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SUMMARY 

Alrborne effluent measurements and cloud physlcal behavlor for the 
September 5, 1977, Tltan III launch are summarlzed. The Tltan vehlcle was 
launched a~ 0856 eastern dayllght tlme (EDT) from launch complex 41 (LC-41) at 
the Alr Force Eastern Test Range (AFETR), Florlda. Thls set of measurements lS 
but one of many conducted by the Natlonal Aeronautlcs and Space Admlnlstratlon 
(NASA) as part of ltS tropospherlc program to study the effect of launch 
vehlcle emlSSlOnS on tropospherlc alr quallty. 

The monltorlng program lncluded alrborne effluent measurements In SltU In 
the launch cloud, vlslble and lnfrared photography of cloud growth and physlcal 
behavlor, and Ilmlted surface collectlon of raln samples. Effluent measurements 
lncluded concentratlons of hydrogen chlorlde (HCl), chlorlne (C12), OXldes of 
nltrogen (NO and NOx), and partlcles as a functlon of tlme In the exhaust 
cloud. Partlcle mass concentratlon and number denslty In the launch cloud were 
measured as a functlon of tlme and Slze In the range of 0.05- to 30-~m dlameter. 

Incloud gaseous effluent values were found to be slmllar to those measured 
at prevlous launches. For example, maXlmum lncloud HCl concentratlons ranged 
from about 25 parts per mlillon (ppm) several mlnutes after launch to 1 to 
3 ppm at 100 mlnutes after launch. MaXlmum C12 concentratlons ranged from about 
40 parts per blillon (ppb) at 2 to 3 mlnutes after launch to less than 10 ppb 
(lower detectlon Ilmlt) at 10 to 15 mlnutes after launch. Maxlmum NOx concen
tratlons were 900 to 1000 ppb at several mlnutes after launch and about 200 ppb 
after 100 mlnutes. Integratlng nephelometer measurements showed maxlmum lncloud 
partlcle concentratlons to be about 1000 ~g/m3 several mlnutes after launch to 
about 100 ~g/m3 at 100 mlnutes. A second fllght showed Ilttle addltlonal decay 
for maxlmum lncloud effluent concentratlons at 180 to 270 mlnutes after launch. 
For example, at 270 mlnutes after launch maxlmum HCl concentratlons were stlll 
1 to 3 ppm, NOx was 100 to 200 ppb, and partlcles (nephelometer) were 100 to 
200 ~g/m3. Partlcle slzlng measurements showed mass concentratlon peaks at 
0.05- to O.l-~m dlameter and at 1- to 3-~m dlameter. Partlcle number denslty 
measurements conflrmed that most partlcles present In the launch cloud were 
below 2-~m dlameter. Chemlcal analyses of collected partlcle samples showed 
that those whlch occurred In a dlameter range from about 3 ~m to 0.4 ~m con
talned slgnlflcant alumlnum (AI) content and In some cases Cl. Cloud lmaglng 
data (vlslble and lnfrared) were obtalned untll 40 mlnutes after launch, after 
whlch amblent clouds and haze caused dlfflculty In ldentlflcatlon of the launch 
cloud from the amblent background. The format of thls paper lS data 
presentatlon. 

INTRODUCTION 

Slnce 1972, NASA has been conductlng launch vehlcle effluent (LVE) measure
ments at selected NASA and Alr Force launches for the purpose of lnvestlgatlng 
the effect of launch vehlcle emlSSlons (malnly, solld rocket motor emlsslons) 



on tropospherlc alr quallty. Thls tropospherlc program lS almed at measurlng 
and predlctlng the lmpact of ground clouds produced at launch on the surface alr 
quallty. The LVE monltorlng program lS conducted by the Langley Research Center 
(LaRC) wlth lntercenter support from Marshall Space Fllght Center (MSFC) and 
John F. Kennedy Space Center (KSC). The goal of the LVE program lS to assess 
the appilcablilty and accuracy of dlffuslon models for predlctlng the dlsperSlon 
of exhaust effluents from NASA's current and future launch vehlcles. The ob]ec
tlves of the program are to develop data to be used In the establlshment of 
potentlal launch constralnts and to develop In-house expertlse In the areas 
relatlng to the envlronmental lmpact of launch actlvltles. The approach employed 
to meet these Ob]ectlves lS that of measurlng rocket exhaust products (produced 
by large, SOlld rocket motor launch vehlcles) at surface level and wlthln the 
stablllzed ground cloud formed In the troposphere as the result of the launch. 
These exhaust products are malnly HCl In the gaseous and partlcle phases and 
partlculates (alUIDlnum oXlde (A1203) and debrls). These measurements are then 
used to make dlrect comparlsons Wlth the dlffuslon models and NASA plume codes 
that are used to predlct effluent composltlon and concentratlons. 

From 1972 to mldyear 1974, LaRC monltored SlX launches (refs. 1 to 5) for 
purposes of developlng the measurement technlques and operatlonal procedures for 
full-scale (land, sea, and alrborne) monltorlng of four targeted launches In 
late 1974 and 1975. The four launches were selected In whlch full-scale mea
surement and modellng programs would be attempted and model-measurement results 
lntercompared. The HCl data obtalned durlng the four launches are reported In 
reference 6, and the December 1974 and May 1975 launch results are dlscussed In 
detall In references 7 and 8, respectlvely. After completlon of the four full
scale launch monltorlng actlvltles, LaRC dlscontlnued such large-scale monl
torlng but has contlnued the alrborne sampllng at a rate of about two launches 
per year. References 9 and 10 descrlbe other monltorlng actlvltles Slnce 1975. 

The measurement results for the September 5, 1977, Tltan III launch are 
summarlzed hereln. The purpose of thlS paper lS data presentatlon. The Tltan 
vehlcle was launched from LC-41 at AFETR, Florlda. Launch tlme was 1256 unl
versal tlme (UT) (0856 EDT). The LVE monltorlng experlment lncluded alrborne 
effluent measurements In SltU In the launch cloud, vlslble and lnfrared pho
tography of cloud growth and physlcal characterlstlcs, and llIDlted collectlon of 
raln samples at the surface. 

SYMBOLS 

reference tlme for concentratlon-tlme plots, mln:sec after launch 

T tlme relatlve to launch; T - 0 lS launch 

Abbrevlatlons: 

CS-27200 camera slte, Alr Force faclilty 27200 

FSSP forward scatterlng spectrometer probe 

LC-41 launch complex 41 
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LW launch veh1cle effluent 

ppb parts per b1ll1on by volume 

ppm parts per ffilll10n by volume 

QCM quartz crystal m1crobalance cascade 1mpactor 

SEM scann1ng electron ffilcroscopy 

S~ SOlld rocket motor 

UCS un1versal camera slte 

VM camera slte, Vert1cal Assembly BU1ld1ng 

EXHAUST CLOUD DESCRIPTION 

A br1ef descr1pt1on of the ground cloud sampled by the a1rcraft lS pre
sented. Refer to references 5, 8, 11, or 12 for a more deta1led cloud 
d1Scuss1on. 

The T1tan III launch veh1cle cons1sts of a three-stage core uS1ng a llqU1d 
propuls1on system and two SOlld rocket motors (S~) attached on Oppos1te sldes 
of the core. Only the S~ boosters (f1rst 10 to 20 seconds of burn) contr1bute 
effluents to the ground cloud because the llqU1d propuls1on system lS 19n1ted at 
alt1tude. Each of the two S~ boosters has a mass-flow rate at 11ft-off of 
about 4160 kg/sec. Th1S mass-flow rate rema1ns relat1vely constant for the 
f1rst 20 seconds of burn. Th1S 1n1t1al exhaust from the S~ boosters generates 
a ground cloud 1n the 1mmed1ate v1c1n1ty of the launch pad and, as a result of 
1tS heat content, r1ses to a stab1l1zat1on alt1tude where 1t then dr1fts and 
d1ffuses w1th the preva1l1ng w1nds. Stab1l1zat1on typ1cally occurs w1th1n 
15 m1nutes after launch at alt1tudes between 1000 and 2000 meters, depend1ng 
upon cloud buoyancy, meteorology, and the m1x1ng-layer he1ght. In1t1ally, the 
cloud lS composed of spec1es from the S~ eng1ne exhaust, debr1s from the launch 
pad, and spec1es generated dur1ng h1gh-temperature afterburn1ng react10ns 1n the 
exhaust plume. However, as the cloud r1ses, stab1l1zes, and dr1fts w1th the 
w1nd, 1t entra1ns large quant1t1es of atmospher1c a1r, and by the t1me stab1l1-
zat10n occurs, less than 1 percent of the cloud mass lS eng1ne exhaust. Ma1n 
const1tuents of the stab1l1zed ground cloud are 11sted 1n table 1. Incloud 
concentrat1ons at about 10 to 15 m1nutes after launch and the sources for each 
spec1e are glven. 

MEASUREMENT PROGRAM 

The a1rborne sampl1ng strategy and 1nstrumentat1on used 1n the LW program 
has been d1scussed 1n prev10us papers. (See refs. 5, 8, and 13.) A descr1pt1on 
of the v1s1ble photography and 1nfrared 1mag1ng 1nstrumentat1on are ava1lable 1n 
references 8 and 14. Therefore, only a br1ef summary of the measurement program 
lS presented here1n. 
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Alrborne Sampllng Plan 

The sampllng platform, a tWln-englne llght alrcraft, was alrborne at 
approxlmately T - 30 mlnutes. Range safety requlred the alrcraft to be In a 
holdlng pattern at an altltude of approxlmately 1000 meters, approxlmately 
8 km west of the launch pad. Just before T - 0 the alrcraft was released from 
the holdlng pattern and radar vectored to enter the launch restrlcted area at 
T + 1 mlnute to perform the sampllng mlSSlon. The sampllng plan used by the 
alrcraft was a serles of baslc downwlnd and crosswlnd penetratlons of the 
exhaust cloud, each through the center of the cloud as determlned vlsually by 
the fllght crew. (See flg. 1.) For thls mlSSlon, 50 penetratlons of the 
exhaust cloud were made. Twenty-elght penetratlons were made between T + 2 mln
utes and T + 100 mlnutes, after whlch the alrcraft landed for refuellng. The 
remalnlng 22 penetratlons were made between T + 180 mlnutes and T + 270 mlnutes. 
The fllght parameters assoclated wlth each sampllng pass are llsted In table 2. 

Alrborne Instrumentatlon 

The sampllng alrcraft (ref. 13) was equlpped to monltor HC1, suspended 
partlcles, NO, NOx , and C1 2 . Routlne fllght parameters (altltude, headlng, 
alrspeed, etc.) were also measured. Alrcraft posltlon for the flrst 28 sampllng 
passes was obtalned by ground radar track of the onboard S-band tranSmltter 
beacon. For the second fllght the alrcraft posltlon was not recorded (beyond 
radar range). For thls second fllght the alrcraft was vectored to ltS sampllng 
posltlon by a second alrcraft whlch remalned alrborne to perform weather modlfl
catlon measurements. As dlscussed In reference 13, all effluent alr samples are 
taken through speclally deslgned sampllng probes located In the nose of the alr
craft. These probes extend forward of the flow-fleld dlsturbance created by the 
alrcraft, thus collectlng undlsturbed, free-stream sarnpllng alr. The lnstalla
tlon of that lnstrumentatlon not covered In reference 13 lS dlscussed In refer
ences 9 and 15. The characterlstlcs of the effluent monltorlng lnstrumentatlon 
for thls mlSSlOn are descrlbed In table 3. The operatlons of each lnstrument 
are descrlbed In references 13, 15, 16, 17, and 18. (See table 3.) The three 
dlfferent partlcle lnstruments characterlze the partlcles In the rocket exhaust 
cloud In terms of total mass concentratlon, Slze dlstrlbutlon, and (to a llmlted 
extent) elemental composltlon as a functlon of Slze. An lntegratlng nephelom
eter was used to measure the total partlculate mass concentratlon as a functlon 
of posltlon (tlme) In the cloud. The 10-stage QCM measured partlculate mass 
concentratlon (~g/m3) as a functlon of tlme In 10 partlcle Slze (aerodynamlc) 
ranges from 0.05-~m to 25-~m dlameter. Slze separated elemental analyses were 
made postfllght on partlcles collected In the cascade lmpactor by uSlng scannlng 
electron mlcroscopy. The FSSP measured partlcle number denslty (No./cm3) as a 
functlon of tlme and Slze In a Slze range from 0.5-~m to 45-~m dlameter. For 
thls launch, the FSSP slzlng range was 2- to 30-~m dlameter for passes 1 and 2, 
1- to 15-~m dlameter for passes 3 to 15, and 0.5- to 7.5-~m dlameter for the 
remalnlng passes. As dlscussed In some detall In reference 9, the nephelometer 
and QCM sampled through a heated lnlet to ellmlnate mOlsture, whereas the FSSP 
was located external on the alrcraft. 
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Surface-Level Effluent Measurements 

Seventeen raln collectors were deployed at surface level around the launch 
pad for the purpose of deterrnlnlng the aCldlty of any droplets orlglnatlng from 
or passlng through the exhaust cloud. No raln occurred In the vlclnlty of the 
pad near launch tlme, and no droplets were collected. 

Cloud Imaglng Systems 

Metrlc-tracklng cameras (ref. 14) and tlme-sequence cameras were located at 
sltes UCS-9, USC-2, and CS-27200 (see flg. 2) for purposes of obtalnlng records 
of cloud track, rlse, growth, and volume. A motlon-plcture camera was located 
at slte VAS. Infrared scanners (ref. 8) located at sltes CS-27200 and VAS pro
vlded addltlonal cloud physlcal data. Approxlmately 40 mlnutes of cloud lmaglng 
data were obtalned at all sltes. 

DATA RESULTS 

The data obtalned durlng the September 5, 1977, LVE measurement operatlon 
are presented. Where approprlate, slmllar data from prevlous launches are shown 
for comparlson. 

