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SUMMARY

Three efficiency test runs were conducted on an Edwards Engineering
Corporation Hydrocarbon Vapor Recovery Unit Model DE 1000 at the March Air
Force Base Panero refueling area on 22 and 23 September and 1 October 1981.
The recovery system was installed to control J?-4 vapors displaced from the

e ——

f1lling of underground tanks. The purpose of the test was to assess cox-
pliance with South Coast Air Quality Management District Rule 462 specifying
ainimun efficiencies for vapor condensation systems. Simultaneous inlet and
outlet concentrations were measured with Flsme Ionization Detectors (FIDs)
= and total outlet voluwe was measured with a Roots meter. Outlet bag samples A
were analyzed for hydrocarbon constituents with a gas chromatograph, and the
inlet constituents needed for the calculations were taken from typical JP-4
vapor analysis. Test results showed efficiencies of 90.7%, 89.9Z, and 88.1%,
with an arithmetic average of 89.6Z. Time weighting the effictencies (Test
Run 2 was longer than Test Runs 1 and 3 combined) shows an average efficiency
of 89.7%. Gas chromatograph analysis of outlet vapors showed approximately
one-half the constituents to be under C4 and the other half to be C4g.

One test run was conducted at the Pritchard refueling area on 10 October
1981, showing an efficiency of 85.7%. Because only one one-hour test was

; conducted, the results are statistically less valid than resuits for the Panero
¢ systen.

! The temperature of the fuel averaged 79.5 degrees F duriag this test

. prograz. This compares well with the maximun recorded fuel teamperature during
% the period from 1978 to 1980, which was 80 degrees F. It is expected that the
H inlet loading would vary directly with the fuel temperature.
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PREFACE

This test program was conducted by Engineering-Science, inc. (ES), 125
West Huntington Drive, Arcadia, California 91006, under Air Force Contract No.
F33615-80-D~4001, Call Order 013, for the Air Force Occupational and Environ-
zental Health Laboratory, Brooks Air Force Base, Texas.

Mr. Thomas Stauffer, AFESC/RDVC, Tyndall Air Force Base, Florida, was the
Alr Force technical contact.

This report summarizes testing conducted during the period froa 22 Sep~
tenber to 10 October 1981.

VY ¢3

Lt. Joe Ragowicz of March Air Force Base assisted the test crew in access
to the test sites and coordination within March Air Force Base.

This report has been reviewed by the Public Affafirs Office and is releas-
able to the National Technical Infomation Service (NTIS). At NTIS it will be
available to the general public, including foreign nationals.

T

Thomas B. Stalefer
Research Cheuist

Tl oy }

Michael J. R Lt. Colf, USAF BSC
Chief, Enviroafcs Division

L e

Francis B. Crowkey, III, Col. USA{/
Director, Eagineering and Service
Laboratory
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SLCTION

INTRODUCTION

The U.S. Air Force installed low temper-ature condensation vapor re-
covery units on the underground jet fuel (J?-4) storage tank vents at March
Air Force Base, California during 198l1. The condensation units were in-
stalled to reduce the hydrocarbon vapor emissions that result from vapor
displacemnt during £illing of the tamks. The purpose of this task was to
measure the collection efficiency and vapor emisson rates to satisfy the
Scuth Coast Air Quality Management District (SCAQMD) permitting require-
ments. SCAQMD Rule 462, as amended in 1968, specifies ninimum efficiency

levels for vapor condensation systems.

Engineering-Science, Inc. (ES), was retained under USAF Contract Number
F33615~80-D-4001, Call Order 013, to conduct at least three independent
efficiency test rumns on one of the condensation units. Three efficiency
test runs were conducted, onme per day, on the Panero refueling unit at March
AFB on 22-23 September, and 1 October 198G. On 8 October an additional test
consisting of only one test run was .onducted at the March AFB Pritchard
refueling area. Because orly one test run was performed on the Pritchard
uynit, the test results are statistically less valid than results for the

Pagero Systenm.

Field testing was performed by Mr. Hichael McDavitt and Mr. James
Peterson, supervised by Mr. Donald Holtz and Mr. Lawrence Cottone, all of
ES. Mr. Michzel Sargeant, also of ES, conducted the gas chromatographic
analysis.

Preparatfon Zor the first test on 21 September 1981, was witnessed by
USAF representative Mr. Tom Stauffer of Tyndall AFB, Florida, Mr. Ken Kitch-
ingran of EPA Region IX in San Francisco, Mr. Philip Lammi of the Air Force
Regional Civil Engineering office i{n San Francisco, and Ms. Christine Metz
of the Defense Department in Washington.

South Coast Air Quslity Management Rule 462 applies to organic liquid
loading facilities that handle more than 20,000 gallons per day of organic
liquids having a vapor pressure of 77.5 mm Hg (1.5 psia) or greater under
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actual loading conditions. The rule states the following: “An absorber or
condensation system which processes the displaced vapor [shalll recover at
least 902 by weight of the organic vapors and gases charged to the systeo.”™
The March AFB liquid loading facilities handle wore than 20,000 galloas per
day and during the hot summer months the JP-4 vapor pressure may exceed 77.5
no Hg (1.5 psia).

