5 32.4 

CONDITION PRE MP MS POST 

Purge Start Time. 11:23 am Sample # WATSC 

TIME: 11 :22 11:23 11 :32 11:38 
Ambient 27 27 

Shroud Air 39.5 39 39 
1/4" Soil 41 41.4 38.8 38 
2" Soil 31 31 31.4 31.7 

CONDITION PRE PS SS ES 

Purge Start Time. 11:37 am Sample # WATSD 

TIME: 11:34 11 :37 11 :47 11:50 
Ambient 

Shroud Air 36.5 41 40.5 
114' Soil 45 43.7 40.5 40 
2" Soil 33.3 33.2 33.7 33.8 

CONDITION PRE PS SS MS 

Purge Start Time. 11:39 am Sample II WATSE 
TIME: 11 :38 11:39 11 :49 11:54 

Ambient 
Shroud Air 37.4 41 40.5 
1/4" Soil 38.2 38.4 37.2 36.9 
2" Soil 31.5 31.5 31.8 32.1 

CONDITION PRE PS SS ES 
Purge Start Time. 11:58 am Sample # WAT6F 

TIME: 11 :56 11:59 12:07 12:13 
Ambient 27.5 27.5 28.8 

Shroud Air 44.4 42.5 41.1 
114" Soil 51.9 49.6 42.9 40.9 
2" Soil 30.3 30.4 31.3 31.4 

CONDIl1ON PRE PS SS ES 
(continued) 
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APPENDIX H (continued) 
WASTE AFTER TILLING-7 SHADED!!-

Safr4lle Date 712185 

Purge Start Time~ 11:41 am Sample, WAT7A 

TIME: 11 :38 11 :42 11 :47 11 :52 11:54:30 11 :57 
Ambient 29.6 

Shroud Air 41.3 41.7 41.6 41.3 41.0 
1/4" Soil 44.7 44.8 43.2 41.9 41.6 41.3 
2" Soli 33.1 33.3 33.3 33.4 33.5 33.6 

CONDITION PRE PS MP SS MS ES 

Purge Start Time . 12:06 pm Sample' WAT7B 

TIME: 12:07 12:09 12:14 12:29 12:21:30 12:24 
Ambient 32.6 

Shroud Air 43.1 44.4 44.4 44.0 44.6 
1/4· Soil 41.5 41.3 40.2 39.7 39.4 39.3 
2" Soil 34.0 34.1 34.3 34.5 34.5 34.7 

CONDITION PRE PS MP SS MS ES 

Purge Start Time . 12:40 pm Sample' WAT7C 

TIME: 12:35 12:41 12:45 12:50 12:52:20 12:56 
Ambient 34.5 

Shroud Air 43.1 45.2 45.9 45.2 44.9 
1/4· Soil 52.2 51 47.2 45 44.3 43.6 
2" Soil 35 35.3 35.4 35.6 35.6 35.6 

CONDITION PRE PS MP SS MS ES 

Purge Start Time . 1:08 pm Sample' WAT7D 

TIME: 1:07 1 :06 1 :13 1 :18 1:20:30 1 :23 
Ambient 31.2 31.2 

Shroud Air 39.9 43.9 44.7 44.7 44.6 
114· Soil 49.0 49.8 48.8 46.9 46.6 46.2 
2" Soil 35.7 35.7 35.6 36.0 36.1 36.4 

CONDITION PRE PS MP SS MS ES 

Purge Start Time . 1:31 pm Sample' WAT7E 

TIME: 1:29 1:33 1:38 1 :43 1 :45:30 1 :48 
Ambient 30.2 

Shroud Air 51.2 50.6 49.8 49.6 49.3 
1/4' Soil 48 47.9 47.3 46.2 46 45.5 
2" Soil 35.7 35.7 36.2 36.3 36.5 36.5 

CONDITION PRE PS MP SS MS ES 
Purge Start Time . 1:52 pm Sample' WAT7F 

TIME: 1 :51 1:53 1:57 2:03 2:06 2:08 
Ambient 33.2 

Shroud Air 39.6 43.6 44.3 44.2 44.1 
1/4· Soil 54.6 54.3 51.6 49.3 49.0 47.7 
2" Soil 35.6 35.9 36.0 36.2 36.2 36.1 

CONDITION PRE PS MP SS MS ES 

(continued) 
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APPENDIX H (continued) 
WASTE AFTER TILLING-8 SHAOEDII-

Saf11)le Date 7/3/85 

Purge Start Time • 11:45 am Sample II WATSA 

TIME: 11:44 11:46 11 :50 11 :55 12:00 N 
Ambient 33.0 

Shroud Air 45.2 46.4 45.1 42.S 
1/4" Soil 51.2 51.0 48.7 46.8 45.4 
2" Soli 34.5 34.5 34.8 35.0 35.2 

CONDITION PRE PS MP SS ES 

Purge Start Time • 11:29 am Sample II WAT8B 

TIME: 11:28 11:29 11 :34 11 :39 11:44 
Ambient 

Shroud Air 44.6 46.0 45.4 44.3 
1/4· Soil 45.0 44.3 42.9 42.3 41.4 
2" Soil 33.5 33.6 33.7 34.1 33.9 

CONDITION PRE PS MP SS ES 

Purge Start Time. 11 :22:30 am Sample II WAT8C 

TIME: 11 :11 11 :13 11 :18 11 :23 11 :27 
Ambient 

Shroud Air 37.5 41.9 41.5 41.5 
1/4· Soil 39.6 39.6 3S.4 37.7 37.6 
2" Soil 32.8 32.5 32.6 32.5 32.7 

CONDITION PRE PS MP SS ES 

Purge Start Time . 11:02 am Sample II WAT8D 

TIME: 11 :01 11 :02 11:07 11 :14 11 :17 
Ambient 28.5 

Shroud Air 38.3 41.1 41.1 40.4 
1/4· Soil 43.9 43.5 42.0 41.0 40.6 
2· Soli 33.6 33.6 33.9 34.2 34.2 

CONDITION PRE PS MP MS ES 

Purge Start Time . 10:43 am Sample II WATSE 

TIME: 10:42 10:44 10:48 10:53 10:5S 
Ambient 

Shroud Air 40 41.4 40.8 40.3 
114· Soil 40 40.4 39.4 3S.4 37.7 
2" Soil 31.1 31.2 31.2 31.4 31.7 

CONDITION PRE PS MP SS ES 

Purge Start Time . 10:44 am Sample II WATSF 

TIME: 10:33 10:35 10:39 10:44 10:49 
Ambient 24.5 

Shroud Air 33.S 36.3 36.2 36.1 
1/4" Soil 45.7 44.4 41.6 40.2 39.3 
2" Soil 34.1 39.1 40.2 39.2 38.7 

CONDITION PRE PS MP SS ES 

(continued) 

138 



APPENDIX H (continued) 
WASTE AFTER SECOND TlllING-1 SHADEDn-

Sample Date 7/3/85 

Purge Start Time. 2:40 pm Sample # WST1A 

TIME: 2:39 2:42 2:45 2:50 2:55 
Ambient 31.2 

Shroud Air 44.2 45.3 44.9 44.0 
1/4 "Soil 47.3 47.3 46.7 46.0 45.6 
2" Soil 43.0 43.0 42.9 42.7 42.6 

CONDI110N PRE PS MP SS ES 

Purge Start Time. 12:59:30 pm Sample # WST1B 

TIME: 12:59 1:00 1:07 1:10 1:15 
Ambient 30.5 

Shroud Air 38.2 38.5 38.5 38.8 
1/4" Soil 39.1 38.7 38.4 38.5 38.5 
2" Soil 37.1 37.8 37.9 38.1 38.0 

CONDI11ON PRE PS MP SS ES 

Purge Start Time. 1:05:30 pm Sample # WST1C 

TIME: 1 :04 1:06 1 :11 1 :16 1:24:30 
Ambient 33.2 

Shroud Air 38.6 39.5 40.0 40.1 
114" Soil 38.9 39.5 39.6 39.9 40.0 
2" Soil 37.4 37.3 37.5 37.6 37.9 

CONDI11ON PRE PS MP SS POST 

Purge Start Time. 1:23 pm Sample # WST1D 

TIME: 1 :21 1:23 1:35 1 :38 
Ambient 30.7 

Shroud Air 38.7 40.6 40.6 
1/4" Soil 40.5 41.5 40.2 40.2 
2" Soil 36.9 37.0 37.1 37.3 

CONDI11ON PRE PS MS ES 

Purge Start Time. 1:23 pm Sample # WST1E 
WITHOUT SHADE 

TIME: 1 :34:30 1:40 1:45 1 :51 1 :54:45 
Ambient 32.3 

Shroud Air 42.1 41.7 41.5 55.8 58.1 
1/4" Soil 43.2 42.4 42.2 55.4 58.2 
2" Soil 39.3 39.6 39.8 40.1 40.5 

CONDI110N MP SS ES 

Purge Start Time. 1:48:40 pm Sample # WST1F 

TIME: 1:48 1:49:40 1:53:40 2:01 2:06 
Ambient 32.3 

Shroud Air 39.9 40.5 40.3 40.8 
1/4" Soil 42.0 40.2 39.6 39.4 39.6 
2" Soil 35.4 35.4 35.7 35.9 36.2 

CON DillON PRE PS MP SS ES 

(continued) 
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APPENDIX H (continued) 
WASTE AFTER SECOND TllllNG-2 SHADED!!-

Salll>le Dale 7/5/85 

Purge Start Time _ 12:30 pm Sample' WST2A 

TIME: 12:17:30 12:21:30 12:25 12:30 12:31 
Ambient 30.5 

Shroud Air 42.3 43.1 42.1 41.3 
1/4" Soil 47.0 36.8 45.6 44.3 43.3 
2" Soil 39.5 39.6 39.9 40.0 40.0 

CONDITION PRE PS MP SS ES 

Purge Start Time. 12:07:55 pm Sample' WST2B 

TIME: 11 :52 11:56 12:00 12:08 12:13 
Ambient 30.2 

Shroud Air 43.4 41.2 39.2 38.5 
1/4" Soil 46.4 48.2 44.6 43.4 44.0 
2" Soil 36.8 37.2 37.4 37.8 38.0 

CONDITION PRE PS MP SS ES 

Purge Start Time . 11:30 am Sample' WST2C 

TIME: 11:29 11 :31 :30 11 :36 11:42 11:46:40 
Ambient 33.7 

Shroud Air 37.3 38.6 37.9 37.4 
1/4· Soil 43.4 39.3 39.1 38.9 38.1 
2"Soit 35.3 35.5 35.7 36.0 36.0 

CONDITION PRE PS MP SS ES 

Purge Start Time . 11:09 am Sample , WST2D 

TIME: 11:07:30 11 :10 11 :14 11 :40 11 :24:30 
Ambient 32.5 

Shroud Air 38.2 38.5 37.8 37.3 
1/4' Soil 43.7 39.7 38.4 37.4 37.0 
2" Soil 34.2 34.1 34.2 34.4 34.6 