Meteorology 

Flgure 3 shows the meteorologlcal data for the launch. These data are from 
a rawlnsonde released at T + 28 ffilnutes (tlme nearest launch where sonde data 
are avallable) and T - 0 tower surface data. 

Cloud Physlcal Parameters 

As stated prevlously, cloud lmaglng data were obtalned at all sltes up 
untll about T + 40 mlnutes, after whlch ldentlflcatlon of the cloud from amblent 
background became dlfflcult. Data from the metrlc-tracklng cameras are usually 
used as the only means of provldlng cloud-track data. However, the cloud-track 
data from the metrlc-tracklng cameras for thls experlment showed an unusually 
hlgh lnltlal cloud rlse (approxlmately 1.8 km) to T + 11 mlnutes Wlth a steep 
drop to about 1.5 km at T + 13 mlnutes, a phenomenon not seen durlng prevlous 
experlments. In addltlon, reports from ground observers dld not verlfy thlS 
unusual cloud behavlor and alrcraft cloud penetratlons were nearly 300 meters 
lower than the metrlc-tracklng data. Examlnatlon of the tlme-sequence photo
graphs, usually used only to provlde cloud-volume lnforrnatlon, lndlcated that 
metrlc-tracklng operators probably lncluded the column cloud as part of the maln 
cloud In thelr estlmatlon of cloud centrold and rlse. A slffillar clrcumstance 
eXlsted near T + 24 mlnutes In that the metrlc-tracklng data showed a steep 
lncrease (200 meters) In cloud altltude from about T + 24 to T + 27 ffilnutes. 
Agaln nelther ground observers nor alrcraft measurements could verlfy thlS 
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occurrence. Exam1nat1on of the t1me-sequence f1lm 1nd1cated that the metr1c
track1ng operators may have 1ncluded amb1ent clouds as part of the ground cloud. 
Consequently, 1t was dec1ded to 19nore the metr1c-track1ng data and 1nstead use 
the t1me-sequence photographs to prov1de cloud-track data dur1ng these t1me 
per1ods. Thus the opt1cal cloud-track data (shown 1n f1g. 4) from T + 2.5 to 
T + 12.5 m1nutes and beyond T + 24.5 m1nutes are from analyses of the t1me
sequence photographs and the rema1n1ng data are from the metr1c-track1ng mea
surements. Also shown for compar1son 1S the a1rcraft alt1tude for those 
sampl1ng passes up to about T + 34 m1nutes. 

F1gure 5 shows the cloud surface traJectory obta1ned uS1ng the same COmb1-
nat10n of metr1c-track1ng and t1me-sequence data. The bars on the data 1nd1cate 
the uncerta1nt1es 1n the cloud centro1d 10cat1on. (See ref. 5 for a d1Scuss1on 
of data analys1s techn1ques.) Also shown 1S the a1rcraft locat1on (radar data, 
table 2) for those sampl1ng passes up to T + 38 m1nutes. The compar1son between 
the a1rcraft data and the opt1cal results 1S representat1ve of that from pre
V10US launch mon1tor1ngs. 

F1gures 6 and 7 show cloud-volume results. The data from the camera sltes 
are the t1me-sequence results. The traJectory of the cloud (approx1mately 
northeast) was such that the t1me-sequence camera from USC-2 was able to photo
graph the cloud 1n nearly an along w1nd d1rect1on, whereas those at UCS-9 and 
CS-27200 obta1ned crossw1nd photographs. By applY1ng the prev10usly used tech
n1ques (ref. 5) Wh1Ch 1nvolved d1v1d1ng the cloud 1nto ell1pt1cal sect10ns w1th 
maJor and m1nor axes 1n the along w1nd and crossw1nd d1rect1ons, respect1vely, 
two quas1-1ndependent measurements of cloud volume were obta1ned and are com
pared 1n f1gure 6. No data were obta1ned between 10 and 26 m1nutes for the 
UCS-2 and CS-27200 comb1nat1on because amb1ent clouds passed between the camera 
at CS-27200 and the exhaust cloud dur1ng th1S t1me per1od. By cons1der1ng the 
assumpt10ns made and the techn1que appl1ed, the data agree reasonably well, 
part1cularly dur1ng the early t1me per10ds when rap1d growth 1S occurr1ng. The 
agreement 1S not so good after 25 m1nutes. However at th1S t1me the cloud was 
15 km away from the nearest camera slte and the cloud 1mage was so small that a 
small error 1n def1n1ng the outl1ne of the cloud due to amb1ent cloud 1nter
ference or haze could result 1n a relat1vely large error 1n volume. Also shown 
1n f1gure 6 1S cloud volume calculated from a1rcraft res1dence t1me 1n the cloud 
dur1ng succeSS1ve along w1nd and crossw1nd passes. A1rcraft t1me 1n the cloud, 
as measured by the rap1d response nephelometer, was used as a bas1s for deter
m1n1ng cloud volume. The cloud was assumed to form 1nto a prolate sphero1d w1th 
the along w1nd pass be1ng along the maJor aX1S and the crossw1nd pass be1ng 
along the m1nor aX1S. As shown 1n f1gure 6, the cloud volume measured 1n th1S 
manner compares favorably W1th the opt1cal data. Cloud volume (a1rcraft data) 
for the ent1re measurement operat1on 1S shown 1n f1gure 7. The a1rcraft landed 
and refueled 1n the T + 1 hour 30 m1nutes to T + 3 hour t1me per1od. 

F1gures 8 and 9 show a compar1son of the September 1977 cloud data w1th 
that of other T1tan III clouds (all at the Flor1da launch slte). F1gure 8 shows 
that the 1n1t1al r1se rate of the clouds, 4 to 5 m/sec, lS essent1ally the same 
and thus 1ndependent of eX1st1ng meteorology. However cloud-stab1l1zat1on alt1-
tude lS d1fferent for the launches and 1S a funct10n of meteorology. Based on 
f1gure 8, stab1l1zat1on alt1tudes range from 1 to 2 km w1th cloud stab1l1zat1on 
occurr1ng w1th1n 15 IDlnutes after launch. F1gure 9 shows the cloud-volume 
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comparlson. The data shown are from both the tlme-sequence camera and alrcraft 
results. 

Alrborne Effluent Measurements 

Concentratlon-tlme data.- Incloud effluent concentratlons of HCl, C12, 
partlcles (nephelometer), and NOx measured durlng each sampllng pass are shown 
In flgure 10. The data for NO are not shown because measurements lndlcate 
nearly all the NOx are NO. Zero tlme to for the absclssa of each plot lS 
shown In the flgure and lS glven In mlnutes and seconds after launch. The 
followlng pOlnts are to be consldered In the lnterpretatlon of the data of 
flgure 10: 

(1) Chlorlne data are shown only for the flrst 10 sampllng passes. Beyond 
pass 10 chlorlne concentratlons are below 10 ppb (detectlon Ilmlt). 

(2) No correctlon for sampllng Ilne tlme-delay effects of the varlOUS 
lnstruments has been applled to the data. Generally the nephelometer and HCl 
lnstruments respond together, whereas the NOx and C12 data lag by about 10 sec
onds because the NOx and C12 lnstruments are located In the aft passenger cabln, 
whereas the other two lnstruments are located In the nose compartment of the 
alrcraft. 

For thls mlSSlon maXlmum observed HCl concentratlon was about 27.5 ppm 
and occurred durlng pass 1 (T + 2.6 mlnutes). By about T + 40 ffilnutes, HCl 
had decayed to about 10 ppm. At completlon of the flrst samp1lng fllght 
(T + 100 mlnutes), maxlmum HCl was about 1 to 3 ppm and showed Ilttle addltlonal 
decay by completlon of the second sampllng fllght at T + 270 ffilnutes. Peak C12 
concentratlon was about 40 ppb (pass 1) and by T + 10 mlnutes to T + 15 ffilnutes 
had decayed to 10 ppb, the lower detectlon Ilmlts of the lnstrument. MaXlmum 
NOx concentratlons were of the order of 800 to 1000 ppb for the flrst few passes 
and decayed to 200 to 300 ppb by completlon of the flrst sampllng fllghts 
(T + 100 mlnutes). Because of nOlse problems wlth the NOx lnstrument durlng 
the second fllght, no data are shown; however as was the case for HCl, maxlmum 
NOx concentratlons decayed very Ilttle durlng the second fllght and at 
T + 270 ffilnutes were of the order of 100 to 200 ppb. Maxlmum partlculate con
centratlon (nephelometer) was about 900 to 1000 ~g/m3 for the flrst fllght and 
rapldly decllned to 300 to 400 ~g/m9 for passes 2 and 3. By T + 100 mlnutes, 
maxlmum partlculate concentratlon had decayed to about 100 to 200 ~g/m3 and 
remalned at these levels untll completlon of the mlSSlon at T + 270 mlnutes. 
The rapld decay from pass 1 to pass 2 (other speCles showed much smaller decay) 
lS somewhat unexpected. A reVlew of lnstrument operatlon has shown no known 
lnstrument malfunctlon or cause for thls behavlor. Although the partlc1e con
centratlons are relatlvely low (as compared wlth some launches) for pass 2 to 
pass 50, these low levels have been observed In prevlous launches. The data of 
flgure 10 are tabulated In the appendlx. 

The September 1977 alrborne data are compared wlth those of prevlous 
Tltan III launches In flgure 11. The solld-llne curves represent the envelope 
of maXlmum observed concentratlons In each sampllng pass for prevlous Tltan III 
launches. 
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Part~cle s~z~ng data.- The s~ze d~str~but~on (QCM and FSSP ~nstruments) of 
part~cles ~n the LVE cloud were deter~ned on a per pass bas~s rather than as a 
funct~on of t~me. (The data reduct~on techn~que ~s d~scussed ~n ref. 9.) 
Table 4 shows the QCM data (~g/m3) for each s~ze range and for passes 1 to IS. 
After pass IS the QCM sensor crystals were saturated (read off scale) wlth col
lected samples, and the data are ~nval~d. Flgure 12 lS a plot of the data. As 
for the May 1977 data (ref. 9), the QCM data generally show a blmodal Slze d~s
tr~butlon w~th nodes ~n the O.OS- to O.l-~m-d~ameter range and In the 1- to 
3-~m-d~ameter range. As shown by the data, only a small quant~ty of mass lS 
above S-~m d~ameter. As prevlously ment~oned and as dlscussed In reference 9, 
the QCM lnlet lS heated to reduce mOl sture and llquld partlcle saturatlon of the 
senslng crystal. The early saturat~on of the QCM crystals and observed (post
launch laboratory analysls to be dlscussed) stalns around collected partlculates 
suggest that the partlcle samples may not have been free of mOlsture. Thus the 
QCM data for th~s m~SSlon are probably not a measure of the partlculate (solld) 
port~on of the part~cle present In the cloud but ~nclude some undeflned but 
measurable port~on of the l~quld part~cle present. 

The partlcles collected ~n each of the 10 stages of the QCM were analyzed 
by scann~ng electron m~croscopy (SEM) to determlne the elemental makeup and 
morphology of the part~cles accord~ng to Slze. Stage 1 (2S-~m dlameter) con
talned three types of amorphous part~cles: (1) Part~cles about 12-~m dlameter 
cons~st~ng of ~ron (Fe), t~n (Sn), and chlorlne (Cl); (2) partlcles about 18-~m 
dlameter cons~stlng of calc~um (Ca) and sulfur (S); and (3) partlcles about 
50-~m d~ameter cons~stlng of SOdlum (Na), AI, S, Cl, potasslum (K), and Ca. 
Stages 2 (12.8-~m dlameter) and 3 (6.4-~m d~ameter) showed very few dlscern~ble 
partlcles. Large stalned areas appeared to be left by evaporat~on of droplets, 
but none of the resldue was ~dent~f~able by SEM. In stage 4 (3.2-~m dlameter) 
sta~ned spots slm~lar to the ones In stages 2 and 3 appeared outslde the central 
lmpactlon reg~on. In the central reg~on a large number of d~screte spherlcal 
partlcles of un~form s~ze and a few clusters appeared. Most of the partlcles 
contalned Al and a few contalned Cl. Stage S (l.6-~m dlameter) partlcles are 
not as unlform ln Slze as those of stage 4. Spherlcal partlcles showed Al only, 
whereas amorphous part~cles showed no X-ray spectra. In stage 6 (1.6-~m dlam
eter) the part~cles are mostly spher~cal and d~screte and conslst of Al and some 
part~cles are amorphous and contaln Al and Ca. In stage 7 (0.4-~m dlameter) the 
part~cles are spher~cal and dlscrete wlth some clusterlng. As In stages S 
and 6, the spher~cal partlcles contaln AI. The amorphous partlcles cons~st of 
Al and Cl. The partlcles In stages 8, 9, and 10 (0.2- to O.OS-~m dlameter) are 
mostly agglomerates cons~stlng of Cl, S, K, Ca, Fe, and Zlnc (Zn). In these 
stages there are a number of relat~vely large needle-llke crystals that show no 
X-ray spectra. These crystals are bel~eved to be formed durlng lmpactlon 
because they are too large to have been transported through the ~nstrument ~n 
thelr present form. 

The FSSP slz~ng data for all 50 sampl~ng passes are shown ~n flgure 13 and 
table S. The data are expressed as percentage of partlcles In a s~ze range 
relatlve to the total number of partlcles sampled. As dlscussed prevlously, the 
FSSP samples partlcles outs~de of the alrcraft (no lnlet probe) and thus lS 
equally senslt~ve to l~qu~d and part~culate part~cles. As shown In table S, 
the s~ze range over whlch the ~nstrument lS senslt~ve was changed after pass 2 
and after pass IS. Based on the FSSP data, the ma]Orlty (number) of partlcles 
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present ~n the LVE cloud are below 2-~m d~ameter, and a b~modal d~str~but~on ~s 
not generally shown. 