The vapor recovery efficiency was determined by simultaneously employing
flape ionization detection (FID) instrumeants at both the inlet and outlet
sites of the unit. The instruments measured hydrocarbon concentrstions and
were calibrated with known concentrations of methane (CHz). The outlet
flow rates also were measured and, with the afd of gas chromatographic ana-
lysis of inlet and outlet concentrations, mass hydrocarbon flow rates and
the efficiency at both inlet and cutlet could be deternined.
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SLCTION 11

PROCESS DESCRIPTION AND CONTROL EQUIPMENT

PROCESS DESCRIPTION

Figure 1 illustrates the JP-4 storage system. The JP-4 is received
. . via a pipeline and stored in floating-roof tanks from which it is either
gravity fed or pumped to underground storage tanks in the airplane refuel-
ing areas. Two refueling areas, Panero and Pritchard, are regularly used
at March AFB. The Panero refueling area is provided with 34 underground
storage tanks with a capacity of 50,000 gallons per tank. The Pritchard
. refueling area has only six underground storage tanks (of the same capacity)
and is farther from the bulk storage site than Panero.

The Panero refueling area was gravity fed from bulk storage for test
runs 1, 2, and 3. Testing was facilitated on these dates at Panero by
first puaping fuel to the Pritchard refueling area to create a deficit

at the Panero site. Panero was then “topped of £~ from bulk storage by
gravity feed.

APPT N MONSRIPN R e o n o

When the underground tanks are filled, the displaced vapor voluwe
passes through the vent pipe to the vapor condensor. Fuel flow rates vary
from approximately 450 gpm during gravity flow to 670 gpm for pumped flow.
Tank fillings and fuel transfers last up to four hours. The fuel flow

T

v

rates give an approximation of the displaced vapor flow rates.

Because JP-4 constituen? vapor pressures change at different rates
with temperature changes, the relative coaposition of the displaced JP=%

Ty

vapor is dependent on the liquid fuel temperature. The fuel temperature
was measured at noon daily from the Panero and Pritchard refueling areas

by USAF personnel. The average fuel temperature for the four test dates

TP IYRe
.

was 79.5°F, and the composition of the JP=4 vapors was relatively constaat
throughout the four test days.
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Air Force exercises and other activities dictate fuel consump-
tion, and hence the amount of fuel movemcnt required to maintain near
capacity-filled tanks. Fuel ovement was generally low during the
period of the testing. The amount of fuel received at refueling
areas on the test dates ranged from 11,000 to 178,000 gallons.

Both refueling area systeus are prcvided witk breather values
that relieve excess negative or positive vapor pressures. During
Run 4, which was performed at the Pritchard site, it was observed that
JP-4 vapors were venting out of the unit's breather valve. Since the
breather valve was releasing vapors upstreaa of the vapor recovery
unit, the measured emission rate froan the systen was lower than actual.
This loss in vapors from the breather valve, however, would not have a

direct influence on the efficiency of the vapor recovery unit.
CORTROL EQUIPMENT

Panero and Pritchard refueling areas are cuirer:lv both equicred
with Edwards Engineering Corporation Hydrocarbon Vapor Recovery Unit
Model DE 1000. Figure 2 illustrates the general components and the
air vapor flow path.

The vapor recovery unit is a once-through refrigerated coadensor
designed to maintain temperatures in the coil of -90°F. Displaced
JP-4 vapors eater the unit through an 8-inch diameter iron pipe. The
vapors first pass through a precooler coil which takes out most of the
ooisture and lcwers the teoperature to approxiazately 35°F.

The vapors then enter into the top of the low temperature con-
densing coil. The condensor, constructed of a series of finned coils,
is designed tc allow for some frost buildup at the entry area without
iopeding vapor flow. Condensate drops fall into a collector bin which

drains to a hydrocarbon water separator.

Frost buildup on the condensor coils wiil clearly iaterfere with
the vapor condensation potential of the system. For this reason, the
unit is designed to defrost itself one hour per 24 hours during a

period of inactivity.
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R-saining JP-4 vapors that are not completely or unavoidably
removed are vented out au aluminua stack at the top of the unit.
Insufficient residence tioe and/or inadequare contact with the coil
surface probably accouncs for the incouplete condensation of those
constituents with boiling points above the systems operating teopera-~
ture. Other hydrocarbon counstituents with boiling points at or below
the operating temperature, such as nethane, ethane axd ethene, pass
freely through the systea.
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SECTION @I

SAMPLING AND ANALYTICAL PROCEDURES

HYDROCARBON CONCENTRATION MEASUREMENT (FLAME IONIZATION DETECTORS)

Two Flame Ionization Detector (FID) instruments were used simul-
taneously to determine hydrocarbon concentrations at the inlet and
outlet of the vapor recovery units. Scott Total Hydrocarbon Analyzers
(THCAs) Models 215 and 116 were used at the {nlet and outlet sites,
respectively. Figures 3 and 4 illustrate the various features of the

sanpling systen.

