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POREWORD

Measurement and monitoring research efforts are designed to anti-ipate
environmental problems, to support regulatory actions by developing an
in-depth underscanding of the nature and processes that impact health and the
ecology, to provide innovative means of monitoring compliance with reg¢:la-
tions, and to evaluate the effectiveness of health and environmental protec-
tion efforts through the menitocing of long-term trends. The Atmospheric
Research and BExposure Assessment Lzboratory, Research Triangle Park, North
Carolina, has responsibility for: assessment of environmental monitoring
technology and systems for air, implementation of agency-wide cuality assur-
ance programs for air pollution measurement systems, and supplying technical
support to other groups in the Agency including the Office of Air and
Radiation, the Office of Toxic Substances, and the Gffice of Solid Waste,

The onvfio&mental effects of L particulate matter are of concern to
the Agency. Acceptable measurement methodology is critical for proper assess~
ment of the impact on the environment of these emissions from stationary
sources. Preparation of a manual which specifies measurement procedures is a
key component for assuring reliable test data. This nanuai was prepared to
describe the construction, maintenance, and operating procedures tor the
Exhaust Gas Pecycle approach for measurement of ™, emissions from stationacy
sources.

.

Gary J. Poley

Acting Director

Ataospheric Research and Exposure Assessment Laboratory
Regsearch Triangle Parx, North Carolina 27713
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ABSTRACT

This report describes assembly, operation, and maintenance of the Exhaust
Gas Recycle (EGR) sampling train. Although the potential uses of this system
are numerous, this manual specifically addresses the operation of the EGR
train for the determination of stationary source PMj; emissions. The design
of the EGR system allows the operator to maintain a preselected constant flow
rate through an :inertial sampler while the gas flow rate into the sampling
nozzle is adjusted at each traverse point to remain isokinetic with the local
gas velocity. The isokinetic sample flow rate, Q‘, enters the sample nozzle
vhere it is mixed with a metered flow rate of recycled exhaust gas, Q‘. The
combination of these two flcw rates brings the total flow rate to the
predetermined constant level, Qt' After passing through the inertial sampler,
which collects the larger particle size fraction (>10 ym), through an in-stack
filter which collects the smaller ™, size fraction, and through a heated
probe, the water vapor is removed from the gas stream by condensation in an
ice-cooled condenser or impinger train. The gas stream then enters the
control console where the total flow rate is eventually split into the compo-
nent flow rates, Q‘ and Qz' The sanple flow rate is monitored in the usual
manner by using a dry gas meter and calibrated orifice. The total and recycle
flow rates are nmeasured by calibrated laminar flow elements (LPEs). Tie iner-
tial sizing device described in this Aocument is Cyclone 1 of the Southern
Research Institute (SRI)/EPA five-stage series cyclone sampler followed by an
in-stack filter. Laboratory evaluation of this device has shown Cyclone I
produces a 10-um size cut at & flow rate of approximately 0.5 dscfm; the
precise flow rate depends on stack conditions. Calibration procedures for the
EGR samplirg train are essentially the same as standard Method § or Method 17
trains with the exception of the two L¥Es, Calibration of the total flow rate
LPE may be performed simultaneously with the Adry gas meter and orifice,
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Calibration of the recycle flow rate LPE requires an additional, separate
step. Pretest calculation of sampling parameters for operation of the systenm
involves determining target pressure differentials (AH, APt, and AP‘) for a
range of possible velocity pressures, Apvel' and stack temperatures. An
approximate solution of the governing equations provides acceptable agreement
with the exact solution and allows calculation of these parameters in a few
simple steps. Operction of the sampling train is the same as Method 5 except
that valve settings must be adjusted for two flow rates (Qt and Qs) rather
than one (Qs). Sample retrieval is dependeant on the type of sampling device
used., Por Cyclone I, a combinaticn of brushing and rinsing with a suitable
solvent is required to quantitatively recover the larger size fraction. The
MM, size fraction is recovered by simply removing the filter from the filter
holder. Test data analysis requires essentially the same calculations as
outlined in Method 5 with the addition of the cyclone cut gize, or Dgo. Other
postsanpling activities include calibration checks and equipment maintenance.
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SYMBOLS

o 0.0

An Cross-sectional area of sampling nozzle, ft?

ix Proportion by volume of water vapor in mixed gas, dimensionless
Bws Water fraction of stack gas (also tnzo)

. Concentration of particulate, mg/dNm3

'. Concentration of particulate matter, gr/dscf

Pitot tube coefficient

u;o Cyclone cut diameter, um
dn Diameter of nozzle n, 1in.
Db Stack differential pressure, in. H,0

stack
tc Praction CO,

£° Praction O,

fnzo Water fraction of stack gas (also Bws)

1 Percent isokinetic sampling
Kp 35.48 ft/s (1b/mole-°R)
nd Dry molecular weight of stack gas, lb/mole
| Mass of collected particulate (either per stage or total), mg
H: Wet molecular weight of stack gas, lb/mole
u" Wet molecular weight of the mixed gas, lb/mole
"Bzo Molecular weight of water, 18 lb/mole
9. Ambient pressure, in. Hg
Pn Absolute pressure at LPE inlet, in. Hg
P‘ Absolute stack pressure, in. Hg
PST Absolute pressure at standard conditions, 29.92 in. Hg
PR Recycle ratio at stack conditions, percent
Qd The sanpler flow rate when the total flow is composed entirely of dry

recycle gas (1008 recycle)

Q' Flow ratg through the sampler (sampler conditions), acfa

xiii



Qs Sample flow rate (standard conditions), £t3 /min

Qts‘r Total (mixed) cyclone flow rate (sampler conditions), acfm
Q Total flowrate through the sampler (standard conditions, dry basis),
s decfm

Q‘ Recycle flow rate, acfm

Q' The sampler .tlow rate when the total flow is composed entirely of
sample gas with a known moisture fraction (0% recycle)

R, Ideal gas constant, 21.83 in. Hg-ft3/mole-‘R

Sr Recycle flow LFPE calibration constant

St Total flow LFE calibration constant

TM Absolute gas meter temperature, °'R

TL LFE temperature, °‘R

Ts Absolute stack gas temperature, °R

TS‘r Absolute temperature at standard conditions, 528 °R

v”g Average stacx velocity, ft/s

v!.c Total volume of liquid collected in impingers or condenser/silica
gel, mL

Vn Volume of gas sample flow through the dry gas meter ’
(meter conditions), f£t3

V"s Volume of gas sample flow through the dry gas meter (standard
conditions), ft3

vnax Maximum expected stack gas velocity, ft/s

v’ Stack gas velocity, ft/s .

vws Volume of water vapor in the gas sample (standard conditions), ft3

wt Recycle flow LFE calibration constant

't Total flow LPE calibration constant

AR Orifice pressure drop

Aie Orifice pressure differential for a flow rate of 0.75 cfm at standard
conditions, in. H,0

Al’m Velocity pressure drop of EGR S-type pitot tube, in. H,0

AP: Pressure drop across the recycle flow LFPE, in. nzo

APs,r Velocity pressure drop of standard pitot tube, in. 50

M’t Pressure drp across the recycle flow LFE, in. B,0

Apvel Velocity pressure head, in. H,0

xiv



pnoo Dengity of watar, 1 g/mL

0 Total run time, min

u Gas viscosity, up

My Stack gas viscosity at 0% moisture

uL Gas viscosity at LFE conditions

u- Viscosity of the mixed gas, up

usr Gas viscoaity at standard conditions, 180.1 up

u' Stack gas viscosity for a known moisture fraction

{ 1?‘"’].)”g Aver age square root of velocity APs, used to calculate average
stack velocity.

Y Gas meter calibration constant
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SECTION 1
INTRODUCTION

To ensure a representative sample of particulate matter is obtained from
a flowing gas stream, the sample must be withdrawn isokinetically; that is,
the gas flow rate of the sample must be adjusted so that the velocity in the
sampling nozzle equals that in the surrounding gas stream. If a velocity :
mismatch occurs at the nozzle, the particulate matter in the sample gés.may be
selectively enriched or depleted; the concentration increase or decrease will
depend in part on the particle size. This bias is avoided in BEPA Reference
Methods 5 and 17 by specifying isokinetic sampling. To obtain a spatially
repregsentative sample, the duct is divided into a number of equal area zones.
The centroid of each .zone is then sampled for a fixed time interval, and the
sample flow rate is adjusted at each centroid to be isokinetic with respect to
the local gas stream velocity.

The procedure outlined above is satisfactory for total particulate mass
measurements. However, when sampling is conducted with inertial particle-
sizing devices such as cascade impactors or sampling cyclones, an additional
constraint is introduced. These samplers must be operated at a constant flow
rate to maintain constant size cuts for each particle size fraction. FPor a
fixed nozzle size, it is impossible to satisfy both the requirements of con-
stant sampler flow rate and isokinetic nozzle velocity with conventional samp-

ling trains.

This manual describes assembly, operation, and maintenence of a sampling
train that allows isokinetic sampling while maintaining a constant flow rate
through an inertial particle-sizing device. The sampling train uses the prin-
ciple of exhaust gas recycle (BGR)., 1Its design allows a preselected constant



flow rate through the inertial sampler while the gas flow rate into the samp-
ling nozzle is adjusted to remain isokinetic with the local duct velocity.
This method may be identified in other EPA documents as the Emission Gas
Recycle method. Although the potential uses of this system are numerous, this
manual specifically addresses the operation of the EGR system for the deter-
mination of stationery source emissions of particulate matter with diameter
<10 um (PM)4}. The sizing device described consists of a commercially avail-
able version of Cyclone I of the Southern Research Institute (SRI)/EPA five-
stage series cyclone sampler (Smith et al. 1979) and an in-stack backup
filter. However, most components of the EGR system are independent of the
type of inertial sampler used, and the material provided in this manual
pertaining to these components is applicable to most sampling situations,

This manual is organized chronologically, from construction detezils to
postsampling and audit checks of the gystem. Section 2 describes the critical
construction details of the EGR system. Section 3 describes the procedures by
which various components of the system may be calibrated. Activities that are
required or recommendad before field use of the system are outlined in
Section 4. Section 5 describes the calculations required to obtain the system
sampling parameters before sampling, and Section 6 outlines the steps to fol-
low during oparation of the sampling system. Retrieval of the collected
sample is described in Section 7. Sections 8 and 9 describe postsampling
checks of the system and analysis of the field data. Routine maintenance of
the BEGR gampling system is discussed in Section 10. Auditing procedures and
recommended st.andards are described in Sections 11 and 12. Included as
Appendix A is a list of components necessary to fabricate an EGR system simi-
lar to that developed at SRI. Appendix B contains a complete set of fabrica-
tion drawings for the prototype EGR systen. BExamples of data forms necessary
in the course of calibrating and operating the EGR system can be found in
Appendix C. Appendix D contains a listing of a program written for the HP41C
that performs EGR setup calculations. '



SECTION 2
CONSTRUCTION
2.1, GENERAL SYSTEM DESCRIPTION

The principle of operation of the EGR train is illustrated in Pigure 1.
Stack gas is extracted isokinetically at volumetric flow rate Qs' I1f the
stack moisture fraction is £ o' the sample flow consists of Qs(f °) moisture
and Q,(’ -f o) dry gas. In the EGR nozzle a flow, Qz' of dry recycle gas
is added to the sample stream to bring the total flow rate to the predeter-
mined constant level, Qt' In the impingers or condenser, the moisture content
Qs(fﬂzo) is removed. Downstream of the pump and total flow metering element,
the recycle flow (Qr) is diverted by means of an adjustable valve. By mass
balance, in a leak-free system, the remaining flow that passesg through the dry
gas meter (DGM) and orifice will simply be 08(1 - £ o), exactly as wouid
occur in an isokinetic sampling train without exhaust gas recycle (Martin,

1971),
- )
Qyl1-ny0)
=Q,+Q, . 4 —
o % Qp * Qg1+t 000
MIXING INERTIAL SAMPLER ’
NOZLE PUMP DRY GAS
Qg {tyy 20‘ METER
CONOENSER,
IMPINGER
ses0400

Figurs 1. Gas flow in EGR train (Harris and Beddingfield, 1981).
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A block diagram of the research train of Williamson et al. (1984) is
sﬁown in Pigure 2. The gas sample containing particulate matter enters
through the sample inlet of the mixing nozzle. After passing through the M,
classifier, which collects the larger particle size fraction (>10 ym), through
a second stage, which coilects the smaller P, size fraction, and through a
heated probe, the combined sample and recycle gas passes through an ice-cooled
condenser or impinger train, followed by a sealed pump controlled by valves v,
and v, for coarse and fine flow adjustment, respectively. Prom this point the
gas in a standard isokinetic sampling train would pass directly to the DGM and
sample orifice and finally be exhausted. In the train as modified for EGR,
after the gas exits the pump, it passes through an absolute filter and the
first o? two laminar flow elements (LFEs), where the total flow is measured.
The gas stream is then split into the recycle and sample lines. The recycle
gas flow is controlled by valves v, and V, and is measured by a second LFE.
The sample flow is monitored in the usual manner by usi:iig a DGM and a calibra-
ted orifice. Valve Vs, at the inlet to the DGM, was added to the system to.
extend the range of control to higher recycle percentages hy adding back-
pressure to the sapple flow line.,

Pigures 3 through 7 show the control module for the SRI/EPA second-geneg-
ation BGR system. As can be seen, the module appears similar to a Method 5
sampling box, with the exception of the total, inlet, and recyc.e magnehelic
gauges, the recycle and sample (back-pressure) control valves, and the recycle
gas outlet. The probe head is shown in Figures 8 and 9 with a filter in line
behind the SRI/EPA Cyclone I for collecting the PM;, size fraction. The loca-
tion of the pitot tube relative to the cyclone body shown in the figuces was
used during initial testing of the method. The location of the pitot tube was
eventually changed to that described in Section 3.2,

2.2. COMPONENT DETAIL

This section describes essential and specific components of the SRI/EPA
exhaust gas recycle train. The included specifications are intended as a gen-
eral outline, Substitutions of the designated components may be acceptable if
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it can be shown that the substitutions do not negatively affect the principles
of exhaust gas recycle. An itemized list of all components used for construc-
tion of the EGR sampling system can be found in Appendix A. Additionally, a
complete set of shop drawings, as used by SRI for fabricating the EGR system,
can be found in Appendix B,

2.2.1. Control Unit

The EGR control unit actually consists of two units, the control box and
a leak~-free pump. In many source sampling systems, the pump is internal to
the control box. However, the combined weight of the EGR control box and the
4-cfm pump is approximately 115 lb. Therefore, to distribute the system
weight and wininize the control box dimensions, the EGR pump is external to
the system. The pump is connected to the control box via 1/2-in. i.d. flex-
.ible. high-ptessuz? rubber hose. Pull-flow, quick-connect fittings allow

rapid assesbly and disassembly.

The gas recirculated within the EGR system must be free of any foreign
particles or vapors; therefore, a leak-free, carbon-vane 4-cfm pump (Andersen
' Samplers, Inc., #991584) is used with the EGR system. The pump operates on
11S V ac and draws approximately 4-6 A. The specified pump requires no lubri-
cation, and little maintenance is needed to ensure long working life., It is
suggested the pump be housed, at least during transportation and storage, in a
separate and unique container (e.g., a tool box). The pump may be left in the
housing during system opecation: however, caution should be exercised to pro-
tect the pump against overheating. A small circulating fan installed in the
pump box and ventilated to the outside should be adequate,

The control box contains the required electrical circuits, internal
plumbing, flow control valves, devices to monitor flow and pressure, and
temperature readout and control instrumentation. The components are housed in
a custom-sized, heavy-duty transit case (Gemini, Inc., #GH232S5RPF-2). The
electricity to the system (115 V ac at 15 A) is brought into the control box
via a single length of 12-gauge, three-wire cable. Tc prevent accidental
disconnection during sampling runs, the electrical input cable is attached to
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the control box with a locking plug and receptacle. The input power is
parallelaed to the various pieces of electrical equipment (solenoid valves,

indicator lights, pump, temperature readout, and heater tape control) via
standard, double-row terminal strips.

The internal plumbing of the EGR sampling train can be inferred from the
schematic drawing shown in Pigure 2 ard is shown in some detail in Pigures 4
and 5. Rigid copper tubing, 1/2-in. o.d. for the total flow and sample lines
and 3/8-in. 0.4. for the recycle line, is used for all internal flow lines.
The lin2s are assembled into the required geometry by using a combination of
copper “"sweat®” fittings and a variety of brass compression tube fittings. The
total). flow (mixed gas) enters the control box just upstream of the system
vacuum gauge, through a 1/2-in. bulkhead quick-connect Eitiing. As previously
nentioned, this flow is controlled through the pump by valves v (coarse
adjust) and V, (fine adjust). After exiting the pump, the total flow is
directed through an absolute, HEPA-type, capsule filter (Gelman Sciences
$12127). The filter prevents artifact particulate matter (e.g., graphite dust
from the pump vanes) from plugging the flow-monitoring devices or entering the
racycle gas s:ream. The particle~free tota’ flow i3 monitored by an appropri-
ately sized LFPE, after which the flow is split into the recycle and sample
flows. The recycle flow is also monitored with an appropriately sized LFE and
controlled with a set of coarse and fine adjust valves (V5 and V, , respective~-
ly). The recycle gas then exits the control box through a 3/8-in. bulkhead
quick-connect fitting. A normally open, 0.281-in. orifice, two-way solenoid
valve (Automatic Switch Co., #8262A152) i~ located at both the total flow
inlet and the recycle outlet. The solenoid valves may be switched closed
while the sampler is in-stack and i{s not sampling; this prevents erroneous
sample gas meter volumes and helps protect the sampling filter from rupture
due to egcess duct r-essures, The sample flow, after the split from the total
fiow, is monitored in a manner similar to that of a standard Method 5 train by
using a DGM and a calihrated orifice. The back-pressure valve (Vg) added to
the sample line is similar to the fine adjustment valves used in the recycle
and total flow lines., The fine adjust valves are 1/4-in. orifice, stainless
steel, angled regulating valves (Whitey #SS-1RF4-A). Tﬁe coarse valves are
stainless steel ball valves with a 0.281-in. orifice (Whitey #SS-44P4).
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2.2.1.1. Plow Metering Devices--
As mentioned above, the total and recycle flows are monitored by using

LFBs. These are differential-pressure flow measurement devices composed of a
stainless steel capillary matrix. The calibration curve of most LPEz approa-
ches linearity over a wide flow range, and accuracy is limited mainly by flow
stability and pressure gauge readability. Pressure drop (AP) across an LFE is
a function of the friction between the flowing air and the walls of the LFE's
capillary section. Because the pressure differential is not produced by a
restriction, such as an orifice, the absolute system pressure does not contri-
bute to the AP-flow rate relationship of an.LFB (at meter conditions). The
total flow LFE should have a rated capacity of at least 1.0 cfm without exces-
sive AP (Meriam Instrument $50MJ10-1/2 type 10). The LPE used to monitor the
recycle flow rate should have a minimum capacity of 0.7 cfm (Meriam lInstrument
$50MJ10-1/2 type 11). During cunstruction, care should be taken to prevent
dust and debris from entering the LFE's capillary section. Any accumulation
of foreign matter within the laminar matrix could seriously affect the accu-
racy and reliability of the device, Periodically, the capsule filter immedi-
ately upstream of the total flow LPE should be inspected for filter integrity,
efficiency, and pressure differential. If the HEPA filter were to rupture,
particulate matter from the pump could enter the LFEs, altering the known
calibration and potentially altering the LFEs' linearity.