Note that the operat~ng pr~nc~ples of the var~ous part~cle ~nstruments 
(nephelometer, QCM, and FSSP) are d~fferent, the ~nstruments are sens~t~ve over 
d~fferent s~ze ranges, and the ~nstrument responses are affected by d~fferent 
factors. Therefore d~rect compar~sons of data from the three d~fferent ~nstru
ments are not eas~ly made. For example, the response of the ~ntegrat~ng nephe
lometer ~s strongly dependent upon s~ze d~str~but~on over a range of approx~
mately O.2-~m to lO-~m d~ameter and ~s essent~ally zero outs~de th~s range. 
The nephelometer response ~s further compl~cated by the l~ght refract~on char
acter~st~cs of the part~cles. These factors must be cons~dered before compar~ng 
the ~ntegrat~ng nephelometer data w~th the other data. If the QCM data are com
pared w~th the FSSP data, two factors must be cons~dered: (1) The QCM cascade 
~mpactor measures aerodynam~c s~ze and ~s therefore sens~t~ve to mass dens~ty, 
whereas the FSSP measures geometr~cal s~ze and ~s sens~t~ve to shape and refrac
t~ve ~ndex; and (2) the QCM ~nlet ~s heated so that most of the l~qu~d component 
~s removed from the sample. Th~s ~s not the case for the FSSP. OW~ng to the 
complex~ty of th~s problem no attempt ~s made ~n th~s paper to compare qual~
tat~vely the results from the var~ous part~cle ~nstruments. 

CONCLUDING REMARKS 

The data presented here~n were obta~ned dur~ng the September 5, 1977, 
T~tan III launch veh~cle effluent (LVE) measurement program. Most data are 
presented ~n both tabular and graph~cal form, ~n a format eas~ly used and 
referenced for appl~catl0ns. No data analyses are presented. Where appro
prlate the September 1977 data are compared wlth the data base from prevl0us 
LVE monltorlng programs. 

Langley Research Center 
Natlonal Aeronautlcs and Space Adm~nlstrat~on 
Hampton, VA 23665 
June 7, 1979 
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APPENDIX 

TABULATION OF AIRBORNE HC1, C12, NO
X

' AND NEPHELOMETER DATA 

Tables 6 to 55 present the data that are shown graphlcally In flgure 10. 
Tabulatlons are for 2-second lntervals. The reference tlme (column 1) refers 
to the absclssa values In flgure 10. Some background data (outslde the cloud) 
shown In the flgure have been oIDltted from the tabulatlons. 
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TABLE 1.- GROUND CLOUD CONSTITUENTS 

Norrunal maxlmum 
Specle Source 

concentratlon 

N2 Amblent alr Amblent values 

°2 Amblent alr Amblent values 

H2O Amblent alr; launch pad Amblent values 
coollng; exhaust 

CO2 Amblent alr; exhaust Amblent values 
plume afterburnlng 

Partlcles Exhaust; pad debrls alOOO to 3000 ~g/m3 

HCl Exhaust as to 40 ppm 

CO Amblent alr; exhaust a<l ppm 

NO Exhaust plume afterburnlng a200 to 800 ppb 

C12 Exhaust plume afterburnlng a20 to 40 ppb 

aMeasured values from preVlOUS LVE. 
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Pass 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

14 

TABLE 2. - AIRBORNE SAMPLING PARAMETERS 

Alrcraft 
Alrcraft headlng locatlon Tlme of 

Sampllng 
varlatlon durlng from LC-41 pass after 

altltude, (b) launch, pass, 
m 

deg (magnetlc) AZlmuth, 
km 

ffiln 
(a) deg (c) 

680 ± 20 26 to 73 1.8 39 2.6 
859 ± 30 274 to 314 1.4 24 4.3 

ll05 ± 26 2 to 358 2.3 38 6.4 
1423 ± 6 295 to 304 2.4 46 9.0 
1485 ± 9 15 to 47 3.6 45 12.3 

1486 ± 8 280 to 300 3.2 55 14.9 
1485 ± 8 6 to 35 4.1 54 17.7 
1419 ± 6 294 to 302 4.8 55 21.9 
1419 ± 10 24 to 54 6.1 57 25.5 
1416 ± 10 283 to 299 5.6 60 28.5 

1419 ± 7 15 to 47 (d) (d) 31.0 
1414 ± 7 291 to 395 (d) (d) 34.3 
1414 ± 7 26 to 54 7.5 58 37.8 
1412 ± 6 260 to 304 8.1 58 41.7 
1384 ± 7 3 to 30 9.0 59 44.6 

1385 ± 8 290 to 302 9.3 59 48.1 
1384 ± 6 18 to 33 10.0 57 52.0 
1350 ± 9 280 to 301 (d) (d) 55.8 
1356 ± 3 19 to 53 11.6 57 58.7 
1351 ± 3 295 to 297 11.6 61 61.7 

1224 ± 6 17 to 36 15.2 54 66.1 
1232 ± 6 278 to 306 13.4 52 69.3 
1210 ± 28 10 to 60 14.1 59 72 .2 
1201 ± 6 291 to 305 15.3 56 75.9 
1134 ± 8 0 to 15 16.6 57 88.9 

aAverage altltude for pass ± Varlatlon. 
b Alrcraft locatlon at mldpolnt tlme of sampllng pass. 
c 
Mldpolnt tlme of sampllng pass. 

d Radar-track data not avallable. 



Pass 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

TABLE 2.- Concluded 

Alrcraft 

Sampl1ng 
Alrcraft headlng locatlon Tlme of 
varlatlon durlng from LC-41 pass after 

altltude, (b) launch, pass, 
m deg (magnetlc) AZlmuth, km 

mln 
(a) deg (c) 

1136 ± 9 258 to 303 18.5 56 92.8 
1133 ± 13 16 to 99 19.1 55 95.4 
1135 ± 6 282 to 303 18.2 58 98.7 
1144 ± 8 19 to 25 (e) (e) 182.6 
1121 ± 9 22 to 41 (e) (e) 189.9 

1116 ± 5 290 to 307 (e) (e) 194.8 
1123 ± 8 19 to 88 (e) (e) 197.4 
1105 ± 10 260 to 302 (e) (e) 201.0 
1109 ± 6 22 to 28 (e) (e) 207.7 
1120 ± 20 291 to 308 (e) (e) 211. 5 

1130 ± 11 19 to 79 (e) (e) 215.3 
1127 ± 6 251 to 307 (e) (e) 219.4 
1152 ± 19 22 to 57 (e) (e) 223.6 
1168 ± 8 281 to 304 (e) (e) 228.3 
1166 ± 8 III to 210 (e) (e) 230.1 

ll43 ± 22 19 to 63 (e) (e) 232.3 
1131 ± 8 297 to 302 (e) (e) 236.0 
1129 ± 6 197 to 213 (e) (e) 237.9 
ll28 ± 8 23 to 31 (e) (e) 241. 3 
ll42 ± 18 290 to 309 (e) (e) 246.1 

1148 ± 12 22 to 164 (e) (e) 249.3 
1153 ± 5 296 to 301 (e) (e) 254.2 
1205 ± 8 19 to 65 (e) (e) 259.8 
1201 ± 9 264 to 303 (e) (e) 263.9 
1230 ± 10 23 to 84 (e) (e) 267.6 

aAverage altltude for pass ± Varlatlon. 
bAlrcraft locatlon at mldpolnt tlme of sampl1ng pass. 
cMldpolnt tlme of sampl1ng pass. 
dRadar-track data not avallable. 
eRadar track not made for second sampl1ng fl1ght 

(passes 29 to 50). 
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TABLE 3.- INSTRUMENT CHARACTERISTICS 

Reference 
Detectlon 

Instrument Specle Range 
llffil t 

(a) 

Chemllumlnescent HCl 13, 16, 17 0.5 to 200 ppm 0.5 ppm 

Chemllumlnescent C1 2 15 10 ppb to 10 ppm 10 ppb 

Chemllumlnescent NO and NOx 13 0.002 to 5 ppm 0.002 ppm 

b 10 -s tage QCM Partlcles 18 0.05- to 2S-~m dlam 10 ~g/m3 

cpSSP Partlcles 15 0.5- to 4S-~m dlam 1 partlcle 

Nephelometer Partlcles 13 >0.4-~m dlam 100 partlcles 

a Partlcle and partlcle lnstrument range glven In partlcle dlam. 
b Mass concentratlon at 10 partlcle Slze ranges. 
c 
Partlcle number denslty In 15 Slze ranges. 

Response to I 
gO-percent 
readlng, 

sec 

! 

1 

1 to 5 

1 

2 

------

.2 
- -
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TABLE 4.- PARTICULATE MASS CONCENTRATION AS FUNCTION 

OF DIAMETER (QCM DATA) 

Mass concentratlon, ~g/m3, for dlameter, ~m, of -
Pass 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.05 0.1 0.2 0.4 0.8 
(a) 

144 173 --- 67 43 
104 83 --- 6 52 

26 48 --- 8 18 
34 48 --- 19 10 
63 79 --- 26 27 
49 52 --- 10 19 

114 III --- 9 30 
55 57 --- 13 17 
53 45 --- 27 13 
78 18 --- 8 16 

147 23 --- 26 13 
35 21 --- (b) 20 
35 12 --- (b) 16 
33 7 --- (b) 21 
44 2 --- (b) 24 

aInstrument malfunctlon. 
b Senslng crystal saturated wlth sample. 

1.6 3.2 6.3 12.5 

11 65 34 12 
15 162 17 0 

6 51 13 13 
7 24 19 0 

26 24 0 0 
18 3 4 7 
49 27 12 0 
20 25 5 11 
23 28 13 6 
24 40 8 8 
19 44 6 5 
29 35 24 12 
27 27 9 12 
26 24 0 0 
29 47 0 0 

25 L:-stage 

34 670 
52 371 
15 222 
29 214 
17 302 

9 197 
26 433 

7 239 
6 237 
2 211 

13 308 
15 191 

0 138 
0 111 
0 196 
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Pass 

1 
2 

Pass 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

2 4 

50.0 40.8 
26.4 26.9 

1 2 

9.7 12.6 
6.3 9.6 
7 1 10 8 

16.0 17.0 
20.2 19.0 
19.6 19 2 
21 4 20.9 
25 4 20.3 
21 1 20.5 
28 4 22.4 
29.2 23.4 
36 4 23.7 
40.0 25.3 

TABLE 5 - PARTICLE NUMBER DENSITY (PERCENTAGE OF TOTAL) AS 

FUNCTION OF DIAMETER (FSSP DATA) 

(a) Instrument range, 30-~m d~ameter 

Number dens~ty, percent, for d~ameter, ~m, of -

6 8 10 12 14 16 18 20 22 24 

5.5 0.09 o 4 o 05 0.3 0.3 0.2 0.4 0.4 o 3 
24.6 17 6 2 0 4 3 .2 .2 .3 .2 .2 

(b) Instrument range, 15-~m d~ameter 

Number dens~ty, percent, for d~ameter, ~m, of -

3 4 5 6 7 8 9 10 11 12 

12 1 12 7 13 0 10 7 6 7 6 30 4.1 1 9 0.8 0.90 
12 0 15 2 15 0 134 10.2 8.80 5.6 2 2 .9 30 
14.3 15 7 15.4 14 7 9.2 7.80 3 2 1 0 4 .20 
17 0 17 9 15.5 10 8 4 3 1. 30 5 2 1 10 
15.6 14 5 12 8 9 9 4.6 1. 70 .7 .3 2 10 
18 1 17 2 14 1 7 2 2 6 90 4 .2 1 .07 
19 2 17.4 11 7 5 5 2 0 .80 3 .2 .1 .10 
17 9 16 7 116 4 6 1.7 70 3 .2 .1 .10 
18 6 17 1 12 9 5 6 2 3 90 4 2 1 .09 
17 3 14.3 9 2 4 5 1 8 .80 .4 2 2 10 
17 2 14 4 8 4 3 7 1.7 .05 .4 3 .2 .20 
11 8 8 7 5 7 2 9 1.8 1.20 1.3 1 3 1.0 .07 
11 3 8.2 5 0 2 7 1 4 90 .7 8 9 .90 

26 28 30 

0.5 o 5 o 3 
I 

.2 2 2 

13 14 15 

0.30 o 20 0.20 
30 .10 .07 

.10 .08 .07 
10 .05 09 

.20 .10 .10 
09 10 08 
10 07 10 
10 .06 10 
06 .08 08 
10 .10 10 

.20 20 .20 
1 00 1.10 1 10 

.60 .90 90 
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Pass 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

o 5 

14.6 
17.7 
79 9 
17 4 
11. 3 
44 8 
39.3 
43 6 
43 0 
33 0 
36 7 
37.1 
29.8 
28.6 
36.4 
24.1 
33.3 
33 1 
37 6 
33 2 
34 9 
34 0 
37.4 
34.9 
31 8 
31 6 
29 0 
25.7 
33.7 
29 4 
35.6 
29.4 
36 7 
42 6 
50.9 

1 0 1.5 

26.6 24.5 
22.7 17.0 
29 7 16 7 
28.4 23 8 

9 1 6 6 
29.4 10 7 
30.8 14.5 
27.3 9.1 
27 7 9 0 
24.3 8 5 
26 0 9 3 
26.2 9.4 
21.7 8 7 
18.7 6 8 
24.3 9.3 
15.1 9 5 
21.6 7.4 
20.0 6 5 
22.7 7.8 
20.0 7 4 
22 6 8 0 
20.5 7 8 
24.7 8.2 
21.5 7 9 
19.1 6 8 
18 2 7 3 
18 0 8.5 
13.6 5.7 
20.9 8.1 
17.2 8.0 
21 6 7.8 
16.8 8.1 
20 6 9.0 
19 8 8.9 
18 5 6 7 