To bring the inlet hydrocarbon concentration measurement into the
span range of the Model 215 THCA it was necessary tc dilute the inlet
gas with hydrocarbon-free air. The nixed gas was then delivered In
excess to the THCA on both inlet and outlet systems. An in-line
rotameter, prior to the analyzer sample inlet point, helped regulate
consistent flow to the detector. Constant detector conditions were
paintained by the internal pump pressure regulator and bypass flow
valve. The oanufacturer's recommended pressure setting of 1.0 1b per
square inch aod a bypass flow rate of 6 standard cubic feet per hour

were used for calibration and sanple collection.

A stainless steel lined pump was used to withdraw the hydrocarbon
vapors from the inlet pipe, and a tetrafluorocarbon lired pump was
used on the outlet side. The tezmperature of the gas exiting the pumps
was oonitored during operation. Atteapts vere nade to duplicate sanp-
ling temperature conditions when calibrating the dilution systea.

The sample collection system was leak-checked before and after
each field use. A vacuum gauge and toggle switch upstream of the punp
allowed for leak checks of abcut 20 inches of mercury. If the system
failed to hold a vacuun for one mimute after isolating the puap, the
systen was considered to have a significant leak. All leak checks
perforzmed after the conclusion of a test run passed.

i

Tratd g b e

=,
(A

(RIS EE O

== s TR oo L R TR

- ==
s e e Fanl e e X




v -
] ;u::\
lul_ ..ln“j ; . x
x Xz = | S——— i
& %2 h —— 3
£ mu T : —
g Be 3 L % ”
i Ex —_— . P
- | DUWUSEE, mn - ] SO | v
£ 22 3 ! m ]
m £% & _ 3
J 2 =2
) U
=
S
-
_ s
» lu s
%3 ..
S, SRR LE g
[ 'N a
e ..('I.L‘mn g
_ 3 S5L ¢ - 3
EERS nu(_ e ¢
| 2
]
P
z
| .».m. 28
b
[ i &3
! _ , nw b P
. g S <
| 3 z 7
3
“ \.,m mm
-
. y ﬁm
; Fle™ &y
H »
, & £
,, g hn S ,.r %
J ...M . m....\. I.«..\? |
g3 £ g
| H : iz
e 3
| - £
Y -
z Y 5
g 5d
£ g 2k
E 8 og £E
3 ] 4] £
v .\Ill.llM = =
, = m. m L _m
z v
[ al S — : p
“, -
. g [’ } ;
H L cmm— &
3 B &

THLET

7l




=01-

AAF
M EET

e e T e
HBLAR
ikt
TEArLPATURE
] REALOLE
ien
‘AT 1 RICE-LUIEY S R
Y] ot e
T - vAuns pxgss | ososan
M A gava pum l mpro, | Meine ARE
) " pras otTLFT W uRtEx
L l ANALYZER
(20 -
-~ Scott Model 116]
N Ii
e L Ak

Figure 4.

“asen

Hydrocarbon Sampling System for Testing the Outlet Duct at the
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Inlet hydrocarbon vapor concentrations were anticipated to exceed
the full spaa range (100,000 ppn) of the Scott Model 215 THCA. Thus,
the use of a dilution system was imperative. Prior to the field tests,
two sauple dilution units were partially replumbed to perform the
required dilutions.

A Hastings bubblemeter was used to calibrate the gas flow rates
through the units® capillary network. Gas flow potentials were deter—
nined for different combinations of capillaries and at a range of
gauge setrings. Gauge settings were controlled by a regulator provided
on the units.

One unit was used to deliver diluent gas (zero air with <0.1 ppa
THC) while the other was used to deliver calibration gases (methane in
air) or sample gases. After exiting their respective dilutfon units,
the two gas streams were combined and provided in excess to the THCA.

These preliminary gas flow rate determinations were used as esti-
wmates for use in the field. Prior to each sample collection period,
the following steps were taken: (1) the sample collection pump was
wamaed up to simulate the conditions taking place during a test period
(2 thermocouple was situated at the outlet of the pump to monitor the
teaperature), (2) the previously determined gauge settings for the
desired dilution were checked witia the bubblemeter and noted, (3) the
actual, achieved dilution was calculated from the proportional gas flow
rates, and (4) the accuracy of the system was verified by diluting a
known concentration of span gas (methane) with hydrocarboo-free air at
the previocusly calculated dilution.

The dilution system was then operated at these appropriate settiugs
for the test period. Periodic span and zero checks were made at various
intervals depending on the test length.

Following the test, a calculation of the sample delivery rate was
nade. Similar steps were taken as in the pretest check, but emphasis
wa3 put on simulating the pump’'s outlet temperature that was produced
during the test period. The ultimately determined dilution factor was
used in the calculation of the concentration of the inlet vapors.
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Ko dilution was necessary for the outlet concentrations. Span
gases of 25,200 ppm and 10,100 ppm were used to span the Scott Model
116 THCA.

