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. A source-receptor methodology is descridbed that can be used to estimate emission
rates of halogenatad hydrocarbons from 8 mamufacturing plant vhen access to the
plant is not'possible. An inert tracer is released at a known rate from s vehicle
traveling back and forth on a rosd outside the plant ares. Samples are collectesd
dowrwind of the plant (at a distance of about 1 to S km) and analysed for the tracer
and the materials of intsrest. The relationship between the emission rates of the
tracec and the measursd concentrations has been derived. The method i{s Qenerally 2
insensitive to metsorological conditions, 1f applied at night or vnder overcast coa-
itions during the day. It is suitable for estimating fugitive emisssices from
within 10 or 15 m of ground level. It must b applied with diseswtion, of Lnurtarj
ing sources are present. in the area. Once emission rates have b .sa det-.mined, con-

3 ventional Gaussian methods may be nsed to estimats expectsd saxirum ground-level
centrations of th~ raterf “vost dowrwind of the source arsa. A muu-al
LANUSeCeiahg plant was seiucead (Viican Matarlals Compuny noar Wichita, Xausas) ar
the method was applied to estimate emission rates for four different halogenated
hydrocarbons. The fsasibility of the methodology was demonstrated and sugyestions

‘for improvuements ware sade.
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NOTICE

This document has been reviewed in accordance with
U.S. Environmental Protection Agency policy and
approvoed for publicstion. Mention of trade names
or commercial products does not constitute endorse-
ment or recommendation for use,
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ABSTRACT

A source-recepto: methodology 1is described that can be used to
estimate emission rates of halogenated hydrocarbons from a manufscturing
plant when access to the plant {s not possible. An inert tracer is released
at a known rate from a vehicle traveling back and forth on s road out-
side the plant area. Samples ars collected dowvnwind of the plant (at a
distance of about 1 to 5 km) and analyzed for the tracer and the materials
of interest. The relationship between the emission rates of the tracer
and the mator{als of interest, and the messured concentrations has been
derived. The method 1is gererally inseasitive-to mateorological conditions,
1f applied at night or undar overcast conditions during the day. It ts
suitsble for estimating fugitive amissions from sources within 10 or 15 a
of ground level. It must be applied with discretion, if interfering
sources are present in the srea. Once emission rates have been determined,
conventional Caussian methods may be used to estimate axpected maximum
ground-level concentrations of tha materisls of interest downwind of the
source areaa. A suitable manufacturing plunt wes selected (Vulcan Materials
Company near Wichita, Kansas) and the method was applied to estimate
emission rates for four different halogenated hydrocarbons. The feasi-
bility of the methodology ' 1s demonstrated and suggestions for improve~
ments vere made.
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SECTION 1

INTRODUCTION

The U.S. Inviroomental Protection Agency (EPA) is concernad that
some hydrocarbon compounds, especially halogenated hydrocarbon compounds *
that may be hazardous at low concentrations, might have an immediats
local i{mpact downwind of the plants that msnufscture thes. However,
there hao boen a lack of data that would allov the prediction of sfther
the amounts of these nsterials that are relesased to ths atmocsphere or the
concentrat ions that might exist dowvnvind of the plants under various
meteorological conditioans.

Several factors bave contributed to this lack of data. Firet, these
compounds do nct come from clearly {dentified sources such as stacks or
vents, Instead, thay are likely to come from more widely distributed
sources such as lesks from valves, pluabing, incompletely sesled con-
tainers, and filling and eaptying operations, or during transport from
oone place to another. The magnitude of sources of this type {s extremely
difficult to measure or even estimate. The second, and almdst equally
important, reason vhy so fev data are available concerning the magnitude
of sources of halogeanated hydrocarbons is that tha processes and equipaent
used to produce the materials are frequently propristary. Similarly,
the manufactursrs are quite secretive, for competitive reasons, about
their production and sales rates. In such an environment, it is not
surprising that thes ssnufacturers are very reluctant to allow outsiders
on the grounds of the manufacturir; plants to aske measuresents that
would be necessary to characterize scurcse strengths directly,

The 2-¢.. nroblem has been just such « dnt- _.stionu of soucc.
strengths. Once s source strength is known, maximum ground-level concen-
trations can be estimated as & function of dowavind d! .. nce and metecro~
logical conditinns, The EPA recognized a need for a vou.ce-receptor
mathodology that could be used to astimate source strength and to predict
maximua ground-level conceatrations, and, for the ressons cited above,
required that the method not rely upon measursaents made vithin the
manufacturing complex. Originally, measurements in the study described
{n this report wers to be made within soms manufacturing plant and used
to verify the performance of a different methodology that required ealy
measurmonts from outside the manufacturing arsa. The original intest of
the study described in this report was to meet the folloving objectives:

(1) Select a suitadle manufarturing site that produces two
¢ thres following chlorinated hydrocarbons: wmethylese
-rauride (QH3Cl3), trichloroathylens (CpHCl3), and
--7chloroethylens (C,Cl.).



(2) Perform the necessary tests in the plant to establish
the total fugitive emission rates of these compounda.

{)) Devalop sanpling strategies for fence-line and down-
wind measuremants of tha ambient conceatration of
thess compounds.

(4) Develop a diffusion/transport methodology to predict
the source strength and the downvind concentration
from the fence-li{ne measuremants.

(5) Verify the model using source strengtha sstimated
from the in-plant measurements.

(6) Develop a strategy for the use of the measurement
methodology.

Four of the objectives vere met. Objectives 2 and $§ were not
achieved, because no suitable plant vas found that would allov oca-site
messurements. Neverthaless, the project ylelded a methodology that can
be used to estimate the fugitive enissions from within a plant when access
to tha plant 1s not possibla. Tha source-receptor msthodology does not
use messurements made literally at the fence line, unless the fence is
sufficliently far from the sources that mixing will have produced reasonably
uniform distributions th.ough the lowest 10 m or so. This report describes
that mothodology and its application to a specific manufacturing plant.
Suggestions are also included for improving the method and its application.

The theory underlying the methodology is discussed {n the Section 2
of this report. Briefly, the methodclogy relies upon the relesse of an
inert, nontoxic tracer gas at a known rate outside tha manufacturing
site. Concentrations of the trscer are measured downwind of the site
to establish the magnitude of the atmospheric transport sand dilution
processss. This value is used in turn vith simultaneocus downwind mesasure-
ments of the concentrations of the chlorinated hydrocarbons, alloving an
estimate to be made of the magnitude of their scurces within the plant.
Once these source strengths have been established, conventionnl dis;«rsion
modeling techniques can be used to sotisate dowvnwvind concentrations for
various metsorological situations.

This report also describess the application of the msethodology to a
specific site and 1llustrates some of the important features of the
rethod. The description begins with the selection of a candidate test
site, followed by a discussion of the various parts of the test procedure:

(1) The requiremants for meteorologlical observations

(2) The procedures used for tracer releases

{3) The procedures 1ed for collecting and analysing tracer
samples.

(4) The preccdurss used for collecting and analvsing
~tiiorinated hydrocarbon compounds.



Tests were conductesd at the Vulcan Metarials Company plant near
Wichita, Kansas, on ths nights of 8-9, 10-11, 11-12 and 12-13 August 1981,
This report describes tha conditions that prevalled during thesse tasts
and f{nterpiats the results that ware obtained to provide estimates of
source emissiocns rates for some chlorinsted hydrocarbons. The report
concludes with a reviev of ths methodology and a summary of the r-sults
obtained in ths test application.



SECTION 2

THEORY

The theory underlying the source-receptor methodology used in this
study 1is presented belowv. The derivation provides a relationship
between the dilution of a tracer released from a ground-level line source
and the dilution of materials released from a nearby grouni-level area
or point source. First, consider the Caussfan formula for a ground-level
concentration from an infinite ground-level line source:

2Q
C. @ —Lt (1

1 sindu u‘ ‘/21

vhere

C, = ground-level concentration (g a-J)
Q) = line-source esission rate (g l-ll-l)
4 = angle betveen wind and line source
u = windspeed (m s-1)

o, = standard deviation of Caussian concentration
distribution in the vertical at a distance froa
the source parallel to the wind direction (m).

The vertical standard deviation o, can be approximated by a function
of the fulloving form:

cz(x) - l!b (2)

vhere x is the distance from the source, parallel to the vind direction.
Table 1 gives values of a and b suggested by Busse and Z{mmerman (1) for
use in the range from about 0.5 to 5 k= downwind.

If we substitute from Eq. (2), Eq. (1) becomes:
201
cC, » —— »

sin¢ 2wuaxb



TABLE 1. SUCGESTED VALUES FOR THE
CONSTANTS IN EQUATION (2)

Constants
Atmospheric Stability a b
Extreaely unscabdble 0.25 x 10-3 2.09
Moderately unstable 0.049 1.11
Slightly unstable 0.10 0.93
Neutral (day) 0.26 0.69
Neutral (night) 0.2% 0.6)
Stable 0.20 0.60

SOURCE: Busse and Zimmerman (1)




The formula for an area source (of infinite extent in the cross-
wind direction) can be obtained by Integrating Eq. ()) along x:

1-b _ 1
} 29,007 - %) er v (4)

sin¢ /2 Ua(1-b)

€A

where X, and X, are the distances to the upvind and downwind edges of the
area source nnﬂ Qs (s n-2 571) {s the area-source emfssion rate. The
"“line sources™ that are integrated to get Eq. (4) can be oriented arbi-
trarily. For convenience, we choose to orient them at the same angle to
the wvind ¢ as the tracer line source. Dividing Eq. (4) by Eq. (3) gives

o o (o)

A
T (3
N Ql(l-b)
Solving for QA gives:
“ (1-b)
QA " 1-b &)

All quantities on the right side of Eq. (6) can be measured experi-
mentally except b, vhich depends on atmospheric stability. For experi-
wments conducted at night, the s mosphere will be either stable or neutral
according to the commonly used methods for classifying atmospheric sta-
bility (2). If we limnit the “ownwind distances at vhich mcasurements
AP~ mad~ om IS X, A, _ iz all between 0.5 and 5 km, then the
appropriate values of b range from about 0.6 for atable condiifions to
about 0.7 for neutral conditions (1).

Although a value based on meteorological factirs can be chosen for
b, there {s some uncertainty, so it {s important to evaluate the sensi-
tivity of the relationship to the choice of value for b. Ve begin by
defining a factor containing all the b teras as follows:

B = (7)

Substituting Eq. (7) in Eq. (6) gives:



c.Q
ATl
Q‘ - (‘E—-) 3 (8)

Table 2 gives values of B for b = 0.6 and b = 0.7, by using different
combinations of x, X,, and Xy. It {s appsrent from the table that the
calculations are not very sensitive to atmospharic stability W{thin
the li{mito of experimental accuracy, b could be set equal to 0.65, and
Eq. (6) would then become:

c.Q
0.35°A71
Q,) ~ (9
A'nighe ¢, (xg.as i xg.;s )‘o.ss

Some sssumptions {inherent in Eq. (9) should be understood:

(1) Eq. (9) applies for nighttime conditions or neutral
dayt ime atmospheric conditicus.

(2) Concentrations are measured 0.5 to 5 km dowvnwind of
the sources.

(3) Coocentratiocas are measured near the center of the plume
wvhare the assumption of an infintite crosswind sxtent of
ths sources {5 most nearly valid.

(4) The crosswind axtant of the sources is large compared to
the dimensfons of a point-source plume at the downwind
distance vhere the concentrations are aesssured, e.3.,

« At 5 kn, about 600 m for neutral stability and
about 300 m for stable.

- AL 2% -7 40 300 . + :zl and about 150 m
for stable.

(5) The angle between the vind and the line source is relatively
large, about 45° or greater.

(6) The separation between ths line source and the area source
should ba kept as small as possible, preferadly wvithin
about 251 of the distance between the line source and
the samplers.

In general, the above conditions that apply to ths line source were
mat, except for the requirement that the vind direction be at a large
angle to the line source. This was not met for the night test of 8-9
August 1981. This test, and the test of 7-3 August 1981, were only
marginal with regard to the crosevind extent of the area from which
fugitive emissions wers sxpected. [From the standpoint of meeting the



TABLE 2. VALUES OF B FOR TYPICAL mujmmu CONDITIONS

B

x % X4 Che) D:;}:::::c

™| @ W b= 0.6 b = 0.7 (x)
6000 | 4400 | 4200 | s-22 x 1073 | s.26 x 1077 0.7
4000 | 3800 | 3600 | &-77 x 1073 | 474 x 1072 0.8
2000 | 2400 | 2200 | s5-44 x 207° | 5-51 x 1073 1.3
2000 | 1800 | 1600 | 4-53 x 107 | 4-46 x 1077 1.6
1500 | 1900 | 1700 | 5-57 x 10'? $+68 x 1072 2.0
1500 | 1300 | 1100 | 4-37 x 2073 | 4-27 x 1073 2.3




assumptions underlying Eq. (9), the last three tests were the best. The
data analyses presented later focus on these three cases.

It is also possible to assume that the plant emissions come {rom s
point or very small area at the surface, with a source strangth Q.. The

concentration at the center of the plume (CP) is given by: P
Q

wvhere o, is the standard deviation of the GCaussian concentration distri-
bution 1n the crosswind direction; Oy is approximately proportionsl to

-9 (2). The constant of proportionility depends on stabflity. It
ranges from 0.065 for soderately stalle atmospheric conditions to 0.13
for neutral conditions, when both and o, are expressed in the same units
(a); Xp is the downwind distance froa the point source.

1f the point source and the line source are close together compared
to the downwind distance, then ( /X)® s 1 for the values of b discussed
earlier. For example, 1f 0.85 £ {X,/X) X 1.15, then (X,/X)® will be
betwsen about 0.9 and 1.1. Using this fact, we can determine the ratio
betwesn Equ. (1) and (10), and solve for QP to give:

c Q x0+9
Q » k-2 — 2 (1

P C1 sin¢

wvhere

0.32 for a neutral atmosphere
K= 0.25 for = =lightly stable atmosphere

0.16 for » wderately arable ar--sphere

Eq. (11) 1s not quite as desirable as Eq. (9) for estimating source
strength because 1t is subject to appreciable dependence on atmospharic
stabtility. However, {t does not require an estimate of the size of the
area source in order to determine total em{ssfon rates. In the anslyses
that follow both Eqs. (9) end (1l1) have been used.

10



SECTION )

THE TEST SITE

The EPA wanted this study to be performed at a site that manufactured
two of the three following chlorinated hydrocarbons: wmethylene chloride
(Qi;Cl,), trichloroethylene (C;HCl3), and perchloroethylens (CCLy).