CONDITION PRE PS MP SS ES 

Purge Start Time. 11 :48:30 am Sample , WST2E 

TIME: 10:46 10:49:30 10:53 10:59 11:03:30 
Ambient 32.9 

Shroud Air 34.8 35.6 35.4 35.3 
1/4' Soil 36.7 36.8 36.6 35.8 35.7 
2" Soil 32.8 32.8 33.2 33.1 33.4 

CONDITION PRE PS MP SS ES 

Purge Slart Time . 10:28 am Sample , WST2F 

TIME: 10:26 10:29 10:33 10:38 10:43 
Ambient 30.5 

Shroud Air 38.2 36.5 34.7 33.9 
1/4" Soil 37.5 39.8 37.8 36.1 35.3 
2" Soil 30.4 30.6 30.8 30.6 30.8 

CONDITION PRE PS MP SS ES 

• PA-Pre-Waste Application MP-Mid-Purge ESEEnd Sample 
PRE-Pre-8hroud SScSiart Sample POST -Post Sample 
PS.Purge Start MS~id-8ample 
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APPENDIX I. FIELD WEATHER DATA 
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TABLE 1·1. (continued) 
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b1 .1 b7 00 l2 .1 ,I.) 0001 

I 10 b~ ~l 00 

o 10 22112 
J 10 10 5 
J 10 90 5 

~WJ Ij u~~ :~I I :~ In:: :~ ~~ I~ 1~1 g I; 
liS I 0 1 IA~ 11 10 b' 'l 00 0 Iii IS a 
i'B i \ 1 8 lAW 10 10 10 ~oo 01 13 10 12 1 
11 8 ~ R~ b~ b8, .1 ~3 01 12 10 ,221 1 

~8~~i~~R~~ __ ~~'~I~b~I~'1~0~0~OOLL~OYL·~.OLL}·5~O~' 21.lJ5~~ __ __ 

bB b1 10, 0' 
b~'S BlOb 
11 10 ~OlIO) 

I & 1 b1 11 00 

~ :~, i~ll~ 
5 1 Oil' 80 10 o 8 2~~ 8 o 0 UNI lIS 

JUK lth JUN a I h 
l ~I 14 1 

~. 10 II 4 
.. && (,b ~ 00 00 0 
.) ,1 b1 h 00 00 0 

o UNl 15 12 /0 I'~ 
11 10 .1 

~o 17 
13 15 
12 11 
Sf. 17 
\0 18 
% 18 
7211 
1 18 

\ 0 UKl 1 \ 

r:
~ 5 UNl 6 

I UHl \0 4 1 ll0 l'i 
11 ,8 .& 84 14 3 

12 4 UNL 1) 
I UNl IS 
,UHl IS 

81 14 11 10 10 10 12 

IS 4 UNl I ~ 
80 11 .8 ,1 00 0 ~o 17 12 12 8 2\0 1 \ 

18 0 UHl IS 
8\ 14 .e 57 04 4 5 U~t 15 ~2 17 11 11 8 2SO 10 
34 14 10 (,3 10 5 

121 0 U~~ ~I;S 
o U Nl 15 ~ I 18 73 12 ~ 250 IS 

• 4 Q UNl I, 
11 14 12 85 145 3 
H 11 10 87 H ~I ~:i l~ I ! 4, 17 7C 

18 n 11 Ii I~I m l~ 
kll 10 2\0 1\1 

• 10 30 i 0 
~ 10 10 10 

12 10 120 151 
15 10 200 15 
liB 8 UUl 10 
,I 10 2\ a r 131 ,jj 5, 

I 

JUN 10th 

RM 

IR~ 

i"~ 
JUN IlIh 

Ib os a 
'1 28 ) 
'0 Ob 8 
Sl 0' \ 
14 1( a 
11 10 • 
8'i 11 8 " 1, 

10 80 10 
10 2S0 10 

I UHl IS 
, 20 IS 

10 1. IS 
10 22 15 
1 l8 15 
o llNl 1 S 

JUN II th 

R .1 b4 .2 
b. ;,c .l 
13 bS 0\ 
l' 10 bS 
11 .f, .3 
.~ b2 \1 
~! (,0 \5 
hJ \9 so 

JUN 14th 

84 25 S 
'0 28 b 
7. 31 11 
b2 11 1 \ 
1. l~ 14 
bb l4 11 .1. 3\ 1 
61 31 \ 

~l 0 U'llllIll 14 \2110 8('100 0 II UHLI 15 bl S~ 55 10111 S 
~b 0 ~Nl 20 54 \1 'i0 Sb 00 0 11' UHl II b4 S8 53 &e 11 10 
)111 S UHL 11 lob \b 48 \3118 7 4 UHL II 12 bl 54 11118 11 
j1~ 4, ~Nl 1\ 11 ~1 14~ 4b 24 4 ~11 UUl 1\ 80 bS 55 42 18 17 
h .,Hq IS. 17 b2 12 Ill" II 4 UHl IS 53 b3 \1 HI17 II 
'11Ei ., '''l'l In' ~I" 11 I. J 14 45 11 1 0 UNl 1\ 83 b8 .01 co 17 15 
iii ; vlll, 1~1:- 71 02 it S~i 1. 1 1 UNl IS .:~ It~ t~ ~~i 13 14 

~i ';1 ;;;1' ;;1 '"" "" ;; ;; ;1 ;;'1;; ,; ;; ;;'~; J::" "" ;i I il l;;;;; ;; 

b ~o l'i 
1 UNl IS 
2 UNl 20 
1 UNl 20 
3 UNl 20 
1 tiNl 15 
O. tiNl 1\ 
o uHi 1\ 

a 20 11 
10 .0 10 

(, UHL l'i 
J UKl I I 
1 UHl 15 
~ UNl 1 \ 
~ ti~~ l'i 

UKI 1 'i 

1 \5 15 
, 55 IS 

10 (SO 15 
• UHl IS 
8 tiNl 1\ 
a 2'iO IS 

JUN • th 

R~ 
Rr 
r 
R~f 

JUN ~ 1 h 

JUN 121h 

JUN I\th 

78 1) 10 11 I' I 
10 12 10 32" I 
80 IS 12 11 01 \ 
~o 18 I) 19 IS] 
8' 11 IS ,) 01 S 
81 1 I GO .0 0] 14 

:ri t~lt~ \inl~ 

b2 
51 ., 
11 
12 .1 

i" I SS 

51 53 
53 4, 
51 41 
51 44 
\1 C4 
Sf, 45 

~j :: 

I b1 b\ \&4 

I 
,8 \ I ,2 
1\ b' I os 

130 11 I ~ 1 
i 5\ II b1 

85 ~ I 51 

Iii i" i' ~ 
Ii' ,8 " 

11 lJ 1 
1\ Jl 5 4, 21 12 
l8 33 14 
Jl 35 I J 
11 01 10 

~n6 ci I 

JUH ; 3 th 

ill Sfl UKl ,0' as II 11 bl IS 1 10 80 8 85 1\ 10 .1 25 1 

I;~ a ~~ll ;~I i~ n ;~ Uj;~ II l~ U~~ I~ aw ~~ ,. ~~ ~~ ~nj :i 
~I \ ilHli Il 8

e
\3 (/;' 1

1
2, ~';', !I~a 1,2

1 
8 80 15 11 '! S~ ,. 01 ~ 

!i4 ~ iSOl i Q'----'-___ I...'Li-'-"..L )~...w..J...ll'-'-'-'!JI...J. H--'-'--'-lll -"U",lIl,,-' _1:":'S'---,-__ LJ.u1-'-!bCL1'-"'''-O -'-".!.;L1 J I: ~. \ tiNl !I; 'i • 01 UNI. 1) 

18100 ij 
94 H I 
.0 II a 
2' ~ I , 
25 )2 III 
31 J\ 1 
,: 00 0 
13 1.L..L 
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TABLE 1-1. (continued) 

- IUl ~A fiY.! ANOnA OBSERVATIONS AT 3 HOUR INTERVALS IJ%8 

1ill~ I(KP[RAIUR[ If, HI.'. 
i{HP[RAIUR[ ~I NO aYit"\"1 I[ HP[ RI! UR[ . WI NO 

'" 
~ rIU1J.LL -- % 

-"'-'--"--',-'.-'- I--
x H - - .. - .. x _ 

- - ~ W[ A lIlt R :; ;;; 
:: :::: ,~ wr A 'liE R 

;;; :: - :;- :: ;;; 
n W[ A llir R 

" "" ,~ 

" E .. ;;; <> - ~ ~ - '" 
~ .. .. c..:. __ 0,;.0 _ -' 

';;; c "" '" ~~ ~ "" .. 
'" ..... - ..... - ~ '" '" 

'" 
£ C 

~ " '" 
C :>- ~ II:: z:. C 

c ~o 
~ c 

~ 
c .. - " '" ~= :; " '" '" :; '" '" ~ . - ... '" ~ '" ;i~~ 

~ ... '" c ~ '" u '" ': =~ Q '" '" ~ '" - ~ '" '" " '" -~ 
% 

'" ~ '" '" '" ~ ... -~ % ;;': ... ..... ,_:II: ~ "" ~ c !~ '" i ~ ~ "" " c " 
;; ~ ~ ~% ~ '" ~ ;;; ~ 

JUN '1th JUN 20th 
.: 

JUN 21, t 

~l 01 un 
15 51 51 SS 81 31 4 o UWl IS .b .fi 

5, 110 18 S o UWll lSI 

10 'J' 
,8 II 10 

~; o UHl 1 S ,0 51 5S 84 00 0 S UWl IS " bI 51 Il I. 9 S UNl IS: 10 bb .l 81 II 1 
o UNl IS 10 bI 54 5 I 01 1 , Ulll IS 11 (,5 S8 ';2 19 II • UNl IS 78 II .i 12 IS 11 

12 

II "" 
IS 1(' 1,2 5J 45 J J 5 B UNL 1\ 8J (,9 .1 48 21 II 9 i\ IS' 83 Ii U 59 1 S 1 a 

15 I UNl IS 19 1.2 SO J. 00 0 8 un 15 85 .8 
~~ I :~ 

11 IS , 18 IS :i I ~ l~; 5S 18 I. 
18 o UMl IS 11 1.3 5 I 38 H 5 3 UNL 15 83 .1 18 18 '; UNl 1 '; 5 I 11 I. 
1 o UNl IS 11 1,2 5. 59 Il • 2 UNl IS Ib g 5a 54 18 14 8 31 15 82 14 10 b I IS 11 

~4 n U~l IS ('a GO \4 .1 II 4 o UWl IS 11 5a ,4 11 11 ~ 40 I'; SO 11 10 12 11 14 ............. , 
JUN 22nd JUN 23rd JU~ 241" 