The sample gas iy measured and monitored by using an orifice-DGM assembly
similar to that of a Method 5 train., The DGM should have a flow rate capacity
of at least 1.0 cfm and be readable to 0.002 ft3 (Rockwell Series T-100). The
geometry of the sample gas orifice, which connects directly to the outlet of
the DGM, is comparable to that of the Method 5 sample orifice. However,
because of the reduced total flow rate of the PM,, sampler (approximately
0.45 scfm) and partitioning of the flow rate between sample and recycle flows,
the sample orifice for the BGR train requires a smaller diameter to obtain an
adequate orifice pressure drop (AH). Theoretical and empirical determinations
have shown 0.129 in. is a practical diameter for the EGR sample orifice., How-
ever, to ensure effective coverage of the range of possible sample flow.rates,
it is recommended a set of sample orifices be fabricated with the following
diameters: 0.180 in., 0.129 in., and 0.094 in. A shop drawing of the EGR
orifice set is shown in Appendix B, Pigure B-6,
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2.2,1,2. Pressure Monitors--
The differential pressure across the sample orifice i{s monitored by using

one leg of a dual-column, partially inclined, water-gauge manometer (Dwyer
Instruments, Inc., #422~-10). The BEGR system uses a 0-10-in. manometer, with
an inclined range (0.01-in. divisions) of 0-1.0 in. Accurate reading with an
inclined~vertical manometecr requires that the inclined portion of the scale be
at the exact angle for which it was designed. Therefore, the specified mano-
meter must be mounted to allow alignment as indicated by the integral spirit
level. The total and recycle LFE pressure differentials are monitored by
using separate magnehelic pressure aauges. The total flow magnchelic gauge
spans 0-4.0 in. (Dwyer $#2004), and “ne recycle flow magnehelic gauge spans
0-8.0 in. (Dwyer #2008). The absolute pressure at the inlet to the cotal LFE
must be noted 30 that the measured flow rates, total and recycle, can be rela-
ted to tho flow rate at stack conditions. To determine this pres3ure, a
magnehelic gauge with a 0-245-in. range (Dwyer $2025) is used to measure the
pressure at the specified location, relative to ambient pressure., In prac-
tice, the high-pressure tap of this differential pressure gauge is connected
in parallel with the high-pressure tap of the total flow LFE, and the low-
pressure tap is vented to the ambient pressure. The absolute pcessure at the
total LPE can then be determined from the sum of the local barometric pressure
and the measured inlet relative pressure. PFinally, as with a typical Method 5
sanpling system, the second leg of the dual inclined manometer is used to
measure the pitot (stack velocity) differential pressure. All pressure 4dif-
ferential measurement devices are connected to the appropriate pressure taps
with 1/4-in. i.d. Tygon tubing (Satgenq-Welch §~-73€651-KC).

The pitot lines enter the control box through two 1/4-in., stainless
steel bulkhead compression quick-connect tube fittings. The fittings are
coded to distinguish between the high and low pressure lines (red-high,
bluelow). This code combination is maintained on all pitot line tube fittings
from the control box to the probe. A three-way solenoid valve .(Automatic
Switch Co, #8314C21) is installed at the control box inlet to each pitot line.
The solenoid valves can be toggled to pitot pressures or vented to ambient air
for a quick check of the manometer's zero reading. The solenoid valves are
connected directly to the appropriate leg of the dual manometer with 1/4-in.
Tygon tubing. :
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2.2.1.3. Syster Temperature Monitors--

The system temperatures are monitored with type K (Chromel-Alumel) thernm
ocouplea, A multiposition switch (Omega #0SW3-10) allows the operator to
measure all system temperatures with a single digital meter (Owega #199KF).

As a minimum, provisions should be made to monitor the following system

temperatures:
° local flue gas temperature,
° heated recycle gas temperature,
° heated probe temperature,
o mixed gas temperature at total LFZ,
o sample gas temperature at DGM, and
e local ambient temperature.

The thermocouple connections to the control box are made via a multipin,
flanged connector (Omega §MTC-24-FF) for the SRI/BPA prototype EGR systenm.
The pins and sockets of the appropriately compensated metal (Chromel or
Alumel) are also used. The power to the probe heating system is contiolled
through a proportional, 10-A-capacity, temperature controller (Omega
$6102~K-0/500 °P). The controller is wired and mounted according to
manufacturer's instructions., The controlling thermocouple for the probe
heater is housed within the probe assembly, sandwiched between the internal
tubing and the heater tape (described in more detail under Section 2.2.4.
Sampling/Reheat Probe¢). A parallel extensicn from this same thermocouple line
(within the control box) is used to visually monitor the probe temperature.

2.2.2., Condenser/Impinger Train

Because the BEGR systes is typically operated in a Method 17 rather than a
Method 5 configuration, the water dropout portion of the prototype EGR systen
consists of a coiled, stainless steel condenser followed by a drying column,

A layout drawing of a typical BEGR-type condenser is shown in Appendix B,
Pigure B-10. Thé condenser, as well as the required amount of ice, is housed
in sany appropriate, commercially available ice chest. The drying column
should be leak-free and capable of holding 500-600 g of an appropriate
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desiccant (silica gel, calcium sulfate, etc.). Several commercially availakle
drying columns or towers (Sargent Welch #S-28730) are available. Alterna-
tively, a standard Method 5-type impinger train may be used according to
traditional protocol.

2.2.3. Umbilical

As with a standard Method S train, the EGR umbilical consists of
thermocouple, 2lectrical, pressure, and fiow line3 bound into a single cable.
The only significant difference between a standard Method S5 umbilical and thac
of the BEGR system is the addition of another flow line, the recycle gas line.
All flow lines should be fabricated from flexible, durable (abrasive-
resistant) tubing. The inside diameter of the total and recycle lines shouid
be sufficient to avoid significant pressure drop th:oﬁgh the length of the
tubing. The BGR system umbilical uses heavy wall, black neoprene rubber
tubing: 3/8-in. i.d. and 1/8-in. wall (Sargent Welch #5-73655-KF). The pitot
pressure lines may be fabricated from similar tubing of the appropriate size
(Sargent Welch $S73655-KD). Por ease of assembly and disassembly during
testing, it is suggested quick-connect-type tube fittings be attached to both
ends of the umhbilical. Purthermore, for stress relief, 90° elbows are recom-

mended for use on the flow lines at the probe end of the umbilical.

The thermocouple and electrical extension lines within the umbilical are
made from flexible and durable extension wire of the appropriate type.
Although not required, it is strongly recommended that a ground wire be
included in the electrical wires to the probe. The ground wire should be
coupled to the probe and the system ground at the control box (refer to the
Sampling/Reheat Probe section, which follows). The thermocouple and
electrical connections 2t each end of the umbilical may be made by using
individual connectors or a single, multipin connector. 1In either case, the

properly compensated connectors should be used.

2.2.4. Sampling/Reheat Probe

In most respects, the EGR sampling/reheat probe is similar to the
standard Method 5-type probe. As with a Method 5 probe, the EGR probe houses
18



the pitot extension lines and a heat-traced sample line. A stack gas thermo-
couple and probe~temperature-measuring thermocouples are also included in the

probe assembly. Unlike the Method 5 probe, however, the EGR probe also
contains a heat-traced recycle gas line. The sample gas line, referred to as
the total flow line within the BGR system, is fabricated from a single length
of 5/8-in. atainless steel tubing. The recycle line is fabricated from
1/2-in. stainless tubing, and the pitot lines are 1/4-in. stainless steel
tubing. The various tubes are held in place by rigid (weld or silver solder)
attachment to an O-ring-sealed probe cap. The O-ring seal between the end cap
and the sheath prevents particulate material from entering the probe housing,
which would have the potential to create electrical and abrasive problems. A
second, loose-fit, end cap supports the out-of-stack end of the tubing. The
entire probe assembly is housed within a sheath of 2-in. schedule 5 stainless
steel pipe of the appropriate length (the prototype EGR probe sheath is

96 in. long). The 8-ft probe weighs approximately 24 1b.

The heat tracing of the total flow and recycle lines within the probe
sheath serves a Jdual function. As with the Method 5 sample line, the total
flow line is heated to prevent unwanted condensation from occurring within the
length of the probe. The second function of the heated probe is to warm the
recycle gas to stack temperatures o ensure isothermal mixing of the recycle
and sample gases at the .EGR mixing nozzle. The heated recycle gas temperature
is monitored by a thermocouple mounted in-line, immediately upstream of the
BGR nozile (refer to Figure 8). The total and recycle flow lines are heated
by using a single, priportionally controlled heater tape (Cole-Parmer
$7-3107-80) of the appropriate length. The 1,75~in.-wide heater tape is
cupped over both flow lines, spiralling around the tubes several times, and is
held securely in place with glass fiber tape. A controlling thermocouple is
secured to the recycle line directly beneath the heater tape. Unless the
thermocouple is placed in direct cont.act with both the recycle tube and the
heater tape, the system can overheat, causing damage to the assembly. A layer
of 1.0-in. x 0.06-in. ceramic fiber cloth tape (Sargent Welch #S-1210-10D) is
wrapped completely around the heater tape and appropriate tubing to serve as
thermal ingulation for the probe #ssembly. Finally, the insulited, heat-
traced tubing is completely wrapped with glass fiber tape for security and
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protection. The hzated assembly, along with the 1/4-in. pitot exteneica
lines, is then housed within the stainless steel sheath.

The external £low.extension lines (recycle, pitot) and th: specified PM;
sampler are attached to the appropriate probe lines by means of commercially
availadle tube compression fittings (e.g., Swagelok, Parker CPI)., It is
suggested the in-stack fittings be assembled by using stainless steel ferrules
for strength and reusability. However, because it may be desirable to dis-
assemble the prcbe at a future date, Teflon or nylon ferrules are recommended
for all tube fittings on the exit end of the probe, These softer ferrules do
not cause tubing deformation as do the metal ferrules. This preserves the
clearance of the exit probe cap around each tube, allowing smooth disassem-
bly.

It is strongly recommended that the electrical (heater) wires extending
from the probe include a ground wire attached to the probe via one of the end
cap fastening bolts., Electrical shocr%s within the heater tape or stray static
charges from particulate control devices have been known to cause sampling

system interferences and/or damage.

2.2.5. Exhaust Gas Recycle Nozzle

A conceptual design of the stainless steel EGR nozzle can be seen in
Pigure 10. As is shown, the recycled exhaust gas anters the nozzle through a
1/4-in. side entry tube and fills an annular region around the sample inlet
tube. A range of sizes suitable for isokinetic sampling at varying recycle
rates should be available, for example, 0.32 to 0.64 cm (1/8 to 1/4 in.) inlet
diameter. PFurthermore, because inertia tends to causes deposition of particles
in the M, size range in bends, only straight sampling nozzles should be
used. "Gooseneck" or other nozzle extensions designed to turn the sample gas
flow 90°, as in Methods 5 and 17, should rot be used,
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Figure 10. EGR concept nozzle assembly.

Pigure 8 shows the recycle line cf the system contains a "tee” immedi-
ately upstream of the EGR nozzle. The exhaust recycle gas enters the tee
through a short section of 1/4-in. stainless steel tubing, bent as requirced,
which is silver-soldered to .ue branch portion of the tee. The recycle gas
exits the tee via one of the “"run” end fittings, where the tee is directly
connected to the EGK nozzle with compression tube fittings. The second “run®
end of the fitting is 18ed to introduce an open-bead, type-K thermocouple to
the recycle gas stream. By monitoring the temperature of the recycle gas
near the BEGR nozzle, isothermal mixing of the recycle and sample gases can be
more easily ensured. It is suggested the extension 'sire for the recycle
thermocouple, as well as the stack gas thermocouple, be contained in a
bDraided (stainless steel) sheath for abrasion resistance and durability.
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The exhaust gas recycle concept has been appliefl to a single-stage M,
cyclone sampler of a specific geometry. This manual gives specific instruc-
tion foc this device but does not preclude other cyclones. Before any cyclone
is used as a PM); sampler, its performance must be characterized to derive the
relationship for the flow rate giving a 10-ym size cut and to verify that
performance, including the nozzles, satisfies minimum requirements.

2.2.6.1 Performance Determination for P, ~y/clones--

To determine that a given cyclone meets the requirements for use as a
™, device, the performance determination procedures outlined in the
following text must he performed. The objectives of these procedures are
twofold: (1) to calibrate the cyclone (i.e., establish the relationship
between collecticon efficiency, flow rate, gas viscosity, and gas density for
the given device) and (2) to determine that cyclone performance satisfies the
performance specifications with the sampling nozzle geometry used in

practice.

Particle generation--The particle generating system used fo~ the

per formance determination of the sampler must be capable of producing solid,
monodisperse dye particles with mass median aerodynamic diameters ranging from
5 to 20 ym. The geometric standard deviation (og) for each particle size
should not exceed 1,1, Purthermore, the proportion of multiplets and
satellites should not excead 108 by mass.

The size of the solid dye particles delivered to the test section of the
wind tunnel should be established by using the operating parameters of the
particle generating system. This should be verified during the tests by
nicroscopic examination of samples of the pacrticles collected on a memhrane
filter. The precision of the particle size vetiticqtion technique should be
0.5 um or better, and the particle size determined in this manner should not
differ by more than 108 from that established by the gsystem operating para-

meters. .
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The monodispersity of the particles should be verified for each test by
either microscopic inspection of particles collected on filters or monitoring

techniques such as an optical particle counter followed by a multichannel
pulse height analyzer. It is preferable that verification of acceptable
particle size distribution be performed on an integrated sample obtained
during the sampling period of each test. As an alternative, samples obtained
before and after each test may be used to verify the size distribution,

To deternine cyclone behavior as a function of gas conditions, “he
system must be operated at a range of temperatures. The dye particles must
withstand temperatucres Zrom 22 °C (70 °P) to 220 °C (400 °P) without signifi-
cant change in size, density, or spectral properties in solution (associated
with measurement of collected particulate cass). Ammonium fluocrescein
(available from a number of sources) has been shown to meet these require-
ments for temperatures up to 350 °P and Pontamine Past Turquoise 8GLP (avail-
able from E.I. DuPont de Nemours and Company) has been shown to meet them up
to 400 °P (Smith et al., 1979). However, the thermal integrity of each dye
batch should be verified.

The requirements of the apparatus for heating the monodisperse dyu aero-
sol are illustrated in Pigure 11, A pump with an orifice or other flow meter
is used to obtain the test flow rate through the cyclone. The combination of
absolute filter/bleed valve allows excess aerosol to escape or additional air
to enter as needed., The aerosol stream from the generator passes through a
copper tube heated to attain the test temperature. The heat transfer rate
and uniformity of heating should be sufficient for the aerosol to attain the
test temperature but should not cause the temperature of any interior sur-
faces to rise above the temperature used for verifying the integrity of the
dye. The inlet tube to the cyclone must have the same inside diameter as the
inlet diameter of tha cyclone. This tube must be cleaned between runs and
blanks performed to check for possible effects of reentrai:ment of prrticles
which accumulate on its interior. The sample port is necessary to collect
and exanine heated particles for cocrrect size, color, and shape for each
measurenent run,
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Figure 11. Calibration systam for heated aeroso!s.

Nind tunnel--A portion of the collection efficiency tests must be
performed under isokinetic sampling conditions in a wind tunnel or similar
apparatus so that the effect of the sampling nozzle on the cyclone perfor-
mance may be determined. This apparatus must be capable of establishing and
maintaining (within 108%) velocities ranging from 7 to 25 m/s.

The velocity of the wind tunnel gas stream in the vicinity of the samp-
ling nozzle should be mer "ved by using an appropriate technique capable of a
precision of 5% or better ond of a spatial resolution of ! cm or less (e.g.,
hot wire anemcmetry or miniature pitot tubes). The velocity should be con-
stant within 10% over the inlet 2rea of the largest sample nozzle to be used

with the PM,, sampler. If the sampler obstructs mor2 than 108 of the wind
tunnel cross-sectional area, the velocity uniformity must be demonstrated by

velocity measurements with the sampler in position and operating.
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Por each efficiency test, the gas stream velocity should be determined
at the beginning of each test and maintained within 10% of the set value by

using a suitable monitoring technique with precision better than 58,

Cyclone calibration--To achieve the first objective of the performance

determination (establish the relationship between collection efficiency, flow
rate, and gas conditions) the following procedures should be followed.