There are only a liaited nuaber of such manufacturing sites {n the United
States; a list of these sites was compiled end each site vas evaluated
according to the crltori{ discussed below.

CRITERIA USED TO SELECT THE TEST SITE

Although it was not eaphasized in the preceding section, ft 1s
essential to be able to establish that measured concentrations of the
halocarboas of interest come from the plant inm question. Therefore, the
area surrounding the manufacturing site must be free of other socurces of
the same materials. Such sourcas would interfere with {nterpretation of
the data and make {t difficult to estimate source strengths within the
plant ftself. Tharefore, one of the criteria for salecting the test
site was that thare be Lo other nearby sources of chlorinated hydrocarboans.

The use of a tracer to estimate dilutfon rates requires chat the
tracer be released as close to the sources of interest as pessible. It
slso requires that samplas of ambient afr be collacted or measured both
upwind and downwind of the manufacturing site, preferably within a few
kilomsters of the site. Inasmuch as the vind can blow from any direction,
it 1s desirable to have the arsa around the plant be accessidle for a
fev kiloneters in asvery direction. < flat, open terrain with many lighcly
travelad roads i{s most desirabdle.

"h. T.otar methodology 1s mout appropcistely applied at night.
Therefore, a plant that operates on an sround-the-clock schedule is desir-
able so that the casts can be conducted st night vhen winds are light
and the sir is stable. This criterion was not very restrictive in the
site salection proceass, because all the plants that were coasidered do
cparate on such a schedule. Nevartheless, {t must be considered.

The diffusion/tranaport methcdology assumes that most eaissions
occur near ground level and that mixing through the lower layers {s about
the same ap that of the tracer. The methodology woulc not be applicadle
to a plant where apprecisble quantities of the materials are emitted
from tall stacks. This criterion was not vestrictive for the plasts
considered in the sslection procass, because virtually all the emissicas
at these plants take place vithin 5 fo 10 m of the surface and with little

11



buoyancy. When questioned, the manufacturers stated that all stack
gases are processed through incinerators before venting, so there should
be no emissions froa the stacks’

The final criterion used for selecting a test site wvas that the
manufacturer be ccoperative and allow access to the plant. This parti-
cular criterion proved impossible to satisfy. Although zost of the
manufscturers were villing to discuss the planned tests and to consider
allowing access to the plant, none was sctually willing to grant such
access. The reasons for t“eir unwillingness, which wvere cited in
Section 1, are certainly valid froa their perspectives. It should also
be noted that the oparator of the plant that was finally selected for
this study wvas cooperative enough to furnish some information on plant
products and operations.

CANDIDATE TEST SITES

Only seven plants in the United States produce the chlorinated
hydrocarbons of interest. These arz listed in Table 3. The table also
identifies vhich of the compounds are produced at each of the sites.

The operators of these plants vere contacted, maps of the areas
surrounding the plants were obtained, and clinatological data for the
regions wers studied during the selection process. Initislly, SRI
believed that one or more of the cperating coapanies might be willing

to allow access to their plants, or that the EPA could expeditously
negotiate access on our behalf. Under the sssumption that access could
be obtained, SRI focused nn :hree particular plants, vhich vere visited.
These plants were PPC Industries, Inc., lLake Charles, louisiana; Stauffer
Chemical Company, Louisville, Kentucky, and Vulcan Materials Company,
Vichita, Kansas. The latter plant was finally chosen because it best

oet the selection criterifa--other than the criterfon regarding cooperation
by the operator. This site vill be discussed in detail in the next
section.

The Louisville and Lake Charles sftes vere not selected because
they would have been more difficult for field operations than the Wichita
site. The marshy terrain surrounding the Lake Charles site liaits the
number of available roads in some directions from ~hL2 plant., The Ohio
River is next ~~ rlk: "oy 5o, lle plant, so that aztiuasive © " (. wuuid
have been required to get from the plant to sowe sampling areas. Although
it would have bean possible to conduct tests at the louisville and Lake
Charles sites, surroundings limited the number of wind directfons under
vhich tests could have been conducted and would have introduced some
logistical problems that were not encountered at the Wichita site.
lnasauch as the purpose of the prograa vas to develop and demonstrate the
source-receptor methodology, it would have been counterproductive to
introduce unnecesesry complications.

Thers was another more serious reason for rejecting the louisville
site. 1t wvas not entirely claar that there vere no other sources of

12



TABLE 3. PRODUCERS OF CHLORINATED HYDROCARBONS

Company and Products
Location cu2c12 (IZBCX3 CZCI‘
Dov Chemical Coupany, USA
Freeport, IX v . 7 /
Piaquemins, LA v v
Ethyl Corporation
Baton Rouge, LA / /
PPC Industries, Inc.
Lake Charles, LA / v
Stauffer Chemical Company
Louisville, KY Y Y
Vulcac Materials Company
Geismar, LA s /
Wichita, KA 4 4
.

13




chlorinated hydrocarbons in nearby industrial areas. This 1s also why

the Dow Chemical plant at Frerport, Texas, and the PPC plant at Lake
Charles, Louisiana, were not given serious consideration. The application
of the methodology in an area of large-scale petrochemical production,
such as Freeport, Texas, could pose some Jerfous difficultieas. SRI does
not believa that applying the methodology in such areas would be impousatble,
but f{t would likely require careful selection of the conditions under
which the teots ware conducted nd appreciably aore messurements upwind

of tha plaat to establish ambient background conditfcus. It would also
raquire s careful analysis of land use and manufacturing operations in the
reglon, and a more thorough interpretation of the collected data. It
scemed premature to introduce these complications before the method had
been demonstrated under more favorable conditions,

The reasons for rejecting the othar plants listed in Table 3 vere
similar to those discussed above. Briefly, the Dov Chemical plant at
Plaquemine, Louisiana, is located next to the Mississippl River, which
would have posed serious loglatical problems. The Vulcan plsat at
Ceismar, -Louisfana, and the Ethyl plznc at Baton Rouge, Louisiana, were
not given serious consideration Lecause SRI had bean refused entry
sarlier {n the project. By tlhe time it became evident that in-plant tests
would not be possible, SRI had already selected the Vulcan plant at
Wichita os the best site.

TEST SITE--THE VULCAN MATERIALS COMPANY, WICHITA, KANSAS

The Vulcan Materfals Coupany plant was chosec as the site for
testing the source-receptor methodology. The plant is located sbout
S m southwvest of the center of Wichita, Kansas. Figure 1l {s s topo-
graphic map showing the area near the plant site. The ares around the
plant is quite flat; within 2 ke of the plant, the slevation changes
over & range of less than 15 m (about 1,280 to 1,320 feer). The site is
serviced by & railroad, which also serves a grain elevator aboutr 1 Im
to the northeast. A wastevater treatment plant and a fluorocarbon manu-
facturing plant (both operated by Vulcan) are sdjacent to the Vulcan site
and a power plant s located about 2 kn to the northeast. A smsll
chemical plant 1is located about 0.3 ka south of rh2 "ylcoc site. hut {t
does not use any or the uaterisls of intaerest.

Other than these activities, the sres surroundiug he Vulcan plant
1s generally duvoted to farming for at least 3 km in all directions.
As the nap shows, there i3 a grid of rcads at l.6-ka {ntervals around
the plant, but thesa are generally not heavily traveled, especislly
during the night and sarly sorning hours vhen the tests vere conducted.
Figure 2 s an asrial photograph (taken February 1977 by the Kansas Cas
and Llectric Co.) of the immediate vicinity of the plant. Figures J and &
are ground-level photographs of the plant that wers taken during this
project. FPigures ) shows the “perchlorocethylene™ ' nit (produces perchloro-
ethylene and carbon tetrachloride) on the left and the "chloromethane™
unit (produces methylene chlorids, chloroform, and carbon tetrachloride)
on the rizht. Figure & shows the plant and the surrounding farmlanod.
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Figure 1. Topographic map of the Vulcan plant site.
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Aarial photograph of the area surrvunding the Vulcan
(rbotograph provided by Kansas Cas and

Llectric Company.

plant.

Figurs 2.
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Figure 3. The perchlorcethylene and chloromethane
units at the Vulcan plant.

Figure 4. The Vulcan plant viewed from the north.
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The Vulcan plant {s a medium-sized plant occupying a retangular
space approximately 5C0 @ in the east-west direction and 600 @ in the
north-south direction. However the area invelved in solvent operations
is ouch smaller. Figure 5, a section of the aerial photograph shown in
Figure 2, indicates areas where operations might be conducted that would
be related to the emissions of the solvents of concern. The outside
boundaries of these sources are approximately 225 m in the east-west
direction and 150 m in the north-svuth direction, but emissions of any
given material are not likely to be present at &ll locations within these
boundaries. Later, for the purpose of estimating the total emissions,
't {s assumed that the total emitting area 1is about 25,000 az; this {1s
atout 60X of the solvent area described above. As noted earlier, 1t is
be  ieved that the emissions are all likely to occur within 5 to 10 m of
the surface and at amblent temperatures, so there {s not likely tc be
any significant buoyant rise.
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SECTION &

TEST PROCEDURES

GENERAL

This section describes the test procedures that were applied at the
Vulcan manufacturing site near Wichita, Kansas. These procedure~ would
generally apply for all sites. The need to collect samples upwind and
downwind of the plant, as well as the methods for collecting and analyzing
these samples would not change. The theory underlying the source-recsptor
methodology dictates that the best results will be obtained during the
nighttime hours, because the method is not particularly sensitive to
prevailing meteorological conditions when the atmosphere is stable, as
it often 1{s at night. The theory also dictates that the tracer releases
be made in a line that is as close to the manufacturing plant as possible
and as nearly perpendicular to the wind direction as possible.

Several considerations suggest that the sample collection be dons as
near the source as possible. Concentrations should be higher near the
source; hence, the results of the chemical analysis should be more relisble.
Collecting the samples near the source should also minimize the lateral
spreading effects that negate the assumption of an {nfinite line source,
wvhich wvas used in deriving scme of the equations for the methodology.
However, one very important factor dictates that the samples not be col-
lected too close to the source. The theory presuaes that both the tracer
and the materials of interest are released at approximately the same
lov altitude. Vertical mixing will tend to minim{ze the effects of
differences in the release heights of the various materials at distances
of 1 km or more from the source, where the vertical spread--as measured
by the vertical standard Zaviation, o,, of a Caussian concentration dis-
spite~t, hould b #5 . '3t 15 m, even under moderately stable conditions.
This would be enough to provide a reasonabiy uniform concentration dias-
tribtution (when averaged over about an hour) through the lowest 10 to
20 m of the atmosphere for materials that have been releas:d within that
same layer. As noted earlier, the assumption of an infinit« line source
makes it desirable to minimire the lateral spreading. During nighttime
conditions, the lateral spread--as measured by the horizontal standard
deviation, o,, of a Gausslan distribution from a point source--will
generally be" 200 @ or less to downwind distances of about 3 km. Tharefore,
the downwind samples should usually be collected at distances betwveen
1l and ) kn dowvnwind.
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METEOROLOGICAL OBSERVATIONS

One of the reasons for developing a methodology based on the release
of & tracer gas was to minimize the nered for meteorological observations.
Conventional, easily made meteorological observations are not directly
related to all the factors that affect the diffusion and transport of
emissfons relesased from a plant. The relationship between conventional
measurements and atmospheric stability is particularly subject to uncer-
tainties. Nevertheless, there are operational requirements for some
meteorological observations when using the tracer technique. Futhermore,
meteorological observations provide an important source of backup infor-
mation as well as information that can be used to interpret concentration
data.

Most important to both the data interpretation and operational plan-
ning of the study are windspeed and wind direction observations. These
vere measured at an altitude of about 10 m in the {mmediate vicinity of
the test site. The measurements were made with a propeller~vane anemometer
at SRI's mobile laboratory site, indicated in Figure 2. The temperature
and hunidity were also measured at the same site, at a height of about 5 m.

In addition, SRI obtained copies of the official hourly weather
obaervations made by the U.S. National Weather Service at Mid-Continent
Airport in Wichita, Kansas, about 8 km north of the test area. These
observations included temperature, humidity, windspeed and wind direction,
and visual estinmates of cloud amount and type. Airport wind directions
represent more or less instantaneous measurements, subjectively averaged
over about a minute or two, while those at the s{te were averaged over
the hour, beginning at the time shown in the table. Cloud amount and
type are important to the estimation of atmospheric stability class.

TRACER RELEASE PROCEDURES

The tracer chosen for this study was sulfur hexafloride (SFg),
commonly used because it is totally inert and nontoxic, and because {t
occurs only at very lowv concentrations ir the atmosphere. The tracer
wes released from the back of a movine — "1icle through a flow-limiting
nzedle valve ™ Jo 8 flow . _ “elve ensured a relatively
constant emission rate. The flow rate was measured at nominal half-hour
intervals using s Singer Model 115, dry test meter. Flov rates vere
very constant (23X) over an 8-hour periocd. The total emissions during
a test wvere determined from the weight of the SFg cylinder before and
after the tast. The average emission rate vas determined from the
following ralationship:
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Ql = the aYernge line-source emissfon rate of SFg
(3 m~'s"1)

W = the total weight of SFy released, as determined
by weighing (g)

L = the length of the road segment over which the
vehicle drove vhile relessing SF¢ (m)

t = the tize interval over which the SFg release
took place (s)

It is posgible to use an gverage emission rate, determined as
described above, for these tests because the samples that are collected
are also averaged over extended periods of time (1 h). If the averages
obtained this way are to be reasonable approximations of the true
average, the release vehicle must traverse the road segment at least
gix or seven times per hour. (In the experiments reported, it was
traversed approximately 40 times per hour.)

There is the tacit (and reasonable) assumption that the meteorolagi-
cal conditions are uncorreiated with the location of the releazse vehicle.

For all of the test data considered in this report, a segment of
road approximately 0.82 km in length was used. This road is immediately
west of the plant, approximately 225 m from the center of the hydrocarbon
manufacluring area (see Figure 2). 1t was possible to make quick U-turns
at the incersections at each end of the road segment, because traffic
was light during night hours on the road. Because the U-turns could be
made qu‘:kly, it was not necessary tc turn off the tracer release st theze
times. The release vehicle generally traveled about 32 ko h-! uhbile
traversing the road segment, so about 40 passes over the segment could be
made during each hour.