~2 101 221 1 rR~ ~1 ~b H ~ 1 Q3 B 
01 UMl 

15 

I 
IS 71 b9 I Bl I , 

5 UHll 
IS' I If, 111 

,~ I~ lb' I 

~~ 1 U 15 15 ~, bB ., 93 11 10 o UMl 10 73 10 ba a4 1 10 q 250 151 75 ! i 1 .~ 82 !1 1 ij 
, UNl 15 13 .~ .1 32 00 0 1 UHl IS 80 14 11 74 1 II I UMl 

:11 

S I 114 10 ~ 9 20 12 
11 i 0: Ii 15 51 14 10 " no 0 1 UNl 1 S a5 14 

" 
5q 2 IS J uN[ 3;] 15 ,9 53 22 lb 

11\ 9 J8 15 aJ 13 ~8 .! IS 0 

1115 
I" a, 75 G, 51 1 11 1 UHU l5 a, 1;4 \ 1 43 18 12 

Ie S IJNL IS as 15 10 G118 1 5 UHl 15 81 75 ., 55 I 11 2 UMl 15 I aa Ii) I ;S 41 !1 Ie 

~:l 2 IJHl IS 18 15 13 as H 0 1 UHll IS 93 11 " ,l I 
II ~ o UHl IS a I 12 J ,8 : b) 1&1 • 

o :J~l ; 5 la 14 11 31 13 5 ij U~l IS 79 P ba .9 I C UNI 15 I q _ ., i a i hi IS! ~ 

bJi 
JUN 25th JUN 2. tk JUN 21," 

o UNL IS 1G 111 b8 lb 11 G I UKl IS 15 .1 I bb 11 11 a 10 1 15

1 
• G5 : \ l , 1 I q J 34 , 

~; o UNL 15 IS 10 .8 l' IT a , o UHl IS 13 (" (, 1 81 I, , 10 ao IS G3 \1 GO 10 32 S 
I UHL 15 82 14 11 ., 20 I J o UHl IS 81 13 b 1 .5 18 12 , 80 IS .1 S I 51 10 l3 12 

12 I UHl IS 88 14 b8 52 I, 10 2 UNl 15 8' IS : bO SO I' 12 , 8 '0 15 13 ;, I 52 48 3b 12 
15 4 UNL 15 0' 13 bb 41 11 IS 3 UNl 15 11 

141 bG 
4l 18 

:: I 

2 URl 15 1a G3 51 41 II 10 
18 1 UKl 15 91 13 bG SO 18 I J 5 UHl IS a8 7l GS 41 11 1 UHl IS 18 (,2 50 l8 l4 8 
)1 I un IS 81 71 ,5 51 Ib " 10 32 15 !m n 10 Gb 11 lS 11 : ~~~ 15 G1 GO Il 59 l2 l 
24 o U~L IS 7' 11 " bS 11 8 10 4, j ~8 ,1 ~ 1 91 34 5 ' 15 bl 59 S. 18 10 J 

JUft 28 th JUN 2' th JUN 10th 
Pl 21 UNl 15 

II 
o UHl 15 b8 G4 (,1 18 00 0 G UHl 15 .8 (,5 I ,3 84 12 4 

Il. 1 un 15 59 5, 54 a 01 4 o UNl 15 .5 .1 51 B 1 00 0 2 UNl IS b8 .1 S 2 8; II a 

r
i 01 un 15 11 .1 51. 5 35 J UHl 15 18 b5 51 41 18 10 1 UWL I, 19 ,8 .2 Iblb , 

o UNl 15 19 GJ S 1 J 00 0 un 15 84 b8 sa 41 18 a J UNl 

I jl 

B 1 Ie .0 40 28 S 
I' o UNl IS Bl ('4 51 J II I UNl 15 BI ,9 58 38 IB a S UNl aa !~ GO 31 1I G 

11 s; 0l UNL 

l~1 
5 01 2 UNL 15 Bb (,8 58 l1 I B 10 2 un ia i Ii i2 42 01 a 

gil o UHl 15 4 14 I UHl 1 S l' ,8 • I 54 14 • 2 UNl 11 i! •• .51 01 1 
01 U~l I 18 UNl 15 n .. ! Gl 13 H G ZluNt 14 S3 .4 II O' J 

.c -. WEATHER·CODES 
rORNAD~:' ZL FREEZ WG ORI ZZLE !PH ICE PELLEr SHOHERS SN BLO>:ING SAND 

r THUNDERSTORH S SNOW A HAIL 8S SLOl4iNG SNCIO 
Q SQUALL SW SNOW SHOWERS F FOG 8Y SL 0>: ING SPRAY 
R RAIN SG SNO~ GRAINS IF ICE FOG K SIIOKE 
RW RAIN SHOWERS SP SNOW PELLETS GF GROUND FOG H HAlE 
ZR FREEZING RAU" IC ICE CRYSTALS 80 BLO~lNG OUST D DUSI 
L DRIZZLE IP ICE PELLETS 

CEILING: UNL INDICATES UHLlHITEO . 
_INO DIRECTION: DIRECTIONS ARE THOSE rROH WHICH IHE ~HIO 8L0I4S. INDICATED IN TENS OF OEGREES 

FRC.~ TRUE NORTH: I.E". O~ FOR EAST. 18 FOR SOUTH. 27 FOR WEST. AN ENTRY OF 
00 I NO I C., T ES CAlli 

SPED: 'HE CBSER~Eu A'/(.i;';GE ONE-HINUTE vnLUE, (XPRESSEO IN KNOTS IMPH=KNOTS Xl. 151. 
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1 2 0 

01 
02 
03 
04 
05 0.01 0.01 
Ob I I 
07 
08 
O~ 
10 
11 0.03 0.01 
12 
13 
14 
15 1.30 0.151 
If, 
11 
18 
!q 
20 
21 
22 0.05 
23 
24 
25 
2& 
27 0.04 
28! 

O. 03 

2~ 
30 

TABLE 1-1. (continued) 

HOURLY PRECIPITATION (WATER EQUIVALENT IN INCHES) JUN I~BS 
lUl SA OKlAHO"A 

131& 8 

A. M. HOUR ENDING AT l1rill P.M. HOUR ENDING AT 
3 5 8 9 5 8 9 4 b 7 10 1 2 3 4 b 7 10 11 12 

I 0.11 I I 0.05 

f 
r 0.05 O.lb 0.01 0.~2 1.02 0.24 O. O~ 0.14 O.O~ O.O{' O. O~ 

0.01 0.01 0.01 0.03 O.O{' O.Ob 0.12 0.02 I 0.03 r I 
T 0.01 0.01 0.01 I T T 0.3b 0.10 0.08 0.05 0.01 

0.05 0.04 0.03 0.08 I r I I 0.01 
I T T 

r 

T 
0.01 r I T i I 0.02 T 

r 

1.10 0.50 0.02 r 

r 0.020.03 0.05 
0.02 0.01 r 

I 

MAXIMUM SHORf DURATION PRECIPI fAflON 
I WIt: ?[~ 100 I HI NUTES I I 5 I 10 I 15 I 20 30 I 4S j bO I 80 100 I 120 , 

1 PRECIP! IAilON (INCHES! • 0.25 0.451 0.561 0.80 O. S8 i I. 01> I 1.30 1.54 I.R 2.0\! 

I ENDED: oA IE I IS 04 ! 15 I l'i I 'i I 04 I 15 I 04 04 I 04 

: E~iOEn: Tl ME 10011 1 1f,4010011 10011 100151 171'i100'iS! 1750i 1801> • 1821 

IHE PR(cIPI iAflOM aOUNIS fOR tHE lUOICAIE!) riME INIE.YALS HAT OCCUR 
Ar A~Y rl~E ~UR:~5 inC .~CHIH. IH£ i:~E !HOIOI[O IS IH[ ENDING IIHE 
Of IHE IN![RUl. DAfE AND il"[ ARE NOI [NIER[O fOR fRAn AnOUNIS. 
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150 I 180 I 
2. 05 2. 1 B I 
04 ! 04 ! 

18531 1m I 

~ 

"" 0 

01 
02 
03 
04 
05 
Ob 
07 
08 
O~ 
10 
II 
12 
13 
14 
15 

1& 
17 
18 
l~ 
20 
21 
22 
23 
24 
25 
2& 
21 
28 
2'3 
30 



TABLE 1-2. JULY 1985 LOCAL CLIMATOLOGICAL DATA, MONTHLY SUMMARY 

IN!(nNAIIO"Al AllIVORI 

IONGIIUOE ~S·S4 '. (HUIION I~ROUNOI ('SO 1((1 II.E IO~E C(NTRAL 13%8 

OEGR{{ 011\ 
W(AIM(R I,PES IMOW 

I[ np[ RA !UR[ or BAI! ~sOr 1(( 
I IO~ pmos 

Z~$ I ~EAYI roo O~ 
"'=> "" 1 IHUHO!t!\lORr. 1«( ON ~.... .... 
;;; ;.= I le( P£llE 1\ G~OUHO « 

~'" -:; SHAll AI 
"'''' '" '" '" .... ::> <> .... x 

~~ 
C> • CtA!! 0£,00 

~ => ... - z: ... - Z~ s: ~ '" ",'" -z 1 Ou\ISTORn ::: - - = "' '" "'~ 
M z '-' Q.. <> .... 3 .. '" "'''' 9 snOH, HAl! IICNES ..., .. - > ....'" -~ ~~ e~ C> EO s: ..., C> ~ 

"' .. = 
,.,~ , BtOwlNC INOW 

I ] 3 4 S ]A ]8 8 ~ 

01 63 I.. 15. •• (,S 0 10 0 
02 ~O (,4. 11 -5 .2 0 12 1 B 0 
03 ~O .~ 80 -2 1)5 0 15 0 
04 n .~ 81 -I (1) 0 I. 3 0 
05 8q 1)1. is ·4 58 0 13 0 

01. qO I)S 18 -4 Sq 0 13 0 
01 ~l Gb ]q -) .2 0 I ~ 0 
08 94 14 84 I 1)1 0 I q a 
O~ % 75 8. 3 .1 0 21 0 
10 qa IS 81 4 I). 0 22 0 

11 100 II B~ 3 ~q 0 21 0 
12 100' Iq qo· 7 I)q 0 25 0 
l] % 78 81 4 01 0 22 0 
H ql Iq 88 5 1.1 0 23 0 
IS % 73 85 2 II 0 20 3 0 
1(, q3 74 84 I 10 0 1 q 0 
1 I qO 12 61 -2 ]0 0 I. 0 
13 q5 74 85 I .q 0 20 0 
19 ql 1. 81 3 bi 0 22 0 
20 ~8 14 8. 2 1)8 0 21 a 0 

21 % 13 85 I I)q 0 20 3 B 0 
22 q2 12 82 -2 II 0 11 I a 0 
23 % I) 81) 2 10 0 21 I 0 
24 q5 14 85 I 10 0 20 0 
25 84 14 19 -5 14 0 14 I 3 0 
2(, 8~ 10 80 -4 • I 0 IS I 0 
21 88 01) 17 -I 1)3 0 12 0 
28 8q (,q lQ -5 (,~ 0 14 0 
2q q2 15 84 0 11 0 19 I 8 0 
30 qq 18 89 5 71 0 24 0 
31 qa 80 89 5 .9 2' 0 

SU" SUM -I 101 It 
HUH~(! or ~!l\ 2aH 22'5 1- %J 

IVG. AVG. AYG. 0[1 et? . ~R(CiP (IAIIOH 
~ J. 3 12.' .32,~ -0. H. 5 

Hun8ER Of OAYI UUS 
0 

I'!AlI~UX 'iN 4 
; ~OO ( 32° 11 J 0 

25 0 0 

• ExTREnE FOR IHE nONIN - LASi OCCURRENCE IF MORE iHAN ONE 
i ~ ~ACE AMOUtH. .c: .. _ 
• ALSO ON EARLIER OAIEfSI.:" 
MEA'a FOG: VISIBIUlY 1/4 'nILE OR LESS. 
BLANK ENIRIES OENOIE MISSING OR UNREPORIED DAtA. 