TABLE 5.- Concluded 

(cl Instrument range, 7 5-~m dlameter 

Number denslty, percent, for dlameter, ~m, of -

2 0 2 5 3 0 3.5 4.0 4 5 5.0 5.5 

12 5 6.2 4.9 3.5 2 0 1.5 1.2 o 6 
9.8 7.6 6 9 5 8 4.0 2 3 1.5 1.3 
5.3 2.6 2 5 1.9 1.6 1 6 1.4 1.7 

10.4 5 2 4 1 2.5 1 9 1 5 9 1 0 
5.5 7.5 6.2 6.0 5 3 5.6 7.2 5 2 
3.8 1.9 2 2 1.5 1 0 .7 .4 .4 
4 7 2.6 2.1 1.2 .8 .5 .3 .2 
4.2 3.8 3 4 2 2 1.4 1.1 .6 8 
4 4 3.9 3.6 2.6 1.1 .7 .9 .7 
5 8 5.5 4.6 4.0 2 8 1.9 1.5 1.9 
5 3 5.5 4 6 3.2 2.3 1.3 8 1.1 
5.3 5.3 4.3 3.5 2.1 1.2 8 1.1 
6 0 5.4 5.4 4.3 3 1 2.3 2.1 2 1 
7 2 5.1 4 0 4.8 3.6 2 9 2 9 3 9 
9 3 6 9 5 3 5.2 3.8 4.2 4.7 4 5 
3.7 5.3 6 3 4.1 3.9 4.1 3.3 4.6 
5.5 5.5 4.6 3.2 2.5 2 4 2.4 2.4 
6 5 4 9 3.2 2.6 3 0 2 8 2.4 2.6 
6.5 6 2 4.3 2 6 1.6 1.8 1.5 1.4 
6 9 6 0 4.3 3 1 2.9 2 0 2.2 2 9 
5.9 5 3 4 6 2 9 2.7 2 1 1 4 1 9 
6.5 6.5 4 9 2 5 2.3 2 3 2.4 2 5 
6.0 5.8 4.1 2 2 1 7 1.5 1.3 1 3 
6.7 4.5 4.1 3.4 2 2 2.4 2.6 1 7 
7 1 5 4 3.3 3.8 2 6 2.4 3 3 3 1 
6.6 5.3 3.6 3 6 2.7 3.2 3.2 3.2 
7.2 5.7 4.1 3.3 3.3 2 1 3.3 3 1 
6.8 6.1 4.3 5.0 3.9 4.6 3.6 3 9 
7 0 6.3 4.0 3.0 2.3 2.3 2.1 2 1 
6 5 5 7 4.2 4.2 2.7 3 5 3.7 2.7 
7 4 6 1 3 8 2.6 2.0 1.8 2.0 1.5 
7.3 5 7 5 5 3.1 2 6 3 8 2 4 1 7 
7.8 5 3 3.3 2.6 2 0 1.7 2.2 1 7 
6 6 5 2 2.3 1.9 1 7 1 7 1 9 1 3 
5 3 3.7 2 9 1 5 1.3 1 5 1.1 1 4 

6 0 6.5 7.0 7 5 

0.6 o 6 0.4 0.3 
1 1 1 0 9 6 
1.3 1.5 1 3 1.3 

.9 6 6 .8 
6.9 6.3 4.7 6.7 

.3 3 3 1.8 

.2 .2 .2 .2 

.7 6 .6 6 
5 .7 .6 .7 

1 5 1.5 1 6 1.6 
1.0 8 1.0 1.2 

.9 .9 1 0 .8 
2.3 1 9 2.3 2.3 
2.1 2 6 4 1 2.9 
4.0 4.8 3 6 4 0 
5 2 2 8 3.7 4.5 
2 3 2 4 2.4 2.2 
2 2 3.0 2.8 2 4 
1.6 1.6 1.4 1.4 
2 3 2.2 2.3 2 3 
2.1 1.9 2.1 1.8 
2.1 1.6 1.8 2.6 
1.5 1.6 1.5 1.1 
1.5 2.4 2.4 1.5 
2 6 3.3 3.1 2.6 
2 9 2.9 3.2 2 7 
2 6 3.3 3.1 3 1 
4.3 4.3 3.9 4.3 
2 1 2.1 1 8 2.1 
2 7 3.2 3.2 2.7 
2 0 2.0 1.7 2.0 
3.6 2 6 2.8 3.3 
1.6 2.0 1.7 1.9 
1.6 2 3 1.1 1.2 
1 4 1 2 1.3 1.4 



TABLE 6. - AIRBORNE DATA SAMPLING PASS 1 

Reference HCl C1 2 NOx 
Partlcle 

concentratlon 
tlme, concentratlon, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb ppb 

]Jg/m3 

20 0.6 2 15 50 
22 .6 2 47 49 
24 .6 2 13 50 
26 3.6 2 81 61 
28 3.6 2 92 486 

30 1.9 2 90 489 
32 4.2 2 -4 349 
34 25.6 17 35 640 
36 5.5 29 29 988 
38 2.8 18 16 543 

40 1.9 27 203 277 
42 1.6 40 507 156 
44 1.4 20 384 109 
46 1.3 3 546 85 
48 1.2 2 945 63 

50 1.1 2 476 71 
52 1.1 2 126 72 
54 1.0 1 45 71 
56 1.0 1 41 75 
58 1.0 1 74 75 

60 1.0 1 37 80 
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TABLE 7.- AIRBORNE DATA SAMPLING PASS 2 

Reference HCl C12 
Partlcle 

NOx concentratlon 
tlme, concentratlon, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb ppb 

flg/m3 

0 0.8 4 90 34 
2 .8 4 74 31 
4 .6 3 34 31 
6 1.5 3 51 34 
8 1.0 2 63 68 

10 20.0 2 35 117 
12 20.0 2 60 293 
14 12.2 7 33 366 
16 5.7 4 -8 256 
18 4.3 21 5 134 

20 3.5 28 83 77 
22 2.8 19 210 52 
24 2.2 8 762 41 
26 2.0 3 972 37 
28 1.9 2 753 35 

30 1.7 2 258 34 
32 1.6 2 72 35 
34 1.5 2 87 34 
36 1.3 2 45 34 
38 1.3 2 41 34 

40 1.3 2 -62 34 
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TABLE 8. - AIRBORNE DATA SAMPLING PASS 3 

Reference HCl C12 
Partlcle 

NOx concentratlon tlme, concentratlon, concentratlon, concentratlon, 
(nephelometer) , 

sec ppm ppb ppb 
119/m3 

0 0.8 2 74 34 
2 .8 2 2 29 
4 .8 2 71 28 
6 .8 2 -6 28 
8 .7 2 15 28 

10 .7 2 28 26 
12 1.2 2 46 28 
14 3.4 2 126 149 
16 5.2 2 64 191 
18 2.9 2 92 170 

20 7.5 3 62 117 
22 7.8 6 32 158 
24 4.7 6 -33 152 
26 3.0 4 102 103 
28 2.3 5 180 65 

30 2.1 9 206 46 
32 1.9 5 209 41 
34 1.7 3 295 33 
36 1.7 3 371 30 
38 1.5 2 302 30 

40 1.5 1 173 31 
42 1.3 1 40 30 
44 1.4 1 50 28 
46 1.3 1 63 26 
48 1.3 1 29 30 

50 1.3 1 33 29 
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TABLE 9.- AIRBORNE DATA SAMPLING PASS 4 

HCl C1 2 
Partlcle 

Reference NOx concentratlon 
tune, concentratlon, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb ppb 

jJg/m3 

0 0.7 2 7 26 
2 .7 1 37 29 
4 .8 1 -15 29 
6 .7 1 124 24 
8 .8 1 96 26 

10 .6 1 77 26 
12 2.9 1 85 55 
14 5.1 1 .4 147 
16 4.9 -2 56 174 
18 3.2 2 -11 178 

20 6.9 3 78 129 
22 10.4 5 129 171 
24 10.0 4 52 200 
26 21.9 3 122 195 
28 22.1 4 192 225 

30 17.2 6 155 210 
32 7.6 13 206 160 
34 5.1 21 211 92 
36 4.0 17 276 59 
38 3.4 12 358 42 

40 3.0 4 649 37 
42 2.7 2 735 34 
44 2.5 1 606 37 
46 2.3 1 293 33 
48 2.1 0 151 31 

50 2.0 0 76 31 
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TABLE 10. - AIRBORNE DATA SAMPLING PASS 5 

HCl C12 
Partlcle 

Reference NOx concentratlon 
tlme, con cen tra tlon, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb ppb 

]Jg/m3 

0 0.6 1 47 22 
2 .6 1 6 22 
4 .6 1 57 22 
6 .7 1 35 21 
8 1.0 1 66 41 

10 4.5 1 143 61 
12 7.1 1 63 116 
14 9.6 1 26 156 
16 12.1 1 30 182 
18 11.7 3 26 186 

20 12.6 6 79 200 
22 15.0 6 73 225 
24 15.8 8 208 236 
26 14.4 7 243 226 
28 13.8 5 388 217 

30 13.6 6 417 223 
32 9.7 7 395 218 
34 6.4 7 303 187 
36 7.9 5 364 169 
38 4.7 5 437 131 

40 3.7 4 520 74 
42 3.1 2 464 55 
44 2.5 2 469 54 
46 2.4 2 377 57 
48 2.3 1 221 35 

50 2.1 1 178 35 
52 1.9 1 140 35 
54 1.7 1 85 35 
56 1.7 1 5 35 
58 1.7 1 -16 35 

60 1.5 1 88 35 
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TABLE 11. - AIRBORNE DATA SAMPLING PASS 6 

Reference HCl C12 
Partlcle 

NOx concentratlon tlme, concentratlon, concentratlon, concentratlon, 
(nephelometer) , sec ppm ppb ppb 

jJg/m3 

0 1.0 3 -24 10 
2 1.0 3 3 9 
4 1.0 3 28 10 
6 1.0 2 123 10 
8 .9 2 106 10 

10 1.4 2 124 21 
12 1.5 2 125 51 
14 1.9 2 110 53 
16 4.7 2 63 92 
18 7.3 2 108 126 

20 7.2 2 52 149 
22 7.0 2 53 155 
24 5.7 4 106 154 
26 4.4 5 80 147 
28 4.9 5 138 140 

30 7.8 4 156 136 
32 9.1 3 221 133 
34 8.8 2 252 114 
36 7.3 3 262 96 
38 4.7 4 222 71 

40 4.3 6 240 53 
42 2.7 6 256 42 
44 2.1 4 269 29 
46 1.8 2 324 22 
48 1.7 2 307 18 

50 1.7 1 198 16 
52 1.5 1 144 17 
54 1.4 1 22 18 
56 1.3 1 66 18 
58 1.2 1 30 17 

60 1.2 1 51 18 
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TABLE 12. - AIRBORNE DATA SAMPLING PASS 7 

HCl C1 2 
Partl.cle 

Reference NOx concentratl.on 
tl.me, concentratl.on, concentratl.on, concentratl.on, 

(nephelometer) , 
sec ppm ppb ppb 

)Jg/m3 

10 0 5 1 69 8 
12 6 1 75 10 
14 7 0 57 19 
16 .8 0 62 26 
18 7 0 35 22 

20 .8 1 50 17 
22 1 2 1 40 27 
24 4.7 1 51 58 
26 4 9 1 54 94 
28 3 9 2 65 105 

30 4.7 2 85 106 
32 9.7 4 84 117 
34 11 3 5 58 135 
36 10 5 5 55 141 
38 10.9 5 102 142 

40 115 9 149 153 
42 10.8 9 175 163 
44 10.1 8 189 160 
46 8.6 6 237 148 
48 7.4 6 284 139 

50 6.7 6 331 147 
52 5 8 5 336 138 
54 6 3 3 386 132 
56 5 4 6 388 131 
58 4 1 3 378 94 

60 3 2 5 338 54 
62 2 9 2 341 34 
64 2 4 2 326 24 
66 2.2 0 289 22 
68 2.0 0 271 21 

70 1 9 0 252 20 
72 1.9 0 210 19 
74 1 8 0 167 18 
76 1 7 0 125 18 
78 1 6 0 123 19 

80 1 7 0 112 18 
82 1 7 0 84 18 
84 1.7 0 78 16 
86 1 6 0 73 19 
88 1 6 0 64 17 

90 1 6 0 66 17 
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TABLE 13.- AIRBORNE DATA SAMPLING PASS 8 

Reference HCl C1 2 NOx 
Partlcle 

concentratlon tlme, concentratlon, concentratlon, concentratlon, 
(nephelometer) , 

sec ppm ppb ppb 
Wg/m3 

0 0.4 2 44 8 
2 .4 2 43 10 
4 .4 2 49 11 
6 .3 2 29 11 
8 .4 2 37 11 

10 .3 2 40 10 
12 .4 2 43 14 
14 .5 2 50 27 
16 1.3 2 43 59 
18 2.2 1 46 93 

20 3.0 1 38 112 
22 4.0 2 47 119 
24 4.8 3 46 133 
26 5.7 4 34 137 
28 5.7 4 43 139 

30 7.6 4 76 147 
32 9.2 4 100 158 
34 8.8 4 115 165 
36 10.5 4 135 168 
38 11.0 5 157 168 

40 10.8 6 155 163 
42 12.2 7 168 164 
44 9.6 8 172 164 
46 8.8 7 210 169 
48 6.8 12 232 141 

50 5.5 8 258 89 
52 4.6 6 263 64 
54 3.8 9 317 44 
56 3.3 2 333 30 
58 2.9 0 361 25 

60 2.6 0 337 23 
62 2.5 0 293 22 
64 2.4 0 238 23 
66 2.1 0 188 21 
68 1.9 0 157 20 

70 1.8 0 124 20 
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TABLE 14. - AIRBORNE DATA SAMPLING PASS 9 