Table 4 Uists the release data for each night's testing.

sABLE &, Sig RELEASE o ..
Release 1otal Line
Date Path Average | Passes | Relesse | Release
of | Length Speed per Rate Rate
Test (m) /s Hour (g/hr) (ug/= 8)
e/s - 8/% 815 8.9 L0 819 290
8/10 - 8/11 815 9.1 40.2 988 3316
8/11 - 8/12 815 8.9 39.2 900 Jos
8/12 - 8/13 815 9.7 40 918 291
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SAMPLE COLLECTION PROCEDURES

Bag Samplers

The downwind samples were taken at ground level by using the auto-
s<tic samplers that SRI routinely uses for this type of work. These
sanplers manufactured by Environmental Measurements Inc. (EMI), are
multiple-bag samplers containing 12 pumps and an electronic timing circuit
by which up to 12 l-hour bag samples can be obtained sequentially. The
EMI sampler 1is approximately 60 cm in diameter and 110 em high, and
wveighs 11 kg. The sampler is operable over a temperature range of
-10° to 50° C.

Each sampler is battery operated and uses & timing circuit that
actuates the pumpes intermittently tc conserve battery life. The start
time for sequential sampling (for the night operation) can be set in
advance on each timer. As & rvesult, {t was possible to service the
sanplers in advance, before they were placed at the sampling sites in
the early evening.

The EMI samplers were initially designed to actuate the pumps on a
duty cycle of 2 5 on and 30 s off to produce a 5-liter sample each hour.
The timing circuits on a set of these samplers owned by SRI have been
modified to obtain a duty cycle of 80 ma on and 1 s off. In addition,
the bag size has been reduced to 2 L. These modifications provide a
more representative hourly sample than can be obtained with the factory-
supplied pump duty cycle, while still providing more than adequate saaple
volume.

From our experience with these samplers, SRI has found that Tedlar
is the best material for these bags. It hss no background of chlorinated
hydrocarbons and it has very low permeability, so samples can be stored
without contamination or loss. The bags are fabricated st SRI and a
large number of them were in stock for use in the study. The bags were
routinely checked for leaage during the test program. SRI has developed
a routine bag cleaning process that was used between each sampling. The
tleaned bags wvere teated un 8 random basis to ensure thar ' -+ " | baen
clcaned properly aud ch.. thevse -an a0 fnadvertent contaz .. Each
of the bags wvas i{dentified with a label listing the sampler number and the
time tlit the sample started.

Sanple locations

The samplers were placed at ground level, at power poles vhenever
possible. They vere chained to the poles for security. For the first
three tests, the sanplers were placed at approximately 300-meter intervals.
For the last test, the spacing vas decreased to approximately 150 m,
because a prelininary review of the data indicated that the plune aight be
psssing between samplers.

The arc covered by the samplere vas dictated by the vind direction
and the pradiction of wind dirsction from the U.S. Nationsl Westher Service.
The sanpler locations are shown on the maps presanted in Section 5.
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The samplers were placed at the designated locations by 2200 CST,
and they were collected the following morning, beginning at 0700. After
the samplers were returned to the mobile laboratory site, the bags were
removed, checked for proper inflation, and hung in special racks pending
analysi{s. Bags froz the previous night's run were cleaned and used to
reload the sample:s.

SAMPLE ANALYSIS PROCEDURES

Chlorinated Hydrocarbons

The samples were analyzed vsing two Perkin-Elmer Model 3920 gas
chromatographs (GCs), each with dual columns, injectors, and detectors.
Each CC was equipped with a l-meter injection loop, which was cooled
with liquid oxygen to trap the halocarbons from 50-cm? gas samples. It
was then heated with boiling water to transfer the concentrated sample
into the GC. The columns were 10 ft x 1/8 -in (304 x 0.32 cm) 80/100 mesh
SP2100. They were operated isothermally at S0° C with a total analysis
time of 20 min.

Tracer Gas

SFy analysis was performed using a System Science and Softwvare
Model 215 AVP Environme:cer, wvhich i3 an electron-capture GC that operates
at ambient temperatures. This GC uses an internal vacuum pump to flush
and f1ill a 2-cm’ gas sampling loop, which is valved to introduce the
samples. The output of the electron capture detector is sensed by an
electrometer circuit, which i1s coupled to a peak read-and-hold circuit
for digital peak maximum display, and a buffer amplifier that drives the
analog output. In the test, the analog output was connected to a Hewlett-
Packard Model 3390A computing integrator, which automatically labeled
the sample, the peak elution time, and the peak area. The only modifica-
tion used from the standard production model wvas the addition of a Brooks
flov controller to allow finer control of the carrier gas flow rate.

Calibration

Calibration standard gases (Scott-Marin) were diluted with ultra-
high purity nitrocen to make a series of calibration gases for the
chlorinated hydrocarbons. In addition, there was a series of six
prediluted standards for SFg. The concentrations of these standards
are given in Table 5.

Data Reduction

A data acquisition system was connected *o the output of the GC.
This system was designed to actively record the elution tine and area
of each peak. The peak ares was then used to calculate the concentration
of the species. MNuring the test program, an intermittent failure
occurred in the duta acquisition system, causing it to record incorrvect
areas for some of the peaks. This failure was not discovered until

25



detailed data analysi{s was performed. For those cases where an
incorrect arsa was recorded, SRI attempted to estimate the area from
peak height. This was only partially successful, so any data based on
peak height are considered unrelicbdle.

The GC analyses provided messurements of CCl, concentrations, as
vell as those for the other three compounds. Although not required by
the contract, results based on the CCl, measurements are presented in
the following sections.

TABLE 5. CONCENTRATION OF
REFERENCE STANDARDS

GCas Concentration
CZHCL3 1.2 ppd
CZCI‘ . 1.2 ppd
C2H3C13 1.25 ppd
CCl4 1.3 ppbd-

SF 25.6 * S ppt

55.7 £ 5 ppt
'105 : 5 ppt
511 ¢ 5 ppt
-1050 t S0 ppt
10600 ¢ 500 ppt
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SLCTION 5

TEST RESULTS

GENERAL

This section describes the conduct of the four successful tests and
the concentrations observed during those tests. An interpretation of
these observations will be presented in Section 6, along with dilution
ratios and inferred emission rates. In this section, each of the four
testa is presented separately, beginning with an overview of the meteoro-
logical conditions that prevailed during the test and followed by a
description of the tracer release and the sampling array. Any information
about samplers that were moved during the evening to better measure the
patterns that vere expected from the observed wind direction 1s also
included. Finally, the observed concentrations for each test are tabulated.

TEST OF 8-9 AUGUST 1981

Meteorological Conditions

Table 6 summarizes the prevailing meteorological conditions during
this test. It can be seen that the skies were clear until aboutr 0500
CST on the morning of 9 August 1981. The temperature fell, in response
to radiative cooling under clear skies. Winds tended to be light,
generally less than 3 o sl at the site and at the airport. The winds
vere bloving from directions between about 200° and 250° (approximately
from south-southwest to west-southwest). Light winds and cloudless
skies generally accompany stable atmospheric conditions, so it is
reasonable to assume that the atmosphr -c vius stable durfng this evenjoe

Test Operations

Figure 6 shows the locations vhere samples were collected during
this test, With winds generallyv blowing from the southwest, the
samplers ware located northeast of the plant. The road segment over
wvhich the SFg releases tock place is also shown in Figure 6. With a
southwest wind, it 'was not possible to find a road segment that was
normal to the wind. The data collected on this evening were not as
useful as those collected on some of the other evenings, because of the
location of the line-source tracer release relative to wind directions.
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TABLE 6. OBSERVED WEATHER CONDITIONS IN WICHITA AREA,
B8-9 AUGCUST 1981
Wind
Mid-Continent
Sky At Site Alrport Relative
Hour Cover Direction | Speed Dire~tion | Speed | Temperature | Humidity
(CcST) | (tenths) (¢) (ms=1) (" (ms-1) (°F) (1)
2100 0 150 2.1 74 66
2200 c 200 1.5 73 66
2300 0 150 2.6 71 68
2400 0 200 1.8 210 2.1 72 64
0100 4] 210 2.7 230 2.1 69 68
0200 o 210 2.7 230 2.1 68 68
0300 0] 220 3.1 250 2.6 67 70
0400 0 210 2.7 240 2.1 67 70
0500 2 200 1.8 - 0 6 78
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Figure 6. Sampling locations and tracer release line for
the night of 8-% August 1981.
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Obgerved Concentratlons

Table 7 gummarizes the concentrations of the tracer and the
chlorinated hydrocarbons that were measured. The sampling locations
refer to those marhked in Figure 6. [t should be noted that some of the
samplers were moved during the course of the test in order to provide
an arc that was more nearly centered on the downwind direction. Complete
analyses were not perforwed on samples for whicn the SFg results indicated
little effect frca the plant area.

The concentrations varied considerably from one location to another
and from one time period to another. This high degree of variability is
frequently observed; it appears to reflect a corresponding variability
in the emissicrns from the plant. The importance of this variability to
the design and execution of future experiments will be discussed later.
Although nnne of the data collected during this evening were suitable
for estimating the emission rates, they do indicate the concentration
levels that are observed In the vicinity of the plant.

TEST OF 10-11 AUGUST 1981

Meteorological Conditions

Table 8 summarizes the meteorological conditions during this test.
As was the case during the 8-9 Auguet test, the winds were light K generally
less than about 2 m s~! at the site, (They were slightly stronger at
the airport.) Wind directions and sky conditions differed considerably
from those of 8-9 August. Winds were initially from the east-southeast,
but around midnight they switched to north-northeast. Overcast skies
accompanied this wind shift. Initially, the overcast wvas altocumulus
at about 3,000 m. Llater, a layer of cirrostratus was observed at about
7,500 m. The cirrostratus overcast was dense enough to be considered
opaque by the observer. Overcast skies are generally accompanied by
neutral stabilicy (2).

Test Operations

The locatsion of the samplers and the route over which the line-
source tracer release was wmade .re shown {n Figure 7. Initially, when
the wind direction wvas from the east, a line of samplers was placed west
of the site, as shown in the figure. However, as the wind developed a
more northerly component, it was deemed necessary to add samplers socuth
of the plant. Thus, samplers were installed and operated after about
0115 CST at the locations marked 19, 20, 1, and 2. Unfortunately, these
samplers were fuulty, and the samples collected could not be used. It
would probat'y have been wise to realign the tracer release route at
about the same time that the additional samplers were placed. This
would have provided a line-source release that was more nearly perpendic-
ular to the wind direction during the later hours.
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TABLE 7. MLASUALD CONCENTRATIONS, 8-9 AUCUST 1%0)®

Sampling locatica®

Rowr

Conpouad [(ST) 2 1 13 20 19 18 1) 1 . ?

o, 2000 r 212 .98 1.204 2.0 .9 1.0 3.08? .95¢
2100 y .23 3.06 3.8 4,944 20.3 .1 5.2 197
200 | .28 .63 .21 .014 ) 119 2.0 2.2
2300 | 4.4 3.42 Y] 164.0 R 1628 1.64 3.4 1t o5t
0000 | 0.4 371 .15 15.6 412 2.544 8.2 Y 1.3 .30
0100 | 2.¢%0 3.28 .33 .90 .47 v 13,3 1758 197 ar
0200 2964 .13 1.01 v T I o ’ 9.2 1.44¢ 3.6 2.54¢
0300 LY. 1.7 2 r 1.249 47 [ 1e3.0 12.0 u.¢ 1.8
0400 gt | e.ee .88 P ’ 1.3 1.4
0300 276 1.9 1228 1 | 186.0 1.3 r Y
04600 4.10 ) 15.1 1.08 140 1.03

o 2000 ) .14 1) 16 13.7 .16 .07 Y .1
2100 .03 .58 .09 .15 .06 .04 .09 .08
2200 .61 .81 2.64 L r a1 .09 .20
2300 .03 .10 .02 1.57 .02 .04 .02 .0 .03 6.26
0000 .09 .08 .02 WY .02 .03 .02 .02 .03 .52
0100 .04 .10 .16 6.92 12.1 r .06 .02 .04 .19
0200 .02 .15 .61 r 9.33 .93 .05 .0l 1.66
0300 .01 .10 .06 r “9.%2 $.70 4.05 1.78 .48 .10
0400 .03 19.4 .03 3.87 8.35 r 2.39 .00
0500 .04 12.3 19.0 3.96 1.51 .2) a1
0600 14,3 r .03 .02 .07 .59

See (ootmotes

atl snd of table.

(coatioued)
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TAMLE 7 (coat inuaed)

Saapling locet lon.

Sour

Compound |(C3T) 2 1 15 20 19 18 1 12 6 1

cacl, | 2000 v 4.67 4.63 s.so: u.v“ 9.37 .36 u.n: 5. 648
2100 r 2.02 35.13 1.43 3.62 3.9 10.1 10.3 2.7
2200 | 16.3 .57 413 v 6.76 6508 10.2¢
200 | 174 1.0 633 2.08 168 6.98 2.0 | 1.2 1.69
0000 | 1.82 1.52 10.8 5.22 2.7 194 5.26 .88 st 1.4
0100 148 1.73 2.62 3.36 1.8 ? 3.31 1.20 3. 949 w2l
0100 | 1.299 1764 6.58 r 1.32° r 2.5 1.60 7.00° oy
00 | 1.10¢ 1.99 .23 r 1.52¢ o.0? 2.0 1.8) ’.6)¢ 637
0400 | 1.34¢ 5.18 4.00 1.0 v 1.82 6.2
0330 3.56 1.3 ot .93 1.25¢ v 8.32°
0600 21.6 r 3.04 10.3 9.32¢ .24

XN 2000 ‘ 2.04 .02 .48 2.484 1.3¢ 3.6 10,74 10.4
2100 1.26" 2.1 Y, 2.4 1.3% 1.8 5.9 1.67
2200 | 24.0 2.84 1.94 .oa? ] 0.6 I 3.36¢
1300 asé .93 4.6 a7 1.08 1.3 1.62 o 7.14¢ A2
0000 a8 .58 1.8 1.14 a8 1.019 1.7% a4 A ae
0100 n .56 1.03 1.58 o9 ’ 1.46 .67 4.0 2.7
0200 S TLI PPy 1.67 r .24 r N 48 3.03¢ 2.0
0300 L .9 2.69 ' .3 2.48 : 2.02 1.8 L8
0400 g 1.06 1.1 .y r 1.14 1.6
0300 Y 1.27 BYa R U 1. 1578 L
0400 45.2 ’ .38 4.8 1.4 2.48

$ea (ootaotes

at ead of table.