U[UG! U 1110 \(1 (OYER 
PRELIPIlAIiOM Wlto_ 

IM.P .H. I SU~SHIH£ n£MIHSI PRESSURE 
:::: II co fASI£SI 

a lMCH(S "" 
~ 

co MItE '" - <>. ~ = 
~ 

~ '" .... - -... <>. ~ .... '" ;i [LEY. - - ~ Z O~ - ... Z Z co '" 
-~ 

.n "" "" - .... _ "-
~~ "'"' co - ~ z "'z '" C> .,., FEE I ~ '" C> 
~~ a ::> = .... '-' => ~ .. z r ::: 3 ~ ABOv( .... = z "'- co C> z 

" - :.;: :.;: e. - ;; ~C> =>0 _0 "' H. S.t "' C> 
0. _ 

V'_ c- o 

10 11 12 13 14 IS IE. 11 16 I~ 20 21 n 
r 0.0 2~.380 03 2.3 3.~ 12 O. 436 SO ~ • o ( 

0.00 0.0 2~. 360 OS 2.4 4.4 10 05 111 8S 1 b 02 
0.00 0.0 2Q.305 I q 5 .• 1.0 1(' 18 131 84 5 3 03 
0.05 0.0 2q. 1 SO Iq q.S 11.0 IS 11 12 I 83 2 3 04 
0.00 0.0 2q. 1 as 31. 4.) 1.3 14 OS 812 lGO 0 1 OS 

0.00 0.0 2q.280 02 3.3 5.1 10 3& 812 100 0 0 O. 
0.00 0.0 2q.)50 18 3,q 5.5 12 21 811 100 0 0 01 
0.00 0.0 29.350 20 11.4 12. I Il 18 8;1 100 0 0 08 
0.00 0.0 29.2]0 20 q.7 10.5 18 2] na sa • 5 Oq 
0.00 0.0 H 220 02 1..5 1.1 15 02 1~~ n 1 I 10 

0.00 0.0 n.no 21 2.8 4.3 8 21 171 8~ 1 t II 
o 00 0.0 2Q. 1 qO 21 10.4 11.0 15 I q ]s9 a8 3 1 12 
0.00 0.0 2Q.200 I~ 10.5 10.1 11) 1 q HI aq I 0 13 
0.00 0.0 2Q.220 1 ~ 10_ 4 10 .• 14 20 ;.2 S8 0 0 H 
O.Sq 0.0 29.2.0 31) Q.4 1.1 23 3. ~24 1)1 1 1 IS 

0.00 0.0 2q.2qo 08 5.2 l.a 11 l4 '~I 80 1 1 1(, 
0.00 0.0 2L ]00 13 7.7 8.3 ,4 10 740 % 4 1 17 
0.00 0.0 H.210 I. 11. I Il.q ;) 15 ]f,) aq 2 I 18 
0.00 0.0 2q.310 II 8.8 q.2 IS 20 l.q 87 3 I I q 
0.00 0.0 2L26) 11 5.2 0.1 11) 22 12q a5 0 0 20 

0.01 0.0 29.1 q) 17 -1.4 •. 5 25 3. 138 a. • I) 21 
0.01 0.0 2q.180 3(, 1.8 3.5 1 JO sqa iO i 1 22 
0.00 0.0 H.I') IS 5.1 •. q IS II 114 8. 5 5 23 
o 00 0.0 H.IOO 18 12.4 12.1 20 18 141. a8 (, 5 24 
I. b2 0.0 2q.180 " 1.(, b.b II) 18 0 0 10 10 25 

0.00 0.0 29.330 31) 1.0 1.1) II) 01 H2 51 1 I) 21) 
0.00 0.0 2Q. 31 0 34 3. I 4.4 8 33 841 100 I I 21 
0.00 0.012q.240 15 3.1 5.1 12 1(, lOq 11 I 5 28 
o 00 0.0 2~.210 II 5.(, 7.0 14 13 b(,2 18 I) • 2~ 
0.00 0.0 2Q.230 I q 10.4 11.5 I. 21 al2 100 4 3 30 
o 00 o 0 2Q 215 20 8 8 1 • 14 21 IS4 ~l 0 0 31 
fOIAl 10lAL fOR IHE MOH1H: IOIAL t IUM SUM 
2 38 0.0 2~ .250: 18 3. I ] . q 2? Jb 22' ; 0 , , .. III 102 
O(P. - 0\ 1(: 21 'tHaU ~tI.1I IVG. IVG 

-I Il 2H82 84 J.Bll. 
GR[AI(SI 1M It HOURS AHO ~II!I GROHSI O(PI" ON GRCUNO 01 

.~[CIPI W ION SHOW, IC[ '((((II 
INO~. ICE i'(LL(lS OR :cE INO OllE 

I. .2 25 0.0 I 0 
01 14 Clouor 2 

OA!A IN eOLS & AND 12-IS AHE BASEO ON 21 CR MORt G8SERVAIIONS 
AI HOURLY INIERVALS. RESULTIHI WINO IS IHE V[CICR SUM Of YINO 
S?EEOS AND OIRECIIONS DIVIDED 8Y IHE NUMSER OF Oe5E~VA;laN5 . 
ONE OF THREE WINO SPEEDS IS GIVEN UNDER FISiESi MilE: FASIESI 
MilE - HIGHEST RECORDED SPEED FOR WHICH A MILE OF WINO PASSES 
SIAllON {DIRECTION IN COIIPASS POINtS!' fASTEST OBSERvED OHE 
MINUIE WINO - HIGHESt ONE MINUtE SPEED IOIRECIION IN I[NS OF 
O[Gil(£51. PEAK GUSI - HIGHESt IHSTANtANEOUS ~iNO SPEED IA I 
APPEARS IN tH[ OIR[CTlON COlUM~: [RROh; .!ll a[ CORR(CTEO 
ANO NOIED IN SUBSEQu[Nt PUBliC.IIONS. 

I CERTIF! tHAl lNIS IS AN OFFICIAL PUBtlCATION or THE NATIONAL OCE;NIC INO AtHOSPHERIC AOlIlNISiRAllCN, AND IS (UnPilED FROn 
RECOROS ON FILE II lHf NATIONAL CLlH"IIC OAI. C(NrtR. ASHtvlllE. NORIN CAROLlNA, 2SS01 

NArtONAL 
OCEANIC ANO 

AlrlOSPH[RIC AOIIIN:SIRAIiON 

NA II ONAL 
ENVIRONMENtAL SATELLITe. DATA 

RHO I Nf DRMA lION SERV I CE 

NAl!ONAl 
CliMAIlC DAtA CENTER 

ASI«VlllE NIlRIH CAROliNA 
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TABLE 1-2. (continued) 

- IUlSI OKlAHO~1 

~I:rr 
--,-

HIT· v I ~.I.-I[~P[RAIUP'[ WIND ~1.lL I["P[RIIU~( w I NO ~il\l!-
I[ftP[RUUil[ w I ~O 

~ r--r- ~ r--.-- ~ i--..-
" " " 

OBSERVATIONS AT 3 HOUR INTERVALS JUl lUi 

.. H .. - X -- ~ ;: ;;; 
~ ;: :::: - ~ ;: ::: :: M[AIH(R ~ 

~Iii 
~ W[ A !H(R ~ - - ~ .~ WUIH[R ~ -;; 0 :: - '" "0 :: ;; '" " .. '" " z '" .. ... :;; .. 
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l>. 
CO 

TIME 
(HAS) 
0.17 
0.42 
1.60 
4.03 
5.32 
21.49 

APPENDIX J. FIELD FlUX DATA - MEASURED VEASUS lliEORETlCAL 

FIELD SITE WBTA 

FLUX COMPARISON (us;'cm'21sec) 
BENZENE FLUX TOLUENE FLUX EllilYBENZENE FLUX P-XYlENE FlUX M-XYLENE FlUX O-XYlENE FlUX NAPTl-IAlENE FlUX 

MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE THEOR. MEASURE lliEOR. 
1.03E-02 1.74E-02 1.57E-02 S.53E-02 5.47E-04 9.70E-04 /'[) 1.29E-OO 2.49E-03 6.93E-03 7.82E..()4 1.92E·03 3.42E-06 1.27E-OO 
1.65E-02 1.11E-02 2.58E-02 2.25E-02 8. 52E-04 6.17E-04 4.S7E-05 8.19E..Q4 4.28E-03 4.41E·03 1.27E-OO 1.22E·03 8.95E-06 8.05E..Q4 
1.14E-02 5.06E-03 1.00E-02 1.01E-02 1.87E-03 2.74E-04 9.S0E-06 3.64E"()4 2.48E-03 1.96E·03 4.87E"()4 5.4OE·04 2.1SE-06 3.4OE..Q4 
4.08E-03 2.84E-03 4.85E-OS S.61E·03 8.53E-04 1.50E-04 1.58E-04 1.98E..()4 9.26E-04 1.07E-03 1.97E..Q4 2.94E..()4 4.9SE"()S 1.76E..Q4 
1.84E-03 1.76E-03 2.07E-OS 3.46E-03 1.24E-04 9.17E-05 S.63E-OS 1.21E"()4 4.22E-04 6.53E-04 1.04E"()4 1.79E-04 1.82E..()S 1.0SE..Q4 
5.29E-04 9.90E-04 1.53E-03 1.96E-03 4.96E-04 5.30E-05 5.91E-05 7.00E"()5 4.12E-04 3.8OE-04 8.91E..()5 1.00E-04 1.79E-06 6.4OE"()5 

slope- 0.0049 0.0076 0.0081 0.0156 0.0026 0.0004 0.0003 0.0006 0.0013 
0.8624 

0.0031 
0.9970 

0.0004 
0.9678 

0.0009 
0.9972 

0.0001 
0.7852 

0.0006 
0.9962 r"2- 0.768S 0.9974 0.9653 0.9973 0.6918 0.9971 0.4242 0.9971 

TIME 
(HAS) 
0.02 
0.26 
1.27 
3.93 
5.17 
21.73 

slope.. 
rA2_ 

TIME 
(HAS) 
0.02 
0.25 
1.22 
5.55 
6.82 
26.00 

FIELD SITE WBlB 

FLUX COMPARISON (us;'cm'21sec) I' 
BENZENE FLUX TOLUENE FLUX EllilYBENZENE FLUX P-XYlENE FlUX M-XYlENE FlUX O-XYlENE FLUX NAPTl-IAlEN~'FlUX 