FLOW MEASUREMENT

Total flow was measured by placing a Dresser Industries Roots
Meter Model 11 M125 over the vent stack and sealing with silica sealer.
The 11,000 cfh maximum capacity of the meter was more than adequate to
weasure the total flows. Readings were taken each minute during the
test runs, except in Run 1 when readings were recorded only at the
beginning and end of the run. N

EYDROCARBON CONSTITUENT MEASUREMENT (GAS CHROMATOGRAPH)

The laboratory analysis for speciating the vapor recovery system
inlet and outlet hydrocarbon samplers were conducted using standard gas
chromatographic techniques. A Tracor Model 550 Gas Chromatograph
equipped with a FID was used. The instrument was interfaced with a
Spectraphysics Model SP 2000 Integrating System which provided electronic
integration for each chromatogram.

The chromatographic column which was used for all the analyses was
coumercially prepared by Supelco and was a Durapak, N-Octane/Porasil C,
120/150 mesh, 2.3 um x 1.5 M, stainless steel. Column temperature was
naintained at 25°C, detector temperature was 250°C, carrier gas was
nitrogen at a flow rate of 25 cc/min. The gas chronatograph was equipped

with a gas sampling valve with 1 cc ambient temperature sample loop. =~
Instrument calibration was accomplished by using a specialty gas
vendor certified calibration gas. The calibration gas was a mixture of
C) to Cs5 hydrocarbons certified accurate to + 2. Prior to each set of .
analyses, the gas chromatogranh was calibrated to determine the fnstrument
response (millivolts/ppm) for each component. Since only one column .
was used, retention time data used for coaponent identification peraits -
only temtative identification.
=
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Each sanple was then injected and the results recorded by the SP
2000 Integration System and printed by an SP 4100 Integrator. Those
coaponeats which fell within a 3% analytical window programmed into
the integrator were automatically calculated and converted to ppm.

Those which fell outside the window were mamally calculated by dividing
the area under the curve for each component (millivolts) by the response
factor established in the calibration.
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SECTION IV

SUMMARY OF RESULIS

Tables 1 through 4 summarize the hydrocarbon concentrations
measured as methane and as corrected for hydrocarbon constituents at
both the inlet and outlet sampling locations. The tables also present
the mass inlet loading and the mass emission rates from which the
efficiencies also are calculated and presented. Test Runs 1, 2, and 3
were conducted at the Panero refueling area, and test Run 4 was con-
ducted at the Pritchard refueling area. On Run 1, shown in Table 1,
more credence should be given the overall average mass emission rates
and efficiencies than the individual time periods, as Roots meter
readings were recorded only at the begimning and end of the test period.
Calculations for individual time periods shown in the table for Run 1
were based on an average actual flow rate through the Roots meter.

Table 5 lists, in addition to the summary results in Tables 1-4, wmost
of the data taken during the testing acd the results of intermediate
and final calculations for each of the specific time perfods. The
synmbols in the headings relate to the sample calculations in Appendix A.

The Panero refueling area control systeam was sampled for a total
of 287 mimutes during the three runs. Average efficiencies for each of
the three runs were 90.7Z, 89.9%Z, and 88.1X for an arithmetic average
of 89.62. Time weighting the average results in an 89.7Z overall
efficiency. Fuel movement periods dictated the length of the test
rung. Run No's. 1 and 3 were therefore only one hour, while Run No. 2
was almost four hours. Time weighting the results was employed because
of the difference in the sample times.

Flow rates at Panmero corrected to standard conditions of 60°7 and
one atmosphere ranged from 21 cfm to 58 cfm, averaging 43 cfm. There
appears to be an inverse correlation between flow rates and hydrocarbon
removal efficiencies at least in the flow rates encountered in this
test series. The same relationship seems to exist between inlet loading
and efficiency. During the first half of Run 2 however, the lower
efficiencies could be the result of the relatively lower flow rates.
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TABLE 1. SUMMARY OF INLET AND OUTLET CONCENTRATIONS, MASS RATES, AND
HYDROCARBON RECOVERY EFFICIENCY FOR RUN 1, SEPTEMBER 22, 1981
PANERO REFUELING AREA
INLET OUTLET
Heasured Corrected Mass HC Heasured Corrccted Percent
Time Fraction by Fractfon fiC Eafssion Fraction HC Fraction BC Mass HC Recovery
Interval Voluome by Volune Rate by Volume by Volume Emission Rate Effictency
(as Methane) 1bs/hr (as Methane)
1035-1045 0.4361 0.0895 £9.34 0.0410 0.0123 4.35 91.2
1045-1055 0.4345 0.0892 43.06 0.0410 0.0126 4.40 90.8
1055~1105 0.4464 0.0910 50.72 0.0470 0.0142 5.05 90.0
& 1105-1115 0.4813 0.0989 52.52 0.050 C.0151 5.13 90.2
'
1115-1125 0.5016 0.1025 57.38 0.0475 0.0143 5.07 91.2
Average 51.60 4.80 9.7




TABLE 2.

SUMMARY OF INLET AND OUTLET CONCENTRATIONS, MASS RATES, AND

HYDROCARBON RECOVERY EFFICIENCY FOR RUN 2, 23 SEPTEMBER 1981

PANERO REFUELING AREA.