The operator shguld establish operation of the particle generator and
verify particle size microscopically. If monodispersity is to be verified by
measurements at the beginning and end of the measurement run rather than by
an integrated sample, these measurements should be performed at this time.
Plow should be initiated through the cyclone at the test value after stable,
correct operation of the generator is established. The operator should sample
long enough to obtain +5% precision on total collected mass as determined by
orecision and sensitivity of the measuring technique. Immediately after
ccapletion of sampling, the size of the aerosol particles should be verified

microscopically.

The sampled particulate mass is determined by a suitable technique
(fluorimetry or absorption spectrophotometry for ammonium fluorescein). The
mass collected in the nozzle, PM,, sampler body, ™, sampler exit tube, and
backup filter (nnoz' M,

san’ Mer’ Meqy
Bach separate surfuce must be rinsed with an adequate amount of an appropri-

» respectively) is determined separately.

ate solvent to dissolve the collected dye particles, and care must be taken
not to contaminate the rinses with dye from other surfaces. Sufficient
solvent must be added to each rinse until the rinse volume is suitable for
measurement or calculation. It is suggested that the mass of dye in the
rinses be determined from spectroscopic ¢k, fluorescence measurement by using
appropriate blank and standard solutions for reference and quality control,

The total (nozzle and sampler) and sampler-only collection efficiencies (gto
and Bsan) may be calculated from the following equations:

t

'co: = 100% x (Hnoz + Hs‘n)/(ﬂnoz + ﬂsan + uet + "til’ (2~1)
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BS’I = 100% x Hsm/(nsm + Hét + Mfil) (2-2)

At least two replicates of the above steps should be performed,

The average efficiency should be calculated and recorded as

n n
By = n B =T n (2-3)

where Btot(i) and Baam(x) tepresent individual Etot and Baam values and n

equals the number of replicates.

The standard deviation (S) for the replicate measurements should ce calcu-
lated and recorded as '

n n 0,5
I B) - (] Bti))%/n
g = i=1 isq (2-4)
n-1

where E(i) represents Btot(i) and Bsan(x).

Por n =2, S = [E()) - B(2)]1//2. 1f the value of S for Ecot exceeds 10% of

Bt' the test run must be repeated.

The size cut, Dgo, of the cyclone is established by either of two sets
of measurements, In one set, operating conditions are adjusted to obtain a
collection efficiency, 88, of 50 5% for a single particle size. Three
replicate cuns should be performed with the actual particle size for each run
within 5% of the average value., In the other set, Bs is measured with at
least three particle sizes at the same operating conditions, and linear
interpolation in log-probability space is used to determine the D;5. In the
latter set, the measured Bs values must be between 20 and 80% and include
values both belcw and above 50%.
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Py _Flow rate--To determine the empirical relationship between PM,, flow
rate and gas conditions, the D;, determination described above must be per-

formed for at least three temperatures. The Dgg's must be between 5 and 15 um
and measured at temperatures within 60 °C (108 °P) of the temperature at which

the cyclone will be used. In addition, one of the measured D5;'s must be 10 t
0.5 um.

Linear regression analysis is used to determine the relationship between

the dimensionless parameters Y5, (= 0.5 Stksg) and Re, where Stkgy is the
Stokes number giving 508% collection and Re is the Reynolds number of the gas
entering the cyclone.

4Q
Yoo ™ 0.5 St = p_ 2 . (2-5)
50 *s0 = Pso” (oo
and
40Q
Re = Tpd (2-6)
where Q = gas 216w rate through the cyclone at the inlet conditions

¢ = gas viscosity
d = diameter of the cyclone inlet
p = gas density at the cyclone inlet

With the substitution of Dg, = io um into the resulting relationship, the flow

rate for PM;, measurements is predicted as a function of gas conditions.

Determination of cyclone/nozzle collection efficiency--Because the

cyclone and sampling nozzles are used as a unit in actual sampling situations,
it is necessary to establish that the nozzles do not perturb the particle
sizing characteristics of the cyclone as determined by the calibration proce-
dures discussed previously. To do this, collection efficiency tests should be
pecrformed for the cyclone/nozzle unit by using the particle diametecrs and gas
velocities shown in Table 1. Por the appropriate P"lo sampler flow rate, the
operator should determine the nozzle size appropriate for isokinetic sampling
in each of the three velocity ranges shown in the table. If more than one
nozzle is suitable for a range, the larger nozzle may be chosen,
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TABLE 1. PARTICLE SIZES AND NOMINAL GAS VELOCITIES FOR
EPPICIENCY PERFORMANCE TESTS OF CYCLONES

Target Gas Velocity (m/s)
Particle Size (um)a 7% 1.0 15 ¢ 1.5 25 * 2.5

wn
+

0.5

~
i+

9.5

10 £ 0.5

i+

14 1.0

20 £ 1.0

-

%Mass median aerodynamic diameter.
Rumber of test points (minimum of two replicates for each
combination of gas velocity and particle size): 30.

After the three nozzle sizes have been determined, the first airstream
velocity to be tested in the wind tunnel should be established and verified
as described previously. The particle generating system should then be star-
ted and the particle size distribution verified. The particle size, as
deternmined by the system operating conditions, must be within the tolerances
specified in the table. The operator should begin sampling by establishing
the flow rate required for a 10-um DBO in the cyclone. .

At the completion of the runa, the total and sampler-only collection
efficiencies (Btot and gsam) should be determined from equations 2-3 and 2-4.
Por each of the three qas strean velocities tested, the average Bt and Es
should be plotted as functions of particle size (D). Smooth curves should be
drawn through all sizes used. The Dyp for E; should be defined as the diame-
ter at which the B’ curve crosses 508 efficiency.
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2.2.6.2 Performance Specifications for PM;, Cyclones--

The performance specifications for a P"lo cyclone are shown in Table 2.
To be acceptable for use, the ng for the sampler (determined from the Bs
curve as described previously) must be 10 *+ 1 ym. In addition, all data
points used to determine the Bt curves for each of the gas stream velocities
tested must fall within the banded region shown in Pigure 12, The portion of
the acceptance envelope corresponding to large particles is bounded by a
vertical line at 12 ym, a horizontal line at 90% efficiency, and a lognormal
function (oblique line) with geometric standard deviation (ag) of 1.7 and 50%
efficiency at 12 ym. The boundary at small particle sizes has a vertical line
at 8 um and horizontal lines and lognormal functions which vary between three
ranges of gas stream velocity. These horizontal lines are at 10, 20, and 30%
efficiency, respectively, with increasing gas velocity. At the lowest range
of velocity the lognormal function has og of 1.7 and 508 efficiency at 8 um.
Por the two higher velocity ranges, the lognormal functions have 55% effi-
ciency at 8 pa and values of ag of 2 and 2.9, respectively, with increasing

gas velocity.

TABLE 2. PERFORMANCE SPECIFICATIONS FOR SOURCE PM;, SAMPLERS--CYCLONES

- ——

Par ameter Units Specification

1. Collection Efficiency L} . Such that collection efficiency
falls within envelope specified
in Pigure 12

2, Sampler 50% cut point um 10 £ 1 ym aerodynamic diameter
{Dgg)
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Figure 12. Efficiency envelope for PM 40 sampler.

2.2.6.3 Recommended P"lo Cyclone Sampler-~

The MM, , sampler specifically described in this manual is the commer-
cially available version of Cyclone I, the first stage of the SRI/EPA five-
stage ( :ries cyclone (Smith et al., 1979). The cyclone is available in a
variety of outer dimensions and styles from different commercial sources. The
critical inner dimensions, however, are standardized to the original design
parameters, as can be seen in Pigure 13. The EGR sampling nozzle is attached
to the stainless steel cyclone body with a flange plate or straight pipe

threads. Laboratory calibrations (Parthing and Williamson, 1985) have shown
Cyclone I produces a 10-um fractionation at a flow rate of approximately 0.5

dscfm; the precise flow rate depends on local stack conditions.
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CYCLONE I DIMENSIONS
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Figure 13. Cyclone | dimensions.
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SECTION 3
CALIBRATION

As in Method 5 or Method 17, calibration of specific components of the
EGR sampling system is required. A notebook or other record should be kept of
all calibration data pertinent to each EGR system. This record should contain
the complete calibration history of each .device requiring such service (i.e.,
flow metering devices, pitot tubes, nozzles, thermocouples, and magnehelic
gauges). A separate record may be desirable for support equipment such as
balances and field barometers, which are not directly connected with the EGR

system.
3.1. PLOW METERING SYSTEM

The best calibration of a flow nmetering device is achieved when the
calibration data are restricted to the range of expected use. The defined
Method 5 flow raite of 0.75 dscfm provides a finite range of flow rates over
which the flow metering system should be calibrated. However, the M;o flow
rate depends on the characteristics of the sampler used and cannot be easily
defined as a single value. This makes defining a calibration range for the
flow metering devices difficult at best. For the purposes of this manual, the
PM,, flow rate at typical meter box conditions is assumed to be 0.50 acfn.

Por EGR sampling, the /range of potential sample flow rates then becomes 0.1 to
0.5 acfm. The investigator must determine the applicability of these flow

ranges to his particular systen.

The four flcw metering devices of the EGR system (dry gas meter, sample
orifice, total LFE, and recycle LPE) should undergo a stringent laboratory
calibration prior to field use. Thereafter, the calibration should be checked
after each test series. This calibration check procedure ensures that the
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calibration parame=ers assigned to the flow metering devices are still valid
without requiring the level of effort of the initial calibration. Should the

results of the calibration check fall outside acceptable limits, the flow

metering device in question should be recalibrated by using the initial cali-

bration procedure.

A leak check of the flow metering system should be performed before

calibration. The leak check of the vacuum (negative pressure) system should

be performed according to the following procedure:

1)

2)

3)

It
must be

turn on the pump, close the recycle valves, and completely open the
total flow, fine-adjust valve;

plug the sample inlet of the control console, and adjust the total
flow, fine-adjust valve until a vacuum of 25 in. Bg is achieved;
observe the gas meter reading for 1 min.

the gas meter registers a leak rate in excess of 0.005 cfm, tnhe leaks
found and corrected until the above specifications are met.

The positive pressure side of the system should also be leak checked,

from the vacuum pump to the sample orifice and recycle outlets, according to

the following procedure:

1.

2.

3.

4.

8.
6.

7.

open the recycle valves and close both the total flow, coarse- and
fine-adjust valves;

plug the vacuum pump exhaust at the inlet to the control coasole (if
a quick disconnect with a leak-free check valve is used here, a plug

- will not be needed;

plug the recycle gas outlet;

place a one-hole rubber stopper with a tube through the hole in the
outlet of the sample orifice.

attach letéx or similar tubing to the tube;

blow into the tubing until a pressure of approximately 20 in. A,0 is
registered on the total LFE inlet pressure magnehelic gauge;

observe the gauge reading for 1 min,
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If a loss in pressure occurs, a leak(s) is present in the system. All
leaks should be corrected before calibration.

A calibrated wet test meter or any other such calibration standard should
be used to calibrate the EGR flow metering system. The outlet of the calibra-
tion standard should be connected to the sample inlet of the control console.
Before the calibration is started, the EGR vacuum pump should be run for 15
nmin with the orifice meter AH set at approximately 0.5 in. 820 to allow the

" pump to warm up and to wet the interior surface of the wet test meter.

Calibration of the EGR flow metering system must be performed in two
gepacate steps, the second step being the calibration of the recycle systenm
components. Calibration of the dry gas meter, sample orifice and total flow
LPE should be performed as follows:

1) <close the recycle valves and open the back-pressure valves

2) perforn the calibration as required in'EPA Reference Method 5
for a range of orifice AR settings: 0.5, 1.0, 1.5, 2.0, 3.0,
and 4.0 in. B, 0 (the ainimum wet test meter volume for each run
should be 5.0 ft3, except for the two lowest flow rates where
a volume of 3.0 ft? is acceptable).

3) record the total LFE pressure differential, inlet pressure, and
tenperiture, in addition to the data requested in Method 5.

To efiectively cover the range of possible sample flow rates, a set of
orifices is recommended. Suggested orifice diameters are given ih Section 2,
Calibration of the compléte gset should be performed before testing. Por each
orifice, the calibration procedure should be performed by using the AH get-

tings listed above, neglecting those that fall outside the sample flow range
described previously.
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The recycle LFE snould be calibrated as follows:

1) open both recycle valves and close the back-pressure valve;

2) perform the calibration procedure for recycle AP values of 0.5, 1.0,
1.5, 2.0, 3.0, and 4.0 in. H,O (the minimum wet test meter voluxe fou
each run should be 3,0 fti);

3) record the recycle LPE pressure differential, inlet pressure, and
temperature, as well as the wet test meter volume, temperature and

calibration run time.

The calibration constants for the dry gas meter and orifice (y and AH®,
respectively) should be calculated as outlined for Method 5. The behavior of
the total and recycle LPEs may be best described by the equation

v
Q=38P (-3X) + w (3-1)
82

where Hop = viscosity of standard air (180.1 micropoise),
uL = yiscosity of sample gas (micropoise), and
8,W = linear calibration constants.

The calibration constants S and W may be obtained by plotting the calibration
data points and determining the best-fit line. A linear regression on the
data is another alternativa,

A calibration check should be performed on all of the flow metering
devices after each field test series, The posttest calibration check should
consist of three calibration runs at a single orifice setting. This orifice
setting should be representative of the orifice settings used during the field
test. The run procedure should be the same as described for the initial
calibration of the dry gas meter, orifice, and total flow LFE. At the end of
each tun,

1) record the final wet test meter and dry gas nmeter readings,

2) restart the pump without changing the total flow settings,

35



3) open both recvcle valves and close the back-pressure valve,
4) record the pressura differential across the recycle LFE,

If the dry gas meter calibration factor, v, deviates by less than 5% from
the initial calibration factor, then the calibration constant assigned to the
meter is still valid. If the posttest calibration check yields a calibration
factor outside this limit, the gas meter should be recalibrated by using the
initial calibration procedure.

The average vressure drops across the sample orifice, total LFE, and
recycle LPE recorded during the calibration check should be compared with
those obtained frcm the calibration equation for each device. 7%he AP is cal-
culated from the calibration equation by using the wet test meter flow rate
corrected for temperature and pressure at c¢ach of the devices. If the
recorded APs vary from the calzulated values by more than 10%, the flow
metering device should be recalibrated.

If either the dry gas meter or total flow LPE requires recalibration, for
the purposes of data reduction, use whichever coetficient (initial or recali-
brated) yields the lower gas meter volume and higher cyclone flow rate.

3.2. PITOT TUBE

The construction, configuration, and calibration specificationc outlined
in EPA Reference Method 2 (U.S. EPA, 1977) should be applied to the EGR pitot
‘tubs. The pitot tube should be located at the side of the nozzle furthest
from the axis of the PM), sampler. To check the pitot tube for leaks, one end
of the tube should be plugged and a positive pressure applied at the opposite
end, If the tube will not maintain pressure, a soap solution can be used to
identify the location of any leaks. The EGR pitot tube is calibrated by
measuring the velocity pressure, AP, at the same point within a cross-section
of a straight run of ductwork with a s*andard pitot tube and with the S-type
EGR pitot tube for a desired ranqge of gas velocities., The EGR pitot tube
should be calibrated as used; that is, rthe complete sampler assembly should de
used in pitot tube calibration determinations. The BEGR pitot tube should be
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calibrated twice, as recommended in Method 2, with the direction of the legs
reversed during the second calibratrion. Por each velocity, determine a pitot

tube coefficient as
172

AP
STD
C = 0.99 3-2
> =0 ) (3-2)

where cp EGR S-type calibration cc- fficient, dimensionleac;

0.99 = cP value for standard pitot tube, dimensionless;

APSTD = yelocity pressure drup of standard pitot tube,
inches of water; and
APEGR = velocity pressure drop of EGR S-type pitot tube,

inches of water.

The average value of C_ for each direction over the range of velocities used
should be calculated.

3.3. EGR NOZZLES

The EGR .0z2zles are calibrated in the following manner:

1) use a micrometer to measure the inside diameter of the EGR nozzle to
the nearest 0.001 in.;

2) make four separate measurements by using different diameters each

time and obtain the average of the measurements,
The largest deviation from the average should not exceed 0,004 in, It

the variation is more than 0.004 in., the rorizle should be reshaped and
recalibrated.
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3.4. THERMOCOUPLES

The thermcocouples used to measure the various temperatures withi.. the EGR
sampling train (Chromel-Alumel; type K) should be checked for proper calibra-
tion before inatallation in the system. A two-point calibzetion check with an
ice bath and a boiling water bath should be performed as cutlined in EPA
Reference Methed 2. If any individual thermocouple does not produce a reading
within 3° of the expected value, it should be replaced with another thermo-
couple of the same type. If all thermocouples show a bias, the readout should
be adjusted or recalibrated according to the manufacturer's prucedure,

3.5. MAGNEHELIC GAUGES

The calibration of the magnehelic differential pressure gauges should be
checked before field use and periodically thereafter to prevent invalidation
of test data. Before its calibration is checked, the magnehelic gauge should
be zeroed by using the external zero-edjust screw., A calibration check is
performed by comparing AP values, as read from the magnehelic gauge, with
those from an inclined manometer at a minimum of three points, The AP values
read from the magnehelic gauge should not deviate from the inc’ined manometer

readings by more thsn S% at any point.
3.6. SUPPORT EQUI™ ZaT

The field burometer should be adjusted initially and before each test
series to agree with a standard (a mercury-in-glass barometer ocr the pressure
reported by a nearby National Weather Service station) to £0.1 in. Hg.