MEASURE THEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE THEOR. MEASURE lliEOR. 
2.00E-02 5.4OE-02 2.18E-02 1.11E-Ol 9.67E-04 3.06E·03 2.71E-QS 4.06E"()3 2.42E-03 2.19E-Q2 7.98E..()4 6.07E-OS 2.70E"()6 4.12E-OO 
1.79E-02 1.46E-02 2.44E-02 3.00E-02 1.41E-03 8.37E-04 8.1SE-OS 1.11E"()3 3.30E-03 5.99E-03 1.14E"()3 1.67E-03 S.OOE-06 1.16E-OO 
6. 78E·OS 5. 59E-OS 1.01E-02 1.13E-02 1.48E·03 S.09E-04 4.26E-OS 4. 1 OE..()4 S.30E-03 2.21E-03 4.07E"()4 6.11E-04 1.06E"()5 3.98E..Q4 
3.67E-03 2.S9E-03 3.07E-03 5.10E-03 5.09E-04 1.36E-04 9.61E-05 1.80E..()4 5.42E-04 9.7OE·04 1.36E"()4 2.67E·04 2.07E"()S 1.60E..Q4 
2. 12E-03 1.60E-03 1.48E-03 3.1SE-03 2.35E-04 8.S0E·05 S.71E-05 1.10E..()4 3.56E-04 S.91E·04 5.50E"()5 1.62E-04 7.96E-06 9.46E"()S 
1.32E-03 1.01E-03 4.84E-03 2.04E-03 1.01E-03 5.60E-05 1.68E-Q5 7.4OE-Q5 1.03E·03 4.00E·04 2.07E"()4 1.10E-04 1.43E-Q5 7.10E"()5 

0.0098 0.0078 0.0130 0.0161 0.0005 0.0004 0.0000 0.0006 0.0017 0.0032 0.0006 0.0009 -5.6E-06 0.0006 
0.9932 0.9995 0.930S 0.9995 0.S791 0.9993 0.201 0.9993 0.6195 0.9993 0.9S27 0.9992 0.4OS1 0.9987 

FIELD SITE WBTC 

FLUX COMPARISON (us;'cmA2Isec) 
BENZENE FLUX TOLUENE FLUX ElliL YBENZENE FLUX P-XYLENE FlUX M-XYlENE FlUX O-XYlENE FLUX NAPTl-IAlENE FlUX 

MEASURE THEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE lliEOR. MEASURE THEOR. MEASURE lliEOR. 
1.49E-05 4.65E-02 2.41E-OS 9.51E-02 1.56E-05 2.63E-OO 1.S0E-05 3.50E-OO 5.2OE-05 1.88E-02 2.27E-Q5 5.22E-03 1.00E"()7 3.5SE-Q3 
7.10E-04 1.41E-02 2.2OE-04 2.9SE-02 4.60E·06 8.27E-04 7.4OE-06 1.10E-OO S.50E·05 S.93E-QS 1.35E"()S 1.65E·03 1.S0E-06 1. 19E"()3 
1.80E-05 S.85E-03 1,18E-05 1.21E-02 2.15E-06 S.S7E-04 5.96E·06 4.47E"()4 2.71E-OS 2.41E-03 9.83E-06 8.70E-04 2.50E-06 4.68E..()4 
3.28E-OS 6.5OE-OS 2.91E-OS 1.SOE-02 6.25E-04 S.5OE-04 1.22E-04 4.63E..Q4 6.96E-04 2.49E"()3 1.57E"()4 6.88E"()4 2.43E"()5 4.27E"()4 
1.65E-03 1.91E-OS 1.90E-03 S.77E-03 4.97E-04 1.01E-04 7.37E-05 1.3SE"()4 S.12E-04 7.18E-04 1.08E"()4 1.98E-04 2.40E"()5 1.19E..Q4 
1.44E-03 1.45E-OS 1.77E-03 3.01E-OS 6.80E-04 8.4OE-05 1.15E-04 1.10E"()4 6.89E-04 6.00E-04 1.S2E"()4 1.70E-04 2.43E"()S 1.2OE"()4 

slope- 0.0042 0.0065 0.0056 0.0132 -0.0004 0.0004 -0.0001 0.0005 -0.0004 
0.6771 

0.0026 
0.9928 

..().0001 
0.6530 

0.0007 ..().OOOO14 O.OOOS 
r'2- 0.2896 0.9920 0.2591 0.9924 0.6980 0.9927 0.6342 0.9928 0.9929 0.73S7 0.9927 

(continued) 



~ 
<0 

TIME 
(HAS) 
0.02 
0.30 
US 
S.77 
7.03 
26.23 

,~ 

APPENDIX J. (continued) 

FIELD SITE WBTD 

FLUX COMPARISON (ugcm'21sec) 
BENZENE FLUX TOLUENE FLUX ETHL YBENZENE FLUX P-XYLENE FlUX M-XYLENE FlUX O-XYLENE FlUX NAPTHALENE FlUX 

MEASURE THEOA. MEASURE THEOA. MEASURE THEOA. MEASURE THEOR MEASURE THEOA. MEASURE nEOA. MEASURE THEOR 
7.SOE-03 S.19E-02 1.13E-03 1.0SE-01 S.07E-04 2.9:£-03 2.53E-Q4 3.92E-a3 1.32E-03 2.11E-02 6.42E-a4 S.86E-03 1.47E-aS 4.01E-03 
1.69E-02 1.31E-02 2.SOE-02 2.70E-02 1.03E-03 7.S:£-04 1.26E-04 1.00E-a3 4.29E-03 5.40E-03 1.S1E-a3 1.SOE-a3 3.1:£-05 1.06E-03 
1.35E-02 6.32E-03 2.98E-02 1.30E-02 1.36E·03 3.60E·04 1.04E·03 4.78E-a4 4.70E·03 2.58E-03 1.05E-a3 7.16E-Q4 3.31E-a5 4.92E-a4 
3.32E·03 2.17E-03 3.13E-03 4.31E·03 S.43E-04 1.16E-04 1.31E-04 1.54E-a4 6.31E-04 8.27E-04 1.SOE-a4 2.28E-a4 2.33E-a5 1.41E-Q4 
2.40E-03 2.10E-03 2.S7E-03 4.1:£-03 4.62E-04 1.11E-04 1.30E-04 1.47E-a4 5.08E-04 7.93E-04 1.31E-Q4 2. 18E-a4 1.07E-aS 1.32E-04 
1.63E-03 1.11E-03 2.S1E-03 2.21E-03 8.88E-04 5.90E-OS 1.32E-04 7.90E-aS 8.45E-04 4.2OE-04 1.88E-a4 1.20E-a4 4.45E-05 7.10E-a5 

slope- 0.0102 0.0074 0.016S 0.0152 0.0003 0.0004 0.0001 0.0006 
0.9998 

0.0026 
0.6838 

0.0030 
0.9998 

0.0009 
0.9198 

0.0008 2.00E-06 0.0006 
-r'2,. 0.8917 0.9999 0.6474 0.9998 0.2792 0.9998 0.0223 0.9998 0.0115 0.9994 

FIELD SITE W6TE 

FLUX COMPARISON (ugcm'21sec) 
TIME BENZENE FLUX TOLUENE FLUX ETHL YBENZENE FLUX P-XYLENE FlUX M-XYLENE FlUX O-XYLENE FlUX NAPTHALENE FlUX 
(HAS) MEASURE THEOA. MEASURE THEOA. MEASURE THEOA. MEASURE THEOR MEASURE THEOA. MEASURE nEOA. MEASURE THEM 
0.02 1.79E-02 4.20E-02 1.19E-02 8.64E·02 8.58E·04 2.40E-03 NO 3.19E-a3 3.04E-03 1.72E-02 9.49E-a4 4.78E-03 7.28E-a7 3.30E-03 
0.12 1.49E-02 1.46E-02 1.47E-02 2.98E-02 9.17E-04 8.22E-04 4.85E-05 1.09E-a3 S.08E-03 S.88E-03 1.23E-03 1.63E-a3 1_19E-a4 1.09E-03 
1.0S 1.S7E-02 S.17E-03 2.61E-02 1.06E-02 2.10E-03 2.94E-04 8.95E-04 3.90E-a4 3.90E-03 2.10E·03 1.08E..Q3 S.84E-a4 1.17E-as 4.ooE-a4 
S.S7 3.55E-03 1.70E·03 3.03E·03 3.38E-03 5.66E·04 9.07E-OS 1.42E-04 1.2OE-a4 6.94E-04 6.46E-04 1.66E-04 1.78E-04 1.59E-aS 1.09E-04 
6.15 1.06E-03 1.71E-03 1.63E-03 3.38E-03 3.99E-04 9.01E-05 8.60E-OS 1.19E-a4 3.64E-04 6.42E-04 9.91E-aS 1.m-a4 1.38E-aS 1.05E-04 
2S.68 1.61E-03 9.SOE-04 3.58E-03 1.91E-03 1.02E-03 S.2OE·05 9.59E-OS 6.80E-aS 9.6SE·04 3.70E-04 1.76E-a4 1.00E-04 1.55E-aS 6.40E-a5 

slope. O.OOSO 0.0060 0.0046 0.0123 0.0001 0.0003 0.0000 O.OOOS 0.0017 0.0024 0.0004 0.0007 4.00E-aS 0.0005 
r"l!- 0.S789 0.9969 0.2373 0.9966 0.0194 0.9963 0.0049 0.9963 0.7766 0.9963 0.7038 0.9962 0.91S2 0.9949 