(cout tmued)
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TABLE 7 (coatinued)

Sampling Locatul.
M(Si 2 1 13 20 Keﬁ\' 18 13 12 3 7
e
c,2,a, | 2000 .16 1.3 3128.0% 0.6 .1 s.97 .| 10.7 s.of
1100 .45 1.93 9.24 9.2¢¢ .42 .97 .76 5.9
1200 | 5.3 1.2 5.9 [a.onio? ’ .26 10.1 10.¢¢
130 1 13,3 13.) 3.9 41 [e200.08 10.¢¢ 5.1 4.0 1.¢¢ 3.
0000 2.99 .20 o .31 .02 6.1t WY .0 o0t s
0100 3890 349 3.63 9.29 10.9 r .9 3.18 9.95¢ 10.04
0200 3.5 J4d 1) r 3.309 v 414 3.03 10.4% s.26¢
0300 e v | na r 1.7 1.7 $.37 6.17 9.83¢ 7.27
0400 .nd 6.3 802 1.9 10.7 ’.08¢
0:00 | 11.3 11.4 1.4 11.¢¢ 'R 171 .00t
0600 2.93 ’ s.12 9.39 10.6 0.1
2/31

N oo fLJD

SCoocemtsations snpressed 1a 1g a3, —.\.w‘brwl\\y
Vot
o0 Figure 6 [or sempling locations. r‘mgf
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TABLE 8.

10-11 AUGUST 1981

OBSERVED WEATHER CONDITIONS IN WICHITA AREA,

Wind
Mid-Continent

Sky At Site Alrport Relative
Hour Cover Direction | Speed Direction | Speed | Temperature | Humid{cty
(csT) | (tenths) (°) (ms~1) () (ms~1) (°F) ¢9)
2200 1 70 1.8 100 2.1 69 73
2300 ? 10Q 1.8 110 2.1 69 73
2400 10 85 1.3 40 2.6 69 73
0100 10 45 0.4 360 1.5 69 76
0200 10 30 ¢.9 20 2.1 68 79
0300 10 10 0.9 350 2.1 . 66 84
0400 10 20 0.9 40 2.1 66 84
0500 8 15 0.9 30 2.6 65 84
0600 9 20 0.9 -~ 0 64 84
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Figure 7. Sampling locations and tracer relesse line for
the night of 10-11 August 1981.
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Observed Concentrations

Table 9 given the observed concentrations of the tracer and the
chlorinated hydrocarbons. As shown in Table 8, the winds between 2400
and 0100 at the site were generally from the east (85°) and shifted to
the northeast during the following hour. The data collected during these
2 h show significant concentrations of CCl, and CyHClj. It appears that
there may have been above-normal releases of material that were detected
by the sampling network during this period. For that reason, 2 h have
been chosan for {nterpretation and for estimating the relesse rates.

They will be discussed in greater detail in the next section.

TEST OF 11-12 AUGUST 1981

Meteorological Conditions

The meteorological conditions that prevailed during this test are
summarized in Table 10. The skies were overcast during most of the period,
so the atmospheric stability was neutral. Winds at the site were generally
from the east until about 0300, when they shifted to the southeast. Winds
were from the east at the Mid-Continent Airport until about midnighe,
when they shifted to southerly; later, the winds were more from the south-
east. During the last 3 h of the test period, the airport winds wvere
approximately south-southeast. Table 10 shows that the temperature
dropped about 3° F during this period. Relative humidity rose corres-
pondingly from 64 to 782. The cloud cover throughout this period was
cirrostratus at an altitude of about 7,500 m.

Test Operations

Figure 8 shows the sampler locations and the route traveled during
the tracer release operations. The sampling array was set up to
accomodate the winds at the beginning of the period. These winds were
from the east or slightly northeast, so the array was quite suitable
for measuring {nfluence: {rom the tracer line and from the plant.
Hovever, around 04CC CSI, che winds shifted, so most of the mar~rials
vere rnerricd north of t .. =ampling line.

Observed Concentrations

Table 11 gives the concentrations of the varfous materisls. As
noted earlier, the wind directions during the first few hours of this
period were nearly perpendicular to the roadway on which the tracer vas
released. This is the most suitable alignment for application of the
method described sarlier. One of the test hours (2200-2300 CST) has
provided interestiny data that could be used to estizate emissions from
the plant.
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TAELE 9. MEASURED COMCENTRATIONS, 10-11 AuCUST 1941°
Sampl ing locat lonb
Bour ‘
Compound | (c3T) | 18 13 1 1 12 n 10 9 8 ? . s . )
A 1200 1.2 .21 .01 .06 re 08 | 00| .os .o7
00| .03’ ol e .02 1.8 | re 20| .03 .o
0000 | 3.3 as| .| .o .01 o0 | 2| L20] Lo
0100 .10 .03 .07 .27 .03 .03 .04 r”~ .08
0200 .10 .03 .02 .07 .06 .06 N | ad re
oo | .10 .03] .1} .o .02 0] 2| | | e
0400 .06 16 .04 re .51 .07 re re
0s00 | .20 .13 .02 .01 o | Los] Lor| .o3] .os
0600 RCLY IRCIY B U o] Los 0| 00| .06 .02{ .o
!
1
cc1, 2200 J .17 st¥sa.8 | 193 |23.2 |sa.e 1.37¢ .13
100 | 1.3% .9 ) 1a 9] ses] Lesflros | 154 | 2.m? .80 .1y
0000 n.so' off eas| 23 La9fazay | aa26] 2,06 108 | a5 su2s| 2.6 m| .»
0100 | 1.20 3.9 | «.axq 6.7 | 22.2 8¢l 1.01] .08 1.73¢ .63
0200 | 3.471 o4 ond s raar] Le9d 1.23¢
030 | 1.1¢ 1.16% .09 e 1.3%¢ .50
0400 | 2.12% 1.784 .99 .89
0s00 | 4.7 66| 1.009 .1 .5¢ 1.419 .93
0600 : 4 1304 .a 3.60 1.08¢ .37
$
cucl, 1100 u.o‘g ;J 8.92( 1.799 0.04| 8.95| 1.939 s.06 3.209 1.48¢
100 | 26.7 | .47 5.3y «.eaq 2.61| 3.59]| 2.27%10.4 | s.a2]12.97 2.02| 2.85¢
0000 | 20.3 | 8.29{15.0 | 2.68918.4 |10.5 | s.66 )220 |re.s 22,4 260 | 3.79] 32.8 | m.6s¢
0100 | 17.2 s.72 {1839 26.5 |13 | s.oaq2m.0 [ 12,7 [13.6¢ 16.4
0200 | 19.3¢ s.orf s.osdir.2 | s.2e) auso 10.4¢
coo | 2.094 139 15.4 .60 9.69% 2.90¢
0400 | 3.35° s.469 10.8 3.934
0s00 | 4.m4, .7 | 1.799 6.9y 2.139 ). 644 2.744
0600 .43 .19 9.6 2.1 4.3 4.30

8o fostnotes at ead . able.
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TABLE 9 (counliloued)

| Seapling h.l:nltonb
Woury
Compoumd | (cs7y | 13 13 1 " 12 1 w0 9 s ? 3 s . )
g, 2200 | & as retd o a2 sarl Ler | s 1.0 Y
2300 ad 1sof 1eod e ] e} sr) 250 suas] sas .57 | e
0000 | 2021 .eed nes| 2 100 176 | o] 1o s | 2.aet 1.8 1.70 | .48
otoa | 2.0y 22l 2.0 y2s | 16| s zoes | 1aa | 209 .07
0200 | 2.7%Y sl e 248 ) 2008 ) 1.0
0100 | .53 L8y 2.9) A8 1.8 .48
0400 | 1.339 ,_,,} .08 1.74¢
0%00 | 1.5%4 1.40F 19} 2.20 269 1.a0d 1.19
0600 RTL o] 1.8 .09 1.2y .98
ety | 2200 5.20] 3.4 8.39 | 610 {1009 ] 1. 7.4 s.09°
2300 1m.64) 6.29] 9.049 19.0 9 | 28 9.sa ) 690 9.46f 3.3 | sl
0000 | 4.76 1 a.d .19 | sz s.m | 9.39 | 1.004 r.se | s.99 ) 9.35¢] 9.90 | 505 | ssr | 310
0100 | .89 637 ] 27 a.3a ] 852 ] 5.3 v.ee | 186 ] a2 7.9
0200 | z.92¢ 69118 | 8.2 ) .71 | 2.1 a.619
0100 | 3.04 .08 0.66 1.1 s.70¢ 2.09"
0400 s34 9.054 8.3 ! 8.4
0300 ; 6.7:%: .01 |o.11 8.4) 3,109 s.67?
0500 4,089 7.15‘1 .93 8.49¢ 7.06

'Conunl cat lons

bl.. Plgure T ¢

°F o flat beg.
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sampl ing locat luns,
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TABLE

10. OBSERVED WEATHER CONDITIONS IN WICHITA AREA,
11-12 AUCUST 1981

Wind
Mid-Continent

Sky At Site Alrport Relative
Hour Cceer Direction] Speed Direction| Speed |Temperature | Humidity
(csT) | (tenths (©) (ms~1) (°) (as~1) (°F) ()
2100 10 80 2.2 70 3.1 72 64
2200 10 90 1.8 80 2.6 71 66
2300 10 100 1.8 90 3.1 70 68
2400 10 110 1.3 1;90 1.5 67 78
0100 10 90 04 140 1.5 67 73
0200 10 100 0.9 130 2.6 67 .71
0300 10 95 0.9 130 2.1 65 18
0400 10 135 0.9 160 1.5 64 79
0500 8 155 0.9 160 1.5 64 78
0600 8 140 0.9 160 1.5 65 78
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TABLE 11, MEASURED CUMCENTRATIONS, 11-11 Aucust 19a1®
Sanpliag loc.tlooh

Wour

Cospound | (TY | 3 3 ’ a ’ 10 T 12 1 ) 1”7 1" 13

w, 2100 ] .04 .08 .03 .04 .03 .10 .69 A3 as | ot .14 a4
130 | .0y .0 .03 .01 .04 o | 1.3 ] dos | ra2] .32 .19 .87 A
0000 | .3 .2 .04 .03 .04 .03 v oy | eo| var | oros | oalye ¥
o100 | .u9 .50 .03 .02 .04 A2 ) 1.0 frenr 2.1 1.9 | 168 | 2,08 1.68
0100 | .03 .04 .02 .01 .09 o 1 | oasz ] 2a0] | am .n .67
0y | .03 .04 02 .03 .07 .18 60 | 3.76 | 2.98| 1.00 r ¢.00 .9
o400 | .97 | 1.84 .03 .02 .26 .04 .08 .10 .83 .60 | 154 1209
0soc | .06 A1 .02 .04 .04 .04 .02 .1 09 1| 2.0 .52 .13
0500 | .70 | 2.32 .0y Y] .03 .08 .61 .13 ol s | e )

cc, 2300 | 2.469] 14.0 1.1% 1.66% [ 61.0 s.of | aaL7 e.92| | .n s 2.08
2300 | 1.424] 9.3 .1 .21 | 398 1.8 1. 1.02| 1.9¢ 12.0 1.06
0000 | 13.339] 10.6 .72 | 1.02 st oo | 1aY] o .06} 9.1 17,7 {1
0100 6.7 30| .e0 | .soflio.s | 1.ae? no | 227 s.n¥|2000 | e.2f
o200 | 2.044] 7.12 63%] a.mr | 1.ead]| s.as [anay | woes | s en| aaf
0o | 1.60%] s.07 .9 .60 Yol T aasias,e 9.81 | 10.0 wy | e
0400 | 6.979) 153 | 1.03 | .32 st | ] Led 1 a2 |1ns | e
0300 | 1.709| e.07 269] sl s | nased] 10| el A 1.9¢
oscz | 3.22¢] 188 .80 .84 2] 1o 1.63%] 2,30 | 176 | 2.62] 0o of

(X 22¢ {18.¢9 | 23,3 | y1s 12,29 [22.4 [ 18.9¢ s 611 ] s.6f ) a2.s (268 | 24,7
230 § s.60%] 1003 6.13 280 v | e.66?] 1,974 a1 | redf| o3 | sae]| 1.9
oo | 3.279] 337 | 990 | 9.0 | 235 | 632 | s.re9] ses | 11y 422 | 2.0 5.49
o100 , 298 | e.92%) 683 | 2.36 | sas | 1.500 2159 e n.s® | a22f sl
0200 ; s.889] s.4% 2469 52 | a.76?| 1.599) 1,909 2.90%| as.y s.oa{ s.od
0300 . &.814] 3,33 | 5.3 | s.99 | 16 12e s.40?| 1272 | 1.0 1.8 s8] st
osco | 4.39%) 2,83 | w62 | 736 | 2.779) 1100 6.10%] 2.11 | 2.699 29.9 |40 s.ad
os00 | 4.684] .o 9.90 | 1.97%| 13,7 s.048] 3.30¢ l.n“J 3249 s0.8 3 s.edd
o6oc | A.aa¥] 2,17 | .80 | 0.91.] 2.9¢¢] 801 3.57%] 2,04 | 163 3.49%) 22 .7

See footnotes

.2 oud of table,
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TABLE 11 (countinued)

Sar_ ling Locat loﬂh

Hour

Compound | (csT) | 8 s ) ] 9 10 1 12 13 ) 17 1" 15

c,c1, 2200 | 1,88 | 2,90 | 2.1 92| sa10| 39| 2.08 a7 s29] 208 | 210 | 1990
21300 | 1.908 | v.oa | 1.8 A 12e | 129 e a2 630) 2,024 et a1yl
0000 | 1,774 ] 1.04 | 2.56 | 1.52 A ] e | o] 1.7 .1 85 | 6.9 | 98¢
0100 3.4 | 1.ss | 1.2 297 28| 1af] .49 29 14| sz | e.3rd
0100 | 1.358 | 2.20 | oras o) e | 2% 89 196 | 2.7 | 2,099
000 | 1.4 ) 1.1 | 138} 1o 22| 136 | 1.87] 1.60 .06 .10¢ 11.8 1.38¢
0600 | 6224 | 7.5 | 2,17 | 1.3 g | 106 | 12| L0 .43 1.66 | 2.26 | 299
osoo | 1.094 | 1.72 2.7 Al as | ] 1A e ot ) 288 | 1,20 | 1.0
0600 { 1.119 | 1.47 | 1.61 .97 ad ] a2 1] o g 94 2.009| 1.04d

cuycly | 2200 | 5.6 | s.ae | 5.0 1.9308 | sos | s s.99 | r.oa | wke | 5.9l s.st | s.90¢
2300 | s.ord | s.56 | 4.1 20891 sa2 ] s.ref| e 2.62 | 2.91%] 9.88 | a.m6 | 1.6%¢
0000 | 5.86¢ {,3.29 | &.48 | «.21 | 338 | 2.87 | a.ead| s5.63 1800 3.91 | 6.5¢ | 11.0
0100 | a.924} s.63 | 3.57 | 3.87 | 3.20 | 2,64 | 616! 14.0 7.0 | r.eff| s.e1 | 9.12¢
2200 | 6.01d | 5.24 3609 81| %] 349 ] s | «6dfr6. £.29 | 95919
0300 | 4.864 | 4.91 | 3.61 | 308} 2,79 [N s.a¥] s.78 | 166 7.9) s.16 | s.o0s¢
2400 | 6.304 | 4.14 4.00 3.80 | 3.76d] s.23 | 12,9 | e.58 3389 90| «.56 | 6.264
0300 | s.974 | 342 s.es | 11.2 .67 | 8.1¥|10.4d | 148 4.43 4919
0600 | 6.669 ]| 4.65 | 3.94 | .79 | s8.25¢] e.38¢] 0.90¢] 12,9 3.61%] 2.399] 6.799 «.nsd

*coacentrat 3ns expressed (n g --].

b

See Plgure 8 for sampling locat ions.