HCl C1 2 NOx 
Partlc1e 

Reference 
concentratlon 

tlme, concentratlon, concentratlon, concentratlon, 
(nephelometer) , 

sec ppm ppb ppb 
I1g/m3 

0 0 5 3 41 10 
2 5 3 32 10 
4 6 3 47 8 
6 .7 3 49 11 
8 6 3 46 13 

10 .6 3 58 12 
12 1.3 3 41 28 
14 2.8 3 32 67 
16 3 6 3 40 94 
18 5.1 3 53 117 

20 6.1 4 37 135 
22 6.1 8 14 145 
24 7.6 10 49 151 
2b 9 7 13 79 154 
28 8 3 9 107 159 

30 8 0 11 134 159 
32 8 9 12 187 156 
34 8 5 13 206 159 
36 9 8 11 208 157 
38 10 0 9 216 162 

40 10 3 10 257 162 
42 9 4 9 278 159 
44 9 3 10 292 155 
46 7 3 10 292 146 
48 6.7 8 302 134 

50 5.7 9 319 118 
52 4 9 8 325 75 
54 4.2 5 343 46 
56 3 9 3 336 32 
58 3.7 2 342 25 

60 3 3 1 288 24 
62 3 1 1 237 24 
64 2.9 1 215 22 
66 2.6 1 171 22 
68 2 4 1 113 21 

70 2 3 1 118 22 
72 2 1 1 92 21 
74 2.0 1 93 22 
76 1 9 0 93 21 
78 1.8 0 82 21 

80 1.7 1 70 22 
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TABLE 15. - AIRBORNE DATA SAMPLING PASS 10 

Reference HCl C1 2 NOx 
Partlcle 

concentratlon 
tlme, concentratlon, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb ppb 

jlg/m3 

0 0.6 2 46 11 
2 .6 2 60 10 
4 .6 2 60 17 
6 .6 2 45 23 
8 .7 2 47 27 

10 1.0 2 47 31 
12 1.2 2 36 53 
14 1.7 2 29 68 
16 2.5 2 38 83 
18 3.4 2 56 105 

20 4.1 3 40 114 
22 4.3 4 19 117 
24 6.4 4 50 127 
26 7.4 4 73 143 
28 6.8 5 76 141 

30 8.4 4 96 121 
32 7.3 7 102 123 
34 6.6 10 145 99 
36 6.2 6 149 83 
38 4.8 7 158 67 

40 4.2 6 176 50 
42 3.7 5 195 43 
44 3.5 4 216 37 
46 3.4 2 227 27 
48 3.1 2 232 20 

50 2.9 5 239 19 
52 2.7 0 189 17 
54 2.5 0 151 17 
56 2.3 0 119 16 
58 2.1 0 108 16 

60 2.0 0 89 14 
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TABLE 16 - AIRBORNE DATA SAMPLING PASS 11 

Reference HCl NOx 
Part~c1e 

concentrat~on 
t~me, concentrat~on, concentrat~on I 

(nephelometer) I 

sec ppm ppb 
\.lg/m3 

0 0.7 54 8 
2 7 53 8 
4 6 44 9 
6 .7 39 11 
8 1 0 47 22 

10 1.4 58 38 
12 2 1 42 57 
14 2.5 41 72 
16 2 7 27 85 
18 3 0 24 77 

20 3.5 23 76 
22 6.1 21 86 
24 7.5 29 111 
26 8.6 48 129 
28 8.9 80 137 

30 9 8 106 143 
32 10.0 135 151 
34 10.6 120 159 
36 10.9 153 167 
38 10.4 185 169 

40 11.2 236 168 
42 11.0 287 163 
44 10 5 305 161 
46 9.4 318 159 
48 8.6 350 159 

50 7.4 383 132 
52 6.4 378 83 
54 5.4 369 61 
56 5.0 367 43 
58 4.5 367 30 

60 4.0 374 23 
62 3.5 335 23 
64 3.3 295 22 
66 3.2 226 21 
68 3.1 144 21 

70 3.0 119 21 
72 2.9 113 21 
74 2.8 84 19 
76 2.7 64 20 
78 2.6 101 21 

80 2.6 155 21 
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TABLE 17.- AIRBORNE DATA SAMPLING PASS 12 

Reference Hel NOx 
Partl.cle 

concentratl.on 
tl.me, concentratl.on, concentratl.on, 

(nephelometer) , 
sec ppm ppb 

I1g/m3 

0 0.8 64 12 
2 .7 63 11 
4 .7 35 10 
6 .7 38 9 
8 .7 33 11 

10 .7 6 14 
12 .9 9 26 
14 1.4 9 58 
16 1.8 14 84 
18 2.7 32 106 

20 3.4 54 120 
22 3.4 44 130 
24 4 1 41 140 
26 5 0 49 141 
28 7.8 75 147 

30 8.7 78 157 
32 8 9 68 157 
34 8.8 104 150 
36 8 1 136 125 
38 7 1 136 100 

40 6.9 157 80 
42 6.9 193 80 
44 5.7 246 84 
46 5.1 247 55 
48 4 4 264 34 

50 3.8 301 24 
52 3 2 286 20 
54 3.0 278 19 
56 2.7 271 18 
58 2 5 235 18 

60 2 4 159 18 
62 2.4 155 17 
64 2.2 138 17 
66 2 2 126 18 
68 2.1 100 16 

70 2.1 75 17 
72 2.0 63 17 
74 2.0 51 17 
76 1.9 33 17 
78 1 7 26 15 

80 1.6 49 17 
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TABLE 18.- AIRBORNE DATA SAMPLING PASS 13 

Reference HCl 
Partlcle 

NOx concentratlon 
tlme, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb 

]Jg/m3 

20 0.7 50 8 
22 .9 50 11 
24 1.7 34 24 
26 2.0 15 46 
28 2.0 16 53 

30 2.3 7 48 
32 3.8 3 66 
34 4.8 28 99 
36 6.1 42 119 
38 6.9 81 130 

40 6.3 117 125 
42 7.3 125 109 
44 8.6 98 122 
46 9.0 113 141 
48 9.5 137 149 

50 10.1 184 155 
52 10.4 225 165 
54 9.5 238 166 
56 8.9 266 159 
58 9.3 284 150 

60 7.8 317 147 
62 6.7 344 108 
64 5.7 352 63 
66 5.3 355 37 
68 4.7 355 26 

70 4.2 355 21 
72 3.9 342 20 
74 3.7 310 18 
76 3.5 257 18 
78 3.4 202 19 

80 3.3 183 20 
82 3.1 142 18 
84 3.1 104 19 
86 3.0 77 20 
88 3.0 62 17 

90 3.0 60 19 
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TABLE 19.- AIRBORNE DATA SAMPLING PASS 14 

Reference HCl NOx 
Part~cle 

concentrat~on 
t~me , concentrat~on, concentrat~on, 

(nephelometer) , 
sec ppm ppb 

wg/m3 

10 0.8 58 9 
12 .7 55 10 
14 .7 72 11 
16 .7 90 10 
18 .7 65 11 

20 1.1 52 43 
22 1.6 41 77 
24 1.9 75 103 
26 3.0 58 114 
28 3.4 63 129 

30 4.0 64 137 
32 6.1 72 143 
34 6.6 49 153 
36 7.8 67 159 
38 7.6 98 158 

40 8.0 119 159 
42 7.6 127 155 
44 6.1 131 139 
46 5.3 140 95 
48 4.9 202 58 

50 4.5 248 37 
52 4.0 245 32 
54 3.7 283 24 
56 3.4 305 20 
58 3.1 271 18 

60 3.1 228 16 
62 3.0 187 16 
64 2.8 135 16 
66 2.7 113 16 
68 2.5 102 17 

70 2.5 94 17 
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TABLE 20. - AIRBORNE DATA SAMPLING PASS 15 

HCl 
Partlcle 

Reference NOx concentratlon 
tlme, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb 

)J9/m3 

0 0.7 31 10 
2 .7 28 11 
4 .7 27 10 
6 .7 31 12 
8 .8 33 20 

10 .9 56 43 
12 1.0 59 50 
14 1.0 31 51 
16 1.4 6 45 
18 1.9 -4 57 

20 2.5 19 78 
22 3.6 18 101 
24 4.5 58 117 
26 5.8 49 129 
28 6.3 35 143 

30 7.0 48 145 
32 8.4 70 150 
34 8.4 83 149 
36 8.9 110 154 
38 9.1 142 164 

40 9.4 190 164 
42 10.1 206 169 
44 9.5 239 171 
46 10.0 254 174 
48 8.2 293 172 

50 6.8 298 135 
52 6.2 300 90 
54 5.8 304 63 
56 5.4 296 40 
58 5.0 301 29 

60 4.8 280 22 
62 4.5 287 20 
64 4.1 230 19 
66 3.8 176 20 
68 3.5 134 20 

70 3.0 120 21 

34 



TABLE 21. - AIRBORNE DATA SAMPLING PASS 16 

Reference HCl 
Part~cle 

NOx concentrat~on 
t~me, concentrat~on, concentrat~on, 

(nephelometer) , 
sec ppm ppb 

j.lg/m3 

0 0.9 42 11 
2 .9 49 11 
4 8 50 11 
6 .9 55 11 
8 .8 71 13 

10 .9 44 15 
12 1.0 39 28 
14 1.1 27 62 
16 1 4 17 69 
18 1 9 -12 95 

20 3.0 -12 116 
22 3 6 1 135 
24 4 1 26 144 
26 5.5 31 144 
28 6 5 53 152 

30 7.0 62 157 
32 8.2 94 155 
34 8.1 108 152 
36 7.8 117 142 
38 6.9 127 120 

40 7.1 141 99 
42 6.5 189 88 
44 6.0 212 86 
46 5.6 249 78 
48 4.8 250 65 

50 4.1 259 44 
52 4.0 245 29 
54 3 8 210 23 
56 3 9 219 20 
58 3.8 213 19 

60 3.6 200 18 
62 3.3 173 17 
64 3.0 132 17 
66 2.8 109 17 
68 2.7 80 16 

70 2.6 69 16 
72 2.3 66 16 
74 2.3 48 18 
76 2.3 43 16 
78 2.3 41 17 

80 2.3 53 16 
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TABLE 22. - AIRBORNE DATA SAMPLING PASS 17 

Reference HCl NOx 
Partlcle 

concentratlon 
tlme, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb 

)Jg/m3 

0 0.6 55 10 
2 .6 54 11 
4 1.2 45 24 
6 1.6 61 45 
8 1.7 36 56 

10 1.7 16 59 
12 2.0 13 62 
14 2.5 12 67 
16 3.1 -5 76 
18 3.1 40 93 

20 4.4 63 100 
22 5.3 72 113 
24 5.7 94 116 
26 6.3 105 118 
28 5.6 101 129 

30 7.1 116 132 
32 8.1 125 139 
34 8.0 137 142 
36 5.6 173 124 
38 4.8 182 81 

40 4.4 191 48 
42 4.0 215 29 
44 3.6 249 23 
46 3.5 263 18 
48 3.2 260 17 

50 2.9 236 16 
52 2.8 207 15 
54 2.6 111 14 
56 2.5 83 14 
58 2.3 75 16 

60 2.1 72 14 
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TABLE 23.- AIRBORNE DATA SAMPLING PASS 18 

Reference Hel 
Partlcle 

NOx concentratlon 
tlme, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb 

]Jg/m3 

10 0.6 5 11 
12 .6 42 11 
14 .6 30 14 
16 .7 14 22 
18 .7 28 27 

20 .6 6 22 
22 .7 17 23 
24 1.3 24 56 
26 1.5 44 90 
28 1.7 72 91 

30 2.1 63 87 
32 2.4 47 92 
34 2.5 31 103 
36 2.7 48 108 
38 3.1 65 105 

40 3.4 94 106 
42 3.3 97 100 
44 3.3 137 92 
46 3.1 135 86 
48 2.9 141 71 

50 2.7 123 64 
52 2.6 133 60 
54 2.4 140 56 
56 2.2 136 40 
58 2.0 128 26 

60 1.8 117 20 
62 1.7 91 19 
64 1.6 80 17 
66 1.5 100 16 
68 1.4 72 15 

70 1.3 69 15 
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TABLE 24. - AIRBORNE DATA SAMPLING PASS 19 

Partlcle 
Reference Hel NOx concentratlon 

tlme, concentratlon, concentratlon, 
(nephelometer) , 

sec ppm ppb 
jJg/m3 

0 o 6 6 9 
2 6 1 9 
4 .6 -2 11 
6 .6 21 10 
8 5 39 11 

10 .6 15 11 
12 .7 -6 17 
14 1.0 23 31 
16 1.1 31 48 
18 1 4 33 62 

20 1.8 23 76 
22 2.6 31 91 
24 3.0 13 105 
26 4.1 46 118 
28 4 3 37 129 

30 4 1 31 121 
32 5.1 57 108 
34 5.3 72 119 
36 5.5 70 128 
38 6.6 101 132 

40 6.4 124 137 
42 6.8 163 131 
44 6 2 161 129 
46 5.9 183 130 
48 5.3 202 121 

50 4 7 223 84 
52 4 1 221 48 
54 3.7 227 31 
56 3 3 230 25 
58 3.1 194 25 

60 2.9 216 28 
62 2.6 179 29 
64 2.4 155 26 
66 2 3 127 21 
68 2.2 89 20 

70 2.1 64 21 
72 2.1 55 18 
74 2.1 52 19 
76 2.2 41 18 
78 2.3 16 17 

80 2.3 22 15 
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TABLE 25.- AIRBORNE DATA SAMPLING PASS 20 

Reference HC1 
Partl.c1e 

NOx concentratl.on 
tl.me, concentratl.on, concentratl.on, 

(nephelometer) , 
sec ppm ppb 

)Jg/m3 

0 0.7 51 10 
2 .7 47 10 
4 .7 38 12 
6 .7 34 10 
8 .7 19 22 

10 .7 26 30 
12 .7 41 34 
14 .7 33 31 
16 .8 47 30 
18 .9 52 35 

20 1.2 69 61 
22 1.7 56 92 
24 1.6 62 114 
26 1.6 45 93 
28 1.6 75 72 

30 1.7 72 50 
32 1.6 42 37 
34 1.5 80 25 
36 1.4 109 16 
38 1.4 114 l3 

40 1.3 113 12 
42 1.3 114 11 
44 1.2 110 12 
46 1.1 108 12 
48 1.0 104 11 

50 1.1 99 12 
52 1.1 81 11 
54 1.0 47 11 
56 1.0 47 12 
58 1.0 30 11 

60 1.0 43 11 
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TABLE 26. - AIRBORNE DATA SAMPLING PASS 21 