OUTLET
Measured Corrected Hass HC Measured Corrected Percent
Time Fraction by Fraction HC Eafission Fraction HC Fraction HC Mass HC Recovery
Interval Volune by Volume Rate by Volune by Volume Eaission Rate Efficiency
(as Methane) 1be/hr (as Methane)
1009-1019 0,2223 0.0450 29.83 0.014 0.0041 1.85 93.8
1019-1029 0.3255 0.0660 44.96 0.004 0.0116 5.41 88.0
1023-1039 0.3414 0.0700 45.75 0.0445 0.0129 5.68 87.6
1039-1049 0.2978 0.0610 39.04 0.0430 0.0125 5.44 86.1
1049-1059 0.3295 0.0670 43.30 0.0420 0.0,22 5.33 87.7
1059-110% 0.2938 0.0600 40.54 0.0425 0.0123 5.66 86.0
- 1139-1149 0.3573 0.0730 49.65 0.0465 0.0135 6.16 87.6
T 1149-1159 0.3811 0.0780 53.21 0.0470 0.0136 6.24 88.3
1159-1209 0.3970 0.0810 53.90 0.0480 0.0139 6.20 88.5
1209-1219 0.4049 0.0830 55.39 0.0465 0.0135 5.98 89.2
1240-1250 0.3772 0.0770 27.7% 0.0355 0.0103 2.48 91.1
1250-1300 0.3811 0.0790 26.03 0.0340 0.0039 2.15 91.7
1300-1310 0.3811 0.0780 25.88 0.0315 0.0091 2.02 92.2
1310-1320 0.3811 0.0780 28.91 0.0302 0.0087 2.15 92.6
1320-1330 0.3891 0.0790 n.n 0.0305 0.0088 1.61 92.6
1330-1340 0.3946 0.0810 47.39 0.0325 0.0094 3.66 92.3
1340-1350 0.4105 0.0840 45.80 0.0385 0.0112 4.04 90.2
1350-1400 0.4327 0.0880 25.54 0.0375 0.0109 2.09 91.8
Average 39.14 4.12 89.9
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TABLE 3. SUMMARY OF INLET AND OUTLET CONCENTRATIONS, MASS RATES, AND
HYDROCARBON RECOVERY EFFICIENCY FOR RUN 3, 1 OCTOBER 1981
PANERO REFUELING AREA.

INLET

CUTLET
Heasured Corrected Mass HC Measured Corrected Percent
Time Fraction by Fraction HC Emission Fraction HC Fraction HC Mass HC Recovery
Interval Volume by Volume Rate by Volume by Voluoe Emission Rate Efficlency
(as Methane) 1bs/hr (as Mettane)
0924-0934 0.3622 0.0739 24.50 0.038 0.0109 2,44 90.0
0934-0944 0.3821 0.0780 41.08 0.052 0.0149 5.34 87.0
0944-0954 0.4099 0.0836 37.05 0.061 0.0175 5,24 85.9
1
.‘," 0954-1004 0.4020 0.0820 36.52 0.052 0.0149 4.50 87.7
1004-1014 0.3900 0.0796 36.87 0.0465 0.0134 4.16 88.7
f 1014-1021 0.3940 0.0804 19.87 0.0433 0.0124 2.07 89.6
i Average* 32.65 4.06 88.1
*Tiae weighted
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TABLE 4. SUMMARY OF INLET AND QUTLET CONCENTRATIONS, MASS RATES, AND
HYDROCARBOX RECOVERY EFFICIENCY FOR RUN 4, 8 OCTOBER 1981
PRITCHARD REFUELING AREA.

INLET OUTLET
Heasured Corrected Mass HC Heasured Corrected Percent
Tine Fractioa by Fraction HC Eaission Fraction HC Fraction AC Mass HC Recovery
Interval Volume by Voluoe Rate by Volume by Volume Emission Rate Efficlency
(as Methane) I's/hr (as Hethane)
1004-1014 0.4053 0.08227 64.37 0.0615 0.0180 9.27 85.6
1014-10.4 0.4068 0.0830 62.84 0.0620 0.0182 9.10 85.5
1024-1034 0.3976 0.0811 54.10 0.0627 0.0184 8.14 85.0
1034-1044 0.3899 0.0794 54.39 0.0583 0.0171 7.74 85.8
::; 1044-1054 0.3937 0.0803 48.31 0.0610 0.0179 7.15 85.2
[
1054-1104 0.3860 0.0788 29.17 0.0545 0.0159 3.90 86.5
1104-1106 0.3899 0.0796 26.25 0.0491 0.014# 3.15 88.0
Average* 51.36 7.4 85.7

*Tim welghted

—pmm

o

O




e g—

it e st

~

I e e e e e e . de
. . . .
TAZ E 5. SAMPLIN, DAT® AND RESULTS FPOM TESTING € VAPOR RECOLERY UNITS AT MARCH AIR FORCE EASE

