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1.0 INTRODUCTION

On November 22, 1986, Environmental Source Samplers, Inc. (ESS)
conducted particulate emission testing and particle size .deter-
mination for Lockwood Greene Engineers, Inc. Testing was con-
ducted on the chromic acid (chrome line 1} exhaust stack located
at the Naval Air Rework Facility (NARF) located at the Naval
Air Station (NAS) in Norfolk, Virginia. .

Three (3) particulate emission test runs were simultaneously
performed at the inlet and outlet of the demister serving chrome
line 1 (LS1l). Particulate emission testing was performed as
outlined in U.S. Environmental Protection Agency (EPA) Method
5. EPA Methods 1 through 4 were used in support of EPA Method 5.
The particulate collected was also analyzed for total chrome
emissions,

Additionally, three ({(3) particle size determinations were made
simultaneocusly at the inlet and outlet of the demister. These
determinations were made utilizing two (2) inertial cascade
impactors.

The purpose of this test series was to determine .emissions
from the demister stack, to determine removal efficiency of
the demister, and to characterize the emissions from the chrome
line.

| =~—personnel present included:

Ms. Susan Suzuki, Naval Energy & Environmental Support Act.
Mr. John Mintz, Regional Qfficer - Construction

Mr., Martin Beam, Lockwood Greene Engineers

Mr. Tim Osborn, NARF Production Engineer

Mr. Mike Shaw, NARF Planning

Mr. Steve Erickson, Atlantic Div., Engineering Command
Mr. Randy Martin, Giffels (A&E)

Mr. Bruce Gerber, ESS

Mr. Robert Hamlin, Jr., ESS

Mr. Dayne Loy, ESS

.Mr. John Salkill, ESS
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2.0 SUMMARY AND DISCUSSION OF RESULTS

The test results are summarized on the following pages. Field
data sheets are included in Appendix A; calculations in Appendix
B; laboratory data in Appendix C; and calibration data in Ap-
pendix D.

The average total particulate loading to the demister was meas-
ured at 0.0270 grains/dscf, or 4.72 1lbs./hr. Total chrome
loading was 0.0055 gr/dscf, or 0.97 lbs./hr. The average parti-
cle size at the inlet was measured at 4.05 microns.

The average total particulate emissions from the demister was
measured at 0.0047 gr/dscf, or 0.79 1lbs./hr. Total chrome
emissions were 0.0013 gr/dscf, or 0.23 1ibs./hr. The average
particle size was measured at 1.60 microns.

The average total removal efficiency of the demister was cal-

culated at 82.5 percent. The average total chrome removal
efficiency of the demister was calculated to be 75.6 percent.
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DATE
TIME
TIME
FLUE
FLUE
FLUE
FLUE

RUN #

START (EST)

STOP (EST)

GAS TEMP (°F)

GAS VELOCITY (FPS)

GAS FLOWRATE (M ACFM)
GAS FLOWRATE (M DSCFM)

VOL OF GAS SAMPLED (DSCF)
MOISTURE (%)

ISOKINETIC SAMPLE RATE ($%)

MOL WEIGHT OF FLUE GAS (MOLES)
TOTAL EMISSIONS (GR/DSCF)
TOTAL EMISSIONS (LBS/HR)
CHROME EMISSIONS (GR/DSCF) -
CHROME EMISSIONS {LBS/HR)

NARF PLATING FACILITY

PARTICULATE EMISSIONS SUMMARY

1
11/22/86
13:20
14:26
71.5
48.89
20,741
20.085
58.36
1.9
98.8
28.79
0.0231
3.98
0-=0050
0.86

2
11/22/86
l16: 5
17: 8
69.0
48.85
20.723
20.155
58.96
1.9
99.5
28.79
0.0318
5.50

~0.0062- -

1.07

3
11/22/86
20:00
21:03
67.2
50.97
21.621
21.029
60.72
2.2
98.2
28.75
0.0260
4.69
0.0054
0.97

CHROME LINE 1 DEMISTER INLET

AVG

69.2
49.57
21.028
20.423
59.35
2.0
98.8
28.78
0.0270
4.72
0.0055
0.97
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i © |RUN #

' |DATE
- | TIME
U (rIME
_ |FLUE
[; FLUE
FLUE
| |FLUE

START (EST)

STOP (EST)

GAS TEMP (°F)

GAS VELOCITY (FPS)

GAS FLOWRATE (M ACFM)
GAS FLOWRATE (M DSCFM)

VOL OF GAS SAMPLED (DSCF)
! |MOISTURE (%)

ISOKINETIC SAMPLE RATE (%)
MOL WEIGHT OF FLUE GAS (MOLES)
TOTAL EMISSIONS (GR/DSCF)
TOTAL EMISSIONS (LBS/HR)

| . |CHROME EMISSIONS (GR/DSCF)
CHROME EMISSIONS (LBS/HR)

.{: |DEMISTER EFFICIENCY (%)

NARF PLATING FACILITY
PARTICULATE EMISSION SUMMARY

~

CHROME LINE 1 DEMISTER OUTLET

1

'11/22/86

13:27
14:30
73.7
47.98
20.353
19.605
62.25
2.7
103.0
28.70
0.0041
0.69

0.0013

0.22

B2.3

‘DEMISTER EFFICIENCY (CHROME) (%) 74.0 .

2
11/22/86
16:54
17:58
69.2
47.63
20.205
19.648
63.79
2.6
105.4
28.71

0.0030

0.84
0.0012

84.3

0.20

.80.6 .

3
11/22/86
20:06
21:09
67.8
47.96
20.345
19.857
64.78
2.5
105.9
28.72
0.0050
0.85
0.0015
0.26
. 80.8
(72.2

AVG

70.2
47.86
20.301
19.703
63.61

2.6

104.8

28.71"
0.0047
0.79
0.0013

0.23

82.5

75.6
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3.0 PROCESS DESCRIPTION AND OPERATION

Two {2) similar chrome lines exist at the plating facility
at the NARF. This test series was conducted on chrome line 1,
which is served by liquid separator 1 (LS1).

Tanks 32, 33, and 34 contain chromium trioxide and sulfuric
acid, which is heated to 125 - 135 °F. Plates to be chromed
are- placed in the tanks, and voltage is applied. Fumes are
ducted to a Ceilcoat demister. A fan exhausts the emissions
to the atmosphere through a stack. : -

The tanks were fully loaded for the test series with test plates.
Per recommendation of the manufacturer, the line is washed
down for four (4) minutes every two (2) hours. These washings
occurred at approximately 1300, 1500, 1700, . and 1900 hours.

It is suspected that a portion of the emissions are contained
in solution which travels along the bottom of the duct to the
demister and exhaust fan. These emissions are not measured
by the procedure used during this test series.

It was .discovered that the exhaust fan was_running backwards
after an initial velocity traverse indicated much lower than
expected duct velocities. The motor phasing was. changed to
- run the ‘fans correctly. - Approximately 20% of the first particle
sizing measurement was made with the fan direction reversed.
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4.0 SAMPLING POINT LOCATION

The demister inlet sampling ports were located in the duct

..leading from the three (3) tanks to the demister. Two (2)
test ports were located at 90° angles in the 3.0 foot inside
diameter duct 1.5 feet or 0.5 duct diameters upstream of the
demister, and 36.0 feet, or 12.0 duct diametersdownstream of
a 45° bend in the duct leading from the tanks.

According to the procedures of EPA Methods 1 and 2, a total
of 12 points were selected for sampling across the duct diameter
at each test port. Each point was sampled for 2.5 minutes,
resulting in 60 minute particulate test runs. |

The demister outlet sampling points were located in the exhaust
stack leading from the fan serving LS1. The two (2) test ports
were Jlocated at 90° angles in the 3.0 foot inside diameter
duct 8.0 feet or 2.7 duct diameters upstream of the stack exit,
and 33.5 feet or 11.2 duct diameters downstream of a 90° bend
in the duct leading from the fan.

According to the procedures of EPA Methods 1 and 2, a total

of 6 points were selected for sampling across the duct diameter

at each test port. Each point was sampled for 5 minutes, result-
- ing-in 60 minute test runs.

Schematic diagrams of the two (2) sampling locations appear

on the following two (2) pages.
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5.0 FIELD AND ANALYTICAL PROCEDURES

EPA -Methods 1 - 5, as outlined in the Code of Federal Regu-
lations, Chapter I, Title 40, Part 60, Appendix A, were utilized
in performing the particulate emissions test series. The

Method 5 sampling train was modified per NEESA regquest to ex-
clude the filter and cyclone.

Nu-Tech sampling equipment was used in conducting the tests.
A glass lined probe was used with attached S-type pitot tubes
and stack gas temperature sensor at each test location. The
probes were heated and attached with flexible tubing to the
impinger train. The first two (2) impingers each contained
approximately 150 ml of deionized water, the third impinger
was dry, and the fourth impinger contained silica gel.  After
each run, the probe, flexible tubing, and impinger glassware
were washed and brushed out with deionized water, These wash-
ings were added to the impinger water for analysis.

EPA Methods 160.1 and 160.2 were used to determine dissolved
solids and suspended solids in the washings. These results
were added for total particulate loading. The washings were
analyzed by EPA Method 218.1 with atomic adsorption to determine

total chrome content.

All other EPA Method 5 procedures were followed during the
sampling, analysis, and calculation phases of each particulate
test run. These procedures are detailed on the following pages.

A Sierra cascade impactor was used in measuring particle sizes
at the demister outlet, and an Anderson cascade impactor was

used at the demister inlet. The inertial particle sizers are

similar in operation, and each contain eight (8) stages follow-

ed by a back-up filter. Samples were collected at a single
point isckinetically and simultaneously at the inlet and outlet
of the demister. Each test run was 60 minutes in duration,

After the filters were weighed, the sampling flowrate through
the impactor is calculated. A 50% 'cut' size for each collect-
ion stage is calculated based on the sampling characteristics.
A plot of the cumulative weight percent versus the particle
size was made on log-probability paper. An average particle
size (mass median diameter} is considered to be the point where
the best fit line crosses the 50% point. From the graph, the

-10-
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particle size distribution 1is presented as a bar graph over
the various ranges.

Because of the lighter than expected grain loadings, analysis
of the nine (9) individual filters in each of the six (6) test
runs could not be made specifically for chrome. The particle
size determinations are for those particles existing as particu-
lates in the gas stream at flue gas temperatures. A visual
inspection of the filters indicated the vyellow/orange deposit
associated with chrome on the filters from the smaller cut-
size stages. A small amount of non-chrome type particulate
matter was collected on the larger cut-size stages.

A description of the particle size test procedure appears fol-
lowing the EPA Method 5 test procedure.

-11-
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METHOD 5—DETZRMINATION OF PARTICULATE
EMmIssions FRoMm STATIONARY SOURCES

1. Principle and Applicabilily

1.1 Principle. Particulate matter is with-
drawn isokinetically from the source and
collected on a glass {lber filter malntalned
at a temperature in the range of 120+14* C
(248 +25° F) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,

U.8. Environmental Protection Agency, for
a particular application. The particulate
mass, which includes any material that con-
denses at or above the filiration tempera-
ture. is determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
~missions {rom stationary sources.

2. Apparalus

2.1 Sampling Train. A schematic of the
sampling train used [n this method is shown
in Figure 5-1. Complete construction details
are given in APTD-05381 (Citation 2 in Bibli-
ography). commercial models of this train
are also available. For changes from APTD-
0581 and for allowable modifications of the
train shown in Figure 5-1, see the following
subsections. .

The operating and maintenance proce-
dures for the sampling train are described in
APTD-05%76 (Citation 3 in Bibliography).
Since correct usage is important in obtain-
ing vaitd results, all users should read
APTD-0576 and adopt the operating and
maintenance procedures outlined in t,
unless otherwise specified herein. The sam-
pling train consists of the following compo-
nents:

TEMPERATURE SENSOR

et

= "
. TEMPERATURE

HEATED AREA  THERMOMETER
e — SENSOR FILTER MOLOER
PROBE STACK e ————
WALL
\
’ ) [ ]

REVERSE-TYPE

PITQT TUBE

THEAMOMETEHS

2.1.1 Probe Nozzle. Stainless stecl (316}
or glass with sharp, tapercd leading cdge.
The angle of taper shall be 30° and the
taper shall be on the outside to preserve a
constant internal diameter. The prcbe
nozzle shaltl be of the button-hook or elbow
design, unless otherwise specified by the Ad-
ministrator. If made of stainless steel, the
nozzle shall be constructed from seamless
tubing; other materials of construction may
be used, subject to the approval of the Ad-
ministrator.

A range of nozzle sizes suitable for isokin-
etic sampling should be available, e.g.. .32
to 1.27 c¢m (% to % in.)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) nozzles in increments of ¢.16 cm
(%4 in.). Each nozzle shall be callbrated ac-
cording to the procedures outlined In Sec-
tion 5.

2.1.2 Probe Liner. Borosilicate or quartz
glass tubing with a heating system capable
of maintaining a gas temperature st the exit
end during sampling of 12014~ C (24825
F), or such other temperature as specified
by an applicable subpart of the standards or
approved by the Administrator for a par-
ticular application. (The tester may opt to
operate the equipment at a temperature
lower than that specified.) Since the actual
temperature at the outlét of the probe is
not usually monitored during sampling,

probes constructed according to AFPTD-0581

and utllizing the calibration curves of
APTD-0576 (or calibrated according to the
procedure outlined lh APTD-0576) will be
considered acceptable.

METHOD 5

Efther borosilicate or quartz glass probe
liners may be used for stack temperatures
up to about 480° C (900 F) quartz liners
shall be used for temperatures between 480
and 800* C (900 and 1,650' F). Both types of
liners may be used al higher temperatures
than specifled for short periods of Lime, sub-
ject to the approval of the Administrator.
The softening temperature for borosilicate
is 820° C (1,508° '}, and for quartz it {s 1,500°
C{2.732' P).

Whenever practical, every effoert should
be made to use borosilicate or quartz glass
probe liners. Alternatively, metal liners
(e.g., 316 stainless steel. Incoloy 825.' or
other corrosion resistant metals) made of
searnless tubing may be used. subject to the
approval of the Administrator,

2.1.3 Pitot Tube. Type S, as described In
Sectlon 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (&s shown !n
Figure 5-1) to allow constant monitoring of
the stack gas velocity. The impact (high

'Mention of trade names or specific prod-
uct does not constitute endorsement by the
Environmental Protection Agency.

IMPINGER TRAIN OPTIONAL, MAY BE AEPLACED

BY AN EQUIVALENT CONDENSER

THERMOMETER
CHECK

| / " VALVE

VACUUM
- LINE

PITOT MANOMETER IMPINGERS

ORIFICE

7~ /=
URY GASMETER AIH-TIGHT
PUMP

Fiaure 3-1. Partculate-snmghing traln

BY.PASS VALVE

ICE BATH

VACUUM
GAUGE

MAIN VALVE

—12-
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EPA METHOD 5,

pressure’) opening pilane of the pitot Lube
shall be ¢even with or above the nozzle entry
plane (sce Method 2, Figure 2-6b}) during
sampling. The Type S pitot tube assembly
shall have a known coefficient, determined
as outtined in Section 4 of Method 2.

2.1.4 Differentia Pressure Cauge. In-
clined manometer or equivaient device
{two?, as described in Section 2.2 of Method
2, One manometer shall be used or velocity
head (ap) readings. and the other, for orifice
differentia pressure readings.

2.1.5 Filter Holder. Borosilicate glass,
with a glass frit filter support and a silicone
rubber gasket. Other materials of construc-
tion (e.g.. stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
traior. The holder desigh shall provide a
positive seal against leakage from the out-
side or around the [ilter. The holder shal}
be attached immediately at the outlet of the
probe (or cyclane, it used).

2.1.6 Filter Heating System. Any heating
system capable of maintaining a tempera-
ture around the [ilter holder during sam-
pling of 120+i4" C (248+25" F), or such
other temperature as specified by an appli-
cable subpart of the standards or approved
by the Administrator for a particular appli-
cation. Alternatively, the lester may opl to
operate ‘the equipment al a temperature
lower than that specified. A temperature
gauge capable of measuring temperature to
within 3° C (5.4° F') shall be installed so that
the temperature around the {liter holder
can be regulated and monitored during sam-
pling. Heating systems other than the one
shown jn APTD-0581 may be used.

2.1.7 Condenser. The following system
shall be used to determine the stack gas
moisture content: Four Impingers connected
in series with leak-free ground glass [ittings
or any similar leak-free non-contaminating

fittings. - The first, -third, and fourth im- -
pingers shall be of the Greenburg-Smith

design, modified by replacing the tip with
13 cm (% In) D glass tube extending to
about 1.3 ecm (% in.) frem the bottom of the
flask. The second !mpinger shall be of the
Greenburg-Smith design with the standard
tip. Modilications (e.g.. using flexible con-
nections between the Impingers, using mate-
rlals other than glaas, or using flexible
vacuum lines to connect the filter holder to
the condenser) may be used, subject to the
approval of the Administrator. The tirst and

" second Impingers shall contain known quan-

tities of water (Section 4.1.3), the third shall
be empty, and the fourth shall contain a
known weight of silica gel, or equivalent
desiceant. A thermometer, capable of meas-
uring temperture to within 1° C (2° F) shall
be placed at the outlet of the fourth imping-
er for monitoring purposes.

Alternatively. any system that cools the
sample gas stream and allows measurement

ot the water condensed and moisture leav-
ing the condenser, each to within l mlorl g
may be used, subject to the approval of the
Administrator. Acceptabie means are Lo
measure the condensed water either gravi-
metrically or volumetrically and to measure
the moisture leaving the condenser by: {1}
monitoring the temperature and pressure at
the exit of the condenser and using Dalton’s
law of partial pressures; or (2) passing the
sample has stream through a tared sillca gel
(or equivalent desiccant) trap with exit
gases kept betow 20° C (68° F and determin-
ing the weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that siljca
gel (or equivalent) stlll be used between the
condenser system and pump to prevent
moisture condensation {n the pump and me-
tering devices and to avold the need to make
correctlons for moisture In the metered
volume,

Nortr: If a determination of the particu-
late matter collected in the impingers is de-
sired in addition to moisture content, the
impinger system described above shall be
used, without medification. Individual
States or control agencles requiring this in-
formation shall be contacted as to the
sample recovery and analysls of the imping-
er contents,

2.1.8 Metering System. Vacuum gauge,
leak-free pump, thermometers capable of
measuring ltemperature to within 3* C (5.4°
F), dry gas meter capable of measuring
volume to within 2 percent, and related
equipment, as gshown in .Flgure 5-1. Other
metering systems capable of maintalning
sampling rates within 10 percent of isokine-
tic and of determining sample volumes to
within 2 percent may be used, subject to the

approval of the Administrutor. When the.

metering system is used in confunction with
1 pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utliizing metering sys-
lems designed for higher flow rates than
that decribed in APTD-0581 or APDT-0576
may be used provided that the specifica-
tions of this method are met.

2.1.9 Barometer. Mercury aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
t0.1 in. Hg). In many cases the barometric
reading may be obtained from a nearby na-
tional weather service station, In which case
the station value (which Is the absolute bar-
ometric pressure) shall be requested and an
adjustment for elevation dlfferences be-
ween the weather station and sampling
doint shall be applied at a rate of minus 2.5
mm Hg (0.1 in. Hg) per 30 m (100 [t) eleva-
tion Increase or vice versa for elevation de-
Trense,

- longer than a month.
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2.1.10 Gas Densily Determination Equip-
ment, Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas analyzer, if necessary, as
descerlbed in Melhod 3. The temperature
sensor shall, preferably, be permanently at-
tached to the pitot tube or sampling probe
in a flxed configuration, such that the tip of
the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just prior to use in the field, Note,
however, that if the temperature sensor is
attached in the field, the sensor must be
placed in an interference-free arrangement
with respect to the Type S pitot tube open-
Ings (see Method 2, Figure 2-7). As a second
alternative, il a difference of not more than
1 percent in the average velocity measure-
ment s to be introduced, the temperature
gauge need not be attached to the probe or
pitot tube. (This alternative is subject to the
approval of the Adminlstrator,)

2.2 Sample Recovery. The [following
Items are needed.
2.2.1 Probe-Liner and Probe-Nozzle

Brushes, Nylon bristle brushes with stain.
less steel wire handles. The probe brush
shall have extensions (at least as long as the
probe) of stalnless steel, Nylon, Teflon, or
similarly Inert material. The brushes shall
be properly sized and shaped to brush out
the probe llner and nozzle.

2.2.2 Wash Bottles—Two. Glass wash
bottles are recommended, polyethylene
wash bottles may be used at the option of
the tester, It Is recommended that acetone
not be stored in polyethylene bottles for

2.23 Glass Sample Storage Containers,
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Screw cap linérs shall either be rubber-
backed Teflon or shall be constructed 50 as-
to be lesk-free and resistant to chemical
attack by acetone, (Narrow mouth glass bot-
tles have been found to be less prone to
leakage.} Alternatively, polyethylene bottles
may be used.

2,24 Petri Dishes. For filter samples,
glass or polyethylene, unless otherwise spec-
iffed by thie Administrator.

225 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
1 ml or 1 g. Graduated cylinders shall have
subdivisions no greater than 2 ml, Most lab-
oratory balances are capable of welghing to
the nearest 0.5 g or less, Any of these bal-
ances is sultable or use here and In Section
23.4.

2.2.6 Plastic Storage Containers., Afr-
Light containers to store silica gel.

2,27 Funnel and Rubber Policeman. To
ald in transfer of sillca gel to contalner; not
necessary {f sillca gel Is weighed In the [leld.

(eSS
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2.2.8 Funnel, Glass or polyethylene, to

| aid in sampln recovery.

2.2 Analysis. For analysis, the [ollowing
equipment is needed,

2.3.1 Glass Welghing Dishes,

2.3.2 Desiccator,

2,3.3 Anaiytical Balance. To measure Lo
within 9.1 mg.

2.3.4 Balance. To measure to within 0.5 g.

2.3.5 Beakers. 250 ml.

2.3.6 Hygrometer. To measure the rela-
tive humidity of the laboratory environ-
ment.

2,3.7 Temperature Gauge. To measure
the temperature of the labormtory environ-
ment.

3. Reagents

3.1 Sampling. The reagents used in sam-
piing are as followx:

3.1.1 Fiiters. Glass fiber filters, without
organie binder, exhibiting at least 99.95 per-
‘cent efflciency ( <0.05 percent penetration)
on 0.3-micron dioctyl phthalate smoke parti-
cles. The [ilter efficiency test shall be con-
ducted in accordance with ASTM standard
method D2986-T1 (Reapproved 1978} (incor-
porated by reference—see § 60.17). Test data
from the supplier's quality control program
are sufficient for this purpose. In sources
contalning SO, or SO, the lilter material
must be of a type that iz unreactive to SO,

phy, may be used to select the appropriate
filter.

31.1.2 Sillea Gel. Indicating type, 6 to 18
mesh If previously used, dry at 1752.C.(350*
) for 2 hours. New zilica gel may be used as
received. Alteroatively, other types of desic-
cants (equivalent or better) may be used,
:::blecr. to the approval of the Administra.

I. .

to fleld use to eliminate a high blank on test
samples,

3.1.4 Crushed Ice,

3.1.5 Stopcock Grease. Acetone-insoluble,
heat-stable silicone grease. This I3 not neces-
sary U screw-on comnectors with Teflon

- sleeves, or similar, are used. Alternatively,
ather types of stopcock grease may be used,
subject to the approval of the Administrs-
tor.

3.2 Sample Recovery. Acetone-reagent
grade, <0.001 percent residue, In glass bot-
des—is required Acetone from metal con-
ainers generally has a high residue blank
wnd should not be used, Sometimes, suppl!-
ers transfer acetone to glass bottles from
metal containers; thus, acetone blanks shall
be run prior o fleld use and only acetone
with low blank values (<0.001 percent) shall
be used. In no case shall a blank value of
greater than 0.001 percent of the weight of

or SO, Citation 10 in Section 7 Bibliogra- -

acetone used be subtracted (rom the sample
weight.

3.3 Analysis, Two reagents are required
for the analysis:

3.3.1 Acetone. Same as 3.2.

3.3.2 Deslecant. Anhydrous calcium sul-
fate, indicating type. Alternatively, other
types of desiccants may be used, subject Lo
the approval of the Administrator.

4. Procedure

4.1 Sampling. The complexity of this
method {3 such that, in order to obtain rell-
able results, testers should be trained and
experienced with the test procedures.

4.1.1 Pretest Preparation. All the compo-
nents shall be maintained and calibrated ac-
cording - to the procedure described in
APTD-0576, unless otherwise specified
herein.

Weligh several 200 to 300 g portlons of
silica gel in alr-tight containers to the near-
est 0.5 g. Record the total weight of the
silica gel plus container, on each container.
As an alternative, the silica gel need not be
preweighed, but may be welghed directly in
the impinger or sampling holder fust prior
to train assembly.

Check fliters visually agalnst light for ir-
regularities and flaws or pinhole leaks.
Label [ilters of the proper diameter on the
back side near the edge using numbering
machine ink. As an altermative. label the
shipping containers (glass or plastic petri
dishes) and keep the filters {n these contaln-
ers st all times except during sampling and
weighing. _ " -

Desiccate the filters at 20+5.6" C (6810
F) and ambient pressure for st least 24
hours and weigh at intervals of at least §
hours to ®» constant weight, Le, 0.5 mg
change from previcus weighing; record re-
sults to the nearest 0.1 mg. During each
weighing the filter must not be exposed to
the laborstory atmosphere for s period
greater ‘than 2 minutes and a relative hu.
midity above 50 percent. Altermatively
{unless otherwise specified by the Adminis.
trator), the fliters may be oven dried at 105°
C (220" F) for 2 to 3 hours, desfceated for 2
hours, and weighed. Procedures other than
those described, which account for relative
humidity effects, may be used, subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations, Select
the sampling site and the minimum number
of sampling points socording to Method 1 or
as specified by the Admintsirator. Deter-
mine the stack pressure, tempersture, and
the range of velocity hesds using Method 2:
it (s recommended that a leak-check of the
pitot lines (see Method 2, Section 1.1) be
performed. Determlne the moisture content
using Approximation Method € or Its alter.
natives for the purpose of making isokinetic
sampling rate settings. Determine the stack

~14-

\

a5 dry molecular weight, as described in
Method 2, Sectlon 3.6: if integrated Method
3 sampling is used for molecular weight de.
termination, the inlegrated bag sample
shall be taken simultaneously with, and for
the same total length of time’as, the partic-
ulate sample run.