¢y - flat bsg.
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TEST OF 12-13 AUGUST 1981

¥ateorological Conditions

Table 12 summarizes the observed weather conditions for 12-131 August
1981. This was another overcast night, but the clouds were lower on this
night than on the preceding two nights. The overcast was altostratus
at altitudes of a few thousand meters. _During the earlier part of the
period, there was light drizzle; a 2-hour period of light rain turned to
drizzle at about 2015 CST. Because of the rain and the heavy overcast,
temperatures remained nearly constant throughout the perfod, and the
humidity was consiastently high.

The winda during tiis night were generally from the south and south-
southeast, usually within 30° of a south wind. The windspeeds were light,
but somewhat stronger than on the other nights, exceeding 4 @ s-! by 0500 CST.

Test Operations

Figure 9 shows the location of the samplers used during this test.
It should be noted that the selection of these sampling locations was
based on the socutheast winds that prevailed at the beginning of the test.
As the vinds became more southerly at later hours, this array proved to
be less than ideally located. As the winds became more sdoutherly, they
also became more nearly parallel to the tracer release line shown in the
figure. This was a poor choice of tracer release route. A better choice
would have been along the east-west road to the south of the plant.

Observed Concentrations

Table 1) summarizes the observed concentrations at various locations
on this night. Two of the hours during the period, when winds were at a
greater angle to the tracer release line, were suitable for analysis and
for estimating the emission rates.

4]



TABLE 12. OBSERVED WEATHER CONDITIONS IN WICHITA AREA,
12-13 AUGUST 1981

Wind
Mid-Continent

Sky At Site Afirport Relat ive
Hour Cover |Direction{Speed |Direction{Speed |Temperature|Humidity
(CST) | (tenths) ©) (ms-1) © (ms~1) (°F) (1) Remarks
2100 10 150 2.2 160 3.1 1 84 Light drizzle
2200 10 160 1.3 160 2.6 72 84
2300 10 160 1.3 150 2.1 72 84
2400 10 175 1.3 170 3.1 72 84
0100 10 170 1.3 180 3.1 71 87
0200 10 170 1.8 170 3.1 71 87
0300 10 160 1.8 150 3.1 71 87
0400 10 150 2.2 170 3.6 71 84
0500 10 160 2.7 170 3.6 71 84 light rain
0600 10 160 4.0 160 4.6 71 87 light shower,

fog
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TABLE 1), NVASURED CONCENTIATIONS, 11-1) AUCUST 1981°
Saapling lmnlo-b
Hour
Compow.d | (CST) 3 l 9 1" s 5 ) 18 1s n 13 12 10 20 19
s, 2100 s | e o0 | 7 .40 2| 21| est | t.se] L2 20 1 e
1300 .04 .04 .14 a8 1.se | s 3| 1.2 206 | 1.1 | 1.2 1| e
0000 | 1.12 1.6 .6 r BT RIB R EIERIIER. gy} e | om .38
o100 | 27.4 - 8.08 4,84 o) | | F 1.19] 6aa | 607 | 23] .09 113
0200 .oz .1) 1 a1 | 2ee | 00 e [ ] 282 2.9 eem | 3o | re2] 12
0%0 | 13.3 RTREIR] 206 | 1,46} 163] 2,28 | veo| r {207 : D) .06
000 | .03 s | oaer | s | s st | ze6 ] ase | 289 29 102 M .08 as
0300 .03 , 26.0 6 L4y a2l 2| w0 ] 208 sz .n .13 .23 .73
cct, 2200 | 1.13 1.7 s v.oef| 96| vas 10 | .ot 13?] wor |yl
00 | 1.48 BV IERY. RV BT IFT 1.3 r 6.9Y o.2¢%) 133 s.95% | ma.2 1.98¢
0000 | .33 10.6 r* 1.339] 1.6 A are | oseeed] 3 100 | saalaes | st
o100 | 1.31 614 .60 1,014 s.62]| 28| z.:a‘! ot 100s | os2ef 1229 | st
0200 ¥l 9l1e 29 2,969 138 | 9.93 [ 130 [ s.es s.s2?| 71.8 s.ar? | 1esf| s.sd
0300 ) e88) 3.8 88| 1824 14 ] ses | ame | 8] ase?| 7000 o
0400 91 | 1ad] e | s e | n2a 182 | 60.5 | 4.88%] so.s 6.637 128 1.0
0307 1268 32 0t 1,629 63,7 b2 | 4z | s.81Y s.65%( aann 6.39¢ 1224
-«
cuer, | 200 | am 220 1 7| eadd] aan ) oem o200 ] e 2.mf e 8?
1300 | 14.4 a3t e | o1or? s.?| 10 | 10.s el sy e s 28] s | el
o000 | s.10 soes bors b osoaeff sen | oriee | | ovioef 1ae?| wsed| Lok s.es | 6.9l
o0 [ s.82 | .10? R IR IR Y r* | osasd et ne B WA BT
0200 0 e | oras?] e san | s | soa ] soeed t09%] saea | eref] sor | 2.aed
0%a | 691 | .l ra b ozae?) st s s ] 2| o ) 2.eef 3.0 1,75
0400 | 524 | Lo2ff sas | ner?] s02f] 20| wes | 228 s rer?] eas | a2r?| var | s.aa
0300 oofl ) aaef) el 200 fas | 2ee | 109 20f] ears | eoest ool
See foatuutes at end of table.

(cont inued)




"

TASLE 1) {continued)

Sampling l»culuub
Hour
Cowpuund | (CST) 8 9 N 3 6 ’ 18 1y 1 n 12 10 20 19
c,cl, 2200 | 1.80 1.46 P 2990 w20 s | vz | 2t | et | 1as | aladd
1o | 2 os UL Y g0t 399 s ] 132 Fe Y | 12e?) el2e 7.4) 10!
o000 | 2.18 1.2 re wad] e v st ) o2t [ | 2 | 2.s#| 206 | 2108
0100 | 1.8y 9 9] es? L | e r .09 [ Lsed| 2.0 6.259) 1.e9 929
o2uu 99 1.se 60 2.11%] 1.8y | 20.9 28 | s ] Les?| s.es | 2.4 2.1 98¢
0100 | 1.58 | 1.469) 1,98 1 2| e | ves | sos | e L9084 2.38% | 13600?]  .9sd
0400 | 2.88 RILE BT 2 28] 20 ] e | oseer | 200 | 2.000) eoro | 2.02%] r.es | 1.s2?
0500 K3 B s 2.6 138 o] ey | osast | saasd] 692 | 2.88¢ 2.32¢
e M cty 2200 | e8.3 2.99 F s.14] o.0 .36 | sm
100 | 1.2 1.66 | z.7¢9| 10.¢¢ | 113 5.03 T 15.1
ooo0 | 1.00 1.8 re 9049 | 252 | s.s2 | w.re 6.31 1.
o100 | e.91 10.9 | 9.049| 8.8 | s.18 ¥e 1.8) 1.7
0200 1.8t | e.19¢ 1.4 | s.02 | s.80 1.60 20.0
0100 | 5.9% 16.) s.00" $.39 | s.05 | .46
ocoo | 3. 6.58 s.s0 | e | 239 | 20 7.94 7.48
0500 WY .20 | 9.79 | 1.9 1.92
.fauoﬂ(vallun- «spressed | -').

"s-. Figure 3 (ir vampling iacaot tune.

€F ¢ f1at bay.
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SECTION 6

INTERPRETATION OF RESULTS

GENERAL APPROACH

For reasons that were alluded to earlier, not asil the data were
suitable for estimating emission rates. Frequently, the alignment of
the tracer release lline and the wind were not ag they should-have been.
Sometimes there were toc few valld samples. Flat bags, GC traces suitable
for peak height analysis but not for peak area analysis, concentrations
too low to be reliably estimated, and uncertainties regarding background
concentrations all contributed to making many of the cases unsuitable
for complete analysis. However, it was possible to identify five l-hour
test periods for which data could be used to estimate emission rates.
These five periods are:

(1) 11 August 1981, 0000-0100 CST
(2) 11 August 1981, 0100-0200 CST
(3) 11 August 1981, 2200-2300 CST
(4) 12 August 1981, 2300-2400 CST
(5) 13 August 1981, 0400-0500 CST.

For each case, the concentration data (excluding those obtained by peak
height analysis) were plotted as a function of distance along the sampling
line. Smooth curves were drawn by hand to estimate the concentration
distribution of each of the materials along this line. The lower con-
centrations near che ends of the line were taken to represent the back-
ground concentrations. In this way, it was possible to estimate the
concentrat ion contribution from the plant for each material believed to
he ~1irtci trom the nlant. Concentration disrri> tfon: - - ivted

in the same way for SFp. Estimates of the term B in Eq. (/. wcie derived
from the data, using a value of 0.65 for b [from Eq. (2)] and estimates
of distance to the upwind and downv.nd edges of the area socurce were
based on the geometry of each test and the extent of the region where
emissions were believed to be probable (as shown earlier in Figure 2).

As noted earlier, the assumed area from vhich emtssions took place was

2.5 x 10% 2.

The same ratlos of chlorinated hydrocarbon concentration to tracer
concentration were used with Eq. (11) to obtain other estimates of the
emissnion rates from the plant. The appropriate value of the term K in
Eq. (11) was selected on the basis of metdorological observations.
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ESTIMATED EMISSION RATES

11 August 1981, 0000-0100 €ST

Figure 10 shows the concentrations observed at the various sampling
locations for SFg, CCly, CpCl,, and Cy)HCly. The messurements of CyHiCly
were not sufficiently reliable on this day to be used to estimate the
emission rates. The curves shown in Figure 10 wvere used to estimate the
ratio of the peak concentration of the various compounds (above back-
ground) to that of the peak SFg. These ratics are entered in the second
column of Table 1l4.

Table 14 summarizes the values used for the various terms {n order
to estimate the emission rates of the three compounds for which reliable
measurements were available. The last two columns are of greatest
interest; they give the emission rates obtained from the area-source
forzulation (assuming a total ares of 2.5 x 10° @?) and from the point-
source formulation. It 1s evident that in this case the two approaches
for estimating total emission rates are quite consistent. The emission
rates given are in g s‘l; lg sl 1s equal to 3.6 kg h-1 go the
emlsulo? rates given {n Table 14 range from about 300 g h™" to about
3 kg h™4,

11 August 1981, 0100-0200 CST

Figure 1]l shows the observed conceantrations for the various compounds
and the smooth curves that were drawn through the available points in
order to estimate peak values. As before, ratios vere determined between
the obeerved peak concentrations of the chlorinated hydrocarbons and
those of the tracer. These ratios are given in Table 15, which also
summarizes the caluclations used to estimate the emisgion rates.

The last two columns in Table 15 show the estimated emission rates
for the compoinds. As was true before, the two approaches for estimating
emission rates yleld quite consistent results. However, this hour showvs
emission rates much higher than tho.-2 estimated for the preceding hour.
It appears that emission rates of about 20 to 25 kg h-! vere observed for
CoHCly and CCl,. Tuis {s » factor of 10 to 20 times thnse rrtes o
during the preceding hour. The .pparent .aission rates for CyCl, wave
also much higher ‘uring this hour than during the preceding hour. As
will be seen from .ubsequent discussions, the lower values seem more typical,
but similarly high estimates of CCl; emission rates were observed on at
least one other occasion.

11 Auguet 1981, 2200-2300 CST

Figure 12 shows the observed concentrations of three of the
chlorinated hydrocarbone and that of the tracer. The concentrations of
C2HCly were not above background, and {t can be assuzmed that the emissions
for this compound were quite low. The ratios determined from the graphs
in Figure 12 are shown {n Table 16.
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Figure 10. Concentrations on 1l August 1981, 0000-0100 CST.
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TABLE 14.

EMISSTON RATE ESTIMATES FOR 11 AUGUST 1981, 0000-0100 CST

Estimated Emission Rates

0.9 Assuming
KQ, X
Q, - 17p area oi 2
¢ /e B in )} 1 sin¢ Equation 9 | 2.5 x 10" =w° | Equation 11
Compound c Equatfo: 9 [ (g m~1 g~%) {n Equation 11 | (g w2 ¢~ 1) (g s~1) (g s~1)
- - -2 -5
cc1, s 102 3.4 x 107 6.7 x 10 1.7 x 107> 0.4 0.3
- - -2 -
c,Cl, 1 1072 3.6 x 107 6.7 x 10 3.4 x 107 0.08 0.06
- - =2 -
C,HCl, 9 1072 1.4 x 1074 6.7 x 10 3.1 x 107 0.8

0.6
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Figure 11. Concentrations on 11 August 1981, 0100-0200 CST.
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TABLE 15.

EMISSTON RATE ESTIMATES FOR 11 AUGUST 1981, 0100-0200 CST

Estimated Fmission Rates

XQ x0.9 Assuming
Q 1 P . area o
¢ /e B in 2t ainé Equation 9 | 2.5 x 10 w? [ Equatton 11
Compound c Equation 9 (g n s )| in Bquation 11 (g w-? 0'1) (g s-1) (g l‘l)
-2 -
ce1, 90 10-2 3.4 x 1074 6.7 x 10 3.1 x 1074 8 6
-2 -4 -2 -5
c,cl, 7.5 10 3.4 x 10 6.7 x 10 2.6 x 10 0.6 0.5
- - -2 -
¢ Hel, 70 1072 3.4 x 107° 6.7 x 10 2.4 x 107 6 5
- -2 -
c,Hyc1, 7 1072 3.4 x 1074 6.7 x 10 2.4 x 107° 0.6 0.5
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Figure 12. Concentrations on 1l August 1981, 2200-2300 CST.
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TABLE 16.