FIELD SITE WE!TF 

FLUX COMPARISON (ugcm'21sec) 
TIME BENZENE FLUX TOLUENE FLUX ETHL YBENZENE FLUX P-XYLENE FlUX M-XYLENE FlUX O-XYLENE FLUX NAPTHALENE FlUX 
(HAS) MEASURE THEOA. MEASURE THEOA. MEASURE THEOA. MEASURE THEOR MEASURE THEOA. MEASURE THEOA. MEASURE THEOA. 
0.02 4.92E-03 4.04E-02 S.88E-03 8.22E-02 2.95E-04 2.27E-03 2.40E-04 3.01E-a3 a 1SE-04 1.62E-02 3.00E-04 4.49E-03 4.97E-aS 3.00E-03 
2.2S 1.32E-02 3.36E-03 2.23E-02 6.81E-03 1.07E-03 1.87E-04 9.81E-OS 2.48E-a4 2.49E-03 1.34E-03 1.11E-a3 3.70E-04 1.14E-aS 2.44E-a4 
3.12 8.10E-03 2.83E-03 1.19E-02 S.74E-03 1.36E-03 1.57E-04 7.88E-OS 2.09E-a4 1.96E-03 1.13E-03 S.31E-a4 3.11E-a4 3.72E-a5 2.05E-04 
6.S2 2.47E-03 1.S1E-03 2.5OE-03 2.97E-03 2.27E-04 7.90E-OS 8.91E-OS 1.0SE-a4 3.93E-04 S.62E-04 1.09E-a4 1.55E-04 2.4SE-aS 9.13E-a5 
7.96 9.54E-04 1.45E-03 9.79E-04 2.84E-03 1.09E-04 7.S1E-OS 3.00E-05 9.93E-aS 2.0SE-04 5.34E-04 S.07E-aS 1.47E-a4 1.10E-a5 8.48E-aS 

24.07 1.3SE-03 1.14E-03 1.67E-03 2.31E-03 6.44E-04 S.30E-05 5.63E-05 8.40E-aS 4.71E-04 4.5OE-04 1.01E-a4 1.30E-a4 1.32E-aS 8.2OE-aS 

slope. 0.0270 0.0058 0.04S9 0.0118 0.0019 0.0003 0.0001 0.0004 0.OOS1 0.0003 0.0022 0.0004 1.80E-aS 0.0023 
r"2- 0.8590 0.9998 0.8248 0.9997 0.4222 0.9997 0.436S 0.9997 0.8048 0.9997 0.786S 0.9997 0.0820 0.9997 

(continued) 
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APPENDIX J. (continued) 

FIELD SITE: WATA 
FLUX COMPARISON (uglcmh2lsec) 

TIME BENZENE FLUX TOlUENE FLUX ElHL YBENZENE FLUX P-XYlENE FLUX M-XYLENE FLUX ()'XYlENE FLUX NAPTHAlENE FLUX 
(HAS) MEASURE THEOR MEASURE THEOR MEASURE THEClA. MEASUFE THEOR MEASURE THEClA. MEASURE THEClA. MEASUFE MCIA. 
0.01 1.22E-03 8.97E-03 3.02E-03 2.31E-02 1.03E-03 7.41E-04 9.86E.o5 1.05E-03 7.64E.o4 5.S8E-03 1.72E-04 1.S4E-03 4.52E-06 1.28E-03 
0.18 8.78E-04 2.15E-03 2.97E-03 5.58E-03 8.96E-G4 1.79E-04 4.91E-05 2.54E-04 S.05E-04 1.37E-03 1.31E-04 3.97E.o4 5.08E-06 3.12E-04 
6.02 1.1SE-04 3.39E-04 1.15E-04 8.S7E-04 4.29E-05 2.75E-05 2.40E-OS 3.89E.o5 S.11 E-05 2.11E-04 S.70E.06 S.08E.o5 1.13E-06 4.58E-05 
21.33 1.05E-04 2.38E-04 4.59E·05 S.17E-04 9.45E-05 1.98E-05 1.37E-05 2.81 E-05 1.34E-04 1.52f-04 2.52E-05 4.40E-OS 1.07E-05 3.46E·05 
21.58 7.32E-05 2.47E-04 2.24E-05 S.42E-04 S.43E-05 2.07E-05 7.53E-06 2.94E-05 9.45E-05 1.59E-04 1.89E-05 4.S0E-05 S.01E-06 2.70E-05 
44.43 1'1) 1.90E-04 3.47E-OS 4.80E-04 1.07E-05 1.S0E-05 2.71E.o7 2.2OE-05 1.79E-05 1.2OE-04 2.72E-06 3.40E-05 1.S7E-06 2.70E-05 
105.10 1'1) 1.S0E-04 NO 4.10E-04 NO 1.30E-05 1.86E-07 1.90E.oS 4.37E-OS 1.00E-04 9.57E-07 2.90E-OS 9.23E-07 2.30E-05 
129.15 1'1) 1.S9E-04 NO 4.40E-04 4.33E-07 1.42E-05 NO 2.01E-05 1.53E-OS 1.09E-04 3.02E-07 3.15E-05 1.09E-07 2.52E-05 

slope.. 0.0004 0.0009 0.0014 0.0023 0.0004 0.0001 2.05E-05 0.0001 0.0003 O.OOOS 0.0001 0.0002 9.31E.o7 0.0001 
r'2. 0.996 0.9999 0.9951 0.9999 0.9853 0.9999 0.9199 0.9999 0.9607 0.9999 0.9599 0.9999 0.0420 0.9998 

FIELD SITE: WAlB 
FLUX COMPARISON (uglcmh2/&ec) 

TIME BENZENE FLUX TOlUENE FLUX ElHL YBENZENE FLUX P-XYlENE FLUX M-XYLENE FLUX ().XYlENE FLUX NAPTHAlENE FLUX 
(HAS) MEASURE THEOR MEASURE THEOR MEASURE THEClA. MEASUFE THEOR MEASURE THEClA. MEASURE THEClA. MEASUFE MCIA. 
0.01 2.S1E-03 6.01E-03 S.l2E-OS 1.77E-02 8.01E-04 S.09E-04 1.32E-07 8.64E-04 1.52E-03 4.80E-03 1.99E-04 1.41E-03 1.05E.oS 1.18E-03 
0.24 3.43E-03 1.26E-03 7.88E-03 3.72E-03 1.46E-03 1.28E-04 NO 1.86E-04 3.9SE-03 1.01E-03 3.84E-OS 2.96E-04 1.80E-OS 2.S1E-04 
S.94 1.93E-04 2.27E-04 1.S2E-04 S.S3E-04 5.54E-05 2.25E-05 9.33E-OS 3.26E.o5 1.10E-04 1.77E.o4 2. 18E.o5 5.19E-OS 3.19E-06 4.2OE-05 
21.34 1.39E-04 1.42E-04 7.1SE-05 4.2OE-04 2.18E-G4 1.44E-05 1.94E-05 2.10E.o5 2.31 E-04 1.14E-04 S.10E.o5 3.34E-05 S.53E-06 2.83E-05 
21.57 1.09E-04 1.47E-04 3.05E-05 4.35E-04 1.11E-G4 1.50E-05 1.3SE-05 2.18E-OS 1.46E-04 1.19E-04 3.00E-05 3.48E-OS S.47E-06 2.99E-05 

.... 44.62 8.32E.06 1.00E-04 NO 3.00E-04 3.24E-05 1.00E-05 3.24E.06 1.50E-OS 4.05E-05 8.2OE-05 7.95E-06 2.40E-05 2.40E-06 2.00E·05 
01 105.52 8.SSE-06 8.40E.o5 7.56E·OS 2.50E-04 2.81E·06 8.S0E-OS 1.S4E-OS 1.2OE-05 1.39E-05 S.80E.o5 2.11E-OS 2.00E.o5 1.11E-06 1.70E-05 
0 128.85 8.81E-06 7.99E-OS 2.92E-OS 2.37E-04 2.11E·06 8. 14E-OS NO 1.18E-05 1.37E-05 S.42E-05 2.00E-OS 1.89E.oS 3.29E-06 1.60E-OS 

slope.. 0.0018 o.oOOS 0.0042 0.0018 0.0007 0.0001 2.34E.o5 0.0001 0.0021 0.0005 1.2OE-OS 0.0001 7.70E-06 0.0001 
r'2,. O.989S 0.9999 0.981S 0.9999 0.9710 0.9999 0.1430 0.9999 0.9820 0.9999 0.1994 0.9999 0.9038 0.9999 

FIELD SITE: WATC 
FLUX COMPARISON (uglcmh2lsec) 

TIME BENZENE FLUX TOlUENE FLUX ElHL YBENZENE FLUX P·XYlENE FLUX M-XYLENE FLUX ().XYlENE FLUX NAPTHAlENE FLUX 
(HAS) MEASURE THEOR MEASURE THEOR MEASURE THEClA. MEASUFE THEOR MEASURE THEClA. MEASURE THEClA. MEASUFE THEClA. 
0.01 8.81E-04 1.4SE-02 1.15E-03 3.43E.o2 4.75E-04 1.05E-03 8.03E-05 1.46E-03 4.22E-04 7.91E-03 1.37E-04 2.27E-03 1.03E-05 1.74E·03 
0.18 9.49E-04 3.44E-03 1.33E-03 8.08E-03 5.33E·04 2.47E·04 9.46E-05 3.44E-04 S.26E-04 1.86E-03 1.1SE-04 5.33E-04 S.96E-06 1.08E·04 
4.60 1.27E.o4 5. 79E.o4 S.21E-05 1.33E-03 1.41E-05 3.99E-05 1.78E.o5 5.56E-05 5.05E-05 3.00E-04 2.03E.o5 8.56E-05 2.19E-06 S.13E-05 
20.90 6.90E-05 3.S1E-04 5.45E-05 8.4SE-04 7.42E-05 2.58E-05 1.05E.oS 3.S0E-05 1.15E-04 1.95E-04 2.38E-05 5.58E-05 7.83E-06 4.26E-OS 
21.0S S.29E-05 3.S2E-04 5.S4E·OS 8.51E-04 S.S4E-05 2.SOE-05 8.S7E.o5 3.63E-05 8.81 E-05 1.9SE-04 2.06E-05 5.S1E-05 5.33E-06 4.31E.o5 
42.61 1'1) 2.S0E-04 NO S.OOE-04 8.28E·06 1.8OE-OS 8.7SE-07 2.50E.o5 1.80E-05 1.40E-04 3.47E-OS 3.90E-05 1.8SE-06 2.90E-05 
103.91 1'1) 2.50E-04 NO 5.90E-04 NO 1.80E-OS 8.88E-08 2.50E-OS 3.S8E-OS 1.40E-04 3.82E.o7 3.90E-05 4.41E-07 3.00E-OS 
126.43 1'1) 1.73E-04 7.50E-OS 4.03E-04 4.90E-07 1.22E·05 NO 1.70E-OS 3.85E.06 9.19E-05 5.13E.o7 2.S3E-05 NO 1.9SE-05 

slope.. 0.0004 0.001S o.oOOS 0.0034 0.0002 0.0001 3.40E-05 0.0001 0.0002 0.0008 4.90E-OS 0.0002 1.S1E-06 0.0002 
rh2. 0.9978 0.9999 0.9862 0.9998 0.9591 0.9998 0.4S79 0.9998 0.9537 0.9998 0.9683 0.9998 0.2208 0.9679 

(continued) 