The calibration of all balances to be used during a test series should be
checked initially with Class-S weights. Trip balances should be within $0.5 g
of the standard. Analytical balances should agree to t2 mg 'f the standard.
Balances that fall to meec these criteria should be adjusted or returned to
the manufacturer.
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SECTION 4
PRESAMPLING ACTIVITIES

Preparation of the EGR sampling system for field use requires much the
same effort as preparation for Method 5 or Metaod 17 sampling. Some type of
pretest calibration or operation check is necessary for most components of the
system. This is also true of supporting equipment such as analytical bal-
ances. Sampling reagents also require preparation before field use. In
several cases, the presampling activities described below are very similar to
or the same as those required for Method 5.

4.1. BQUIPMENT CALIBRATION AND CHECKS

All BEGR sampling nozzles should be inspected for damage and repaired
where necessary. The nozzles should be cleaned with tap water, deionized
water, and finally acetone. The dimension of the inside diameter of each
nozzle should be determined to the nearest 0.001 in. as described in Section 3
of this manual. The knife edge of the nozzle should be protected during ship-
ment by serum caps or similar covers.

The PHW sampler and filter holder should be ultrasonically cleaned with
tap water and rinsed with deionized water. After a final rinse with acetone,
the sampler assembly should be allowed to air dry. An adequate supply of
viton or silicone rubber O-rings should be available for replacement of worn

O-rings in these devices.

The openings of the pitot tube should be inspected for damage such as
dents or nicks. A check should also be made for proper alignment. The two
legs of the pitot should be in a straight line so that the opening of one leg
is directed 180° from the other. 1If damage or misalignment is evident, the
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pitot tube should be repaired or replaced. 1If repairs are made, the pitot
tuce should be recalibrated, as described in Section 3.

All lines of the EGR probe, including the recycle and pitot lines, should
be cleaned before field use. The lines should be cleaned internally by rins-
ing, first with tap water, then deionized water followed by acetone. The
lines should be rinsed a final time with acetone and allow to air dry. The
probe heating system should be checked for proper operation. If problems are
encountered, the operator should refer to Section 10 of this manual for

troubleshooting guidelines.

The water dropout system (condenser and drying column) should be checked
for leaks. The condenser should be cleaned with deionized water and rinsed
with acetone. The condenser should be inverted to ensure total drainage and
allowed to air dry.

The gystem flow metering devices (dry gas meter, orifice, total LFE, and
recycle LFE) should have zppropriate calibration factors assigned to them, A
pretest calibration check, performed with the procedure outlined for posttest
calibration checks in Section 3, is recommended to ensure the calibrations are
still valid. Although pretest calibration checks of the flow metering devices
are not required and do not take the place of the posttest checks, they are
useful for detecting problems before field use. Such a pretest calibration
check is strongly recommended if the system has not been used for some time,

It is recommended, but not ;equired, that the calibration of the magnehe-
lic pressure differential gauges be checked prior to field sampling. As with
the flow metering system, this is strongly suggested if the system has not
been used for an extended period of time.

All system temperature sensors (thermocouples, temperature gauges, etc.)

should be checked against a mercury-in-glass thermometer at ambient tempera-

ture,
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Pinally, it is recommended that a leak check of the complete system be
performed before it is shipped to the field. The system should be assembled

from the probe (it is not necessary to include the BGR nozzle or ™, sampler)
to the control console. The probe should be capped and the system leak-
checked at 15 in. Hg vacuum. Leak check in excess of 0.02 cfm should be
corrected, BRach leg of the pitot tube, including the umbilical lines and the
differential pressure gauge, should be leak-checked.

4.2. PREPARATION OF SAMPLING REAGENTS

Used silica gel should be regenerated by drying at 350 °P for 2 h. New
silica gel may be used as received. Several 200- to 300-g portione may.be
weighed in airtight contain.rs to the nearest 0.5 g. The total weight for
each container should be recorded., As an alternative, the silica gel may be
weighed in the drying column at the test site.

Pilters should be desiccated and weighed as required for EPA Reference
Method S. To prevent the loss of filter cake, it is recommended that aluminum
foil envelopes be made to enclcse the filter. If used, these envelopes should
be desiccated and weighed with the filter.

Aluninum foil envelopes can also be used to collect the M, cyclone
catch. These foil envelopes should be uniquely identified, desiccated, and
weighed in the same manner as the filters.

Acetone for sample recovery should be reagent grade with less than 0.001%
residue. Acetone blank determinations to ensure residue levels are acceptable

may be male beicre field use or as part of sample recovery.
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SECTION 5
SAMPLING PARAMETERS

During Method S5 sampling, the operator mus: be able to convert the
velocity pressure and stack temperature at multiple traverse points into the
sample flow rate needed to maintain isokinetic sampling. This flow zate is
then translated to a pressure differential across the sample orifice which the
operator can adjust. There are a variety of methods (nomographs, hand calcu-
lator programs, etc.) for Aocing this in a few simple steps.

Isokinetic sampling must also be maintained with the EGR system. How-
ever, the EGR system introduces complications in the form of additional flow
rates that must be monitored in the same manner as the sample flow rate. This
section describes two methcds for accomplishing this objective. The first
method described provides an exact solution to the governing equations. The
multiple iterations required to obtain this solution have prompted the deve-
lopment of the second method, an approximate solution to the equations that
avoids the necessity of iterations,

5.1. PRELIMINARY MBASUREMENTS

Before the appropriate sampling parameters can be calculated for the EGR
system, some type of preliminary determination of the stack gas conditions
must be made. Stack temperature and velocity profiles of the sampling plane
may be obtained from Method 2 data. This information is necessary for the EGR

setup ‘and nozzle selection calculations Aiscussed later in this section.

The concentration of the primary stack gas constituents (i.e., oxygen,

carbon dioxide, nitrogen, carbon monoxide, and water vapor) may be determined
¥
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from Method 3 and Method 4 data. With this information, the gas dry and wet
molecular weights (M) may be determined from the following equations:

"d = 32(f°) + 44(fc) + 28(1 - to -‘fc’ (5-1)
- + -
Mw - Md(1 Bws) 18 B's (5-2)
where B“'s = the water fraction.

It may be necessary to perform additional methods in cases where the stack gas
composition is influenced by gases other than those listed above. PFor
example, when sampling gases from a high-sulfur source, Method 8 should be

performed to determine the percentage of H,SO, present in the gas as vapor and
the acid dew point.

The viscosity (u)of the flue gas can be determined by the equation
(Williamson et al., 1983)

u=C +CT+ c3T2 + C“B's + csto {5-3)

where y is in micropoise, T in °C, and
c, = 160.62
C2 = 0,.42952

C; = 1.0483 x 107"
C, = 74.143

Cs = 53.147

or for T in °R

1 ® 51.05

= 0,207

- 3,24 x 10°5

74.143
53,147

O

0 L S LG
[}
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This equation fits data (with a standard error of 0.98 bicropoise) for
combustion gas of arbitrary composition in the range 0-350 °C, 0-70% moisture.
This equation was generated by SRI personnel from large "data banks"™ of visco-
sities calculated by the more rigoroue algorithm of Wilke (1950). Pinally,
the location of the traverse points should be determined as outlined in
Method 1. '

5.2. BEGR PLOW RATES

The flow rates of interest in the EGR system are the sample flow rate
(Qs)' total flow rate (Qt" and, of secondary interest, the recycle flow rate
(Qr)' At each point of a sample traverse, these three flow rates must be
deterained and then converted to pressure differentials across the appropriate

flow metering device.

The sample flow rate may be determined in the same manner as in Method S
from the equation '
nd 2
n

Q. = 2 Vs (5-4)

The total flow rate through the ™, sampler is, in principle, fixed by the
characteristics of the sampler. Por SRI/EPA Cyclone I, the flow rate equation
for a 10-um cut diameter takes the form

Mp =0.2949

Q = 0.002837 ¢ ‘; g u (5-5)

t 8

Unfortunately, equation 5-5 cannot be solved in a straightforward manner
because the wet molecular weight and viscosity terms are dependent on the
ascunt of moisture in the total flow. This carnot be easily determined
because the total flow through the cyclone is a mix of sample gas (with a
known moisture fraction) and recycle gas (dry). Solution of this equation
requires iterations of Qt until a desired resolution is achieved. Once Qt has
been determined in this manner, the recycle flow rate may be calculated as the
diffecence between the total and sample flow rates.
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As an alternative to the solution described above, an approximation may
be made that avoids the necessity of iterations on Qt' Such an approximation
may take several forms. Of primary importance is the accuracy of the approxi-
mate solution over the range of potential sampling conditiong. The total flow
approximation discussed below agrees with the exact solution of the equation
to 18 for stack temperatures ranging from 100 to 500 °P and stack gas

moisture up to 508%.

During a sample traverse, the total flow through the M, sampler at any
given time is a mix of moist sample gas and dry recycle gas. Pirst, Q' is
defined a3 the M, sampler flow rate when the total flow is composed entirely
of sample gas with a known moisture fraction (zero percent recycle). At the
other linmit, Qd is defined as the M, sampler flow rate when the total flow
is composed entirely of dry recycle gas (100% recycle). Qt must fall some-
where between these two extremes. A linear interpolation between Qw and Qd
provides an approximate solution for Qt' which takes the form

9,

5.3. TARGET PRESSURE DIFFERENTIALS (AH, APt, APt)

When all three flow rates have been determined, the pressure differen-
tials across the flow metering devices must be determined for each flow rate.
The sample orifice AH may be calculated in the same manner as in Method 5.
The pressure drop across the total and recycle LPEs may be found by using the
calibration equation, corrected for local conditions, presented in Section 3.

For the total flow LPFE,

3} P T W
L 1 8 M t

AP = (& 5= = @ -038 ) - —] (5-7)
t Mo 8t PL T t s ws 8

45



Similarly, for the recycle LFE,

=
L]
]

1 8 M
p == g o Q-9 -

{5-8)
st %t "L s

Although an exact solution of equations 5-7 and 5-8 could be obtained
iteratively, it is only necessary to utilize the approximate solution for Qt.
Using the approxim solution given in equation 5-6, the term of interest in

equation 5-7 is

Q (Q, -Q)
2 .84 v _
Q - QB * Y Q, QuBs
Qd '
2 - — - -
20, -Q, (= + B, 1) (5-9)

Q,

Prom the flow rate equation for the PM,, samplec (equation S5-5) and the
definitions given previously, we can obtain equations for Qw and Qd'

Mp -0.2949
Q = 0.002837 ( ; ) " (5-10)
-]

M p =0.29u49

d's
Qd = 0,002837 ¢ Ts )

Ve (5-11)

where u' is the sample gas vigcosity and u, is the recycle gas viscosity.

|
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Taking the ratio of these two flow rates and simplifying

Q M -0,2949 u
2 - (22) 4 (5-12)
w

Q' u

w

By solving M' and , in terms of M. and y . and substituting into the

a 4
above equation

Q

La1-8 00-1%) (5-13)
Q ve My

0,2949 Ya ]

ug - 74. "33118

Performing a binominal expansion on the first term of this equation
yields

18.,0.2949 . 18
(1-8,0 ‘i;)] 21 4+0.2949 [-B__(1 -.,c)] (5-14)

After substituting into equation 5-13 and simplifying, we have

18
o, [a“ My (1 - 0.2949(1 - i; )) + 74.143 B, (1 - a“)]
- (5-15)
e, g - 74.143°B__

Pinally, to obtain the pressure differential across the total flow LPFE,

which corresponds to total flow, Qt' in the PM,, sampler, we apply the equa-

tions for Qa (equation 5-4), Qd (equation 5~11), and Qd/Qw {equation 5-12) to

equation 5-15, The result is the expression for APt shown below:

K K, K u, W
1 3 — Lt
AP = - /BT - (5-16)
t 0.7051 — vel T80.TS
st('r’) st/'rsnw t

47



where -

K, = 1.5752 x 10-5
P M _0.2949 4
L
0.1539 "1LTw3n Cp
xz - . Mqn /-P_
P, 8
[B_w (1 - 0.2949(1 - 18y 941438 (1 -8 )]
ws 4 Hd ws ws
K, =

Mg - 74.143 Bus

Taking a similar approach for the recycle LFE pressure differential, we
see that the term of interest in equation 5-8 is

Qt -

Applying che Qt approximation,

d
Qacy ~ % Q) (5-17)

Pollowing the steps discussed previously to determine APt, the equation for

APtbecomes
AP = i 2% e T 5 “ (5-18)
T .0,7051 vel B
s (T, s /T, 180.1 S,
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where
u.P_ p0.7051

K, = 1.5752 x 10-5 =% _8 a
P M 0.2949
a
u T4 2c
K, = 0.1539 ——2-EF /7
L

'}

- 4
K, = Mw-O.ZObl Md 0,2949 (u )

a- 74.‘!438"'8

Although equations 5-16 and 5-18 appear cumbersome to use, several of the
terns represented are constants, or essentially so, over the time span of a
s.apling traverse. Some preliminary calculations can, therefore, reduce these
equations to much simpler functions. These, in turn, can be used by the oper-
ator to calculate the target pressure differentials for the flow metering

devices at each traverse point.

The worksheets shown in Pigures 14 through 16 were developed for this
approach to the EGR setup calculations. The target value for sample orifice
AR is obtained in Pigure 17 by using the standard equation from Method 5. The
total and recycle flow LFE pressure differentials are deternined by the
approximate solutions shown as equations 5-16 and 5-18, The worksheets deter-
mine simplified equations for AH, AP:' and AP: such that

AH = A AP
o vel

A A -B YA
Pt - t t Pvel .

AP » A +B /AP
4 4 [ 4 vel
In addition to the worksheets, a program for the Hewlett Packard Calculator
HP41C® has been written that takes this same approach to the EGR setup calcu-

lations. A listing of the program is included as Appendix D of this manual.
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Barometric Pressures, P in. Eg =
Stack Differential Pressure, D
Average Stack Temperature, T

Meter Temperaturs, T, ‘R =

Gas Analysis:

c

wat

EGR WORKSHEET I

ORIFPICE AH

Stack, in. azo -

P

s R=

Yraction, £ =
Praction, £ =

er: Praction, B" -

Calibration Data:

AH

=Py + Eyyrp— =

Noz

zle Diamecer, 4_, in. =

Pitot Coefficient, Cp - .

AB' «

44(2) + 32(L) + 28 (1 - £, £ ) =

My (-

Bws) + 18(3“) -

D, Stack

846.72 4

Ao M’vol

My Ty Pg

4 2 2
n' 8Hg €p7 (1 = By e

Figure 14, EGR setup calculation worksheet I: orifice AH.
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EGR WORKSHE®RT II

TOTA. LOW LFE AP

Barometric Pressure P,, in. Bg =

Stack Differential Pressure, t)P Stack, in. azo =

Average Stack Yemperature, T,, ‘R =

LPE Tesperature, Ty, ‘R'=

Gas Analysis:
(:t)2 Praction, £_ =
Praction, £ =
Water FPraction, B,g *

. Calibration Data:

Nozzle Diameter, 4_, in. =
Pitot Coefficient, Cp =
- ]
t
't -

x
[+
[ ]

A4(2) ¢ 32(L) +28(1 - £, - £) =

Mg (1 - Bg) + 18(B,g) =

‘F

D, Stack

Pg =P, + Bygp— =

P l9‘00.59 -

51.05 + 0,207 T, + 3.2355 x 10-5 7,2 + 3,147 (£ ) =

vy

uq = 51.05 + 0.207 T, + 3.2355 x 10-S .,.z + 53,147 (£) =

Figure 15. EGR setup calculation worksheet |1: total flow LFE AP (sheet 1 of 2.
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EGR Workshcet II (Continued)

0.7051"
1.5752 x 10-5 —“LTL s o

1 042949
PrMy

c

¥ Trdp?
0.1539 /P
—FL_E s =

f ‘ -
Bygla [1 - 0.2949(1 -,rg)] + 74143 B, (1 - B,)

N
.

ws

K3-

L T Tw.143 B"s

Ay = — '“l';lIJ"T :3'
t st (T,)(I,705T B t

L. S
t R T

Figure 15. EGR setup calculation worksheet I1: total flow LFE AP (sheet 2 of 2).
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EGR WORKSHEET III
RECYCLE PLOW LFE AP

Barometric Pressure, Pa’ in. Hg =

Stack Differential Pressure, Dp stack, in. azo =

Average Stack Temperature, Tg, ‘R »

LFE Temperatuce, T, ‘R=

Gas Analysis:
Ct)2 Praction, £ =
Praction, fo =
Watar Praction, Bvs )

Calibration Data:
Nozzle Diameter, 4 , in. =
Pitot Coefficient, (:p -

ww =

Mg = 44(L) + 32(L,) + 28(1 = £ - £)) =
M, = Ma(1 - B ) + 18(B ) =

D, Stack
Py = 28 * —Fg5—
PL=P, +0.59 =
g, = 51.05 +# 0.207 T, + 3.2355 x 10=> 7,2 + 53.147(f) =
ugq = 51.05 + 0.207 T, + 3.2355 x 10-5 T2 + 53.147(¢) =

T P 0,7051 u
s ¥L’L s 4
X, = 1.5752 x 10 PR AL -
4

. uy Ty, 4,2 €

0.1539 ——-,;-‘*‘——2 [P, =

Na
'

Figure 16. EGR setup calculation worksheet |11 recycle flow LFE AP (sheet 1 of 2).
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EGR Worksheet III (Continued)

u
0,2051 y ~0,2949 d .
K, =M, " ( Tg - 78,733 B, )
W
- il SN A S

r 0.7051
8¢ (Ty) 180.1 3,

Figure 16. EGR setup calculation worksheet I11: recycle flow LFE AP (sheet 2 of 2).
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- To obtain a function of this type for AR, APt or AP, stack temperature
is assumed to be constant. Values for AH and APt obtained in this manner were

found to agree with exact solutions to $10% for tesxperature ranges of +Su °P

around the average and stack gas moisture up to 50%.
S.4. NOZZLE SELECTION

Selection of the apprcpriate nczzle size for EGR sampling is not as
straightforward as in Method 5. Por Method 5 sampling, the only consideration
when choosing a nozzle size is that it must provide a flow rate of approxi-~
mately 0.75 dscfm at isokinetic conditions., When sampling with the EGR
gystem, the recycle rates anticipated at each traverse point must also be
considered. The chosen nozzle should not require recycle rates less than 10%
or greater than 80% of the total flow.