PMISSION RATE ESTIMATES FOR 11 AUGUST 1981, 2200~-2300 CST

Estimated Emission Rates

0.9 Assuming
Q Kle area o£
¢ /c B in 1 siné Equatfon 9 2.5 x 104 u? Equation 11
Cowpound ¢/*1 | Equation 9 | (g w1 a'l) {n Equatfon 11 | (g w2 s~1 (g s°1) (g s~
cct, 8s 1072 2.6 x 107° 5.2 x 1072 2.2 x 107 6 )
-2 -4 -2 -6
c,cl, 2.7 10 2.6 x 10 5.2 x 10 7.0 x 10 0.2 0.1
cMycly | 2.7 102 | 2.6 x 10 5.2x10% | 7.0x107® 0.2 0.1




The estimated emission rates are shown in the last columns of the
table. Again, the estimates made by the two approaches are in reasonable
agreement. The apparent emissions for this hour were somevhat smaller
than those for the last hour discussed, 0100-0200 CST. The estimated
CCl, emissions wvere about 20 kg h'l. and those of the other two compounds

were about 0.5 kg n-l,

12 August 1981, 2300-2400 CST

Figure 13 shows the observed concentrations of the chlorinated
hydrocarbons and the tracer, and the estimated distribution of these
concentrations along the sampling line. The ratios shown in the second
column of Table 17 were derived from the estimated peak concentrations
of the various compounds.

The last two columns of Table 17 show the estimated emission rates
obtained by the two approaches discussed in this report. The agreement
in this case is much poorer than it was in the preceding case. Further-
more, the estimate derived frcm a point-source approximation is greater
than the estimate derived from the area-source approximation; in the
three preceding cases, the area-source approximation ylelded larger
estimates. During this test, the angle of the wind to the line-source
release was only about 20° or 30°, a fact that may have contributed to
the observed discrepancy between the two approaches. As noted before, a
release more nearly normal to the wind direction better satisfies the
approximations made in the derivation of the equations.

13 August 1981, 0400-0500 CST

This was the last case that was suitable for estimating emission
rates. It suffered from the same shortcomings with regard to the angle
between the wind direction and the line source as did the case for 12
August, 2300-2400 CST. Figure 14 shows the observed concentrations of
the chlorinated hydrocarbons and the tracer, along with the smooth
curves that wvere uged for estimating the ratios shown in Table 18.

As wvas the case for 12 August, the estimates derived from the area-
source and the point~gource approximations do not agree very well. (See
the last fwo ~r' 'ang of Tables 17 and 18.) Again, the estimate based
on the . c: assumption is greater than the estimate based on the
area-source assunption. The two results differ by about a factoc of 3.
The estimate Eased on Eq. (11) indicates that the emissions of CCl, were
about 5 kg h™;; the estimate based on Eq. (9) indicates the emissions were
about 2 kg h'l. Thf Eq. (11) estimates for the other compounds range
from about 100 g h™, for CpHCly to about 700 g n-! for CyH3Cl3. As
noted before, the estimates with Eq. (1) are about one-third those from
the other equations.
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TABLE 17.

PMISSION RATE ESTIMATES FOR 12 AUGUST 1981, 2300-2400 CST

Fatimated Emission Rates
qux0.9 Assuming
Q P area oz 9
¢ /c B {. _11 -1 sine Equation 9 2.5 x 10" m Equation 11
Cowmpound ¢ Bquaticn 9 | (g ma ~ s )| in Equation 11 (e w2 5~y (g s~1) (g o-1)
ccy, 1 5.1 x 1072 | 2.9 x 107° 0.1 1.5 x 10”8 0.04 0.1
c,c1, 0.1 | s.1x 103 2.9 x 10" 0.1 1.5 x 107/ 0.004 0.01
- " A -
c,hel, 0.6 | s.1x .07 ] 2.9x10 0.1 5.9 x 1077 0.01 0.04
c,M,Cl, 0.1 | 5.1 %1973 2.9 x 10 0.1 1.5 x 1077 0.004 0.01
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TABLE 18. EMISSION RATE ESTIMATES FOR 13 AUGUST 1981, 0400-0500 CST

19

Estimated Emfssfon Rates
Xq xl.').9 .Assuming
Q 1 P area oz 2
B in 1l -1 ainé Equation 9 2.5 x 10" m Equation 11
Compound CCIC‘ Equation 9| (g m & ) in Equation 11 (g a~2 g1y (g s~y (8 s‘l-)
cet, 15 s.. x 103 2.9 x 107 0.1 2.2 x 107 0.6 1.5
c,c1, 0.6 | 5.1 x103) 2.9 x 107 0.1 8.8 x 1077 0.02 0.06
¢ Het, 0.3 |'5. x10%] 2.9 x107% 0.1 4.4 x 107 0.01 0.03
c,4,c1, 2 5. x10°3) 2.9 x 107" 0.1 3.4 x 10”8 0.09 0.2




SECTION 7

SUMMARY AND RECOMMENDATIONS

FSTIMATED EMISSIONS

Table 19 summarizes the estimated emissions rates described in the
preceding sectionas. It is immedfately apparent from the table that the
emi.sion rates vary by more than two orders of magnitude. For the kinde
of emissions that were measured, this does not seem unreasonable.
Probably, the most frequently observed emissions would be comparable to
those {n the "minimum" columns of Table 19. It appears that some sporadic
activitien raise the emission rates appreciably for relatively short
periods of time. It is not hard to imagine activities that could con-
tribute to such elevated emissions: Drum filling, loading and unloading
of containers, and other material transfer operations come immediately
to mind.

SUGGESTED IMPROVEMENTS IN THE METHODOLOGY

The results obtained during this initial effort ind{cate that the
methcdology that has been developed has considerable promise, but that
this first application did not always achieve that promise. It is not
surprising that the potential of the method was not fully exploited in
this effort, and future efforts should be able to profit by the errors
nmade during this study. The following paragraphs present some suggestions
for future efforts, based on our experience with the data collected
during this study.

First, samples should be collected with greater spatial and teaporal
resolution. The data collected during this program suggest considerable
variability in the emission rate. This means that there may be relatively
short-term "puffs" of materials that come from different parts of the
operation at different times during; the hour-long sampling period.
closely sne~ & szuplers world prov_de zhe spatinl :_colucion necess ..
to resolve any such small-scale emissions. The closer spacing would
also permit bett~; definition of the peaks. Frequently the data col-
lected in this ..tudy defined a peak with only a few observat{ons. Of
course, this problem was compounded by the difficulties that were
encountered in some of the chemical analyses.

Finer témporul resolution; f.e., samples collected over a shorter

period of time, would provide the information necessary to determine the
short-term peak concentrations and the variability of eaissfon rates.
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SUMMARY OF EMISSION RATE ESTIMATES
FOR VULCAN PLANT

TABLE 19.

Rates Based on Rates Based on
Equation 9 Equation 11
(kg h-1) (kg h~1)
Compound Max {mum Min{mum Average Maximum | Minizum Average
ccl, 30 0.1 11 20 0.4 9
Tow

CZCL‘ 2 0.61 0.7 2 0.04 0.3
CZHC).3 20 0.04 6 20 0.1 5
C2H3C13 2 0.01 0.7 2 0.04 0.7
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For a line-source length comparable to that used in this astudy, it would
be possible to get valid averages for time periods as short as about
10 min.

1f the samples are collected at more closely spaced locationa, then
it will be very important to develop techniques to limit the number of
samples that must be analyzed in order to reduce costs. This could be
done in at least two different wvays.

First, a screening technique could be developed. The SF¢ results
vere used to some extent during this study to decide which bags were to’
be analyzed for the chlorinated hydrocarbona. A rapid, inexpensive method
sensitive to chlorinated hydrocarbons might improve the screening process
even further. Another approach to reducing the aumber of gamples would
be to limit the extent of the sampling line itself. The results of this
study have shown that the emissions and the tracer affect only a lim{ted
length of the total sampling line at a given hour. The problem, of course,
is to determine shead of time just where the effects will be felt or to
make appropriate adjustments during the sampling operation. SRI reconm-
mends that as much ugse as possible be made of U.S. Natfonal Weather Ser-
vice forecasta. Accurate forecasts of changes in wind direction would
allow each f£1iald resz to be planned in such 8 way that cthe samplera could
be moved during the course of a test if necessary. On-gite wind-direction
observations are an obvicus necessity. An attempt was made during this
study to change the sampling array following changes in wind direction,
but no plans for changes in deploymert were formulated ahead of time,
based on forecasted wind-direction changes. Any redeployment of samplers
could probably be carried out more effectively if {t were planned ahead
of time, using U.S. Natfonal Weather Service forecasts.

It should be noted that redeployment of samplers will introduce
difficulties. Some data will be lost while samplers are being moved
from place to place, but prior planning should reduce these losses.
Serious complications will arise if records are not kept of the sampler
locations at all times during a test.” Careful bookkeeping with regard to
sanpler location will be absolutely essential. Again, prior planning
based on weather forecasts should facilitate that bookkeepinn

There may be diurnal patterns of activity in a plant, . that dats
collected at night could be unrenr~ru .iacive. Therclure, .uture f.ois
shoull include doytime measurements. The sethodology described in this
report enphasized its application at nighi, but the method can be applied
in the daytime as well. The best approach sould be to apply the method-
ology only during pericds of neutral atmospheric stability. Such sta-
bility cond{t{ons occur when skies are overcast, day or night. The tech-
niques and equations described in this report could be applied in the
daytis» under neutral conditions. 1f tests were undertaken during
periods of inastability, it would be necessary to revize the equations.

It is our recommendation that daytime applications of the method bde
limited to conditions of overcast skies with light winds.
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The patterns of sctivity mentioned fn the preceding paragraph could
provide useful clues regarding specific sources of observed chlorinated
hydrocarbon concentrations downwind of a plant. The plant studied {n
this program is arranged so that it is impossible to observe and record
events at the plant from outside and the lack of such information has
proved to be unfortunate. Such information might have provided reasons
for the observed emission variability. At sites vhere it is possible,
it would be desirable to have an observer recording information about:

(1) Truck arrivals and departures

(2) Movements of railroad tank cars

(3) Outdoor drum-filling operations that might be visible
(4) Changes in the visible emissions from the plant complex.

Such information is sometimes subjective and almost always difficult
to incorporate into an automated data processing system, but as noted
earlier, it can be very valuable to the inte}pretation of observed
concentrations.

The original intent {n developing this methodology was to release
the tracer from within the plant complex by using some sort of extended
manifold or multiple sources to simulate the areal extent of the fugitive
sources. For reasons noted in Section 1, it was not possible to do this.
However, SRI still belfeves that that approach would introduce the
fevest uncertainties and would provide the most relfable results. When-
ever it is possible to release tracers collocated with the sources of
interest, the experiment should be conducted that way.

In summary, the methodology described in this report has been
demonstrated to be workable, although it still needs improvement. The
method has already provided some interesting estimstes of emissions from
a chlorinated hydrocarbon plant, by using only measurements made outside
the plant area. - If the recommended "improvements are {nstituted, future
programs using this methodology could provide even better estimates of
emission rates.
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18 July 1989

Fural Route #1
Benton, Kansas 47017

Morris Kay, Administrator
USEPA Recgion VII

720 Minnesota

Kansas City, Kansae &6101

r~

JbL 2“‘:Q N
R(=5D S
. EPA Buepoa Vi ’k o/

re: WVulcan Materivals Company
“Tvuraco

Cear ML)/*Eﬁﬂ

I am enclesing a copy of testimony that 1 precented &t a public
hearing on 17 July 19835 regarding WVulgcan’s applications for
repermitting of five undergrournd 1njection wells at their Wichita
plant.

—

[0

0w
ran

d my tecstimony on & review of a portion of the Vulcan files

Kansas Department of Health and Environment. The MYulcan
are extensive and scme of the information waz withheld under
clamm. Evidently an attempt wss made by Uulcan to aleo
confidentiality on groundwaxter monttoring cdata but we did
access to a limited amount of analyses. The orouncweter
ont toring tnformation 1 spotty and according to  the KDHE, rno
orgqnlzed aszimilation of the data s avarlable at thie time.
Mrs., Donna Hinderliter had requecsted moniytoring data from the EFA
but none waz available and at the suggection of someone 1n the UIC
brarch, che contacted Mr. James EBovyd of Vulcan for monitoring
datz--and was refused.
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The si1tuation at and around the WVulcan <cite 12 very cericus., 1
had no 1dea of the magnitude of the problem until I reviewed the
Vulcan documente and have to assume that you weren’t sware of 1t
either, The KDHE 0!l Field and Geologr Section has abused thesr
UIC authority by allowing such cornditions to prevarl. As you will
ncte, I have publicly petitioned the USEPA to conduct an
envircrmental audit of the area.

I st111 haven’t acquired the art of condencsing i1nformaticn, so I
witl apolocgize 1n advance for asking you to personally review the
enclosed statement that I presented at lact evening s hearitng—-but
pleace read 1t.We were pleaced that EFA was reprecented by Ted
Fri*> last night. Mr. Fritz observed the meeting but did not
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Shaxrilyn Diercst



My name 1s Sharilyn Dienst. | am going to begin my statement with
a request for an extension of the comment period. I appreciate
the opportunity to voice my concerns with any repermitting of the
Vulcan 1nyection welle. 1 am opposed to the wuse of injection
wells as a means of hazardous waste disposal. 1 have made that
statement publicly numerous times based upon a general objection
to industry’s use of our natural resources as a sewer for chemical
offage.

That argument is based upon the premise that the waste is actually
going to get to the Arbuckle. After reviewing files on Vulcan’s
tngection wells, 1 am also concerned with the effect that the
WYulzan 1ngection wells have had on the groundwater- from the well
head TQ THE ARBUCKLE during the past several years.

£ rgvirewr of anailable material indicates that every environmental
medi& hae been contaminated 1n the Vulcan area. The extent ot
water and air contamination both on and off-site indicate that
thie may well be one of the major environmentxl problems i1n the
state of Kansas. I am basing that statement on groundwater
camples taken 1n April of 1985 and on an EPA study of air
contamination conducted in 1981.

In 197&, the Vulcan site was found to be in & highly contaminated
condition. An extensive amount of effort and money was reportedly
expended 1n an attempt to "clean up the site". Three years later,
VYulcan was pronounced a “CLEANED UP SITE” 1n an August 3, 1979
letter from Mel Gray of the KDHE to the Envirormental Protection
Agency. At that time, the Vulcan site was removed from the
National Listing of Hazardous Waste sites. THAT IS AMAZING.

If the conditions that prevall today at the Vulcan site are what
the regulatory agencies deem "CLEANED UP", I can foresee some
great problems at Furley when 1t’s time to decide whether the
remedial work at that site 1s adequate.