FIELD SrrE: WATD 

TIME BENZENE R.UX 
(HAS) MEASURE THECA. 
0.01 2.S4EoOS 1.91Eo02 
0.13 S.S1Eo03 S.SOEo03 
5.35 S.00Eo04 7.02Eo04 
2O.SS 2.31Eo04 4.37Eo04 
2O.SS 2.49Eo04 4.43Eo04 
44.88 1.22EoOS 3.20Eo04 
104.43 2.48Eo07 2.90Eo04 
126.39 1.3SEo04 2.43Eo04 

slope- 0.0013 0.0019 
r"2K 0.997S 0.9999 

FIELD SrrE: WATE 

TIME BENZENE R.UX 
(HAS) MEASURE THEOA. 
0.01 1.9SE-03 9.50Eo03 
0.07 S.9SEoOS S.60EoOS 
S.04 2.12Eo04 3.61Eo04 
20.12 1.8SEo04 2.3SEo04 
20.37 1.56Eo04 2.38Eo04 

..... 42.92 2.6SEoOS 1.80Eo04 
01 104.79 NO 1.80Eo04 ..... 125.9S NO 1.69Eo04 

slope- 0.0011 0.0009 
r"2. 0.9976 0.9998 

FIELD SrrE: WATF 

TIME BENZENE R.UX 
(HAS) MEASURE THECA. 
0.01 2. 73Eo03 1.40Eo02 
0.18 2.79E-03 3.44Eo03 
6.SS 1.80Eo04 4.70Eo04 
21.43 8.84EoOS 3.86Eo04 
21.71 1.09Eo04 S.90Eo04 
4S.32 NO 2.80Eo04 
107.23 3.28Eo06 3.10Eo04 
127.92 1.2SEo06 3.31Eo04 

slope- 0.0013 0.0014 
rA2 .. 0.9940 0.9995 

',< .;. 

APPENOIXJ. (continued) 

FLUX COMPARISON (uglcmA2Isecl 
TOLUENE R.UX ETHL YBENZENE FLUX P·XYLENE FLUX M-XYLENE FLUX 

MEASURE THECA. MEASURE THECA. MEASURE THEOA. MEASURE THECA. 
8.7SE-OS 4.S2Eo02 1.39E-03 1.29E-03 NO 1.77EoOS 3.91Eo03 9.58EoOS 
9.SSE-03 1.20Eo02 1.8SE-03 S.S7E-04 NO 4.93Eo04 4.24EoOS 2.S7EOO3 
3.40E-04 l.56EoOS 8.18E-OS 4.S5E·OS 8.2OEoOS S.27EoOS 1.09Eo04 3.39Eo04 
8. 15E-OS 9.87Eo04 8.33E-OS 2.93E·OS 4.29E-06 4.04EoOS 1.12Eo04 2. 18Eo04 
2.S9E·04 1.00Eo03 1.29E·04 2.97E·OS 1.04EoOS 4.10EoOS l.SSEo04 2.22Eo04 
1.35E-OS 7.10Eo04 1.66E-OS 2.10E-OS 2.21EoOS 2.90EoOS 2.54EoOS 1.S0Eo04 
2.90E·OS S.50Eo04 S.43E-07 1.90E·OS 8.2SEo08 2.70EoOS 4.18E-OO 1.50E-04 
2.99E·OS S.49Eo04 2.S4E-07 1.S3E·OS 7.23Eo07 2.2SEoOS 1.08EoOS 1.21Eo04 

0.0035 0.0043 0.0007 0.0001 2.4SEoOS 0.0002 O.OOlS 0.0010 
0.992S 0.9999 0.9919 0.9999 0.SS13 0.9999 0.990S 0.9999 

FLUX COMPARISON (uglcm'2Isec) 
TOLUENE R.UX ETHLYBENZENE FLUX P·XYLENE FLUX M-XYLENE R.UX 

MEASURE THEOA. MEASURE THECA. MEASURE THEOA. MEASURE THECA. 
3.0SE·03 2.27Eo02 9.l1E-04 S.99E-04 1.26Eo04 9.76Eo04 8.86Eo04 S.28EoOS 
8.26E·OS 8.60EoOS 2.3SE·03 2.65E·04 2.0SEo04 S.70Eo04 1.19E-03 2.00EoOS 
2. 19E-04 8.46Eo04 1.SSE·OS 2.56E·OS 9.37E-OO S.S7EoOS 9.72EoOS 1.9SEo04 
4.06E·OS S.58Eo04 9.92E·OS 1.71E·OS 1.17eoOS 2.39EoOS 1.34Eo04 1.29Eo04 
8.66E·OS S.67EOO4 9.30E·OS 1.74E·OS 2.46EoOS 2.43EoOS 1.24Eo04 1.32Eo04 
9.7SE·06 4.30Eo04 1.79E-OS 1.30E-OS S.42Eo07 1.80EoOS 2.18EoOS 9.80EoOS 

NO 4.40Eo04 NO 1.40E·OS NO 1.90EoOS 9.91 E-OO 1.00Eo04 
NO 4.01Eo04 NO 1.22E·OS l.S7Eo07 1.71EoOS 3.12E-OO 9.24EoOS 

0.0017 0.0023 0.0006 .. 0001 0.0001 0.0001 0.0003 0.0005 
0.9982 0.9998 0.991S 0.9998 0.9872 0.9998 0.9904 0.9998 

FLUX COMPARISON (ugtcmA2Isec) 
TOLUENE R.UX ETHLYBENZENE FLUX P-XYLENE FLUX M-XYLENE R.UX 

MEASURE THEOA. MEASURE THECA. MEASURE THECA. MEASURE THECA. 
6.9SE·03 3.21Eo02 9.S7E-04 9.S3E-04 9.53EoOS 1.33Eo03 1.22E-03 7.21E-03 
S.19E-03 7.9SEo03 2.3SE-03 2.40E·04 4.34EoOS S.32Eo04 7.07Eo04 1.79EoOS 
1.06E·OS 1.06Eo03 NO 3.12E·OS 2.40Eo07 4.31EoOS 3.68EoOS 2.3SEo04 
4.S1E-OS 8.97Eo04 4.87E-OS 2.71E-OS 2.00Eo06 S.76EoOS 6.SSEoOS 2.0SEo04 
6.54E-OS 1.3SEo03 2.S2E·OS 4.2OE-OS 4.82EoOS S.82EoOS 6.33EoOS 3.1SEo04 

NO 6.50Eo04 1.S2E·06 2.ooE-OS 8.59E..()8 2.70EoOS 4.11E-OO 1.50E-04 
NO 7.10E-04 NO 2.20E·OS 8.84E..()8 3.00EoOS 4.88Eo07 1.60Eo04 

1.43E-07 7.76Eo04 NO 2. 37E-OS 8.90Eo08 3.28EoOS 1.64Eo07 1.78Eo04 

0.0023 0.0032 0.0011 0.0001 0.0000194 0.0001 0.0003 0.0007 
0.9832 0.9994 0.9966 0.9993 0.9824 0.9993 0.9901 0.9993 

Q.XYLENE R.UX NAPTHAlENE R.UX 
MEASURE THECA. MEASURE Tl-ECA. 
4.S5E-04 2.72E-03 1.72E-06 2.00E-OS 
4.88Eo04 7.S7E-04 1.15E-06 S.56E·04 
2.S2EoOS 9.58EoOS S.44E-OO S.S7E·OS 
1.77EOOS S.19EoOS 3.70EoOS 4.49E-OS 
2.99EoOS S.30EoOS 2.83E-06 4.60E-OS 
S.56E-OO 4.50EoOS 1.52EoOS 3.2OE-OS 
4.26Eo07 4.10EoOS S.13Eo07 3.00E·OS 
3.80E-OO 3.45EOOS S.00Eo07 2.50E·OS 

0.0002 0.0003 2.S1Eo07 0.0002 
0.9928 0.9999 0.0278 0.9998 

Q.XYLENE FLUX NAPTHAlENE R.UX 
MEASURE THECA. MEASURE Tl-ECA. 
1.S7EOO4 1.S1Eo03 S.24E-06 1.16E·OS 
2.70Eo04 S.74Eo04 9.43Eo07 4.39E-04 
1.7SEoOS S.50EoOS S.11E-OO S.93E-OS 
2.46EoOS S.70EoOS 6.85Eo06 2.78E·OS 
3.50EoOS 3.77EoOS 7.0SE-OO 2.85E·OS 
S.03E-OO 2.80EoOS 1.3SEo06 2.10E-OS 
l.OSE-OO 3.00EoOS 8. 14Eo07 2.30E·OS 
S.42Eo07 2.64EoOS 2.93Eo07 1.96E·OS 

0.0001 0.0002 ·S.9Eo07 0.0001 
0.986S 0.9998 0.070S 0.9997 

Q.XYLENE FLUX NAPTHAlENE R.UX 
MEASURE THECA. MEASURE Tl-ECA. 
1.47Eo04 2.0SEo03 1.48EoOS 1.49E-03 
1.S9Eo04 S.11Eo04 8.65EOOS S.77E·04 
7.64Eo06 6.59EoOS 2.09EoOS 4.45E-OS 
1.17EoOS S.79EoOS 2.S8Eo06 4.33E-OS 
1.36EoOS 8.99EOOS 2.94EoOS 6.S7E-OS 
S.91Eo07 4.2OEoOS 1.S9Eo06 S.OOE-OS 

NO 4.S0EoOS 1.87E-OO 3.50EoOS 
7.SSEoOS S.07EOO7 1.88EoOS S.92E·OS 

0.0001 0.0002 3.00E-OO 0.0001 
0.9910 0.9990 0.9740 0.9990 

(continued) 
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APPENDIX J. (continued) 

FIELD SITE Wfn'A 

FLUX COMPARISON (uglcmA2Isec) 
TIME BENZENE FLUX TOlUENE FLUX EllIL YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THEOA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THECA. MEASURE THEClA. 
1.92 1.44E-04 4.29E-04 9.21E-OS 1.8SE-OS BDl 8.1SE-OS 1.S4E-OS 1.27E-04 1.SSE-04 S.98E-04 2.4SE-OS 2.17E-04 1.80E-06 2.S7E-04 

4S.S0 4.B4E-OS 7.7SE-OS B.S8E-07 S.37E-Q4 BDl l.46E-OS NO 2.27E-OS 1.14E-OS 1.24E-04 l.S2E-06 3.8SE-OS BDl 4.48E-OS 

FIELD SITE WSTB 

FLUX COMPARISON (uglcmA2Isec) 
TIME BENZENE FLUX TOlUENE FLUX EllIL YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THECA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THECA. MEASURE THEClA. 
0.40 UOE-04 5.08E-04 9.94E-05 2.S5E-OS 8.5BE-OS 1.05E-04 2.05E-OS 1.S8E-04 2.02E-04 9.18E-04 3.14E-OS 2.8SE-04 BDL 3.4SE-04 
46.97 2.BSE-OS 4.53E-OS 5.26E-Q6 2.09E-04 S.94E-07 9.3BE-OS 3.99E-07 1.49E-05 1.42E-OS B.HE-OS 2.6BE-06 2.56E-OS BDL S.07E-05 