Reference Hel 
Part1cle 

NOx concentrat10n 
t1me, concentrat10n, concentrat1on, 

(nephelometer) , 
sec ppm ppb 

~g/m3 

0 0.4 32 9 
2 4 49 9 
4 .4 43 11 
6 .4 56 18 
8 .5 41 39 

10 .8 23 67 
12 1.2 28 120 
14 1 4 40 157 
16 1.6 23 158 
18 1.9 34 157 

20 2 1 42 162 
22 2.5 57 173 
24 3 0 82 182 
26 3.2 136 188 
28 3 6 125 196 

30 3.9 121 200 
32 4.1 97 196 
34 4.5 116 199 
36 4 9 157 201 
38 5.1 176 201 

40 5.2 192 197 
42 4.9 221 185 
44 5 0 254 182 
46 5.2 228 182 
48 5.0 248 182 

50 5.0 232 177 
52 4.8 254 178 
54 3.8 223 169 
56 3.3 215 121 
58 2.8 229 82 

60 2 4 193 54 
62 2 2 192 40 
64 2.0 182 32 
66 1 9 166 31 
68 1.7 166 30 

70 1.6 132 29 
72 1.6 105 27 
74 1.5 65 27 
76 1 5 65 27 
78 1.4 67 26 

80 1 4 43 27 
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TABLE 27 - AIRBORNE DATA SAMPLING PASS 22 

Reference He1 NOx 
Partl.c1e 

concentratl.on tlme, concentratl.on, concentratl.on, 
(nephelometer) , sec ppm ppb 

jJg/m3 

0 o 6 56 10 
2 6 35 11 
4 .6 34 12 
6 6 49 13 
8 6 38 15 

10 6 32 19 
12 6 39 28 
14 6 37 38 
16 1 1 16 44 
18 1.4 40 105 

20 1 7 19 145 
22 2.0 27 161 
24 2 3 23 176 
26 2.9 20 185 
28 3 2 45 195 

30 3 5 42 200 
32 3 9 29 196 
34 4 2 61 190 
36 4 6 75 196 
38 4 5 93 194 

40 4 8 121 181 
42 4 9 119 172 
44 5 0 154 162 
46 5 2 170 160 
48 5.8 174 160 

50 5 3 155 168 
52 4 9 174 167 
54 4 6 184 153 
56 4 6 184 136 
58 4 4 195 126 

60 4.4 198 124 
62 4 7 180 135 
64 3 8 211 134 
66 3 2 240 92 
68 2 9 221 59 

70 2 6 210 40 
72 2 5 203 34 
74 2 3 211 31 
76 2 1 228 28 
78 1 9 218 28 

80 1 7 177 29 
82 1 6 132 28 
84 1.5 89 28 
86 1 4 59 27 
88 1 4 40 25 

90 1 4 55 24 
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TABLE 28 - AIRBORNE DATA SAMPLING PASS 23 

Reference HCl NOx 
Partl.cle 

concentratl.on 
tl.me, concentratlon, concentrat.l.on, 

(nephelometer) , 
sec ppm ppb 

Ilg/mJ 

0 0 6 25 11 
2 6 51 11 
4 6 32 11 
6 6 39 10 
8 7 56 26 

10 8 47 51 
12 7 47 61 
14 7 36 43 
16 7 37 28 
18 7 31 25 

20 9 40 33 
22 1 0 36 58 
24 1 3 38 83 
26 1 5 34 97 
28 1 7 55 104 

30 1 7 62 98 
32 2 0 63 95 
34 2 3 33 117 
36 2 7 48 135 
38 2 8 60 150 

40 2 9 86 158 
42 2 9 73 154 
44 3 1 109 142 
46 2 6 95 132 
48 3 0 118 123 

50 3 1 142 145 
52 4 3 142 163 
54 4 3 118 170 
56 4 6 137 175 
58 4 6 138 172 

60 4 6 142 171 
62 4 1 140 171 
64 4 0 163 163 
66 4 1 177 162 
68 3 9 170 166 

70 3 9 167 154 
72 3.5 212 146 
74 3 1 231 125 
76 3 3 229 119 
78 3 0 203 125 

80 2 8 187 94 
82 2 6 167 72 
84 2 4 162 66 
86 2 0 138 49 
88 1 9 102 42 

90 1 8 104 35 
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TABLE 29 - AIRBORNE DATA SAMPLING PASS 24 

Reference Hel NOx 
Partl.cle 

concentratl.on tl.me, concentratl.on, concentratl.on, 
(nephelometer) , 

sec ppm ppb 
}.Jg/m3 

0 0 5 50 12 
2 6 49 10 
4 5 65 10 
6 5 50 11 
8 .5 59 11 

10 5 69 13 
12 5 58 16 
14 6 23 23 
16 9 45 54 
18 1 4 41 103 

20 1 9 48 141 
22 2 1 63 169 
24 2 8 59 185 
26 3 0 49 199 
28 3.2 36 201 

30 3 5 56 200 
32 3 2 78 202 
34 3 2 63 190 
36 3 4 84 176 
38 3 9 110 176 

40 3 7 123 181 
42 3 5 167 164 
44 3 5 165 150 
46 3 7 164 155 
48 4 0 157 164 

50 4 0 163 168 
52 4 0 187 162 
54 3 6 192 149 
56 3 4 190 132 
58 3 4 172 112 

60 3 7 199 116 
62 3 7 216 138 
64 3 0 233 121 
66 2 7 221 75 
68 2.5 219 52 

70 2 3 209 38 
72 2 1 193 33 
74 2 0 193 29 
76 1 9 210 27 
78 1 7 163 26 

80 1.7 135 24 
82 1 5 127 25 
84 1 4 107 23 
86 1 3 81 23 
88 1 3 75 22 

90 1.2 61 23 
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TABLE 30. - AIRBORNE DATA SAMPLING PASS 25 

Reference HCl NOx 
Partlcle 

concentratlon 
tlme, concentratlon, concentratlon, 

(nephelometer) , 
sec ppm ppb 

j.lg/m3 

0 0.2 46 8 
2 .2 -3 9 
4 .2 24 10 
6 .2 24 9 
8 .2 16 10 

10 .2 -17 12 
12 .2 1 15 
14 .2 -8 22 
16 .2 -5 27 
18 .3 -18 31 

20 .3 1 31 
22 .3 25 31 
24 .3 39 28 
26 .3 20 28 
28 .3 47 33 

30 .4 -4 32 
32 .4 -13 39 
34 .5 11 44 
36 .5 18 43 
38 .6 18 51 

40 .6 55 56 
42 .7 35 59 
44 .8 28 66 
46 .9 31 68 
48 1.1 37 76 
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TABLE 30.- Concluded 

Reference HCl NOx 
Partlcle 

concentratlon tlme, concentratlon, concentratlon, 
(nephelometer) , 

sec ppm ppb 
)Jg/m3 

50 1.3 46 91 
52 1.7 56 103 
54 1.9 44 127 
56 1.7 45 139 
58 1.8 44 122 

60 2.0 40 118 
62 1.9 32 120 
64 2.1 73 114 
66 2.0 91 117 
68 2.0 113 103 

70 2.1 128 98 
72 2.2 127 108 
74 2.5 130 109 
76 2.5 139 122 
78 1.9 121 105 

80 1.7 131 69 
82 1.5 142 45 
84 1.3 157 32 
86 1.2 153 24 
88 1.2 165 18 

90 1.1 173 18 
92 1.0 154 17 
94 .9 123 17 
96 .9 119 16 
98 .8 125 16 

100 .8 83 16 
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TABLE 31 - AIRBORNE DATA SAMPLING PASS 26 

HC1 Partl.c1e Reference NOx concentratl.on tl.me, concentratl.on, concentratl.on, 
(nephelometer) , sec ppm ppb 

llg/m3 

0 0 3 32 10 
2 3 31 12 
4 3 21 11 
6 3 21 12 
8 4 28 20 

10 .4 30 30 
12 .4 37 34 
14 6 49 45 
16 6 41 61 
18 8 41 84 

20 1.2 48 95 
22 1 7 43 122 
24 2.4 41 154 
26 2 7 44 180 
28 3.2 51 196 

30 3 5 25 207 
32 3 6 37 211 
34 3 5 37 210 
36 3 6 38 201 
38 3 4 55 186 

40 3 4 93 174 
42 3 7 130 168 
44 3 8 158 173 
46 3 9 165 173 
48 4.2 171 174 

50 4 3 187 180 
52 3 7 177 179 
54 3 5 184 158 
56 3 5 178 140 
58 3 5 192 121 

60 3 5 196 125 
62 4 0 190 130 
64 3.8 189 149 
66 3 0 213 128 
68 2 7 198 85 

70 2.4 153 62 
72 2 4 124 62 
74 2 0 100 61 
76 1 8 122 44 
78 1 6 103 33 

80 1 5 126 28 
82 1 4 78 29 
84 1 4 60 27 
86 1 4 27 27 
88 1 4 34 27 

90 1.3 11 25 

46 



TABLE 32 - AIRBORNE DATA SAMPLING PASS 27 

Reference Hel 
Part1cle 

tl.me, concentratl0n, 
coneen tratl.on 

(nephelometer) , 
sec ppm 

>Jg/m3 

0 0 7 14 
2 7 14 
4 7 19 
6 9 26 
8 9 36 

10 9 35 
12 8 31 
14 8 29 
16 1 0 43 
18 1 0 64 

20 1 1 68 
22 1 4 69 
24 1 5 71 
26 2 0 80 
28 2 5 114 

30 2 7 136 
32 3 0 145 
34 3 2 152 
36 3 4 152 
38 3 1 151 

40 3 1 141 
42 3 2 140 
44 3 6 144 
46 3 9 159 
48 4 0 170 

50 4 1 176 
52 4 4 178 
54 4 5 181 
56 4 5 183 
58 4 6 181 

60 4 5 179 
62 3 9 179 
64 3 7 162 
66 3 6 131 
68 3 2 130 

70 3 1 119 
72 2 8 105 
74 2 4 81 
76 2 2 56 
78 2 0 41 

80 2 0 37 
82 2 0 47 
84 1 9 57 
86 1 6 54 
88 1 5 45 

90 1 4 42 
92 1 3 34 
94 1 3 35 
96 1 2 34 
98 1 2 32 

100 1 1 27 
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TABLE 33. - AIRBORNE DATA SAMPLING PASS 28 

Reference HCl 
Partl.cle 

concentratl.on 
tl.lle, concentratl.on, 

(nephelometer) , 
sec ppm 

]lg/m3 

0 o 5 12 
2 .5 12 
4 .4 12 
6 5 14 
8 .5 19 

10 .6 22 
12 .7 58 
14 1.4 94 
16 1.6 124 
18 2.3 147 

20 2.8 167 
22 2.6 172 
24 2.4 155 
26 2.4 131 
28 2 4 124 

30 2.2 121 
32 2.6 111 
34 2.5 121 
36 2.7 118 
38 2 9 124 

40 3.0 135 
42 2.9 138 
44 2.8 128 
46 2 6 110 
48 2.3 93 

50 2.2 77 
52 2.1 67 
54 1.8 55 
56 1.7 41 
58 1.6 29 

60 1 4 24 
62 1.4 22 
64 1.2 23 
66 1.1 21 
68 1.1 21 

70 1 1 17 
72 1.0 17 
74 1.0 18 
76 1.0 18 
78 9 17 

80 .9 17 
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TABLE 34. - AIRBORNE DATA SAMPLING PASS 29 

Reference Hel 
Partlcle 

tlme, concentratlon, 
concentratlon 

(nephelometer) , sec ppm 
jlg/m3 

30 0.1 11 
32 .1 11 
34 .1 10 
36 .1 27 
38 .2 79 

40 .3 104 
42 .4 128 
44 .5 136 
46 .6 138 
48 .6 139 

50 .6 119 
52 .6 101 
54 .7 102 
56 .8 109 
58 .7 109 

60 .7 94 
62 .7 90 
64 .9 97 
66 .9 105 
68 1.0 120 

70 1.2 118 
72 1.3 139 
74 1.0 133 
76 .7 88 
78 .6 56 

80 .5 41 
82 .5 35 
84 .7 67 
86 . 5 • 78 
88 .4 51 

90 .4 34 
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TABLE 35.- AIRBORNE DATA SAMPLING PASS 30 

Hel 
Partlcle 

Reference 
concentratlon 

tlme, concentratlon, 
(nephelometer) , 

sec ppm 
I1g/m3 

0 0.2 9 
2 .2 9 
4 .2 10 
6 .2 11 
8 .2 12 

10 .2 12 
12 .1 15 
14 .2 49 
16 .2 88 
18 .5 115 

20 .6 146 
22 .8 155 
24 .9 146 
26 1.0 145 
28 1.3 157 

30 1.3 163 
32 1.1 153 
34 .9 121 
36 .8 84 
38 .7 65 

40 .6 47 

• 
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TABLE 36. - AIRBORNE DATA SAMPLING PASS 31 

Reference HCl 
Part1.cle 

t1.me, concentrat1.on, 
concentrat1.on 

(nephelometer) , 
sec ppm 

~g/m3 

10 0.2 11 
12 .1 12 
14 .2 17 
16 .2 48 
18 .2 68 

20 .4 93 
22 .6 118 
24 .9 148 
26 1.3 167 
28 1.6 180 

30 1.6 173 
32 1.9 173 
34 1.9 178 
36 1.6 159 
38 1.6 139 

40 1.5 125 
42 1.4 111 
44 1.2 85 
46 1.0 68 
48 .8 50 

50 .7 37 
52 .7 28 
54 .6 23 
56 .6 20 
58 .6 19 

60 .5 18 
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TABLE 37.- AIRBORNE DATA SAMPLING PASS 32 