Actusl Stasdsté Ostlet Acteal Frac-  Afr Talet Acteal Feac-  l[sler

Outlet Outlet N Oetlet tlea flow L3 islet  tise Cas Average Moss Mass

Flow Flov  Coac. K  WCim  Rate  Comc- W K ta  'Flow  Meleces Average WO =

Swct  Baro. Rate Kate as Qiy Come. Owtlet -Std. a9 Ofy Comc. Lalet ~Std.  lar V. Carbom Load- Losd- b4
Dace/ Tewp Press. (Qa) (o) (€ € Cas (g,n (€ (€1 Cos () Outles . 1 Tr1es
e K. TZa 4 TMe (tfatm {C[ala (ppa) (yge) (350 (Ceia (ppe)  (spw) (By,) fC Jeia Owtlet lalet Outler feecy
PANERO REFUELING AXTA

"N :

L ) 1035-1045 32 W.36 -0 L6 41,000 12,349 0.012) 43.49 426,000 18.9% 0.089 49.93 4.4 332 £3.34 4.9 .2
1045-1033 -26  I8.%% &0 43 42,000 12,651 00126 4486 438,%0 33,623 0.08) 491y it L2 48.06 4.40 ®.s
1033-110% -34 28,36 40 46 47,000 14,136 0.9142 43.62 446,350 < 0% 0.0%1 50.20 4s.ag 3.2 50.72 5.05 .0
105>-1115 16 2%.% 40 & 30,000 15,060 0.0151 43.33 481,%0 93,47 0.08 48,26 A%.88 3.32 52,32 5.3 0.2
1151125 -33 J8.3e &0 % 47,509 14,307 0,0)43 435,50 501,650 101,378 0.102 30.66 43.48 3.32 s51.38  s.0r 9®.2

Aversge  1035-)125 -27.8 18.3% 40 29 45,500 13,705 0.0137 £4.93 460.0% 9),897 0.091% 406k 4A3is 3.3 31.7% 20 ».7

09;23/81

Rea 7 1009-1019 16 28.39 33 37 14,000 4,108 0.0041 SF.01 222,320 45,371 0.043 39,70 &N.05 3.4 29.83 1 9.s
1019-1029 -2¢ 0.3 N 58 40,000 11,730 9.0117  52.30 325,340 46,437 0.046 6135 49,25 J.a “o% 3, 8.0
1029-20)9 -32 2L.3% “ 35 44,500 13,050 0.01)0 S4.74 341,420 69.678 ©.0)0 38,86 49.38 3.4 43.75  5.68 7.6
10¥-1049 -)7  28.39 LY 33 43,000 12,610 ©.0126 34.13 297.7%0 ST.64 495 p R 39.06 5.4 6.3
1049-1059 -38 8.3 L2 S5 42,000 12,317 0.012) 54.27 329,510 3120 49.75 3.41 4.6 5.} o2
1059-210y -38  28.3% 0 b 42,500 12,463 0.0124 5120 293,789 60.35 49.75 3.41 40.54  5.66 %D
1139-114% 30  23.3% £t s 46,500 13,636 0.0136 S4.7¢ 357,30 61,25 49,73 3.6 42,65  6.16 8.6
1149-115% -)9  18.3y L 37 A7,00D 13,783 0.0138  56.63 M1,130 (SO NS I8 4 ] 3.41 33.21 .24 8.3
1159-120% -3¢ 28.3Y &3 56 43,000 13,076 0.016: 33.07 37,000 39.93 4078 3.4 53.90  6.20 “.5

N HCP-1219 -3 28.39 Led 56 46,500 13,636 0.0136 $3.11 404,90 60,10 4975 p X1 $5-3%  s.f8 2.2
- 1240-3250 -3 28.)% % 3 33,500 10,411 0.0104 29.93 317,130 32.45 4928 3.41 .74 248 n.t
‘f 1250-1%00 -31  28.)% p1) e 34,000 9,970 0.00%) 27.33} 339,050 19,40 0.0)% 9.67 4905 3.4 2.0} 2.15 n.?
1X00-1310 =34 78.3) 2% b3 33,500 9,237 0,009  27.55% 3B1.1% 71,730 0.01% 23,88  4y7s .4 5.80 .02 2.2
131011320 -1 8.3 n n 30,200 5,356 O.0088  30.I& ISL I 17,130 0.01% 3338 L9 5 3.4 2891 2.1 7.4
D-i23 -37 8.9 E.d 13 30,500  §,9%44 0,008 22.80 333,030 19,400 0.07Y 24,76 4975 3.4 172 1.6) 2.6
133035340 -3 3.3 A2 4 32,0 9,531 0.0095 4242 3%, 618 20,334 0.0a) 32.6%  49.75 3.41 47.3% )6 7.3
1346 -13% -3 8.3 3 137 36,500 11,290 C.0113 4498 410,493 8).275 0.08% .10 4.5 pEI} 43.85  &.00 n.2
1% 00 - 28 2 b3 37.300 10,977 0.0110 23.8) 432,70 83,317 0.0 RIS U 5 ) 3.4 25.34  2.0% ”.s