FIELD SITE Wfn'C 

FLUX COMPARISON (uglcmA2/sec) 
TIME BENZENE FLUX TOlUENE FLUX EllIL YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THEOA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THECA. MEASURE THEClA. 
0.3B 2.79E-04 1.BOE-Q3 S.57E-04 S.41E-03 BDL 1.9SE-04 2.90E-05 2.B9E-04 2.31E-04 1.5BE-OS 4.43E-05 4.72E-04 NO 4.61E-04 

-to 46.S7 2.24E-OS 1.SBE-Q4 7.14E-OS S.02E-04 BDl 1.B1E-OS 5.1SE-07 2.S8E-05 9.2SE-OS 1.46E-04 1.92E-06 4.S6E-OS 1.92E-06 4.20E-05 
C11 
I\) 

FIELD SITE Wfn'D 

FLUX COMPARISON (uglcmA2/sec) 
TIME BENZENE FLUX TOlUENE FLUX EllILYBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THEOA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THECA. MEASURE THEClA. 
0.S8 2.97E-Q4 2.16E-OS 2.25E-04 6.0SE-OS S.94E-07 2.09E-04 1.4SE-OS S.04E-04 1.56E-04 1.SSE-03 3.12E-OS 4.B9E-04 9.97E-07 4.49E-04 
4S.80 NO 2.50E-04 1.40E-07 6.96E-Q4 NO 2.3BE-OS 2.S3E-07 S,47E-05 3.9SE-OS 1.89E-04 9.B1E-07 S.57E-OS BOL S.OOE-OS 

FIELD SITE Wf!ITE 

FLUX COMPARISON (uglcmA2Isec) 
TIME BENZENE FLUX TOlUENE FLUX EllILYBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX ()'XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THEOA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THECA. MEASURE THEClA. 
0.80 1.32E-04 1.11E-OS S.76E-OS 3,4SE-OS 3.24E-07 1.27E-04 4.B7E-6 1.90E-04 7.04E-OS 1.OSE-OS 1.S9E-05 3.11E-04 BDL 3.l3E-04 
4S.32 3.92E-06 1.31E-Q4 S.S2E-07 4.0SE-Q4 ND 1.46E-OS B.93E-OB 2.1SE-OS 9.0SE·07 1.19E-04 3.07E-07 3.S5E-OS BOL 3.3SE-OS 

FIELD SITE WSTF 

FLUX COMPARISON (uglcmA2Isec) 
TIME BENZENE FLUX TOlUENE FLUX EllIL YBENZENE FLUX P-XYLENE FLUX M-XYLENE FLUX O-XYLENE FLUX NAPTHALENE FLUX 
(HAS) MEASURE THEClA. MEASURE THEOA. MEASURE THEClA. MEASURE THEClA. MEASURE THEClA. MEASURE THEOFL MEASURE THEClA. 
1.22 S.32E·04 4.31E-Q4 1.9SE-04 1.92E-OS S.6SE·07 B.13E-OS 6,41E-OS 1.26E-04 7.92E-OS 6.90E-04 1.6SE-OS 2.13E-Q4 BDL 2.31E·04 

44.62 1.B4E-OS S.B4E-OS 1.S7E-OS S.01E-04 NO 1.26E-OS B.9SE-OB 1.9SE-OS 9.0SE·07 1.06E-04 3.07E-07 S.27E-OS BDL 3.3SE-OS 



APPENDIX K. FIELD FLUX DATA-BACKGROUND BEFORE WASTE APPLICATION 

Mean Flux 
(ug/cm"2-sec) 

Sample Benzene Toluene Ethylbenzene p-Xylene m-Xylene a-Xylene Napthalene 

BBT1A 1.07E-OS 2.87E-06 3.9SE-07 O.OOE+OO 3.01E-06 4.S9E-06 O.OOE+OO 
BBT1B 2.01 E-OS 6.87E-06 O.OOE+OO O.OOE+OO 2.40E-07 O.OOE+OO O.OOE+OO 
BBT1C 1.03E-OS 1.31 E-OS O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
BBT1D O.OOE+OO S.60E-07 3.46E-07 2.10E-07 3.87E-07 1.21E-07 O.OOE+OO 
BBT1E O.OOE+OO 2.30E-06 3.28E-07 S.S9E-07 8.09E-07 1.37E-07 O.OOE+OO 
BBT1F 9.03E-OS 3.36E-OS 3.47E-07 7.91E-06 1.31 E-06 2.27E-07 O.OOE+OO 

BAT1A 8.26E-04 2.98E-04 1.S8E-06 9.62E-07 1.31 E-OS 4.SSE-06 O.OOE+OO 
BAT1B O.OOE+OO 1.10E-04 2.S1E-06 O.OOE+OO O.OOE+OO 3.36E-07 O.OOE+OO 
BAT1C S.S8E-OS 1.36E-04 1.42E-07 2.30E-07 8.68E-06 1.98E-06 O.OOE+OO 
BAT1D O.OOE+OO O.OOE+OO 2.30E-07 1.40E-07 2.13E-06 2.47E-06 O.OOE+OO 
BAT1E O.OOE+OO O.OOE+OO 1.88E-07 S.70E-07 O.OOE+OO O.OOE+OO 1.80E-OS 
BAT1F 1.20E-04 2.76E-OS 1.17E-07 O.OOE+OO S.91 E-07 2.4SE-07 O.OOE+OO 

BAT2A 1.84E-06 O.OOE+OO O.OOE+OO O.OOE+OO 2.2SE-07 3.16E-07 O.OOE+OO 
BAT2B 4.S8E-06 7.77E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
BAT2C 1.38E-OS S.3SE-06 O.OOE+OO 1.12E-07 S.14E-08 4.32E-07 O.OOE+OO 
BAT2D 4.46E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
BAT2E 7.26E-07 2.67E-07 O.OOE+OO O.OOE+OO O.OOE+OO 2.88E-07 O.OOE+OO 

~.;. BAT2F 1.26E-06 1.26E-07 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1S3 



APPENDIX L Theoretical FkJx Calculation Exarrple 

EXAMPLE. Field benzene flux calculation using site specific data and temperature corrections. 

Given data: 
site properties. as measured at Field Site B 15.6 minutes after surface waste application: 

temperature at 2 cm soil depth (1) = 48 ·C 
soil bulk density (bd) = 1.04 g/ cm3 

soil moisture content = 22.96% 
application area (A) = 4560 cm2 

waste loading (l) = 1.0945 gf crn2 
waste penetration depth (h ) = 5 cm 
soil effective particle size (d) = 0.023 cm 
soil particle density (Pd) = 2.65 g/cm3 

compoundfwaste properties for benzene: 

molecular weight (MW) = 78.12 g/rnole 
solubility @ 20· C (S) = .0218 rnoles/liter 
molar volumn (VB) = 96 cm3/g-mole 
vapor pressure @ 20· C (P) = 0.114 atm 
boiling point (Tb) = 353.2" K 
diffusivity @ 20' C ( D Ai) = 0.0821 cm2/sec 
waste benzene concentration (Cig! = 249.2 J1g/g waste 
waste density (po) = 0.9806 g/cm 

Step 1. Correct p. viscosity (11s) , diffusivity (DAi and DA)' and Henry's law constant (HC and He') for 
temperature. 

Using Equation 26, 

AWP = Kf • (8.75 + R • In Tb) 

~ = 1 • (8.75 + 1.987 • In(353.2)) 

= 20.41 caVmole·-K 

and from Equation 27, 

In P = AHvb • CIb,J212 [1 1] 
&b·R· (lb-C2l (T -C2l 

C2 = -18 + 0.19·353.2 = 49.11 
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(26) 

(27) 



InP =20A1·(353.2-49,11)2 • [_-,-1 __ 1 ] 
0.97 • 1.987 • 353.2 (353.2 - 49.11) «48 + 273,2) - 49,11) 

In P = -1.07214 

P = 0.3423 atm 

US" 

From Equation 25, 

log 11s = -2.32417 + 758.56/(T- 0.4148· T +196,8806) 

log 11s = -2.32417 + 758.56/(48 - 0.4148· 48 +196.8806) 

11s = 11.16 cP 

QAi .and...QA-

From Equation 28, 

Dr2 = Dr1 • .1I2l.3/2 

(T1)3'2 

DAi@ 48· C = 0.0821 • (~1 .2)3/2 = 0.0941 cm2/sec 
(293.2) ~ 

and from Equation 20, 

DA = DAi· (Sa 10/3)/S.2 

DA = 0.941 • (Sa 10/3)/St
2 

where, 
S. = 1 - bdl2.65 = 0.6075 and 
Sa = S. -decimal moisture content = 0.3779 

D A = 9.95 • 10 -3 cm2/sec 

Hc = molari£oncent~ti~n in water 
mo r conce ra IOn In air 
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(25) 

(28) 

(20) 



= O.342atm 
0,0821 afm Vrnole - OK - (48+273,2°K) 

0.0218 molesJl 

HC = 0.5956 em3 water/em3 air 

and He' = HdKsw 

where, 
log Kow = log lIS + 0,339 = 2.009 . 

0.996 
log Ksw = 0.541 - log Kow + 1.203 = 2.29 

HC' = 0.5956/(102.29) = 3.06 - 10-3 em3 oiV cm3 air 

(23) 

(22) 

(21) 

Step 2, Calculate the oil-layer diffusion length (Zo) , the interfacial area (as)' and the oil diffusion coefficient 
(Do). Based on the observed soil and waste characteristics, the film form for Zo and as is used. 

From Equation 14, 

Zo= ~p!l 
6-"0 

Zo = 0,023 - 2,65 - 0,3779 = .00391 em 
6-0.9806 

and from Equation 16, 

as = 6/d 

as = 6/0.023 = 260,87 em-1 

Using Equation 24, 

Do = 7.4 .1O-8..:..U. MWlll2 .-!.L 
Tls'VB~ 

Do - 7.4 • 10-8 • (1 - 78,1 0)Y2 - (48 +273.2) 
11.16' (96) .0 
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(14) 

(16) 

(24) 

1.22 • 10-6 em2/ sec 



Step 3. Calculate the concentration of benzene in the air filled pore spaces (C A ") and the benzene flux 
from the soil surface. 

From Equation 13, 

Cl = 0,00306 ·2492 
1 + 0.00306· 6· 0,Q09-f • 0,00391 

1.22 • 10 • 260.87 • (5)2 

Using Equation 8, 

and, 
MA = Cio· L· A = 249.2·1.0945· 4560 = 1243737J,1g benzene 

FA _ 0.00995 • 0.762 
- (2·0,00995. 15.6·60 • 4560 • 5 • 0.762 ) 1/2 

1243737 

Benzene Flux = 1.49 • 10-2 llg/cm2/sec 
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(13) 

(8) 
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