Reference Hel 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm ~g/m3 

0 0.3 15 
2 .3 14 
4 .3 16 
6 .3 18 
8 .5 33 

10 .7 62 
12 .9 97 
14 .9 91 
16 1 2 100 
18 1.3 109 

20 1.5 123 
22 1.4 142 
24 1 1 131 
26 .9 80 
28 .8 50 

30 .7 31 
32 .6 23 
34 .6 28 
36 .6 30 
38 .6 39 

40 5 29 
42 .5 23 
44 5 18 
46 .5 17 
48 .5 15 

50 4 18 
52 .5 31 
54 .7 72 
56 1.0 118 
58 1.3 139 

60 1.5 147 
62 1 6 159 
64 1.7 152 
66 1.9 166 
68 1.9 159 

70 2.1 158 
72 2.3 176 
74 2.4 189 
76 2.2 175 
78 2.0 146 
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TABLE 37.- Concluded 

Reference HCl 
Part1.cle 

concentrat1.on t1.me, con cen tr a t1. on , 
(nephelometer) , 

sec ppm 
~g/m3 

80 1.9 129 
82 2.2 138 
84 2.4 159 
86 2.2 152 
88 2.3 148 

90 2.3 150 
92 2.6 166 
94 2.5 176 
96 2.5 165 
98 2.7 167 

100 2.6 170 
102 2.6 162 
104 2.5 162 
106 2.4 159 
108 2.6 157 

110 2.7 162 
112 2.6 159 
114 2.5 156 
116 2.8 155 
118 2.8 161 

120 2.9 166 
122 2.7 170 
124 2.9 169 
126 2.8 173 
128 2.9 173 

130 2.3 162 
132 1.8 110 
134 1.6 75 
136 1.4 58 
138 1.3 55 

140 1.3 50 
142 1.2 44 
144 1.1 38 
146 1.0 34 
148 1.0 31 

150 .9 30 
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TABLE 38.- AIRBORNE DATA SAMPLING PASS 33 

Partlcle 
Reference HCl 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

]Jg/m3 

0 0.5 58 
2 .7 92 
4 .9 121 
6 1.4 142 
8 1.7 165 

10 2.0 178 
12 2.1 176 
14 2.1 168 
16 2.1 144 
18 2.1 148 

20 1.8 133 
22 1.7 100 
24 1.8 113 
26 2.0 111 
28 2.0 102 

30 1.9 97 
32 1.8 90 
34 1.6 79 
36 1.4 59 
38 1.3 47 

40 1.3 41 
42 1.2 31 
44 1.1 25 
46 1.1 34 
48 1.0 38 

50 .9 33 
52 .8 29 
54 .8 23 
56 .8 22 
58 .8 21 

60 .8 18 
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TABLE 39 - AIRBORNE DATA SAMPLING PASS 34 

Reference HCl 
Part~cle 

concentrat~on tl.me, concentrat~on, 
(nephelometer) , 

sec ppm 
I1g/m3 

0 0 3 16 
2 3 13 
4 3 23 
6 3 25 
8 3 19 

10 3 17 
12 4 35 
14 6 81 
16 7 88 
18 8 87 

20 8 82 
22 9 73 
24 9 68 
26 9 63 
28 9 59 

30 9 47 
32 9 45 
34 1 1 62 
36 1 5 89 
38 1 9 116 

40 2 0 137 
42 2 2 135 
44 2 5 150 
46 2 5 151 
48 2 6 158 

50 2 4 149 
52 2 8 145 
54 3 0 157 
56 2 8 154 
58 2 7 135 

60 2 5 125 
62 2 7 126 
64 3 0 142 
66 2 9 143 
68 3 1 138 

70 3 1 139 
72 3 3 146 
74 3 4 148 
76 3 4 158 
78 3 6 161 

80 3 7 171 
82 3 6 170 
84 3 6 163 
86 3 4 153 
88 3 1 140 

90 3 0 130 
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TABLE 40 - AIRBORNE DATA SAMPLING PASS 35 

Reference HCl 
Part~cle 

concentrat~on , 
concentrat~on 

tl..me, 
(nephelometer) , 

sec ppm 
Ilg/m3 

0 0 4 10 
2 4 12 
4 4 11 
6 4 10 
8 4 10 

10 4 13 
12 5 32 
14 7 63 
16 1 0 110 
18 1 2 125 

20 1 5 129 
22 1 7 134 
24 2 0 141 
26 2 2 147 
28 2 4 151 

30 2 0 149 
32 1 9 109 
34 2 2 117 
36 2 0 125 
38 1 6 85 

40 1 4 48 
42 1 6 51 
44 1 5 63 
46 1 5 72 
48 1 5 68 

50 2 0 86 
52 2 0 119 
54 2 3 116 
56 2 4 123 
58 2 3 111 

60 2 3 107 
62 2 1 99 
64 1 7 73 
66 1 5 48 
68 1 4 36 

70 1 3 47 
72 1 2 35 
74 1 2 26 
76 1.1 21 
78 1 0 22 

80 1 0 23 
82 9 21 
84 9 20 
86 9 20 
88 9 18 

90 9 18 
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TABLE 41. - AIRBORNE DATA SAMPLING PASS 36 

Reference Hel 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

flg/m3 

0 0.4 12 
2 .4 11 
4 .4 11 
6 .4 19 
8 .4 19 

10 .4 18 
12 .4 18 
14 .4 24 
16 .5 43 
18 .6 57 

20 .7 66 
22 .9 92 
24 1.1 109 
26 1.2 105 
28 1.2 99 

30 1.2 84 
32 1.3 75 
34 1.2 71 
36 1.4 65 
38 1.4 77 

40 1.3 71 
42 1.2 50 
44 1.2 48 
46 1.1 46 
48 1.0 39 

50 1.1 45 
52 1.2 53 
54 1.6 72 
56 1.7 104 
58 1.8 104 

60 2.1 114 
62 2.5 132 
64 2.8 151 
66 2.4 146 
68 2.6 133 
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TABLE 41.- Concluded 

Reference HCl 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

]Jg/m3 

70 2.7 146 
72 2.8 145 
74 2.8 136 
76 3.0 137 
78 2.6 123 

80 2.5 108 
82 2.6 103 
84 2.6 113 
86 2.7 n3 
88 2.4 105 

90 2.0 67 
92 2.2 63 
94 2.3 90 
96 2.3 103 
98 2.2 104 

100 2.0 101 
102 2.0 95 
104 1.9 91 
106 1.8 83 
108 1.6 68 

110 1.5 61 
112 1.4 46 
114 1.3 35 
116 1.1 31 
118 1.1 28 

120 1.1 28 
122 1.1 28 
124 1.0 25 
126 1.0 22 
128 .9 20 

130 .9 18 
132 .8 19 
134 .8 20 
136 .8 19 
138 .8 19 

140 .7 17 
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TABLE 42. - AIRBORNE DATA SAMPLING PASS 37 

Reference HCl 
PartJ.cle 

tlrne, concentratJ.on, 
concentratJ.on 

(nephelometer) , 
sec ppm 

j..Ig/m3 

0 o 4 9 
2 .3 9 
4 4 11 
6 4 14 
8 4 36 

10 4 41 
12 6 46 
14 8 85 
16 7 76 
18 9 79 

20 1 4 130 
22 1 7 153 
24 2 1 172 
26 2 3 175 
28 2 5 172 

30 2 7 166 
32 2 5 159 
34 2.7 149 
36 2 9 151 
38 3 0 154 

40 2 9 157 
42 2 4 128 
44 2 0 74 
46 1 7 48 
48 1 6 44 

50 1 5 42 
52 1 4 40 
54 1 3 30 
56 1 2 24 
58 1 2 20 

60 1 3 33 
62 1 3 53 
64 1 3 43 
66 1 2 45 
68 1 1 36 

70 1 0 27 
72 1 0 23 
74 9 23 
76 9 21 
78 9 19 

80 9 19 
82 8 18 
84 8 16 
86 8 14 
88 8 16 

90 8 16 
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TABLE 43.- AIRBORNE DATA SAMPLING PASS 38 

Reference HCl 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

flg/m3 

0 0.4 20 
2 .4 17 
4 .4 19 
6 .4 17 
8 .5 21 

10 LO 89 
12 1.5 137 
14 L8 161 
16 1.9 168 
18 2.0 169 

20 2.3 175 
22 2.5 177 
24 2.4 161 
26 2.3 134 
28 2.3 124 

30 2.3 109 
32 2.4 109 
34 2.4 113 
36 2.3 114 
38 2.3 98 

40 2.4 102 
42 2.8 129 
44 3.0 158 
46 3.2 168 
48 3.3 180 

50 3.3 176 
52 3.3 172 
54 3.3 163 
56 3.4 162 
58 3.5 167 

60 3.3 157 
62 3.2 139 
64 3.2 137 
66 3.1 143 
68 3.1 144 
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TABLE 43.- Concluded 

Reference HCl 
Partlcle 

tlme, concentratlon, 
concentratlon 

(nephelometer) , 
sec ppm 

]Jg/m3 

70 3.2 147 
72 3.4 150 
74 3.3 154 
76 3.2 156 
78 3.1 149 

80 3.9 144 
82 3.8 130 
84 2.9 125 
86 2.0 145 
88 2.1 154 

90 3.2 153 
92 3.3 152 
94 3.3 151 
96 3.3 148 
98 3.1 134 

100 3.1 129 
102 3.2 142 
104 3.8 127 
106 3.7 III 
108 2.6 118 

110 2.2 86 
112 2.0 66 
114 2.8 56 
116 2.8 51 
118 1.7 50 

120 1.5 40 
122 1.4 34 
124 1.3 31 
126 1.3 30 
128 1.2 28 

130 1.2 27 
132 1.1 26 
134 1.1 25 
136 1.1 24 
138 1.1 22 

140 1.1 25 
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TABLE 44.- AIRBORNE DATA SAMPLING PASS 39 

Reference ReI Partlc1e 
concentratlon 

tlme, concentratlon, 
(nephelometer) , 

sec ppm 
)Jg/m3 

20 0.3 10 
22 .3 10 
24 .4 27 
26 .5 70 
28 .6 88 

30 .7 98 
32 .8 94 
34 1.1 127 
36 1.4 148 
38 2.0 174 

40 2.2 188 
42 2.4 189 
44 2.3 179 
46 2.4 165 
48 2.1 143 

50 1.9 103 
52 1.9 100 
54 1.5 69 
56 1.4 41 
58 1.3 26 

60 1.1 22 
62 1.0 19 
64 1.0 18 
66 1.0 17 
68 .9 17 

70 .9 16 
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TABLE 45. - AIRBORNE DATA SAMPLING PASS 40 

Reference HCl 
Partlcle 

concentratl0n 
tlme, concentratl0n, 

(nephelometer) , 
sec ppm 

Ilg/m3 

0 0 5 12 
2 5 12 
4 5 14 
6 5 19 
8 6 29 

10 6 37 
12 7 42 
14 9 70 
16 9 90 
18 1 1 90 

20 1 3 112 
22 1 6 126 
24 1 7 134 
26 1 9 133 
28 2 0 136 

30 1 9 125 
32 1 8 99 
34 1 7 86 
36 1 7 71 
38 1 5 59 

40 1.5 57 
42 1 6 62 
44 1 8 74 
46 1 8 83 
48 2 0 94 

50 2 1 108 
52 2 1 107 
54 2 2 104 
56 2 2 109 
58 2 0 103 

60 2 1 98 
62 2 1 96 
64 1 8 85 
66 1.6 67 
68 1 3 48 

70 1 2 33 
72 1 1 25 
74 9 22 
76 9 21 
78 9 20 

80 9 23 
82 8 25 
84 8 26 
86 8 25 
88 8 25 

90 8 28 
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TABLE 46.- AIRBORNE DATA SAMPLING PASS 41 

Reference HCl 
Partl.cle 

tl.me, concentratl.on, 
concentratl.on 

(nephelometer) , 
sec ppm 

~g/m3 

0 0.8 61 
2 .9 69 
4 1.0 77 
6 .9 73 
8 1.0 72 

10 1.1 79 
12 1.4 95 
14 1.4 100 
16 1.4 95 
18 1.4 91 

20 1.5 92 
22 1.8 111 
24 2.0 129 
26 1.9 119 
28 1.9 107 

30 1.9 100 
32 1.8 85 
34 1.8 76 
36 2.0 86 
38 1.8 86 

40 1.8 71 
42 1.9 78 
44 1.9 93 
46 2.0 92 
48 2.1 91 

50 2.2 99 
52 2.2 105 
54 2.2 97 
56 2.1 93 
58 2.0 102 
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TABLE 46.- Concluded 

Reference HCl 
Partlcle 

concentratlon 
tune, concentratlon, 

(nephelometer) , 
sec ppm 

l1g/m3 

60 1.7 75 
62 1.9 66 
64 2.0 84 
66 2.1 92 
68 2.2 103 

70 2.3 100 
72 2.4 101 
74 2.4 103 
76 2.4 109 
78 2.2 108 

80 2.1 91 
82 1.9 76 
84 1.8 67 
86 1.8 67 
88 1.5 55 

90 1.6 51 
92 1.7 70 
94 1.7 83 
96 1.7 88 
98 1.6 65 

100 1.5 48 
102 1.4 42 
104 1.3 39 
106 1.2 36 
108 1.2 31 

110 1.1 29 
112 1.1 26 
114 1.0 23 
116 1.0 23 
118 1.0 22 
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TABLE 47.- AIRBORNE DATA SAMPLING PASS 42 