Select a nozzle size based on the range of
velocity heads, such that it is not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates. During the
run, do not change the nozzle size. Ensure
that the proper differental pressure gauge
is chosen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select a suitable probe liner and probe
length such that all traverse points can be
sampled. For large stacks, consider sampllng
from opposite sides of the stack to reduce
the length of probes.

Select a total sampling time greater than
or equal to the minimum total sampling
time specified tn the test procedures {or the
specific Industry such that (1) the sampling
time per point ls not less than 2 min (or
some greater time Interval! as specified by
the Administrator), and (2) the sample
volume taken {corrected to standard condi-
tions} will exceed the required minimum
total gas sample volume. The latter is based
on an approximate average sampling rate.

It is recommended that the number of
minutes sampled at each point be an integer
or an integer plus one-half minute, in order
to avoid timekeeping errors. The sampling
time at each point shall be the same,

In some cirumstances, e.g., batch cycles, it
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sample volumes. In these cases,
the Administrator's approval must first be
obtained.

4.1.3 Preparation of Collection Train.
‘During preparation and sssembly of the
sampling train, keep all openings where con-
tamination ean occur covered until just
prior to assembly or untli sampling {s about
to begin.

Place 100 m! of water In each of the first
two Impingers, leave the third impinger
empty, and transfer approximately 200 to
300 g of preweighed silica gel from Its con-
talner to the fourth impinger. More silles
£el may be used, but care should be taken to
ensure that It {a not entrained and carried
out from the impinger during sampling.
Place the container in a clean place for later
use (n the sample recovery. Alternatively,
the welght of the silica gel plus Impinger
may be determined ta the nearest 0.5 g and
recorded.

Using & tweezer or clean disposable surgi-
cal gloves, place & labeled (identified) and
welghed {liter In the filter holder. Be sure
‘hat the fllter Is property.centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the
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filter. Chieck the fliter for tears after assem:
hly is completed,

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 260" C
(500" F) and an asbestos string gasket when
temperatures are higher, See APTD-0576
for detalls, Other connecting systems using
efther 316 stainless steel or Tefion ferrules
may be used. When metal liners are used,
install the nozzle as above or by a leak-free
direct mechanical connection. Mark the
probe with heal resilstant tape or by some
other method to denote the proper distance
into the stack or duct for each sampling
point.

Set up the train as in Pigure 5-1, using «f
necessary) a very light coat of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) to
avold possibility of contamination by the sll-
fcone grease. Subject to the approval of the
Administrator, a glass cyclone may be used
between .the probe and [ilter holder when
the total particulate catch Is expected to
exceed 100 mg or when water droplets are
present in the stack gas.

Place crushed Ice around the Impingers.

4.1.4 Leak-Check Procedures.

4.1.4.] Prelest Leak-Check. A pretest
leak-check is recommended, but not re-
quired. If the tester opts to conduct the pre-
test leak-check, the [ollowing procedure
shall be used. .

After the sampling train has been assem-
bled, tum on and set the (liter and probe
heating systems gt the desired operating
temperntures, Allow time for the tempers-
tures to stabilize. If a Viton A O-ring or
other leak-free connection is used In assem-
bling the probe nozzle to the probe liner,
leak-check the train at the sampling site by
plugging the nozzle and pulllng a 380 mm
Hg (15 In. Hg) vacuum. .

Notr: A lower vacuum may be used, pro-
vided that it is not exceeded during the test.

1f an asbestos string is used, do not con-
nect the probe to the train during the leak-
check, Instead, Jeak-check the train by flrst
plugging the Inlet to the fliter holder
(cycone, If applicable) and pulling & 380 mm
Hg (15 In. Hg) vacuum (see Note immediate-
ly above). ‘Then connect the probe to the
train and leak-check at about 25 mm Hg (1
in. Hg) vecuum: alternatively, the probe
may be lexk-checked with the rest of the
sampling train, in one step, at 380 mm Hg
(15 in. Hg) vacuum. Leakage rates in excess
of 4 percent of the average sampling rate or
0.00057 m#¥/min (0.02 efm), whichever s less,
are unacceptable.
- The following leak-check Instructions for
the sampling train described in APTD-0576
and APTD-0381 tmay be helpful. Start the
pump with bypass valve fully open and

coarse adjust valve, completely closed. Par
tially openn the coarse adjust valve and
slowly close Lthie bypass valve until the de-
sired vacuum is reached. Do not reverse di-
rection of bypass value: this will cause water
to back up into the filter holder. If the de-
sired vacuum s excceded, either leak-check
at this higher vacuum or end the leak-check
as shown below and start qgver,

When the leak-check s completed, first
slowly remove the plug {rom the inlet to the
probe, [liter holder, or cyclone (if applica-
ble) and immediately turm off the vacuum
pump. This prevents the water in the Im-
pingers from being forced backward Iinto the
filter holder and silica get from being en-
trained backward into the third impinger.

4.1.4,2 Leak-Checks During Sample Run.
If, during the sampling run, a component
(e.g., [ilter assembly or impinger) change be-
comes unecessary, a leakcheck shall be con-
ducted Immediately before the change is
made. The leak-check shall be done accord-
ing to the procedure outlined in Section
4.1.4.1 above, except that it shal) be done at
a vacuum equal to or greater than the maxi-
mum value recorded up to that point in the
test. If the leakage rate is found to be no
grenter than 0.00057 m*/min (0.02 efm) or 4
percent of the average sampling rate
(whichever ts less), the results are accepta-
ble, and no correction wiil need to be ap-
piled to the total volume of dry gas metered;
1{, however, a higher leakage rate is ob-
tained, the Lester shall either record the
leskage rate and pian to correct the sample
volume as shown In Section 6.3 of this
method, or shall vold the sampling run.

Immediately after component changes,
leak-checks are optlonal; If such ieak-checks
are done, the procedure outlined (n Section
4.1.4.1 abave shall be used.

4,143 Post-test Leak-Check. A leak-
check Is mandatory at the conclusion of
each sampling run. The leakcheck shall be
done in nccordance with the procedures out-

lined in Section 4.1.4.1, except that it shall

be conducted at a vacuum equal to or great-
er than the maximum value reached during
the sampling run. If the leakage rate Is

found to be no greater than 0.00057 m*/min

{0.02 cfm) or 4 percent of the aversge sam-
pling rate (whichever is leas), the results are
seceplable, and no correction need be ap-
plied to the total volume of dry gus metered.

PAGE 4

Ii. however, a higher lcakage rale is ob-
tained, the tester shall cither record the
teakage rate and correct the sample volume
as shown in Section 6.1 of this methed, or
shall void the sampling run.

4.1.5 Particulate Traln Operation.
Durilng the sampling run, maintain an so-
kinetic sampling rate (within 10 percent of
true isokinetic unless otherwise speclfied by
the Administrator) and a temperature
around the filter of 12014 C (24825 F),
or such other temperatute ax specifled by
an applicable subpart of the standards or
approved by the Administrator.

For each run, record the data required on
a data sheet such as the one shown In
Figure 5-2. Be sure to record the inltial dry
gas meter reading. Record the dry gus meter
readings at the beginning and end of each
sampiing time increment, when changes in
flow rates are made, before and after each
leak-check, and when sampling I{s halted.
Take other readings required by Flgure 5-2
at least once at each sample point during
each time increment and additional read-
ings when significant changes (20 percent
variation In velocity head readings) necessi-
tate additional adjustments in flow rate.
Level and zero the manometer. Because the
manometer level and zero may drift due to
vibrations and temperature changes, make
periodic checks during the traverse,

Clean the portholes prior to the test run
to minimize the chance of sampling deposit-
ed material. To begin sampling, remove the
nozzle cap, verify that the filter and probe

- heating systems are up to temperature, and

that the pitot tube and probe are properly
positioned. Position the nozzle at the first
traverse point with the tip pointing directly
into the gas stream Immediately start the
pump and adjust the flow to isokinetic con-
ditions. Nomographs are avallable, which
ald In the rapid adfustment of the Isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for
use when the Type S pitot tube coefficient
is 0.85+0.02, and the stack gas equivalent
density (dry molecular weight) is equal to
29+4. APTD0576 details the procedure for
using the nomographs. If G, and A are out-
side the above stated ranges do not use the
nomographs unless appropriate steps (sec
Citation 7 in Bibliography) are taken to
compensate for the deviations.
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bristle brush and/or a sharp-edged blade
Seal the container.

Container No. 2 Taking carc to sce thal
dust on the outside of the probe or other ex-
terior surfaces does not get inte the sample,
gquantitatively recover particulate matter or
any condensate [rom the probe nozzle,
probe fitting, probe liner, and front hall of
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glass container. Distilled water may be
used Instead of acetone when approved by
the Adminlstrator and shall be used when
speclfied by the Administrator; in these
cases, save a water biank and follow the Ad-
ministrator's directions on analysls. Perform
the acetone rinses as follows:

Carefully remove the probe nozzle and
clean the Inside surface by rinsing with ace-
tone from a wash bottle and brushing with
a Nylon bristle brush. Brush until the ace-
tone rinse shows no visible particles, after
which make a final rinse of the Inside sur-
{ace with acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until no visible particles remain.

Rinse the probe liner with acetone by tilt-
ing and rotating the probe while squirting
acetone into its upper end so that all inside
surfaces will be wetted with acetone. Let the
acetone drain from the lower end into the
sample container. A funnel (glass or poly-
ethylene) may be used to ald on transfer-
ring liquid washes to the contalner. Follow
the acetone rinse with a probe brush. Hold
the probe in an inclined position, squirt ace-
tone into the upper end as the probe brush
Is being pushed with a twisting actlon
through the probe; hold a sample contalner
underneath the lower end of the probe, sand
catch any acetone and particulate matter
which {s brushed from the probe. Run the
probe three times or

or other metal
probes, run the brush threugh in the above
prescribed manner at least six times since
metal probes have small crevices In which
particulate matter can be entrapped. Rinse
the brush with acetone, and quantitatively
soltect these washings In the sample con-
lainer. After the brushing, make s final ace-
tone rinse of the probe as described above.
It Is recommended that two people be
used to clean the probe to minimize sample
losses, Between sampling runs, keep brushes
clean and protected from contaminations.
After ensuring that all joints have been
wiped clean of silicone grease, clean the
inside of the front half of the fllter holder
by rubbing the surfaces with s Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more If needed to
remove visible particulate. Make e final

\

rinse of the brush and lilter holder. Careful
ly rinse out the glass eyclone, also (il appli-
cable). After all acetone washings and par-
ticulate matter have been collected in the
sample conlainer, tighten the lid on Lthe
sample container so that acetone will not
leak out when il is shipped to the laborato-
ry. Mark the height of the Nuid levcel to de-
termine whether or not leakage occured
during transport. Label the conlainer to
clearly identify its contents,

Container No. 3. Note the color of the in-
dicating silica gel to determine if it has been
completely spent and make a notation of its
condition. Transfer the silica gel [rom the
fourth impinger to its original container
and seal. A funnel may make it easier to
pour the silica gel without spilling. A rubber
policeman may be used as an aid in remov-
ing the silica gel [rom the {mpinger. it is not
necessary to remove the small amount of
dust particles that may adhere to the Im-
pinger wall and are difflcult to remove.
Since the gain in weight is to be used for
moisture calculations, do not use any water
or other liquids to transfer the silica gel. If
a balance is available in the {ieid, follow the
procedure for contalner No. 3 in Sectlon 4.3.

Impinger Water. Treal the impingers as -

follows; Make a notation of any celor or
film in the liquid catch. Measure the liquid
which (s in the first three impingers to
within =1 ml by using a graduated cylinder
or by welghing it to within +0.5 gby using a
balance (if one is available). Record the
volume or weight of liquid present This in-
formation is required to calcuiate the mots-
ture content of the'effluent gas.

Discard the liquid after measuring and re-

.cording the volume or weight, unless analy-

sls of the impinger catch Is required (see
Note, Section 2.1.7). .

If & different type oreondemrhued.
measure the amount of moisture condensed
either volumetrieally or gravimetrically.

Whenever possible, containers should be
shipped In such & way that they remain up-
right at all times,

4.3 Analysis. Record the data required on
a sheet such as the one shown in Flgure 5-3.
Handle each sample container as follows:

FPIGURE 5-2—ANALYTICAL DATA

Plant
Date
Run No.
Fllter No.
Amount liquid lost during transport
Acetone blank volume, ml
Acetone wash volurme, ml —
Acetone blank concentrsation, mg/mg {equa-
tion 5-4)
Acetone wash blank, mg (equation 55)———

N
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Contamner Weight of parvcadale collected, mg
rmber

Final weight | Tare weightl | Wesght gan

TOUBY v e cnsreaes s ee aaeeeies eatmsesns ssasranseamens

Lass scelona DLANK .......cconemeriner i

Weight of DABCULATe MAT ..vvieiirien

Volume of liquict water colected
hvpinger Siica gol
volume, mi waight, ¢
9 m

*Corveert vt
ncredse by density of water (1 g/mi).

weaight of witer ¥ volume by dividing total wesght

ncroasd, g

= Volume waler, mi
(1 g/mi)

Conlainer No. 1. Leave the contents in the
shipping container or transfer the filter and
any loose particulate from the sample con-
tainer {0 a tared glass welghing dish. Desic-
:ate for 24 hours In s desiocator containing
anhydrous calcium sulfate Welgh to o con-
stant weight and report the results to the
nearest 0.1 mg. For purposes of this Section,
4.3, the term “constant welght™ means a dif-
ference of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever is
" greater, between two conisecvtive weighings,
with no less than 6 hours of desiccation
time between weighings.

Alternatively, the sample may be oven
dried at 105° C (220° P) for 2 to 3 hours,
00led In the desiecator, and weighed to a
constant weight, unless otherwise specified
by the Administrator. The tester may also
opt to oven dry the sample st 105* C (220*
F) for 2 to 3 houra, weigh the sample, and
use this weight as a final weight,

Container No. 2 Note the level of liquid in
the contalner and confirm on the analysis
sheet whether or not ooCUITed
during transport, If a noticeable amount of
leakage has occurred, either void the sample
or use methods, subject to the spproval of
the Administrator, to correct the final re.
sults, Measure the liquid in this container
either volumetrically to +! mi or gravimet.
rically to =0.5 g. Transfer the contenta to a
tared 250-ml beaker and evaporste to dry-
ness al ambient temperature-and pressyre,
Deslecate for 24 hours and welgh W » con-

/
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stant weight. Report the results Lo the near-
est 0.1 mg. ]

Confainer NO, J. Weigh the spent silica
gel (or sillca gel plus impinger) to the near-
est 0.5 g using a balance. This stcp may be
conducted tn the (ield.

“Acelone Blank" Container, Measure ace-
tone In this container either volumentrical-
ly or gravimetrically. Transfer the acetone
Lo a tared 250-ml beaker and evaporate to
dryness at ambient temperature and pres-
sure. Deslccate for 24 hours and weigh to s
constant weight. Report the results to the
nearest 0.1 mg.

NoTte At the option of the tester, the con-
tents of Container No. 2 as well as the ace-
tone blank contalner may be evaporated at
temperatures higher than ambient. If evap-
oration is done at an elevated temperature,
the temperature must be below the bolling

polnt of the solvent; also, to prevent “bump- -

ing.” the evaporation process must be close-
ly supervised, and the contents of the
beaker must be swirled occasionally to main-
tain an even temperature. Use extreme care,
as acetone Is highly flammable and has a
low flash point. .

4.4 Quality Control Procedures. The [ol-
lowing quality control procedures are sug-
gested to check the volume metering system
callbration values at the field test site prior
to sample collection. These procedures are
optional for the tester.

4.4.1 Meter Orifice Check. Using the cali-
bration data obtained during the calibration
procedure described in Section 5.3, deter-
mine the AHy for the metering system orl-
fice. The 4He is the orifice pressure differ-
entlal In units of In. H;O that correlates to
0.75 efm of air at 528°R and 29.92 in. Hg.
The AH, is calculated as follows:

Ta e
AHqe=0031% AH e
Eq. 5-9
Where:
AHwAverage pressure differentiai across
the orifice meter, in. H;O.
Ta=Absolute average dry gas meter temper-
ature, 'R, .

Pu.=Barometric pressure, In. Hg,

©O=Totai sampling time, min.

Y=Dry gas meter callbration (actor, dimen-
sionless.

V.=Volume of gzs sample as measured by
dry gas meter, def,

0.0319=(0.0587 In. !_-ls/'Rl X (0.15 ¢fm}?

6, Calculations
6.1 Nomenclature

A. = Cross-sectional area of nozzle, m*({t%).
B~ =Water vapor in the gas stream, propor-
Ltion by volume, .

.= Acetone bhlank residue concentralion,
mg/g. )

s»=Concentration ol particulate matter in
stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dscl).

I =Percent of isokinetic sampling.

‘w=Maximum acceptable leakage rate for
either a pretest leak check or for a leak
check lollowing a component change,;
equal to 0.0057 m/min {(0.02 cim} or 4
percent of the average sampling rate.
whichever is less.

L,=Individual leakage rate observed during
the leak check conducted prior to the
“{*" component change (i=1, 2, 3...n),
m¥min {cfm).

Ly=Leakage rate observed during the post-
test leak check, m?/min (cim).

7. =Tota! amount of particulate matter col-
lected, mg.

M_=Molecular weight of water,
mote (18.01b/1b-mole).

m,=Mass of residue of acteone after evapo-
ralion, mg.

P...=Barometric pressure at the sampling
site, mm Hg (in. Hg).

P, = Absolute stack gas pressure, mm Hg (in.
He).

P, =Standard absolute pressure, 760 mm
Hg (29.92 Iin. Hg).

R=Ideal gas constant, 0.06236 mm Hg-m¥/
*‘K-g-mole (211.85 in. Hg-ft"/"R-1b-mole).

Ta=Absolute average dry gas meter temper-
ature (see Figure 5-2), 'K (“R).

T.=Absolute average stack gas temperature
(zee Pigure 5-2), ‘K (*R).

18.0 g/e-

‘TwemStandard sbsolute temperature, 293° K

_ (528" R).
Ve = Volume of acetone blank, ml.
Vee=Volume of acetone ised in wash, ml.
Vie=Total volume of liquid collected in im-
pingers and silica gel (see Figure 5-3),
ml

Va=Volume of gas sample as measured by
dry gas meter, dem {dsef). .

Vawn=Volume of gzs sample measured by
the dry gas meter, corrected to standard
conditions, dsem (dsef).

Vewn=Volume of water vapor In the gas
sample, corrected to standard condi-
tions, scm (sci).

ty=Stack gas velocity, calculated by Method
2, Equation 2-3, using data obtained
from Method 5, m/se¢ (ft/sec).

W= Welght of residue in acetone wash, mg.

¥Y=Dry gas meter calibration factor.

AH=Average pressure differential across
the orifice meter (see Figure 5-2), mm
H,O (n, HO),

1, = Density of acetone, mg/ml (see label on
bottle).

PAGE 6

p. =Density of water, 0.9982 g/ml (0.002201
\b/ml).

¢ =Total sampling time, min.

8, =Sampling time interval, {from the begin-
ning of & run until the first component
change, min.

8. =Sampling Lime interval, between two suc-
cessive component changes, beginning
with the interval between the first and
second changes, min.

8, =Sampling time interval, from the fina!
{n*} component change until the-end of
the sampling run, min.

13.6 =Specific gravity of mercury._

60 =Sec/min.

100=Conversion Lo percent.

6.2 Average dry gas meter temperature
and average oriflice pressure drop. See data
sheet (Figure 5-2).

6.3 Dry Gas Volume. Correct the sample
volume measured by the dry gas meter to
standard conditions (20* C, 760 mm Hg or
68" F. 29.92 in. Hg) by using Equation 5-1.

L AH
Iy o y( L.j) b"_mg
A P

. Pu. + (aH/13.6)
=K\V.Y — g

Equsation 5~

where;
K,=0.3858 "K/mm Hg for metric units
=17.64 ‘R/in. Hg for English units

Notz Equation 5-1 can be used as written

‘unless the leakage rate cbserved during any

of the mandatory leak checka (Le., the post-
test leak check or leak checks conducted
prior to component chasnges) exceeds L. It
Ly or : exceeds I,, Equation 5-1 must be
modified as follows:

(a) Case 1. No component changes made
during sampling run. In this case, replace
Va in Equation 5-1 with theé expression:

V=l Lp— L8]

{(b) Case II. One or more component
changes made during the sampling run. In
this case, replace V. in Equation 5-1 by the
expression:

‘—'2’ (Il-_l’«)’i_(";- ’-c,’r]

[V.— (L Lo

J
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and substitute only {or those leakage rates
{L+ or L,) which exceed L..
6.4 Volume of water vapor.

Fnuatian 5-7

- - 7, L.
Vo= (ﬁ.—) ( ---P----") =K,V

where:

K,=0.001333 m/ml [or metric units
=0.04707 It¥ml for English units.

5.5 Moisture Content.

Ve wen)

B =

Vo wear + Ve s

Equatlon 5-3

NotE: In saturated or water droplet-laden
gas streams, two calculations of the mois-
ture content of the stack gas shall be made,
one from the impinger analysis (Equation 5~
3), and a second from the assumption of
saturated conditions. The lower of the two
values of B, shall be considered carrect. The
procedure for determining the moisture con-
tent based upon assumption of saturated
conditions [s given in the Note of Section 1.2
of Method 4. For the purposes of this
method, the average stack gas temperature

from Figure 5-2 may be used to make-this --

determination, provided that the accuracy
of the In-stack temperature sensor is =1° C.
(2°F). :

6.6 Acetoné Blank Concentration.

my

Com—

Vepu ' -

.

8.7 Acetone Wash Blank. .

Wom G, Veups Equatlon 5-5

6.8 Total Particulate Weight. Determine
the total particulate catch from the sum of

the weights obtained from containers 1 and
2 less the acetone blank (see Figure 5-3).

Notc Refer to Section 4.1.5 to assist In
calculation of results Involving two or more
lilter assemblles or two or more sampling
trains,

6.8 Particulate Concentration.

g.=(0.001 o/m@) (me/Va )
3=

6.10 Conversion Factors:

Equation

" where:

EPA METHOD 5, PAGE 7

Multioly by
...j 0.02032.
W 15,43
Lf 2205 107
35.9%.

6.11 Isokinetic Varition.
6.11.1 Calculation From Raw Data.

[ =
100 TG Vie +(Pa/ Tu X P, + AH/13.6))
' 600, P, A.

Equation 5-7
where:
K,=0.003454 mm Hg-m¥ml-'K for
metric units.
=0.002669-in. Hg-It*/mi-‘R for Eng-
lish units.

6.11.2 Calculation PFrom
Values.

Intermed|ate

’ — Tc"’-ﬂ(u.li Plrd 100__
F Toav.8 AP 60(1-H. )

. K . T-Vu(uﬂ
SR PV, AN (1-B.)
Equstion -8

K,=4.320 for metric units
= 0.00450 for English units,

6.12 Acceptable Results. If 90 percent [
<110< percent, the results are acceptable.
If the results are low in comparizon to the
standard and J i{s beyond the acceptable
range, or, if I'ls less than 90 percent, the Ad-
ministrator may opt to accept the results,
Use Citation 4 Lo make judgments. Other-
wise, reject the results and repeat the test.
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1.

[,

PRINCIPLE

A sample of flue gas, containing a mixture of particlie shapes and densities, is
fractionated according to the aerodynamic characteristics of the particles. The
aerodynamic characteristics are referenced to unit density spherical particles, and
the fractionation is accomplished by a calibrated-multi-stage timpactor. The particles
collected on each stage are aerodynamically equivalent in size to the unit density
spheres used to calibrate each specific stage.

The determination of particle size distribution plays an essential role in svaluating
particulate collection equipmenst, since the efficiency of such equipment is directly
related to the particle size. In addition, excessive amounts of very small particles
will ‘not significantly increase mass emissions, but will contribute to increased
opacity.

TEST APPARATUS

A. Sampling Train

The sampling train may be any standard ASME or EPA particulate collecting
train, such as that used for EPA Method 5 or Method 17.

B. Cascade Impactor

The cascade impactor is an in-stack, multi-stage unit which attaches to the -

above sampling train. It allows for isokinetic sampling, and for measurement
of particle size distribution and total mass concentration.

The impactor has six or eight collection stages, with independently calibrated
particle siZe cut-offs ranging from nominally < 0.155 to > 28 microns. It has
radial-slot design to create a circumferential flow between stages, resulting in
very low inter-stage losses. Slotted glass fiber filters are placed on top of
each impactor stage, and a solid glass fiber filter is used to collect all of the
fine particles not fractioned in the stages.

SAMPLING PROCEDURE

A. Selection of nozzle size is made to attain isokinetic sampling conditions
(+10%), and the proper sampling flow rate is determined.

B. Optimum sampling time is selected, to assure sufficient mass on each stage for
accurate weighing (0.5-1.0 mg/stage minimum), but not cause excessive
loading and re-entrainment ( > 5 mg maximum for dry particles). If no prior
particulate data is available, a trial and error method is uysed to determine
optimum time. Sampling times will typically be 5-10 minutes at collector
outlet, and less than five minutes at the inlet.
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thwwemal equilibrounn with the: gan stream, usually 13-25 minutes.  This will
prevent condensation from forming in the inpacior. ’

Turn the impactor into the gas stream, turn on the vacuum pump, and quickly
establish the isokinetic {low rate. Maintain isokinetic {lew for 2ntire sampling
period, or the cut-off sizes of each stage will change.