Considering the air and water contamination <$ron the Vuican site
-- and the <fact that VYulcan has been identified by the USEPA as
one of tne s:tes in Rejion VII vthose manufacrturing vperations have
the potential to result 1n DIOXIN CONTAMINATION--and that Vulcan
doez produce high levels of PCBs 1n their perchloroethylene
procece--1 publicly petition the United States Environmental
Protection Aqency to conduct an Environmental)l Audit of the VUulcan
Materitale €1te and surrounding area to determine the exact extent
of water and air contamination and to assure the scafety of the
citizens who are beinqg expoced to unknown contamination 1n the:r

air and water,

Notody <hould k-2 to breathe chemically contaminated air and

nobod Z 'hnv‘n pe deprived of the use of their natural water supply
£ ' induetrial gain. 1 feel sure that our governmental

Losniv e v o« Knowingly condone such practices.



Considering the condition that the Vulcan area is in, 1 don’t see
how any assurance can be given that the WVulcan injection wells
have had no detrimental effect on useable groundwater.

In March of 1985, extremely high levels of chemical
contaminants——-for instance 31,000 ppb of 2,4-D--were found 1n
on-site monitoring wells in all three aquifers. I saw no
monitoring results for PCBs or Dioxins--yet both are waste
byproducts of WMulcan operations. Groundwater appears to be
contaminated in all directions and in all water levels pff-site.
At least 15 private residence wells have been contaminated. 1
understand that WVulcan has financed water tine installation from
the city of Clearwater to most of these homes and installed carbon
filters at a few others.

Carbon filters may or may not reduce chemical contaminant levels
in drinking water. At best, filtered drinking water provides a
false accsurance to the affected user., Bathinq in chemically
contaminated water and inhalation of contaminated air reportedly
provides a qreater source of exposure than actual consumption of
the water.

I would hope that the reqgulatory agencies do not consider such
acquistition of contaminated property as an adequate method of
dealing wi th ongoing water pollution from the Vulcan site. If so,
Vulcan conceivably could become the landlord of a lot of property
south of Wichita. PEOPLE ©ON THE DOUTER EDGES OF EACH VULCAN
ACQUIRED PROPERTY SHOULD BE ALERT TO THIS FACT.

In 1981, anm AIr Emissions study was performed +or the USEPA
outside the WVulcan site, The .study revealed that Carbon
Tetrachloride, Trichloroethylene, Methylene Chloride and
Perchloroethylene were detected in all directions from the site
for a distance up to 3 miles. The four chemicals were found in a
range from Detectable to 34,200 parts of Trichloroethylene and up
to 5,400 parts of Perchloroethylene,. The higher levels were
reported at a location near SSth Street between Hoover and Ridge
Roads=~-approx imately one~half mile due north of Vulcan.

The study noted that chemical emissions come from on-site
operations such as LEAKS IN VALVES, INCOMPLETELY SEALED
CONTAINERS, FILLING AND EMPTYING QOPERATIONS AND TRANSPORT OF
CHEMICALS FROM ONE PLACE TO ANOTHER ON SITE.

He 1ghbors of the site have complained of fumes resulting in
headaches and respiratory distress. 0One recently described fumes
at -her home as having a "sweet®" odor. I was interested to read in
this morning’s paper about a train accident that spilled Carbolic
factd near E1 Dorado. The chemicals were on their way to the
Vulcan site and the Carbolic Acid was described as having a

"sweet, tarry odor".

WHAT  FOLLODLE Uf arf ONG HAUE BEEN TAKEN BY THE REGULATORY AGENCIES
REGARDING 1He ubePr +=PORT OF CONTAMINATED AIR IN THE VULCAN AREA?



INCINERATOR

Vulcan has proposed to meet Federal requirements for a test burn
of their Wichita incinerator by submitting data from a test burn
conducted in 1981 from a much larger Iincinerator at the Vulcan
plant in Louistana, -

Uulcan became aware in 1979 that POLYCHLORINATED BIPHENYLS (PCBS)
are present in their Perchloroethylene process waste streams., PCBS
AVERAGING 300 PPM HAVE BEEN OBSERVED IN THEIR HEX WASTE STREAM.
DOES VULCAN HAVE AN APPROVED PCB INCINERATOR? IT WAS MY
UNDERSTANDING THaAT PCB INCINERATORS ARE HIGHLY REGULATED AND FEW
IN NUMBER,

IN THE STACK SAMPLING DATA, PCB DESTRUCTION EFFICIENCY IS RATED AT
99.97973% BASED ON LIMITS OF DETECTION. However, those limits of
detection are shown at 10 parts per billion.

1S THE PCB BURN DAaTA FROM THE WICHITA INCINERATOR OR FROM THE
LOUISTANA INCINERATOR? IF THE DATA IS FROM THE LOUISIANA
INCINERATOR, DOES THAT MEAN THAT THE WICHITA VULCAN PLANT IS AND
HAS BEEN USING THEIR INCINERATOR FOR PCB INCINERATION BASED UPON
DaTA FROM ANQOTHER PLANT IN ANOTHER STATE?

HAS ANY aMBIENT AIR MONITORING BEEN CONDUCTED IN THE VULCAN
VICINITY SPECIFICALLY FOR PCBS OR FOR ANY OF THE OTHER CHEMICALS
AT _THE VULCAN PLANT?




I‘ve been to several deepwell hearjngs in the past couple of
years, I’ve seen sketches of injection wells drawn on a
blackboard showing three protective casings--corrosion resistant
cement bonding around the casing--corrosion resistant tubing. At
a hearing three weeks ago, I listened to the KDHE staff explain
how mechanical integrity tests are conducted to assure foolproof
operation of injection wells., 1’ve heard about the importance of
compatibility between the receiving formation and the injection
wastes.

After reading the history of the Wulcan injection wells--1 have
come to the conclusion that the KDHE and I are in great
disagreement as to what constitutes a problem. .

-1 would 1like to ask what the requirements for Mechanical
Integrity Tests have been in the past for the Vulcan wells?

A note from a Vulcan meeting says:"LOGS ON WELLS SUBSTITUTE FOR
M.1.T.8". UIs that correct? Are MITs required prior to problems
or only as a reaction to problems?

Another memo from a Vulcan meeting with EPA last year notes that
new integrity testing of the casing 1Is required. WVulcan claimed
that they had done an equivalent assurance of the integrtty of the
casing and acsked if this would suffice. WVulcan threatened to
appeal the requirement.

-Why does the WYulcan Draft Permit allow a S0X reduction in annulus
pressure when the KDHE required notification of a 254 reduction
by the High Plains well?

-Senate Bill #1120 has been signed'lnto law by the Governor, This
bi1l requires an application fee of ¢10,000 per well for existing
wells.

Has Yulzan «nubmitted the $50,000 in application fees?

-Has a current review of disposal alternatives been provided® The
document ihat I saw was wundated but dwellep mainly on the
financiral feasibility of alternatives.

-What studies have been undertaken to protect oil and gas
production 1n the WVulcan area? Has the impact of lateral
displacement of brine in the injection zone been investigated
fully? 011 production exists within 3 miles of Vulcan. A well in
Florida caused pressure effects 40 miles away from the site.

-Considering the existing contamination of air and water from the
Vulcan site, how are the requirements of Section 213 of the RCRA
Reauthorization going to be met?

In the recently releasc. US.. ' .:per:z to Congress on Underground
Ingection Wells in the United States, a statement was made that
sticke 1n my mind:



THE COMMON PRACTICE AT A FEW OF THE FACILITIES HAS BEEN TO REWORK
AN_INJECTION WELL ONLY AFTER LEAKS ARE DETECTED.

Vulcan was not among those sites visited but it is apparent that
Vulcan falls into that category—-and has been allowed to do so by
the state regulatory agency.

The history of the Vulcan wells is abysmal and a far cry from what
is presented by deepwell proponents,

THE WELL CASING IS USED TO PREVENT CONTAMINATION OF UNDERGROUND
SOURCES OF DRINKING WATER BY CONFINING THE INJECTION FLUID INSIDE.
A CRUCIAL INDICATOR OF WELL FAILURE IS THE ANNULUS PRESSURE.
LEAKS IN THE CASING CAN BE DETECTED BY A DROP IN ANNULUS PRESSURE.
EVEN A UULCAN REVIEW OF THEIR WELLS NOTES THE FOLLOWING REGARDING
THE IMPORTANCE OF THE ANNULUS ZONE:

“THE ANNULUS PRESSURE ASSURES THAT, SHOULD A LEAK OCCUR IN THE
INJECTION STRING, NO WASTEWATER COULD FLOW INTO THE ANNULUS. THE
WASTEWARTER WOULD REMAIN CONTAINED."

The following 1s a brief summary of six of Vulcan’s wells,
tncluding the five for which they seek repermitting.

VULCAN WELL #3

3-29-77: ANNULUS PRESSURE VARIED ERRATICALLY AND DROPPED TO ZERO.
When the well was pulled, several deteriorated gaskets, thread
imperfections on casing joints and EXTENSIVE CASING CORROSION WAS
FOUND. THE CASING REVEALED DAMAGE . AND LEAKS FROM THE 500 TO 700

FOOT LEVEL.

3-31-77: =~ TUBING REINSTALLED BUT COULD NOT RE-ESTABLISH ANNULAR
PRESSURE. The following Iis a direct quote from a letter from
Vulcan to Bryson of WidE:

NEVERTHELESS, THE LARGE VOLUME OF IMPOUNDED WASTEWATER REQUIRED
THAT WE RETURN THE ‘WELL TO SERUICE.

THE WELL WAS USED FOR 18 DAYS WITH NO ANNULUS PRESSURE _and WITH
NDO REPAIR. Although no firm conclusion was ever reached as to the
problem, well #3 was put back into service.

1-19-80: TUBING PULLED BECAUSE OF BRINE SLUDGE BLOCKAGE.

TWO MONTHS LATER (APRIL 1980): TUBING PULLED DUE TO BRINE SLUDGE
BLOCKAGE.

SIX MONTHS LATER (OCTOBER 1980): WELL SUFFERING REDUCED FLOW OWING
TO BOTTOM HOLE BLOCKAGE.

FOUR MONTHS LATER (FEBRUARY [981): yUE!NG ~LUGGED AND DRILLED
THROUGH HARD BLOCKAGE AT 3980°.



LATER THAT MONTH: ANOTHER BLOCKAGE DEVELOPED IN TUBING STRING.

IN 1983, 141,900,000 GALLONS OF WASTE WAS INJECTED THROUGH THIS
WELL.

VULCAN 1S SEEKING REPERMIT FOR WELL #3
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WELL #4

JULY 1982: REDUCTION IN ANNULUS PRESSURE. The repair work is as
follows:

-The 141st joint of tubing had separated leaving the remaining 57
Joints of tubing in the bottom of the hole.

~Fibercast tubing covered with very thick, black
sludge--apparently the result of chemical contamination of the
annulus otl below the tubing leak.

~Reference 1s made to damaged bottom hole conditions.

~Hole 1n yoint at 2074’ and at 2850‘ depths.

~Several thread failures.

~0Older pipe very badly deteriorated inside and at the ends.

On July 14, 1982 geveral new areas of possible casing damage were
revealed--most significant being at 2076 and 2857° depths.

~Other areas of metal loss at depths of 2273, 2292 and 2401°.

-A blockage was noted at 34137 depth and it was noted that
PREVIOUS LOGS HAVE SHOWN SEVERE DAMAGE BELOW THIS DEPTH.

On July 1'?_ 1922 guring reinctallation of the tubing, the tubing
stopped at the 194th joint. "ALTHOUGH THE TUBING 1S HUNG UP
DOWNHOLE, IT 1S NOT ACTUALLY ANCHCRED AT BOTH ENDS". After
unsuccessfully attempting to free the string, a meeting was held
with KDHE and PERMISSION WAS GRANTED TO RETURN THIS FAULTY WELL TO

SERVICE,

IN 1983, 109,400,000 GALLONS OF CHEMICAL WASTE WAS INJECTED
THROUGH WELL #4. WVULCAN SEEKS REPERMITTING OF THIS WELL.

WELL #é

7-5-78:  ANNULUS PRESSURE FELL. PRESSURE TEST REVEALED 'TAKS AND
DAMAGED THREADS DR _LINER. ONLY 39 OF 196 JOINTS FIT [OR REUSE.

8-14-79%: ANNULUS PRESSURE FELL. *THE NbXVT DAY avio SERVICE WAS
TERMINATED®. 1 ASSUME THAT THIS MEANS THAT FOR A FULL DAY, THE




ACID SERVICE UWAS CONTINUED ALTHOUGH A LEAK 1IN THE WELL WAS
INDICATED BY THE DROP IN ANNULAR PRESSURE.

OCTOBER 1979: CASING DAMAGE WAS FOUND AT THE FOLLOWING INTERVALS:

3150-3175 SLIGHT
3215-3238 SLIGHT

3238-3254 COMPLETE FAILURE

3254-3278 SEVERE_DAMAGE_TO_COMPLETE FAILURE
3278-3295 COMPLETE FAILURE

3295-3352 SEVERE

3352-3357 COMPLETE_FAILURE

3357-3458 SEVERE_TO MODERATE

3458-3590 MODERATE T0 SLIGHT

3590-3400 COMPLETE_FAILURE

34600-3745 SEVERE_DAMAGE TO COMPLETE FA!LURE
3475-3938 MO _STEEL CASING PRESENT

3738 MECHANICAL CALIPER TOTAL DEPTH

Vulcan met with KDHE‘s 011 Field and Geology staff and it was
decided to repair the casing damage.

-The first cement squeeze would not hold pressure.

-They had trouble with the third squeeze.

-The inflatable Lynes plug partially deflated and moved down the
hole for 9 feet.

-Attempts to pull or push the plug resulted in getting it stuck in
the hole.

-While drilling out the cement, the formation cuttings at 3949~
depth changed. The author notes: *“I believe that we started
drilling a new hole at this point, Circulation was lost at 3970’

and never regained. A new hole was drilled to 4072’."

12-28-79: Fibercast tubing eventually landed at 3965’ and
dizposal of contaminated water began. The consultant noted:

“THE PROBLEM WITH USING THIS WELL FOR ACID SERVICE 1S THAT
FIBERCAST TUBING FAILURE IN THE LOWER PORTION OF THE HOLE IS HARD

TO DETECT. THERE ARE HOURLY FLUCTUATIONS IN ANNULUS PRESSURE AND
THESE CHANGES COULD "MASK®" A TUBIMG FATLURE.®

The well was returned to service for "primarily” "egsentially”
neutral or basic wastewater. A profound statement was made at
this point: "DIFFICULTIES WILL ARISE ONLY AFTER THE TUBING
FAILS".