Reference HCl 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

jlg/m3 

0 0.4 11 
2 .4 10 
4 .4 21 
6 .5 45 
8 .7 61 

10 1.0 114 
12 1.5 157 
14 1.9 176 
16 2.0 176 
18 2.2 171 

20 2.3 169 
22 2.4 156 
24 2.5 151 
26 2.4 153 
28 2.3 140 

30 2.4 118 
32 2.3 102 
34 2.2 95 
36 2.0 88 
38 1.8 62 

40 1.6 41 
42 1.4 28 
44 1.3 22 
46 1.3 21 
48 1.2 20 

50 1.0 22 
52 1.1 21 
54 1.0 20 
56 .9 19 
58 .9 20 

60 .8 17 

66 



TABLE 48. - AIRBORNE DATA SAMPLING PASS 43 

Reference HCl 
Part~cle 

concentrat~on 
t~me , concentrat~on, 

(nephelometer) , 
sec ppm 

l1g/m3 

0 0.6 22 
2 .6 20 
4 .6 20 
6 .6 22 
8 .6 25 

10 .6 31 
12 .7 40 
14 .8 52 
16 .9 65 
18 1.0 78 

20 1.0 74 
22 1.2 75 
24 1.5 110 
26 1.4 119 
28 1.5 107 

30 1.4 106 
32 1.3 85 
34 1.2 64 
36 1.1 51 
38 1.0 48 

40 1.1 63 
42 1.1 67 
44 1.0 46 
46 .9 31 
48 .8 25 

50 .8 20 
52 .8 17 
54 .7 16 
56 .7 15 
58 .7 14 

60 .6 13 

67 



TABLE 49.- AIRBORNE DATA SAMPLING PASS 44 

HCl 
Partlcle 

Reference 
concentratlon 

tlme, concentratlon, 
(nephelometer) , 

sec ppm 
flg/m3 

0 0.3 11 
2 .3 10 
4 .3 10 
6 .3 11 
8 .3 17 

10 .4 43 
12 .6 66 
14 1.0 110 
16 1.4 139 
18 1.6 152 

20 1.6 146 
22 1.7 134 
24 1.7 122 
26 1.8 114 
28 1.8 111 

30 1.9 107 
32 1.8 106 
34 1.7 91 
36 1.6 80 
38 1.5 76 

40 1.5 69 
42 1.7 76 
44 1.6 81 
46 1.4 59 
48 1.3 41 

50 1.2 37 
52 1.2 42 
54 1.2 46 
56 1.4 58 
58 1.5 79 
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TABLE 49.- Concluded 

Reference HCl 
Part1.cle 

t1.me, concentrat1.on, concen tra t1.on 
(nephelometer) , 

sec ppm 
~g/m3 

60 1.6 89 
62 1.7 93 
64 1.9 99 
66 2.1 107 
68 2.0 106 

70 2.2 101 
72 2.3 104 
74 2.3 107 
76 2.3 110 
78 2.3 113 

80 2.3 108 
82 2.4 107 
84 2.4 105 
86 2.7 105 
88 2.8 120 

90 3.0 136 
92 2.7 139 
94 3.0 147 
96 3.2 149 
98 2.7 143 

100 2.2 104 
102 1.9 63 
104 1.6 41 
106 1.5 31 
108 1.4 26 

110 1.2 22 
112 1.2 22 
114 1.2 22 
116 1.1 22 
118 1.0 22 

120 1.0 23 
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TABLE 50.- AIRBORNE DATA SAMPLING PASS 45 

Reference Hel 
Partlcle 

concentratlon 
tune, concentratlon, 

(nephelometer) , 
sec ppm 

flg/m3 

0 0.3 9 
2 .3 8 
4 .3 10 
6 .3 11 
8 .3 10 

10 .3 14 
12 .5 54 
14 .9 117 
16 1.3 151 
18 1.7 160 

20 2.0 169 
22 2.1 164 
24 2.1 151 
26 2.1 130 
28 1.8 116 

30 1.8 96 
32 1.7 102 
34 1.4 69 
36 1.2 41 
38 1.1 26 

40 1.1 19 
42 1.1 17 
44 1.0 15 
46 1.0 16 
48 .9 15 

50 .9 14 
52 .8 15 
54 .8 15 
56 .8 15 
58 .7 16 

60 .7 16 
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TABLE 51 - AIRBORNE DATA SAMPLING PASS 46 

Reference HCl 
Partl.cle 

concentratl.on tl.me, concentratl.on, 
(nephelorreter) , sec ppm 

IJg/m3 

0 1 1 56 
2 1 0 33 
4 9 23 
6 9 25 
6 9 30 

10 1.0 39 
12 1.0 42 
14 1 1 47 
16 1 1 41 
16 1 1 38 

20 1 1 33 
22 1 1 39 
24 1 2 60 
26 1 2 70 
28 1 3 7;'> 

30 1 6 101 
32 1 5 124 
34 1 4 105 
36 1 2 70 
38 1 1 40 

40 .9 25 
42 9 20 
44 8 20 
46 8 18 
48 8 15 

50 7 17 
52 7 17 
54 .6 17 
56 7 29 
58 1.1 81 

60 1 4 119 
62 1.7 135 
64 1 8 136 
66 1 8 114 
68 1.7 90 

70 1.8 82 
72 1 7 73 
74 2 0 79 
76 1 9 87 
78 2 1 91 

80 2 4 120 
82 2.5 143 
84 2 6 155 
86 2.8 162 
88 3 0 169 

71 



TABLE 51.- Concluded 

Reference HCl 
Partl.cle 

concentratl.on 
tl.rne I concentratlon, 

(nephelometer) , 
sec ppm 

Ilg/m3 

90 3 2 179 
92 3 3 183 
94 3 4 184 
96 3 4 180 
98 3 4 167 

100 3 3 162 
102 3 3 162 
104 3 4 158 
106 3 4 159 
108 3 2 149 

110 3 3 142 
112 3 6 154 
114 3 5 163 
116 3 7 169 
118 4 0 169 

~ 

120 4.0 164 
122 4 0 163 
124 4.0 166 
126 3 9 164 
128 4 1 167 

130 4 2 171 
132 4 1 173 
134 3 6 142 
136 3 4 121 
138 3 4 128 

140 3 6 151 
142 3 7 165 
144 3 6 175 
146 3 5 167 
148 3.2 160 

150 3 5 173 
152 3 1 165 
154 2 7 147 
156 3 4 123 
158 1 9 76 

160 1.7 51 
162 1 5 39 
164 1 8 35 
166 1.6 29 
168 1 1 29 

170 1 1 31 
172 1 4 29 
174 1 3 30 
176 1 3 29 
178 9 30 

180 1 3 31 
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TABLE 52.- AIRBORNE DATA SAMPLING PASS 47 

Reference HC1 
Partlcle 

tlme, concentratlon, 
concentratlon 

(nephelometer) , 
sec ppm ~g/m3 

0 0.4 13 
2 .4 11 
4 .4 12 
6 .4 12 
8 .4 16 

10 .4 19 
12 .4 33 
14 .6 69 
16 .9 89 
18 1.1 126 

20 1.3 140 
22 1.6 143 
24 1.7 145 
26 1.8 140 
28 1.9 140 

30 1.9 134 
32 1.8 110 
34 1.8 112 
36 1.6 82 
38 1.4 48 

40 1.2 33 
42 1.1 26 
44 1.1 23 
46 .9 18 
48 .9 15 

50 .8 16 
52 .8 14 
54 .7 15 
56 .7 16 
58 .6 17 

60 .6 16 
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TABLE 53. - AIRBORNE DATA SAMPLING PASS 48 

Reference He1 
Part~c1e 

concentrat~on 
t1me, concentrat~on, 

(nephelometer) , 
sec ppm 

)Jg/m3 

0 0 3 9 
2 2 9 
4 2 11 
6 2 12 
8 .2 24 

10 3 40 
12 3 42 
14 4 53 
16 5 100 
18 .7 116 

20 1 0 149 
22 1 3 166 
24 1 4 165 
26 1.6 167 
28 1 9 168 

30 2 1 173 
32 2 3 174 
34 2 4 168 
36 2.4 164 
38 2 5 154 

40 2 4 146 
42 2 4 142 
44 2 4 132 
46 2 4 133 
48 2 3 125 

50 2 2 113 
52 2 0 93 
54 1.9 81 
56 1 8 71 
58 1 8 63 

60 1 8 82 
62 1 6 63 
64 1 6 54 
66 1 6 73 
68 1 7 76 

70 1 8 78 
72 1 8 88 
74 1 8 96 
76 1 9 98 
78 2 0 105 

80 2 1 111 
82 2 1 115 
84 2 3 118 
86 2 4 123 
88 2.3 117 
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TABLE 53 - Concluded 

Reference HCl 
Part~cle 

tune, concentrat~on, 
concentrat~on 

(nephelometer) , 
sec ppm 

Ilg/m3 

90 2.4 120 
92 2 4 119 
94 2.4 115 
96 2 4 112 
98 2.5 113 

100 2 6 114 
102 2 6 119 
104 2.7 134 
106 2.9 143 
108 3 0 146 

110 3.1 146 
112 3 1 150 
114 3.2 153 
116 3.1 153 
118 3 0 162 

120 2 4 112 
122 2 1 73 
124 2 0 58 
126 2 2 79 
128 2 3 119 

130 2 4 122 
132 2 4 119 
134 2 3 116 
136 2.3 116 
138 2 5 133 

140 2 4 133 
142 2 1 89 
144 1 8 55 
146 1 6 38 
148 1 5 33 

150 1 4 29 
152 1 3 26 
154 1 3 27 
156 1 2 25 
158 1 1 26 

160 1 1 25 
162 1 0 24 
164 1 0 21 
166 1 0 22 
168 9 21 

170 9 23 
172 9 23 
174 8 22 
176 8 21 
178 .8 21 

180 .8 20 
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TABLE 54. - AIRBORNE DATA SAMPLING PASS 49 

Reference HCl 
Partlcle 

concentratlon 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

wg/m3 

10 0.4 13 
12 .4 12 
14 .4 12 
16 .4 10 
18 .4 11 

20 .4 27 
22 .8 81 
24 1.2 134 
26 1.5 158 
28 1.9 165 

30 2.0 160 
32 2.0 143 
34 2.1 128 
36 2.1 125 
38 1.9 100 

40 1.7 67 
42 1.5 42 
44 1.4 27 
46 1.2 20 
48 1.1 18 

50 l.0 17 
52 1.0 15 
54 .9 14 
56 .9 13 
58 .8 13 

60 .8 13 
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TABLE 55. - AIRBORNE DATA SAMPLING PASS 50 

Reference Hel 
Part~cle 

concentrat~on tEne, concen tra t~on, 
(nephelometer) , 

sec ppm 
)lg/m3 

0 0.9 21 
2 .8 20 
4 .8 18 
6 .8 19 
8 .9 41 

10 1.1 106 
12 1.1 95 
14 1 1 81 
16 1.2 84 
18 1.2 82 

20 1.3 89 
22 1 4 95 
24 1.7 117 
26 1 6 112 
28 1.8 112 

30 2.1 129 
32 2 1 127 
34 2.3 122 
36 2 2 118 
38 2.2 101 

40 2.3 110 
42 2.4 117 
44 2.6 128 
46 2.5 131 
48 2.4 125 

50 2.4 128 
52 2.5 131 
54 2.4 129 
56 2.5 129 
58 2.5 137 

60 2.6 141 
62 2.8 146 
64 2.6 147 
66 2.9 137 
68 2.9 146 

70 2.5 122 
72 2.3 92 
74 2 1 78 
76 1.8 54 
78 1 8 56 
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TABLE 55 - Concluded 

Reference HCl 
Partlcle 

con cen tr a tl on 
tlme, concentratlon, 

(nephelometer) , 
sec ppm 

)Jg/m3 

80 1.8 60 
82 2.1 97 
84 2.4 133 
86 2.9 156 
88 3 2 169 

90 2.6 138 
92 2.2 93 
94 2.0 58 
96 1.7 42 
98 1.7 39 

100 2.0 85 
102 2.3 123 
104 2.6 146 
106 2.7 155 
108 2.7 151 

110 2.9 153 
112 3 1 155 
114 2.9 141 
116 2.8 124 
118 2.8 136 

120 2 7 130 
122 2 5 III 
124 2.3 88 
126 2.1 78 
128 2.0 71 

130 1.9 56 
132 1.8 50 
134 1.7 46 
136 1.6 38 
138 1.5 31 

140 1.4 31 
142 1.3 30 
144 1.3 27 
146 1.3 27 
148 1.3 27 

150 1.2 26 
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F1gure 10.- Cont1nued. 
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93 



400 

350 350 

300 300 
.0 
0.. 250 .0 250 0.. 0.. 

~200 0.. 200 
0 ~ 
Z 150 @ 150 

100 100 

M s:: M 
s:: ~200 0 ~200 0 .... .... -+-> ..... 

~150 ~ ~150 ~ s.. s.. -+-> -+-> 
oo~100 s:: 00"'100 s:: C11 C11 C11 I:.l C11 

I:.l C) 50 s:: - 50 s:: I:.l 
0 .... 0 .... 

-+-> U -+-> 
U s.. s.. 

~ ~ 
O-t O-t 

12 
11 
10 10 

9 9 

S 8 8 
0.. 

7 S 7 0.. 

-~ 6 
0.. 6 u 0.. 

::t: " 5 -u 
4 ~ 

o 30 60 90 120 150 o 
TIme, sec Time, sec 

(k) Pass IIi to = 0926:25 EDT. (1) Pass 12; to = 0929:45 EDT. 

F~gure 10.- Cont~nued. 
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F1gure 10.- Cont1nued. 
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F~gure 10.- Cont~nued. 
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F~gure 10.- Cont~nued. 
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Flgure 11.- Comparlson of maxlmum concentratlon for September 5, 1977, 
launch wlth prevlous LVE measurements (1974 to 1977). 
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