At the end of the sampling period, shut off vacuum pump, close the valve, and
quickly turn the impactor so it is pointing downstream.

Remove impactor and probe from the stack, disassemble the cascade impactor,
and store the collection papers in containers for weighing.

V. ANALYTICAL PROCEDURE

A.

Dry the collection papers in an oven and cool in a dessicator. Weigh filters in
laboratory. The particulate weight per stage, W., is the difference between
initial and final weights.

if nozzle or other parts (such as preseparator, used at high grain loadings) of
the impactor have particles on them, carefully remove with a fine-haired brush,
wash with acetone, dessicate, then weigh, and add to Wi for the preseparator.
lf particles adhere between stages, add weight to W, for the stage immediately

~downstream.
V. _CALCULATIONS AND DATA PRESENTATION

A.

B.

Calculate isokinetics using standard procedures.
Calculate weight percent of particles on each stage:
Wt. % = Wi/ WT '
where '\TIi = Weight collected on stage i.

WT = Total particulate weight collected.
Calculate sampling rate (CFM)
(Q: Vn,xP xT

bar coll

t Pcoll Tm

1
where V_ Meter sampling volume (ft”)

t

Sarmpling time (min)

Pbar

Baromerric pressure {in. Hg!
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. y Op
'. = Duar sampling temperature (TR)
ol ; o
calealating e tlow (Q), determine the (DP 50)r nsing Table | or Figuce
1 .

Establish o, using Figure 2.

Calculate Curningham slip Coeflicient for cach stage:

C

where

-

ki
!
83 T

l -

P .
Féoll ©p 50/ ]
7 = Flue gas viscosity {poise)
See Figure 3 for graph of viscositv vs. temperature
(DP,)G}r - D?,j(} ior refarence sgherss

Calculate the Median Diameter, DP 50 for each stage:
!

Dy, <. 635D, ..) [TCr
P,50 P,50%c bl o
. o fpQC

\Qhefe Cr -

If the preseparator was used, calculate the D

= Slip Coetficient of reference Sphéres_

Pp = Density of fly ash (g/cm3)

Typical values are 2.5 g/c 2 (coal)
1.8 g/cm” (lignite)

P,50 from Table II.

Graphical Presentation’

L.

Particle size distributions are ‘plotted cumulatively on log-probability
paper., In this. format, the cumulative
weight percents for each stage (ZW./W.), starting with the backup
filter, are plotted against the DP 50 for the preceding numbered stage.
See Figure & for an example. ! oo

Once the cumulative particle size distribution is-plotted, the two major
parameters of particle size distributions can be determined:

kW The "Mass Median Diamerter”, D whieh s an overall measure

of the size of the part:cles.

-22-
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. The MGeometr: Standagrs Deviation™, & " {the raiio
DP 34¢ /DE’ j()*‘{))' which s 2 measure of thespread i the
pacticle si3t distribution (i (5 L. the particles are
monodispersed). o

Alternatively, the particle size distributior nay 5o presented as a bar
graph, which shows weight percent of purticles i the size ranges
indicated on the plot. The size ranges o e used mav he:

a. The stagewise particle sizes, 1n the ranges of (D ) te
(D ). . P,jO | S
P,o0%i-1’
b, An arbitrary scale of ranges; such as O w 9.54, 0.5 10 1.0, 1.0

to 5.0u, 5 to 10, 10 to 20, 20 to 40u, 40 to 80u, and 80 to
80+u., The weight percent values would be-taken from the
cumulative log-probability plot described above. See Figure 5 for
an example, based on the plot in Figure 4.
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f PRELIMINARY: EPA METHODS 1 & 2

s

[

€

Plant Name MALE PLA Timle ..f/-‘or’ MAS  Stack Name_ AS /- 7r/eS 77
Date X Ifu,% Time // 35 Oper fobgg e dy ~  Stack I.D. (port) Je¢.0”
Probe {pitot)d 3-©/ PICF_2.8Y Stack Pres., "HopP —2.50

Bar. Pres., "Hg 294/  Port Ext. / Pitot Leak Ck. (Y/R)__ Tes
Stack Temp., °F 7 2

Point % Dia. _ Stack I.D
No. &Dia." 100 € Port AP =
Al 979 23223507 | &7° 2
2 433 .| 336" a80 o
I g 328" 240 2
Y §2.3 246" 095 ©
< 7se | 270" 0.90 o
C ey 232" ©. 35 -
e 2.8 " 2.7¢ o
£ 1 aso g0 " 0.6¢ 2
i 127 by 0o O _
12 3.8 y2 - oSf o
iy e/ 29" o 5o Z
2. | 2) 0.8=>f o0 o4 2
& g {ongl by Al 040 O
1 0-30 : I®)
B 28O o
Y 35 o
S 0.7% o
& 2.75 %
) 8.7 f)
¥ 0.7 O
5 Ay =
(O VR ©
¥ 0-@0 p
L 7,55 4
0.7/0 4
Avg. m Avg.

7
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Sample Neo (Mgt -f

Amount of * Imp. Tip -
Impinzar No. Solution Used Solution {ml) Configuration Weight (grams)
1 DT t,o (S GS- $itARUr  Final __$94,0
: -Initial <#¢.o
_ Wt. gain __ £.0
2 D1 Yy O 1 S &S - 51D Final SE4o
Initial g‘){ a
Wt. gain o
3- AN I= - 6S 'ST(NHIT‘ Final __ 454D
Initial 4540
, Wt. gain o-<2
4 Siya 65 L 2(o¢, (S~ STLadT  Final <A
v B Initial C¢t&
T T wt., gain L.
5 7 _ i T T Final |
Initial
e - - . . - - X Wt.. gain .
6 " Final
Initial
- Wt. gain
Flask Final
Initial
Wt. gain
| TOTAL WEIGHT GAIN OF IMPINGERS (grams) 24.S
Date 111[1_1 lgc

Signature M M\/
g 7
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ENVIRCNMENTAL
SOURCE SAMPLERS

Sample No. y/rmg7-%

Impinger No. Sciuticn Used Solution (ml)

1 DL H, 0

IMPINGER CATCH

Amount of Imp. Tip

Configuration Weight. (grams)

N

D1 H,D

150 6.5~ STARGET  Finay AOLS

/5D 6s-ITD

- Initial o/ .2
wt. gain _ 8.5
Final ST23.47

o

& mAiY

Initial EZZIZ )
Wt. gain 7.

= LSSk~  Final AN A

4 < fLtca G

Initial _¢,3<
Wt. gain 0.5

2104 Gi-SpA P Final 725
|7 R

Initial &927. o
wWe. gain _ 2§

" Final

Initial
Wt. gain

Final

Flask

Initial
Wt. gain

Final

TOTAL WEIGHT GAIN OF IMPINGERS (grams) 2 ﬂ.O

Date

Signature

Initial
Wt. gain

e e——

/22 /e

M/M{
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ESS

FNVIRONMENTAL
SUHIRGCE SAMPLERY

4

MPI

0
1

{GER CATCH

Sample No. ]" L334

Amount of Imp. Ti
o}

Impinger No. Scolution Used Sclution (mi1) Configuration Weight (grams)

bI

=

hel

Hyo o GS -Siasug Final g',?‘/s-a
. + - Initial 5. O

Wt. gain 7.0

D'L HJD R € __“GK-ITQ Final! (S$2.0

Initial £v¥,

Wt. gain £.5

3 IMPTY ‘9 G3- 1 qnicwi” Final Y55 0

Initiail < Ey‘:‘ _
. Wet. gain o,

4 Cilch b L 2500, ) 6.8 ~STRAsy  Final 7060

[¥#; ]

Tritial G958 .

We. gain {2

Finai'

Initial
Wt. gain

Final

——————

Flask

Initial
Wt. gain

‘Final

TOTAL WEIGHT GAIN OF

Initial
Wt. gain

IMPINGERS (grams) R o

Dat; e /GLIJ{S”L

Signature W /W
/\
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ENVIRONMENTAL
SOURCE SAMPLERS

/

Plant Name MRNAF PLaTinG (o P — P

PRELIMINARY :

Stack Name

Date [//Q,‘L (76

EPA METHODS 1 & 2

LS ) ~OUTLLT

\

Time /7O Oper. /du e > Steck I.D. (port)_34 e

Probe (pitot)# {-0t PICF__ Z, ¥ ¥  Stack Pres., )  to, 32
Bar. Pres., "Hg 24.9/  Port Ext._ 2%  Pitot Leek Ck. (Y/N)__er

Stack Temp., °F 72 &

Point % Dia. _ Stack I.D

No. fDia. 100 8 Port AP «
Ay 25.6 1.4 ! o.7Z J
T g5.4 i7" 074l ©
1 20.4 2. 3+ 9.2 o
\ 296 0. 7" 0. 70 o)

< | .6 £3° 073 | o
(v 4. Y b 0. 70 )

| a { SAre los ‘A 0. 72 <
1 2.7 O
L _ 0.75 &
y B 2758 o
< R i 2. 7T o
(1 0.8 | 2
1Ll 2

Avg. \/A? Avg. «
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ESS

ENVIRQMNMENT AL
SOURCE SAMPLEHS

L

Impinger No.

1

Flask

N

Sample No. |- DuTIAT

Soluticn Used

PI. Wo

IMPINGER CATCH

Arount of
Soluticn {ml)

Y%

Imp. Tip
Configuration

DL B.D

152

63 - 51D

GS - STCAtGUT

CMOTY

17 GS -SNAK 4T

Sua L~

pA¢ Df.\

-S= STRAUUT”

TOTAL WEIGHT GAIN OF IMPINGERS (grams) J36.5

Date

Weight {qrams)

589 ¢

Final

- Initial {220

Wt. gain /9,2
Final 3. y
Initial 4020
Wt. gain J‘E

Final L6725

Initial vd-2 Lo

We. gain 2.5

Final {4
Initial 7¢¢.o
Wt. gain /3, &
Final

Initial

Wt. gain

Final

Initial

Wt. gain

Final

Initial

. Wt. gain

nztlép )

Signature M/Dé’“’é‘-z\
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ESS

ENVIRONMENTAL
SOURCE SAMPLER®

e

Impinger No.

1

Flask

e ——— . m——

Sfample. No. 2‘0‘4#7:}-57— ‘

Solution Used

_ b2 0

IMPINGER CATCH

Amount of
Solution (ml)

/s

Imp. Tip
Confiquration

S “Ntupuur

DI Ha 2

1o

&~ 70

_EMPTY

GCS-Yenuw

A2V IZ TS

259,
—r—:

_ﬁéf'gf“’“fzf—

TOTAL WEIGHT GAIN OF IMPINGERS (grams} Zh.s

Date

Weight ([grams)

Final Se& o
Initial _sS35ne
Wt. gain _ 1 &2
Final vol. s~

Initial s£ay
Wt. gain _ 40O

Firal %940
Initial ‘l‘ ’

P
We. gain 2.

Final ;f?ﬂg
Ini_tial ,
wWt. gain_—_?i??__
Final

Initial

Wt. gain

Final

Initial

Wt. gain

Final

Initial

Wt. gain

1]z /€0

Signature WMM
—
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(ESS) -

ENVIRONMENTAL
SCHIRCE SAMPLEAS

IMPINGER CATCH

Sample Ho. Ogéu—_z

Amount of Imp. Tip
Impinger No. Solution Used Solution (ml)} - Configuration
1 DL H, = IS o §3- STnsanr
2 DT 2o ¢S 0S-51n
~ . ‘ Em T 0 GS - STaony
4 (e 4§ 250, _ GJ-—J‘]MN#f
Sidea g — 3 -

Can

Flask

TCTAL WEIGHT GAIN CF IMTINGERS (grawms) _ 35,0

Dat;e // 22’

" Initial

Weight (grams)

Final €770 :
Initial {70,¢
Wt. gain Q-f}
Final &ﬁ!s

initial o7, ©
Wt. gain o5

Final ‘;df'c’

Initial 486,00
We. gain _ 3.0

Fina: '72‘7, S
Initial 2Ly ¢
Wt. gain <. o _

Final

Wt. gain
Final
Initizl
Wt. gain
Firal
Initial
Wt. gain

e —
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- PARTICLE-SIZING—FIELD-DATA INCLUDED IN APPENDIX B
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INLET PARTICULATE DATA
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ESS

ENVIRONMENTAL

~

SCOURCE SAMPLERS TEST CALCULATIONS

- _

ACCOUNT: e lwos d ~ Greeme, DATE: u_/zz/&’(a

STATION: NAKE PLATVG S Hor  uniT vo.: LS /-IN  TEST Mo.: /

20,741 ACFm

ACFM = 0741l « (o5 § v « Y8.87 ‘.cf’s
20, OFs DSC(F an

DICFan =

LA [}

r

@ sample Volume (ftJJ éﬂ;“d ‘0.79{ ‘,525"9 @ M, 28.79

@ Barr. Pressure (in. Hg.) .29.?/ @ Nozzle Dia. (in.) g 20%L

@ Avg. OH(In.W.C.) 3.0y 43 stack Pressure (in.Hg.) 2973

@ avy. T_ (°F) £2.9 (2 sampling Time (min.) X

® Condensed K,0 (ml) 24,8 €D Totsl Weight (g) AOF?2 ; _chrome f’--o’r?'?a,
® Avg.AP (in.W.C.) o7Y? 1@ scack Area (£c) 7,07

@ pPicot Factor lcp) o.5§9 3 o, RO, 2

® Avg. T, °r) yIAd .

URY GAS VULUME

Q .O‘r.s ]
v, st - _17:63 {057 549 [‘Q-ﬂ?-?l . ) - 58,358 o
(@ ST .+ 460

VOLUME OF WATER VAPOR

v, STD «  0.0671 ( ® 24y ) « B /A5 Y e

nmsruns..cumzm-r? e — _ ‘_n'_(S'].U’-U

({8 A/ ) : : ] :

5 "a — - _80/9 - = e - - -

Puo (B} LISY } + LLAISS3SE)
J¥ewcimy o

' -~ 28.95 29.92 '

Vitps) = (2.9) @087 ﬁ@a?’l‘?u ® 745 +460) zrv-a)(TUfﬁ? D) 48,87  fps
% ISUKINETIC

o . 17313 (a)SE.358 j (@IS . as0) . 989 1

- (@217 (@273 ) (1) 0.0719 ) D) 49.F? H (D b )

EMISSIDNS

o/scry - LADLOFPTT) US4l | (f) 0,023/ cr/scEp Chrame = 09,0950 6</SFD

({A) §35F :
LES/HE 9.08 ((F1. 2231 @707 )11iD) 48,801 @D29-73 ) (1-116)0-219 )= 1) 3,98 tbs/hr.
(® 705 +460) Chigme > 0.36 b /hw.

LBS/MMBTU « fgbi‘g_:"@ ); . NA LES /MMETU
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ESS =

ENVIRONMENTAL
SOURCE SAMPLERS TEST CALCULATIONS

/

Dseem >

ACCOUNT:  Lone Kewrsy df = O retne. DATE: /22 [P
STATION: MAA/S PLATwE JHI P  UNIT NO.: AS/ -~ /7 TEST NO.:__ 2

@ Sample Volume (fc°) __agj?.ua.??a;%‘a,zcv, @ M, 2979

@ Barr. Pressure (in. Hg.) _ 29.9/ @9 wNozzle Dia. (in.) 0. 252

@ avg. AH(in.W.C.) 3053 @D Steck Pressure {in.Hg.) 2% 72

B avy. T, (°F) 239 @z sampling Time (atn,) L

& Condensed H,0 (ml) 24 2 33 Tocal Weighe (g) O, 2/Y | Chrome : dfdlffg,
@ Avg.AP lin.W.C.) &.75/ @ stack Area (fc”) .07 '

@ Picot Factor (<} o8y @ 20, 23,9

® avg. T, °F) @?.o

URY GAS VULUME

. 3,08
v, st0 - _17-63 ¢ Qee.292 [‘ Q@29.9/ *( u"‘ig )] - 58955 g3
t® §3.9 + u60)

VOLUME OF WATER VAPOR

Vv, STD = 0,071 ( @ 247 ) - &) (142 £r3

MOISTURE CUNTENT
((8) 4732 ) : -
B, - 4 - () 0019
((B} /2301 + ((MISETD
VELOCITY -

Vigps) = 12.9 (D 0€Y )  (@ast 1( @ 6%.P.460) GE%_?;;Q(T&%LT o) 458 55,

% ISUKINETIC

17.313 (A SF.Y5F9 (B 622 . 460) 9?(
Bl = = (E) f T
(Dazr? (@ 22720 (1-((C) 0.9/9 ) (D) 4485 ) (D é=
EMISSIONS

GR/SCF® = i_@soél:;l};f } {15.43) (F) £.03(8  cr/scrd chromesr 90,0062 gr/fcf-b
{ta} S8,

tes/ur - 2:98 (5)0,03€) @D 207 101 F £ (AP 2972 1(1-((€) % P (G) Sso lbsfhy.
(® Gf© +460) Chvame 2 ) 877 iof hr.

. _29.32 ((F )
LBS/MMBTU - 2332 5 o . A LBS /MMBTU

ACEm = 707”7" Ladlm a “ijf/; 2o, 7E3 ACFa

= 2, 155 DSCrm

\
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‘ESS

ENVIRONMENTAL
SOURCE SAMPLERS

ACFm =
DSCFM =

TEST CALCULATIONS

- - (C)
Pwo ((8) A366) + ((a160.724) -

VELUCITY

OO0z

ACCOWNT: Lo Kewnsd Co evn, DATE: wl22 18,
STATION: MALE  FLATING $H2F UNIT NO.: l§/~ s  TEST NO.:_J
3 4 )
@ sample Volume (ft’] 6255580 20/ W7 @ M, 28.728
@ Barr. Pressure {in. Hg.) R29%/ @9 Mozzle Dia. (in.) O 257,
@ Avg. AH(Ln.W.C.) 3,328 4D stack Pressure {in.Hg.) AD.7/
@ Avg. T, %) 4?3:3 @ Sam_puﬁg Time (min.) G
® Condensed H,0 (mi) 29.0 @ Total Weight (g) 0,/0,2‘/$-c4rame=&o.u/3.
® Avg. AP lin.W.C.) &, 877 @ Stack Area (Et3) o7 -
@ ricoc Factor (c, .8y @ %o, 23,9
& avg. T, (°r) &2 '
URY GAS VULUME ‘
3318 ]
v, STD - 17.65 ( @5/977) [( QDALF 1+ (% ) - (A Go,72Y  -£dd
(@ £33« 460) '
VOLUME OF WATER VAPOR
V,§TD = 0.0671 ( ® 2f.0 ) « (8 1366 g’
MO1STURE CUNTENT
(8 £366 ) - .

. 632 28.95 29.92 ,

Vitps) 2.9 (@ aa"/: J:@a-ﬂ? He +460) GUT?’?'!) 2?7/ (D) 97 fps

% ISUKINETIC

ap o 17313 ((A) 60.72% 1B 0732~ . 460) . ) 952

: (Dazsz)’ (D277 ) (-1C) g0z ) (DISDGT7 1 (@ 69 )

EMISSLUNS

oriscry - LGD /024 ) as.43) £r D026D _arisced ¢ hrome z 2895 GR/SCFD

(n po.72Y ) :

LBS/HR = 2= 08_((F10,0260  GD 707 lt(nlfa47)(®,2?7/ 1(1-((CI1OOLT )} (G} Y&F (Js//:-,
(® 672 .460) chiome = 0:27 tolhy,

LBS/MMBTY = -23:32 ULF ] NA LBS /MMBTY

(20.9-1 a9 1)

%07 Frw o i/ x F0.97FP5 > 2/, 62/ ACFm
s 2, C02F DFCFm
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ESS | - ™

ENVIRONMENTAL

SOURCE SAMPLERS TEST CALCULATIONS
ACCOUNT: [ ae Mivnad Otoow € DATE: 1/22 /€L
STATION: VAR E PATING. SAOF UNIT NO.:_J§/)-Oui™ TEST MO.: j couTl S
3 x
D Sample Volume (fc”) 6,233 2/0/0: 1,815 @D M, 2X.70
@ Barr. Pressure {(in. Hg.} 22.9¢ G0 Nozzle Dia. (in.) 2 2588
3 Avg. OH(Ln.W.C.) 3.558 §D sStack Pressure {in.Hg.) 29.9¢
@ avy. T (°F) T @ Sampling Time (min.} (7=
@ Ccondensed Hy0 (mi) 26.5 @3 Tocal Weight (g) 2.0065 4" Chromesd, 9os3y)
@ Avg. AP (Ln.W.C.) a7 Q@ Stack Area (£e3) o7 )
@ Picoc Factor (C ) o.2Y @ zo, 20,9
@ avg. T, (°r) 237

URY GAS VULUME

Q 3.558
17.65 ( Q Hr.805) [r @292/ ( . )] S gaasy g’
(@ 678 - 460)

VH STD =

VOLUME OF WATER VAPOR

v, STD - 0.0471 ( @J6 ) - (8 /P09 e
MOISTURE CUNTENT
- A2 I
B = = (€} Q.0
YO ((B) 779 ) 4 (IAYEZAST) 2,2
VELOCITY
- (2. 0.3 721 28.95 29.92 - 4729
Vifpe) 2.9 (@ Y f«@a WO 737 4#60)6“-;:.—70,) (‘_@W) (0) 4298 tps
% 1SUKINETIC
. 17.313 (A o221/ 1 ® 7237 » 460)
| = (E)s03. & 1
* (D25 (@297 (1-(C) 0.027 ) uD) 4298 ) (@D 6O
EMISSIUNS

. GR/SCED = :(@:’f‘;‘f‘:"f ;“5"‘3’ - . (P} D024/ GRISCED chrome > "'w"—"’?‘&fp”
A -
9.08 ((E)1A.004/ 1 @2.07 11D Y290 AD 29.5¢ ) (1-(ic) 0027 ) - (¢) LT /5//‘5

LBS/HR
(@ 73,7 +460) Chiomez .22 164

LBS/MMBTU = f:é?:-:w@_ ): - A LBS /MMBTU

ACEm = 4298 firs « 620fmn « 207 T8z 20,353 AcFm

> 5c fot : M bos DSCFM R

ToTA L CHtomE OniT
Z.0231 gr/Scko = agoyl ar{sces, 150 = £23% D:00500r S0 = 2,00i29:1/5C20 455 - 940
2.0231 gr licen _— : T Qwasogr fseko

\-\__ _ . L _temMATEL ELFICIGNT
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ESS

ENVIRONMENTAL

SOURCE SAMPLERS TEST CALCULATIONS
ACCOUNT: _ Loc Kuusd Creere DATE: /// 22.(7¢
STATION: MARF PLATIMG- SHOP UNIT RO.: A§/-Ovi™ TEST NO.:__ 2-9w7Ls/

r
@ Sesple Volume (fc°) 60,6381 017 6L AT @ M, 2321
@ Barr. Pressure (in. Hg.) _ X9.9/ G0 HNozzle Dia. (in.} 2-25%
@ Avg. aHlin.W.C.) 3.53€ 6D Stack Pressure {(in.Hg.) J—?q"f
@ Avs. T, (°F) SiY 12y Sampling Time (min.) Lo
® Condensed Hy0 (ml) 36.s" 43D Tocal Weight (g) A 02956 " thvmes &cbl(?j
® avg.AP (in.w.C.) o.7/7 @@ stack Area (fc) 207
@ Pitor Factor () ©.8Y © 20, 20.9
@ avg. T, (°F) &Y. 1

DRY GAS VULUME

3.53%
17.65 { @260 [(_.G.") 299/ ) (QTT'V—)] - Ay 63,291 3

v, STD =
(@ SiLY  + 660

VOLUME QF WATER VAPOR

v, STD = 0.0471 ( @3&.57 ) - ) (- 71F £e2

MOISTURE CUNTENT

v/ - —— _
B, " (/g « (0)_O.2R6

T TR A 14 BIRTISY S ¥ 1 -

VELUCITY

Vifps) = (2.9} (@ 0.8Y) J @o.?ﬂu@b?bmeow Gwz—*’r_’_j’—,) r&."%? - (D)X7.63%  fps

% 1SUKINETIC

17,313 (A} @2793 y(@ 692~ . 460} . (B} FOS Y %
(ot (@ 2099) (1-10) 0020 ) DI 426eT ) (@D bo )

EMISSIONS
f L $CA
GR/SCFD = L@ 0208 ) 1s.u3) - (F) 2DOSO  CRISCFH chvome? 290025 s

(a) &3.793 )
Bs/un - 2:08 ((FIZ000 ) D 2.07 1Up¥243 1 dD 2957 ) (1-1c) 0-026 ) - (6) 239 /6/4»

LBS/MMBTU = %303;((?@2&) 4. NA LBS/MMBTU

ACEM = 4703 fos 1 60ifmc 22 AT

-

20,208 AcEm
(?‘6‘(f DSCEAn

L 1)

DIcFm = e - — S —- I T TS TR S
To7AC - TEHR ML
@, O3fg_3_1151ﬁo - 0. 005¢ ?r(suro VAL A 0'00‘,1 /_;Cpo Owoil Kes fﬂ- 9
0-03!€arficﬂo e 006 2—91./-“‘0
- _LDEmartt EFficiea
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ENVIRONMENTAL
SOURCE SAMPLERS TEST CALCULATIONS

-

AcCOUNT: Lo Kivasd Gieer/e DATE: 1y jre (PG
STATION: NAKE PLATH & SAD UNIT No.: K {-0uiT TEST NO.:__3-oJret

¥
Sample Volume (fc7) €925 x Lote 261, 53Y

@ @ M, AT

@ Barr. Pressure (in. Hg.) 229/ 0 Nozzle Dia. (in.) 2.2 %

@ Avg. AH(in.W.C.) OO @D Stack Pressure {(in.Hg.) 299y

@ avs. T_ (°F) 45,9 @ sempling Time (min.) oo

@ Condensed Ky0 (ml) 335.0 13 Total Weight (g) QA | chrimes 46’0@3}
® Avg.AP (in.W.C.) o0.21% @ stack Area (£ 27 ’

@ Picor Factor (cpl ofY & 0, 2.9

® avg. T, (°F) 7.4

LRY GAS VOULUME

3600
17.65 (0‘,-52") [( @"?-4’ H ’(%Ta—_)] = (A} 6‘(,?8’0 ft3

v, STD «
(@ Y59 -« 460

VOLUME OF WATER VAPOR

3

v, STD - 0.0471 ( @ 352 ) - (B) L9 £t

MOISTURE CUNTENT

() L6Y¥F r
Buo * b 167 o= {C) _p-028 .
UB) £ 6%G) + LAY WO .
VELUCITY ' _ . . .
<. - - 28.95 - 29.92 N i)ty D P g
Vifps) (2.9) ‘@ M‘{ ) ﬁ@al 29 )¢ ®67;g +460) GE:‘.'&’.—T&',) W) {D) ‘7'2?\' fps
% _1SUKINETIC
a . ALA3 U 6#760 1O 628 |, wo) - E) j05F %
(Do2571° (D294 ) (-1 gozg ) UD 4296 1 (D @
EMISSLUNS '

criscEp - LED QO ) 1.l | ) DOOSEO crIsCED chvome = &Oo’fgﬂﬁ“b
((A) Y280 )

LBS/HR o 2:08 ((F10.00%)( @D 2,07 )ip) (290 (dp 229y 1(1-U(C) ©.02F B - iG) 9'5,{/5/4"'
(® 6L +460) Chiome=0.2o (b/hy,

. _29.32 ((F ]
LBS/MMBTU Foo e e T - 1.BS/MMBTU

Acegm = ¥756 /7;: 63 §/m X 207472 20,3Y5 ACEm
z 1N EST? DSCEMm_

D5 rm -

(AT U ' CHRoME

Qo260 s litep - a00SO galiced g
# ? = 87 2.008Y g1 ficko - O.00:S
20260 pm liep —_— 910-0‘”_‘( 7'_/;“0

72229 )
\- o N - L PEmoTen CFFcieae T :
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@

ESS .