The first step in nozzle selection is to determine the M, flow rate for
the sampler at the average stack temperature, pressure and moisture fraction.
This flow rate has been defined previously as Qw and may be calculated by
using equation 5-10.

The target nozzle diameter may then be calculated as shown below:

QW

v
max

d (inches) = 1,74808 (5-19)

Becaugse periodic fluctuations in duct velocity can occur, the velocity used in
the above calculation snould be the maximum expected velocity increased by
10‘.

Once the target nozzle diameter has been determined, the next smallest

available nozzle size should be chosen for sampling. The actual, calibrated
size of the chosen nozzle should be used for all setup calculations.
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SECTION 6
TAKING THE SAMPLE
6.1. PIELD ASSEMBLY

After the EGR sampling system has arrived at the test site it should be
visually inspected for any damage incurred during transport. To check for
internal probe damage, a positive pressure leak check on each of the four
lines running through the probe is recommended. This check is performed by
blocking one end of each line and applying positive pressure at the other.
The pressure on the line is mqnitored with a manometer ccnnected in parallel.
Pailure to hold pressure indicates an internal probe leak, which should be
found and repaired before proceeding.

When it has been determined the EGR system {38 in proper operating condi~-
tion, the operator should begin assembling the system. The particle-gizing
device should ba asgsembled as its specific operating manual distates. The EGR
nozzle should then be attached to the sampler and the ccrmplete device mounted
on the prohe by using tube unions, as necessary, to attach the sampler to the
sample line. The nozzle recycle line should be attached to the temperature-
monitored recycle line on the probe. With flexible extension tubes of proper
length, the pitot head should then be mounted on the probe. The BEGR sampling
nozzle and one leg of the pitot tube must face the same direction while all
the tubing unions are fully tightened. A combined umbilical or individual
tubing can then be used to connect the probe to the control console, If
individual tubing is used, the recycle line should run directly from the probe
to the control box. The sanmple line should be attached to the inlet of the

water dropout system (condenser and silica gel column), which {s, in tucn,
attached to the sample inlet of the control console. An umbilical that
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enclogses the recycle line, the sample line, and the various thermocouple
extensions in a single sheath is preferred if it is available.

Because the amount of water collected from the condensing system must be
known, all components of this system srould be clean and free of any foreign
material. If silica gel columns are used, a preweight of the column and
silica gel should be obtained before any testing. Then the column must be
sealed until testing begins to avoid any accidental uptake of moisture. After
sampling, the column should be weighed agaih to determine the amount of water
uptake. If a condenser is used, it should be placed in an ice chest and ice
added to the chest until the condenser is sufficiently covered.

After establishing power to the control console, the multipin, electrical
thermocouple connector should be attached at both the probe and the control
box. The readouts of the thermocouples should be checked before proceeding to
ensure all are working properly. The manometer leads should he check to make
sure they are connected to the correct port and that each port is in the open
position. The pump should be connected to the EGR control box, with the hoses
provided. The pump's power cord should be plugged into the control box near
the pump flow lines. At this point the EGR sampling system is fully assembled
and ready for a presampling leak check.

6.2. LBAK TEST

The sampler, probe, condenser, and sampling lines should be leak-checked
before final assembly. This can be achieved by plugging one end of the line
to be tested and applying a positive pressure at the opposite end. By placing
a pressure gauge in parallel with the test line, the pressure within the
system can be monitored. If the system fails to maintain pressure after it is
sealed, a soap solution can be used to locate leaks.

When the system has begn completely assembled, the EGR control console

punp may be used to leak check the vacuum system as in Method 5 by following
the procedure below.

57



Plug the sampling nozzle .
© Turn the recycle gas valves completely off, and turn on the
EGR pump to produce a vacuum across the desired test section
© Use the total flow fine-adjust valve to set the gystem

vacuum to 15 in. Hg.

If the required vacuum reading on the console-mounted vacuum gauge cannot
be achieved or if the gas meter indicates a leak rate greater than 0.02 cfm,
the system is not sealed and the leak({s) must be located and fixed.

" The positive pressure portion of the control console can be tested for
leaks by using the procedure described in Section 3. As an alternative, an
auxiliary pump~-D@M system (or spare sampling system) may be used to draw a
vacuum in this portion of the system, as follows:

© Attach the recycle output of the EGR system, by using latex
or similar tubing, to the inlet of the auxiliary system

© Complet:ely open the recycle valves and close the total flow
and sanple back-pressure valves

o Continue the procedure as outlined in the preceding
paragraph

The same leak-trate limit (<0.02 cfm) should be applied to the positive
side of the system as is used for the negative side.

6.3. PRETEST EQUIPMENT WARM-~-UP

Because most flue streams to be tested are not at ambient temperatures,
the EGR sampling train must be heated to stack conditions. This helps ensure
isokinetic sampling, significantly reduces the chance of acid deposition with-
in the sample line, and allows isothermal introduction of recycle gas at the
inlet of the particle-sizing device. This is accomplished through the use of
the heated EGR probe and in-the-flue heating of the sampler.

The sampler should be heated in the flue long enough to equilibrate with
the temperature of the surrounding stack gasses. Typically, the P,, sampler
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should remain in the flue at least 15-20 min. to ensure thermal equilibrium.
The nozzle, if uncapﬁed, should not point into the flow field during preheat~
ing. 1If possible, the nozzle should be capped or plugged during preheating,
and the cap or plug removed immediately before sampling.

The probe temperature is regulated by a proportional temperature control-
ler. While the sampling device is heating in the gas stream, the probe heater
controller should be adjusted to heat the recycle line to stack temperature.
wWhen condensible vapors are present, the probe should be heated to and main-
tained above the dew point. Care should be taken to ensure that vapor dces
not condense in the portion of the probe extending outside the duct and flow

back into the sampler.
6.4. PLOW RATES

As stated previously, the flow rate through the sampling nozzle is
directly dependent on the stack gas velocity at the sample point. In opera-
tion, therefore, the pressure drop across the sample orifice, AH, is adjusted
according to the previously determined run calculations with shifts in the
pitot AP readings. This ensures continued isokinetic sampling. In turn, the
flow rate of the recycle gas must also be aljusted to maintain the proper
total flow through the particle-sizing device. During start-up the operator
initially sets the total sampler flow rate by using valves V; and V. After
setting the approximate total flow rate, the sample flow rate is set by
adjusting the recycle valves V; and V. If high recycle ratios are required,
the back-pressure valve, Vg, vay need to be adjusted, Because there is some
interaction between flow rates, a few minor repeat adjustments may be required
between the total and sample flow rates. Typically, vwhen traversing to
another sampling point, only the fine recycle adjust (V,) or the sample back-
pressure valve (V) will need adjustment. These point-to-point adjustments
may require slight adjustment to the total flow. If so, repeat the iterative
process outlined above until the target APt and AH sample values are achieved,
The practiced operator can usually obtain the target values within one or two
iterations at each new point,
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6.5. TRAVERSING

During traversing (moving to a new point or new port), all motion should
be smooth and brief to avoid bumping or vibrating the sampler. When removing
or inserting the sampler, care must be taken not to scrape the nozzle on che
port wall., Also, the sampler should not be allowed to bump against the far
in3ide wall of the duct.

6.6. PULOW RATE CHECZS

During sampling, a quality assurance check of the flow rates through the
BEGR system should be performed periodically to ensure proper operation. By
definition, the total flow through the EGR sampling system is the sum of the
recycle and sample gas flows. For example, if the total flow LPE reading
relates to 1.0 ¢fm and the sample orifice pressure relates to 0.6 cfm, the
reading on the recycle LPE must relate to 0.4 cfm., The EGR setup equations
use this priunciile to calculate the orifice, total LPR, and recycle LPE set-
t'ir_lgs for a given atack temperature and velocity AP. Therefore, when the
total LFE and sasply orifice pressure differentials have been set to the
appropriate valuea, the recycle LPE reading from the control box should agree
with the value provided by the setup calculations to *10%,

If the flows are fairly constant, the EGR dry gas meter may also be used
as a quality assurance check. By neasuring the seconds per revolution of the
gas meter rotation needle, the sample flow rate can be determined. This, by
definition, i{s the difference between the total and recycle gas flow rates.

6.7. SHUTDOWN ORIENTATION

Depending on the orientation of the sampler, it may be advisable to
maintain an appreciable flow rate while removing the sampler from the flue.
Bxtreme care must be taken during removal so the sample is not contaminated by
dust from the port walls. The flow rate should be maintained until the samp-
ler can be placed in a favorable orientation (usually horizontal). This is
particularly true when operating a cyclone in a vertical orientation. Other-
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wise, some dust might fall from one stage of the sampler to another and thus
be measured where it was not collected. After the flow has been terminated,
the sampler can be transported to the laboratcry. It should be kept in a
horizontal position with the nozzle plugged or covered to avoid contamination

or loss of sample.

6.8. DATA LOGGING

The parameters of the test should be recorded in a clear, concise format
like that shown in Pigure 17. Parameters that are likely to change, such as
sample and recycle gas flow rates, should be recorded periodically. Other
examples are port number, traverse point, gas meter temperature, gas metetr
volume, metering orifice and LFE pressure drops, atmospheric pressure, stack

gas temperatuse, etc.
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Figure 17. Suggested EGR run sheet.
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SECTION 7
SAMPLE RETRIEVAL

After the sampling system has been allowed to cool to a point where it
can be safely handled, the collected sample may be carefully recovered.

7.1. RECOVERY OF THE PARTICULATE MASS

Great care is needed during recovery of the collected particles from the
™, sampler to ensure that all of the particulate matter is recovered and
placed in the proper sample containers. The sample can be effectively recov-
er=sd from both stages of the ™, samppler (cyclone and filter) by using a com-

bination of brushing and washing.

The first step in recovery of the particulate matter from the nozzle and
cyclone is brushing the collected mass into the appropriate foil envelope. A
clean no. 7 camel's hair brush or small nylon bristle brush is sug,ested for
this operation. The brushed surfaces should then be rinsed thoroughly with
acetone, or similar solvent, to recover any particles that continue to adhere
to the sampler. These rinses should be collected in a uniquely identified
sample container. The brush used for recovery should also be rinsed into this

container.

The f£il .er should be recovered from the filter holder and returned to the
appropria‘t.e container. Any particulate matter or filter fibers adhering to
the fi.rer holder surfaces or rubber N-ring should be brtushed onto the surface
o’ .ne filter, The interior surfaces of the filter holder should then ‘e
rinsed with the solvent as describad sbove,
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As stated previously, assigament of the collected paiticulate matter to
the appropriate sample container is very important. Particulate matter
collected from the inner surfaces of the BGR nozzle, the cyclone body, collec-
tion cup and cap are to be considered as collected by the cyclone. Purther-
more, any matter brushed or rinsed from the outside of the cyclone exit tube
is also to be considered part of thc cyclone catch, The M, fraction
congists of particulate matter collected from the inner surface of the “turn-
around® on the cyclone cap, the inside wall of the exit tube, the inner walls
of the filter holder {upstream of the filter), and the surface of the filter.

Pinal weights for all particulate samples should be determined on site,

prior to shipment., Recommended procedures are outlined in Section 8.
7.2. MOISTURE DETERMINATION

The condenser should be drained of any collected moisture and the amount
of liquid determined either volumetrically (to £ 1 mL) or gravimetrically (to
20.5 ¢g). The liquid may be discarded after the weight or volume is recorded,
The spent silﬁca cel should be weighed in the appropriate container (such as
the drying column or shipment container) to determine the moisture uptake.
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SECTION 8
POSTSAMPLING CHECKS

Posttest activities for the EGR system involve equipment calibration
checks, field sample analysis, and equipmen: maintenance. The first two
items will be discussed in this section. The third item is discussed in
Section 10 of this manual.

8.1. EQUIPMENT CALIBRATION CHECKS

A posttest calibration check of the flow metering devices is required.
The posttest calibration checks should be performed as deéctibed in Sec-
tion 3 of this manual. If the gas meter - _:rrection factor obtained from
the calibcation clieck deviates from tinz initial calibration factoc by moce
than 5%, the meter should be recalibrated. The posttest data reduction
should then be performed with whichever calibration factor yields the lower
gas meter volumes. If the calibration check of the total flow LFE deviates
from the initial calibration by more than 104, the LPE should also be
tecalibrated. The calibration factor used for data reduction should be
that which yields the higher cyclone flow rate.

Calibration checks should also be performed on the stack, dry gas
meter, and LPE thermocouples. Each of the above temperature sensors should
be compared with a mercury-in-glass thermomet~r at ambient temperature, If
the stack temperature thermocouple tead;ng differs from the reference by
motre than 1.5% of the absolute temperature, the thermocouple should be
tecalihrated as described in Section 3. The old and new calibrations
should be compared to determine the sign and magnitude of the correction to
be appliad to the average stack temperature. If the DGM or LPE thermo-
couple readings vary from the refecence by more than 6 °C (10.8 °P), the
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therrmocouples should be recalibrated. Por data reduction calculations, the
calibrations that give the higher DGM or LPE temperatures should be used.

A posttest calibration check is also required for the system magne-
helic gauges. This calibralion check snould be performed as described in
Section 3.

8.2. SAMPLE ANALYSIS

Analysis of the EGR field samples is essentially the same as for
Method 5. Pilter and cyclone catches should desiccate for a minimum of
24 h before the initial weighing. EBach sample shou.d be weighed to a
constant weight, which is achieved when the difference between consecutive
weighing3s is no more than 0.5 mg or 1% of the total weight less tare
weight, whichever is greater; no less than 6 h of desiccation time should
be allowed between weighings.

As an alternative, the samples may be oven dried at the average stack
temperature or 220 °P, whichever is less, for 2 to 3 h, cooled in a
desiccator, and weighed to a constant weight., The tester may also opt to
oven dry the sauaples as described above, weigh the sample, and use this as
the final weight. W«hichever option is chosen, final weights of all cyclone
and filter samples should be determined to the nearest 0.1 mg on site,
before shipping.

Acetone tinse and blank samples should be inspected to confirm that no
leakage has occurred. If a noticeable amount of sample has been lost
through leskage, the sample must either be declared void or corrected ir
the final results with methods approved by the sponsoring wcacy. The
liquid should be measured either volumetrically to *! mlL or gravimetrically
to £0.5 g. Each sample should be evaporated to dryness at ambient tempera-
ture and pressure in a tared 250-mL beaker or similar container. The
evaporated samples should be desiccated for 24 h and weighed to a constant
weight., Results should be recorded to the nearest 0.1 mg,
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It the silica gel was not analyzed in the field, the spent silica gel
samples should be weighed in the appropriate container to the nearest

0.5 g.
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SECTION 9
DATA ANALYSIS
9.1. AVERAGE RUN PARAMETERS

To calculate the resultant values from a test run, the average values of
the recorded temperatures and pressure drops must be calculated. The pressure
drop across the pitot tube, however, requires special attenticn. The stack
velocity is a function of the squaze root of the pitot AP; therefore, a
straight averaye of the APs over a given run would not result in the true
average velocity. Because of this, the value used for calculating the average
velocity must be the average square root of the velocity heads [(/KﬁZ:I)avg].
This will cesult in a APVel value that allows calculation of the true average

velocity.
9.2. DRY GAS (SAMPLE) VOLUME

The sample volume measured by the EGR dry gas meter can be corrected to
standard conditions (68 °P, 29.92 in. Ag) by using the following equation:

¢

AR
T P+ e
vﬁs - (vh Y) .523 (.JL___lZLga
T P
M ST
AH
P+
=165 (v, v) (—= 3.8 (9-1)
v
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9.3. SAMPLE FLOW RATE

The sample flow rate at standard conditions can be found by using
equation 9-2

g =23 (9-2)
ST ]

9.4. RECYCLE AND TOTAL GAS PLOW RATES

The recycle and total gas flow rates are monitored by LPEs. Therefore,
the average flow rates through these devices (Qr and Qt' respectively) can be
determined by using the manufacturers calibration charts or an empirically

determined calibration equation in the form shown below.

u T P
= (5,87, = + W) () ()
- T e T, Por

2

P
180.1 L
17.65 (stAPt(_) + wt)(-—) {9-3)

Ye Ty

M T P

ST ST L

Q - [s AP (——) + W ] [___] [___4
- rocoug 4 T Pgp

P
r 180. 1 L
= 17.65 (5 AP _ ( Y ) + wt] [.,1.,;] . (9-4)
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9.5, VOLUME OF WATER VAPOR

The volume of the water vapor collected from flue gas is calculated as

follows:

320 u ST]
vws “ vy_c ( ) (P J
"8,0 ST
= 0,04707 Vv {9-5)
fc

9.6. MOISTURE CONTENT

The moisture content of the stack (or sample) gas is calculated by the

equation

B = (9-6)

The addition of a known amount of dried recycle gas to the measured sam-
ple gas upstream of the particle-sizing device changes the moisture content of
the yas mixture. This new moisture content is determined by the equation

below.