3-29-€0: ANNULUS PRESSURE AND TUBING PRESSURE EQUALIZED AND THEY
THOUGHT THE TUBING WAS EITHER PINCHED OR COLLAPSED AT ABOUT 3800
FEET.

A year later a KDHE geologist drove by the Vulcan plant and
noticed that a "rig was poslitioned over Vulcan #4*., He stopped to
confer with Vulcan officials. It is noted that Well #& had been
down for approximately 60 days with no évident notificetici -~ the
Department.



Well #& had STOPPED TAKING FLUID IN MAY 1981. When the tubing was
retrieved, the lower part was badly twisted.

The KDHE geologist notes that he thinks that the CASING HAS PARTED
AND 1S DFFSET,

An inspection log clearly showed extensive casing damage above
190’. The 7" casing was completely qone from a depth of 82’ to
109

Maintenance on Well #48 was finally discontinued and the well was
abandoned--NEARLY TWO YEARS AFTER A CASING INSPECTION REVEALED
EVERYTHING FROM SEVERE DAMAGE TO NO CASING AT ALL NEARLY 1000 FEET
ABOVE THE DISPOSAL Z2ONE.
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WELL #8
December 1983: LOSS IN ANNULUS PRESSURE AND MAJOR MAINTENANCE.

-COMPLETE SEPARATION AT 30TH JOINT OF TUBING STRING.
~SQOME TUBING LEFT IN OPEN HOLE.
MAJOR MAINTENANCE CONTINUED THRU EARLY JANUARY 1984.

85,400,000 GALLONS OF WASTE WAS INJECTED INTO WELL #8 IN 1983.

ON MAY 14, 1985: LOSS IN ANNULUS PRESSURE. AFTER LOADING ANNULUS
SEVERAL TIMES AND CONTINUING TO LOSE PRESSURE, WULCAN CONCLUDED
THAT THEY PROBABLY HAVE A HOLE IN THE TUBING. SEVERAL ATTEMPTS
WERE MADE TO FIND THE PROBLEM AND IT WAS FINALLY DECIDED THAT THE
ANNULUS DIL HAD WATER 1IN 1T. THE OIL WAS REPLACED AND THE WELL
RETURNED TO SERVICE ON JUNE 4, 1985--4 MONTH AGO.
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CEMENTING

THE MAJOR SUNCTIONS OF THE CEMENT THAT IS APPLIED BETWEEN THE
OUTER WALLZ OF THE CASING AND THE BOREHOLE OR OTHER CASING ARE TO
RESTRICT MOVEMENT OF FLUIDS BETWEEN THE SURFACE AND THC SUBSURFACE
OR BETWEEN DIFFERENT STRATA IN THE SUBSURFACE, TO SUPPORT THE
CASING, TO PREVENT POLLUTION OF UNDERGROUND SOURCES OF DORINKING
WATER AND TO PREVENT CASING CORROSION.

THE USEPA REPDRT ON UNDERGROUND INJECTION STATES THAT IN ALL
_CASES, CEMENT 1S APPLIED IN AT LEAST ONE STRING, FROM THE SURFACE
TO BELOW THE BASE AND AT THE CONFINING ZONE ABOVE THE INJECTION
ZONE.

THE REPORT NOTES THAT WHEN THE WELL IS DRILLED, A CONDUIT 1S
CREATED FOR COMMUNICATION BETWEEN THE DIFFERENT STRATA AND UNLESS
AN ADEQUATE CEMENTING PROGRAM 1S FOLLOWED, MOVEMENT OF FLUIDS
COULD OCCUR AT THE INJECTION 2ONE_INTO OTHER FORMATIONS OR BLTWEEN.
FORMATIONS PENETRATED BY THE WELL.




THE EPA REPORT ERRONEOQUSLY LISTED ALL FIVE OF THE VULCAN WELLS AS
BEING CEMENTED TO THE SURFACE. WELLS #7 AND H9 ARE NOT.
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WELL #7

In ©September 1974, KDHE granted Vulcan permission to construct
Well #? for wuse of highly acidic waste. Well #7 receives acid
waste with a pH of .1 to .7.

(The information in the USEPA Report erroneous)y showed this well
as receiving waste with pH of 1.5 to 13.0.)

A letter written TWO MONTHS AFTER PERMISSION TO CONSTRUCT REPORTS
THAT THE CEMENTING PROCESS ON WELL H7 FAILED AT A DEPTH OF 2400°.

DOCUMENTS NOTE THAT CEMENT BONDING BETWEEN THE 7" CASING AND THE
FORMATION 1S NOT CONTINUOUS THROUGHOUT THE ENTIRE LENGTH OF THE
HOLE. A CONSULTANT NOTES: "even if the cement bond were to fail
and fluid from the Arbuckle comes 1n contact with outside of
casing, ONLY CORROSION WOULD RESULT.*

MARCH 1977: PRIOR to use of Well #7, a letter from KDHE notes:

"We were guite concerned, although not surprised, to learn that
Well #7 has developed a STATIC COLUMN OF FLUID WHICH HAS A LOW PH.
THIS OF COURSE SUBSTANTIATES THAT COMMUNICATION EXISTS WITHIN THE
ARBUCKLE FORMATION BETWEEN WELL #7 AND ONE OR MORE OF THE DISPOSAL
WELLS IN CURRENT USE..A STATIC COLUMN OF ACIDIC FLUID WOULD HASTEN
PIPE CORRDSION AND THEREFORE JEOPARDIZE THE INTEGRITY OF THE
CASING, "

One month later (4-77) the KDHE approved Wulcan’s application to
use the wel))l and approved the casing EVEN WITH THE LACK OF TOP T0O
BOTTEOM CEMENTING,

SIXTEEN MUONTHS LATER; <{(AUGUST 1978) (HE FEED PIPING WOULD ONLY
TAKE FEED AT 250 GPM.

NINE MONTHS LATER (MAY 1979): A DECREASE IN ANNULUS FRESSURE WAS
REPORTED. INSTEAD OF SHUTTING THE WELL DOWN, THE COMPANY MERELY
SWITCHED WASTE STREAMS AND CONTINUED TO USE THE WELL FOR TWO MORE
WEEKES.,

WHEN THE TUBING WAS FINALLY PULLED, A DAMAGED SECTION WAS FOUND AT
1420 FEET DEPTH.THE WELL WAS RETURNED TO SERVICE 3 DAYS LATER.

FIFTEEN MONTHS LATER (SEPTEMBER 1980): ANNULUS PRESSURE DROPFPED.
As the string was removed, 1T PARTED AT THE &TH JOINT WHERE IT HAD
UNDERGONE CORROSION.,

IN 1923, 151,800,000 GALLONS OF WASTE WAS DISPOSED OF THRU THIS
WELL.

AFRIL 1985: LOST ANNULUS PRESSURE.




-HOLES PRESENT IN ?* CASING FROM 3848‘ AND BELOW.

-A TWO-FOOT SPLIT WAS OBSERVED IN STH AND 8TH JOINTS FROM BOTTOM.
-FOUR MORE JOINTS SPLIT DURING PRESSURE TEST.

-LEAKS IN THREADS OF 168TH JOINT FROM BOTTOM.

-ELECTRONIC CASING CALIPER LOG INDICATED POSSIBLE DAMAGE IN BOTTOM
100 FOOT OF HOLE.

AFTER A KDHE-VULCAN MEETING, LARRY KNOCHE OF KDHE SAID IF THE WELL
COULD PASS A PRESSURE TEST, IT COULD BE RETURNED TO SERVICE. THE
WELL FPASSED THE TEST AND WAS BACK IN SERVICE ON MAY 14, 1985--TWO
MONTHS AGD.
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WELL #9

(NOTE: FROM VULCAN’S DESCRIPTION OF THEIR WELLS: "OUR DESIGN
CONSISTS OF 3 SEPARATE STEEL CASINGS, EACH OF WHICH 1S ANCHORED BY
CEMENT FROM THE BOTTOM OF THE HOLE TO THE SURFACE. THIS
EFFECTIVELY SEALS AND PROTECTS THE ONLY POTABLE WATER PRODUCING
ZONES WHICH ARE AT S0-100 FEET FROM THE SURFACE.")

4-8-82: CEMENT BOND LOG _SHOWED ABSENCE OF CEMENT FROM 4207 TO
2507~--WHICH IS THE FLUID LEVEL OF THE ARBUCKLE,

Vulcan notes that the amplitude of the ring of the pipe SUGGESTS
PRACTICALLY FREE PIPE, SUCH THAT NO INTERPRETATION OF ANNULAR

CONTENT IS POSSIBLE.

A conference call was held between KDHE and Vulcan--after which
UULCAN WAS GIVEN UERBAL APPROVAL TO USE THE WELL AS WAS--V0OID OF
CEMENT FROM 4207 UP,

IN 1983, 9,000,000 GALLONS OF WASTE WAS INJECTED INTO THIS WELL.

THE USEPA REPORT detailed conditions at twenty injectio. =« 1y -
sites. I might add that there IS NO RECORD OF VIOLATIONS IN
KaNSAS . The =states of Louisiana, North Carolina, Texas, Ohio,
Alabama, Arkansas and Florida considerec the followirng 2s more
than "QOFERATIONAL PROBLEMS".

1. DISREGARD FOR COMPATIBILITY BETWEEN WASTES AND TUBING, PACKER
AND CASING.

2. INADEQUATE CEMENT IN BOREHOLE

3. CORRODED TUBING AND CASING

4. CASING CRIMPED

S. ACIDIC WASTE DISSOLVED PART OF INJECTION ZONE
&. ANMNULUS AND INJECTION FLUID COMMUNICATION

7. INCONSISTENCY IN ANNULUS PRESSURE



8. pH VIOLATION CAUSING CORROSION OF WELL

ALL OF THESE THINGS HAPPEN RATHER ROUTINELY WITH THE VULCAN WELLS
AND YET VULCAN IS LISTED AS HAVING NO PROBLEMS.

WHERE DID THE USEPA OBTAIN THE INFORMATION REGARDING THE VULCAN
WELLS?



GROUNDWATER

As the largest generator of hazardous waste in the state of
Kansas, WVulcan manufactures ammonia, chlorine, caustic soda,
hydrogen, chloroform, carbon tetrachloride, methylene chloride,
perchloroethylene and Pentachlorophenol. Wastes from the Vulcan
plant include all of the above and hexachlorobenzene, solvents,

PCBs, Dioxins and other assorted hazardous wastes.
With the limited information available <from groundwater
monitoring, it 1sn’t possible to take a comprehensive lookK at the
groundwater conditions., What I can see is that most of the
aforemerntioned chemicals =-- along with several others-- have been
detected in three levels of groundwater as recently as four

months agqo.

Intercept wells, designed to retrieve the contaminated
groundwater, have been operated for several years on and near the
site. The highly contaminated water pumped from the ground is
then ingected into the Arbuckle -along with Vulcan’s chemical
waste.

The Vulcan site has a 41.4 acre chemical waste landfill which has
been covered with six feet of clay and "is monitored extensively"
Scientific studies have found that chemicals attack scils, causing
dissolution of the clay, and allowing the chemical waste to enter
the groundwater. It hag become commonly Known that landfills leak.
The state of Kansas found that out in 1982. Putting a top on a
leaking landfill does not prevent the migration of chemicals from
the clay sides and. bottom of the landfill. WVulcan has stated that
their concern is not with the groundwater On the site out beyond
their boundaries. It would be nice if the chemicals in the
groundwater WOULD remain at the vonceline, but thery haven’t, thay
don“t and they won’t,

In March of 1985, some of the chemicals found in the groundwater

on site, in all levels of groundwater include:
ORTHO-CLOROPHENOL 3800 PPB
2,4 DICHLOROPHENOL 7500
2,4,4 TRICHLOROPHENDL 5300
-2,4 DICHLOROFHENOL 1200
2,4 D 31,000
2,46 22,000
2,4,6—T 4500
BENZENE 384 PPB
TETRACHLOROCETHYLENE 241
LHLOROPHENOL 5400

THIS IS5 NOT A LIST OF CHEMICALS FOUND PRIOR TO THE ®"CLEAN UP" OF
THE VULCAN SITE. THIS 1S A MONITORING REPORT FROM APRIL OF 198S.



HAVE ANY PCB ANALYSES BEEN CONDUCTED ON THE GROUNDWATER ON AND OFF
OF THE VULCAN SITE? UP TO 300 PARTS PER MILLION OF PCBS ARE FOUND
IN THE PERCHLOROETHYLENE PROCESS WASTE STREAMS,

The condition of the groundwater berond the Vulcan boundaries is
alarming. Groundwater appears to be contaminated in all directions
in all three water levels,

SOUTHEAST OF VULCAN, the aquifers contain 8 of the -chemicals found
in on-site wells,

SOUTHWEST < M ican, the groundwater contains ten of the
chemicals,

Northeast of VYulcan, analyses reveal 12 of those chemicals. The
carbon tetrachloride Yevels in that area are neariy 8 TIMES HIGHER
THAN IN 1984 despite the use of interceptor wells.

Twenty~eight chemicals were found in shallow and deep aquifers
SOUTH of Vulcan. This well appears to be at the south end of the
landfi111 and would create a reasonable conclusion that the
landfi111 1= leaKing.

At leacst 15 PRIVATE RESIDENCES HAVE CONTAMINATED WELL WATER. The
wells contain up :to NINE CHEMICAL CONTAMINANTS ranging from less
than { PFB to 35 parts per billion of individual chemicals=--the
same chemicals in the aforementioned groundwater samples. It is
my understanding that Wulcan has purchased property with
contaminated groundwater and financed water line installation from
the city of Clearwater to supply these contaminated homes. A
memo titled Vulcan Meeting MNotes states that "Carbon filters
installed on many residents’ well water, Carbon filters may or
mar not reduce chemical contaminant levels in the drinking watern.
At the best, filtering drinking water provides a false assurance
to the affected citizens. According to the National Journal of
,Public Health, sKin absorption and inhalaticn represent a
significant route of exposure to chemicals. In other words, if it
s tndeed poscsible to filter - chemicals $rom drinking
water--bathing in contaminated water and inhalation of
contaminated air apparently provides a qreater source of exposure
than actually consuming the water. -

While that may be a responsible action for the company to take, I
would hope that the regulatory agencies do not consider such
acquisition of contaminated property as an adequate method of
dealing with ongoing water pollution from the Vulcan site. 1If so,
VYulcan conceitvably could become the ‘landlord of a lot of property
south of Wichita, PEOPLE _ON THE OUTER EDGES OF EACH VUL CAN
ACLLYT k! PROPERTY SHOULD BE ALERT TO THIS FACT.,