PARTICLE SIZING DATA

t NVHACIMAE S8 A :
AW AR J
—— m—— - //"

Mezount Lo HKewogd  Creg e — Date: /1 /'Z?'/S’G

Station: #LALE Pl A Tirme SHOF2 Unit Na: LS /. Tesi= [ = 2 KT

Sampie Location: __£-5 / Yt ]' Por; = pr

Engineer: .L.:J?‘ = (4 Ik, [—r/
Merer S1an 6,458 Time Swart: / 02;// //f-r-?
Meier Stop. \/F:?4&? ‘/AK (/ ) 65[ 3 éO Time Stop: /_ﬂj__g '/ /237
Meter Volume, V {H ¥ 29.86 f&?‘?/' 29.59/ Sampie Time, timun): &
Barometric Press, P, linHal: 252/ Nozrle Diam. [in 1 2.249¢& 'j - /),[‘/:,()
Static Presz. {in.H,0): -a.5¢% /-' 2.40 Meter Temp, ("F): _JA~ T~ R~ FL-52= 4.8
X 0.0735 = P, {in.Hg): -~ 0l +460 = T ("A): $38.8
Stack Press. = P+ P Stack Temp. (°F): 27/
* Peolt finHe): 2945, +460 = Toy ("R $3s.0
Velocity Press, AP linH0): _A4, /ér ! _ 7 ?0 Gas Viscosity @ T .. 17 (pouse): (75 €D -
Orifice Press, AH {inH,01 __ 75~ [ @75 Particle Density. p tgrems). ___ /2
Stage TFa”:elg) F:nuac; t'::.hicqlf :::;3:‘: :ﬁ{::,:, ‘Op 500 C € Op50 ¥}
Presep. L tco@| - - -

O 044 aledlodeiql s | a4 sz L eor L L2 | o
2 TQ,V,_S_'?_{___QL'@:LV 0. u‘)z_ﬂ 2.0 3L g4 LOL .07~ 0.0
:_latet? | 0(209 [00092 | 28. | S| 57 ko3 123 05

| ¢ lolvys \ diser L0077 | 235 [ A5 29 lod oY Y07
s oo | aree) (2005 | 156 | 30.57| 2.8 —127 o« |- 30|
6 | bayut | o¥6d (09027 | 83 | wT A o+ % b tY 113 .44
7 o.detf 21629 P YR 4 s.S Y% 0.77 L2} L2\ .91
8 lp.q3) | oY) o000 | 3] | % | o522 | 1.3) 2| Cel-
Backup |0 2(4f | 0.20¢ lavold | 3.) - - - - -
Totals _037-7 Add%l.}p
CALCULATIONS:
A. Sampling Flow Rate, Q {¢tm):
O_Vm 2%¢a Teoh 33$ X Poar 24,91 . 0492
t  Co Tm S35 Pett 24775
B. Cunningham Slip Coelficient for each stage, C: ‘
11830/ T o
Cw1+—
{Dp 50! Peoil
C. Median Pasucle Size ter vach stsge. Dy g0 (u)j_
i nCr
. Op50 = 6330 (D 5ol (/=55 7" ) : L
B?; &9 Ll"f’ oﬂ%




7.

1ML

ML ___’__ | T EC R

95

Test2t _L-

IMLS T -DEme T8 e -

/ zz,(a"'(a

0

Date:

dd

HO

L/

T = pme —
pby g,
——fm
T
T
- .
L
L
oy
jad SR8 L
d Linal |
T
FEE S
b
LR R |
T
\ ERAR il
- !
e |y L
T
5 ! 1 1
T
iy MR
TN
) - -
e
T
T
r -
T
——
t
i
R
T '
[ ERAN] !
— —
T
T
-
+
'
T
- N
i

Cumulative Partcle Size Distribunion

Loclemod CHerg

SOUYRCE SAMPLERYS

- PR P S H . ] :
’“ 1 uw | I . r o wr -+ buy s o ....Ih..mu.:: 1 _.. ﬁ = ? 1 eps “ ...hrr ".. }—*‘—_ n_g.w
1 1 1 URN A0 N3 o o g o el 1 N H R
ﬁ “ ¥ _ -y rl l-- -x b ikl el M _ “ ——— I-l —- - — 1
R E I EEFEREEEEEE R | TS IEIRNEEES (LD w
- = : i R R R EEES HINHHIS _ il A= HTHT . Y|
b ) M., ._m w i vx_z HhH u uu ] - ~Hit 1T "_ HTHINTIT - .I..I.ME H r_i HLL
A I I EELI TR EE S : it e o= : ; HiTRY!
_f 2237, s R EEEE SR 4 _ | eI __ I
253 7 Bl jlitiiijspEEeisase RS aRE i I TR i
T Y H ed=de= = N gy HHTHH ;
o _T_ i I RS i fon e ey _ t B 1 i‘.lﬂ ! : | i
e e =i | A SIS
| [A.: . . T “ H 'y 4 4 - - T”.r E n = lm 4 fl x T ﬂ ‘
a 1 # i .= U LE __ i ,_ _ e ! .__ I _
g | EARARE i
" I = | 4 I | m i N Z _ HEIEN l-t*
B UEEE
”
f
i
L

ENVIHONMENTAL
-

=
=

80
70
60
50
40
J0
20
0
9
8

7

5

5
4

3

1
a.6

.3

0.9
a.8
0.7
0.4
J.2

L]
r———
=z
Jd
i
{
gj

95

90

85

50 Cls] T aop

10

10
Cumulative Weight Percent

10




03 038

(¥) Ao8VY FdZ2TS ATDTLAVI -
01 . : G T

—_
o

s o
e

it
L)
3
]
o t—]
£
4
1.
i
a8

L
1
1
1
L4
T
_i.:._
1
4
-

fee
e
N 1
.
=TT
1
i
L

i
T
—_—
[
v
N
1t
T
et
H
T
3
14
rl
.
T
T
L
FE

-\
o
"

1.
1

J
1
4+ 1
IL[
T
1
1
t
1.1
I
-_L..'L!'
-l " L
e

e E el
i
|
t

- puagla}!
4. 4443 FRAR 44- A {-4-H ] 4 11
RuRaet Lﬁ S RasssnhaneSEgelpantt Rakksasdasdes T
ES S 15 PRERREN DS N .ﬂ.g-._.“ a2 {J._ m_ ﬂ 2 EEdd
v Y A S e b A L i
b R e 1

i _H.
e

j
: 1]
R iy

H
1] I l‘.‘ :

;1- -

L. |
TIi
i]-;-

aped @
H

l

=t
|
T O Eares e

'-1..
‘.
M

1

S EPENIE

3 —
v d e

'
*

.i.
LIS R

-t
Sl
4
D14

0t

-
. R
cdi

. .-—-—.-1-,.; ——n

1_..1:;..
=
1—.‘.
i S
G
i

ResrRinr
1H

T : -

-
RN
— ]

It

)L

ol

14

i

15 et

—
PR W
i sial S

a—e -} 544

b l "
-f_'—‘ o

:

INADH3Ad

AL LR
i H d- ] .-A ..‘,....L.;,.,-.L..I
ML

[

4 -
i

1‘

Ll

— . i

o ]

Y

VAT i

i

F
.
!
JE p—— |
1
S

54»—-3—4.!

FRS Y R ety B [ wevyey pg=beper

Yy

I PR

. ol
: : SN FY RS
| FETPUR AN S NI T TR N 1. ..A—.rn.“-.w_.?_.
N .wi..: LI B I .8 kol : ;..J._. =y
X8 asinett kaFhg v Road big AT
1 PRSP FRRA% PU DY RO 1 SRl PR
EE EEIETE R LIRS R N P ..m..,ﬂu..
) R SRRl PR F DR It

TannT oveWa 1 S ONLINN

T57- Jogr  NOLLViS

TArral) promovey LNNOJOV

~) 22 n 3.va

THADTI IHOTINM )
34 - SHIteiiv. - o
FONVY 47218 4 10ILdvd o

v IS

. '
. Iy ¥
. .




-

ESS

./ PARTICLE SIZING DATA \
i A

S AVORIRAE N AL .
Wt AR (b ,’{
g PG S A .,...____.,.//
Accum_ . /—Jv/(wdi(/ - Grtem . Doate: i /ZL/?L'
Station: _MALE PLATinG ST Unit Mo: __ = ! Testo: _ 2T /retf
Sample Location: __ &S/ /et T Port & Jasa
_ Engineer: ‘L"-_f'/f“'{l‘—" 4
Meter Star 130, //S Time Starc: __ £S5 15
M¢cter Stop. 76ﬂ: dlg Time Stop; _/ @ ‘s
Meter Volume, Ve “[3]: )’71‘3[ A 0'7';’; - )‘916KL Sample Time, t (mm):___éc:a
Barometnic Press, Py o, linHgh 2279/ Nozrle Diam, {in.): 0. /el
Static Presz. (in.H 00 = z2.59 Meter Temp. (°F): 2L~ 787 = X0 ~g2~x3 >
X 00735 = P, lin.Hgh: _ =2/ & +460 = Tm ("RE 2B S 4 Yoo - LIRS
Stack Press. = P+ P, Stack Temo. (*F): 72
= Peopy fin-Hg): X278 +a60 = Tooy (RY: __S 32
Velocity Press, AP (in.H2O): 2,9 O Gas Viscosity @ Tw”. n (possel: _ /235 x {5 «
Orifice Press, AH {in.H,0): o. 75 Particle Density, £, fglem=): L2
N N o b e B IR PR
Presep. A i Q([Lq - - -
041 | o149 p.t4s8 | @oooq| 3L | qe.C 1324 [0 % (24 [ A2
2 0/613 | ot ¥ | vo02]| 2.0 | 840 rY f O .02 2,0
| p43¢ | 21?98 | 000e2| 208 | w. S| $£7 )23 o3 | .22
|8 Joseloles8e | 90070285 | wo | 39 Loy Y, )
5 0.0y$2 | 0.1¥93 | p.004/ | 149 | 20 2.5 ) Lo | 20
6 0160t | olb3S [n0029 | 1.5 | Se i b ! (13 L9y
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PARTICLE SIZING DATA

Cw 1 & —

‘DP.SO,r Peolt

C. Mecdian Paruicle Size for vach -.1.;ge, Dp 50 (ul:

\ nC

09'50 - 6350 (Dp.so)' ‘.J _.CQ pp

/_,_-,. e . _
?\cccunt I Date: ___/_ll?-llf"
Station; _MARE LAl mp fhor _ Unit No: Chwet &ero / Testo: _3—dwrect
Sampie Location: o uresT Port = ; a3
Engineer: Cerbe. - /q"-'-/-;
Meter Start /3. I ? 7 Time Start: /832
Meter Stop 337 3C 0 — Time Stop: (7=
Meter Volume, V lf|3); Rb/21cf Ol > 26.38Y Sample Time, t {mun); e O
Barometnic Press, P, {in.Hol: 229/ Nozzte Diam. Lin.): 2-Loef
Static Pres:. tnn.H20D: T2 33 Meter Temp. {°F}: 4:5:_45 Z wso
X 0.0735 = P, lin.Hg: L2y +460 = Tm CR): ___S°£0
Stack Press. = P+ P, Stack Temp. (°F): 69
= P lin-Hg: 2793 +460 = Tooy (RY: 527
Velocity Press, AP [&n_H2O]: f); ?C;} Gas Viscosity @ Tcoll' 7 {posel: / 7.Y¥/J-c'
Orifice Press. AH inH01: __ O .G ¢ Particte Density. 5 lg/em). __ /O ¢
te: Fi : ! Cumul,
Stage Tirle"(g) ""'l-(.‘fql-‘ :j:.l(cql: ;::ci:lx Percent 105 50} ¢ ¢ Dp,50 (4
Presep. OO0 - - -
01 20797 0w 0] 8.5 1915 | 8o foL -y Ay,
2 2716 00209 2.7 | 838 | 240 -2 {2 9./¢
2 o080 L auoil| 13.7 0.t AbS ho? [T 3,75
IR N7 pooze | 222 | 429 | _t72 e Loq | A2
s 1ooB20 09220 | I 1308 | y( 145 (S X
6 nofi7 a0l | {83 |20 D o2 1277 LYy 2.7¥
1 |eodof 00007 | 77 | RS | e | 152 .50 | 0.0
3 joo8o! - |agoo st -y =188 | ‘0.5 A2 227 ari
wion [6//54 0010 | g - - - .
Totals 20T Add?uo
CALCULATIONS:
A. Sampling Flow Rate, Q (ctm):
0= Vo 20.28Y X Teol S5 Poar 299/ - a‘fé@ .
t eo Tm Sof Peoll 29.93
B. Cunningham Slip Coetficient for each stage, C:
ne3n Ty
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BROWARD TESTING LABORATORY, INC.

LABORATORY

CERTIFICATIUN

NUMBDER

861137

LABORATORY PARAMETER ANALYSIS REPORYT

ENVIRONMENTAL SOURCE SAMPLER

PROJECT
L
SOURCE STACK GAS-DISTILLED WATER-#1 INLET SAMPLE DATE _ 11/22/86
LAB. NUMBER 86-501 SAMPLE TIME 12:;00 NOOGN
GROUND WATER CLASS COMPLETION DATE11/26/86
SAMPLED BY B08.HAMLIN - SAMPLE TYPE ( )} BACKGROUND
NO. WELL CASIN(} VOL., PURGED { } SITE BOUNDRY
. - { }) INTERMEDIMNTE
{ ) COMPLIANCE
l STORET PARAMETER ANALYSIS | ANALYSIS [ UNIT | DATE |, . vgT
' CODE MONITORED METHOD RESULT
[ 01034 CHROMIUM 2181 36 MG/L | 11.26| E.STONE
I
00530 SUSPENDED SOLIDS 160, 2 92 MG/L |11/26 |DAVE H.
g 70309 DISSOLVED SOLIDS 160. 1 74 MG/L |11/26 | DAVE H.
I .
[
{ S}S'h1/ ;37;/
L
|
S2c ml 0.03603 = a.Ofé?‘Ié» cWrome.
oo mt
. :
=
E 28 mi De, = 0.053 72 s 752/
jorom ! v
)
L N el e e e — ——




BROWARD TESTING LABORATORY, INC.

n
lB e ‘n“.:i
l ’-" LABORATORY CERTIFICATION NUMBER 6137
LABORATORY PARAMETER ANALYS 1S REPORT

&
: -

ENVIRONMENTAL SOURCE SAMPLER

; PROJECT

H

. '

| SOURCE __STACK ‘GAS-OISTILLED WATER=#2 [NLET SAMPLE DATE 11722786
LAB. NUMBER 86-502 SAMPLE TIME 12:00 NOON

COMPLETION DATELL1/726/86

i GROUND WATER CLASS .

SAMPLED BY BaoB HAMLIN ~ SAMPLE TYPE ( ) BACKGROUND
! NO. WELL CASING VOL. PURGED : () SITE BOUNDRY
L ( ) INTERMEDIATE
( ) COMPLIANCE
! \
” STORET PARAMETER ANALYSIS | ANALYSIS | UNIT | DATE |\ 0 yvor
. | CODE MONITORED METHOD RESULT '
1
01034 CHROMIUM 218.1 34 MG/L | 11lr/26 | E.STONE
00530 SUSPENDED S$SOLIDS 160.2 20 MGsL (11726 | DAVE H.
70300 156
DISSOLVED SOLIDS 160,1 MG/L [11/26 | DAVE H.
L E
l ’ 672wl 4 00204 2 | 20235 ¢ |lchrmme
: 70> M Y v '
Il" .
j 69nl « 0,/760a = |0.t274 a | L/
/0.'.)10\{ v g




) [BTL

¥ SOQURCE
© LAB.

PROJECT

BROWARD TESTING LABORATORY, INC.

LARORATURY CFRTTIFICATION

NUMBER

Reli7

LABORATORY PARAMETER ANALYSLIS REPORT

ENVIRONMENTAL SOURCE SAMPLER

STACK GAS-DISTILLED WATER-#3 INLET

8B6-503

NUMBER
GROUND WATER CLASS -

SAMPLE DATE
SAMPLE 'TIME

11722786

12:00

NOON

COMPLETION DATE11/26786
BACKGROUND
BOUNDRY

SAMPLE TYPE ( )

SAMPLED BY BOB.HAMUIN
NO. WELL CASING VOQL. PURGED { ) SITE
‘ ' { ) IHTERMEDIATE
' ( ) COMPLIANCE
] STORET | PARAMETER ANALYSIS | ANALYSIS | UNIT | DATE |, 0 Loy
CODE MONITORED METHOD RESULT
t] 01034 CHROMIUM, 218.1 33 MG/L |11/26 | E.STONE
00530 SUSPENDED SOLIDS 160.2 10 MG/L |11/26 [DAVE H.
70300
DISSOLVED SOLIDS 160.1 150 MG/L [t1/26 | DAVE H.
N -
1
i
i GHO m] o/
.. T "
b e¥omnl . 0.0230(?_; = 2.02/1 %  Edipme
s (200 | . - v
|
L¥oml 4 0: 4600 4 .yo2y o |Foh/
L y
10322 py i
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LABORATORY CERTIFICATION NUMHBER 46137

B_I{.L  BROWARD TESTING LABORATORY, INC.

LABORATORY PARAMETER AMALYSLIS REPORT

—

PROJECT ENVIRONMENTAL SOURCE SAMPLER

SOURCE STACK GAS—-DISTILLED WATER-#1 OUTLET SAMPLE DATE 11,/22/86
LAB. MNMUMBER 86-504 SAMPLE TIME 12:00 NOON
GROUND WATER CLASS COMPLETION DATElI1/726/86
SAMPLED BY___BoB HAMLIN ~ SAMPLE TYPE ( ) BACKGROUND
NO. WELI. CASING VOL. PURGED » ( ) SITE BOUNDRY
: () INTERMEDIATE
( ) COMPLIANCE
STORET PARAMETER ANALYSIS ANALYSIS NI DATE ANALYST
CODE MONITORED METHOD RESULT
01034 CHROMI UM 218.1 11 ’ MG/L 11726 E.STONE
00530 SUSPENDED SOLIDS 160.2 6.0 MG /L 11726 DAVE H.
70300 - .
DISSOLVED SOLIDS 160.1 28 MG/L 11/26 DAVE H.
YEG m ) Totaf
igé*‘/ L (9,01/0? )l goost a CAm'A‘L_
[74
IOuQAJ
fe m| < 203904 = | poters | BK(
== — v
J OO mf
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LABQRATORY CERTIFICATION

. IB*I—AU——-—-A BROWARD TESTING LABORATORY, INC.
‘ NUMBER 86137

LABORATORY PARAMETER ANALYSIS REPORT .
PROJECT ENVIRONMENTAL SOURCE SAMPLER
SOURCE STACK GAS-DISTILLED WATER-# 2 OUTLET SAMPLE DATE 11/22/86
LAB. WNUMBER 86-505 SAMPLE TIME 12:00 NQOON
COMPLETION DATEL11/726/86

SAMPLE TYPE ( } BACKGROUND
: SI'TE BOUNDRY

()
( ) INTERMEDINTE
()

GROUND WATER CLASS
SAMPLEL BY__B08 HAMLIN _
NO. WELL CASING VOL. PURGED

COMPLIANCE
STORET PARAMETER ANALYSIS | ANALYSIS | UNIT | DATE | yualvsT
CODE MONITORED METHOD RESULT
01034 CHROMIUM 218.1 8.4 MG/L [11/26 | E.STONE
00530 SUSPENDED SOLIDS 160.2 8.0 MG/L |11/26 | DAVE H.
70300
30 DISSOLVED SOLIDS 160. 1 28 MG/L |11/26 | DAVE H. |
S0 ml ot/
|
\}ﬁ ;
SPom!l 4 é-ﬂﬂfy?_ = ddo¥fa| chioea
2 : 4
i 1300 pa |
f-.t)
l SP0m/ ¢ 00304 : | 0.02055 |vori/
I Iz,
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e

BROWARD TESTING LABORATORY, INC.

LABORATORY CERTIFICATION

~

NUMBER 86137

LABORATORY PARAMETER ANALYSIS REPORT

ENVIRONMENTAL SOURCE SAMPLER

PROJECT
9 SOURCE STACK GAS-DISTILLED WATER—#3 QUTLET SAMPLE DATE __11/22/86
LAB., NUMBER 86-506 SAMPLE TIME 12:00 NOON
GROUND WATER CLASS COMPLETION DATELL/726786
SAMPLED BY BOB HAMLIN SahMPLE TYPE ( 7 BACKGRUUHD
NO. WELL CASING VOL. PURGED » { ) SITE BOQUNDRY
: {( ) INTERMEDIATE
( ) COMPLIANCE
STORET PARAMETER ANALYSIS ANALYSIS UNTT DATE AMALYST
CODE MONITORED METHOD RESULT
01034 CHROMIUM 218.1 12 MG /L 11726 | £.5ToONE
00530 SUSPENDED SOLIDS 160.2 10 MG/L [11/26 | DAVE H.
70300 .
DISSOLVED SOLIDS 160.1 30 MG/ 117256 | DAVE ©
g SaBnl 4. 0.002¢g = | 20063 g lchrmn
_ 20D pn |
L.
S8 ] & Oy, = d-02/0 6 | ®h]
rg
S OAD |
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ESS

ENVIRONMENTAL
SOURCE SAMPLERS

o PLANT: MJAK F PLAT 176 SHOP

CHAIN OF CUSTODY

SOURCE : IS T + OJTESG

LS/

MAS oTforc, VA,

CONTAINER

AS mARIS<p

SAMPLE RECOVERY

DESCRIPTION

DL H, & FRom i mPiasKert] imi x5 D

v Tt PEA O FProbe + rmPiméx A it ALH

€7 ipcaz, Zouiesi CAmES Y

As  mpresio

2L M o KiardK Cr)

As mporcin

q ﬁ:‘f-j Des AFS A G Romg &S TR, =t rrtm

PARTCIC Jigt Fre 344

SAMPLE RECOVERY PERSON:

R Harmlos T <f

o .r';-‘?%-

RECOVERY LOCATION:

slta (8L virss

TIME AND DATE:

LABORATORY ANALYSIS

LABORATORY ANALYSIS PERSON: % Aiolin W Mallaw
7
SAMPLE ANALYSIS DATE
. a\rd\wh?_,gl—?(’ n-('tl%ﬂ_! QLP:_;?«:.:\- = 15-Y6
’ Pﬁ(‘hcu. Site kildeny frral e~ V- 2o-8G
- Frobos jmnpirugy BT W O Solds s pobed ¢ Judiifovuily M-2b - P,
t 4.75‘{../ CA"G/}Q.L - A5 G-

p[ukl«z Ll 1m£l_ﬂazb’ \-L “‘\ =2

OTHER PERSON(S) HANDLING SAMPLES

{ INCLUDE DATES AND REASONS):

\

[ =112 Brpuned TesTing Jab - E5Tone v Deid fonber fo, chesmo, soltds

/
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ESS

ENVIRONMENTAL

SOURCE SAMPLERS NOZZLE MEASUREMENT DATA

A D,2S>

B 8.252

C_ 9. 287

0.2.¢2

o)

E_o 22

F ) ?/f'z./

AvVG. 0.8

ST

J1-22-856

MMAGHRET

-
BY ¢,

Harll

Jrri e T

_/qagfv(u;ﬁfﬁ

\




-

! ENVIRONMENTAL
| SOURCE SAMPLERS
1.

& /____—/r
[ )

1 .