10/01/82

[ ] 02a¢ X -5 228 2% s 35,000 11,07% 0.0110 27.63 342,200 73,916 0.0739 2%.36 305 3.4y %.30 4
ONLo1L -¢ .3 L3 ) $2,000 15,160 0.015 43.7F 382,100 17,980 0.0180 4Ar.43  S0.0% 3.0 42.08 3.4
090932 -13 2823 3% n $1.000 17,204 00178  Je.3% 409,300 83,633 0.0836 N9 30.05 3.43 3705 5.2
0354-100% -13 2828 3 » S2,.050 15,169 0.0152  34.81 402,000 $2.041 000 A0.11  99.0% 3.4) .52 450
100e-1014 18 2878 b33 » £4,500 13,356 0023 32 3y 30000 79,532 0.01% L1.7? .S 3.4 36.87  4.16
101+-1021 -~ 8.2 is.¢ n 43,300 12,626 O.CI2¢  20.47 335,000 80,408 0.080F 21.2¢ 30,03 3.4 9.8 207

PRITCEZRD RISCILING AREA

10/08/82

Rem & 1006-3014 ~18  20.22 » [5] 18,035 0.0180 £4.29 403,300 X2.11% 0.0R07 10.10  as.67 g
1014-3024 -1 2822 & “ 18,182 0.0132  62.32 406,300 3),020 0.030 4218 367 3.4
1925103 26 78.22 kL] 3 18,337 00185  $5.21 397,400 81,143 O.0e1r &0.08  9.67 b2
1WIE-J04E ~26  28.22 b1} 3% 56,64 389,900 79,571 0.019% &L.%  i9.6) .8
10Le- 1054 25 2.22 &% s1 17,389 0.017% 4933 39}, w0 R,UF oCw)  K.As 96 D4t
10%-1164  -20 28,22 .} 2 15,982 O.CI3% 30.%1 MWe,000 78.77¢ 0.0782 33 i%e) 3.4
104-110¢ -~1# 3,20 % »n 18,397 001K 27.34 339.%0 937t 0.07% 1.70 49.6? 3.41
— - -
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Duct tesperatures, vhich reflect condensor temperatures, wers aorzal
during the period of that rua. In Run 3 the warmer duct temperatures
coed be the cause of the slightly lower efficiencies neasured duricg

that test run.

The one test Tun at Pritchard shoved an average efficiency of
85.7Z, sonevhat lower than at Panero. Inlet loadings were as high, i€
not higher, than Panero. The explanation for the lower efficiency
could be the combination of warmer duct temperztures, higher gas flows
and higher inletr conceatratfoos than than those found in tvo of the
three Paners t»st ruos.

Gas chromatographic analyses of the outleZ vapors are summarized
1in Tabdle 5. Rydrocarbons C) through Cj were identified 1a eacn sanpie.
C; coapounds comprised over 50X of every saaple total. Coostizuent
acalysis of the ialet vapors was aot a part of this study. For calcu-

lation purposes, a typical JP-& vapor constituent breakdown at 70°F

fuel teaperature was used. This analysis, suppifed by the Air Force
aad ducted by o Research, sh d C; through Cg hydrocarbons
to predonicate.

RECOMMENDATIONS

If there is sufficiect concern regarding the possible relationship
between flow rate (and sass loading) and coatrol efficiency, additiocal
testing 1s recommended. The curtent test series was conducted with
adninal control over che pumping rates. The apparant relatiocships
could be verified under more controlled conditions.
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TABLL 6. GAS CHROMATGGRAT! ANALISIS FOR FERCENT "OMPOSITION OF OUTLET VAPORS
MARCH Aln FORTE 2ASE, CA, PANERO REFULLING UNIT

1 3 4
9/22/81 30/01/81 10/8/81
Average for
1 Samples 2-4 5
¥ole Z | Mole wt. Mole 2 | Mole Wi.l Mole I | Mole ®e.| Mole X | Mole Wt.
CHy, 4.70 0.75 4.68 .32 5.41 4.80 0.77 4.37 0.70 3.50 0.560
Gy 0.03 0.01 0.03 0.02 0.02 0.02 0.01 0.02 0.01 0.03 0.008
S Gl 11.86 3.56 11.7¢ 8.36 8.37 9.50 2.85 9.1z 2.74 9.93 2.979
3 C3Hg - - -— -— 0.33 -— 0.05 -— -— — -—
- Cytg 30.52 13.43 30.34 23.9% 21.88 25.39 11.17 25.34 11.15 29.06 12.786
3 CyHg/
<
S cgiyg $2.91 | 30.29 s3.16 | 63.37 6399 | 60.17 | 34.90 | 6116 | 3546 57.48 | 33.34
P
a
¢ Rua Avg. 100.02 48,44 99.99 49.75 99.99 50.05 100.00 49.67
L
%7 Run No.: 2 3
E Date: 9722181 $ 23181 8/01/81 8/08/81
13 Average for
_ Sampls: 2 3 4 Samples 2-4
4  Carbon Carbon Carbon Carboa Carbon
< Nuaber Hole T | Nuaber Mole 2 | Hole T | Mole Z| Mole Z | N-mber Mole X | Nunober Hole X | Puaber
_="_ i %.70 0,047 4.68 4,30 S5.41 4£.80 0.048 £.37 0.044 3.50 0.035
2 11.89 0.238 11.81 8.38 8.39 9.52 0.1%0 9.14 0.183 9.96 0.199
3 30.52 0.91€ 39.34 23.94 22.21 25.50 0.76% 25.34 0.76C 29.06 0.872
4 52.91 2.116 53.16 63.37 63.99 60.17 2.407 61.14 2,445 57.48 2.300
Avg. 100.02 3.32 99.99 3.41 99.99 3.43 100.00 3.41
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APPENDIX A