Baix * T aws (9-7)

Pll®

({4

Because of the difference in the moisture content of the stack gas and the
mixed gas in the cyclone, the wet molecular weight of the two gases w.ll also
be different. The wet molecular weight of both gases may be calculated from
equation 5-2 using the appropriate moisture fraction (e.g. use Bnix to deter-
" mine the wet mpolecular weight of the mixed gas, "un)'
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9.7. PFLOW RATES (ACTUAL CONDITIONS)

To calculate the particle cut diameter of the inertial classifier, it i=
necessary to know the flow rate through the sampler at the actual sampler con-

ditions. This can be accomplished by using the following equation:

P
1 8 ST
Q. =Q (— ) ) =)
¢ tS'r ! Bnix TST ps
1 Ts
= 0.056 Qt ('i—_—-a——) (P—) (9-8)
ST mix 8

It is also necessary to calculate the sample and recycle flow rates and
express them in teras of stack conditions. The format shown in equation 9-8
should be used for these calculations. However, for the sample flow rate the
moisture fraction becomes the actual stack moisture content, Bws' and for the

recycle flow rate the moisture content equals zero.,

9.8. RECYCLE RATIO

The actual recycle ratio through the cyclone sampler may be calculated by
the equation

] x 1003 (9-9)

- 9.9, STACK GAS VELOCITY

The average stack gas velocity or the gas velocity at asy one point with-
in the stack can be found hy using the following equation:
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» s -
vy xpcp ‘/APvel)avg (ps Mw) (9-10)

xp = 85,48 ft/s (lb/mole-°'R) when these units are used

9.10. CONCENTRATION

The concentration of the particulate matter caught by each stage and the
total particulate concentration in the stack gas can be calculated by the

equation below:

M
P
C' = 0.0154 gr/mg (——) (9-11)
m v
MS
where C; = concentration of particulate matter for a given stage or

in-stack gas, grains per dry standard cubic foot (gr/dscf),

Hp = ;pags of collected particulate (either per stage or total), mg

The units of gr/scf can be converted to milligrams per dry normal cubic
meter, mg/dNm’, by using the following:

C_ = 2293.2 C’ (9-12)
m ]

9.11. SAMPLER b,

The D, or cut-point of each stage of the chosen particle-sizing device
should be calculated for accurate determination of the particle size distribu-
tion. The cut-point is primarily a function of the actual flow rate through
the sampler and the viscosity and density of the gas mixture. The procedure
for calculating the actual flow rate (acfm) was described previously. The
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viscosity of the mixture must be calculated. As was shown in equation 5-3, it
can be determined as follows (Williamson et al., 1983):

p_=C +C,T + C3T2 +C

n B. +C.t {(9-13)

Y mix 570

where u is in micropoise, T in °C, and

C, = 160.62
C, = 0.42952

C; = 1.0483 x 10~
C, = ~74.143

Cs = 53.147

for T in °R

C, = 51.05
= 0.207
= 3,24 x 1075
-74.143
53.147.

L LR ¢
[ ]

The currently available data concerning calibration of Cyclone I, used to
obtain the 10-um cut for PM;, measurement, show the behavior to be described
by the equation

M P
=0, wn_8,-0,2091 =-0,7091 0,7091 -
Dy = 0-15625 (<) Q, by (9-14)

Because the proposed PM, , cyclone is actually part of a five-stage series
cyclone system, it may at some point be desirable to operate the full cyclone
set with the EGR system. If such is the case, the Dso's for each of the
remaining cyclones should be calculated as described in the vendor-supplied
operator's manual.
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9.12. PERCENT ISOKINETIC

To ensure nonbiased particulate sampling, the following equation should
be used to deternine the percentage of isokinetic sampling:

! AH
1.677 7, [0.00267 Vv, + M (p, + =53]
Iy = (9-15)
5V, P, A

If 90% < IS < 110%, the results are acceptable; otherwise, rejec: the results
and repeat the test.
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SECTION 10
MAINTENANCE

A notebook or other record of all maintenance procedures should be kept.
This will provide & definite and current record of all information pertinent
to reliable operation of the EGR sampling system, Maintenance of the system
should be performed as Jescribed previously (Rom, 1972) with the exceptions
noted below.

10.1. VACUUM SYSTEM

A preventative maintenance check of the vacuum system is performed as
follows:

© Insert a plugged 1/2-in., male quick-connect irnto the sample
inlet of the EGR control console.
Turn the pump switch to ON.
Turn the coarse~adjust valve to the ON position.
Close fully the fine-adjust valve and the recycle valves,

The vacuum gauge should read about 25 in. Hg when ambient barometric
pressure is near 30 in, Ag. If this pressure cannot be achieved, a leak or
sticking pump vane should be suspected. If the leak rate measuged by the dry
gas meter exceeds 0.02 cfm, the leak or leaks must be found and corrected.
Parts to check are the pump, vacuum gauge, metering valves, and tubing.

10.2. EGR PUM?

Because the gas recirculated within the EGR system must be free of any
foreign particles or vapors, the system is equipped with a leak-free, carbon-
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vane pump. The pump requires no lubrication, and little maintenance is needed
to ensure long working life. The most important factor in ensuring long pump

life is to allow only clean, dry gas to circulate through the pump. This is
accomplished through the sampling system backup filter and condenser. Unlike
the oil-lubricated pumps used in most commercial Method 5 control boxes, this
pump should never be operated with oil in the muffler jars.

During start-up if the motor fails to start or hums, the operator should
pull the plug and check for the correct curtent. It should be 5 to 6 A. The
operator should also visually inspect the plug and switch. If the unit is
extremely crld, it may be helpful to bring the unit to room temgerature before
starting.

Most pump tiouble can be corrected by flushing the unit according to the
manufacturer's instruct.ons rather than disassembly., A noisy or inefficient
pump is frequently caused by nothing more serious than a vane stuck in a rotor
slot because of foreign material in the unit. To flush the unit, follow the

procedure given below,

© Separate the pump from the system.
Slowly add saveral teaspoons of solvent at the intake while
the unit {s running (recomm.nded commercial solvents include
Loctite Safety Solvent, Inhibisol Safety Solvent, or Dow
Chenical Chlorothane).

o Lay the unit on its side with the outlet downward so the
solvent will work out again.

If flushing does not eliminate the problem, take the corcective actions

below:

Renove only the end plate and the four carbon vanes.
Remove any visible foreign materisls, and clean the chambet'
with solvent,

© Use the solvent to clean any buildup on inner pump walls,
which is caused by normal wear of the carbon vanes.
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o Replace any broken or excessively worn vanes.
o Replace the pump end plate.

© Check the unit for leaks by plugging the inlet of the pump
and connecting a gas meter to the outlet.

If the pump causes the gas meter to register a reading, the pump end
plate should be retightened and leak-checked again. This should be repeated
until the unit i{s leak-free.

10.3. HMAGNEHELIC DIFFERENTIAL PRESSURE GAUGES

Magnehelic differential pressure gauges are precision instruments assem-
bled and precalibrated by the manufacturer. If trained instrument mechanics
are not available, it is recommended that any instruments requiring repaic be
returned to the factory.

No lubrication or periodic servicing is required., If the interior is
protected from dust, dirt, and corrosive gases and fluids, years of trouble~-

free service may be expected.

10.3.1. Ze:zo Adjustment

The indicating pointer should be set exactly on the zuro mark by using
the external zero-adjust screw on the cover at the bottom. The zero check or
adjustment can be made only if the high and low pressure taps are both open to
acmosphere,

10.3.2. Calibration Check

Por service requiring a high degree of continued accuracy, periodic cali-
bration checks are recommended. 1In Jeneral, the Magnehelic calibration shculd
be checked, along with the LPEs, by following the procedure below.

1. As a comparison gauge, use a hook gauge, micromanometer, or inclined
gauge of knosn accuracy.
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2.

3.

Connect the Magnehelic gauge and test gauge together with two leads from
a "T." Connect rubber tubing to the third leg of the "T" and impose the

pressure, Slowiy.

Se certain no leaks exist in the system, and provide adequate time for
compar ison gauges to reach equilibrium, because fluid drainage and dif-

ferent dynamic characteristics can affect the reading.

10.3.3. Recalibration

1.

2.

3.

4.

Remove plastic cover.

Remove two screws holding scale, and_slide scale out, using care not to

damage pointer.

Loosen two set acrews in range spring clamp (Dwyer part no. NUA-70B);
move toward the helix to increase the range and back to decrease, Secure
the clamp with the set screws, replace scale, check zero, and compare

read. ..y as in preceding paragraph.

Replace cover. The cover must be tight and leakproof for accucrate
readings on high-pressure side. Observe the following procedure.

a. Place the cover in porition with notch engaged and with O-ring
properly seated,

b. Jockey zero-adjust screw into position so its hex end is inserted in
tha socket set screw, which actuates the zero-adjusting mechanism.

c. BRold cocver in position and screw bezel down snug. The O-ring must
take scme squeeze to effect an airtight seal.
Caution: If bezel binds because of galling action of aluminum sur
faces, lubricate sparingly with light o0il or molybdenum sulfate com
pound.

d. Troubleshooting.
1) Gauge sluggish.
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~ Leads way dbe plugged or leaking.
- Cover may be loose or leaking.

- Pointer may be touching scale.

Jewels supporting helix may be overtightened.
2) Gauge fails to indicate zero properly.

- See comments above regarding sluggish revadings.

- Iron particles in a stroné magnetic field between helix and
magnet. If found, they may be removed by touching each
particle and withdrawing it with a small screw driver,

- Magnet shifted and touching helix.

3) Apparent inaccuracy.

- See preceding comments,

- Improper connections to pick up desired differential,

4) Consult factory for unusual conditions of temperature, pressure,

etc., and the effect on gauge operation and accuracy.
10.4. DUAL MANOMETER

A preventative maintenance check of the dual manometer is performed as

follows:

© Visually check the pitot and orifice manometer lines to
ensure they are free of fluid.

0 Check for leaks, especially around the fluid-level zeroing
controls and drain screws.

© Wipe the dual manometer clean. The back can be cleaned with
compressed air, or the device can be removed from the control
panel and wiped clean.

¢ If the dual manometer is unusually dirty, clean as recon-
mended on the instruction plate.

0 Make sure that the manometer ports are open (1 1/2 tugrns
counterclockwise from the seat) and the manometer lines are
connected.

© Level the manometer and check the fluid level,
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o To fill the manometer with fluid, remove the screw on the
left side. When the 0il meniscus and the reflected image at

zerc are aligned, the fluid-level plunger (zeroing control)
should have abcut 1/4 to 1/2 in. travel inward.

_Note: During rough shipment, the manometer lines should be
disconnected and the manometer ports closed by turning clock-
wise until sealed.

o If for any reason the manometer unit has been inverted, be
sure the floating check valves of the manometer have
returned to their normal position. These floating valves
are located under the manometer ports and must be in the

normal position to use the manometer.
10.5. PITOT TUBE

The pitot tube should occasionally be inspected for any deformation of
the pressure inlets, because this may change the pitot calibration coeffi-
cient. Any dents or nicks should be repaired or the pitot head should be
replaced if the damage warrants it. Before each test run, the operator should
blow gently into each pitot inlet to check for obstructiona. If the pitot
tubes are clear, the pitot tube gauge will respond. If no response is noted,
the operator should blow out the pitot lines with ccompressed ait. The pito*
can be checked for leaks by plugging one end of the tube and applying a posi-
tive pressure at the opposite end. If the tube will not maintain pcessure, a
soap solution can be used to identify the location of any leaks.

10.6. NO3ZLES

The EGR nozzle sliould be visually inspected before any testing. If
repair is necessary, a plumb bob should be used for inside damage or emery
paper for outside damage, After any nozzle repair, the nozzle diameter should
be remeasured. The knife edge of the nozzle should be covered with serum caps
or similar covers to avoid damage when the nozile is not in use.
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10.7. THERMOCOUPLES
~ The thermocouples thcoughout the EGR system should occasionally be
checked against room temperature by using a mercury-in-glass thermometer as

the standard., If any thermocouples do not read within *5 °C, the thermo-~

couples or readout should be replaced or recalibrated,
10.8. EGR SAMPLING PROBE

10.8.1. Probe Cleaning

Before each field test, all lines of the EGR heated sampling probe should
be cleaned. This includes the sample, recycle, -and pitot tube lines. A
probe-cleaning procedure is outlined below.

© Clean the probe internally by :inéing, first with tap water,

then distilled, deionized water, followed by an acetone or
. dichlororethane rinse.

0 Rinse the internal tubes with the chosen organic solvent and
allow them to air dry.

o0 Visually inspect the probe for cleanliness, and repeat the
procedure if necessary.
Rinse the recycle line, even if it appears clean.

6 Rinse the pitot lines with water and blow them out with com-
pressed air.

© Clean the tube fittings associated with the EGR probe sample
iines by brushing, rinsing with distilled, deionized water
and then with acetone or dichloromethane; allow to air dry.

© Cover all open ends of the probe with serum caps or Saran
Wrap when not in use to prevent them from becoming contam®
inated.
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10.8.2. Probe Beater Check

The procedure below may be used to check the probe heater.

o Pluy the probe heater line and controlling thermocouple into
the control case, and turn the heater controller on to
approximately 300 °P,

6o The indicator light on the controller should come on, and
the probe should become warm to the touch in a few minutes,
After a few minutes, the indicator light should begin to
cycle on and off.

o If the probe does not heat, check the probe for loose
connections.

o If the probe still does nct heat, it may be necessary to
remove tlie probe lines from the probe sheath for inspection
of the heating element, as follows:

Remove the t.. ee set screws and tube fittings at the
outlet end of the probe,

Unscrew the front end connector and gently slide out
the proba lines,

Unwrap the insuiation

Visually inspect the probe heating element for shorts
or burned spots, and

If necessary, use an ohmmeter to measure the resistance
between leads (approximately 17 ohns) and also to
ground (infinite). Deviations from these values
indicate faulty wiring.

0 After any electrical problem has been solved, rewrap the
probe lines with insulating material, and reassemble the
probe.

10.9. CONDENSING SYSTEM

Becausle it is generally preferable to operate the EGR system with a
Method 17 rather than Method 5 filter configuration, a condenser and silica
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gel column may replace the built-in impinger train assembly. An impinger
system will be required if the "back-half® catch is to be measured. Whichever
system is used for collection of water vapor from the sampled stack gas, it
must be clean and free of leaks before being used. Glass impingers shouid be
cleaned with distilled, deionized water and then acetone and should then be
allowed to air dry. Stainless steel condensers should also be rinsed by the
same procedure and allowed to air dry, inverted to ensure total drainage. The
drying can be speeded by olowing out the condenger with compressed air.

Silica gel columns (along with condensers) should be leak tested, along with
the control box or separately, by applying positive pressure at the inlet and
plugging the outlet. Ideally, these devices should maintain a pressure of at
least 10 in. Bg above absolute. It is recommended new silica gel be used for
each field test,
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SECTION 11

AUDITING PROCEDURES

Routine quality assurance activities, such as equipment calibrations, are
essential to obtaining good data. An assessment of the quality of these data
may be made through an audit. The audit must be performed by using equipment
or standards indecpendent of those used in a measurement program to ensure that

the tasks invoived are being performed properly.

The audits recommended for use in a program using the BGR sampling systenm
are similar to those described for Method 5 (U.S. BEnvironmental Protection
Mency, 1977). Two types of audits, performance and system, atre commonly
performed.

Performance audits provide a quantitative evaluation of the quality of
data produced by a measurement system. One type of performance audit
recomnended for Method 5 assesses the accuracy of the system's flow metering
devices using a critical flow orifice. This is also tecommended for measure-
ment programs using the BGR system. All four flow metering devices in the EGR
system may be included in the audit by using the procedure for posttest
calibration checks outlined in Section 3 of this report.

A perfornmance audit of data processing is also recommended. As for
Method 5, an audit of this type can uncover snd eliminate errors in data
transfer, calculations, etc. The flow of data from field data forms and
weight sheets to data reduction programs or hand calculations should be traced
for at least a portion of the data base. Calculation of results for a
standard data set is another nmethod by which data reduction procedures may ve
audited.
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A system audit is a qualitative inspection and examinatioun of the proced-
ures and technijues used by the field team. This type of audit is strongly

recommended if the team is not familiar with the EGR systenm.
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SECTION 12

RECOMMENDED STANDARDS FOR BSTABLISHING TRACEBABILITY

Although the use of quality control checks and independent audits is
essential to obtaining data of the desired quality, another important ccnsid-
eration is ths traceability of individual elements of the measucrement process,
All materials, equipment, and procedures used should be traceable to a
standard of reference.

Workincg calibration standards should be traceable to primary or higher
level standards. The BEGR flow metering devices should be calibrated against a
wet test mefer that has been verified as required for Mechod 5, The perfor-
mance of the analytical balance should be checked against Class-S weights
that are traceable to NBS standards.
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APPENDIX A

EGR SYSTEM COv'PONEBNTS

TUBRE/PIPE FITTINGS

1/2-in.
1/2-in.
1/2-in,
1/2+«in.
1/2-1in.
3/8-in.
3/8-in.

3/8-in.

'/‘-‘n.
'/"1".
,/"1".

$/8-in.
1/4-in.
1/4=in.
8/8-ia,
1/2-1in.
1/2-in.
1/2-in.
3/8-4in.
3/8-in.
1/4-in.