(4

{

i

{

o eAbo

0 2.23%

P 0.2 S

AVG.D. 289

NOZZLE MEASUREMENT DATA

L

epaGURED BY_ A TR/

1L -X

Juresy PARTIC vt T




ESS . ' \

ENVIRONMENTAL
SOUACE SAMPLERS NOZZLE MEASUREMENT DATA
/ .
A
B
D
A _O,lba ) o
B_oleo
e CO{Q,.; JSAIRET
D___olad
E__ 2,160
) P olen
AVG. O lbo
" DATE -21-8¢
MEASURED BY __ A Mok

<~
. 8T TS 2l




ENVIRONMENTAL
SOURCE SAMPLERS

NOZZLE MEASUREMENT DATA

..-«-H,———-_-—-,-—- -

DAY 2-2% —6’{.;_

e e

it MEASHRED BY E/éwﬁw

DT PR S 4 ke




L3

Y

L2

ESS

EfVIRONMENTAL
SQUACE SAMPLERS

e

THERMOMETERS

O
UMBILICAL :
(=== T

cosTAGL N ® ]

ST T &2 vaLves
o 1 . .

Q \
|
O coe / i
/
o | _- s
——
METER 30X CALIBRATION

ORY TEST METen

Meter box catibrauen setoup

4

THERMOMETERS

- U-TUBE
MANOMETER

. -t
THERMOMETER

i

. U-TUBE
MAMOMETER i i

puMP

ORY GASMETER WET TESTMETER

Equipment arrancement ior dry-gas mater 1ahiration
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BRI RT TS S F R T

kb Attt e e .
/ CHOT O GAS METER AL THRAT Dol
/ -
Date /A l//l¢?<5 ' Hetering System .,
o _ _ ldentification: S-¢
Qarometric pressure, Py ;22 ‘_-f(in. Hg
| . ! | . !
orifice |Spirometer |Dry gas | © Temperatures !
manometer| fwet meter)| mever |Spirometer | Dry Gas Meter |

setting |gas volume |volume |(wel meter)| InTet | Outiet | Average |[Time
oH | (Vug_ b (Y I () P ) 1 (ry) { (tm) | (@)

Jin, H0-l.  ft | ft i °F S S F F 1 min
| b | 1 | | :
2.0 10253 13291 T | — 1\ — | D¥ | /2
— 1 i ! i |
25 | 6,990 10007y 76 1 T 1" §s | &
1 — t { S | | 1
4o 65T 16.328) 20 v Ty T 73 | o
AR 1 T | | 1
| i I | | i o
ST T | | i !
‘- Y O SO SO L
{alculations
i | B
- T iy ﬁ““::j—-*“__-u = ! s He
, ] . =7
Ty Py g v 4600 1 0.0317 ah ,|{t, * 4603 0]
AN ; aH | Pp (1, + 400} Yo !
‘o, MG i igiPp + T3B) (1, v+ 4601 | - o
TTTT AT T !
/ oy 0,9879 | 72//7 —
AT ak ;
LS n.9%/ } 2./S5
]
1o . 0.99% | 2./%8 ;
! | .
[ ]
‘ 1
|
Average | 0?9/ ! 2. /33

Y . Ravio of reading of wet test meter to dry test meter: tolerance
for individual values +0.02 from average.

“Hogg Oeifice pressure gifferential that equates to 0.7% ¢fm of are
w LE°f and 29.92 inches of mercury, in. Hp0: tolerance for
ihdividual valtues +0.20 from average.
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ENVIHOMMENT A

SQun LN TN
UIICE SAMELFS DRY GAS METER CALIBRATION

Date  / JiS/8C
Baromeiric pressure, Pb.‘ 24.¢2 in. Hg

T i |
Orifice jSpirometer |Dry gas | Temperatures
manometer|{wet meter)} meter |[Spirometer | Dry Gas Meter
setwting jgas volume |volume |{wet meter)} Inler | Qutler | Average | Time

Metering System
Ieentification: ’é

aH | (Y, | (Y I () F{g) 1 ftg) 1 (eg) 1 {0O)
in. H.0 { ft I ft } °F ! °F | °F | °F | min
1 | | | 1 I
Lo 1 0149 lfal‘?x Ve | —1~ 1 ¥ 1%~
T | | | [
2.5 ] Qz({g’e: ! é,#’f‘ol o> | — - [ gtd, | 4
[ 1 | | I |
y,2 , LH b |(ll331 7(’ | - - 1 Y | 4
o T I I I | { T
o | ! | ! ! { I
T | I [ L I I
i R - | i i |
Calculations
I T !
s l R ] s Hp
I i _ -
[ v, Py {(tg +-460) I 0.0317. aH Jlv, - 460)3
Al aH 1 Py (t,, + 460] J
in. Hp0 | vglPy + FIB) (g v 460) |
| o o
[o ] ) DO | 2. 22
—_ ma we e o { - — 1
15 otz | 2. 119
o 1 |
.o ).oo ¢ | 2.103
R I
_ ] |
1 I
o |
T I
Average | .21 e ] 2%11 O
A : Ratio of reading of wet rest meter 10 dry test meter; tolerance
for individual values +0.02 from average.
aie - drsfice pressure artferential that equates to 9.75 cfim of air

B HEY ang P99 inches of mercury, in. Hp0, tolerance for
tndivegual values +0.20 from average.

B N S [T 4

s e
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ENVIRONMENTAL
SOURCE SAMPLERS TEMPERA LN SENEOR CALIBRATTON DATA

-

Nate _ / /-7 -8 C

Thermocouple identification S-& OCm

Ambient temperature Z Z- Signature ﬁ?,vavlv-

Calibration Reference1 ' Thermocouple Temperature2
Source Temperature, F Temperature, F- Difference (%)
|
. Ty . -
ﬂ.).)m? o 2 )2/__ 7/ : O
wWARm WAT
e 125 (2 Y 0.

. O
(ret temp,

v Ap0Y -

mercury in glass ASTNM thermometer

~af temp,

{test theocmui,
Lb’_ Y i -
Yooy And,

N f\f_} .:
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ENVIRONMENTAL
SQURCE SAMPLERS

TEMPERATIER SEMSOR CALTHRATION DATA

Date

f- G- G

Ambient temperature - 2. Signature

Calibration
Source

Reference1

ks

~

Thermocouple identification S~ J¢ny

2
Temperature
Difference (%)

Poom TGm e

AR e T

1

{rel temp,

Temperature, F
2

72

mercury in eplass ASTN thermometer

b dB0d -

reT temop,

C :
ltest b
&
A

Thermocouple
Temperature, 'V .
j -
2.3
-
/25
fl(;'L M ‘ 1
A h

O

| O

oD

;;'r;n’_.‘ )




p———

b

PR,

o m—

,.,.‘...‘.k.

]

,.“_..__.
W A

—marr

Ey!

ESS

ENVIRONMENTAL
SQUACE SAMPLERS

Date H-a - F6

/

TEMPERATIH-F SENSOR CALIRRATION TATA

fhermocouple identification &-J /,m~

k]

ﬁl, /M~‘—

Ambient temperature 7L Signature _
Calibration Reference1 Thermocouple Temperature2
Source Temperature, F Temperature, F . Difference (%)
Lo oY
s BATH 3 o
Cou e et T8 454 o 0,
/ZDJ'M-T%VWI’ 72~ 2 ! c)_lf
—— — — —— — O - - —v_..-.vwi —
1 . .
mercury in glass AGTM thermome ter
(e semp, “F 4 460) - (test iherwum. tenu, 0o dnd

D >
!

Lemn,

s A6 i
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ENVIRONMENTAL
SQURCE SAMPLERS

C N

TEMPHRA™IL L SENSOH CAaLTERATION DATA

4 ’
Date Jd <9 -L e Thermocouple identification A- 7/ me
Ambient temperature _ 22 Signature e KM_‘
Calibration Réference1 Thermocouple Temperaturea
Source Temperature, F Temperature, F. Difference (%)
(CC AT 5
(ool o] L/c) 5'5 | , 2
Roo v TEmP 71 » 0.
~S
1
mercury in glass ASTN thermometer
{ret temp, '+ + 4b0) - {fes! Lnevmui By Sl

-

Lenig,
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N
ENVIRONMENTAL
SOURCE SAMPLERS / TEMPERFATELL SWMNSOL CALTHRATION DATA
Date H~5-8§¢ Thermocouple identification A-7 57 Jcec
Ambient temperature 7 L- Signature P tde K
Calibration Reference1 Thermocouple Temperatured
Source Temperature, F Temperature, F. Difference (%)
. o.0
floom Tom? 7 72
Bt iwe AT 212~ 27/

Mer o, v Oof oS 0.3

mercury in glass ASTY thermome ter
tret temp, v dABOY o tent Lo,
R h o E - ———— MG TR 2T RS
vl AENTS) +
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ENVIRONMENTAL
SQUACE SAMPLERS

S SEPEMPRERATHE L SENSOE CALIRRATION DATA

4 /
Date Y- 9-F Thermocouple identification K ST
Ambient temperature 7L Signature A
1
; Calibration Reference' Thermocoupleo Temperature2
] Source Temperature, F Temperature, F- Difference (%)
: Iy
. f s
lyom Tame 72 7 o/
1
- o.
Bottins ot e 218 /
. S DU U 0.3
MHoT  Oie Yo & . Y
1
mercury in glass ASTY thermometer
(et teme, Ub o 4003 - (gest fnermon. tenp, - Gn0
S et henyp s AR -
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ENVIRONMENTAL o e e o
SOURGE SAMPLERS : j (YPE S PITOT TUBE LNSPECTION

PITOT TUBE IDENTI-FICATION 30t DATE

G-y =& %

PITOT TUBE ASSEMBLY LEVEL? “Er

PITOT TUBE OPENINGS DAMAGED? My

o] o (9] ¥ Q
o<, = LS 7 (el07) o 9 lo 7 («107)
[ [
/'?1 ) _01_5_0 (<5 £, 2.¢ 7 15t
Y= o ° e . Ly" A - Lo in.

2 —-Asxn“f— Q ( 2in. (41/8 in.)

i Ve sy w—'r*——-lv-‘« g gt

£
i1

Asin @ = @02(( in. (<1/32 in.)

Pp _O0.5K  in.: P, _ 2Oy in.

Dy = 8380 in.

CALTBRATION REGQUIREDT VO
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ESS .

/

]
sgsgg‘é):mgfgés /j FYPE s PLTOT TUBE INSPECTION
PLTOT TUBE IDENTIFICATION __ 2-9/ DATE 5 -Fc

PITOT TUBE ASSEMBLY LEVEL? fes

PITOT TUBE ‘OPENINGS DAMAGED” /<

>, = 40 ° (£10°) wy oF" (107
Ay _0° (Lso, A, s s
Y- ),@° € - 45" A jorvin.
z = AsinY= gdt?2in. («1/8 in.)
w = Asin @ = gd%gin. (<1/32 in.)

PZ J.55¢ in.: Py o-faf 1in.

D# = 0.31fin.

CALIBRATION REQUIREDT ~P
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PROCESS AND EMISSION TEST DATA SHEET

NORFOLK NAVAL AIR REWORK FACILITY
NORFOLEK, VIRGINIA

TYPE OF OPERATION

Hard chrome plating and chromic acid anodizing. Testing was
conducted on Chrome Line 1, hard chrome plating tanks Nos. 32,
33, and 34. All three tanks are ducted together to a mesh-pad
mist eliminator. Three particulate emission test runs were sim-
ultaneously performed at the inlet and outlet of the demister.
Methods 1, 4, and 5 were followed. Three particle size determi-
nations were also made simultanecusly at the inlet and outlet of
the demister using two inertial cascade impactors. All tests
were of 60 minutes duration.

Testing was performed by Environmental Source Samplers, Inc.
on November 22, 1986. The facility was visited on April 8, 1987
by Al Vervaert of EPA, Randy Strait of MRI, and Subroto Mitro of
the Navy.

TYPE OF CONTROL EQUIPMENT

Ceilcoat mist eliminator. Based on total chromium, the
average control efficiency was measured to range from 72.2 to
80.6%, with an average efficiency of 75.6 %. The mist elimina-
tor was washed down for four minutes every two hours during
testing.

TANKS ASSOCIATED WITH HARD CHROME PLATING SYSTEM

Tank Capacity Temperature LxWxD Rectifier
No. gals F feet Voltage Amps
27 1919 130 6x4.5x10 0-12 1500
28 1919 amb 6x4.5x%x10 - -
29 1144 130 8.5%X4x%x5 0-9 1500
30 1144 130 8.5x4x5 0-9 1500
31 1144 130 8.5x4x5 0-9 1500
32% 1144 130 8.5x4x5 0-9 1500
33% 3837 130 12x4.5x10 0-9 2500
34* 2550 130 8x4.5%10 0-9 1500
35 1919 amb 6x4.5x10 - -
36 1919 190 6x4.5x10 - -
37 - - 6X4.5x%x2 - ~




Tank No. 28 is a cold water rinse, Tank No. 35 is a cold
water rinse, Tank No. 36 is a counterflow hot water rinse, and
Tank No. 37 is an air dry station. Tanks Nos. 27, 29-34, and 36
are the hard chromium plating tanks. Each tank contains approxi-
mately 33 oz/gal of chromic acid; some or all have push-pull
ventilation.

Tanks No. 4 through 26 are involved in a chrome anodizing
operation. Chromic acid anodizing is performed based on mili-
tary specifications. Details concerning Tanks No. 4 through 26,
and the anodizing operation, are available in the test report.
However, no testing was performed on the anodizing operation.

EMISSIONS DATA

MIST ELIMINATOR

Inlet Qutlet
Total Chromium Total PM Total Chromium Total PM
(gr/dscft) (gr/dscft) (gr/dscf) {(gr/dscf)
Test
1 . 0050 .0231 .0013 .0041
2 .0062 .0318 .0012 . 0050
3 .0054 . 0260 . 0015 . 0050

Average .0055 .0270 .0013 -0047
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FROCESS ~MD EMISSION TEST DATA SHEET

MORFOLE MAVAL AR REWORKE FACILITY
MORFQLE . YIRGIMIA

IYPE OF OFERATION

Hard chrome plating and chromic acid anodizing. Testing was
conducted on Chrome Line 1, hard chrome plating tanks Nos. 212,
25, and 3F4. Three particulate emission test runs were
simultanecusly performed at the inlet and outlet of the demisgter.
Methods 1, 4, and S were followed. Three particle size
determinations were also made simultaneously at the inlet and
outlet of the demigter usinog two inertial cascade impactors. All

tests were of 60 minutes duration.

TYFE OF CONMTROL EQUIFMENT

Ceilcoat demister. Rased on total chromium. the averaoge
control efficiencv was measwed to ranae from 72.2 to 80.86%W, with
an, average efficiency of 75.4 %, Washdown for fouwr minutes every
two hiours,

TANES ASSOCIATED WITH HARD CHROME FLATING_SYSTEM

Tank Capacitv Temperature Lyl D Rectifier
No. eals —— feet Vaoltaae_ _Amos
27 1919 130 G4 Tl O=12 1500
2 1919 amb &4 Sl - -
29 1144 1380 8.5 4xs 09 1500
30 1144 120 8.544x5 —-9 1500
31 i144 130 B.59%4u5 -9 13500
22 1144 130 8.5:4x5 IREy 1500
F3 83 130 12%4.5x%10 -9 2E00
x4 25950 130 Bx4.5x10 -9 1500
35 19219 amb Hud. 510 - -
kY- 19219 120 brd, 510 - -
37 - - Hud. T2 - —

Tank No. 2B is a cold water rinse, Tank Mo. 35 is a cold
water rinse. Tank No. 356 is a counterflow hot water rinse. and
Tank No. 37 is an air drv station. Tanks Nos. 27, 29-34, and 36
are the hard chromium plating tanks. Each tank contains
approximately 33 oz/gal of chromic acid:; some or all have
push-pull ventilators.

Tanks No. 4 through 24 are involved in a chrome anodizing
gperation. Chromic acid anodizing is performed based on military
epecifications. Details concerning Tanks No. 4 throuagh 26, and
the anodizing operation. are available in the test report.
However, rno testing was performed on the anodizing operation.




EMISSIONS_DATA

Demicter Inlet .. _ . .Demister Outlet
Chrome Total FM Chrome Total Fi
lar/sdscf) _ __ lar/dscf) | lar/dscf) | lar/dscf)
Tast
1 . Q050 L0223 LOOLE L0041
2 L0062 L0318 L0012 L DOS0
3 . D054 . 0260 L0015 L DOS0




MORFOLE MAVAL ATk REWOGRE FACTLITY
PORFOLE . YIRGINIA

TYFE _oOF OFERATION

Hard chrome plating and anodizing., Testing was only done
at hard chraome plating operation.

I¥YEE _OF COMTROL

Ceilcoat demister. AFverage control efficliency was measured
to rance from 72.2 to 80.46%, with an averaoge efficiencvy of
73.6 Y. bashdown $for two to four minutes every two hours.

Tanks ASS0CIATER WITH HARD CHHOME PL

Tank Capacity Temparature LoD Fectifier
Na. gals F feet VYoltaoge Amps
27 1919 130 [P Y O-12 1500
=28 1219 amb G d .Sl - -
=9 1144 130 8.5x4u5 @ 1500
0 1144 130 B.5xdxS 0-g 13500
=1 1144 130 B.30AnG 0-29 1500
52 1144 1340 8.5:4x5 0-3 1500
23 837 1350 12x4.5%10  0-9 2500
a4 2550 130 Bud.5210 0-9 1500
35 1217 amb G T - -
Ry 1919 190 b, Sl - -
57 - - Grd, Ol - -

Tank Mo. 28 is a cold water ringse. Tank No. 2D is & cold
water rinse, Tank Mo. 36 is a counterflow hot water rinse. and
Tarmk Mo, 27 is an air dry station. Remaining tanks contain
approzimately I3 oz/gal of chromic acid: some or &ll have
push—-pull ventilators.

Tanks MNo. 4 throuoh 26 are involwved in & chrome anodizing
pperation.  Type 1 Classes 1| and 2 coatings are applied. Details
concerning Tanks Mo. 4 through 26, and the anodizing coperation,
are available in the test report. However, no testing was per-
formed on the anodizing operation.
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Sincerely,

D

M. A. Shauw

— Tt ’13 6'3?)7
© RECENES A

]
?




[ -

B T TR
33

&

e voze/

QQ-C-320

JULY 26, 1934

FEDERAL SPECIFICATION

CIIROMIUM PLATING (ELECTRODEPOSITED)

Thiz epecification was approved by the Commissioner, Federal Supply Serv-
ire, General Services Adnministration, for the use of all Faderal agencies.

1. CLASSIFICATION

1.1 Classes,—Chromium plating covered
by this specification shall be of the following
classes, as specified.

Clasa 1.—Decorative plating (see 6.1.1).

Class 2.—-Engineering plating. Plated to
gpecified dimensions or processed to
specified dimensions after plating. (See
6.1.2.)

1.2 Types.—Cless 1 chromium plating
shal! be of the following types, as specified:

Type I.—DBright.
Type II.-—Satin,

2. APPLICABLE SPECIFICATIONS

21 The following Federal! Specifications,
of the issues in effect on date of invitation for
bids, form a part of this apcciﬁcntio.n:

QQ-N-290--Nickel Plating (Electrode-
posited).

QQ-M-151—Metals; General Specification
for Inspection of,

{ Activities outside the Federa! Government may
obtain copies of Federal Specifications and Stand-
ords as ontlined unader “General Information” in the
Index of Federal Specifieations and Standards and
at the prices indicated in the index. The Index,
which includes enmulative mnonthly supplements as
jssued, i3 for sole on a subseription baxis by the
SBuperintendent of Documents, U'. S. Government
P'rinting Orfice, Washington 25, D. C.

(Single copies of this specificntion and other
product specifications required by activities outsid

261 . . -

- {0

the Federa! Government for biddi arposes are
available without charge at the waA Regional
QOffices in Boston, New York, Atlanta, Chicago,
Kaneas City, Mo., Dallas, Denver, San Francisco,
Los Angeles, Seattle, and Washington, D. C,

{ Federal Government activities may obtain coples
of Federal Specifications and Standards snd the
Index of Fedceral Specifications and Stendards from
established distribution points jn their agencies.)

2.2— Specifications applicable only to indi-
vidual departments are listed in section 7.

3. REQUIREMENTS

31 Materials—The materials shall pro-
duce coatings which meet the requirements
of this specification.

3.2 Workmanship.

321 Basis metal.——The basis metal shall
be free from visible defects that will be detri-
menta! to the appearance or the performance
of the plating. Articl»s shall be zleaned,
acid dipped, and plated to produce plating as
hereinafter specified.

322 Plating.—Chromium plating shall be
smooth, fine grained, adherent, free [rom
visible blisters, pita, nodules, porosity and
indications of burning, excessive edge build-
up and free from other detrimental defects,
Slight Jiscoloration resulting from baking
as apecified below, shall not be cause for re-
jection. All detalls of workmanship shall
conform to the best practice for high-quality
plating. .

229 Class | fype T, platiag shatt ve
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Lbright, emooth, uniform in appearance, and
:~ce from frosty areas.

3222 Class 1, type II, plating shall have
s satin firish, amooth and uniform in appear-
L aee,

3221 Class 2 plating on functional areas
siall be smooth and free from frosty areas.
".dges which cover only a portion of the sur-
. ce shall, after finishing as indicated in the

awing, be free of beads, nodules, jagged
- 'ges and other detrimental irregularities.

3.3 General requirements.

3.1 Unless otherwise apecified, the plat-
‘ng shall be applied after all basis metal
} cat trestments and mechanical operations
+uch as machining, brazing, welding, form-
i-yr, and perforating on the article have been
wompleted.

332 All stecel parts having a hardness
sreater than Rockwell C40 shall be given
u suitable stress-relief heat treatment prior
tu cleaning and plating if they contain objec-
tivnal:le residual siresses. The temperature
¢t iall be such that maximum stress relief is
totained without reduction in hardness Lo
I.ss than the specified minimum.

333 The plated ariicles described above
r «d not be heat-treated as above, if the pre-
t catment and plating processes used have
I en demonstrated not to have harmfully
a:Tected the performance of the plated arti-
¢.:3 and if approved by the procuring agency.

13.4 Uniesa otherwise specified by the
precuring agency class 2 plated steel parts,
h.ving a hurdness of Rockwell C40 or
hizher, shall be heated to 376° == 26° F. for
noi Jess Lthan 3 hours after all plating. Parts,
beth homogeneous and carburized, and as-
semblies thereof, whose hardness will bé re-
diiced to less than the specified minimum
harcuess if hieated iu this manner, shall be
baitn at 276° 1 10" F. for not less than &
hours (see 6.2). Completely plated part

262

parts, the plated surfaces of which are criti-
cal in fatigue, shall be furnished without
baking or shall be treated as specified by the
procuring agency. (Sce 6.3.)

335  Unless otherwise specified, class 1
plating shall be applied over an intermediate
coaling of nickel or nickel over copper
according to Fcderal Specification QQ-N-
290 Nickel Plating (Electrodeposited), or
as epecified ir the invitation for bids. (See
6.1.1.)

3.4 Detail requirements.

3.4.1 Thickness of plating.

34.1.1 Class 1.—Unless otherwise speci-
fied, the minimum plating thickness shall be
as specified on all vigible surfaces which can
be touched by a ball 0.95 inch in dir mcter,
The minimum thickness shall bs 0.00001
inch. (See 6.1.1.1,)

34.12 Class 2.—The minimum or muxi-
mum or range of thickness of the chromium
coating shall be as spccified on the drawing
or in the invitation for bids, or shall be in
accordance with departmental requirements
{xee section T). The thickness requirement
shall apply after all grinding operations
have been completed.

342 Adhesion.—The adhesion of the
chromium plating and any ubndercoat{s)
shall be sch that when examined at u mag-
nification of approximately 4 diameters,
neither the chromium plating nor any elec-
trodeposited undercoat(s) shall show sepa-
ration from the basis metal or from each
other at their common interface(s) when
subjected to the test specified in 4.4.2. The
inter{ace between a plating and the basis
metal is the surface of the basis metal be-
fore plaiing. The formation of cracks in the
basis metal or plate which do not result in
flaking, peeling, or blistering of the plate
shall not be considered as nonconformance
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1. SAMPLING, INSPECTION, AND
TEST PROCEDURES

1.1 Place of Inspection and tests—~Un-
oo otherwise speeified, sampling, inspec-
Lo, and testst shall be made at the place of
minufartare,

1.2 Separate specimeas.—When the plated
artieles nre of such form a9 to be rot readily
aduplabie t a test specified herein, or at the
diseretion of the inspector for the sampling
of ~mali-lut sizcs, the test may be mude by
thi u=v of separate specimens. plated con-
currontly with the articles represented. The
separite specimens shall be of a basis metal
eoanvie it 10 that of the articles represented.
SPaqunvalont” basis metad includes chemical
coyo sition, condition and haish of surface
per to plating, unless othorwise approved
by the Government inspector. For vxample,
u cotd-rotled steel surface shotld not be used
to repreesent a hoterelled steel surface; due
tv the impracticality of hot-forging or cast-
ing separate test specimens, hot-rolled steel
specimens may be used to represent forged
and cast-stee] articles. The separate speci-
mens may be stripy approximidely 1 iach
wide, 4 inches iong and 0.04 inch thick, for
adhesion tests but shall be at least 4 inches
wide, 6 inches long nnd approximately 0.04

NAERE
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inch thick for all other teats, These speci-
mens shall be introduced into & lot at regu-
lar intervals prior to the cleaning operations
preliminary to plating and shall not be sepa-
rated therafrom until after comyletion of th
procrasing. Conditions affecting the plating
of the specimers including the spacing and
positioning with respect to anodes and to
other objects being plated « correapond
as nearly ag postible to th affecting the
significant surfaces of the articles repre-
sented.

43 Sampling.

431 Lot.—A lot shall consist of plated
articlea of the same class and type plated
under similar conditions and ¢f approxi-
mately the same size nnd shupe, submittud
for inspection at one lime.

432 Xowmpliag procedure for visual in-
spection and non-Jcstructive testz for coat-
ing thickness.—A sample shall be selected
from each inspection lot by taking at random
from the lot the number of articles indicated
in table I,

The lot shell be accepted or reiected accord-
ing to the procedures in 4.3.2.1 and 4.3.2.2.