MARCH AIR FORCE BASE EXAMPLE CALCULATIONS

Measured Parzneters

G =

8
[]

o]
Y
LI I I B I I I )

Given:

Run #1

Tgp =

(1) Qgp = Outlet flowrate @ sgac2

Qo =

Inlet BC concentration, ppm Seasured as CBs4 (Total Hydrocarbon
{EC] Analyzer)

Outlet HC concentration, ppo measured as CH; (Total Hydrocarboa
[BC] Analyzer)

Outlet gas flow, actual cudic feet per ainute (Roots Meter)
Tezperature at standard condizion

Outlet gas temperature (type and thersocouple)

Barometric pressure at standard condition

Barometric pressure

Inlet average wmolecular weight

Sutlec average solecular weight

Inlet average carbon munber

Outlet average carbca muobder

Tize 1035-1125

=40 23 /2tn

460,096 1pa 3@0
45,500 ppa Md, = 70.14%
60°F M, = &4B.i3
-27.8°F Ry = 4.9
29.927Bg % = 3.32
28.36"Hg

Istp . Pa_
x
Tso = Psm
40 fr3/min x S20°F y 28.36
32,2 25.92

Qo x

45.62 fe3/nta

* Calculated from typical JP=4 vapor constituent analysis @ 70°F. The
analysis vas prepared by MMonsanto and supplied to ES by Toa Stauffer,
Tyndall AFB.
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(2) Deteraination of average aolecular wt and carbon no. of the
outlet gas as per GC analysis

Carbon
Contribution Contribution
Mole 2 to Mole Wt Carbon No. 2 to Gas Cozposition
[>:7% &7 0.752 1 4.7 0.047
Colg 0.03 0.01 2 11.84 0.236
Caig 11.81 3.54 3 30.19 0.906
i
' C3ig 30.19 13.28 4 $3.27 2.3
100.00 3.32 avg. C No.
C o $3.27 30.%
100.00 73.48 avg. mol. vt/mole

M, = (ool. wt of €3¢ x I CHg) + (mol. wt CoBg x T CoHlg) +
{mol. wr C3d#g x R C3Hg) + (mol. wt CgHjp x T Cgljo)

(16 x 0.047) + (28 x 0.0003) + (30 x 0.1181) + (4% x 0.3019) +
(58 x 0.5327)

#

48.48

(32. of € tor &% x I) + (No. of C for C3H; x I total sun for
Cz coepound) ¢ {¥2. of ¢ Ier Cafig x % total of C3 compound) +
(0. of C for DyHg x X votal zwm for 4 cmapound)

&

« (1.0 x 0.047) + (2 x 0.1184) + (3 x 0.3019) + (& x 5.5227)
= (G.0573 + {0.236) + (0.906) ~ (2.131)

%o = 3.32

(2) Deterzizztion of Qur (air flow rate through the control device &
stacdard condition)

Coa ™ Actual catlet EC coocestration, ppa

o .S 45,500
“oa " %, 3.32

Cox = 13,705 ppe

= « b =T =TT
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Cop = Fraction of EC in outlet gas
Bgco = 1,000,000

13,750
= 1,000, 00i
Bgoo = 0.0137

Qr = G0 x (1-Bacp)
= 45.62 ft3/edn x (1-.0137)

= 44.98 ft3/nin
(%) Deteraination of Qg) (Inlet gas flow rate at standard condition)

-G,
Cra Ry Actual inletr HC co>centration

Cya = 93,897 ppa
C
Bycr ™ 1,000,000 ™ Fraction of EC inlet gas
~ 93,897 ppa
1,000,000

Bgcy = 0.0939

Q5 = ?T‘z'ﬁa};)

44.98 £: /ain
= 770,057

Qg = 43.64 £3/ata

sty

st mgrddy g

T.;-MW,W JRm.

m—a—

De 4
[ PN

! }-

L SO

b




(5) Mass Bydrocarbon loadings Deteraination

My = Inlet =ass hydrocarbon loading

o Qs1 x Brcl 60 min
Mp =Ty scr Mg X Thr
59.64 £t3/ain x 0.0939 60 =in
- ==y scr —  x70.14 x Ty

Mp = 51.75 1bs EC/br

¥g = Cutlet mass hydrocarboa loadirg

Qs0_x reo 60 nin
¥ =T33 scr X Yo X Twr
$5.62 ft3/min x 0.0137 60 ain
- 379 SCF = x 48.48 x Tr

Y5 = 4.80 1% EC/br

HC Removal Efficiency = IE
My - ¥
iE - —‘g-;—“’ x 100
51.75 ~ 4.76
- s1.75 x 100

46.99
= 3775 x 100

IE = 90.72

=26~
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APPENDIX B

SAMPLE FIELD CALCULATIONS




EXAMPLE GC CALIBRATION
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GC CALIBRATION REPOXT
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EXAMPLE GC TEST RON
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