1/2’1" .
3/8-in.

tube
tube
tube
tube
tube
tube
tube
tube
tube
tube
tube

tube
tude
tube
tube
tube
tube
tube
tube

tube
tube
tube

bulkhead quick-connect, S.S. (1 each)
quick-connect stem, S.8. {2 each)
quick~connect body, S.8. (1 each)

full flow qgick-connect stem, 8.8. (2 each)
full flow quick-connect body, 8.8. (2 each)
bulkhead quick-connect, S.S. (1 each)
quick-connect stem, 8.8. (24 each)
quick-connect body, 8.8. (1 each)

bulkhead quick-connect, S.S. {2 each)
quick-connect stem, S.S. (4 each)
quick-connect body, 8.S. (2 each)

union, 8.8. (1 each)

union, 8.8. (2 each)

bulkhead union, brass (6 each)

x 1/2-tube reducing union, 8.8. (1 each)
x 3)/8-tudbe reducing union, S.S. (1 each)
elbow, 8.8. (1 each)

elbuw, brass (3 each)

elbow, 8.3. (1 each)

elbow, brass (1 each)

elbow, 8.8. (2 each)

x 1/4-tube tube end reducer, brass (3 each)
x 1/4-tube tube end reducer, S.S. (1 each)



1/2-in. tulie tee, brass (1 each)
3/8-in. tube tee, brass (1 each)
1/4-in. tube tee, 3.8. (1 each)

5/8-in. tubing ferrules, Teflon (2 each)
V/2-in. tubing fer:rules, Teflon (2 each)
3/8=in. tubing ferrules, Teflon (2 each)
1/4-in. tubing ferrulc.. Teflon (4 each)

1/2-in. tube x 1/2-NPT male connector, brass (1 each)
1/2-in. tube
1/2-in. tube
1/2-in. tube
3/8-in. tube
1/4-in. tube
1/2-in. ‘ube
3/8-in. tube
1/4-in. tube
3/8-in. tude
1/2~in. tube
1/2-in, tube
3/8-in. tube
3/8~in. tube
1/4=in. tube
1/2-ir. tube
1/2-in. tube

3/8-NPT male connector, brass (2 each)
1/4-NPT male connector, S.S. (1 each)
1/4-NPT male connector, brass (2 each)
1/4-NPT male connector, brass (1 each)
1/8-NPT male connector, S8.8. (4 each)
1/4-NPT female connector, brass (2 each)
.1/4-!1?.!‘ female connector, brass (3 each)
1/4-NPT female connector, brass (! each)
1/2-NPT male elbow, brass (1 each)
1/2-NPT male elbow, brass (2 each)
1/4-NPT male elbow, brass (1 each)
1/2-NPT male elbow, brass (1 each)
1/4-RPT male elbow, brass (! each)
1/8-NPT male elbow, brass (12 each)
1/2-NPT male branch tee, brass (1 each)
3/8-NPT male run tee, brass (1 each)

M X M X M N M M N M M M M M M X

1/4=in. tube x 1/4-hose hose/tube adapter, brass (26 each)



3/8-NPT x 1/4-NPT reducing adapter, S.S. (1 each)
3/8-NPT x 1/4-NPT bushing, brass (1 each)

3/8-NPT coupling, brass (1 each)

1/4-NPT adapter, brass (1 each)

1/4-NPT male tee, brass (3 each)

3/8-NPT x 1/2 hose barb connectors, nylon (! each)
3/8-NPT x 1/2 hose barb elbow, nylon (1 each)
1/4-NPT x 1/4 hose barb connector, S.S. (4 each)
1/8-NPT x 1/4 hose barb connector, brass (6 each)

1/4 hose barb tze, nylon (10-15 eacu)

1/4 tlexiile metal hoge connector, S.S. (! ¢ach)
-Swagelok $§SS-4B0-6-S4; short length

0.231-orifice ball valve, S.S. (2 each)
- ¥Whitey #SS-44P4

0.250-orifice angled regulating valve, S.S. (3 each)
~ Whitey #SS-1RP4-A

0.125-orifice 3-way ball valve, brass (6 each) -
- Whitey #B-42XPF2

COPPER SWEAT PITTINGS

1/2-inch elbow (8 each)
3/8-inch elbow (4 each)
1/4~inch elbow (1 each)
1/2~-inch tee (1 each)
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FLOW (or VOLUME) MEASUREMENT

Laminar flow element, total flow (1 each)
- Meriam S0MJ10-10

Laminar flow. elemen’., recycle flow (1 each)
- Meriam 50MJ10-1;

Dry gas meter, sample volume (1 each)

- Rockwell T-100 series (thru Andersen Samplers, Inc.)

PRESSURE MEASUREMENT

0 - 4 inWG magnehelic, (1 each)

Dwyer #2004

0 - 8 inWG magnehelic, (1 each)

Dwyer $2008

0 - 25 inWG magnehelic, (1 each)
- Dwyer #2025

Vacuum jauge, panel mount (1 each)
- Onega #PGP-25 B-30V

0 - 19 inWG dual inclined-vertical manometer (1 each)
- Dwyer #422-10

TEMPECRATURE MEASUREMENT

Temperature controller (1 each)
- Omega Model 6100 ($6102-K-0/500 °F)
Thermocouple, type K, Readout (1 each)
- Omega Model 199A ($199KF) (may substitute Model 115)
10-position thermocouple switch (1 each)
- Cmega #OSW3-10
Flanged female multipin connector, 24 position (1 each)
- Cmega §MTC-24-FP
Male multipin connector, 24 position (1 each)
- Cmega #MTC-24-MC
Male multipin connecto:r, 12 position (1 each)
- Cmega #MTC-12-MC
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Pemale nmultipin connector, 12 position (1 each)
- Omega $MIC-12-FC
Backshell cable clamp, for 24 position connector (1 each)
- Omega #MTC-24-~-SHL
Backshell cable clamp, for 12 position connector (2 each)
- Omega #MTC-12-SHL
Alumel sockets (6 each)
- Omega $MTC-AL-S
Alume) pins (6 each)
- Omega #MIC-AL-P
Chromel sockets (6 each)
- Omega #MTC-CH-S
Chromel pins (6 each)
- Omega #MTC-CH-P
Gold~-plated sockets (12 each)
- Omega IMTC-Au-S
Gold-plated pins (12 each)
- Omega #MIC-Au-p
Sealing plugs (12 each)
- Omega #MTC-HP
Type K thermocouple, open bead, 1/4" dia x 4" L (2 each)
- Omega #CASS-14E~-4

Type K T.C. ext wire, 20 AWG, stranded, polyvinyl insl (100 ft)

- Omega #EXPP-K-20S

Type K T.C, ext wire, 24 AWG, solid, glass insl (15 ft)
- Omega #GG-K-24 !

Type K T.C. ext wire, 24 AWG, glass insl & SS overbraid
-~ Marlin Man. Corp. #628S-K-24-30 ft

Hi-temp mini plugs, Type K (2 each)

Type K T.C, ext wire, 24 AWG, solid, glass insl (15 ft)
- Omega #GG~-K-24
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Type K T.C. ext wire, 24 AWG, glase insl & S5 overbraid (30 ft)
- Marlin Man. Corp. #628S-K-24-30 ft
Hi-temp mini plugs, type K (2 each)
- Marlin Man. Corp. #H-1260-K
Hi-tenp mini jacks, type K (2 eac'h)
- Marlin Man. Corp. #H-1210-K
Mini cable clamps (4 each)
- Marlin Man. Corp. #1280
Female thermocouple connectors, type K (4 each)
- Omega $0OST-K-F
Panel xlapters, round hole (2 each)
- Omega $#RSACL

' BLECTRICAL COMPONENTS

Toggle switch, DPDT, On-On, rated 15 amps at 120 VAC (2 each)
- f«wark Electronics Type 7565KS
Toggle swith, DPDT, On-Off, rated 15 amps at 120 VAC (2 each)
- Newarr. Blectronics Type 7561K4
Green modular panel lights, 720 VAC & 1.5 mA, w/bushing (5 each)
- Newark Rlectronics Type GS5115 (bushing Type 100-G)
Red modular panel lights, 120 VAC & 1.5 mA, w/bughing (2 each)
- Newark Blectronics Type N5115 (bushing Type 100-R)
Circuit breaker, two-pole, 25 amps, Potter & Brumfield (1 each)
- Newark Blectronics #W92x11-2-25
Male plug, 120 VAC & 15-20 amps (2 each)
Pemale recepticles, recessed, 120 VAC & 15-20 amps (2 each)
Male plug, cecessed, "twist-lock®, 120 VAC & 20 amps (1 each)
Pemale recepticle, “"twist-lock®, 120 VAC & 20 amps (1 each)
Power cord, 3-wire, 12-14 gage (30 ft each)
Power cord, 2-wire, 14-16 gage (40 ft each)
Blectrical wire, 14-16 gage, stranded, black sheath (30 ft each)
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Blectrical wire, 14~-16 gage, stranded, white sheath (30 ft each)
Blectrical wire, 14-16 gage, stranded, green sheath (60 £t each)

Terninal block,

Heat shrink tubing, black,
Heat shrink tubing, white,

15-20 position w/jumpers

(1 each)
3/16-1/8 dia (3 ft each)
3/16-1/8 dia (3 ft each)

Asgortment electrical connectors, ring and forked

Assortment wire nuts

Assortment cable tie mounts, self-sticking

Asgortment wire ties, nylon, 3-inch length

2-way solenoid, miniature, 120 VAC - 16.7 watts

3-way solenoid, midget,

Heater tape,

TUBING (rigid and flexible)

- ASCO $#8262A152

- ASCP #8314C21

- Cole Parmer

1.75 W x 96.0" L,

120 VAC - 11.0 watts

$ T-3107-80

2° schedule 5 pipe, S.S. (10 ft each)

5/8° 0.D. x .049 wall, S.8. (10 ft each)
1/2® 0.D. x .049 wall, S.S. (10+ ft each)
1/2® O.R. x .049 wall, copper (10 ft each)
3/8° 0.D. x .035 wall, 8.S. (S5 ft each).
3/8® 0.D. x .035 wall, copper (5 £t each)
1/4° 0.D. x .035 wall, 8.8. (20+ ft each)
1/4* 0.D. x .035 wali, copper (10 ft each)
1/2% 1.D., automobile heater hose (20 £t each)
1/2" 1.D. x 3/32" wall, Tygon (2 ft each)

- Sargent Welch #38-73650-G
3/8" 1.D, x ,125 wall, heavy wall, black neoprene (50 ft each)
- Sargent Welch #S-73655-Kp
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1/4" 1.D. 8S braided Teflon hose (6 ft each)
- McMaster Carr #5244KS2
- NOTE: requires purchase of special S.S. fittings
(McMaster Carr #5244K82) which must be machined
to desired geometry (4 each)
1/4° 1.D. x 3/32" wall, heavy wall, black neoprene (50 ft each)
- Sargent Welch #8-73655-KD
1/4" 1.D. x 3/32" wall, Latex (1 roll)
- Sargent Welch $S-73571-KD)
1/4" I.D. x 1/16" wall, Tygon (30 £t each)
- Sargent Welch #S-73651-KC

MISCELLANEOUS

M, cyclone system (cyc I, cyc IV (if desired) ,. and filter holder)
- Andersen Samplers, Inc. {#SB~280 Series

1/4 - 20 x 3" L bolt, washer, nut assembly; S.S. (! each)

Assoctment 1/4 - 20 x 1/2" L bolts, washers, nuts, S.S.

Assortment $10 x 3/4" L bolts, washers, nuts; 8.8,

Assortmont # 8 x 3/4" L bolts, washers, nuts; 8.S.

Primer, zinc chromate (1 can each)

Bnamel paint, peanut beige (1 can each)

Acrylic reasin clear coat, gloss finish (1 can)
- {,e. Datakoat Gloss

Lettering, rub-on style (lettering tool desired)
- custoa fabricated

Hand knob assembly, threaded 1/4 - 20, manoneter level (1 each)
- McMaster Carr 6085K12

- Wave washers, 1/4" dia hole

Assorted 1/8" AL plate (for system support)

RTV siliicone rubber, for weather proofing (1 tube each)

RTV silicone rubber, high temp. (1 tube)

Teflon tape (1 roll each) - -
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Liquid thread sealant, (! tube)

Pin stripping, red and blue, see umbilical assembly (1 each)

Expanding sleeve, nylon, 1.25" dia, for umbilical (25 ft each)
- Bentley Harris § 6762001-13
- Cole-Flex # XS-100

Bxpanding sleeve, nylon, 0.75" dia (10 ft each)
- available from above sources

Drying column, drierite or silica gel, 285 mm x 67 mm (1 ea.ch)
- Sargent Welch § S-28730

4 CPFM pump, carbon vane, leak-free, w/muffler-filter (1 each)
- available through Andersen Samplers, Inc.

PABRICATED (Shop) ITEMS

EGR nozzle asgemblies, 3 individual dianeters
- SRI Dwg. No. 6211-21-01
Control box front panel, 1/8" AL plate
- SRI Dwg. No. 5785-1-C-01
Control box back panel, 1/8" AL plate
- SRI Dwg. No. 5785-1-C-04
Menometer leveling accessories, leveling guide & bolt base
- SRI Dwg. No. 5785-1-C-02
Gas meter supports, bottom & top supports
- SRI Dwg. No. 5785-1-C-03
Probe sheath, modified 2* Sch 5 SS pipe
- SRI Dwg. Ro. 5785-1-C-05
Probe cape, front & back, with front O-ring
- SRI Dwg. No. 5785-1-C-05
Sanple orifice assemblies, 3 individual diameters
- SRI Dwg. No. 5785-1-B-06
Pitot clamp (1 each)
- SRI Dwg. No. 5785-1-C-08
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Cyclone I modification, to allow pitot attachment
- SRI Dwg. No. 5785-1-C-08

Pitot flex-line fitting modification (4 each)
- SRI Dwg. No. 5785-1-c-08

Coiied condenger, SS
- SRI Dwg. No. 4266-D-0S



EGR
EGR
EGR
BGR
EGR
BGR
EGR

EGR
EGR

'APPENDIX B

LIST OF EGR SYSTEM SHOP DRAWINGS

panel (control box)

sampling
sampling
sanpling
sampling
sampling
sampling
sampling
sampling
sanpling

systen,
systenm,
systen,
systea,
systeam,
systoem,
systen,
systen,

manometer leveling accessories

DGM supports

back panel: magnchelic zero valves
probe components

sample orifice assembly

BGR nozile

pitot assembly

BGR circuit diagram

train, condunser
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Figure B-8. EGR sampling system, pitot assembly.
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APPENDIX C

LIST OF BLANK FORMS

Dry Gas Meter/Orifice Calibration Sheet
LPB Calibration Sheet

Pitot Calibration Sheet

Nozzle Calibration Porm

Temperature Sensor Calibration Porm
Magnehelic Gauge Calibration Check
System Vacuum Gauge Calibration Check
?ield Barometer Calibration Porm
Triple Beam Balance Calibration Porm
Pyrite Analyzer Calibration PForm
Method 1 Data Sheet

Method 2 Data Sheet

Method 3 Data Sheet

Method 4 Data Sheet

EGR Pield Data Sheet

Lab load/Unload Sheet

Pield Sample Weight Sheet

Reagent Blank Evaluation Porm
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DRY GAS METER/ORIPICE Sheet I.D.
(STANDARD: TEST MBTER)
CALIBRATION SHEET

Dxy Gas Meter I.D. Standard Test Meter I.D.
Barometric Pressure, l’a in. By Orifice 1.D.

Calibrated by: Date: Leak Check:

Run § 1 2 3 4
Orifice Setting, AR ) Previous Calibration:
Date:
Pinal Reading (STH) 014 v
Initial Reading (STM)
Volume Vq, ft3 Orifice AH from:
. Manometer
Temp T,, ‘r Magnehelic
Zero
APy, in. H,0
Final Reading (Da¢) ’ BEquipment Set Up:
__Positive Pressure
Initial Reading (DGM) (M5 w/leakless pump)
Other
Volume Vpgy:ft3
Tenp 7., 7
Elapsed Time 0, min.
DGM Plow Rate Q, acfm
AH (Tpq+460)
a = [—'—rr— ]
(ParrT %)M Avg
AHQ;
Correction Pactor, Yj
§ Error = QT = 1) 1008 _1

.Y

(Ty+460) .2 Vi (Pat —op ) (Tpc*460)
(0.0317)28 T 0 rPa* 7.7 ) (Tocu
B8O = Py o ( Ve Poove oa Fa¥ SHJ [Ty ta%0]

Deviation = (L-Dew ! previous) 1994 = . Note: Must be within £S%.
previous

Mote: Y4 criteria (22%); (M1 is Dry molecular weight (28.97 for Standard
If a x.-iru: Flow Element is substituted for the Standard Test Meter th:tsn:k).

columns may be used to record APrpe (in. B,0) and APs {(gauge pressure at

orifice inlet, in. H,0) if diffecen” from AH. For a Positive Pres
arcangement APgy. = 3H. essure equipment
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LFE CALIBRATION SHEET USING WET TEST METER

LFE I.D. This calibration uses the fit:
DATE:

OPERATOR:

= X Ap (__“SE_)*Y
Yr.rE

where: Q = LFE flowrate
BAROMETRIC PRESSURE (In Hg) = Ap = pressure drop
= Gas viscosity at LFE
X,Y = Calibration constants
TEMPERATURES (°P):
Ambient =

- ———

LFE -

VISCOSITY (STD) = 180.1 micropcise
- -5 2
VvISCosSIiTY (LPE) 163.526 + 0.2552 (Tppp) + 3.2355 x 107° (Typp)

- micropoise (Note: For Typp in °F)

RUN WIM P Q Q
VOLUME TIME DP LPE System W™ LFE
(Pe3d) (min) {In H.0) (In H.0) (ACPM) (ACFPM)
1
2|

4

S

|
I
ll

6

7

8 .

NOTE: D_ system {3 the pressure differential between the LFE inlet and
ambient,

e = (-SR] (M) 450

Calibration Results: X = Y=
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Pitot I.D.

Pitot Calibration Sheet

Date

Operator

Cp(stD)

Sketch or describe configuration:

Leak Check?

Sheet 1.D.

Manometsrs/Magnehelics Zeroed?

where cp('r..s'r) -

p(sSTD)

8PresT

Cp(rest) ™ Cpisto)  / APsm

DEV(4)

pitot tude coetficient of Type S pitot tube, dimensionless,

pitot tube coefficient of standard (if unkahown use 0.99) type

8Fsyp 8Ppesy Co(TEST) Deviation
(in. H.0) (in. H,0)
Average

TEST
Cp(“ = Cp (must be within *20.01)

standard pitot tube velocity head, inches Hz 0, and

Type S pitot tube velocity head, inches H, O.
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Nosgzle Calibration Porn
(See Instructions Below)

Sheet I.D.