Tanvie L—=Sampling for visnal inspection and nvn-destructive tests of coating thichness.—
Acecptable Quality Level (Approx.) = 1.5 percent defective

l Acceptance number] Acceptance number| Rejection number

Number of items visual defects or | visual defects and | (number of sample

:N'umbvr of Items in sample coating thickness costing thickness | items nonconform-

in Inspection Lot (taken at random) {separately) (combined)® ing to any test)
15 or lesa.._ ... .__.._ -y 0 0 H
16 to 40 .. ... 10 0 0 1
41 to 110 _._._. — 15 0 0 1
11 t0 200 ooooo oo, 25 ! 1 2
301 to 500._...._____. 25 1 1 2
G500 and over..___..___. 50 2 3 3

*It the number of {tems in the inspection Jot is less than 7, the number of items in the sample shall

equal the number of ftema in the inapection ot

203
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4.3.2.1 Visual inepection.—The number of
articles jndicaled in table 1 shall be taken
ai random from the lot to be inspected and
examined visually by the Government inspec-
tor and compared with the requirements of
.2 afte. plating. If the number of non-
¢ nfuriis ¢ items in any sample exceeds the
scceptance number for that sample, the lot
represenied by the sample shull be rejected.

4.3.22 Thickness (nondestructive tests).

The number of itema indicated in lable 1
¢t tali be taken at random from the lot 1o be
i xpoeted and the plating thickness mezsured
i several Jocationg on each item where the
] ating would be expected to be minimum.
he item shall be considered nonconforming
i one or more mcusurements [ail to meet
the specificd minimum thickness. I the num-
L.r of nonconforming items in any sample
cweevd the acceptance number for thal sam-
jle. the lot represented by Lhe sample shall
L rejected.

Separate specimens shall not be used for
thickness mrasurements unless a need has
bren demonstrated.

438 Sumpling procedure for adhesion test
¢ d destructive tesls of conling hicknesg.—
« random sample of four items shall be
t tcen {rom vach inspection lot by the Gov-

« nend inspector or Your geparately plated
s waumehs shail be prepared in accordance
v 2 Lo represent each inspection Jot. i

ti.¢ number of itcms in an inspection lot is
four or less, the number of items in the
sanple shall be determined by the procur-
I g erency or vhall be left to the diseretion
¢f the inspector,

1341 Thicknecss (destructive tests). —
Leh article shall be tested in several Joca-
ti<us sl which the plating would be expected
b be minimum. If the plating thickness at
&4y fnace (3.4.1) on any article is iess than

t'I c:l:fﬂeciﬁed thickness, the lot shall be re-
Jfled,

42132 Adhcsion.~~The articles, if of suit-
§le tlze and form, used for the Lhicknese
o et 4381, muy be used as specimens for

4 264

the adhesion tests. Failure of une or more
of the test specimuens shall constitute failure
of the jot.

44 Test methods.

4.1.1 Tlickness.

4.4.1.1 Thickness measurcinents of clasy 1
coating shall be made wherever applircble,

by ihe sput test method described in 4.4.1.3.
f the ehironiivm is plated ovear a metal wiich

*interture- with the end point of the spot test,

thie tmckness may be determined by alterna-
tive testa, such as a modified spot test or
siripping methods, Aiternative methods shall
be subject to the apjproval of the procuring
ageney.  Measurements on threaded articles
such as screws, nuts, bolts, and uther fasten-
ers shull be made on the shank, or other
smooth surfaces as close to the threads as
pussible,

4412 Thickness measurements of cluss 2
coatings sha!l be made by the microscopic
methods described herein, by instrument
mcthuds approved by the nrocuring agency,

~or by meaxurements imade at the same points

hefore and after piating with a micrometer
caliper or other suituble gage. Measure-
ments on threaded orticles such as screws,
nuty, holts and ather fusteners ahall be made
en the shank or other smooth surfaces 23
close to the threads ns poasibie,

44.13 Spot test method.

dAL3)  Recagent.—Reagent grade hydro-
chloric acid having a specific gravity of
1.180 = 0.002 ut 60°/60°F, shall be uscd.
(This corresponds to 11.0N = 0.2N, which
may be checked by titration.)

44.1.32 DProcedurc.—At each spot to be
tested, the surface ahall be cleaned by light
rubbing with a paste of pure magnesium
oxidc and water, followed by rinsing aand
drying. At each spol, ar area alout 0.29
inch (0.6 c¢m.) in diamcter shall be sur-
rounded by a small ring of wax. (A wax
peneil mav be used.) The article shall then



be allowed to stand long enosugh (at least
15 minutea) to reach the room temperature,
which shall be Lbetween 65° and 83°F. (18°
and 20" C.; and shal! be roted within 2° F.
or 1 C. Tie acid shali alvo Le kerl in the
reom until it acquires room temperatire. One
drop (0.03 w0 0.05 mi.) of the hydr.thloric
aciv shall then be placed within the wax
ring. The time from the beginning of gas
svolution untii the gas evolution practicaily
cencsoand peveals the exnosed nicke! shall
P dctermioesd te the nearost half second
with o eten woeteh, 16 Yhe bubbling daca not
wtart abLoopee, the surface of the chromium
“ithin the ring muy be tourhed with a fine
tack D wire tu start the reaction,

Lil 3t The thickness of the chrominm
4 1 wnat qer G shall be ealeulated from
{he eorve in fipure 1 by multiplying the
Cucter for the temperature used in the test
iy the number of seconds required.  For
exptople, if 16 seconds are required at 72°F.
(22° (). rerorence to figure 1 gives a {actor
for this temperature of 0.086 hundred-thou-
sandtis of an inch per second.  The thick-
e s therefore equaj to 16 x 0986 =2 1.4
Lapdeed-thaasandthe ineh, or 0.000014 inch.
To et the gpecified minitnum thickness of
0066010 dneh of chromium at any definite
rperadure, the periods designated in toble
T will be vequired.

Taney Y—-Time required fer 0.000010 tnek
of chrominnt in spot test

Trmperature i Seconds

*F. *,

i 17.8 135
[XB 14.4 13
. 20 12.6
70 251 12
72 2en 1135
74 23.4 11
) 245 10.5
BT 5.5 ' 10
RO 26.7 956
R2 1.8 85
R4 2K 9 8
#a 20 ' 15

1
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4.4.1.4 Microscopic method. —Recognizeu
metallographic procedures shall be uzed to
determine the coating thickness with a mi-
eroscope.  Tae specific methad nnil equip-
ment used stall bhe such that the corting
thickness will be determined within piug er
minns 10 percent of its true thickness.

4415 [Iustrumcent method. —The instru-
ment used, its ealibration, and its vperation
for te:ting yiven articles shall be <uch that
the cont oy thicTnsag will Lo determine
within pres or punas 10 percent of its trus
ieckresq; or the instrment shall be of o
tyvpe approved I the procuring agency.

442 Adicxeon toeds =The Les. H;‘ecftxll:ixa
~teahl L bent repea by thoough i sagie of
1307 on a diametos equal o the thickness
of the specimen unti! fracture of the basis
metal oecurs.  Following fracture of the
basis metal, it shali not be possible to detach
any appreciable area of the couting with &
sharp instrument. When Lthe plated articles
are not readily adujptabie to the bend test,
adhesion may be determipned on the plated
article by cutting the plating from the basis
metal at the interface in & continuouy path,
and exaumining ol four dipmeters magnibos-
Liont Lo determine whether removal hag Leen
caused by the eutting away of an adberent
plate or ixy the liftung of a nonadherent plate,
or by u worlt test a3 required by the procuor-
ing ageicy simulating service coaditions,

15 Retests.—Plated articles which have
tern suojected to the spot test, and articies
or iots rejected or withdrawn becavse ol the
presence of plating defects determined as the
result of nondeatructive tests, may be resub-
mitted after stripping and replating or after
screening of the entire lot. Full purticuiars
concerning the repluting shall be furnished
to, and approved by. the inspector or pro-
curing agency.

5. PREPARATION FOR DELIVERY

81 There are no general packaging, pack-



pose, raamples with bids are necessary, they
should be specifically asked for in the invita-
tion for bids, and the particular purpose to
be scrved by the bid sample should be defi-
nitely stated, the specification to apply in all
othoer respects,

6.7 Federal specifications do not include
all types, classes, grades, sizes, etc., of the
commodities indicated by the titles of the
specifications, or which are commercially
availuble, but are intended to cover the types,
elc., which are suitable for Federal Govern-
meinl 1eguirements,

Patent Notice: Wken government drawings, speci-
fications or oiher data are used for any purpose
other than in connection with & definitely related
Kovernment procurement operotion, the United
States Goverminent thereby incurs no responsibility
nor any obligation whatsoever; and the fact that
the government may have formulsted, furnished, or
in any way supplied the said drawings, specifica-
tions, ov other data, is not to be regarded by impli-
cation or otherwise a3 in any manner licensing the
holder or any other person or corporation, or con-
veying any rights or permisaion to manufacture,
use, or sell any patented invention that may in wny
way be related thereto.

7. DEPARTMENTAL REQUIREMENTS

7.1 The following departmental specifica-
tions and other publications of the issues in
etfect on the date of invitation for bids, and
special requirements, shall form a part of
this specification, and shall be applied to pur-
chases made under this specification by the
respective departments.

72 U. S, Afr Force and Bureau of Aero-
nautics.—The equipment and processes em-
ployed to accomplish chromium plating as
required t.y this specification shall be subject

to the approval of an authorized Government
inspector.

. 121 Thickness of deposit~Except when
otherwise specified or when only a press fit
is involved, the minimum thickness for class

mpuju sball be .002 inck on the finished

73 Narvy.

731 Applicable specification.
- Nary .Departﬂumt Specification:

General Specifications for Inspection
of Material and Part A—Definitions and
Tests of Appendix 1I Metale thereto,
which is applicable for procurements for
the Navy (except for the Bureau of
Aeronautics) in liew of QQ-M-151,
referred to in 2.1.

{Copiea of epccifications required by contractors
in connection with specific procurement funetions
should be obtained from the procuring ageney or as
directed by the contracting officer.)

732 Inspection procedures.—(General in-
spection procedures ghall be in accordance
with Navy Department General Specifica-
tions for Inspection of Material, Part A,
Appendix 1L

733 Bureau of Ships.—Unless otherwise
specified, samples taken by the Navy Inspec-
tor according to the sampling procedure
specified herein may be forwarded to a gov-
ernment Jaboratory for test for the deter-
mination of coating thickness and adhesion.

734 Bureau of Ships and Brrcau of
Ordnance. Thickness of plating, class 1,—
Unless otherwise specified the minimum
plating thickness shall be as specified on all
surfaces on which chromium is functionally
necessary (for example: appearance, Wear,
corrosion protection). The minimum thick-
ness shail be 0.00001 inch (see par. 6.1.1).

738 Bureau of Skips and Bureau of
Ordnance.—Unleas otherwise specified, all
piated articies, such ns rotating shafts, the
plated surfaces of which are expected to
withstand cyclic stresses, shall have the sur-
faces to be plated, shot-peened prior to plat-
ing and shail not be baked after plating.

74 Army and Navy (Buresu of Ordnance
oaly). .

741 When apecified, clasa 1 coatings shall
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ing, and marking requirements applicable to
thi- specification.

6. Notes.
6.” Intended use.

6.:.1 Class 1.—Cluss 1 plating is applied
as .. decorative coating, usually over nicke!l
or copper and nickel undercoatings, or basis
met.ls such as iron and stee), copper and
copyer-base alloys and zinc and zinc-base
diecastings.

6.1.1.1 Chromium platings 0.00005 inch
or more in thickness are likely to crack nickel
plat.ngs on brasy basis metal. The minimum
thic' neas of chromium should be obtained
und- r conditions such that maximuin thick-
ness w8 are less than 0.00005 inch.

6. 2 Class 2.—Class 2 plating is applied
to purts for wear resistance and such inci-
dentxl corrosion protectior as the specified
thic<ness of plate may afford. For addi-
tion.l corrosion protection an undercoat of
elect rodeposited nickel in thicknesses of
0.001 or 0.002 inch should be used on ferrous
parts; the'minimum thickness is determined
by tervice conditions, '

6.2 If considered necessary, cluss 2 piated
articles shou!d be suhjected to the stresses
impased in service usage to assess the effec-
tiveness of the baking treatment (3.34). If
such is required, the maximum amount of
reduction in the measured property, such as
tensile strength, percent reduction of area,
perc:nt elongation, cte., should be specitivd.

6.3 A serious reduction in endurance lim-
ity of chromium plated parts is attributed
to the characteristics of the chromium plate
and its atate of stress. In general, baking
as I dicated in section 3.3.4 has been found
t5 further reduce the endurance limits of
class 2 chromium-plated parts, pluted from
conv 'ntional solutions in the temperature
range of 113° to 140°F. 8hot peening prior

264

to plating has been found to be effective in
minimizing the reduction of endurance lim-
fts due to the plating.

6.4 Microscopic method procedure—A
suituble procedure for the microscopic deter-
mination of the thickness of the chromium
conting is as follows, A test specimen con-
sists of a cross section of a selected surface.
One or more specimens are mounted in a
plastic material such as a phenolic or
acrylate resin. The specimen must be held
rigidly and in such a position that the =ur-
face to be tested is perpendicular to the fiat
face that is to be ground and polished. (A
deviation of 10° from normal introduces an
error of about 2 percent in thickness.) The
specimen may be mounted at a known angle
to obtain a greater effective mawunification
and the thickness measured then corrected
for the angle. The mounted specimen is
ground and polished using succcssively finer
abrasives, the last of which should not Le less
than 500 mesh. The polished surface is then
etched with a suitable solution such as the
following:

Concentrated nitric acid (Sp gr 1.42) 2ml
Ethyl alcohol 95¢5 ' 100 ml.

The thickness may be measured with an
accurately calibrated fllar ocular micrometer,
or the image may be measured with an accu-
rate ruler on g pround-glasa focusing plane
of a mectallographic microscope.

6.5 Ordering data. — Purchasers should
apecify the type and class of plating required
and should exercise any desired options
offered herein. (Sce 1.1, 1.2, 3.3.1, 3.3.2,
3.3.3, 3.3.4,3.3.5,34.1, 4.1, 4.2 and 4.4.2 and
section 7.)

G6 It is believed that this specification
adequately describes the characteristicy nec-
esiary to secure tho desired material, and
that normally no samples will be necessary
prior to nward to detcrmine compliance with
thia specification. 1f, for any particular pur-
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b applied over intermediate nickel or copper
a: d nickel coatings. Unleas otherwise speci-

TEup. *F -

4 86 60 YO0 73 T4 78 7 ?
fi. d, intermediate coatings of nickel or cop- L '
p-r and nickel coatings on ijron and steel 19
8l.4ll be as specified in Federa! Specification e ;
Q«)-N-290, Nickel Plating (Electrodepos- 5 HC1 | SPOT TES'
i..d) for the type desired, in mccordance §32 rFor] CHROMIUM
w'th the following table, bt
é.u
-— -” ~
Minimum Thickness gm -
- ]
Total Final ©ps — M
Type Copper and nickel nickel o7
Inches oe
‘. 1 DS 0.0020 0.0010 09
'E i1 FS 00125 .0008 ST 30k e o2
: Sl KS 00076 0004
WS 0004 .0002 FIGURE 1.
1
b
v
:
;
|
;
E.
SOP0: 1947 O - GBA = IV LLNY)
S« e e L
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Revised

ANODIC TREATMENT OF ALUMINUM ALLOYS
Chromic Acid Process

———— e e e

4 i. COPE:

| . .

g t+1 Purpose: This specification establishes the engineering requirements for
A producing anodic coatings on alumipum alloys and the properties of such

i coatings.

|

I 1.. Application: To increase corrosion resistance and provide surfaces which

| will ensure satisfactory adherence of paint and other organic finishes.

t This process is primarily applicable to aluminum and aluminum alloy parts
which do not have nominal copper content greater than 5% or total nominal
alloy content greater than 7.5%. Coating may be dyed if specified but

)J AMS 2472 is recommended where a colored finish is required.

i J. APPLICABLE DOCUMENTS: The following publications form a part of this

: specification to the extent sgpecified herein. The latest issue of Rerospace
Material Specifications (AMS) shall apply. The applicable issue of other
documents shall be as specified in AMS 2350,

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2468 Hard Coating Treatment of Aluminum Alloys

AMS 2469 - Process and Performance Requirements for Hard Coating of
Aluminum Alloys

AMS 4037 - Aluminum Alloy Sheet and Plate, 4.4Cu -~ 1.5Mg - 0.60Mn
{2024; -T3 Flat Sheet, -T351 Plate)

2.2 ASTM Publications: Available from American Soclety for Testing and
Materials, 1916 Race Street, Philadelphjia, PA 19103.

ASTM Bl17 -~ Salt Spray (Fog) Testing
ASTM B137 - Measurement of Weight of Coating on Anodically Coated Aluminum

SAE Teghmca_l Board Rules proviQe that: “"This report is published by SAE to advance the state of technical and
. enginering sciences. The use ot this report it entirely voluntary, snd its agplicability and suitability for sny particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

Copynght 1ga4 Society of Automotive Engineery, Inc. Cmieend i 10O A
All rights reserved, .

NAY A
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T.1.1 Electrolyte:
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. 4.5. Government Publications: Available from Ccommanding Officer, Baval
publizatiuns and Forms Center, S801 Tabor Avenue, Philadelphia, PA 19120.

odll Militery Standacd .:

111-5TI-794 - Parts and Equipment, Procedures for Packaging and Packing of

' 'ECHNLCAL REQUIREMENTS:

1.1 Suolutions:

Shall be an agueous solution of technical grade chromic acid
{99.5% min Cr03) of suitable concentration. A chloride content in the
solution of the equivalent of 0.2 g of NaCl per litre or a sulfate content
equivalent to 0.5 g of HpSO, per litre may result in unsatisfactory
operation of the process. The solution shall be maintained within the

range 91° - 99°fF (33° - 37°C).
t.,..2 Dye: Shall be as required to produce the specified color.

».1.3 Sealer: Except as specified in 3.1.3.1 and 3.1.3.2, the sealer shall be
water (See 8.2.9) maintained at 170° - 210°F (75° - 10p0°C). The pH value
shall not exceed 6.8, Chromic acid may be used to maintain acidity.

3.1.3.1 A sodium dichromate sealing solution is acceptable when approved by
purchaser.

3.1.3.2 If the anodic c¢dating is to be used to prevent subseguent hard coating
of certain areas (i.e., coating in accordance with AMS 2468 or
AMS 2469), a nickel acetate sealing solution may be used when permitted

by purchaser.
3.2 Procedure:

3.2.1 Preparation: All heat treatment, machining, forming, brazing, welding,
and perforating operations shall, insofar as practicable, be completed
before parts are anodized, unless otherwise specified,

3.2.2 Cleaning: Parts, prior to being coated, shall have clean surfaces, free
from water breaks, prepared with minimum abrasion, erosion, or pitting.
Cleaning by a process giving a slightly etched surface is desirable.

3.2.3 Coating: The cleaned parts shall be made the anode in the electrolyte
contained in a suitable metal tank which may also serve as the cathode.
Direct current shall be applied and the voltage raised to 40 V and held
for 20 - 60 minutes. A rate of increase of 8 V per min. is recommended
but is not a requirement. Alloys containing not over 5% copper, with
total silicon plus copper of 7.5% or more, shall be treated for not less
than 20 min. as required to produce at least 600 volt-minutes. Other
conditions of time, temperature, and voltage may be used when approved.
After anodizing, all parts shall be rinsed thoroughly in cold, running tap
water.
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.4 liyeany: Parts shall be dyed, when required, to the color specified, by
1l B1ny 10 approprlate dye solution. The temperature of the solution
wmd toe time of imnersion shall be as necessary to produce the specified
voloul . Either the parts or solution shall be agitated during immersion.
oart s 5niil then be rinsed in cold, running tap water. Dyed parts shall
it te aealed 1n sodaium dichromate solution.

e icaling:  Parts shall be immersed in the sealer solution for not less than
20 min. at a temperature not lower than 170°F (75°C), or for not less than
1. win. at a temperature not lower than 200°F {90°C). The rinse should be
14 thorough as practicable but slight chromic acid stains are not
| considered objectionable.

3.3 Properties: Coated parts shall conform to the following requirements:

1.1.1 Joating Weight: Shall be not less than 200 mg per sq ft (2 g/m2) on
ﬁdrts which are not to be dyed and not less than 500 mg per sq fr

| {5 g/m?) on parts which are to be dyed. Coating weight shall be

determined in accordance with ASTM B1l37 on parts or specimens as in 4.3.1

which have been anodized and rinsed but not dyed or sealed.

4 j.3.1.1 If small parts, such as rivets and machine screws, are anodized in bulk
\n a container, the specified coating weight shall apply to not lesgs

. than 75% of the parts treated together, determined by random sampling,
| but in no case shall any part show uncoated areas except at contact

2
@ points.

1.3.2 Corrosion Resistance:

3.3.2.1 For control purposes, samples as in 4,3.2 of AMS 4037 aluminum alloy
sheet treated in accordance with 3.2 shsll withstand exposure for 336 hr
to salt spray without showing more than a total of 15 scattered spots or
pits, none larger than 1/32 in. (1 mm) in diameter, in a total of 150 sq
in. (1000 cm?) of test area grouped from five or more test pieces, or
more than 5 scattered spots or pits, none larger than 1/32 in. (1 mm) in
diameter, .n a total of 30 sq in. (200 cm?) from one or more test
pieces, except those areas within 1/16 in. (2 mm) from identification
markings and at electrode contact marks remaining after processing.
Salt spray corrosion tests shall be conducted in accordance with
ASTM Bll7 except that the significant surface shall be inclined
approximately 6 deg from the vertical.

3.3,2.2 Parts that are anodized and not subsequently painted shall withstand
exposure for 336 hr to salt spray test conducted in accordance with
ASTM Bll7 without showing more than a few scattered corrosion pits
visible without magnification.

©3.3.2.2.1 Corrosion resistance test is not required when parts, treated in
accordance with 3.2, are subsequently to be painted.

[ ]
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i.4 Yuality: Anodic coating shall be continuous, smooth, adherent, and uniform
in uppearance and shall be free from powdery areas, loose films,
discontinuities, such as breaks or scratches, except at contact points, or
ther damage or imperfections detrimental to appearance or to per formance of
the coating. Parts sealed in sodium dichromate solution may have the
~haracteristic yellow color.

‘4. UALITY ASSURANCE PROVISIONS:

4.1 Re

sponsibility for Inspection: The coating vendor shall supply all samples

to
g te
by

4.2 (1

r vendor 's tests and shall be responsible for performing all required
sts. Results of such tests shall be reported to the purchaser as required
4.5. Purchaser reserves the right to sample and to perform any

confirmatory testing deemed necessary to ensure that processing conforms to

e requirements of this specification.

assification of Tests:

4.2.1

|

#

| th
i

‘s

! 2

| 4
b

B S

™ e

#

Acceptance Tests: ,Tests to determine conformance to requirements for
coating weight (3.3.1), quality (3.4), and color if specified, are
classified as acceptance tests and shall be performed on each lot.

Periodic Tests: Tests to determine conformance to requirements for
corrosjion resistance of representative parts and separate panels (3.3.2)
and of cleaning and processing solutions to ensure that the anodic coating
will conform to the requirements of this specification are classified as
per iodic tests and, except as specified in 4.3.2 and 4.3.3, shall be

per formed at a frequency selected by the vendor unless frequency of
testing is specified by purchaser.

Preproduction Tests: Tests to determine conformance to all technical
requirements of this specification are classified as preproduction tests
and shall be performed prior to or on the initial shipment of processed
parts to a purchaser, when a change in material or processing, or both,
requires reapproval as in 4.4.2, and when purchaser deefms confirmatory
testing to be required.

-

4.2.3.1 For direct U.S, Military procurement, substantiating test data and, when

requested, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, the contracting
officer, or the request for procurement.

4.3 sSampling: Shall be not less than the following; a lot shall be all parts of
'} the same part number processed in a continuous series of aperations and
presented for vendor's inspection at one time:




4.

g

.1.) Corrosion Resistance: Shall be determined at least monthly on

.1.3 Process Solution Control: Shall be performed at least weekly.

.4 Approval:

.4.1 Sample coated parts and panels shall be approved by purchaser before parts

R TR STt W Ty
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Coeting Welight: Shall be determined on representative parts when size and
ur .pe .ermit accurate determination of surface area. If parts are of such
ore antl shape that surface area cannot be determined readily, coating
~i17h b determinations shall be made on separate test specimens

D.udt - 0,063 in. (0.6 - 1.6 mm) thick and not less than 3 x 3 in.
'y x 1% mm) in lenath and width made of any alloy of the same class as

"he arts represented, as follows:

.. 1. Alloys of Aluminum Association designations 1100, 3003, 3004,
5052, 6053, 6061, 6063, and all alclad alloys.

¢lase 2. ALl wrought alloys not listed as Class 1 and all casting alloys.

1.1.1 Bepdarate specimens, if used, shall be processed with the wark they
represent.

it representative parts and on separate panels 0.025 ~ 0.063 in.
(0.6 - 1.6 mm) thick and not less than 3 x 10 in. (75 x 250 mm) in width

ard length.

o

') for production use are supplied, unless such approval be waived by
purchaser. Results of tests on production parts and panels shall be
essentially equivalent to those on the approved sample parts and panels.

4.2 Vendor shall use manufacturing procedures, processes, and methods of

o] inspection on production parts which are essentially the same as those
used on the approved sample parts. If necessary to make any change in
type of equipment or in established composition limits and operating
conditions of process solutions, vendor shall submit for reapproval of the
process a statement of the proposed changes in processing and, when
requested, sample coated parts, test panels, or both., Production parts
coated by the revised procedure shall not be shipped prior to receipt of
reapproval.

5 Reports: The vendor of coated parts shall furnish with each shipment three
copies of a report stating that the parts have been processed and tested in
accordance with the requirements of this specification and that they conform
to the acceptance test requirements, This report shall include the purchase
order number, AMS 2470H, part number, and quantity.

|
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O P Feoamy pord a0 Gpedinen oaed an the above tests
' ?1; i vy otavees wnte, diopar tbion of the parts may be
: €1 .4 tr ee additional party or specimens for each
b0t apeciaer. Fatlure of any retest part or
t o .1 3ed reguirements shall be cause for rejection of
cte caerved oand po additional testing shall be permitted. Results

mhull be reported,

. 0! DELIVERY:

{oovw nnall be handled and packaged in such a manner as will ensure
‘. soegquited physical characteristics and properties of the coating are

i~ .t cuated part: shall be prepared for shipment in accordance with
. 1. prectice ond in compliance with applicable rules and regulations
.1~ ¢y the handling, packaging, and transportation of the parts to
) arrier acceptance and safe delivery. Packaging shall conform to
i.r .1len and requlations applicable to the mode of transportation.

lveact U.S. Military procurement, packaging shall be in accordance with
. +.WD-734, Level A or Level C, as specified in the request for
. c¢urement., Commercial packaging as in 5.1 and 5.2 will be acceptable if
.t wret:s the requirements of Level C.

n KNUWLEDGMENT: A vendor shall mention this specification number and its
“vi=ion letter in all quotations and when acknowledging purchase orders.

RYJECTIONS: Parts on which the coating does not conform to this
:pecification or to modifications authorized by purchaser will be subject to
rejection.

A. NOTES:

#,1 Marginal indicia: 'The phi (@) symbol is used to indicate technical
changes from the previous issue of this specification.

8.2 Precautions:

8.2.1 Surfaces to be painted should be handled with care after anodizing to
prevent rupture of the film and contamination by dirt or oil. Painting
should be performed as soon after treatment as practicable.

8.2.2 Good, tight electrical contact should be maintained during the anodic
treatment to prevent burning of parts but small irregularities of coating
at points of electrical contact will be permitted.

8.2.3 Anodizing baths should be provided with an exhaust system as a pfotection
for operators and prevention of corrosion of metal equipment in the
vicinity. '

() A=

Py e




s wE

i AMS 2470H

" 8.2.4 Subassemblies may be anodized provided the surfaces which are exposed

| after complete assembly are anodized. Surfaces exposed to fuels, intake
air, and coolants should not be machined after anodizing but surfaces
continually protected by oil films may be machined after anodizing.

Anodic films bave high electrical resistance. Aluminum parts, therefore,
which are to be used for electrical bonding and radioc shielding should
have the anodic film removed at any area of electrical contact.

e g o o
o
.
N
W

B.2.6 Aluminum parts which contain inserts of other metals should be properly
1 masked during anodizing to seal off the non-aluminum material.

R.2.7 Hooks or racks should have anodic film removed from the contact prior to
reuse.

B.2.8 Alloys containing over 5% nominal copper content or over 7.5% nominal
total alloy content may be treated by this process but may require special
conditions such as agitation and cooling of the solution.

8.2.9 Deionized or distilled water may be necessary for the sealer solution of
3.1.3 and elsewhere where local tap water contains appreciable dissclved
mineral matter.

8.3 For direct U.S. Military procurement, purchase documents should specify not
6 less than the following:

} Title, number, and date of this specification
i Part number of parts to be coated

' Quantity of parts to be coated

Applicable level of packaging (See 5.3)

8.4 Similar Specifications: MIL~A-8625, Type 1, is listed for information only
and shall not be construed as an acceptable alternate unless all
requirements of this AMS are met.

8.5 Processes meeting the requirements of this specification have been
classified under Federal Standardization Area Symbol “MFFP".

This specification is under the jurisdiction of AMS Committee ®"B".

1
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!' ANODIC TREATMENT OF ALUMINUM ALLOYS
Sulfuric Acid Process, Undyed Coatling

. 1. SCOPE:

A

4 1.1 Purpose: This specification establishes the engineering requirements for
! producing undyed anodic coatings on aluminum alloys and the properties of

such coatings.

1.2 Application: To increase corrosion reslstance on aluminum alloy parts and
to provide surfaces which will ensure satisfactory adherence of paint and
other organic finishes. For coatings to be colored by dyeing, AMS 2472
should be specified. This process is not suitable for parts which contain
joints or recesses in which the anodizing solution may be retained.

R

v 2. APPLICABLE DOCUMENTS: The following publications form a part of this
specification te the extent specified herein. The latest issue of Aerospace

Material Specifications {AMS) shall apply. The applicable issue of other
documents shall be as specified in AMS 2350,

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15096. :

2.1.1 Aerospace Material Speéifications:

AMS 2350 - Standards and Test Methods
AMS 4037 - Aluminum Alloy Sheet and Plate, 4.4Cu - 1.5Mg - 0.60Mn
(2024; -T3 Flat Sheet, -T351 Plate)

2.2 ASTM Publications: Available from American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM Bll7 - Salt Spray (Fog) Testing
AST™ Bl37 - Measurement of Weight of Coating on Anodically Coated
Aluminum

2.3 U.S. Government Publications: Available from Commanding officér. Naval
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120.

SAI_E Technical Board Rules provide that: **This report is published by SAE to advance the state of technical and
. engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

Copynght 1984 Society of Automotive Engineers, Inc, Beintad inliC A

All rights reserved.

UL
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2.3.1 Military Standards:

MIL-STD-794 - Parts and Equipment, Procedures for Packaging and Packing of

3. TECHNICAL REQUIREMENTS:

3.1 Sclutions:

3.1.1 Electrolyte: Shall be an aqueous solution of sulfuric acid of suitable
concentration (nominal concentration is 15% by weight). The anodizing
solution shall be maintained at a selected temperature within the range
64° — 75°F (18° - 24°C); the selected temperature shall be maintained
within +2°F (+1°C).

3.1.2 Sealer: Shall be an aqueous solution containing 5 - 6% by weight of
sodium or potassium dichromate. The sealer solution shall be maintained
at a pd of 4.5 - 6.0 and a temperature of 190° - 210°F (85° - 100°C) .

Adjustments in the pH of the solution shall be made by addition of chromic
acid.

3.2 Procedure:

3.2.1 Preparation: All heat treatment, machining, forming, brazing, welding,
and perforating operations shall, insofar as practicable, be completed
before parts are anodized, unless otherwise specified,

3.2.2 Cleaning: Parts, prior to being coated, shall have clean surfaces, free
from water-breaks, prepared with minimum abrasion, erosion, or pitting.
Cleaning by a process giving a slightly etched surface is desirable.

3.2.3 Coating: The cleaned parts shall be made the anode in the electrolyte
contained in a suitable tank which, if made of a metal resistant to the
electrolyte or if lined with lead, may also serve as the cathode. Direct
current shall be applied as required to produce an anode current density
of 10 - 15 amp per s8q £t (110 - 160 A/m?), for 15 - 30 min. to produce
an anodic coating conforming to the requirements of 3.3. Other conditions
of time, temperature, and amperage may be used when approved by

purchaser. After anodizing, all parts shall be rinsed thoroughly in cold,
running tap water.

3.2.4 Sealing: Parts shall be immersed in the sealer solution for not less than
20 minutes. After sealing, all parts shall be rinsed thoroughly in clean,
cold, running tap water, rinsed in clean hot water, and dried.

3.3 Properties: Coated parts shall conform to the following requirements:

.3.3.1 Coating Weight: Shall be not leas than 600 mg per sq ft (6.5 g/mz).

Coating weight shall be determined in accordance with ASTM Bl37 on parts

or specimens as in 4.3.1 which have been anodized and rinsed but not
sealed.

L b o J e ia oot ¥
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3.3.1.1 If small parts, such as rivets and machine screws, are anodized in bulk
in a container, the specified coating weight shall apply to not less
than 75% of the parts anodized together, determined by random sampling,
but in no case shall any part show uncoated areas except at contact
points,

3.3.2 Corrosion Resistance;

3.3.2.1 For control purposes, samples of AMS 4037 aluminum alloy sheet, treated
in accordance with 3.2, shall withstand exposure for 336 hr to salt
spray without showing more than a total of 15 scattered spots or pits,
none larger than 1732 in. (1 mm) in diameter, in a total of 150 sq in.
{1000 cm*) of test area grouped from five or more test pieces, or more
than S scattered spots or pits, none larger than 1/32 in. (1 mm} in
diameter, in a total of 30 sq in. (200 cm?) from one or more test
pieces, except those areas within 1/16 in. (2 mm) from identification
markings and at electrode contact marks remaining after processing.
Salt spray corrosion tests shall be conducted in accordance with
ASTM Bll7 except that the significant surface shall be inclined
approximately 6 deg from the vertical.

3.3.2,2 Parts that are anodized and not subsequently painted shall withstand
exposure for 336 hr to salt spray test conducted in accordance with
AST™ B117 without showing more than a few scattered corrosion pits
visible without magnification.

3.3.2.2.1 Corrosion test is not reguired when parts, treated in accordance with
3.2, are subsequently to be painted.

3.4 Quality: Anodic coating shall be continucus, smooth, adherent, and uniform
in appearance and shall be free from powdery areas, locse films,
discontinuities such as breaks or scratches, except at contact points, or
other damage or imperfections detrimental to appearance or to performance of
the coating.

4. QUALITY ASSURANCE PROVISIQONS:

4.1 Responsibility for Inspection: The coating vendor shall supply all

) samples for vendor's tests and shall be responsible for performing all
required tests. Results of such tests shall be reported to the purchaser as
required by 4.5. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that procesaing conforms to
the requirements of this specification.

4.2 Classification of Tests:

4.2.1 Accegtance Tegts: Tests to determine conformance to requirements for
) coating weight (3.3.1) and quality (3.4) are classified as acceptance

tests and shall be performed on each lot,

L
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4.

2.
1}

2 Periodic Tests: Tests to determine conformance to requirements for

corrosion resistance of representative parts and separate panels (3.3.2)
and of cleaning and processing solutions to ensure that the anodic coating
will conform to the requirements of this specification are classified as
periodic tests and, except as specified in 4.3.2 and 4.3.3, shall be
performed at a frequency selected by the vendor unless frequency of
tecting is specified by purchaser.

.3 Preproduction Tests: Tests to determine conformance to all technical

requirements of this specification are classified as preproduction tests
and shall be performed prior to or on the initial shipment of processed
parts to a purchaser, when a change in material or processing, or both,
tequires reapproval as in 4.4.2, and when purchaser deems confirmatory
testing to be required.

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when

4.3
a

g

requested, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, the contracting
officer, or the request for procurement.

Sampling: Shall be not less than the following; a lot shall be all parts of
the same part number processed in a continuous series of operations and
presented for vendor's inspecticn at one time:

4.3.1 Coating Weight: Shall be determined on representative parts when size and

shape permit accurate determination of surface area. 1f parts are of such
size and shape that surface area cannot be determined readily, coating
weight determinations shall be made on separate test specimens

0.025 - 0.063 in. (0.6 — 1.6 mm) thick and not less than 3 x 3 in.

{75 x 75 mm) in length and width made of any alloy ¢f the same class as
the parts represented, as follows:

Class 1. Alloys of Aluminum Association designations 1100, 3003, 3004,
5052, 6053, 6061, 6063, and all alclad alloys.

Class 2. All wrought alloys not listed as Class 1 and all casting alloys.

4.3.1.1 Separate specimens, if used, shall be processed with the work they

4.4

OR& &

represent.

.2 Corrosion Resistance: Shall be determined at least monthly on

representative parts and on separate panels 0.025 - 0.063 in.

(0.6 - 1.6 mm) thick and not less than 3 x 10 in. (75 x 250 mm) in width
and length.

Process Solution Control: Shall be pertormed at least weekly.

Approval:
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.1 Sample coated parts and panels shall be approved by purchaser before parts

for production use are supplied, unless such approval be waived by
purchaser. Results of tests on production parts and panels gshall be
essentially equivalent to those on the approved sample parts and panels.

4.4.2 Vendor shall use manufacturing procedures, processes, and methods of

4.5
[

5.

5.3

6.

inspection on production parts which are essentially the same as those
used on the approved sample parts. If necessary to make any change in
type of equipment or in established composition limits and operating
conditions of process solutions, vendor shall submit for reapproval of the
process a statement of the proposed changes in processing and, when
requested, sample coated parts, test panels, or both. Production parts
coated by the revised procedure shall not be shipped prior to receipt of
reapproval.

Reports: The vendor of coated parts shall furnish with each shipment three
copies of a report stating that the parts have been processed and tested in
accordance with the requirements of this spec1£ication and that they conform
to the acceptance test requirements. This report shall include the purchase
order number, AMS 2471D, part number, and quantity.

Resampling and Retesting: If any part or specimen used in the above tests
fails to meet the specified requirements, disposition of the parts may be
based on the results of testing three additional parts or specimens for each
original nonconforming part or specimen. Failure of any retest part or
specimen to meet the specified requirements shall be cause for rejection of
the parts represented and no additional testing shall be permitted. Results
of all tests shall be reported.

PREPARATION FOR DELIVERY:

Coated parts shall be handled and packaged in such a manner as will ensure
that the requited physical characteristics and properties of the coating are
preserved.

Packages of coated parts shall be prepared for shipment in accordance with
commercial practice and in compliance with applicable rules and regulations
pertaining to the handling, packaging, and transportation of the parts to
ensure carrier acceptance and safe delivery. Packaging shall conform to
carrier rules and regulations applicable to the mode of transportatijon.

For direct U.S. Military procurement, packaging shall be in accordance with
MIL-5TD-794, Level A or Level C, as specified in the request for
procurement. Commercial packaging as in 5.1 and 5.2 will be acceptable if
it meets the requirements of Level C.

ACKQOQLEDGHENT: A vendor shall mention this specification number and its
revision letter in all gquotationa and when acknowledging purchase orders.
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7. REJECTIONS: Parts on which the coating does not conform to this
specification or to modifications authorized by purchaser will be subject to
rejection.

8. NOTES:

8.1 Marginal Indicia: The phi (#) symbol is used to indicate technical
changes from the previous issue of this specification.

8.2 Precautions:

8.2.1 Surtaces to be painted should be handled with care after anodizing to
prevent rupture of the film and contamination by dirt or oil. Painting
should be performed as soon after treatment as practicable,.

8.2.2 Good, tight electrical contact should be maintained during the anodic
treatment to prevent burning of parts but small irregularities of coating
at points of electrical contact will be permitted.

8.2.3 Anodizing baths should be provided with an exhaust system as a protection
for operators and prevention of corrosion of metal equipment in the
vicinity.

§.2.4 Subassemblies may be anodized provided the surfaces which are exposed
after complete assembly are anodized. Surfaces exposed to fuels, intake
air, and coolants should not be machined after anodizing but surfaces
continually protected by oil tilms may be machined after anodizing.

L e e e R

8.2.5 Anodic films have high electrical resistance. Aluminum parts, therefore,
which are to be used for electrical bonding and radio shielding should
have the anodic film removed at any area of electrical contact.

B.2.6 Aluminum parts which contain inserts of other metals should be properly
masked during anodizing to seal off the non-aluminum material.

8.2.7 Hooks or racks should have ancdic film removed from the contact areas
prior to reuse.

8.2.8 Alloys containing over 5% nominal copper content or over 7.5% nominal
total alloy content may be treated by this process but may require special
conditions such as agitation and cooling of the solution.

8.2.9 Deionized or distilled water may be necessary for the sealer solution of

3.1.2 and elsewhere where local tap water contains appreciable dissolved
mineral matter.
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For direct U.$. Military procurement, purchase documents should specify not
less than the following:

Title, number, and date of this specification
Part number of parts to be coated

Quantity of parts to be coated

Applicable level of packaging (See 5.3}

B.4 Similar Specifications: MIL-A-B625, Type II, Class 1, is listed for
information only and shall not be construed as an acceptable alternate
unless all requirements of this RMS are met.

8.5 Processes meeting the requirements of this specification have been
classified under Federal Standardization Area Symbol "MFFP".

This specification is under the jurisdiction of AMS Committee "B".
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speedietiers where bulk mailing is not used. Other
windnw envelopes aise may be used. In buik mail,
speedletiers should he placed on top of regular
carrespondence.

Folg 3TANGARD ALFERENCES ANMO ENCLOBUALS. 1F &MY, TEET AND SIGHATURE SLOCK

Subj: U.S. EPA VISIT TO GATHER INFORMATION UNDER AUTHORITY
SECTION 114, CLEAN AIR ACT (42 USC 7414)

Ref: (a) U.S. EPA ltr of 18 Mar 87
(b) PHONCON NAVAIREWORKFAC Norfolk
{Mike Shaw)/LANTNAVFACENGCOM (5. Mitro)} of 26 Mar 87

Encl: (1) List of Personnel Visiting NAVAIREWORKFAC Norfolk on
8 Apr 87

1. Reference (a) is a site visit request to electroplating and
anodizing facilities identified as emitters of chromium to the
atmosphere. The purpose of the visit to the Naval Air Rework
Facility is to tour the chromium electroplating lines and to gather
background information about the mesh pad mist eliminator. This
information will be used to determine rule making regarding
chromium emissions, under hazardous air pollutants, Section 112 of
the Clean Air Act.

2., Request visit clearance for U.S. EPA, Midwest Research
Institute (U.S. EPA contractor) and LANTNAVFACENGCOM personnel for
activity briefing/site inspection scheduled for 8 April 1987.
Security information is provided in enclosure (1).
R iy
J. R. BAILEYY
By direction

<ory TO

Copy to: U.S. Environmental Protection Agency, ULfi1CE€ Of ALY <
Quality Planning and Standards, RTP, NC 27711, Attn:
Al VerVaert, Industrial Studies Branch, ESED

44— ADDRESS REPLY AS
SHOWN AT LEFT: OR. RE-
PLY HEREON AND RETURN

Commander

Atlantic Division

Naval Facilities Engineering Command
Norfolk, VA 23511-6287 ClAsSIFICATION
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LIST OF PERSONNEL VISITING NAVSHIPYD NORFOLK ON 8 APRIL 1987

1. Name: Al Vervaert
Environmental Engineer
SSN: 016-34-9617
DOB: 02-01-46
POB: Lowell, MA

Representing:

U.5. EPA

Emission Standards and Engineering Division
Industrial Studies Branch

Office of Air Quality Planning and Standards
RTP, NC 27711

(919) 541-5603

2. Name: Randy Strait
Environmental Engineer
SSN: 274-44-8778
DOB: 12-03-55
POB: Montpelier, OH

Representing:

(U.S. EPA Contract No. 68-02-3817)
Midwest Research Institute
(919} 781-5750

3. Name: Subroto Mitro
Environmental Engineer
(Already on file at NAVSHIPYD Norfolk)
SSN: 392-64-5625
DOB: 07-13-47
POB: Calcutta, India
Citizenship Status: U.S., Madison, Wisconsin, May 1978

Representing: LANTNAVFACENGCOM, 445-2934

Encl (1)
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h REGULAR D REGISTERED 4 6 Mar 87 INSTRUCTIONS
IN REPLY REFCA 'O AODRESS & FHONE SO
D e D ceannco 1. Message type pheaseolory is permasaible.
D SPLCIAL DELIVERT 6280 ]_]_4 ]_SM 445—2934 2. Hath addresses must be appropriate for window
“envelope or hulk mailing. as irtended. Include at-

teatinn codes, when known, Use dots and brackets

®*Commander L4 as guides for window envelope addresses.
Ta: .
Norfolk Naval Shlpyard 3. Give priotny Lo processiag. routing. and artion

Portsmouth . VA 23 709_5000 required. Avoird time consuming controls.

1. [n order 1o speed processing. a readily identifi.
able. special window eavelope. OPNAV 3216/146A,
Speedleiler Envelope, is provided for unclassified
speedleilers where hulk mailiog is not used. Other
window envelopes also may be used. In bulk mail.
speedletters shauld be placed on tep of ceygular
rarrespondence.
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Subj: U.S. EPA VISIT TO GATHER INFORMATION UNDER AUTHORITY
SECTION 114, CLEAN AIR ACT (42 USC 7414)

Ref: (a) U.S. EPA ltr of 18 Mar 87
(b) PHONCON NAVSHIPYD Norfolk (Will Din)/LANTNAVFACENGCOM
(8. Mitro) of 26 Mar 87

Encl: (1) List of Personnel Visiting NAVSHIPYD Norfolk on 8 Apr 87

1. Reference (a) is a site visit request to electroplating and
anodizing facilities identified as emitters of chromium to the
atmosphere. The purpose of the visit to the Norfelk Naval Shipyard
is to tour the hard chromium electroplating line 65 in Building 195
and to gather background information about the mesh pad mist
eliminator. This information will be used to determine rule making
regarding chromium emissions, under hazardous air pollutants,
Section 112 of the Clean Air Act.

2. Request visit clearance for U.S. EPA, Midwest Research
Institute (U.S. EPA contractor) and LANTNAVFACENGCOM personnel for

Fold activity briefing/site inspection scheduled for 8 April 1987.
Security information is provided in enclosure (1).

FR. Ghdiy
. R. BAILEY

By direction

@~ Copy to: U.S. Environmental Protection Agency, Office of Alr g wem—gir
Quality Planning and Standards, RTP, NC 27711, Attn:
Al VerVaert, Industrial Studies Branch, ESED

® Commander . <——— AUDRESS REPLY AS
From: ; ... SHOWN AT LEFT. OR. RE:
Atlantic Division PLY HEREON AND RETURN

Naval Facilities Engineering Command
Norfolk, VA 23511-6287 T
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LIST OF PERSONNEL VISITING NAVAIREWORKFAC NORFOLK ON 8 APRIL 1987

1. Name: Al Vervaert
Environmental Engineer
SSN: 016-34-9617
DOB: 02-01-46
POB: Lowell, MA

Representing:

U.5. EPA

Emission Standards and Engineering Division
Industrial Studies Branch

Office of Air Quality Planning and Standards
RTP, NC 27711 -

(919) 541-5603

2., Name: Randy Strait
Environmental Engineer
SSN: 274-44-8778
DOB: 12-03-55
POB: Montpelier, OH

Representing:

(U.S. EPA Contract No. 68-02-3817)
Midwest Research Institute
(919) 781-5750

3. Name: Subroto Mitro
Envirommental Engineer
SSN: 392-64-5625
DOB: 07-13-47
POB: Calcutta, India

Citizenship Status: U.S., Madison, Wisconsin, May 1978

Representing: LANTNAVFACENGCOM, 445-2934

Encl (1)
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NAVAL AIR REWORK FACILITY
NAVAL AIR STATION
NORFOLK, VIRGINIA 23511

Code NARF-342
Date: 14 April 1969
Page 1 of 14
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IDENTIFICATION/CLASSIFICATION: Local Process Specification/NO 463

TITLE: Ancdizing Local Process Process Specification

SUBJ: Ancodizing of aluminum; process for

rer: V) ws/mo ase”, JRE
z) Lps/no 3427 JHY
(¢} Military Specification MIL-A-8625
{d) LPS/NO 446

ENCL: {1) Rack Design Detail
(2) Ancdizing Pretreatment Work Flow
(3) Type I Anodizing Work Flow
{4) Type II Anodizing Work Flow
(5) Type I1II Anodizing Work Flow

1. PURPOSE: To provide local instructions for the application of anodic
coatings on aluminum and aluminum alloys.
v TH X

p//2. CANCELLATION: References (a) and (b} are cancelled and superseded
by this instruction. - = e e

-

3. BACKGROUND INFORMATION: This instruction is intended to provide local
procedures for the removal and application of anodic ccatings on aluminum
alloys. Coatings produced by these procedures will meet the requirements of +
reference (g) Types I, II, and III (all classes). o~

4. RAPPLICATION: This instruction shall apply to the "formation of ancdic
coatings on all aluminum and aluminum alloys whenever such coatings are
required by applicable instructions.

™~

5. SPECIAL TOGLS AND TEST EQUIPMENT :

5.1 Anodizing Tanks:

5.1.1 Type I tanks shall be manufactured from unlined mild steel. The

tank may be used as the cathode; however, insulating bumpers will be required
to prevent accidental shorting of work pieces. Heating/cooling coils of
mild steel will be required for temperature contrel along with a mild
agitation system, clean air or paddle type.

- ..2 —
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5.1.2 Type II and III tanks shall be contructed from or lined with poly-
vinyl chloride, polypropylene or other suitable plastic material campatible
with 25% sulfuric acid at the specified temperatures. Refrigeration and
vigorous agitation are required for both types. Air agitation is acceptable,
provided the air supplied is free of all contamination.

5.2 Power Sources:

5.2.1 Type I and II tanks shall be supplied with a direct current source
capable of supplying 0-40 velts at an amperage consistent with the workload
requirements, Voltage shall be infinitely variable between 0-40 volts.
Automatic controls, if supplied, shall be capable of maintaining any
reasonable current density/voltage required.

5.2.2 Type II1 tanks shall have a power source capable of supplying 0-80
volts at amperage consistent with workload requirements. Voltage shall

be infinitely variable between 0-80 volts, Automatic controls, if supplied,
shall be capable of maintaining any reasonable current density/voltage
regquired.

6. SPECIAL MATERIALS:

6.1 EX-43 Stop off lacquer (white) and No. 548 Reducer available from
Fidelity Chemical Products Co., 470 Frelinghuesen Ave., Newark, New Jersey.

6.2 Dip Pak No. 661 Maskant, available from above source.

6.3 Dye materials (Class 2 coatings), available from Sandoz Chemical
Works, Inc., 61-63 Van Dorn Street, New York 13, New York, The below
dye materials will be required:

-
Sandoz Gold (EA)
Sandoz Red (A)
SandoZ Green (AEN)
SandoZ Blue (B}
SandozZ Black (CA)
o

7. EFFECTIVE DATE: 16 April 1969

-
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8. INSTURCTIONS:

8.1 Solution Material Preparation:

8.1.1 Type I Anodizing Solution (chromic acid)

B.1.1.1 Preparation:

) Recommended
Formulatdon Operating Condition
Chromium “trioxide, Federal
Specification 0~C-303,
Type II 10 av.oz./gal.
Water balance
Temperature 95:+39F for. (Class 1,
130+3°F for
Class 2
Agitation desirable
Total chromic acid 10-15 av oz/gal
Free chromic acid 5 - 8 av oz/gal
DR 0.4 - 0.7
Cathodes mild steel (tank

or electrodes)

Fill the anodizing tank to 3/4 of the final volume with water. Add the
required amount of chromic acid and completely dissolve. Fill to the
operating level with water and adjust the bath to the regquired temperature.