Nogzzle Diameter (inches)
Date/Time Calibrated wossie AD D
By ID avg
Number Dy Dy Dy
where:
°1'2 3" three different nozzle diameters at 60 degrees
to each other. Bach measured to the nearest
0.00% inch
AD » naximum difference between any two diameters,

D g

Instructions
. Inspect the nozsle for nicks, dents, &nd cocrosion, 1If

3.
“

these are found they should be corrected before calibration.
Place a taference mark on the nozile.
of Pigure 1, aligned with Point 1,

the senter
reccxd D, .

AD < 0.004 inch
" (pl +D, +D,) ¢ 3

Place the nozzle at

Measure and

Rotate the nossle so that the reference mark is aligned
Measure and cecord D,.
Rotate the nosszle so that the reference ma’k is aligned
Measure and cecord D,.
Calculate AD and D___.

with Point

with Point

2.
3

ag
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TEMPERATURE SENSOR CALIBRATION DATA PORM

Sheet I1.D.

Date Thersocouple I.D., No.
Azbient Temderature g J Potentiometer I.D. No.
Calibrated by Barometric Prassure in. Bg
Ref: Mercury-ir-glass
Other
Reference Thermocouple
Reference Source Thermometer Potenticmeter Temper ature
Point No. (specity) Tenmper ature, Temper ature, Differency,?®
°y ‘r 3

{ref, temp, ‘P +460) - th °r 44
¥ TeT tenp, P} ] 100%

Note: Temperature diffecence must be within $1,.5%.
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Sheet 1.D.
MAGNEHELIC GAUGE CALIBRATION CHECK

Date Gauge I.D.

Ambient Temp , Calibrated by:

Barometric Press. in, Bg Leak Check:

ros. ¢ "H, 0 Acceptable
Neg.. ¢ 'nzo Acceptable

Manometer MAGNEHELIC Deviation
ap AP (“‘%ﬁ*) 100%

Positive
8ide

Negative
Side

Calibcrate and leak check the differential pressure gauge using the following
procedures

1. Connect :he differential pressure gauge to a
gauge-oil manometer, as shown.

2. Vent the vacuun side to the atmosphere, and
place prossure on each system to approximately
naximum auge reading. Close systen and cbserve
gauge reaxding for one minute. If no change in
reading occurs, leak check is acceptable.

3. Compare Lp readings of the dilCsrential pressure
gauge with those of the gauge-oil mancmeter at a
ninimum of three points representing approximately
tae range of Ap valuas to be encountered. Pollow
the same procedures on the vacuum side by venting
the pressure side to thy atmosphere and by putting
8 vacuum on the system.

4. During a pretest calibration check if, a: each point,
the value of Ap as read by the differential pressure
9auge and the gauge-oil manoaeter agree within 5%,
the difforential pressure gauge should be considered
properly calibrated.

S. The posttest calibration ghould be performed at the
average 4p. If the agreement is within :5% the
calibration is acceptable; if not, refer to EPA
Referencey Method 2 to deteraine acceptability.
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Sheet I.D.

SYSTEM VACITUM GAUGE CALIBRATION CHECK

Date Gauge I.D.

Ambient Temp ‘r Calibrated by

Barometric Press. _in. Bg Leak Rate (cfm)

Mercury Manocaetec Vacuun Sauge Correction
(in. Hg) (in. Hg) Pactor

1. Assemble system as shown. Note: Mercury manometer
should have at least 24" vacuum capacity.

2. System leack check: With pinch clamp closed,
adjust system vacuum to 20 "Hg (manometer),
observe gas meter flowrate {must be <0.02 cfm).

3. If leak rate is acceptab’ ., adjust systea vacuum to
13 and 19" Bg. Record each comparison. The vacuum
gauge reading should be within 108 of the refecrence.

Cotrection Pactor, CP, = _v'i!::cnet::
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Sheet I.D.

Pield Barometer Calibration Pora

Pield Barowmete: I.D.

Calibration Source

The field barometer should he adjusted initially and before each test
series to agreo within 2.5 mm (0.1 in) Bg of a mercury-in-glass barometer ot
with the station pressure value reported by a nearby National Weather Service
station and corrected for elevation. The correctior for elevation difference
between the stiation and the sampling point should be applied at a rate of
-2.4 mm Rg/30 n (-0.1 in H9/100 ft).

Was the pretest field barometer calibrated? yes no

Operator:

Date:

Reference Pressure =

Diffecrence =

Measured Pressure =
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Triple Beam Balance
Calibration Porm

(See Instructions Below)

Date: Zero:

Operator:

Reference Measured Difference
we. w.
(9) {9 (9)

Instructions:
The %riple beam balance shouvld be calibrated by using Class-S standard

weights and should be within 0.5 ¢ of the standard weight. Adjust or return
the balance to the manufacturer if limits ars not met,
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Pyrite Analyzer Calibration PForm

Detes Operator:
Oxygen Carbon Dioxide
2ac0
) 3ource Reading $ Brror Source Realing 8§ Error
1
2
-
3
1
Aver age : ' Aver age

NOTE: If Oxycen Source is ambient air, the measured average must be 20.8 + 0.7%,
If Source is a known mixtuze of gases, the average should bs 2 0.5% of known
concentration for both oxygen and carbon dioride.

120



Instructions: Draw port configuration on appropriate duct gaometry.

METHOD 1. DATA SHEET

Duct Diameter

Ho. Diametera to
nearest upstrean
disturbance

Ro. Diameters to
nearest downstream
disturbance

Ro. Required traverse
points

in.

Port flange depth in.

Duct dimensions in.

Bquivalent diameter,

De = 2 LW in.
L

No. Diaseters to
nearest upstream
disturbance

No. Diameters to
nearest downstrean
disturbance

No. Required traverse
points

Port flange depth

Point No

Position of traverse points
(Distance from inner wall in iaches)

N W =
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1A

Method 2 Data Sheet

plant: " Datr;
Location: _ Tiwe:

0, = ws \CO,= \CO= SH, O=
Paab (HG)= 24P o acx (H,0)= _ 2 omb(*F)=

Pi tot Constante

w

Point port 1 port 2 port 3 Port 4 Pory Port 6 porg I port 1' Port
No. A[& T A.PL T AP, T AP T A_Pv T APY T APV T APY APV

~

- ®

9

10

Avg ., ¥ H

* Averages are /Ap, not Ap.

AVERAGE DUCT VELOCITY =

AVERAGE DUCT TEMPERATURE =




METHOD 3 DATA SHEET

Test Name:

Sample Location:

FYRITE GAS ANALYSIS

Date Time 0, O, Operator
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kL4

METINN) 4 - WATER ANALYSIS
Water UGH Vol , Ve, Fe3] 0oM semp, | Barometric bw,
Date | Time | Run 1.0.| Collected, mt Initial rinal T, °R | Press, Im | & 41,0 Operator
[ 4
Vo= (0.0472 €t/m1)  (water Collectcd)
v = (17.65 °*rzin. ny) ( Ya Yu_ ) n Y€ o g-— + 0.025
we T- wo . ¥ Voo




Ria Data [s Gas Composition
_Code _ Teaperatuce Cnl oo, 10, 1c0

sampler start Differential Stack Molsture Content

10 Dime Pressure (in.B.0)

Pilter Znd Asblent o

10 Time Teaperature {'n

sampler Sampling Ambient
| O=ientation Duration {3in} Pressuzre {in.2q)

Sampling oG ° Gas Pitot Leak Check

ation (inieial) Velocity {Pos) (Meg)

Nossle -~ Systam Leak Check Botas

Oismater-10 {in)! (ginal)

Operator(s) Sample

Volume (eed)

Dual Manometcr Levelad and Zerced?

Magnehelics Zecced?

Run pocrt Ho a9 a8 -~ ap 14 ap l‘ Ty Ty T T

Time| Trav.pc.| Pitot| Sampla| Volume {Total [Ianlat|Recycle! Stack | Recycle| Probe bén
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LAB LOAD/UNLOAD SHEET FOR MT FILTIR, PM10, OR 8 SERIES CYCLONE

o CO0s MERSON UNLOAOING SAMPLER ANO OATE UMLOADED
NOTE YOUR OBSEAVATIONS ON TX1§ APREARANGE OF EACH
ommcs 10 STAGL, SUSSTRATE. OR CYCLOME UPON DISASSELMELY
AMED FOR CALCIAATING AUN AAIMETERS)
08 PORSS MAY 81 USED POR AXY OF THRES ORWERINT TYSES OF SAMPLERS.
CIRCAE TWE TYPR SAMIEN USID
WIMTER M0 s uEAms CYCLONE
SAMPURG ASSIGMMENT
PALET. GUNLET. GTNEA: MASS TRAIN FILTER ICIRCLE ONE)
67 0 TR Mn O no.
* 63 00 STER NOZZLS WASH 10 NO.
wesTRA) - - « esms
DENTIMCATION
#10 sammLEn
cveLom v
™~ ooy
PP ——
NOLOBA 130
SOZILA 10 w). cveLom 3
™ o
NOZTLE OMMNETER. oy
PERSON LOADING IMPACTOR AN DATE LOACED |
mren
~
* Lao § SEMES CYCLONS 987
* MARK HOLDER WITH U COOR Svoiom v
* WlAK TRS? o
* WRAZ WITH PO AND MARK WITH AUN COOE
LAS LEAK CHECK 10 $4C PRESSURE CHANGR)
CHBEX UNOER VACUUN (-9 8. My prepep,
o a
eTIAL e ng
[ Y . gy
cverons 9
e 3
NOTES AND OBSSAVATIONS
cveront ¢
v <
.
cvaione s
v 4
e
)

8080420
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§heet I.D.
WEIGKT SHEXTS FOR USE WITH THE METTLER BALANCE

Substrats Set I.D.

PRE-TEST WEIGHTS

Operator Operator
Date Date
Calibration Check? Calibration Check?
Weight Offset Actual Weight Offset Actual | Pinal
1.D. (gm) (gm) (gm) (gm; (gm) (gm) (gm)

PINAL WEIGHTS

Operator Opezator
Date Date
Calibration Check? Calibration Check?
Weight Offset Actual Weight Offset Actual | Pinal |wt.Gain
I.D. (gm; (gm) (ng) (gm) (gm) (=g) (mg) (ag?

Note: A control weight should be recorded at least every tenth weight.
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Sheat I1.D.
RBAGENT BLANK EVALUATION FORM

Date: Reagent:
Oper ator: I.D.#:
Density (mg/ml)

Barometric Pressure (in. Hg):
Apbient Temperature (°PF):

In a tared weighing pan add a specified amount (20-30ml) of the reagent.
Allow the solution to evaporate and reweigh the pan. The net weight gain shall
be considered residue from the reagent.

NOTE: For each separate bottle or container of reagent a minimum of three
blanks should be obtained to determine an average residue mass.

Pan TARE Volume Pinal Mass ]
1.D. (mq) Reagent Weight Residue Impuzities‘

(1) (mg) (ma)

Avetageb

{Residue,m :
33 Impuritien = mﬁvgi—mrr = x 100%

bpor reagents the average to impurities should be <0.001%
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APPENDIX D
HP41C SBTUP PROGRAM FOR EGR SYSTEM (EGR SET)

The BGR setup program is used to determine the sample orifice, total flow
LFE, and recycle flow LFE pressure differentials required to maintain isokine-
tic sampling for given stack conditions. The program uses an approximation of
the total flow rate, Qt' to eliminate the necessity of an iterative solutiorn.
This approximation agrees with the exact solution of the equation to $1% for
stack conditions in the range of 100 to 500 ‘P and 0 to 50% moisture. &n.
additional approximation is introduced by assuming stack temperature to be
constant at the average stack temperature. This approximation removes the
complicated temperature dependence from all three pressure drop equations.
Pressure drops calculated in th}; manner agree within *10% with exact solu-
tions for temperatures in the :énge of $50 °P of the average.

Initial prompts for data input are as follows:
1) Barometric pressure
2) Static pressure of stack
3) Average stack temperature
4) Gas meter temperature
S) Dry molecular weight
6) Wet molecular weight
7) Percent oxyger -
8) Percent moisture
9) Calibration constants
o8

t
oW

t
o8

[ 4

ow
4
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o Delta 1,
o Nozzle diameter

o Pitot C
P

After the above data are entered, the program calculates the equation

constants for each of the pressure differentials, in the following form:

AH = mPvel

4p, = A, - B, 7Ap

sp, = A, - B, VIR
When the pressure differential equations have been determined, the
program enters a short loop and prompts for the velocity pressure, Apvel'
After entering “his information, the sample orifice AH, total flov_ LFE Apt,
and the recycle flow LFE Ap: are deterrined. The program then asks if there
are more traverne points. A "Yes" answer resets the program to the beginning
of the loop. A "No" answer ends the program.

Note that |f the stack temperature deviates from the average temperature
entered by more than 50 °P, the ejuation constants should be recalculated by
reentering the beginning of the program.

130



01 ¢ LBL "EGR SET"

02
03
04
0S
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

PIX 2

CLRG

*"BAR PRESS?*
PROMPT

STO 01t

«59

+

STO 06

*STATIC P INWG?"

PROMPT
13.6

/

RCL 01

+

8T0 07
"STACK TEMP?*®
PROMPT

STO 08
XA2
3.2355 B-5
»

. 25529
RCL 08

»

+

152.418

+

STO 09
*METER TEMP?*®
PROMPT

8TO0 10
X442
3.2355 B-5
»*

.2%529
RCL 10

»

+

152.418

+

§T0 11

460

ST+ 08

ST+ 10
"DRY MOL WT?"
PROMPT
810 12
"WET MOL wWI?"
PROMPT
8TO 13
"s02 ?2*

131

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

70
K2
72

74
75
76
77
78

80
81
82
83
84
85
86
87
88
89
90
91
92

94
95
96
97
98
99
100
101
102
103
104

PROMPT
«53147

*

ST+ 09

ST+ 11

*$ MOISTURE?"
PROMPT

100

/

STO 14
"CALIBRATION"
AVIEW

PSE

*DATA"
AVIEW

PSE

*XT ?¢
PROMPT

STO 15

In ?-
PROMPT

STO 16

Ixn ?-
PROMPT

STO 17

.YR ?.
PROMPT

STO 18
"DELTA Ha?"
PROMPT

RCL 01

/

STO 0f

*DIA NOZZILE?"
PROMPT
XA2

STO 19

Xé2

8T* 01
*PITOT CP?"
PROMPT

ST* 19

X¢2

sT* 01

1

RCL 14
X42

8T* 01

FCL 12

ST* 01

RCL 10



105
106
107
108
109
10
11
112
113
114
115
116
17
118

ST* 19
sT* 01
RCL 07
sT* 01
SORT

ST* 19
RCL 13
sT/ 01
RCL 08
sT/ 0
SQRT

ST/ 19
£46.72
ST* 01

119 LDL O1

120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

RCL N
8T* 19
RCL 06
8T/ 19
. 1539
ST* 19
18
RCL 12
/

1

XY

. 2949
*
1
XY

RCL 09
»
RCL 14
L ]
STO 03
1
RCL 14

RCL 14
*
74.143
*

ST+ 03
RCL 09
RCL 14
74.143
»

8T/ 03
RCL 19

132

57
158
159
160
161

162
163
164
165
166
167
168
169
170
17

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

RCL 15

RCL 13
SQRT

ST* 03
RCL 11
RCL 10

RCL 07
. 7051
Y4X

RCL 09
RCL 06

RCL 12
. 2949
Y4X

RCL 08
. 7051
Y AX

1.5752

810 20
RCL 11
180.1

RCL 20
x<OY

RCL 15

8TO 02
LBL 02
RCL 17
8T/ 19
RCL 09
RCL 14
74.143
*

RCL 09
XOY

RCL 12
+2949

RCL 16

E-5



209
210
211
212
213
214
215
216
217
218
2'S
220
221
222
223
224
225
226
227
228

TAX

/

RCL 13

.2051

Yax

/

RCL 19

»

STO 05

RCL 11

180.1

/

RCL 18

*

RCL 20
x<>Y

RCL 17

/
STO 04

229 ¢ LBL 03

230
231
232
233
234
235
236
237
238
239
240
24
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

“VELOCITY DP?"
PROMPT

870 00

RCL 01

*

“DELTA H= *
ARCL X
AVIEW

psSe

RCL 00
SQRT

RCL 03

»*

RCL 02

X<y

"DP TOTAL = *
ARCL X

AVIEW

psg

RCL 00

8QRT

RCL 05

*

RCL 04

XY

*DP RECYCLE = "
ARCL X

AVIEW

PSE
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261
262
263
264
265
266
267
268
269
270
27N

AON
"MORE PTS? Y,N"
PROMPT
ASTO Y
ACFFP
.YI
ASTO X
X=Y?
GTO 03
CLX
END



GIOSSARY

Aerodynanic diameter: The aerodynamic diameter of a particle ie the diameter
of a sphere of unit dersity wiich has the same settling velocity in the
gas as the particle of interest. Por spherical part:cles with diamstear
Dp, larger than a few aicrons and gas conditions of interest for source
PHN, the aerodynanic diameter is essentially given by /'p'; Dp where p
is the particle density.

Cut-point: T.e cut-point of a siz¢ classifier is the particle diameter for
which all particles of equal or greater diameter are captured and all
particles with smaller diameters are not captured. No real device
actually has a sharp step function cut-point, but the theoretically
defined o, of a stage is often called its cut-point.

Geometric standard deviation, aq: A measure of dispersion in a lognornmal
distribution. It can be zalculated as the ratio of particle diameter
corresponxiing to a cumulative percent of 50 to the diameter
cotresponding to a cumiiative peccent of 15,86,
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