8.1.1.2 Maintenance: Maintain the solution level by adding water as
required. Remove floating material and lost parts from the tank. Periodic
disposition of up to 3/4 of the solution will be required when the aluminum
content becomes excessive. Materials Engineering Division will provide
appropriate instructions as required.

8.1.2 Type II Ancdizing Solution (sulfuric acid):

8.1.2.1 Preparation:
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Sulfuric Acid, Federal Specification
0-5-808, Type I, Class 1

Water

Temperature

Cathodes

Agitation

Sulfuric acid concentration
as H,S04

Aluminum concentration,
as Al

Formulation

Recommended
Operating Conditions

12 f1 oz/gal

balance

70139F
lead

Required
{(Clean air acceptable)

17-27 av oz/gal
(22 nominal)

3 av oz/gal (max)

Fill the anodizing tank to approximately 2/3 of the final volume with
water and cool to 60-70°F. Gradually, and with vigorous agitation of

the bath, add the regquired amount of sulfuric acid.

The refrigeration

must be left on to carry off the heat that is generated and to prevent
spattering. After all of the acid has been added, fill the bath to the
operating level with water. Cool the bath to the specified temperature

before operation.

8.1.2.2 Maintain the solution level by adding water as reguired. Remove

floating material and lost parts fram the tank.

Periodic dispostion

of 3/4 of the solution will be required when the aluminum content
becomes excessive. The Materials Engineering Division will provide
appropriate maintenance instructions when such actions become necessary.

8.1.3 Type III Hard Anodizing Solution (Sulfuric):

8.1.3.1 Preparation:
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Recommended
Formulation Operating Conditons
Sulfuric acid, Federal Specification
0-5-808 Type I, Class 1 21.4 fl oz/gal
Water Balance
Temperature 30£2°F
Agitation Required, vigorous
{air or paddle)
Cathodes Lead
Sulfuric acid concentration 22 - 50 av oz/gal
as H,SO {40 nominal)
2774
Aluminum, as al 3.0 av oz/gal (max)

Fill the anodizing tank to approximately 2/3 of the final volume with

water and cool to 34-40°F. Gradually, and with vigorous agitation of the
bath, add the required amount of sulfuric acid. The refrigeration must

be left on to carry off the heat that is generated and to prevent spattering.
After all of the acid has been added, fill the bath to the operating level
with water. Cool the bath to the specified temperature before operation.

B8.1.3.2 Maintain the solution level by adding water as required. Remove
floating material and lost parts from the tank. Periodic dispostion of
3/4 of the solution will be required when the aluminum content becomes
excessive. The Materials Engineering Division will provide appropriate
maintenance instructions when such actions become necessary.

8.1.4 Deoxidizing Solution:

8.1.4.1 Preparation:

Formulation
Phosphoric acid, Federal Specification 0-0-670,
Class 1 {(85%) 5.0 f1 oz/gal
Chromlum Trioxide, Federal Specification
0-C-303, Type II 3.0 av oz/gal
Water Balance

Temperature 180°F
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8.1.4.2 Maintenance: As the soclution ages, the stripping rate will
decrease. Additions of phosphoric acid may be made in increments of
5 f1l oz/gal until up to 10 ounces per gallon have been added. If
further maintenance is required, drain, clean the tank, and prepare a
new solution.

8.1.5 BAlkaline Cleaning Solution:

8.1.5.1 Preparation:

Formulation
Metal cleaner, Specification MIL-M-7752 5 av oz/gal
Water Balance
Temperature 180-2120F

8.1.5.2 Maintenance: Maintain the operating level with water. Floating
residues such as oils, etc. shall be removed by skimming or overflowing
the tank to carry off such wastes. When the cleaning capacity is
diminished the tank shall be discharged and a new solution prepared.

8.1.6 Dye Solutions, Class 2 (Types I, II, and III)

8.1.6.1 Preparation: (Operation temperature for all dyes shall be
150+50F)

Formulations
Dye Material gm/liter or av oz/gal PH
Sandoz Gold (Ea) 2.0 0.268 7.0
Sandoz Red (A) 2.0 0.268 6.0
Sandoz Green (AEN) 2.0 0.268 6.0
Sandoz Blue (B) 2.0 0.268 7.0
sandoz Black (OA) 10.0 1.340 6.0

Thoroughly dissolve the dye material in approximately 1/4 the final volume
of water, Fill to volume with water and adjust the pH to the required
value. Raise the pH by slow additions of dilute ammonium hydroxide.

Lower the pH by slow additions of dilute acetic acid,




8.1.62 Maintenance: Maintain the dye scolutions by checking and adjusting

the pH daily, 0Oils, trash, and other contaminants must be kept out of
these solutions. The use of covers is highly recommended. When the
solutions become contaminated or inoperative at the required pH, they
shall be discarded and new solutions prepared.

8.1.7 Sealing Solution, Types I, II, and III Class 1:

8.1.7.1 Preparation:

Recommended
Formulation Operating Condition
Sedium dichromate,
Federal Specification 0-5-595 6 av oz/gal 5 - 8 av oz/gal
Water Balance
PH 5.0 - 6.5
Temperature 200 - 212°F

NOTE: Sodium Hydroxide, Fed Spec 0-5-598 Type I and
Chromic acid, Fed Spec O-C-303 Type II will be
required for pH adjustment as required,

Fill the tank 3/4 full of water and warm to approximately 100°F.
Thoroughly dissolve the regquired amount of sodium dichromate and fill to
the final volume with water. Make adjustments as required using sodium
hydroxide solution to raise the pH and chromic acid solution to lower
the pH.

8.1.7.2 Maintenance: Maintain the solution level by adding water,
Remove flecating material and lost parts from the tank. O0ils and other
contaminants will rapidly render the solution ineffective. Check and
adjust the pH as reguired. Materials Engineering Division will provide
other maintenance instructions as required.

8.1.8 Sealing Scluticn, Type I, II, and IIl Class 2:

8.1.8.1 Preparation:
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Nickel acetate, Federal Specification
0-C-265 or suitable tech. grades

Boric acid, Federal Specification
O-B-581

PH

Temperature

Formulation

Recommended
Operating Conditions

0.67 av oz/gal”

0.67 av oz/gal

.5-1.,0 av oz/gal

.5-1.0 av oz/gal
5.3 - 5.5

190 - 200°F

NOTE: Acetic acid, Fed Spec O-A-71 or 0O-A-76 and sodium
hydroxide, 0-5-598 Type I will be reguired for pH

adjustment as reguired.

Fill the tank 3/4 full with water and dissolve the required amount of
nickel acetate and boric acid. Fill to volume with water and adjust the
PH using sodium hydroxide solution to raise the pH and acetic acid to
lower the pH. Bring bath to the operating temperature.

8.1.8.2 Maintenance: Maintain the sealing bath free of contamination,
Daily checks and adjustments of the solution pH shall be made., Materials
Engineering Division will provide other maintenance instructions as

required,

8,2 General Requirements:

8.2.1 All heat treatment, machining, forming,welding and other fabrication
operations shall be completed prior to anodizing.

8.2.2 Parts containing non-aluminum materials generally should not be
Masking of such areas is
permissible provided masking leaks are eliminated,

anodized unless such parts are removed.

8.2.3 Unless specific authorization is given, parts being prepared for
anodizing shall not be immersed in uninhibited caustic alkali etchants.
Parts shall be free of all paints, corrosion products, grease, oils, or

other gross contamination.

8.2.4 BAnodic coatings shall not be applied to assemblies unless such
parts can be thoroughly rinsed. 1In addition, anodizing of such assemblies
shall be restricted to chromic acid anodizing, Type I.
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8.2.5 Anodic ceatings applied in conformance with this specification shall
be of the following types and classes:

Type I, Class IX:

a, Chromic acid anodize
b. Dichromate seal, without dye

Type I, Class 2:

a. Chromic acid anodize

b. Dye

c. Nickel acetate seal

Type I1, Class 1l:

a. Sulfuric acid anodize
b. Dichromate seal, without dye

Type II, Class 2:

a. Sulfuric acid anodize

L. Dye

c. Nickel acetate seal

Type III, Class 1l:

NQTE: Hard anodic coatings under this category shall not
be sealed, unless specifically requiréd. Sealing
will reduce the coating abrasion resistance.
Unless otherwise specified, coating thicknesses
shall be .002 inches % .0005 inches.

a. Hard anodize {and rinse)

b. Dry

Type 1I1I, Class 1l: (When sealing is required.)
a Hard ancdize
b. Dichromate seal

c., Dry

Type II1I, Class 2:

a. Hard anodize (normally thin coatings)

b. Dye

c. Nickel acetate seal

8.3 Preparaticn for Anodizing:

All parts to be anodized shall be processed

as follows for all three types of anodizing. See enclosure (2) for work

fiow diagram,
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8.3.1 Parts for anodizing shall be substantially free of gross oxides
or paint films. Freshly machined surfaces are considered ideal. Parts
having non-aluminum attaching parts shall not be anodized unless such
Parts can be securely masked off. Parts exhibiting corrosion shall be
treated for such conditions in accordance with reference {(4).

8.3.2 Parts shall he thoroughly vapor defireased, then immersed in the
alkaline cleaning golution, paragraph 8.1.5 for 10 fo 15 minutes. Remove
and rinse thoroughly.

B.3.3 Immerse parts in the decoxidizing solution, paragraph 8.1.4 for
30 seconds to two minutes depending upon the amount of oxides present.
Remove, rinse thoroughly and dry. Removal of old anodic coatings will
require considerably longer immersion times.

NOTE: Caustic soda or other alkaline etching baths shall not
be used for preparing parts for ancdizing or for removing
old ancdic coatings.

B8.3.4 Mask off areas not to be anodized using materials in paragraph ©
or other suitable materials.

8.3.5 Rack parts securely using individual spring clamps or aluminum bolts,
washers, and clamps. Coil spring clamps commonly used for Type I anodizing

are not acceptable for Types II and III. Racks and submerged contacts
shall be 6061 alloy wherever possible, to prevent parts from "burning”.
See enclosure (1) for a typical masking and racking illustration.

8.4 Anodizing:

B.4.1 Type I, Class 1 Coating, see enclosure (3):

8.4.1.1 Immerse the racked parts in the chromic acid anodizing solution,
paragraph 8.1.1, with the current off. Make parts anodic and gradually
and uniformly increase the voltage to 40 volts over a period of 5 minutes
{8 volts/min.).

8.4.1.2 Maintain 40 volts for 40 minutes. The temperature shall be
maintained at 95+3°F,

8.4.1.3 Turn the current off, remove parts and rinse thoroughly for at
least two minutes in clean water. Flush with c0ld fresh running water
upon removal from the rinse tank.

NOTE: Parts which must be inspected for defects after
anodizing, as required for some aircraft propellers,
shall be kept wet with fresh water during the inspection
period. No more than 10 minutes shall elapse before
subsequent operations are resumed.

=
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8.4.1.4 Immerse in the dichromate sealing solution, paragraph 8.1.7, for
15 minutes at the specified temperature. .

8.4.1.5 Remove, rinse thoroughly, and dry with compressed air. A clean
hot water dip may be utilized to facilitate drying. (150°F max.)

8.4.2 Type I, Class 2 coatings: see enclosure (3)

8.4.2.1 Process per paragraphs 8.4.1.1 through 8.4.1.3, except that the
bath temperature shall be 130°F to provide a coating more receptive to
dyeing.

8.4.2.2 Immerse in the appropriate dye solution for 15 minutes at the
specified temperature.

B.4.2.3 Remove, rinse thoroughly, and immerse in the nickel acetate
sealing solution, paragraph 8.1.8, for 15 minutes at the specified
temperature,

8.4.2.4 Remove, rinse thoroughly, and dry.

8.4.3 Type 11, Class 1l coatings: see enclosure {2)

B8.4.3.1 Immerse the racked parts in the sulfuric aneodizing solution,
paragraph 8.1.2, with the current off. Make the parts anodic and increase
thewltage until a current density of 12 amps/ft? is reached. Computations
for current density must include all surfaces wet by the anodizing solution.
Maintain the specified current density for 15 minutes, turn the current off,
and remove parts.

B.4.3.2 Rinse parts thoroughly in cold water for two minutes.

8.4.3.3 Immerse in the dichromate sealing solution, paragraph 8.1.7, for
15 minutes at the specified temperature.

8.4.3.4 Rinse thoroughly and dry.

8.4.4 Type II, Class 2 coatings: see enclosure (4}

8.4.4.1 Process per paragraphs 8.4.3.1 through 8.4.3.2.

8.4.4.2 Immerse in the appropriate dye sclution, paragraph 8.1.6, for
15 minutes, remove and rinse thoroughly.

8.4.4.3 Immerse in the nickel acetate sealing solution, paragraph B8.1.8,
for 15 minutes.

8.4.4.4 Remove, rinse, and dry.
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8.4.5 Type III Coatings, Class 1: see enclosure (5)

8.4.5.1 Immerse the racked parts in the anodizing solution with the
current off. The parts shall be made anodic at low voltages and raised
very gradually, but uniformly, to the appropriate current density for
the particular alloy being processed. See Table I. In all cases the
current density shall be raised gradually and uniformly so that the
desired current density is reached at the end of 15 minutes. Timing of
the run shall begin at the instant that the required current density is
reached and the current shall be held constant until the reguired time
is expended.

—

TABLE I
Time {(min.)} for wvarious
thicknesses in inches

Alloy Current Density .0002 . 0005 .001 .0015 .002
2024 and similar .
high copper alloys 25 ASF 6 14 29 43 58
7075 and similar
alloys 30 ASF 5 12 24 36 48
356 and similar
casting alloys 30 ASF 5 12 24 36 48
6061 and similar
alloys 35 AsSF 4 il 21 32 42

NOTE: This table is intended to be used a a general guide for
determining time for variocus alloys and will generally
give coating thickness tolerances of * ,0005 inches.
For closer tolerances, test pieces (from same stock as
parts} must be anodized to establish times required.
Alternatively, parts may be anodized oversize and
lapped, ground, or honed back to size.

B8.4.5.2 At the end of the required time, the current shall be turned
off and the part removed from the tank and rinsed. Masking shall pe
removed and then the parts shall be thoroughly rinsed again and dried,
Sealing, as for conventional anodizing, is not required.

8.4.5,3 when sealing is required, delete the above masking removal and
drying steps and seal the coating per paragraphs 8.4.3.3 and 8.4.3.4
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8.4.6 Type III Coatings, Class 2: see enclosure (5)

8.4.6.1 Process parts per paragraph 8.4.5.1,

8.4.6.2 At the end of the required time, the current shall be turned off
and the parts removed from the tank and rinsed thoroughly for at least
two minutes.

8.4.6.3 Immerse the parts in the appropriate dye solution, paragraph 8.1.6,
for 15 minutes. Remove, rinse, and dry.

B.5 Coating Quality:

8.5.1 The anodic coating shall be continuous, smooth, adherent, uniform
in appearance and shall be free from powdery areas, loose films,
discontinuities such as breaks and scratches or other defects. Contact
marks shall be kept to a minimum and shall be located in areas which are
allowable.

8.5.2 Once each month samples shall be submitted to the Materials
Engineering Division,via the Quality Assurance Department, for determination
of conformance to reference (¢). Samples shall be prepared from 2024-T3
(bare} alumjinum alloy, 0.040 inches thick, measuring 12 inches by 12 inches.
Samples shall be anodized, sealed {except for Type III) and sheared inth
three inch square panels. Samples submitted shall be Class 1 coatdings

only. Class 2 coatings will be evaluated on an as-requested basis.

PREPARED BY- APPROVED BY:

R. L. GRIFFIN,

LNl /.

"L, HENDRICKS

ALVIN H. INGRAM,

DISTRIBUTION:
NAVAIRSYSCOMHQ (AIR-4111) - For Review - 2 NARF Pensacola - 3

NAVAIRSYSCOMHQ (AIR-52033D) - 1 NARF Quonset Point - 1
NAVAIRSYSCOMREPLANT - 1 NARF Jacksonville = 1
NAVAIRSYSCOMREPAC - 1 NAVSAFECEN -~ 1

NAVAIRSYCCMREP. Pncla - 1 COMFAIRWESTPAC (FAWPRA Code 400) ~ 5
ASO, Phila - 1 NAEC (WESO Code X-3) - 2

NATSF - 3

NARF Alameda - 1
NARF Cherry Point - 1
NARF North Island - 1

P IY s contiuation 6 distribubdn fists.
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RACK DESIGN DETAIL

6061 ALLOY (ALL PARTS)

FIGURE 1

1/4 - 28 wing nut

1/4 - 28 threaded hole
Aluminum staff

1/4 - 28 nut

Adjustable spring clam:

1/4 - 28 bolt

Racked small part

Racked large part
securely held by
bolted clamp

1/4 - 28 nuts

Aluminum rod,
1/4" diameter
threaded 1/4 - 28

Enclosure (1)
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ANODIZING PRETREATMENT FLOW

DEGREASE

{

INHIBITED ALKALINE CLEAN

{

RINSE

¥

DEQOXIDIZE/STRIP ANODIZE

/

RINSE/DRY

{

MASK/RACK

ANODIZE

Enclosure (2}
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CLASS 1 COATINGS

ANODIZING WORK FLOW,

TYPE I, CLASSES 1 and 2

CHROMIC ANODIZE

{

RINSE

C

DICHROMATE SEAL

!

RINSE/DRY

CLASS 2 COATINGS

DYE

!

RINSE |

!

NICKEL ACETATE SEALA1

f

RINSE/DRY

Enclosure (3)
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ANODIZING WORK FLOW,
TYPE II, CLASSES 1 and 2

" SULFURIC ANODIZE

|

| RINSE

CLASS 1 COATINGS

-

DICHROMATE SEAL

!

RINSE DRY |

CLASS 2 COATINGS

DYE

!

RINSE

{

NICKEL ACETATE SEAL

'

RINSE/DRY

Enclosure (4)




CLASS 1 COATINGS
(UNSEALED)

DRY

DICHROMATE SEAL

!

RINSE/DRY

ANODIZING WORK FLOW,
TYPE 111

| ANODIZE

1

RINSE

CLASS 1 COATINGS
SEALED

CLASS 2
COATINGS

[ by

!

RINSE

|

NICKEL ACETAT:z SEAL

Y

RINSE/DRY

Enclosure (5)
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PROCESS AND EMISSION TEST DATA SHEET

NORFOLK NAVAL AIR REWORK FACILITY
NORFOLK, VIRGINIA

TYPE OF OPERATION

Hard chrome plating and chromic acid anodizing. Testing was
conducted on Chrome Line 1, hard chrome plating tanks Nos. 32,
33, and 34. All three tanks are ducted together to a mesh-pad
mlst eliminator. Three particulate emission test runs were sim-
ultaneously performed at the inlet and outlet of the demister.
Methods 1, 4, and 5 were followed. Three particle size determi-
nations were also made 51mu1taneously at the inlet and outlet of
the demister using two inertial cascade impactors. All tests
were of 60 minutes duration.

Testing was performed by Environmental Source Samplers, Inc.
on November 22, 1986. The facility was visited on April 8, 1987
by Al Vervaert of EPA, Randy Strait of MRI, and Subroto Mitro of
the Navy.

TYPE OF CONTROL EQUIPMENT

Ceilcoat mist eliminator. Based on total chromium, the
average control efficiency was measured to range from 72.2 to
80.6%, with an average efficiency of 75.6 %¥. The mist elimina-
tor was washed down for four minutes every two hours during
testing.

TANKS ASSOCIATED WITH HARD CHROME PLATING SYSTEM

Tank Capacity Temperature LxWxD Rectifier
No. gals F feet Voltage Anmps
27 1919 130 6x4.5x10 0-12 1500
28 1919 amb 6x4.5%10 - -
29 1144 130 8.5x4x5 0-9 1500
30 1144 130 8.5x4x5 0-9 1500
31 1144 130 8.5x4x%5 0-9 1500
32% 1144 130 8.5x4x%5 0-9 1500
33% 3837 130 12x4.5x10 0-9 2500
34% 2550 130 8x4.5x10 0-9 1500
35 1919 amb 6x4.5x10 - -
36 1919 190 6x4.5x10 - -

37 - - 6x4.5%x2




Tank No. 28 is a cold water rinse, Tank No. 35 is a cold
water rinse, Tank No. 36 is a counterflow hot water rinse, and
Tank No. 37 is an air dry station. Tanks Nos. 27, 29-34, and 36
are the hard chromium plating tanks. Each tank contains approxi-
mately 33 oz/gal of chromic acid; some or all have push-pull
ventilation.

Tanks No. 4 through 26 are involved in a chrome anodizing
operation. Chromic acid ancdizing is performed based on mili-
tary specifications. Details concerning Tanks No. 4 through 26,
and the anodizing operation, are available in the test report.
However, no testing was performed on the anodizing operation.

EMISSTONS DATA

MIST ELIMINATOR

Inlet Outlet
Total Chromium Total PM Total Chromium Total PM
{ar/dscf) (gr/dsct) (gr/dscf) (gr/dscf)
Test
1 . 0050 .0231 .0013 0041
2 .0062 .0318 .0012 . 0050
3 . 0054 .0260 .0015 . 0050

Average .0055 .0270 .0013 .0047
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ENVIRONMENTAL SOURCE SAMPLERS, INC. TEST OF THE myﬂmt@si@&j
RACILITY—AT -THE-NORFOLX “NAVAL AIRZSTATION (CHROME LINE I DEMISTER) PERFORMED
ON NOVEMBER 22, 1986.

ACCEPTABLE

This report is acceptable, however, only total chromium analysis was
performed.

At the outlet, the last two runs had moisture contents that were greater
than saturation (though not by much). The same data were run again for run #2
using correct moisture content and a comparison of the emission numbers can be
found in the enclosed Summary of Emissions Sheet which is on the opposite side
of the Sampling Summary Sheet. The red numbers give the emission rates for
incorrect moisture and the difference is slight. If the difference is
significant to ISB, the report can be returned and the correct numbers
calculated.




State of California AIR RESOURCES BOARD test of Stapd Nickel -Chro
Plating Company - Test Report C-86-085

UNACCEPTABLE

On the first page of this report, the first sentence of the first

- parggraph says, "This Report presents an gstimate of emissions from Standard

Nickel-Chromium Plating Company.” The report provides an estimate and that is
all. Testing was not done in accordance with procedures that would have been
accepred by the Emission Measurement Branch for a source test whose data might

be used by ISB.

In locking at the velocity traverse sheets, the inlet duct diameter is
given at 19 inches. The text of the report gives 18 inches. The duct length
for the inlet is too short to meet Reference Method 1 requirements. We have
had this problem with our testing as well. On the outlet, a 5-foot extension

‘was added. The drawing in the report does not make it possible to determine

precisely where the outlet ports are placed; however, if the correct location
was chosen, the total number of sampling points would have been 25. Only 16
points were actually sampled. The number of sample points at the inlet was
also insufficient, 16 total points being sample instead of 24.

When sampling for chromium emissions, experience by the EMB has shown
that the distribution of chromic acid is not necessarily uniform throughout
the stack gas. It is important, then, to sample the correct number of points
in order to obtain accurate data. Since this report was merely to provide an
"egtimate" of emissions, this is a possible reason for not enough sample
points being chosen.




EMISSIONS STACK TESTING AT MCDONNELL DOUGLAS,
TORRANCE, CALIFORNIA

Chromium Emissions Tests for Tank 193, Bldg. 2 (Etching Tank Scrubber) and
Tank 195, Bldg 2 (Anodizing Tank Scrubber) at Douglas Aircraft Company.

UNACCEPTABLE

This report has discrepancies between the field data sheets and the
computer printouts and it appears that a minimal effort was made for the
entire pro ject.

From looking at the report, it is possible to conclude that single point
sampling was done in order to obtain the data. Both ducts were rectangular,
but information on duct length and port location along the duct is missing.
Only two ports were placed into each duct which would not allow for the proper
matrix of sampling points as specified by Reference Method 1. Although a
velocity traverse was made, field data sheets for the sample runs show
constant stack and meter box parameters, and the absence of a sampling nozzle
diameter in the report indicates that only a piece of Teflon tubing was used
to extract the sample. Although the text at one point refers to a "Method 5"
train, sampling was not done in accordance with Method 5 procedures.

The text says that sampling was done proportionally. The correct size
nozzle for Run 1, Scrubber 1, Sparger On is 0.25. Using the data given in the
report and performing isokinetic calculations using the three most frequently
used nozzle sizes of (0.1875, 0.25, and 0.3125, the isokinetic rates for this
run are 153.3, 86.2, and 55.2 percent respectively. Although the report says
that proportional sampling was done, the data sheets show that the sampling
rate was constant and there is no indication of traversing.

This report was prepared for two attorneys. The report was probably
used in a court case and data were needed, but no one invoived knew enough to
determine if the data gathered were accurate or properly obtained. The report
provides a "quick and dirty and not too accurate estimate"” of the emissions
from a single point. Previous testing of chromium sources by the EMB has
shown that chromium emissions from a source cannot be accurately determined by
sampling a single point. Thus, the report does not provide accurate emission
data for the source
tested.
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a - UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
F Office of Air Quality Planning and Standards
d: Research Triangle Park, North Carolina 27711
CIg——
MEMORANDUM

SUBJECT: Acceptability of Test Reports

FROM: Frank R. clay 7&C
Field Testing Section, EMB, TSD (MD-14)

TO: Andrew Smith
Industrial Studies Branch, ESD (MD-13)

Enclosed are three test reports that have been reviewed.
One report is acceptable and the other two are not. The reasons
for accepting or rejecting each report follow:

Enclosures
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